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How the Meeting is Organized
  

The numbering scheme encodes the day and time block into the abstract number.  For example, for an abstract numbered as TU-D4-5, the TU corresponds to
the day of the week (of SU, MO, TU, WE, TH), the D corresponds to the time block (of A, B, C, D, or E), the 4 corresponds to the track number (of 1 through 7).
This is shown in the figure below:

The organization for each day (Monday - Thursday) is shown in the table below:
  

Track 1 Track 2 Track 3 Track 4 Track 5 Track 6 Track 7
Block A

7:30 - 8:30
am

A1 A2 A3 A4 A5 A6 A7

Block B
8:35 - 9:35

B1 B2 B3 B4 B5 B6 B7

Break 9:30 -
10:00

Block C
10:00 - 12:00

C1 C2 C3 C4 C5 C6 C7

Lunch 12:00 -
1:30

Block D
1:30 - 3:30

D1 D2 D3 D4 D5 D6 D7

Break 3:30 -
4:00

Block E
4:00 - 5:30

E1 E2 E3 E4 E5 E6 E7

  

This scheme (above) is used throughout the meeting, except on Sunday.  This year, there are two one-hour refresher course blocks, Block
A and B.  Blocks C and D correspond primarily to the scientific sessions, however there is an occasional symposium in these time blocks
as well.  Block E is reserved primarily to the afternoon symposia, however occasionally scientific sessions may be in these time blocks
as well.  In general, Tracks 1 and 2 have been assigned to therapy, and Tracks 4 and 5 have been assigned to diagnostic.  Track 3 is used
for Continuing Education Courses and overflow from other tracks, Track 6 has been assigned to ultrasound sessions and Track 7 has been
assigned to nuclear medicine.  An effort was made to keep the room the same for each track, but there is an occasional exception. 
   

Poster and Paper sessions are laid out spatially, not temporally like the oral presentations.  Poster have a PO instead of the day, and
papers have a PA instead of the day.  Similarly, EP stands for Electronic Posters.  A complete description for Posters and Papers layout
is given in the exhibit hall in the designated poster area.
  

The organization of the abstracts numbering was meant to improve the efficiency of finding one’s way around the meeting.  This will only
be true if the attendees are aware of the rationale for and how to use the numbering scheme.
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Program at a Glance
SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY

7:30 Refresher
Courses

Refresher
Courses

Refresher
Courses

Refresher
Courses

8:00

8:35 Refresher
Courses

Refresher
Courses

Refresher
Courses

Refresher
Courses

9:00 Symposium

9:35

10:00 President’s
Symposium

Scientific
Sessions 

and 
Continuing
Education
Courses

Scientific
Sessions 

and 
Continuing
Education
Courses

Scientific
Sessions

and 
Continuing
Education
Courses

10:30

11:00 Education
Council

Symposium11:30

12:00 Works in
Progress Posters

Therapy and
Electronic

Posters

Diagnostic
Imaging Posters

12:30

1:00 Professional
Council

Symposium1:30 Symposia Scientific
Sessions

and 
Continuing
Education
Courses

Scientific
Sessions 

and 
Continuing
Education
Courses

2:00

2:30

3:00

3:30

4:00 Scientific
Sessions

Symposia Symposia

4:30

5:00

5:45 Annual Business
Meeting

(5:45 - 6:45)6:00 Awards
Ceremony and

Reception
(6:00 - 8:30)

Night Out
(6:30 - 10:30)

6:30 AAPM
Icebreaker

(6:30 - 8:30)

8:30 Madam Curie
Dinner

(8:30 - til )
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SUNDAY, AUGUST 9

                      Room: Centro

Various
committee &

council meetings
throughout the

day at the 
Henry B.
Gonzales

Convention
Center

A
9:00 -11:00 

Symposium on the "NCI Workshop on Oncologic Imaging, 1997"
   

Moderator:
C. Ling 

   

Speakers:
D. Bourland

H. Hricak
S. Larson

                    Room: Plaza

B
11:00 - 1:00

Education Council Symposium:
Teaching Technologists About Mammography Quality Control

   

Moderator:
D. Frey

Speakers:
A. Haus

R. Hendrick 
G. Minter-Larson

                        Room: Centro

C
1:00 - 3:00

Professional Council Symposium
   

Moderator:
M. Gillin

   
Part I: Prospective Outpatient Medicare

Payment System 
   

Speakers:
M. Mabry 
J. Hevezi 

Part II: Review of the Draft Revised 10 CFR part 35
   

Speakers:
J. Williamson

S. Thomas
M. Fox

6:30 - 8:30 AAPM  Icebreaker - River Court

8:30 Madam Curie Dinner
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MONDAY, AUGUST 10

Room: Centro Room: Plaza Room: Fiesta D Room: Fiesta A Room: Fiesta E Room: Fiesta B Room: 208

A
7:30 - 8:30

Monitor Unit
Calculations for

High Energy
Photon Beams

   

 B. Mijnheer

Navigating the
Bay of Funding at

the NIH 
   

P. Strudler

Multileaf 
Collimators I:

General
Description,
Systems &
Technology
Assessment 

   

E. Klein

Image Processing,
Neural Networks,

& Classifier
Design

   
H.P. Chan

Current State of
the Art of Nuclear
Medicine Imaging

Cameras 
   

R. Zimmerman

B
8:35 - 9:35

TG-64: Prostate
Seed  Implant
Brachytherapy

   

Y. Yu
M. Schell

Clinical
Implementation of

CT Simulation
   

M. Hunt

Fast Imaging
Methods in MRI

   

W. Sobol

;�UD\�'HWHFWRUV

IRU�'LJLWDO

5DGLRJUDSK\
   

J. Rowlands 
M. Yaffe

Professional
 Council :

CPT Codes 
   

I. Brezovich

Ultrasound Bid
Specifications &

Acceptance
Testing   

   

C. Kimme-Smith

511-keV
Coincidence
Imaging with

SPECT Cameras
   

J. Patton

9:30 -10:00 Coffee Break in Exhibit Hall

C
10:00-12:00 President’s Symposium:   Filmless Radiology - PACS is Here to Stay!

Moderator:
L. Rothenberg   

Speakers:
L. Rothenberg, L. Schwartz, R. Morin, G. Mageras, J. A. Seibert, K. Junck

12:00- 1:30 Works in Progress Poster Session

D
1:30-3:30

Legacy of Marie
Curie:

100 Years of
Radioactivity

   

Moderator:
J. St. Germain

   

Speakers:
B. Hilaris 
R. Mould

 E. Saenger 
A. Laugier

Young
Investigator's
Symposium

   

Moderator:
J. Gray

Computer- Aided
Diagnosis

   

Moderator:
K. Doi

   

Speakers:
K. Doi 

H.P. Chan 
C. Floyd

3:30 - 4:00 Refreshment Break in Exhibit Hall

E
4:00 - 5:30

Focus Session:
Radiation

Prevention of
Restenosis

Chair:
H. Amols

Focus Session:
Intensity

Modulated
Radiation Therapy

Chair:
L. Verhey

Mammography/
Computer-Aided

Diagnosis

Chairs:
M. Yaffe
Y. Jiang

Women in
Medical Physics

   

Moderator:
C. Orton
A. Wright

   

Speakers:
A. Niroomand-

Rad 
C. Orton 
A. Wright 

F. Kuchnir 
S. Zink

6:00 - 8:30 AAPM Awards Ceremony & Reception - Hyatt Ballroom
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TUESDAY, AUGUST 11

Room: Centro Room: Plaza Room: Fiesta D Room: Fiesta A Room: Fiesta E Room: Fiesta B Room: 208

A
7:30 - 8:30

 Inhomo-
geneity

Calculations
          

J. Van Dyk

New
Developments in
Biological Effects

& Biophysical
Models of

Brachytherapy 
Sources 

          

R. Nath 
C. Orton

D. Zellmer 

Multileaf 
Collimators II:

Acceptance
Testing,

Commissioning &
Quality Assurance  

       

 J. Galvin

The Fundamentals
of MTF, Wiener
Spectra, & DQE

          
R. Nishikawa

Hands-on
Ultrasound

Quality Control

          
C. Kimme-Smith 

M. Goodsitt 
H. Miller 

W. Clayman

Scintillation
Camera

Acceptance
Testing

          
M. Yester

B
8:35 - 9:35

TG 53: Quality
Assurance for

Clinical
Radiotherapy

Treatment
Planning

          

B. Fraass

MR Imaging of
Flow

          

G. Clarke

ROC Analysis
          

C. E. Metz

 Medical Physics
Documentation:

The What & What
Nots, The When
& When Nots, &
the Why & Why

Nots
M. Leetzow

Quality Control
Procedures &

Programs
          

L.S. Graham

9:30-10:00 Coffee Break in Exhibit Hall

C
10:00-12:00

Treatment
Planning

Optimization for
Conformal
Therapy

Chairs:
J. Deasy

M. Kessler

Brachytherapy

Chairs:
C. Saw

G. Ezzell

Practical Aspects
of Functional MRI 

Moderator:
G. Clarke          

Speakers:
R. Price
 J. Allis 

T. Zeffiro 
D. Vincent

Image Processing/
Computer-Aided 

Diagnosis

Chairs:
C. Floyd

S. Armato, III

Mammography:
Risks & Benefits,

Dose
Measurements,
Film & Dose  

Moderator:
D. Frey   

Speakers: 
C. Kelsey 
G. Barnes 

O. Suleiman

(Cont.)
Ultrasound QA 

Hands-On
          

C. Kimme-Smith 
M Goodsitt 
H. Miller 

W. Clayman

12:00 - 1:30 Therapy Poster Session & Electronic Posters

D
1:30 - 3:30

Treatment
Planning &

Delivery

Chairs:
D. Yan
F. Bova

Radiation Therapy
Quality Assurance

Chairs:
K. Doppke
F. Kuchnir

Diagnostic
Imaging: MR,

Radioisotope, &
Ultrasound 

Imaging

Chair:
J. Windham

Diagnostic System
Evaluation/

Quality Assurance

Chairs:
J. Boone

D. Chakraborty

Mammography:
Stereotactic

Biopsy Surveys;
Image Quality &
Artifact Tests      

    

Moderator:
D. Frey          

Speakers: 
M. High A. Haus

Ultrasound
MiniPACS
Moderator:

C. Kimme-Smith         

Speakers:
G. Barnes
  E. Boote 

N. Hangiandreou

3:30 - 4:00 Refreshment Break in Exhibit Hall

E
4:00 - 5:30

Establishing &
Treating

Conformal
Therapy Target

Volumes         

 

Moderator:
R. Ten Haken     

     

Speakers:
R. Ten Haken

 J. Wong
 G. Mageras

40 Years of
AAPM          

Moderators:
J. Laughlin

S. Balter

          Speakers: 
J. Laughlin

J. Trueblood 
G. Ibbott
R. Nath

Evaluating
Diagnostic

Imaging Systems

Moderator:
H. Kundel          

  

Speakers:
  R. Wagner 
C. E. Metz
H. Kundel

6:30 - 10:30 Night Out - La Villita
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WEDNESDAY, AUGUST 12

Room: Centro Room: Plaza Room: Fiesta D Room: Fiesta A Room: Fiesta E Room: Fiesta B Room: 208

A
7:30 - 8:30

Convolution/
Superposition

Algorithms
          

 T. R. Mackie

Hadrontherapy:
Neutrons, Protons,
& Other Exotica

M. Phillips

Multileaf
Collimators III:  

Multileaf
Collimator
Dosimetry

          

J. Palta

Digital
Angiographic

Imaging
          

S. Molloi

B
8:35 - 9:35

TG-61:
Kilovoltage
Dosimetry

          

 C. Ma

Review of
Respiration Gated

Radiotherapy
          

D. Kubo

Introductory
Clinical MRI

Physics:
MRI Basic
Physical

Principles
J. Allison  

Spiral CT
          

M. McNitt-Gray

Medical Lasers &
PDT: QC, Safety,

Standards, &
Regulations 

          
S. Brahavar 

F. Hetzel

Ultrasound
 “Breakthroughs”

          

J. Zagzebski

9:30- 10:00 Coffee Break in Exhibit Hall

C
10:00-12:00

Radiation Therapy
Dose Calculations

Chairs:
H. Liu

D. McShan

Proton, Neutron
Therapy

Chair:
M. Phillips

Introductory
Clinical MRI
Physics: MRI

Image Formation
&

Imaging
Techniques &

Pulse Sequences
Moderators:
J. Allison 

J. Windham

Speakers:
D. Hearshen
 G. Clarke

Digital
Radiography

Chairs:
R. Nishikawa
M. Williams

Mammography:
New Regulations;

Phototimer
Testing          

Moderator:
M. High          

Speakers:
P. Butler 
D. Frey

12:00-1:30 Diagnostic Imaging Poster Session

D
1:30 - 3:30

Intensity
Modulated

Radiation Therapy
II

Chairs:
D. Low

T. McNutt

  Radiation
Therapy

Instrumentation &
Measurement

Chairs:
R. Alecu

E. El-Khatib

Introductory
Clinical MRI

Physics:
MRI Signal to

Noise
Characteristics &
Image Contrast

Moderators:
J. Allison

 J. Windham

Speaker:
E. Jackson

Digital
Radiography/

Instrumentation/
PACS

Chairs:
A. Karellas

A. Maidment

3:30 - 4:00 Refreshment Break in Exhibit Hall

E
4:00 - 5:30

Clinical Reference
Dosimetry of High
Energy Photon &
Electron Beams:

The Report of TG
51          

Moderator:
P. Almond
Speakers:

P. Almond 
D. Rogers

Vascular Imaging
          

Moderator:
C. Mistretta

          

Speakers:
C. Mistretta 
K. Hoffmann 

A. Fenster

Guide to the
AAPM:

An Introduction
for New Members    

     

Moderator:
G. Ibbott          

AAPM officers,
council chairs, &
senior members of

the Association
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5:45 - 6:45 Annual Business Meeting - Fiesta B

THURSDAY, AUGUST 13

Room: Centro Room: Plaza Room: Fiesta D Room: Fiesta A Room: Fiesta E Room: Fiesta B Room: 208

A
7:30 - 8:30

Monte Carlo Dose
Calculations for

Radiation
Treatment
Planning

          

R. Mohan

Multileaf 
Collimators IV:

Non-Conventional
& Future Use of

MLC 
          

A. Boyer

Optimizing Digital
Radiographic
Image Quality

          

P. Sprawls

B
8:35 - 9:35

Introduction to
AAPM Task

Group 59: High
Dose-Rate

Brachytherapy
Treatment
Delivery
          

 J. Williamson

 Radiosurgery
Using Multileaf

Collimators
          

 J. Balter
 A. Shiu
L. Dong

Introductory
Clinical Magnetic

Resonance
Imaging Physics:
MRI Artifacts &

Suppression
Techniques

Moderators:
J. Allison

 J. Windham

Speakers:
D. Hearshen

Quality Assurance
in

Teleradiology/PA
CS:  Implications
in System Design
& Maintenance

          

A. Maidment

C
10:00-12:00

Radiation Therapy
Imaging

Chairs:
D. Jaffray

M. Herman

Clinical
Dosimetry &
Measurement 

Chairs:
J. Dawson

E. Lief

Introductory
Clinical Magnetic

Resonance
Imaging Physics:

Safety &
Equipment

          
Moderators:
J. Allison 

J. Windham

Speakers:
M. Boska 
R. Price

Diagnostic
Radiography:
 Dosimetry &

Radiation
Protection

Chairs:
G. Barnes

M. Goodsitt
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PROGRAM OF THE MEETING
Calendar of Events

Sunday, August 9, 1998

SU-A1 Symposium on "NCI Workshop on Oncologic
Imaging, 1997"
9:00 am - 11:00 am &Room: Centro
Moderator: Clifton Ling, Memorial Sloan-Kettering Cancer Center,
New York, NY

SU-A1-01  - C. Ling, Memorial Sloan Kettering Cancer Center,
New York, NY
SU-A1-02  - J. Bourland, Bowman Gray School of Medicine,
Winston-Salem, NC
SU-A1-03  - Hedvig Hricak, UCSF School of Medicine, San
Francisco, CA
SU-A1-04  - Stephen Larson, University of Michigan Medical
Center, Ann Arbor, MI

SU-B1 Education Council Symposium:  Teaching
Technologists About Mammography 
11:00 am - 1:00 pm &Room: Plaza
Moderator: G. Donald Frey, Medical University of South Carolina,
Charleston, SC

SU-B1-01  The Technologist Work Environment and
Mammographic Positioning - Gayeann  Minter-Larson,
Medical University of South Carolina, Charleston, SC
SU-B1-02  Teaching Technologists about Processor Quality
Control - Arthur Haus, S & A Medical Imaging, Rochester, NY
SU-B1-03  Teaching Technologists About Mammography
Quality Control - Robert Pizzutiello, Jr, Upstate Medical
Physics, Victor, NY
SU-B1-04  Education Council Symposium: Teaching
Technologists About Proper Exposure Technique - R
Hendrick, University of Colorado Health Science Ctr, Denver,
CO

SU-C1  Professional Council Symposium
1:00 pm - 3:00 pm &Room: Centro
Moderator: Michael Gillin, Medical College of Wisconsin,
Milwaukee, WI

SU-C1-01  Prospective Outpatient Medicare Payment System
for Hospitals: Overview of New System - Mike Mabry, ACR,
Department of Economics and Health Policy, Reston, VA
SU-C1-02  Prospective Outpatient Medicare Payment System
for Hospitals: The Impact on Medical Physics Practice - 
James Hevezi, Cancer Therapy & Research Center, San Antonio,
TX
SU-C1-03  U.S. NRC Regulatory Change from an ACMUI
Member’s Perspective - Jeffrey Williamson, Mallinckrodt Inst
of Radiology, Washington University Medical Center, St. Louis,
MO
SU-C1-04  Revised 10 CFR Part 35 - Impact on the Practice
of Nuclear Medicine Physics - Stephen Thomas, University of
Cincinnati Medical Center, Cincinnati, OH
SU-C1-05  The Impact of Revised 10 CFR Part 35 on the
Radiation Oncology Physicist - Mary Fox, Minneapolis
Radiation Oncology, P.A., Minneapolis, MN

AAPM Icebreaker Reception River Court
6:30 - 8:30

Madam Curie Dinner Mission Room
8:00 - til

Monday, August 10, 1998

Refresher Courses
7:30 am - 8:30 am

&Room: Centro
MO-A1-01  Monitor Unit Calculations for High Energy Photon Beams -
Ben Mijnheer, Antoni van Leeuwenhoek Huis, The Netherlands Cancer
Institute, Amsterdam, The Netherlands

&Room: Plaza
MO-A2-01  Navigating the Bay of Funding at the NIH - Paul Strudler,
National Institute of Health, SRA, Radiation Study Section, Bethesda, MD

&Room: Fiesta D
MO-A3-01  Multileaf Collimation: General Description, Systems and
Technology Assesment - Eric Klein, Mallinckrodt Institute of Radiology,
St. Louis, MO

&Room: Fiesta A
MO-A4-01  Image Processing, Neural Networks, and Classifier Design -
Heang-Ping Chan, Berkman Sahiner, Nicholas Petrick, University of
Michigan, Ann Arbor, MI

&Room: 208
MO-A7-01  Current State-of-the-Art of Nuclear Medicine Imaging
Cameras - Robert Zimmerman, Brigham & Women’s Hospital, Boston, MA

Refresher Courses
8:35 am - 9:35 am

&Room: Centro
MO-B1  Prostate Seed Implant Brachytherapy
MO-B1-01 - Yan Yu, University of Rochester, Rochester, New York
MO-B1-02 - Michael Schell, University of Rochester Medical Center,
Rochester, NY

&Room: Plaza
MO-B2-01  Clinical Implementation of CT Simulation - Margie Hunt,
Memorial Sloan Kettering Cancer Center, New York, NY

—Room: Fiesta D
MO-B3-01  Fast Imaging Methods in MRI - Wlad Sobol, University of
Alabama-Birmingham Hospital, Birmingham, AL

—Room: Fiesta A
MO-B4-01  X-ray Detectors for Digital Radiography - John Rowlands,
Sunnybrook Health Science Centre, Toronto, Canada

MO-B4-02  X-ray Detectors for Digital Radiography - Martin Yaffe,
Sunnybrook Health Science Centre, Toronto, Canada

&Room: Fiesta E
MO-B5-01  CPT Codes, HMOs and other Factors Affecting
Reimbursement for Medical Physicists - Ivan Brezovich  PhD, University
of Alabama at Birmingham, Birmingham, Alabama
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—Room: Fiesta B
MO-B6-01  Ultrasound Bid Specifications and Acceptance Testing -
Carolyn Kimme-Smith, UCLA Medical Center, Los Angeles CA

—Room: 208
MO-B7-01  511 KeV Coincidence Imaging with SPECT Cameras -
James Patton, Vanderbilt University Medical Center, Nashville, Tennessee

Coffee Break
9:35 am - 10:00 am South Exhibit Hall

MO-C1 President’s Symposium:  Filmless Radiology -
PACS is Here to Stay!
10:00 am - 12:00 pm &Room: Theatre

Moderator: Lawrence Rothenberg, Memorial Sloan-Kettering
Cancer Center, New York, NY

MO-C1-01  President’s Symposium:  PACS is Here to Stay!
Lawrence Rothenberg, Memorial Sloan-Kettering Cancer Center,

New York, NY     
MO-C1-02  The Radiologist’s Workstation - Lawrence
Schwartz, Memorial Sloan-Kettering Cancer Center, New York,
NY
MO-C1-03  The Ongoing Relationship of PACS with RIS,
HIS, and Other TLAs - Richard Morin, Mayo Clinic
Jacksonville, Jacksonville, FL
MO-C1-04  Clinical Use of EPIDs as Part of a Radiotherapy
PACS - Gig Mageras, Memorial Sloan-Kettering Cancer Center,
New York, NY
MO-C1-05  Report on Task Group 10: Acceptance Testing 
and Quality Control of  Computed Radiography Imaging  
Systems - J. Anthony Seibert, University of California - Davis,
Sacramento, CA
MO-C1-06  Quality Assurance and Quality Control of a
Picture Archiving and Communication System - Kevin Junck,
University of Alabama Hospitals, Birmingham, AL

Poster Session: 
Works In Progress Poster Presentations
12:00 pm - 1:30 pm &Room: South Banquet Hall
Works In Progress abstracts will appear in the August issue of
Medical Physics journal

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

Symposia
1:30 pm - 3:30 pm

—Room: Centro
MO-D1 Legacy of Marie Curie:  100 Years of Radioactivity
Moderator: Jean St. Germain, Memorial Sloan-Kettering Cancer
Center, New York, NY

MO-D1-01  One Hundred years of Brachytherapy - Basil
Hilaris, New York Medical College, Bronx, NY
MO-D1-02  Marie and Pierre Curie and Radium History,
Mystery and Discovery - Richard Mould, Surrey, United
Kingdom

Monday, August 10, 1998 (continued)

 MO-D1-03  Marie Curie and Nuclear Medicine: Closure of a
Circle - Eugene Saenger, The Eugene L. Saenger Radioisotope
Laboratory, University Hospital, Cincinnati, OH
MO-D1-04  Paris’ Triangle of Radioactivity - Alain Laugier,
Paris, France

—Room: Fiesta A
MO-D4 Computer Aided Diagnosis
Moderator: Kunio Doi, University of Chicago, Chicago, IL

MO-D4-01  Computer-Aided Diagnosis And Its Potential
Impact in Diagnostic Radiology - Kunio Doi, University of
Chicago, Chicago, Illinois
MO-D4-02  Computer-Aided Diagnosis in Breast Imaging at
the University of Michigan - Heang-Ping Chan, Nicholas
Petrick, Berkman Sahiner, Mark Helvie, S. Sanjay-Gopal,
Lubomir Hadjiiski, Mitchell Goodsitt, University of Michigan,
Ann Arbor, MI
MO-D4-03  Computer Aided Diagnosis in Medical Imaging at
Duke University - Carey Floyd, Duke University, Durham,
NC

—Room: Plaza
MO-D2 Young Investigator’s Symposium
Moderator: Joel Gray, Rochester, MN
1:30 pm MO-D2-01  Determination of Saturation Charge and

Collection Efficiency for Ionization Chambers in Continuous
Beams - C. Zankowski*, E. Podgorsak

1:40 pm MO-D2-02  Accurate Measurements of the Collision Stopping
Powers for 5 to 30 MeV Electrons - M. MacPherson*, C. Ross,
D. Rogers

1:50 pm MO-D2-03  Computation of Variations in 3-D dose
Distributions Due to Setup Errors and Organ Motion - 
A. Lujan*, E. Larsen, J. Balter, R. Ten Haken

2:00 pm MO-D2-04  A Proton Cone Beam Computed Tomography
System - P. Zygmanski*, M. Rabin, S. Rosenthal, K. Gall

2:10 pm MO-D2-05  Photoacoustic Ultrasonography And Its Potential
Application In Mammography - Y. Fang*, R. Kruger

2:20 pm MO-D2-06  Validation of High-Speed Regional Spatial
Normalization Algorithm. - P. Kochunov*, J. Lancaster, 
D. Nickerson, P. Fox

2:30 pm MO-D2-07  Preliminary Evaluation of the Monte Carlo Code
MCNP4b for Diagnostic X-Ray Spectra - J. Mercier*, D. Kopp

2:40 pm MO-D2-08  Automated Registration of Frontal and Lateral
Radionuclide Lung Scans Images with Digital Chest
Radiographs - S. Armato III*, M. Giger, C. Chen, C. Vyborny, 
J. Ryan, H. MacMahon

2:50 pm MO-D2-09  Normal Tissue Complication Probability
Estimation Method Based on the Topology of Dose
Distribution - D. Bonta*, E. Fontenla, Y. Lu, G. Chen

3:00 pm MO-D2-10  Modeling Dose-volume Response of the Spinal 
C ord - N. Stavrev*, A. Niemierko, P. Stavrev, M. Goitein

3:10 pm MO-D2-11  Real time OR-based Optimized Planning for
Prostate Brachytherapy - J. Zhang*, Y. Yu, D. Rubens, 
R. Brasacchio, J. Strang, A. Soni, M. Schell, P. Okunieff, E.
Messing

3:20 pm MO-D2-12  Monte Carlo Based Inverse Treatment Planning
R. Jeraj*, P. Keall

Refreshment Break
3:30 pm - 4:00 pm South Exhibit Hall
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Scientific Sessions
4:00 pm - 5:30 pm

&Room: Centro
MO-E1 Focus Session: Radiation Prevention of Restenosis
Chair: Howard Amols, Columbia University, New York, NY
4:00 pm Introduction: H. Amols, Columbia University, New York, NY
4:12 pm MO-E1-01  High-resolution 3D Dosimetry for Endovascular

Brachytherapy Using Optical Laser CT Microimaging of
BANG (R) Polymer Gels - M. Maryanski *, M. Ranade, M.
Barry, R. Nath

4:24 pm MO-E1-02  A Comparison Study of Film Measurements with
Monte Carlo Calculations of Y-90, Re-188, Tc-99m, Liquid-
and Xe-133 Gas-Filled Balloon Catheters for Use in
Intravascular Brachytherapy - F. Mourtada *, B. Coursey, 
L. Karam, S. Seltzer, C. Soares, M. Unterweger, B. Zimmerman

4:36 pm MO-E1-03  Dose Perturbations by High Atomic Number
Materials in Intravascular Brachytherapy - R. Nath *, N. Yue

4:48 pm MO-E1-04  A Linear Accelerator Method for Producing
Radioactive Stents for Cardiovascular Radiation Therapy
K. Weeks *

5:00 pm MO-E1-05  Conformal External Beam Irradiation (EBI) of a
Stented Coronary Artery - P. Bloch *, L. Farber, E. Yorke, J.
Ruffer, H. Hermann

5:12 pm MO-E1-06  Dosimetric Feasibility of Conformal Radiation
Therapy to Prevent Coronary Artery Restenosis after
Angioplasty - J. Roeske *, I. Abdalla, K. Farrey, G. Chen

5:24 pm Summary: H. Amols, Columbia University, New York, NY
—Room: Plaza

MO-E2 Focus Session: Intensity Modulated Radiation Therapy
Chair: Lynn Verhey, University of California - San Francisco, San
Francisco, CA
4:00 pm Introduction: L. Verhey, University of California - San

Francisco, San Francisco, CA
4:12 pm MO-E2-01  Monitor Unit Settings for Intensity Modulated

Radiation Therapy Performed with a Multi-leaf Collimator -
B. Miller *, M. Sharpe, Y. Wu, D. Yan, J. Wong

4:24 pm MO-E2-02  The Influence of Head Scatter and Leaf Edge
Effects on Dynamic Multileaf Collimation - S. Spirou *, C.
Chui

4:36 pm MO-E2-03  Modelling of Flattening Filter Scatter Through
Thin and Thick Collimator Apertures for Intensity
Modulation Using the “step-and-shoot” Multileaf Technique -
A. Ahnesjö *, A. Löfgren, M. Saxner

4:48 pm MO-E2-04  Routine Clinical Use of Multi-Segment IMRT:
Analysis of Planning Strategies - B. Fraass *, L. Marsh,
 B. Watson, W. Dusseau, M. Martel, D. McShan, H. Sandler, 
A. Eisbruch, A. Lichter

5:00 pm MO-E2-05  Clinical Implementation of Intensity Modulation
using Static Sequential MLC Fields - L. Verhey *, P. Xia, 
P. Akazawa

5:12 pm MO-E2-06  Superficial Doses from Serial Tomotherapy
Delivery - S. Mutic *, D. Low

5:24 pm MO-E2-07  Delivery Verification in Tomotherapy - 
 J. Kapatoes *, G. Olivera, J. Balog, E. Schloesser, D. Pearson, E.
Fitchard, P. Reckwerdt, T. Mackie

5:24 pm Summary: L. Verhey, University of California - San Francisco,
San Francisco, CA

&Room: Fiesta A
MO-E4 Mammography/Computer-Aided Diagnosis
Chairs: Yulei Jiang, The University of Chicago, Chicago, IL and 
Martin Yaffe, Sunnybrook Health Science Centre, Toronto, Canada
4:00 pm MO-E4-01  Attenuation Characteristics of Fiberoptic Plates

for Digital Mammography and other X-Ray Imaging
Applications - I. Levis *, S. Vedantham, A. Karellas

4:12 pm MO-E4-02  Imaging Characteristics of A Dual Screen-Dual
Film Combination for Mammography - Z. Jing *, J. Sabol, 
G. Qu, J. Walker, J. Honeyman

Monday, August 10, 1998 (continued)

4:24 pm MO-E4-03  Noise Power Spectra of Detectors for Digital
Mammography - M. Williams *, P. Mangiafico

4:36 pm MO-E4-04  Assessment of Temporal and Spatial
Characteristics of Contrast-enhanced MRI for Automated

 Classification of Breast Lesions - K. Gilhuijs *, M. Giger, 
U. Bick

4:48 pm MO-E4-05  Computerized Radiographic Analysis for
Identification of BRCA1/BRCA2 Mutation Carriers - 
Z. Huo *, M. Giger, O. Olopade, D. Wolverton

5:00 pm MO-E4-06  Probabilistic Lesion Segmentation in Digital
Mammography  - M. Kupinski *, M. Giger

5:12 pm MO-E4-07  Mammography Facility Survey Requirements
Under the Final Rule - W. Mourad *

Symposium
4:00 pm - 5:30 pm

&Room: Fiesta E
MO-E5 Women in Medical Physics
Moderators: Colin Orton, Harper Hospital, Detroit, MI and Ann
Wright, Houston, TX

MO-E5-01  Symposium on Women in AAPM - Colin Orton,
Ann Wright, Harper Hospital, Detroit, MI and Ann E. Wright &
Assoc., Houston, TX 
MO-E5-02  Results of the AAPM Survey of Women in
Medical Physics - Azam Niroomand-Rad, Franca Kuchnir,
Marilyn Wexler,Georgetown University, Washington, DC;
University of Chicago, Chicago, IL &  Santa Monica Cancer
Treatment Ctr, Santa Monica, CA
MO-E5-03  Women in AAPM:  A 5-year Profile (1992-1996)
Azam Niroomand-Rad, Franca Kuchnir, Marilyn Wexler,
Georgetown University, Washington, DC; University of
Chicago, Chicago, IL & Santa Monica Cancer Treatment Ctr,
Santa Monica, CA
MO-E5-04  Why Not More Women at the Top?  An Insight
into the Dynamics of Male/Female Interactions - Sandra Zink,
Zink & Associates, Los Alamos, NM
MO-E5-05  Guide to the AAPM - Geoffrey Ibbott, University
of Kentucky, Lexington, Kentucky

Awards Ceremony and Reception
6:00 pm - 8:30 pm Hyatt Ballroom

Tuesday, August 11, 1998

Gammex 5K Run/Walk
5:30 am Buses depart Convention Center for

McAllister Park

Refresher Courses
7:30 am - 8:30 am

&Room: Centro
TU-A1-01  Tissue Inhomogeneities in Photon Beams: Corrections,
Controversies, and Clinical Considerations - Jake Van Dyk, London
Regional Cancer Centre, London, ON, Canada

&Room: Fiesta D
TU-A3-01  Acceptance Testing, Commissioning and Quality Assurance
for MLC - James Galvin, Thomas Jefferson University Hospital - Kimmel
Cancer Center, Philadelphia, PA
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&Room: Fiesta A
TU-A4-01  The Fundamentals of MTF, Wiener Spectra, and DQE -
Robert Nishikawa, The University of Chicago, Chicago, IL

&Room: 208
TU-A7-01  Scintillation Camera Acceptance Testing - Michael Yester,
University of Alabama at Birmingham, Birmingham, AL

Refresher Course
7:30 am - 9:35 am

&Room: Plaza
TU-A2 New Developments in Biological Effects and Biophysical Models of
Brachytherapy Sources
TU-A2-01  - Ravinder Nath, Yale University, New Haven CT
TU-A2-02  - Colin Orton, Harper Hospital, Detroit MI
TU-A2-03  - Darwin Zellmer, Mercy Hospital, Scranton PA

Refresher Course
7:30 am - 12:00 pm

&Room: Fiesta B
TU-A6 Hands-on Ultrasound Quality Control

TU-A6-01  Hands-on Ultrasound Quality Control - Carolyn
Kimme-Smith, Mitchell Goodsitt, Heather Miller, William
Clayman, UCLA Medical Center, Los Angeles CA

Refresher Courses
8:35 am - 9:35 am

&Room: Centro
TU-B1-01  TG 53: Quality Assurance for Clinical Radiotherapy
Treatment Planning - Benedick Fraass, Department of Radiation
Oncology, University of Michigan Health Systems, Ann Arbor, MI

&Room: Fiesta D
TU-B3-01  MR Imaging of Flow - Geoffrey Clarke, Mustapha Hatab,
Roddy McColl, University of Texas Southwestern Medical Center at Dallas

&Room: Fiesta A
TU-B4-01  ROC Analaysis - Charles Metz, University of Chicago,
Chicago, IL

&Room: Fiesta E
TU-B5-01  Medical Physics Documentation: The What and What Nots,
The When and When Nots, and the Why and  Why Nots - Michael
Leetzow, David Gooden, Robert Shalek, Michael Davis, Farideh
Bagne, G. White, AAPM Professional Council

&Room: 208
TU-B7-01  Quality Control Procedures and Programs - L. Graham, West
LA VA Medical Center/UCLA, Los Angeles, CA

Coffee Break
9:35 am - 10:00 am South Exhibit Hall

Continuing Education Courses
10:00 am - 12:00 pm &Room: Fiesta E

TU-C5 Mammography: Risks & Benefits, Dose
Measurements, Film & Dose
Moderator: G. Donald Frey, Medical University of South Carolina,
Charleston, SC

Tuesday, August 11, 1998 (continued)

TU-C5-01  Benefits vs Risk in Mammography - Charles
Kelsey, University of New Mexico Albuquerque NM
TU-C5-02  Mammography Dosimetry: Historical,
Theoretical and Practical Considerations - Gary Barnes,
Xizeng Wu, University Hospital, Birmingham, AL
TU-C5-03  Mammography Film Processing Accuracy and it’s
Effects on Dose and Image Quality - Orhan Suleiman, CDRH 
Division of Mammography Quality & Radiation Programs,
Rockville, MD

Scientific Sessions
10:00 am - 12:00 pm

&Room: Centro
TU-C1 Treatment Planning Optimization for Conformal
Therapy
Chairs: J. Deasy, Brown Cancer Center, Louisville, KY and  Marc
Kessler, University Michigan Medical Center, Ann Arbor, MI
10:00 am TU-C1-01  Helical Intensity Modulation Optimization as used

in Tomotherapy - P. Reckwerdt *, G. Olivera, D. Shepard, 
T. Mackie

10:12 am TU-C1-02  Intensity Modulated Radiotherapy with Charged
Particle Beams: Studies of Inverse Treatment Planning for
Rotation Therapy - U. Oelfke *, T. Bortfeld, W. Schlegel

10:24 am TU-C1-03  Bayesian Smoothing for Iterative Inverse
Radiation Treatment Planning - J. Llacer *

10:36 am TU-C1-04  Inverse Optimization of MLC-deliverable
Intensity Modulated Beams - P. Cho *, S. Sutlief, M. Phillips,
R. Marks II

10:48 am TU-C1-05  Intensity-modulated Radiation Therapy: Dose-
volume Optimization of Segmented Multileaf Collimation
Using a Gradient-based optimization algorithm and a pencil-
beam dose calculation algorithm - A. Gustafsson *, A.
Ahnesjö, A. Löfgren, M. Saxner

11:00 am TU-C1-06  A General Framework for Interactive and
Automated Plan Optimization, Part I: Evaluators, Modifiers,
and Costlets - M. Kessler *, J. Kim, D. McShan, B. Fraass

11:12 am TU-C1-07  Planning and Dosimetric Verification of a
Computer-optimized Segmented Irradiation Technique for
the Prostate - M. Brugmans *, A. Horst, J. Lebesque, B.
Mijnheer, 
D. McShan, B. Fraass, M. Kessler

11:24 am TU-C1-08  Dose Volume Histogram Based Optimization for
Intensity Modulated Radiation Therapy - D. Togane *, 
R. Hamilton, A. Boyer, L. Xing

11:36 am TU-C1-09  A Comparison of Optimised Conventional
Radiotherapy with Tomotherapy in the Brain - M. Oldham *, 
V. Khoo, C. Rowbottom, J. Bedford, S. Webb

11:48 am TU-C1-10  Inverse Treatment Planning Using the
Dynamically Penalized Likelihood (DPL) Algorithm and a
3D Pencil Beam Calculation Engine - A. Arellano *, T.
Solberg, J. Llacer

&Room: Plaza
TU-C2 Brachytherapy
Chairs: Gary Ezzell, Karmanos Cancer Inst. - Harper Hospital,
Detroit, MI and Cheng Saw, University Iowa Hospital, Iowa City,
IA
10:00 am TU-C2-01  Radial Dose Distribution at Proximate Distances

from a High Dose Rate (HDR) 192Ir Source for
Endovascular Brachytherapy Applications - S. Cho *, W.
Hanson

10:12 am TU-C2-02  Evaluation of a New 125 I Brachytherapy Source
by AAPM TG43 Formalism - R. Wallace *, J. Fan
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10:24 am TU-C2-03  Dosimetric Modeling of the MicroSelectron High
Dose Rate Ir-192 Source by the Multigroup Discrete 
Ordinates Method - G. Daskalov *, J. Williamson, R. Baker, 
D. Rogers

10:36 am TU-C2-04  Source Localization from Axial Image Sets by
Iterative Relaxation of the Nearest Neighbor Criterion - 
W. Bice *, D. Dubois, J. Prete, B. Prestidge

10:48 am TU-C2-05  Virtual Reality Assisted Brachytherapy - 
A. Berndt *, S. Miller, J. Bews, D. Christle, S. Pistorius

11:00 am TU-C2-06  Optimization and Evaluation of Planar HDR
Implants - R. Zwicker *, D. Arthur, B. Kavanagh, R. Mohan, 
R. Schmidt-Ullrich

11:12 am TU-C2-07  A Shortcut in the Treatment Planning of Prostate
Implants Using Evenly Spaced Seeds - Y. Chen *, P. Glennon, 
R. Stanton, R. Holst, C. Koprowski

11:24 am TU-C2-08  Virtual Simulation for Brachytherapy Treatment
Planning - W. Parker *, H. Patrocinio, T. Vuong, T. Roman, 
C. Pla, B. Fallone

11:36 am TU-C2-09  Acceptance Testing and Commissioning of A
Transrectal Ultrasound Guided Prostate Implant System - 
Z. Li *, C. Liu, C. Chen, J. Palta

11:48 am TU-C2-10  An Automated Calibration Facility for
Brachytherapy Sources - C. Soares *, B. Coursey, S. Seltzer, 
T. Wheatley, R. Norcross, F. Mourtada, M. Mitch

&Room: Fiesta A
TU-C4  Image Processing/Computer-Aided Diagnosis
Chairs: Carey Floyd, Duke University Medical Center, Durham, NC
and Samuel Armato III, University Chicago, Chicago, IL  
10:00 am TU-C4-01  Histological Validation of Eigenimage Filter in

Experimental Cerebral Ischemia in Rat -  M. Jacobs *, 
J. Windham, D. Peck, A. Goussev, Z. Zheng, R. Knight

10:12 am TU-C4-02  Serial Assessment of Glioma Volumes Using
Eigenimage Filtering - D. Peck *, J. Windham, D. Hearshen, 
L. Scarpace, T. Mikkelsen

10:24 am TU-C4-03  Contrast Enhancement Using Monotonic Noise
Suppression Methods - J. Weaver*

10:36 am TU-C4-04  Noninvasive Evaluation of Trabecular Bone 
Mechanical Properties: Regression Analysis  - C. Jiang *, 
M. Giger, M. Chinander, S. Kwak, J. Martell

10:48 am TU-C4-05  Fractal Analysis of Radiographic Bone Patterns
for Distinguishing Between Strong and Weak Bone - M.
Chinander *, M. Giger, J. Martell, C. Jiang

11:00 am TU-C4-06  Fully Automated Software for the Measurement
of Joint Space Width In Digital Radiographs of the Knee - 
J. Duryea *, C. Peterfy, J. Li, C. Gordon, H. Genant

11:12 am TU-C4-07  Automated Assessment of Radiographic Hip Joint
Space - C. Gordon *, J. Duryea, W. Yu, H. Genant

11:24 am TU-C4-08  3-D Image/Patient Registration Directly from
Projection Data by the Fourier Phase-Matching Method - 
W. Lu *, E. Fitchard, G. Olivera, J. Aldridge, P. Reckwerdt, 
T. Mackie

11:36 am TU-C4-09  Elastic Registration: Correlation of Windowed
Regions in Images - J. Weaver *, D. Healy, Jr., S. Periaswamy, 
P. Kostelec

11:48 am TU-C4-10  Determination of 3D Position and Orientation of
Thin Objects from a Single Projection - J. Esthappan *, 
K. Hoffmann

Tuesday, August 11, 1998 (continued)

Symposium
10:00 am - 12:00 pm

&Room: Fiesta D
TU-C3 Practical Aspects of Functional MRI
Moderator: Geoffrey Clarke, UT Southwestern Medical Center,

Dallas, TX
TU-C3-01  Practical Aspects of fMRI: An Overview
Ronald Price, Vanderbilt University Medical Center, Nashville,
TN
TU-C3-02  New Technology for fMRI
Jonathon Allis, Siemens Medical Systems, Iselin, NJ
TU-C3-03  Principles of Functional Image Analysis
Thomas Zeffiro, Sensor Systems, Inc., Sterling, VA
TU-C3-04  The Role of fMRI in Surgery
Diana Vincent, Medical University of South Carolina,
Charleston, SC

Poster Session: 
Therapy and Electronic Poster Presentations
See page A86 for abstract titles
12:00 pm - 1:30 pm &Room: South Banquet Hall

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

Scientific Sessions
1:30 pm - 3:30 pm

&Room: Centro
TU-D1 Treatment Planning and Delivery
Chairs: Frank Bova, University of Florida, Gainesville, FL and Di
Yan, William Beaumont Hospital, Royal Oak, MI
1:30 pm TU-D1-01  FMRI Aided Radiation Therapy - W. Liu *, 

M. Schulder, A. Kalnin, V. Narra, A. Holodny, C. Cathcart, 
A. Jacobs, J. Maldjian

1:42 pm TU-D1-02  Comparing Rival Dose Distributions using TCP
Predictions: Sensitivity Analysis - A. Niemierko *

1:54 pm TU-D1-03  The Validity of Tumor Dose Distribution
Rankings - J. Deasy *

2:06 pm TU-D1-04  Radiobiological Implications of Non-uniform
Dose-rates in Targeted Radiotherapy - M. Ebert *, S.
Zavgorodni

2:18 pm TU-D1-05  Implementation of Adaptive Process to Optimize
Prostate Treatment - D. Yan *, D. Brabbins, A. Martinez, 
D. Lockman, D. Jaffray, M. Sharpe, D. Grauman, P. Girimonte, 
J. Wong

2:30 pm TU-D1-06  Constructing A Confidence-limited Planning 
Target Volume From Multiple Daily CT Scans In Prostate
Treatment - D. Lockman *, D. Yan

2:42 pm TU-D1-07  Design and Clinical Implementation of a System
for Respiratory Gated Radiotherapy - M. Sontag *, B.
Burnham

2:54 pm TU-D1-08  Treatment with Active Breathing Control (ABC)
in the Thoracic and Upper Abdominal Regions - J. Wong *, 
V. Kini, M. Sharpe, D. Jaffray, D. Yan, J. Stromberg, J.
Robertson

3:06 pm TU-D1-09  Movement of Anatomic Landmarks and its Effect
on Patient Position Determination in Thoracic Conformal
Radiation Treatment - D. Mah *, J. Hanley, K. Rosenzweig, 
Z. Fuks, S. Leibel, C. Ling, G. Mageras
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3:18 pm TU-D1-10  Three Dimensional Volume Reconstruction and
Normal Tissue Complication Analysis for Heart Following
Radiation Therapy for Hodgkins Disease - L. Siskind *, 
P. Higgins, C. Lee, S. Levitt, J. Gibbons, A. Sethi

&Room: Plaza
TU-D2 Radiation Therapy Quality Assurance
Chairs: Karen Doppke, Massachusetts General Hospital, Boston,
MA and Franca Kuchnir, University of Chicago, Chicago, IL
1:30 pm TU-D2-01  Update on Quality Assurance of Multi-

Institutional 3D Radiotherapy Clinical Trials - J. Purdy *, 
W. Harms, Sr., W. Bosch, J. Michalski

1:42 pm TU-D2-02  Quality Assurance of 3-D Radiation Treatment
Planning Systems and CT-Simulators with a Novel Phantom -
T. Craig *, J. Van Dyk

1:54 pm TU-D2-03  Analysis Tools for Evaluation and Validation of
Dose Calculation Algorithms - D. Knapp *, E. Moses

2:18 pm TU-D2-05  Clinical Implementation of a Monte Carlo
Treatment Planning System - C. Ma, E. Mok *, A. Kapur, 
S. Brain, D. Findley, A. Boyer

2:30 pm TU-D2-06  Clinical Validation of the PEREGRINE Monte
Carlo Dose Calculation System for Photon Beam Teletherapy
- R. Walling *, C. Hartmann Siantar, N. Albright, D. Wieczorek, 
D. Knapp, L. Verhey, S. May, E. Moses

2:42 pm TU-D2-07  Comparison between Commercial 2D-3D
Treatment Planning Systems and the BEAM Code - 
P. Francescon *, C. Cavedon, S. Reccanello

2:54 pm TU-D2-08  Process Quality Assurance for Automated
Radiotherapy Treatment - J. Balter *, L. Marsh, D. McShan

3:06 pm TU-D2-09  Commissioning and Clinical Use of a Micro Multi-
Leaf Collimator for Conformal Radiosurgery - V. Cosgrove
*, M. Pfaender, U. Jahn, S. Bauer, V. Budach, R. Wurm

3:18 pm TU-D2-10  Clinical Implementation of a Miniature Multileaf
Collimator for Conformal Stereotactic Radiotherapy - 
A. Shiu *, L. Dong, M. Maor

2:06 pm TU-D2-04  Variance  From  Treatment  Set-Up  In  External 
Beam  Therapy - B. Paliwal *, M. Burkhamer, R. Steeves

&Room:  Fiesta D
TU-D3 Diagnostic Imaging: MR, Radioisotope, &
Ultrasound Imaging
Chair: Joe Windham, Henry Ford Hospital, Detroit, MI
1:30 pm TU-D3-01  NMR Relaxometry Studies of a Polymer Gel

Dosimeter - L. Schreiner *, C. Audet, F. Mansour, 
H. Peemoeller

1:42 pm TU-D3-02  Pain and the Brain: Functional MRI Studies of
Pain and its Modulation by Non-Pharmacological
Interventions - E. Jackson, C. Cleeland, K. Anderson, 
A. Kumar, N. Leeds

1:54 pm TU-D3-03  MR Single Shot FLAIR-Weighted
Diffusion/Perfusion Echo Planar Imaging and Their Analysis
for Stroke Evaluation - Y. Liu *, J. Blechinger, R. Breger, 
D. Hinke, D. Weber

2:06 pm TU-D3-04  Magnetic Resonance Guided Focused Ultrasound
Thermal Therapy  - R. Price, J. Hazle *, R. Stafford

2:18 pm TU-D3-05  SPECT/MR Registration Error from an Internal
Landmark Matching Technique using Procrustes Analysis - 
A. Lukban *, G. Dean, A. Evans, R. Lisbona

2:30 pm TU-D3-06  Perfusion Effects in Magnetic Resonance Guided
Focused Ultrasound Thermal Therapy - S. Bragg-Sitton *, 
R. Stafford, J. Hazle

Tuesday, August 11, 1998 (continued)

2:42 pm TU-D3-07  Imaging of Thermal Lesions in Soft Tissue Using
Ultrasound Elastography: A Preliminary Study in Vitro - 
R. Stafford *, F. Kallel, R. Price, D. Cromeens, J. Hazle, 
T. Krouskop, J. Ophir

2:54 pm TU-D3-08  Potential Role of Tissue Anisotropy on Assessing
Perfusion of the Heart Using Ultrasonic Contrast Agents - 
M. Holland *, A. Finch-Johnston, K. Wallace, S. Handley, 
U. Wilkenshoff, J. Perez, J. Miller

3:06 pm TU-D3-09  Investigation of  Ultrasound Quality Control
Programs - A. Cislo, M. Goodsitt *, P. Carson

3:18 pm TU-D3-10  Automatic Needle Localization in Ultrasound
Images - K. Draper *, C. Blake, L. Gowman, D. Downey, 
A. Fenster

&Room: Fiesta A
TU-D4 Diagnostic System Evaluation/Quality Assurance
Chairs: John Boone, University of California - Davis Medical 
Center, Sacramento, CA and Dev Chakraborty, Hospital of
University Pennsylvania, Philadelphia, PA 
1:30 pm TU-D4-01  X-ray Tube Loading and Image Quality as a

Function of Filtration in Diagnostic Radiology - R. Behrman *
1:42 pm TU-D4-02  Method for Optimizing X-ray Imaging Conditions

under a Dose Limit - H. Ueki *, K. Ueda
1:54 pm TU-D4-03  MTF Properties of a 43-Micron Computed

Radiography System - X. Liu *, C. Shaw, J. Herron, S. Chardon
2:06 pm TU-D4-04  Detective Quantum Efficiency (DQE)

Considerations in Dual-screen Computed Radiography (CR)
Imaging - C. Shaw *, X. Liu, S. Chardon

2:18 pm TU-D4-05  A Novel Method for Fitting ROC Curves to Sets of
Confidence-rating Data - J. Olsen *, A. Skretting

2:30 pm TU-D4-06  Acceptance Tests of a Hospital-Wide Kodak
Computed Radiography System - B. Freed *, I. Levy

2:42 pm TU-D4-07  The Comprehensive Quality Assurance Phantom
Designed By The NEMA-SCA&I Joint Work Group On
Cardiovascular Imaging Systems - P. Lin *

2:54 pm TU-D4-08  Recommended Standards for Routine
Performance Testing of Diagnostic X-ray Imaging Systems
(IPEM Report 77) - M. Fitzgerald *, D. Evans, P. Hiles, 
A. Jones, J. Payne, D. Rigg, W. Smith, B. Wall

Continuing Education Courses
1:30 pm - 3:30 pm &Room: Fiesta E
TU-D5 Mammography:  Stereotactic Biopsy Surveys;
Image Quality & Artifacts Tests
Moderator: G. Donald Frey, Medical University of South Carolina,
Charleston, SC

TU-D5-01  Physicist’s Surveys of Stereotactic Breast Biopsy
Units - Maynard High, New York Medical College, Valhalla,
NY
TU-D5-02  Phantom Image Quality and Artifacts Evaluation
Arthur Haus, Susan Jaskulski, S & A Medical Imaging
Corporation, Fairport, New York

Symposium
1:30 pm - 3:30 pm &Room: Fiesta B

TU-D6 Ultrasound MiniPacs
Moderator: Carolyn Kimme-Smith, UCLA School of Medicine, Los
Angeles, CA

TU-D6-01  Integration of a Commercial US PACS System
into an Existing Radiology RIS/PACS System - Carolyn
Kimme-Smith, Daniel Valentino, UCLA Medical Center, Los
Angeles CA
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TU-D6-02  Functionality and Utilization of Single Vendor
Ultrasound Mini-PACS - Gary Barnes, Michelle Robbin,
Therese Weber, University Hospital, Birmingham, AL
TU-D6-03  Ultrasound Mini-PACS:  A Practical Approach to
 Image Management Systems - Evan Boote, University of
Missouri, Columbia, MO
TU-D6-04  Practical Experience Using an Ultrasound
MiniPACS at Mayo Clinic-Rochester - Nicholas
Hangiandreou, E. James, Karen Daly, Kenneth Persons, Darrel
Rowe, Mayo Clinic and Foundation, Rochester, Minnesota

Refreshment Break
3:30 pm - 4:00 pm South Exhibit Hall

Symposium
4:00 pm - 5:30 pm

&Room: Centro
TU-E1 Establishing and Treating Conformal Therapy
Target Volumes
Moderator: Randall Ten Haken, University of Michigan Medical
Center, Ann Arbor, MI

TU-E1-01  The Design of Target Volumes for Conformal
Therapy - Gig Mageras, Memorial Sloan-Kettering Cancer
Center,  New York, NY
TU-E1-02  Strategies to optimize the individual planning
target volume - John Wong, Di Yan, David Jaffray, William
Beaumont Hospital, Radiation Oncology, Royal Oak, Michigan
TU-E1-03  Toward Dose Calculations that Include the Effects
of Patient Setup Uncertainties and Organ Motion - Randall
Ten Haken, University of Michigan, Ann Arbor, Michigan

&Room: Plaza
TU-E2 40 Years of AAPM
Moderators: John Laughlin, Memorial Sloan-Kettering Cancer
Center, New York, NY and Stephen Balter, New York, NY

TU-E2-01  Formation and Development of the AAPM - John
Laughlin, Memorial Sloan-Kettering Cancer Center, New York,
NY
TU-E2-02  Educational Activities of the AAPM Over the Last
Forty Years - Jon Trueblood, Medical College of Georgia,
Augusta, Georgia
TU-E2-03  Professional Activities of the AAPM over the Last
40 Years - Geoffrey Ibbott, University of Kentucky, Lexington,
Kentucky
TU-E2-04  Activities of the AAPM Science Council Over the
Last Forty Years - Ravinder Nath, Yale University School of
Medicine, New Haven CT

—Room: Fiesta A
TU-E4 Evaluating Diagnostic Imaging Systems
Moderator: Harold Kundel, University of Pennsylvania,
Philadelphia, PA

TU-E4-01  Model Observers for Imaging System Assessment: 
Conventional and new approaches to physical performance
measurements - Robert Wagner, Robert Gagne, Kyle Myers,
FDA, Rockville, MD
TU-E4-02  Empirical Assessment of Imaging Systems in
Terms of Observer Performance:  ROC Methodology -
Charles Metz, University of Chicago, Chicago, IL

Tuesday, August 11, 1998 (continued)

TU-E4-03  Clinical Evaluation of Imaging Systems: Stress
Tests and Field Trials- Harold Kundel, University of
Pennsylvania, Philadelphia, PA

AAPM Night Out
6:30 pm - 10:30 pm La Villita

Wednesday, August 12, 1998

Refresher Courses
7:30 am - 8:30 am

&Room: Centro
WE-A1-01  The Convolution/Superposition Dose Calculation Algorithm
- Thomas Mackie, University of Wisconsin, Madison, WI

&Room: Plaza
WE-A2-01  Hadrotherapy: Neutrons, Protons, and Other Exotica -
Mark Phillips, University of Washington Medical Center, Seattle, WA

&Room: Fiesta D
WE-A3-01  Multileaf Collimator Dosimetry - Jatinder Palta, University of
Florida, Gainesville, FL

&Room: Fiesta A
WE-A4-01  Digital Angiographic Imaging - Sabee Molloi, Department of
Radiological Sciences, University of California, Irvine, CA.

Refresher Courses
8:35 am - 9:35 am

&Room: Centro
WE-B1-01  Kilovoltage X-ray Dosimetry for Radiotherapy - C.-M.
Charlie Ma, Stanford University School of Medicine, Stanford, CA

&Room: Plaza
WE-B2-01  Review of Respiration Gated Radiotherapy - H. Kubo, UC
Davis Cancer Center, Sacramento, CA

&Room: Fiesta A
WE-B4-01  Spiral CT - Michael McNitt-Gray, UCLA School of Medicine,
Los Angeles, CA

&Room: Fiesta E
WE-B5   Medical Lasers and PDT: QC, Safety, Standards, and
Regulations 
WE-B5-01- Suresh Brahmavar, Baystate Medical System, Springfield, MA
WE-B5-02  - Fred Hetzel, HealthONE, Denver, CO

&Room: Fiesta B
WE-B6-01  Not Your Father’s B-Mode Imager (Recent Ultrasound
Breakthroughs) - James Zagzebski, University of Wisconsin, Madison, WI

Continuing Education Course
8:35 am - 9:35 am &Room: Fiesta D

WE-B3 Introductory Clinical Magnetic Resonance
Imaging Physics:  MRI  Basic Physical Principles

WE-B3-01  MRI Basic Physical Principles - Jerry Allison,
Medical College of Georgia, August, GA

Coffee Break
9:35 am - 10:00 am South Exhibit Hall
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Scientific Sessions
10:00 am - 12:00 pm

&Room: Centro
WE-C1 Radiation Therapy Dose Calculations
Chairs: Hui Liu, Mayo Clinic, Rochester, MN and Daniel McShan,
University Michigan Medical Center, Ann Arbor, MI
10:00 am WE-C1-01  Dose Enhancement by a Thin Foil of High-Z

Material: a Potential Clinical Application - X. Li *, J. Chu, 
W. Chen, T. Zusag

10:12 am WE-C1-02  Modeling Photon Output Due to Backscattered
Radiation from Collimator Jaws Using a Monte Carlo
Technique - H. Liu *

10:24 am WE-C1-03  Characterization of Phase Space Distributions of
 Linear Accelerators: Simulation of Angular Distribution
Reconstruction using Wavelet Transform - K. Lam *, 
R. Ten Haken, D. McShan

10:36 am WE-C1-04  Accelerator-Specific Photon Phase Space
Description and Sampling Techniques in the PEREGRINE
Monte Carlo Dose Calculation System - 
A. Schach von Wittenau *, L. Cox, P. Bergstrom, R. House, 
W. Chandler, C. Hartmann Siantar, R. Mohan

10:48 am WE-C1-05  Trust, but Verify: Comparison of MCNP and
BEAM Monte Carlo Codes for Generation of Phase Space
Distributions for a Varian 2100C - J. Siebers *, B. Libby, 
R. Mohan

11:00 am WE-C1-06  Monte Carlo Models for Tomotherapy - 
M. Glass, Jr. *, T. Mackie, G. Fang

11:12 am WE-C1-07  A Study of Equivalent Fields Using Monte Carlo
Generated Convolution Kernels - B. McCurdy *, S. Pistorius

11:24 am WE-C1-08  Monte Carlo vs Convolution/Superposition - 
P. Keall *, R. Jeraj

11:36 am WE-C1-09  Calculation of Dose Distributions for X-ray
Phototherapy of Brain Tumors - A. Mesa *, A. Norman, 
T. Solberg, J. DeMarco, J. Smathers

11:48 am WE-C1-10  The CORVUS Dose Model Revealed - 
T. Holmes *, A. Bleier, M. Carol, B. Curran, J. DeNisi, R. Hill,
A. Kania, R. Lalonde, L. Larson, E. Sternick

&Room: Plaza
WE-C2 Proton, Neutron Therapy
Chair: Mark Phillips, University of Washington Medical Center,
Seattle, WA
10:00 am WE-C2-01  Tumor Control Probability (TCP) for Alpha-

Particle Emitting Radionuclides - J. Roeske *, T. Stinchcomb
10:12 am WE-C2-02  Proton Beam Design for Lung Tumors - 

M. Moyers *, D. Miller, D. Bush, J. Slater
10:24 am WE-C2-03  Secondary Electron Fluence Perturbation by

High-Z Interfaces in Clinical Proton Beams - F. Verhaegen *,
 H. Palmans

10:36 am WE-C2-04  A Report on the Change in the Proton Absorbed
Dose Measurement Protocol for the Clinical Trails
Conducted at the Harvard Cyclotron Laboratory - W.
Newhauser *, 
A. Smith, J. Burns, K. Gall, C. Mayo, S. Rosenthal, M. Wagner, 
A. Koehler

10:48 am WE-C2-05  Fast Neutron Exposure of The BNCT Patient - 
F. d’Errico *, R. Nath, J. Capala, J. Coderre

11:00 am WE-C2-06  Paired Mg and Mg(B) Ion Chambers for
Measurements in BNCT and BNCEFNT Beams - 
J. Burmeister *, C. Kota, R. Maughan, M. Yudelev

11:12 am WE-C2-07  The Boron Neutron Capture Research Program
at Harper Hospital - C. Kota *, R. Maughan, M. Yudelev, 
J. Burmeister, J. Forman

Wednesday, August 12, 1998 (continued)

11:24 am WE-C2-08  Optimization of Treatment Planning for Boron
Neutron Capture Therapy (BNCT) - J. Capala *, R. Ma, 
A. Diaz, A. Chanana

11:36 am WE-C2-09  Inhomogeneity Corrections in Neutron Dose
Distribution - M. Yudelev *

11:48 am WE-C2-10  Calculation of Range and Stopping Power of
Heavy Ions with a Semi-Empirical Method - J. Almassy *

&Room: Fiesta A
WE-C4 Digital Radiography
Chairs: Robert Nishikawa, The University of Chicago, Chicago, IL
and Mark Williams,  UVA Health Sciences Center, Charlottesville,
VA
10:00 am WE-C4-01  Signal, NPS, and DQE of Indirect-Detection Flat-

Panel Imagers for Diagnostic Radiology - J. Siewerdsen *, 
L. Antonuk, Y. El-Mohri, J. Yorkston, W. Huang, I.
Cunningham

10:12 am WE-C4-02  DQE Analysis of an Amorphous Silicon Thin
Film Transistor X-ray System for Fluoroscopic Imaging - 
J. Boone *, J. Seibert

10:24 am WE-C4-03  Scatter and Veiling Glare Estimation Based on
Sampled Primary Intensity - Y. Zhou *, S. Molloi, T. Mathur

10:36 am WE-C4-04  Scatter And Glare Analysis Behind Lead Discs In
Digital Fluoroscopy - A. Greaves, M. Geso *

10:48 am WE-C4-05  A Technique for Out of Plane Angle Correction
in Videodensitometric Cross-Sectional Area Measurements - 
T. Mathur *, Y. Zhou, S. Molloi

11:00 am WE-C4-06  Application of Curve-fitting to Improve the
Accuracy and Reliability of Distance-density Curve Matching
Angiographic Blood Flow Measurement methods - 
S. Shpilfoygel *, R. Close, R. Jahan, G. Duckwiler, D. Valentino

11:12 am WE-C4-07  Observer Performance of JPEG vs Wavelet
Compression in X-ray Angiographic Images - C. Morioka *,
M. Eckstein, J. Whiting

11:24 am WE-C4-08  Efficient Lossless Compression of Medical
Images - A. Erdi *, C. Chui

Continuing Education Courses
10:00 am - 12:00 pm &Room: Fiesta D

WE-C3 Introductory Clinical Magnetic Resonance Imaging
Physics:  MRI Image Formation and MRI Imaging Techniques
and Pulse Sequences
Moderators: Jerry Allison, Medical College of Georgia, Augusta, GA and
Joe Windham, Henry Ford Hospital, Detroit, MI

WE-C3-01  MRI Image Formation - David Hearshen, Henry
Ford Hospital, Detroit, MI
WE-C3-02  MRI Imaging Techniques and Pulse Sequences
Geoffrey Clarke, University of Texas Southwestern Medical
Center at Dallas, Dallas, TX

&Room: Fiesta E
WE-C5 Mammography:  New Regulations; Phototimer Testing
Moderators: Maynard High, New York Medical College, Vahalla, NY

WE-C5-01  A Look at the New Regulations from the 
Facility’s Perspective - Priscilla Butler, The George Washington
University Hospital, Washington, DC
WE-C5-02  Mammographic Phototimers - Design and
Testing - G. Donald Frey, Daniel Staton, The Medical University 
of South Carolina, Charleston, SC
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Poster Session: 
Diagnostic Imaging Poster Presentations
See page A91 for abstract titles
12:00 pm - 1:30 pm &Room: South Banquet Hall

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

Scientific Sessions
1:30 pm - 3:30 pm

&Room: Centro
WE-D1 Intensity Modulated Radiation Therapy II
Chairs: Daniel Low, Mallinckrodt Inst of Radiology, St. Louis, MO and
Todd McNutt, ADAC-Geometrics, Madison, WI
1:54 am WE-D1-03  Optimization of IMRT in Conjunction with

Brachytherapy for Gynecological Cancer - Q. Wu *, 
B. Kavanagh, R. Zwicker, R. Mohan

1:30 pm WE-D1-01  The Use of Gravity-oriented Shield in Conformal
and Intensity-modulated Radiation Therapy - C. Chui *

1:42 pm WE-D1-02  Intensity Modulation using Beamlets - 
D. McShan *, B. Fraass, M. Kessler

2:06 pm WE-D1-04  Combination of Intensity Modulated
Radiotherapy and 3D Conformal Radiotherapy For Head &
Neck Tumors - P. Xia *, K. Fu, C. Akazawa, L. Verhey

2:18 pm WE-D1-05  Beam Intensity Modulation using Dynamic MLC
in 3D-CRT of Primary Cancers in the Oropharynx or
Larynx, including the Elective Neck - E. van Dieren *, 
P. Nowak, J. Sornsen de Koste, H. v.d. Est, O. Wijers, B.
Heijmen, P. Levendag

2:30 pm WE-D1-06  Commissioning and Testing of an Inverse
Treatment Planning System - L. Xing *, B. Curran, R. Hill, 
T. Holmes, L. Ma, A. Boyer

2:42 pm WE-D1-07  Clinical Implementation of Intensity-Modulated
Treatments Using Compensators: Dosimetric Verification - 
S. Levegrün *, K. Hartwig, U. Oelfke, A. Helbig, C. Schulze, 
B. Rhein, J. Debus, W. Schlegel, T. Bortfeld

2:54 pm WE-D1-08  The Use of a Scanning Liquid Ionization
Chamber Electronic Portal Imaging Device for Verification
of Intensity-modulated Beams - A. Curtin-Savard *, 
E. Podgorsak

3:06 pm WE-D1-09  Characterization of an a-Si:H (Amorphous
Silicon) Array Detector for Real-Time Dosimetric
Verification in Dynamically Shaped Radiotherapy - T. Paul *,
M. Leu, P. Rosemark, T. Solberg, J. Smathers

3:18 pm WE-D1-10  Evaluation of BANG (TM) Gel for Intensity
Modulated Dose Distribution Measurements - D. Low *,
D. Low, R. Venkatesan, S. Mutic, M. Goddu, E. Haacke,
J. Purdy

&Room: Plaza
WE-D2 Radiation Therapy Instrumentation and
Measurement
Chairs: Rodica Alecu, Texas Cancer Center, Sherman, TX and Ellen
El-Khatib, British Columbia Cancer Agency, Vancouver, Canada
1:30 pm WE-D2-01  A New Absorbed Dose Calibration Service for

Electron Beam Radiotherapy - A. DuSautoy *, M. McEwen, 
A. Williams
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1:42 pm WE-D2-02  Absorbed-dose-to-water Calibrations at the
Na  Institute of Standards and Technology - J. Shobe *
1:54 pm WE-D2-03  Fourier Transform Raman Spectroscopy of

Polyacrylamide Gels (PAG) for Radiation Dosimetry - 
C. Baldock *, L. Rintoul, G. George

2:06 pm WE-D2-04  A Strip Ion Chamber for On-line Monitoring of
the Reproducibility of Dynamic Wedge Fields - A. Kerr *, 
T. Rutkevich, D. Amm

2:18 pm WE-D2-05  Calibration of a Detector Array in a Wide
Radiation Field Geometry by Spatial Substitution of
Detectors with Rotation and Translation - W. Simon *, J. Shi,
J. Palta, C. Liu, T. Zhu, L. Ding

2:30 pm WE-D2-06  Operational Considerations for an Active Matrix
Flat-Panel Detector for Relative Dosimetry - Y. El-Mohri *,
L. Antonuk, K. Jee, M. Maolinbay, S. Nassif, X. Rong, 
J. Siewerdsen, Q. Zhao

2:42 pm WE-D2-07  Tomotherapy Dosimetry - J. Balog *, T. Mackie, 
P. Reckwerdt, D. Pearson, D. Shepard

2:54 pm WE-D2-08  New Highly Efficient Water Equivalent Plastic
Scintillator Materials For Radiation Dosimetry - A. Kirov *, 
C. Hurlbut, S. Shrinivas, J. Epstein, J. Dempsey, W. Binns, 
P. Dowkontt, J. Williamson

3:06 pm WE-D2-09  Use of TLD-300 in Mixed Beam Dosimetry - 
M. Yudelev *, R. Maughan

3:18 pm WE-D2-10  Perturbation Correction Factors  Of Solid State
Detectors Irradiated In Kilovoltage Photon Beams - 
P. Mobit *

&Room: Fiesta A
WE-D4 Digital Radiography/Instrumentation/CT
Chairs: Andrew Karellas,  University. of Mass. Medical Center,
Worcester, MA and Andrew Maidment, Thomas Jefferson
University Hospital, Philadelphia, PA
1:30 pm WE-D4-01  Selenium Converter Detectors for Screening and

Interventional Mammography - H. Rougeot *, B. Polischuk, 
Z. Shukri, M. Choquette, L. Laperrière, A. Legros, P. Leblanc, 
J. Martin

1:42 pm WE-D4-02  Implementation of an Active Detector for Dual
Energy Radiography - J. Seibert *, T. Poage, R. Alvarez

1:54 pm WE-D4-03  Patient Specific Area X-ray Beam Equalization
for Digital Fluoroscopy - S. Molloi *, T. Mathur, Y. Zhou

2:06 pm WE-D4-04  Image Degradation Due to Secondary
Fluorescence in a Dual Screen Image Receptor - I. McLean *

2:18 pm WE-D4-05  X-ray Spectra Produced by Laser-based X-ray
Source with Rare-earth Metal Targets - A. Krol, 
C. Chamberlain *, W. Huda, J. Yu, Z. Jiang, J. Kieffer

2:30 pm WE-D4-06  Optical Analysis of Trabecular Pattern in the
Proximal Femur - its Relation to Mineral Content and
Cortical Thickness - I. Leichter *, V. Neeman, M. Liebergall,
A. Simkin, J. Sosna, C. Jabschinsky

2:42 pm WE-D4-07  Exposure Calibration of Computed Radiography
Imaging Systems - E. Samei *, D. Peck, P. Rauch, E. Mah, 
M. Flynn

2:54 pm WE-D4-08  Patient and Personnel Exposure During CT
Fluoroscopy - R. Nawfel *, P. Judy, S. Hooton, S. Silverman, 
K. Tuncali, D. Adams

3:06 pm WE-D4-09  Dosimetric Consequences of Implementation of
Digital Radiology for Hysterosalpingography - F. Schultz, 
W. Teeuwisse *, J. Broerse, M. Chandie Shaw, J. Geleijns

3:18 pm WE-D4-10  Maximum a posteriori Contouring for 3-D RTP - 
L. Hibbard *
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Continuing Education Course
1:30 pm - 3:30 pm &Room: Fiesta D

WE-D3 Introductory Clinical Magnetic Resonance Imaging
Physics:  MRI  Signal to Noise Characteristics and MRI Image
Contrast
Moderators: Jerry Allison, Medical College of Georgia, Augusta,
GA and Joe Windham, Henry Ford Hospital, Detroit, MI

WE-D3-01  MRI Signal-to-Noise Characteristics - Edward
Jackson, The University of Texas M.D. Anderson Cancer Center,
Houston, TX
WE-D3-02  MRI Image Contrast - Edward Jackson, The
University of Texas M.D. Anderson Cancer Center, Houston, TX

Refreshment Break
3:30 pm - 4:00 pm South Exhibit Hall

Symposia
4:00 pm - 5:30 pm

&Room: Centro
WE-E1 Clinical Reference Dosimetry of High Energy
Photon and Electron Beams:  The Report of Task Group
51
Moderator: Peter Almond, Brown Cancer Center, Louisville, KY

WE-E1-01  Peter Almond, Peter Biggs, Bert Coursey, Will
Hanson, M. Huq, Ravinder Nath, David Rogers, Brown Cancer
Center, Louisville, KY
WE-E1-02  - Peter Almond, Brown Cancer Center, Louisville,
KY
WE-E1-03  - David Rogers, Inst. For National Meas. Standards,
National Research Council of Canada, Ottawa, ON, Canada

&Room: Fiesta A
WE-E4 Vacular Imaging
Moderator: Charles Mistretta, University of Wisconsin, Madison,
WI

WE-E4-01  X-Ray DSA to MR-DSA: In Search of Non-
Invasive Angiography - Charles Mistretta, The University of
Wisconsin-Madison, Madison, WI
WE-E4-02  Vascular Analysis of X-ray Angiograms - Kenneth
Hoffmann, The University of Chicago, Chicago, IL
WE-E4-03  Vascular Ultrasound Imaging - Aaron Fenster,
The J.P. Robarts Research Institute, London, ON, CANADA

&Room:  Fiesta B
WE-E6 Guide to the AAPM:  An Introduction for New
Members
Moderators: Geoffrey Ibbott, University of Kentucky Medical
Center, Lexington, KY

WE-E6-01  Guide to the AAPM - Geoffrey Ibbott, University
of Kentucky, Lexington, KY

AAPM ANNUAL BUSINESS MEETING
5:45 pm - 6:45 pm Fiesta B

THURSDAY, August 13, 1998

Refresher Courses
7:30 am - 8:30 am

&Room: Centro
TH-A1-01  Monte Carlo Dose Calculations for Radiation Treatment
Planning - Radhe Mohan, Medical College of Virginia, Richmond, VA

&Room: Fiesta D
TH-A3-01  MLC IV: Non-Conventional and Future Use of MLC -
Arthur Boyer, Stanford University School of Medicine, Stanford, CA

&Room: Fiesta A
TH-A4-01  Optimizing Digital Radiographic Image Quality - Perry
Sprawls, Emory University, Atlanta, GA

Continuing Education Courses
8:35 am - 9:35 am &Room: Fiesta D

TH-B3 Introductory Clinical Magnetic Resonance Imaging
Physics:  MRI Artifacts and Suppression Techniques
Moderators: Jerry Allison, Medical College of Georgia, Augusta,
GA and Joe Windham, Henry Ford Hospital, Detroit, MI

TH-B3-01  MRI Artifacts and Suppression Techniques -
David Hearshen, Henry Ford Hospital, Detroit, MI

Refresher Courses
8:35 am - 9:35 am

&Room: Centro
TH-B1-01  Introduction to AAPM Task Group 59 Report:  High Dose-
Rate Brachytherapy Treatment Delivery - Jeffrey Williamson,
Mallinckrody Inst of Radiology, Washington University School of
Medicine, St. Louis, MO

&Room: Plaza
TH-B2   Radiosurgery Using Multileaf Collimators
TH-B2-01 - James Balter, University of Michigan, Ann Arbor, MI
TH-B2-02 - Almon Shiu, University of Texas M.D. Anderson Cancer
Center, Houston TX
TH-B2-03 - Lei Dong, University of Texas M.D. Anderson Cancer Center,
Houston TX

&Room: Fiesta A
TH-B4-01  Quality Assurance in Teleradiology/PACS:  Implications in
System Design and Maintenance - Andrew Maidment, Thomas Jefferson
University, Philadelphia, PA

Continuing Education Course
10:00 am - 12:00 pm &Room: Fiesta D

TH-C3 Introductory Clinical Magnetic Resonance Imaging
Physics:  Safety and Equipment
Moderators: Jerry Allison, Medical College of Georgia and Joe
Windham, Henry Ford Hospital, Detroit, MI

TH-C3-01  MRI Safety - Michael Boska, Henry Ford Health
Sciences Center, Detroit, MI
TH-C3-02  MRI Equipment - Ronald Price, Vanderbilt
University Medical Ctr., Nashville, TN
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THURSDAY, August 13, 1998 (continued)

Scientific Sessions
10:00 am - 12:00 pm

&Room: Centro
TH-C1 Radiation Therapy Imaging
Chairs: Mike Herman, Mayo Clinic, Rochester, MN and David
Jaffray, William Beaumont Hospital, Royal Oak, MI
10:00 am TH-C1-01  Calibration of Video Camera Systems to the

Beam Coordinate System of a Radiotherapy Linear
Accelerator - S. Hadley *, L. Johnson, C. Pelizzari

10:12 am TH-C1-02  A Video-based Technique to Reduce CT-to-
treatment Transfer Errors - L. Johnson *, S. Hadley, 
C. Pelizzari, G. Chen

10:24 am  TH-C1-03  Derivation of Patient Dose from Portal Dose
Images Measured with an EPID - K. Pasma *, M. Kroonwijk,
 S. Quint, A. Visser, B. Heijmen

10:36 am TH-C1-04  Characterization of a Fluoroscopic Imaging
System for Kilovoltage and Megavoltage Radiography - 
D. Drake *, D. Jaffray, J. Wong

10:48 am TH-C1-05  Wavelet-based Edge Detection to Aid in the
Alignment of Radiation Oncology Images - G. Starkschall *, 
S. Ahmad, R. Stafford, J. Xu

11:00 am TH-C1-06  Verification of Radiation Treatment Portals using
Artificial Intelligence - D. Provost *, K. Leszczynski, S. Cosby, 
R. Bissett, S. Boyko

11:12 am TH-C1-07  Quality Control and Optimization of DRR. A
Phantom Study - J. Giraud *, J. Killoran, G. Svensson

11:24 am TH-C1-08  Implementation of Magnetic Resonance Imaging
Based Digitally Reconstructed Radiographs in Simulation
and Conformal Radiotherapy - C. Ramsey *, A. Oliver

11:36 am TH-C1-09  3-D Automatic Position Verification System for
Stereotactic Radiosurgery - L. Sirois, B. Fallone *

11:48 am TH-C1-10  Influence of Beam Quality on the Dosimetry with
a Portal Imaging Device - H. Keller *, M. Fix, P. Ruegsegger

&Room: Plaza
TH-C2 Clinical Dosimetry and Measurement
Chairs: Julie Dawson,  St. Louis University. Medical Center, St.
Louis, MO and Eugene Lief, Memorial Sloan-Kettering Cancer
Center, New York, NY
10:00 am TH-C2-01  Lung Dose Distribution Analysis for Lateral

verses AP-PA Total Body Irradiation Techniques - L. Siskind
*, 
P. Higgins, K. Dusenbery

10:12 am TH-C2-02  A  Comparison of Measured Dose to Bone
Marrow to Monte Carlo Calculations for 6 and 18 MV
Photons for Total Body Irradiation - C. Reft *, L. Johnson

10:24 am TH-C2-03  Peripheral Dose From a Linear Accelerator
Equipped With Multileaf Collimation - R. Stern *

10:36 am TH-C2-04  A Comparison of Multileaf Collimators - 
M. Huq *, T. Steinberg, I. Das, J. Galvin

10:48 am TH-C2-05  Comparison of Dose Fall Off for Multi-field
Treatment Volumes Shaped by Multileaf Collimators and
Alloy Blocks - J. Rodgers, D. Hinckley *, M. Lundsten, 
A. Niroomand-Rad, G. Gagnon

11:00 am TH-C2-06  Small-field Dosimetry of MLC Equipped
Accelerator - G. Neyman *, P. Almond, W. Spanos, Jr.

11:12 am TH-C2-07  Penumbra Regions of Small Electron Fields at
Extended Treatment Distances - R. Meiler *, M. Podgorsak

11:24 am TH-C2-08  A Silicon Diode Detector for Dosimetry of Very-
small Radiosurgery Cones - X. Zhu *, J. Allen, J. Shi

11:36 am TH-C2-09  Photon Buildup in Orthovoltage X-ray Beams - 
R. Hill *, P. Keall, W. Beckham, M. Perez

THURSDAY, August 13, 1998 (continued)

11:48 am TH-C2-10  A Novel Shielding Device for Pregnant Hodgkin’s
Patients - L. Myrianthopoulos *, H. Sutton, C. Reft, G. Chen

10:00 am - 12:00 pm &Room: Fiesta A

TH-C4 Diagnostic Radiography: Dosimetry & Radiation
Protection
Chairs: Gary Barnes, University Hospital, Birmingham, AL and
Mitchell Goodsitt, University of Michigan Hospital, Ann Arbor, MI
10:00 am TH-C4-01  A Survey of Radiation Skin Dose Received by

Patients Undergoing Cardiac Catheterization - K. Working *,
R. Hood, T. Slowey, T. Slowey, J. Pagel

10:12 am TH-C4-02  Patient Doses in Interventional Neuroradiology - 
N. Gkanatsios *, W. Huda, K. Peters

10:24 am TH-C4-03  Energy Deposition Kernels for 3D Dose
Distribution of Low Energy X Rays - P. Alaei *, B. Gerbi, 
R. Geise

10:36 am TH-C4-04  Characterization of Dose from X-ray Fluoroscopy
Beams in a Water Phantom - K. Fetterly *, P. Alaei, B. Gerbi,
R. Geise

10:48 am TH-C4-05  A Review of the Influence of Fluoroscopic
Geometry on Patient Dose - S. Balter *, R. Gagney

11:00 am TH-C4-06  Monitoring and Reducing Patient Radiation
Exposure During Interventional Procedures By Direct Portal
Film Dosimetry - H. Kuan *, J. Manzione, J. Ferretti, P. Cole, 
R. Saypoff, R. Murthy, D. Papia, D. Gallagher

11:12 am TH-C4-07  Comparison of Air-Kerma Standards at the NPL,
the BIPM and the ENEA Using Diagnostic, Mammography
and Low Energy X-Rays - P. Lamperti *, M. O’Brien

11:24 am TH-C4-08  The New Diagnostic and International X-Ray
Beam Qualities Available at NIST - M. O’Brien *, P. Lamperti

11:36 am TH-C4-09  Patient Dosimetry in Medical Radiography:  A
Practical Approach - D. Staton *, W. Sobol, M. Nation, G.
Barnes

11:48 am TH-C4-10  A Dutch Survey of Fluoroscopic Doses During
Catheter Ablations - J. Geleijns *, J. Broerse, P. Pattynama, 
M. Schalij, W. Teeuwisse

CLOSE OF MEETING

Electronic Poster Displays Tuesday, August 11
12:00 pm - 1:30 pm &Room: South Exhibit Hall

EP-01  An  On-Line Physics Manual with Automated HTML
Conversion and Dynamic HTML - S. Chungbin
EP-02  Clinical implementation of a portal imaging network
in a hybrid network environment - F. Van den Heuvel, D.
Ragan

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

Poster Presentations: Tuesday, August 11
Therapy Posters
12:00 pm - 1:30 pm &Room: South Banquet Hall

PO-01  Inverse Treatment Planning Approach for Low Dose
Rate Intracavitary Brachytherapy -  H. Giap *, R. Levy, J.
Slater
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PO-02  Chemical Dosimetry in the Near Zone of Cesium and
Iridium Sources Contained in Nylon Catheters - B. Hasson *,
J. Ford, C. Hand, E. Jensen, H. Perera, L. Simpson
PO-03  Clinical Implementation of CT Based Simulation in
High Dose Rate Brachytherapy - R. Alecu *, M. Alecu, 
R. Gilbert, M. Hebert, T. Ochran
PO-04  Clinical Implementation of High Dose Rate
Interstitial Brachytherapy for Prostate Cancer - M. Alecu *,
M. Kerley, 
R. Alecu, T. Ochran
PO-05  Combined Use Of Transverse And Scout Computed
Tomography Scans To Localize Radioactive Sources in
Interstitial Brachytherapy Implants - N. Yue *, Z. Chen, 
J. Bond, R. Nath
PO-06  CT-Based Prostate Post-Implant Dosimetry Using
Multiple-Planar Reconstructed Images - Z. Li *, W. Tome‘, 
S. Kim, J. Palta
PO-07  Fast Hierarchical Algorithm for Brachytherapy
Calculations Using Monte Carlo Simulations - X. Fang, 
Z. Li *, J. Palta, S. Ranka, S. Sahni
PO-08  Feasibility of Ultrasound (US) Based Post Implant
Dosimetric Verification of US Guided I-125 Permanent
Prostate Implants - C. Kota *, M. Yudelev, P. Littrup, D.
Wood, J. Forman
PO-09  New NIST Air-Kerma-Strength Standards for 125 I
and 103 Pd Brachytherapy Seeds - S. Seltzer *, P. Lamperti, 
R. Loevinger, C. Soares
PO-10  Photon Dose Kernels for Brachytherapy Source
Convolution Dose Calculation -J. Modrick *, B. Thomadsen, 
T. Mackie
PO-11  Source Identification on Post-Implant CT’s and Its
Influence on Dose Volume Histograms - A. deGuzman *, 
S. Robertson
PO-12  The X-Ray CT Based 3-D High Dose Rate
Brachytherapy - G. Arora *, G. Rao, D. Barefield
PO-13  A Commercial Implementation of TG43 Dose
Calculation Algorithm - N. Dogan *, M. Balbes, M. Fatyga,
 J. Williamson
PO-14  WITHDRAWN
PO-15  Morbidity Of Pd-103 Compared to I-125 Implants -
J. Rankin *, D. Zellmer, M. Baikadi, J. Gilbert
PO-16  Database Management for Prostate Implants - 
E. Hendee *, B. Paliwal, M. Ritter, B. Thomadsen, K. Brandt
PO-17  Determination of Prostate Volume Variation due to
Post-Implant Edema from Seed Distribution of Prostate
Implants - J. Pouliot *, M. Vachon, R. Taschereau, J. Roy
PO-18  Automatic Optimization of Dose Distribution using
Fast Simulated Annealing for the Planning of Prostate
Implants - J. Pouliot *, R. Taschereau, D. Tremblay, J. Roy, 
C. Côté
PO-19  CT-based Dosimetry Calculations for Permanent
Prostate Implants - J. Smathers, C. Burnison, Q. Ncube,
T. Solberg, J. DeMarco *
PO-20  Peripheral vs. Modified Uniform Seed Loading in
Prostate Brachytherapy - W. Butler *, A. Dorsey, G. Merrick
PO-21  Isotope Choice and the Effect of Edema on Prostate
Brachytherapy Dosimetry - W. Butler *, A. Dorsey, G. Merrick
PO-22  A New Genetic Algorithm Technique in Optimization
of Prostate Seed Implants - G. Yang *, L. Reinstein, S. Pai, 
Z. Xu
PO-23  CT  Scanning  for  Post-Operation  Seed  Localization 
in  Permanent  Prostate  Implants - E. Lief *, B. Davis, 
K. Wallner
PO-24  On the Conversion of Dosimetric Data Among
Phantom Materials for 125 I and 103 Pd Brachytherapy
Sources Using Build-up Factor Methods. - R. Wallace *
PO-25  CT-based Treatment Planning for a Syed Implant -
J. Roeske *, K. Farrey, J. Rotmensch, S. Waggoner, A. Mundt

PO-26  Non-TG43 Dosimetric Representations for a New 125
I Brachytherapy Source - R. Wallace *, J. Fan
PO-27  Implementation of TG-43 Dosimetry
Recommendations for i-125 Prostate Implants: Experience
with 50 Patients -  S. Deore *, D. Fontenla, C. Biancia, P. Lai,
B. Vikram
PO-28  Implementation of Linear-Quadratic Formalism to
Combine Doses from External Beam Irradiation and LDR
Brachytherapy - H. Giap *, R. Schulte, J. Slater
PO-29  Implementation of AAPM TG-43 protocol with
anisotropic correction for I-125 prostate implants - X. Ren *,
Y. Pipman, J. Pollack, J. Roy
PO-30  A New Seed Handling Tool For Prostate
Brachytherapy - X. Shi *
PO-31  Dosimetric Effects of Needle Divergence in Prostate
Seed Implant Using I-125 and Pd-103 Radioactive Seeds -
Z. Chen *, R. Nath
PO-32  Tissue Attenuation Factors for Model 6711 I-125 Seed
- S. Rustgi *
PO-33  Dosimetric Considerations of using Cylinders and
HDR in Irradiation of Vaginal Cuff - C. Saw, K. Krishna *,
L. Korb
PO-34  CT-based Monte Carlo Dosimetry for an I-125
Nasopharynx Applicator - E. Furhang *, L. Anderson, C. Chui, 
Y. Erdi
PO-35  CT and MRI Derived Source Localization Error in a
Custom Prostate Phantom Using Automated Image Fusion - 
D. Dubois *, W. Bice, B. Prestidge, J. Prete
PO-36  Dosimetric Evaluation of a Catheter-based
Brachytherapy Using Ir-192 in Patients With Coronary
Restenosis - S. Jani *, G. Huppe, R. Lepage, V. Massullo, 
P. Tripuraneni, P. Teirstein
PO-37  Dose Enhancement Due to Intravasular Stints and
Brachytherapy Source Walls - D. Zellmer *, I. Das*
PO-38  Comparison of Directly Measured Re-188 Balloon
Dosimetry with Calculations Based on a New NIST Activity
Calibration - A. Li *, B. Zimmerman, F. Knapp, H. Amols,
J. Whiting
PO-39  Selection and Characteristics of Detectors for Beta
Source Dosimetry - E. Hendee *, B. Thomadsen, B. Paliwal
PO-40  Tubular Beta-Sources for Endovascular Irradiations:
Design and Dosimetry - W. Schmidt *, K. Mueck, D. Lehmann, 
. Hawliczek
PO-41  NIST Radioactivity Standards for Intravascular
Brachytherapy - B. Coursey *, L. Karam, M. Unterweger, 
B. Zimmerman, R. Colle
PO-42  An Iterative Method using Radiochromic Film for
Determining the Source Activity Distribution of
Endovascular Beta Sources - Z. Xu *, L. Reinstein, G. Yang, 
S. Pai
PO-43  EGS4 Monte-Carlo Calculations of 3D Dose
Distributions Surrounding a HDR 192 Ir Source and a 32 P
Stent - N. Reynaert *, H. Thierens, F. Verhaegen, Y. Taeymans, 
M. Van Eyckeren
PO-44  ESE In Continuous vs. Pulse Fluoroscopy
Procedures: A Four Year Study -S. Brahmavar *, A. Tidwell,
M. LaFrance, C. Miller
PO-45  In Situ Imaging of DNA Double Strand Break
Damage and Repair Induced by Microbeam Irradiation - 
B. Nelms *, 
R. Maser, J. MacKay, M. Lagally, J. Petrini
PO-46  An Investigation of the Effects of Multileaf
Collimator Leaf Position Accuracy Upon Intensity
Modulated Beams - 
G. Budgell *, J. Mott, P. Williams
PO-47  Towards Three Dimensional Power Deposition
Control in Superficial Thermoradiotherapy - E. Moros *, 
X. Fan, W. Straube, R. Myerson
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PO-48  Quantitative Film Dosimetry with Scanning Laser
Film Digitizers - J. Dempsey *, D. Low, A. Kirov, 
J. Williamson
PO-49  Dosimetric Characteristics of P-type QED Diode
Detectors used for In-vivo Dosimetry - A. Saini *, T. Zhu
PO-50  Stopping Power Ratios for Clinical Electron Beam
Detectors - A. Kapur *, C. Ma
PO-51  Modeling of Optical Density Dependence on Post-
irradiation Temperature for Radiochromic Film (MD-55-2) - 
L. Reinstein *, G. Gluckman, A. Meek
PO-52  New Supersensitive Polymer Gel Dosimeter - 
M. Maryanski *, M. Barry
PO-53  Dosimetry of Superficial X-ray Beams with Parallel-
plate Ionization Chambers - M. Gosselin, M. Evans, 
E. Podgorsak *
PO-54  Comparison of Uniformity of Dose Response of
Double-Layer Radiochromic Films (MD-55-2) Measured at 5
Institutions - A. Niroomand-Rad *, S. Chiu-Tsao, C. Soares, 
A.  Meigooni, A. Kirov
PO-55  Plastic Scintillator Response to Low-Energy Photons -
J. Williamson *, J. Dempsey, A. Kirov, W. Binns, H. Nilsson
PO-56  X-ray Spectra Estimation Using Attenuation
Measurements from 25 kVp to 18 MV - M. Blough, J. Terry, 
D. Chen, N. Lee, S. Zhang, W. McDavid, R. Waggener *
PO-57  The Precision of Pion Measurements for Linear
Accelerators - R. Tailor *, W. Hanson, D. Followill
PO-58  Comparison of Two Types of Commercial Diode
Detector For in-vivo Dosimetry of High Energy Photon
Beams - X. Zhu *
PO-59  Factors to be considered when using Helium-Neon
laser scanning systems to perform routine analysis of therapy
QC films - E. Schuele, S. Szeglin *
PO-60  An Iso-energetic Flattening Filter for Total Skin
Electron Beam Radiotherapy -X. Wu *, Z. Chen, C. Luo, 
M. Watzich, G. Jones, A. Markoe
PO-61  Dosimetric Characteristics in Electron Grid Therapy
- A. Meigooni *, S. Parker, J. Zheng, M. Mohiuddin, W. Regine
PO-62  Small 6 MV Field Dose Distributions Near Simulated
Air Cavities - K. De Vlamynck *, H. Palmans, F. Verhaegen, 
C. De Wagter
PO-63  Output Factors For Electron Custom Inserts with
Beam Center Non Coincident with Cone Center - A. Khatib *,
B. Ahluwahlia
PO-64  Evaluation Of The Dosimetric Characteristics Of A
Superficial X-Ray Therapy Machine Having Beveled
Applicator - E. Parsai *, K. Ayyangar, L. Tao
PO-65  Head-Scatter Off-Axis For Mega Voltage X-Rays - 
T. Zhu *, Y. Xiao, B. Bjarngard
PO-66  An Analysis Of The Effective Energies And
Dosimetric Data Of 6 And 10 MV Photon Beams - S. Prasad *,
K. Parthasaradhi, O. Thomson, J. McMahon, T. Krupa, 
W. Bloomer, R. Nanda
PO-67  A Retrospective Analysis of Electron Cutout Factor
Measurements - K. Krishna *, C. Saw, J. Coletti, L. Korb
PO-68  In-Vivo Dosimetry with Diodes for Electron Beams:
Clinical Implementation - R. Yaparpalvi *, D. Fontenla, 
B. Vikram
PO-69  Partial Lung Shield for TBI - S. Kishel, G. Proulx, 
A. Ho *
PO-70  Enhanced Dynamic Wedge Surface Dose and Half-
Field Profiles - A. Kassaee *, Y. Xiao, B. Bjarngard, M.
Altschuler
PO-71  Clinical Implementation of Variations in Wedge
Factor with Depth and Field Size - S. Prasad *, D. Bassano
PO-72  Evaluation of Clinical use of In-vivo Diode Dosimetry
for Beams - D. Fontenla *, R. Yaparpalvi, S. Deore, 
E.  Mullokandov, A. Kapulsky, J. Keane, B. Vikram

PO-73  Automated Generation of Wedge Coordinates from
Wedge Profiles - M. Weber *, N. Varadhan
PO-74  Field Size and Depth Dependence of  Wedge
Transmission for Dynamic Wedge of a Varian Clinac 2100
C/D Linear Accelerator - J. Lee *, S. Cho
PO-75  Initial Angular Divergence of Electron Beams from
Varian Clinac C/D Machines - S. Goddu *, W. Harms, 
E. Klein, J. Purdy
PO-76  In-Vivo Thermoluminescence Dosimetry for
Intraoperative Radiation Therapy - C. Kim *, C. Kim,
 M. Choi
PO-77  Side Table Transmission for ETR and Exact
Treatment Couches - A. Thompson *, E. Klein
PO-78  Total Skin Electron Therapy using a Philips-Elekta
SL-25 Linear Accelerator with Multileaf Collimation - 
L. Fajardo *, P. Almond, D. Wilson
PO-79  Dosimetric Properties of Centered and Off-Centered
Posterior Neck Electron Fields - E. Yorke *, A. Kassaee, 
L. Lin, D. Rosenthal
PO-80  Wedge Factors and Depth Doses Changes as a
Function of Depth for Siemens’ Large Field Wedges for 6
MV and 20 MV Photon Beams - F. Lopez, J. Rownd, D.
Grimm, M. Gillin *
PO-81  X-Ray Spectrum Unfolding Using Transmission
Measurements and A Multihole Megavoltage Photon
Diverging Collimator for 6 MV Photons -D. Chen *, N. Lee, 
R. Waggener
PO-82  Measured Water Transmission Curves and
Calculated Zero Field Size TMRs for 4 MV and 15 MV X-
Rays - N. Lee *, D. Chen, R. Waggener
PO-83  Impact of Patient Body Temperature on In Vivo
Diode Dosimetry - L. Reinstein *, K. Welsh, A. Meek
PO-84  Accuracy of Pencil Beam Parameters using Various
Measurement and Calculational Approaches - P. Higgins *, 
F. Khan
PO-85  A Modern Object Oriented Monte Carlo Code for
Electron-Gamma Shower Simulations - J. Almassy *
PO-86  Accuracy and Performance in Superposition Photon
Dose Calculations -M. Wiesmeyer *, M. Miften, K. Krippner
PO-87  Parameter Study for Optimizing Monte-Carlo
Simulation in External-beam Treatment Planning - 
C. Mubata *, A. Nahum, I. Rosenberg, A. Bielajew
PO-88  Implementation of the Collapsed Cone Method for
Clinical Beam Qualities - M. Saxner *, A. Ahnesjö
PO-89  Component-Based Superposition Calculations:
Dependence on Number of Components - J. Schewe *, 
D. McShan, B. Fraass
PO-90  Superposition Kernels to Compute Dose from Beam
Elements for Inverse Treatment Planning - S. Sutlief *, 
P. Cho, M. Phillips
PO-91  Improvements in the Monte Carlo Based Calculation
of P repl of Plane-Parallel Electron Chambers - 
M. Lauterbach *, J. Lehmann, U. Rosenow
PO-92  BEAM-generated Real Spectra Versus Monoenergetic
or Approximate Spectra in the EGS4/PRESTA-II Calculation
of Prepl in Plane-parallel Electron Chambers - J. Lehmann *,
M. Lauterbach, U. Rosenow
PO-93  Monte Carlo Transport Physics Algorithms and
Variance Reduction Methods in the PEREGRINE Dose
Calculation System -P. Bergstrom *, A. Bielajew, W. Chandler, 
L. Cox, T. Daly, D. Garrett, B. Guidry, C. Hartmann Siantar, 
S. Hornstein, R. House, D. Jong, E. Moses, R. Patterson, 
J. Rathkopf, A. Schach von Wittenau
PO-94  Systematic Analysis of Monte Carlo Generated Phase
- B. Libby *, J. Siebers, R. Mohan



1998 AAPM Annual Meeting Program A89

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

PO-95  Monte Carlo Transport of Photons and Electrons
Through Beam Modifiers in the PEREGRINE Dose
Calculation System - A. Schach von Wittenau *, L. Cox, 
R. House, P. Bergstrom
PO-96  Single Source Models for Monte Carlo Dose
Calculations in Radiotherapy - M. Fix *, H. Keller, E. Born, 
P. Ruegsegger
PO-97  Dosimetric Comparison of a Fast TMR Dose
Algorithm to a Full Clarkson Integration Algorithm - 
F. Hacker *, M. Bellerive, H. Kooy
PO-98  Fast Hierarchical Algorithm for Photon Beam Dose
Calculation - H. Jung, J. Palta *, S. Ranka, S. Sahni, T. Zhu
PO-99  Monte Carlo Calculations of Heterogeneity
Correction Factors -A. Kapur, C. Ma *
PO-100  A Path Length Correction to Electron Beam Dose
Distributions in Slab Type Media - D. Wilson *
PO-101  Calculation of Virtual Wedge Factors for Symmetric
and Asymmetric Photon Fields - J. Gibbons *, D. Vassy
PO-102  Improved 3-D Pencil Beam Model for MLC-shaped
High Energy Electron Beams -J. Moran *, D. McShan,
 I. Bruinvis, B. Fraass
PO-103  A Fermi-Eyges Based 3D Kernel Scaling Method to
Account for Primary Electron Transport in Superposition
Photon Dose Calculations - M. Miften *, M. Wiesmeyer, 
K. Krippner
PO-104  Verification of a Commercial FFT-Convolution
Algorithm using Monte Carlo Simulations - E. Mok *, 
A. Boyer, C. Ma, A. Kapur, L. Ma
PO-105  Validation of a Finite Size Pencil Beam Dose Model
for Intensity Modulated Radiation Therapy with Multileaf
Collimators - B. Curran *, A. Bleier, M. Carol, R. Hill, 
T. Holmes, A. Kania, R. Lalonde, L. Larson, E. Sternick
PO-106  Extractions of the Photon Spectra From Measured
Beam Parameters - J. McDonough *, P. Bloch
PO-107  Clinical Implementation of a Dual Source/Finite
Pencil Beam Dose Calculation Algorithm for Conformal and
Intensity Modulated Therapy - M. Phillips *, K. Singer, 
A.  Hounsell*
PO-108  Application of Colouring Theory to Reduce IMRT
Dose Calculations - M. Langer *
PO-109  A Generalized Phase-space Source Model for Monte
Carlo Modeling of Arbitrary Intensity Distributions - 
I. Chetty *, J. DeMarco, T. Solberg
PO-110  Experimental Verification of a CT-based Monte
Carlo Dose-Calculation Method in Heterogeneous Phantoms
- L. Wang *, M. Lovelock, C. Chui, T. LoSasso
PO-111  Dynamic and Physical Wedge Calculations with
FOCUS Using the Clarkson and FFT Convolution
Algorithms - E. Klein *, W. Harms, S. Mutic, J. Purdy
PO-112  Calculation of Head Scatter Factors at Off-axis
Points for Linear Accelerator Photon Beams - M. Yu *, 
G. Ding, R. Sloboda
PO-113  Modelling the Phase Space and Dose Distribution of
an Orthovoltage Unit - F. Monti di Sopra, P. Keall *
PO-114  Derivation of Attenuation Coefficients from CT
Numbers for Low Energy Photons - Y. Watanabe *
PO-116  Bone Equivalency Of Materials -S. Prasad *, 
K. Parthasaradhi, W. Al-Najjar, W. Bloomer
PO-117  A Water Calorimeter for High Energy Photon and
Electron Beams - A. Williams, K. Rosser, A. DuSautoy *
PO-118  An Innovative Plastic Phantom for Use in TG21
Calibration and Routine QA - J. Huang *
PO-119  A Novel Technique to Characterize the Complete
Motion of a Medical Linear Accelerator - M. Moreau *, 
D. Drake, D. Jaffray
PO-120  Conversion of a Document Scanner into an Optical
CT Scanner for 3D Gel Dosimetry - K. Jordan *, R. Studinski, 
J. Battista

PO-121  Clinical 3D Dosimetry by Optical Laser CT
Scanning of BANG Polymer Gels - M. Ranade, F. d’Errico, 
M. Barry, M. Maryanski *
PO-122  Design and Construction Details of the NIST
Absorbed Dose Water Calorimeter - K. Gall *
PO-123  A Study of N and P Type Diode Detectors After Very
High Radiation Dose from Electron and Photon Beams -
J. Shi *, W. Simon, S. Johnsen
PO-124  Experimental Validation of the Wide Radiation
Field Calibration Technique for a Diode Array - C. Liu *, 
L. Ding,J. Palta, W. Simon, J. Shi
PO-125  Comparison of Off-axis Beam Quality between
Physical Wedged Fields and Dynamic Wedged Fields in the
Converse Axis - M. Johnson *, S. Sharma
PO-126  Gel Dosimetry using PoMRI: Studies of the Dose
Response Characteristics and Basic Dose Distribution Data - 
P. Haraldsson, S. Bäck, P. Magnusson, M. Lööf, L. Olsson *
PO-127  Over-estimation of P ion Using the Conventional
Boag Two-Voltage Technique - R. Tailor *, P. Balter, 
W. Hanson
PO-128  Steep Dose Gradients Measured with a Custom Built
Laser Diode Scanning System and MD-55 GafChromic Film -
P. Sullivan *, B. Hasson, C. Grossman, L. Simpson
PO-129  Radiological Properties and Water Equivalence of
Dosimetry Gels - P. Keall *, C. Baldock
PO-130  A Cross Pattern 17 Chamber Matrix Dosemeter for
Flatness, Symmetry, and Output Checks of Linear
Accelerator Photon and Electron Beams - A. Kerr *, 
K. Welch, M. Natalini
PO-131  Commissioning of the New Electron Beam
Algorithm in Theraplan Plus 3D Planning System - 
J. Cygler *, G. Ding, K. Ash
PO-132  Investigation of Factors Affecting Sensitivity of
Ferrous Sulphate Gel Radiation Dosimeters - 
M. Zahmatkesh *, B. Healy, C. Baldock
PO-133  Preventative Maintenance and Unscheduled
Downtime from an Economic Perspective - P. Dunscombe *, 
G. Roberts, L. Valiquette
PO-134  Remote Monitoring Program for Dosimetry Data
and Patient Dose Calculations - J. BenComo *, J. Roll, 
W. Hanson
PO-135  A Test Tool for the Visual Verification of Light and
Radiation Fields using Film or an EPID - P. Dunscombe *, 
S. Humphreys, K. Leszczynski
PO-136  Dosimetric Verification of a Newly Installed 3D
Treatment Planning System - T. Chu *, E. Lederer, 
P. Dunscombe
PO-137  Third-Level Benchmarking for Photon Beam
Commissioning on Two Commercial 3D Treatment Planning
Computers - J. Dawson, D. Kahler *, W. Kopecky, J. Gu, 
R. McDonald
PO-138  TG-23 Dosimetric Verification of a Commercially
Available 3-D RTP System - K. Spencer *, C. Ramsey, 
A. Oliver
PO-139  Commissioning, QA, and radiation safety of the first
Intraop Mobetron, mobile electron linac. - N. Albright *, 
M. How, P. Purser, T. Cook, G. Spalek, D. Goer
PO-140  Commissioning Electron Beams in the CadPlan 3D
Planning System - G. Ding *, M. Yu, J. Cygler
PO-141  An Automated Portal Verification System for
Anterior-Posterior Pelvic Fields - Q. Gao *, F. Yin, R. Li
PO-142  Web-Based Image Management in Radiation
Therapy - F. Yin *, R. Weil, T. Bogucki, Q. Gao, P. Okunieff
PO-143  Cascaded Systems Analysis of a Flat-Panel Portal
Imager - K. Jee *, L. Antonuk, Y. El-Mohri, M. Maolinbay, 
S. Nassif, X. Rong, J. Siewerdsen, Q. Zhao
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PO-144  Megavoltage CT on a Tomotherapy System:  A
Comparison of Maximum-Likelihood vs. Filtered Back-
Projection Reconstruction Algorithms - K. Ruchala *, 
G. Olivera, T. Mackie, P. Reckwerdt
PO-145  Tissue Mimicking Materials for a Multi-Imaging
Modality Prostate Phantom - W. D’Souza *, E. Madsen, 
B. Thomadsen, G. Frank
PO-146  Lung Cancer Target Motion Study with Application
to Image Directed Radiation Therapy (IDRT) - Q. Chen *, 
M. Weinhous, R. Macklis
PO-147  The Development of Portal CT Reconstruction
Using MLS-ART Technique and the Kinestatic Charge
Detector Imaging System: II. Radiotherapy Beam Studies -
H. Guan *, M. Gaber, S. Samant, F. DiBianca, Y. Zhu
PO-148  Evaluation of a Cassette-Screen-Film Combination
with Improved Contrast for Verification Portal Imaging
During Radiation Therapy Treatments - R. Keys *, J. Marks, 
A. Haus
PO-149  Clinical Implementation of a Matrix Ion Chamber
EPID in Obese Patients Treatment - F. Trichter *, 
J. Bargellini, H. Amols, P. Schiff
PO-150  A Comparison of Imaging Techniques for
Stereotactic Localization - R. Drzymala *, S. Mutic, E. Klein
PO-151  Initial Experience with a Dedicated System for
Dynamic Shaped Beam Radiosurgery - T. Solberg *, P. Medin,
R. Fogg, J. DeMarco, A. Arellano, T. Paul, I. Chetty, 
A. DeSalles, M. Selch, J. Smathers
PO-152  An Extensive Evaluation of the Monte Carlo
Treatment Planning for Stereotactic Radiosurgery -  
K. Ayyangar *, S. Jiang, R. Dobelbower, J. Feldmeier, 
J. Battle,  D. Carter, J. Brown, K. Ayyangar
PO-153  Recommissioning a Stereotactic Radiosurgery
System Following Machine Upgrade or Transfer - 
E. Hendee *, P. Sinha, T. Mackie, B. Paliwal, M. Mehta
PO-154  Clinical Results of Pointing Accuracy Quality
Assurance for a Robotically-Mounted Linear Accelerator
Used for Stereotactic Radiosurgery - J. Gilio *, K. Gall, 
C. Chang, D. Garwood
PO-155  Quantitative Dosimetry Evaluation Using BANG Gel
and Image Correlation - S. Meeks *, F. Bova, M. Maryanski, 
L. Kendrick, M. Ranade, J. Buatti, W. Friedman
PO-156 WITHDRAWN
PO-157  Stereotactic Radiosurgery (SRS) Dosimetry:
Measurements and Monte Carlo Simulation - F. Verhaegen *, 
I. Das, H. Palmans
PO-158  End Effect in (model B) Gamma Knife Radiosurgery
Treatments - T. Willoughby
PO-159  Leaf Sequencing Optimization for Static IMRT - 
R. Siochi *
PO-160  Contralateral Breast Dose from Tangential Breast
Phantom Irradiation: Comparison of Different Intensity
Modulation Techniques - S. Chang *, K. Deschesne, T. Cullip,
J. Earnhart, S. Parker, E. Chaney
PO-161  Monte Carlo Analysis of the Response of a Beam
Imaging Phantom for IMRT - C. Ma *, L. Ma, L. Xing, 
A. Kapur, A. Boyer
PO-162  Verification and Delivery of Head and Neck
Intensity Modulated Radiotherapy - A. Boyer *, L. Xing, 
L. Ma, K. Forster
PO-163  Using Multiple MLC Segments or Virtual Wedge for
Tissue Compensation in Hodgkin’s Disease - 
J. van Santvoort *
PO-164  A Clinical Study of Prostatic Motion During
Radiation Treatment with the Use of EPID and Radiopaque
Markers - J. Hai *, E. Vigneault, L. Verhey
PO-165  In Vivo Measurements of Intensity Modulated
Radiation Therapy - P. Cho *, M. Phillips, S. Sutlief , 
P. Gavin , H. Kippenes, P. Cho

PO-166  A Unified Computational Approach in Optimization
Planning, Image Reconstruction, and Dose Reconstruction - 
G. Olivera *, D. Shepard, P. Reckwerdt, K. Ruchala, J. Zachman,
E. Fitchard, T. Mackie
PO-167  Comparison of Multi-field Conformal versus
Intensity-modulated Treatment Plans Based on Complication
and Control Probabilities. - V. Smith *, P. Xia, L. Verhey
PO-168  Delivery of IMRT with Ellis-type Compensating
Filters - L. Ma, A. Beavis *, L. Xing, C. Ma, A. Boyer
PO-169  The Effect of Leaf Shape and Transmission
Characteristics on the Accuracy of Intensity-modulated
Radiotherapy (IMRT) Delivered with Dynamic Multileaf
(DMLC) - M. Arnfield
PO-170  The Advantages of Amorphous Silicon X-ray
Cameras for Radiographic Patient Positioning - M. Murphy *,
J. Adler, T. Koumrian
PO-171  Delivery of Intensity Modulated Radiation Therapy
by Dynamic Multileaf Collimation: Resolution Requirements
for Specifying Leaf Trajectories - G. Budgell *
PO-172  Helical vs. Sequential Tomotherapy - J. Balog *, 
T. Mackie, P. Reckwerdt
PO-173  A Transformation That Corrects Delivery
Sinograms For Patient Misalignment - E. Fitchard *, 
P. Reckwerdt, G. Olivera, D. Shepard, T. Mackie
PO-174  A Variable Speed Translating Couch Technique for
Total Body Irradiation - M. Chrétien *, J. Pouliot, R. Blais, 
C. Côté, R. Roy, D. Tremblay
PO-175  Matching Adjacent Fields Using a Dynamic
Matchline Wedge - J. McDonough *, H. Bushe, D. Rosenthal
PO-176  Virtual Wedge Factor: An Uncertainty Analysis -
I. Das *, T. Steinberg
PO-177  The Potential for Error in Treatments Due to
Monitor Unit Calibration Offsets - C. Chang *, K. Gall,
 C. James
PO-178  Study of Numerically Produced Compensators for
Conventional and Intensity Modulated Beam Therapy - 
H. Thompson, M. Evans, W. Parker, B. Fallone *
PO-179  An Analysis of Dose Perturbations from Patient
Misalignment in Delivery of Intensity Modulated
Radiotherapy. - J. Kung *, G. Chen
PO-180  Clinical Usability Of The BAT Transabdominal
Ultrasound System For Localization Of The Prostate:
Preliminary Results - G. Harnisch *, R. Lalonde, M. Weinhous, 
T. Willoughby, D. Mohan, P. Kupelian
PO-181  Analytic Approximations Of The Edge Factors For
A MLC - S. Li *, J. Dicello, N. Detorie, P. Geis, A. Boyer
PO-182  Effects of Leakage, Tongue and Groove Leaf Design
and Output Variations on Intensity Modulation with
Multileaf Collimator - C. Yu *
PO-183  Technology Assessment of Multileaf Collimation: A
North American Users Survey - E. Klein* *, J. Tepper, 
M. Sontag, M. Franklin, C. Ling, H. Kubo, A. Shiu
PO-184  Dose Rate Optimization for Dynamic One-
Dimensional Beam Intensity Modulation - I. Khalil-Bustany *, 
I. Daftari, G. Bednarz, L. Verhey, I. Khalil-Bustany
PO-185  Variation in the Position of 3D Brain Fields: An
Analysis Using R&V Data. - M. Marshall *
PO-186  Qa and Verification of Intensity Modulation
Radiotherapy - T. LoSasso *, C. Burman, C. Chui, C. Ling
PO-187  Dose Escalation in Treatment of Malignancies in the
Lung by Using the Stereotactic Body Frame - R. Middleton *
PO-188  Prostate Localization Using the NOMOS Peacock
System - J. McGary *, W. Grant
PO-189  A Method to Produce Shaped Fields for Static
Conformal Radiation Therapy - C. Whiddon *, S. Das, 
L. Marks
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PO-190  CT-Based  Dose Compensation Using a 3D
Treatment Planning System and a Computerised
Compensator Cutter - 
C. Swift *, G. White, M. Al-Ghazi, K. Yuen
PO-191  Clinical Experience with the AcQsim CT-Simulator
- C. Swift, M. Al-Ghazi *
PO-192  Use of Compensating Filters in Intensity Modulated
Radiotherapy - P. Basran *, W. Ansbacher, C. Field, B. Murray
PO-193  Automated Bone Segmentation from MR Brain
Datasets for use in Radiotherapy Treatment Planning - 
D. Brinkmann *, R. Kline, J. Bourland
PO-194  Errors in Isodose Calculations for Conformal
Prostate Treatments using Multileaf Collimators - N. Gupta *,
B. Albertson
PO-195  Optimizing 3D Dose Distributions Without Inverse
Treatment Planning - J. Galvin *, J. Sweet, G. Bednarz,
 S. Hughes, W. Curran, Jr.
PO-196  Can a CT Based 2D Treatment Planning System
Approach the The Accuracy of 3D Conformal Planning. -
E. Parsai, K. Ayyangar, L. Tao *, J. Feldmeier
PO-197  Custom Designed Beam Spoilers for Head and Neck
Treatment - A. Kassaee *, P. Bloch, E. Yorke, M. Altschuler, 
D. Rosenthal
PO-198  Conformal RT for Prostate Ca: Prone vs. Supine
Treatment Position - R. Muller-Runkel *, N. Burriesci
PO-199  Implementation of MLC in a University 3D
Radiation Treatment Planning System - W. Dezarn *, 
J. Bourland
PO-200  Dose Comparisons and Implications for
Implementation of 3-D Treatment Planning - P. Garmon *,
Q. Wu, R. Zwicker, G. Hundley, R. Mohan
PO-201  Fitting the Critical Volume NTCP model to - 
P. Stavrev *, A. Niemierko, N. Stavrev, M. Goitein
PO-202  Subclinical Disease Dose-volume Effects - J. Deasy *
PO-203  Intensity Modulation for Breast Treatment Using
Static Multi-Leaf Collimators - Y. Lo, G. Yasuda *,
T. FitzGerald, B. DeGaspe, M. Urie
PO-204  Treatment Planning Implementation of Modified
Penumbras for Matching of Electron Fields - B. Lachance *,
D. Tremblay, J. Pouliot
PO-205  An Objective Calculation Method for CT Scan
Conversion in Radiation Therapy Treatment Planning - 
D. Wilson *
PO-206  Video Capture of Prostate Ultrasound Images and
Display in a 3D Treatment Planning Computer - P. Sinha *, 
W. D’Souza, B. Thomadsen, M. Ritter
PO-207  Progress in Real-Time 3D Dose Planning - 
J. Matthews *, B. Goldsmith, J. Purdy
PO-208  Analyzing and Reporting Large Dose
Inhomogeneities using the Effective Uniform Dose
Formulation Based on the Linear-Quadratic Model -
 J. McGary *, W. Grant

Poster Presentations: Wednesday, August 12
Diagnostic and Nuclear Medicine
12:00 pm - 1:30 pm &Room: South Banquet Hall

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

PO-D-01  3D Vector Magnetic Field of TMS coil From In
Vivo MR Z-component Phase Maps - D. Bohning *, A. Shastri, 
Z. Nahas, J. Lorberbaum, D. Vincent, M. George
PO-D-02  A Common Tissue Parameter To Assess Water
Proton Spin Lattice Relaxation Time In Different Species - 
S. Akber *

PO-D-03  A New Paradigm for fMRI Data Analyis - 
N. Szeverenyi *, W. Huda
PO-D-04  Calibration of MRI Temperature Mapping for FUS
Ablation Therapy - T. Wu *, K. Kendell, J. Felmlee, B. Lewis, 
R. Ehman
PO-D-05  Effects of remnant magnetization in a converted
MR facility on an angiographic imaging system - 
C. Chamberlain *, N. Szeverenyi, G. Connock, M. Roskopf, 
D. Bassano, P. Chopra
PO-D-06  Elasticity Estimates Using Phase Contrast MRI
Measurements of Displacement - J. Weaver *, E. van Houten, 
M. Miga, K. Paulsen
PO-D-07  Measurement Consistency in a Random Sample of
Identical MR Phantoms - A. Shastri *, G. Frey, D. Bohning
PO-D-08  Reduction of Metal Artifacts in MRI - A. Viano *, 
S. Gronemeyer
PO-D-09  Signal Characteristics in functional MRI BOLD
technique of the primary motor cortex using Single Shot
Echoplanar Imaging - F. Mohamed *, S. Faro, J. Tracy, 
R. Koenigsberg, J. Emperado, F. Tsai
PO-D-10  Increasing Focused Ultrasound Ablation
Treatment Zones by Using a Defocusing Lens and Increased
Acoustic Power - T. Wu *, K. Kendell, J. Felmlee, B. Lewis, R.
Ehman
PO-D-12  Quantitative Ultrasound Attenuation Imaging:
Effect of Region of Interest - J. Damilakis *, K. Perisinakis, T.
Maris, M. Mazonakis, N. Gourtsoyiannis
PO-D-13  A Hybrid Intelligent Decision Making System For
Pulmonary Embolism Diagnosis A Hybrid Intelligent
Decision Making System For Pulmonary Embolism Diagnosis
Using Ventilation-Perfusion Scan Images - E. Parsai, G.
Serpen *, R. Coombs, L. Woldenberg
PO-D-14  A Quantitative Technique For The Determination
In Vivo Of Bone Mineral Density Utilizing Dual Energy
Computed Tomography - C. Jenkins *, C. Wilson, A. Gosain, 
L. Song
PO-D-15  Automatic Calcification Diagnosis in Stereotactic
Needle Biopsy Images - M. Kallergi *, S. Chetelat, L. He, 
L. Clarke
PO-D-16  Effect of Computerized Detection of
Microcalcifications on the Performance of Computerized
Classification of Malignant and Benign Microcalcifications -
Y. Jiang *, R. Nishikawa, J. Papaioannou
PO-D-17  Super-Global Distortion Correction for a
Rotational C-Arm X-Ray Image Intensifier - R. Liu *, S.
Rudin, D. Bednarek, C. Yang
PO-D-18  Decay Time Measurements of Imaging Phosphor
Materials - S. Rudin *, J. Patel, D. Bednarek
PO-D-19  Energy Dependence of Photostimulable Phosphor
in a Computed Radiography System - R. Chu *, E. Christian, 
B. Eaton
PO-D-20  Diagnostic X-ray Spectra Derivation from Filter
Transmission Measurements at Different Locations in the
Geometric Field - B. Wieckowska *, P. Nummikoski, 
W. McDavid, M. Blough, R. Waggener
PO-D-21  Posterior Fossa CT Artifact Reduction with Thin
Slice Spiral CT - M. Dennis *, G. Moonis, R. Brinker
PO-D-22  On-Line Computerized Glow Curve Deconvolution
- J. Fellinger, J. Rotunda *, K. Streetz
PO-D-23  Performance Results Of Pelletized LiF: Mg, Ti
TLD Material - K. Velbeck *, L. Zhang, R. Green, P. Tomlins
PO-D-24  Is There a Role for Visualizing Dose Distributions
in Diagnostic Radiology? - N. Szeverenyi *, W. Huda, D.
Bassano
PO-D-25  A Statistical Model for Estimating Mean Glandular
Dose Received During Mammography - T. Slowey *, 
K. Working, T. Slowey, J. Pagel
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PO-D-26  Adult and Pediatric Radiation Doses in Head CT
Examinations - C. Chamberlain *, W. Huda, A. Rosenbaum, 
W. Garissi
PO-D-27 WITHDRAWN
PO-D-28 WITHDRAWN
PO-D-29  The Dose Deliveries of the Two CT Scanners in
NCKUH - C. Tsai *, L. Wu, C. Yu, H. Leung
PO-D-30  Monthly Monitoring Program on DryView (TM)
Laser Imager: One Year Experience On Five Imation Units -
Z. Lu *, T. Terilli
PO-D-31  Effects of  Iodine on P-32 Bremsstrahlung:
Potential Imaging Enhancing Tool - N. Yang *, J. Welsh, J.
Williams, A. Civelek
PO-D-32  The DICOM-WWW Gateway: Implementation,
Configuration, Security and Privacy - R. McColl *, T. Lane

Paper Presentations:
Therapy —Room:  South Banquet Hall

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

PA-01  Volume Based Dose Optimization in Brachytherapy -
P. Kneschaurek
PA-02  Dosimetry for Multiplanar Interstitial Implants - 
D. Fontenla *, S. Deore, J. Beitler, B. Vikram
PA-03  Radiation Safety Considerations for Brachytherapy
Patients with I-125 and Pd-103 Seed Implants. - D. Macey, 
I. Brezovich *, P. Pareek
PA-04  Physics QC Of Pd-103 Seed For Prostate
Brachytherapy At A Clinical Hospital - X. Shi *
PA-05  Distance-controlled Optimization of Treatment
Planning in HDR Brachytherapy for Carcinoma of the
Cervix - J. Wang *, Y. Cao
PA-06  Estimation of the Effects of Patient Motion on the
Dose Distribution to Tandem-Ovoid Brachytherapy Patients -
M. Blough *, R. Waggener, S. Chafe, F. Valenzuela
PA-07  Clinical Implementation of an Automatic Seed
Matching Algorithm for Prostate Implants - B. Arjomandy *,
M. Altschuler, E. Yorke, P. Bloch, A. Kassaee
PA-08  Experience with activity verification of I 125 Prostate
implant seeds - E. Chen *
PA-09  Comparison of Response Characteristics of Two New
Reentrant Brachytherapy Ion Chambers - S. Pai *,
L. Reinstein, J. Huang, Z. Xu
PA-10  The importance of Cs-137 source strength verification
- R. Yankelevich *, V. Maier, C. Anderko, J. Wojcicka
PA-11  Exposure Rates Around Patients Receiving
Endovascular Irradiation of the Coronary Artery in the
Beta-CathTM  System Trial - D. Mellenberg *, K. Zhen, 
J. Rossen, E. Pennington, J. Lopez, D. Hussey, D. Mellenberg
PA-12  P-32 Dosimetry Revisit in Intravascular
Brachytherapy - N. Yang *, R. Chan
PA-13  Clinical Implementation of Total Skin Electron
Therapy using The High Dose Rate Mode of Clinac 2100C - 
K. Yenice *, A. Sabbas, A. Georgiades, J. Presser, V. Ruiz, 
L. Nisce, D. Nori
PA-14  TLD In-Vivo Dosimetry for Total Skin Electron
Therapy - A. Sabbas *, J. Presser, K. Yenice, A. Georgiades
PA-15  Determination of the Peripheral Dose in
Radiotherapy. - P. Van der Giessen *
PA-16  Dosimetry of Hip Irradiation for the Prevention of
Heterotopic Bone Formation After Arthroplasty - 
H. Patrocinio *, M. Evans, L. Souhami, M. Tanzer, E. Podgorsak

PA-17  IN-Vivo Measurements Of Doses To Out Of Field
Normal Tissues In Radiation Therapy Of Brain Tumors -
H. Aghdam *, L. Harisiadis, E. Yorke, K. Wechsler-Jentzsch
PA-18  Dosimetric Study of Large Electron Field - 
A. Thavendrarajah *, C. Kanellitsas, N. Samsami, N. Gupta
PA-19  Validity of the Equivalent Square Formalism for
Field Size Dependence of Wedge Factors - C. James *, 
C. Chang, K. Gall
PA-20  The Use of Spreadsheets in Clinical TLD Dosimetry - 
J. Presser *, A. Georgiades, V. Ruiz, A. Sabbas, K. Yenice
PA-21  Energy Spectra Estimation for Linear Accelerator X-
Ray Beams Using Large-Field Depth Dose Measurements
and a Monte Carlo Calculated TPR Database - G. Luxton *, 
G. Jozsef, C. Yu
PA-22  A New Method For Measurement Of Phantom Scatter
Factor And In Phantom Determination Of Head Scatter
Factor For Symmetric And Asymmetric Fields - M. Geso *, 
G. Lesile
PA-23  Changes in Incident Photon Fluence of 6 and 18 MV
x-rays Caused by Blocks and Block Trays - P. Jursinic *
PA-24  A Generalized Method for the Calculation of In-Air
Output Factor - S. Kim *, J. Palta
PA-25  Tangential-Field Breast Irradiation: Optimization of
Wedge Angle Using a Fast Fluence-Based Pencil Beam
Method. - A. Roberge *, P. Dunscombe, E. Lederer
PA-26  Comparison of Monte Carlo First Scatter Kernels
with Analytical Klein-Nishina Kernels - J. Zachman *,
 G. Olivera, T. Mackie
PA-27  A Practical Method for the Calculation of MLC-
Shaped Fields Output Factors - K. Yuen, M. Al-Ghazi *, 
C. Swift, G. White
PA-28  Fast Dose Computation on any Oblique Dose Grid in
3-D Radiation Treatment Therapy - T. Suh *, H. Lee, B. Choe, 
S. Yoon, K. Shinn
PA-29  The Medium-energy X-ray Dosimetry Protocol
Applied to in Phantom Calibrations of 192 Ir Brachytherapy
Sources - N. Reynaert *, F. Verhaegen, H. Thierens
PA-30  The Design and Implementation of an Instrument to
Accurately Check Temporal Accuracy of an HDR Remote
Afterloader. - J. Presser, A. Sabbas, V. Ruiz *
PA-31  Comparison of a New Commercial Two-
Compartment Sievert Integral Model to Monte Carlo - 
M. Balbes *, N. Dogan, M. Fatyga, J. Williamson
PA-32  How Far do Seeds Move Following an Interstitial
Prostate Implant? - R. Gatenby *, J. Deasy, D. Wilson, 
M. Cornett, B. Jose
PA-33  Exposure Eliminated by a Simple Vacuum System
Constructed to Enable Well Chamber Assay of Single or
Multiple Radioactive Seeds from Groups of Loose Seeds
Prior to Seed/needle Loading for Prostatic Seed Implantation
-W. Kan *, Z. Ouhib, K. Clark
PA-34  Characterization of Seed Migration in Permanent
Prostate Implants and Impact on Post-Implant Dosimetry - 
R. Taschereau, J. Pouliot, J. Roy, D. Tremblay, R. Taschereau *
PA-35  Computer Simulated Prostate Implants as a Powerful
Tool to Predict the Outcome of Any Planning Method - 
R. Taschereau, J. Pouliot, R. Taschereau *
PA-36  Absorbed Dose Estimates to Normal Organs in
Prostate Brachytherapy Patients Treated With Pd-103, I-125
and Ir-192. - D. Macey, I. Brezovich *, P. Pareek, M. Stabin
PA-37  A Correction to the Dosimetry of I-125 Prostate
Implants - T. Lowinger *, L. Fridman, T. Mazzilli, S. Huh
PA-38  A Calculation of the Relative Biological Effectiveness
of 125I and 103Pd Brachytherapy Sources Using the Concept
of Proximity Function - C. Wuu *, M. Zaider
PA-39  Consistency in Treatment Planning and Dose
Prescription in HDR Prostate Implants - A. Sharma *, 
A. Syed, A. Puthawala
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PA-40  A  Simple Radioisotope Seed Reconstruction For
Permanent Implants - S. Li *, N. Detorie, D. Latronico, 
M. Errens, R. Abrams
PA-41  Treatment Planning Considerations and Quality
Assurance for CT Guided Transischiorectal Implantation of
the Prostate - J. Williams *, M. Williams
PA-42  The Influence of Timing on the Dosimetric Analysis of
Permanent Prostate Brachytherapy - G. Merrick, W. Butler *,
A. Dorsey, H. Walbert
PA-43  Dosimetric Effects of Random Variations in Seed
Activity and Locations in Prostate Seed Implant Using I-125
and Pd-103 Radioactive Seeds - Z. Chen *, S. Nath, N. Yue, 
R. Nath
PA-44  A Linear Accelerator Method for Producing
Radioisotopes for Prostate Implant Therapy - K. Weeks *
PA-45  A New Perspective To Assess Mean Lethal Radiation
Dose With Organ Weight And Water Proton Spin Lattice
Relaxation Time In Human Organs - S. Akber *
PA-46  Visual Models of the Invisible Physical Universe - 
P. Sprawls *
PA-47  Survival Of Medical Physicist: Work Hours & FTE -
S. Brahmavar *, M. LaFrance, A. Al-Ryati
PA-48  Thermal Waves In Cryosurgery - G. Sandison *, 
J. Rewcastle, L. Hahn, J. Saliken, J. McKinnon, B. Donnelly
PA-49 WITHDRAWN
PA-50  A Critical Review of HZE-Particle Dosimetry
Measurements with Plastic Track Detectors on the Space
Shuttle Program - J. Almassy *
PA-51  Seven Years of Neutron Radiation Therapy with the
Superconducting Cyclotron at Harper Hospital - 
R. Maughan *, M. Yudelev, A. Porter, J. Forman, H. Blosser, E.
Blosser, G. Blosser
PA-52  Whole- and Partial-Body Radiation Risks from p-
boronophenylalanine-mediated Boron Neutron Capture
Therapy for Glioblastoma Multiforme - R. Ma *, J. Capala, 
A. Diaz, D. Greenberg, H. Liu, D. Slatkin, A. Chanana
PA-53  Determining Dose Per Monitor Unit From Total Skin
Electron Irradiation Using TLD, Diode, and Parallel-Plate
Chamber - H. Liu *, E. Lief, E. McCullough
PA-54  In-house Development of a Radiation Therapy Beam
Scanner - P. McGhee *, W. Scherzinger, H. Schwendener, 
L. Reed
PA-55  Use of an Ionization Chamber in an
Anthropomorphic Head Phantom to Verify Monitor Unit
Calculational Accuracy of a Three-Dimensional Radiation
Treatment Planning System - D. Kaurin *, D. Duggan, 
K. McGee, C. Coffey
PA-56  Evaluation and Clinical Implementation of a New In-
Vivo Dosimetry Diode System -R. Alecu, T. Loomis, J. Alecu, 
T. Ochran *
PA-57  PC Based Auto QA Program for CT Scanners Used in
Radiation Therapy Treatment Planning -J. Levy, S. Dyer, 
F. Atkins, D. Goodenough *
PA-58  Sparse Sampling of Central-Axis Dose Data for
Verification and Calibration of Teletherapy Beams -
Y. Xiao *, M. Altschuler, B. Bjarngard
PA-59  Commissioning of Varian Enhanced Dynamic Wedge
- J. Erb *, K. Kalbaugh, N. Papanikolaou, K. Sowards,
 S. Cassola, G. Ibbott
PA-60  Pre-Clinical Evaluation of a Diode-Based In Vivo
Dosimetry System - G. Trujillo *, G. Ibbott
PA-61  Experimental Evaluation of the Accuracy of the
Asymmetric Collimator Dosimetry Calculation Algorithm
Used in a 3D Treatment Planning System - M. Al-Ghazi *, 
J. McLellan, K. Yuen
PA-62  An Additional QA Tool for Checking the Self-
Consistency of the Beam Parameters Documented on a
Treatment Plan’s Set Up Instructions. - J. Ashburn *

PA-63  A Study of Wavelet-based Denoising and Edge
Detection in the Automatic Delineation of Anatomic
Structures on CT Images - S. Ahmad *, G. Starkschall, 
K. Berkner, R. Wells,Jr., J. Lewis, J. Odegard, C. Burrus
PA-64  Static Compared to Dynamic X-ray Responses of an
Amorphous Silicon Flat Panel Array in Therapy Simulator
Kilovolt and Linac Megavolt X-ray Beams. - A. Kalend *, 
Y. Wu+*, K. Shimoga*, T. Kanade*, J. Greenberger+
PA-65  Characteristics Of The CEA Imaging System For
Megavoltage Portal Imaging - C. Cheng *, I. Das, H. Roehrig
PA-66  The Importance of CT Slice Thickness in
Radiographic Patient Positioning Accuracy - M. Murphy *
PA-67  Application of Digital Computed Radiography in the
Radiation Oncology Department. - B. Rajagopalan *
PA-68  Automatic Patient and Linear Accelerator Setup
Verification using an EPID - D. Roback *, B. Gerbi
PA-69  Viability of an isocentric cobalt-60 teletherapy unit
for stereotactic radiosurgery - B. Poffenbarger *, E. Podgorsak
PA-70  Dosimetric Characterization of a Mini-MLC for
Stereotactic Radiosurgery Application - M. Lundsten *, 
J. Jackson, K. Javedan, A. Niroomand-Rad, J. Rodgers
PA-71  Dosimetric Characterization of a Mini-MLC for
Multiple Field Conformal Radiotherapy - J. Jackson, 
K. Javedan, M. Lundsten, A. Niroomand-Rad, J. Rodgers *
PA-72  Planning of fixed field Stereotactic Radiotherapy
using a Stereotactic Localising Program and a regular
Treatment Planning System - T. Ackerly *, M. Geso, J. Cramb
PA-73  Early Experience with Use of Hybrid Commerical
Systems for Stereotactic Radiotherapy - S. Goetsch *, 
J. Steigerwalt
PA-74  Dose - Volume Study for Multiple Brain Metastases
Treatment Using Gamma Knife - Z. Chen *, X. Wu, C. Luo
PA-75  Smoother Radiosurgery Beam Profiles with
Radiochromic Film by Averaging Over Several Films - 
D. Duggan *, C. Coffey, II
PA-76  Use of a Miniature Ionization Chamber for the
Measurement of Small Stereotactic Photon Fields -
 S. Goetsch *, M. Bank, L. De Werd, B. Murphy, J. Micka
PA-77  Superposition of Beams to Vary Shot Size in Gamma
Knife Stereotactic Radiosurgery - M. Bank *
PA-78  Dosimetric Aspects Of Small Circular 4 And 6 MV
Photon Beams For Radiosurgery - W. Al-Najjar *, S. Prasad,
K. Parthasaradhi, M. LaCombe, W. Bloomer
PA-79  Water Equivalency Of Polystyrene For 4, 6, And 10
MV Photon Radiosurgery Beams - W. Al-Najjar *, S. Prasad, 
K. Parthasaradhi, W. Bloomer
PA-80  Gamma Knife Beam Profiles Measured with Film and
PTW Pinpoint Chamber - M. Bank *
PA-81  Dosimetric Evaluation of Stereotactic Radiotherapy
Delivered using Coventional MLC Versus Tertiary
Collimator - N. Ikoro *, M. Cosma, S. Saraf, J. Factor, 
B. Mohktar
PA-82  Linac Based Stereotactic Radiosurgery for Treatment
of Trigeminal Neuralgia - B. Gerbi *, P. Higgins, K. Cho, 
W. Hall, R. Maxwell
PA-83  A Leaf-Setting Algorithm with Minimum Machine
Units and Beam Delivery Time For Intensity Modulated
Radiotherapy - L. Ma *, A. Boyer, L. Xing, C. Ma
PA-84  Leaf Synchronization Methods of Minimizing Beam
Delivery Time and Improving Beam Output for Intensity
Modulated Fields - L. Ma, A. Boyer *, L. Xing, C. Ma
PA-85  The Effect of Internal Organ Motion on Dosimetry of
Conformal Prostate Treatment Plans With Position
Correction - R. Lalonde *, J. Bycura, R. Campbell, R. Riker, 
J. Strait, M. Carol, R. Lalonde
PA-86  Tomotherapy:  Conformal Avoidance Radiation
Therapy -- A Complement to Conformal Radiotherapy -
 J. Aldridge *, D. Shepard, T. Mackie, P. Reckwerdt
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PA-87  Dose Across the Match Plane of Breast Fields
Considering Mechanical Tolerance of  Collimator Jaw
alignment and Setup Uncertainties - J. Palta *, C. Liu, Z. Li, 
N. Mendenhall
PA-88  Commissioning a Siemens Virtual Wedge - M. Bank *,
C. DesRosiers, L. Papiez
PA-89  Acceptance Testing and Measurements On Intensity
Modulated Radiation Therapy(IMRT) Device - M. Nair *, 
A. Gray, K. Boydston
PA-90  Reduction of MIMIC Elementary Beam Dimension
and the Impact on Treatment Plan Conformality - B. Salter *, 
A. Kania, B. Curran
PA-91  Validation Software for Peacock Intensity Modulated
Treatment Plans Using Phantom Plan - W. Grant *, J. McGary
PA-92  CT Based Conformal Planning of Craniospinal
Radiotherapy - A. Agranovich, M. Al-Ghazi, C. Swift *, 
W. Kwan
PA-93  A 3-D Treatment Planning Comparison of Two Lung
Blocking Techniques used in Breast Conservative Treatment
- D. Chase *, C. Ramsey, A. Oliver
PA-94  Extension of an Inverse Planning System from
Algorithm Development to Clinical Implementation - 
B. Tollenaar *, F. Newman, S. McCourt, S. Humphries
PA-95  On the Isotropic Distribution of Beam Directions - 
L. Papiez *, M. Langer, X. Lu
PA-96  A Comparison of Field Shape Optimized
Conventional and Intensity Modulated Prostate Plans - 
M. Muthuswamy *, K. Forster
PA-97  Application of Constrained Optimization to
Radiotherapy Planning - O. Sauer *, D. Shepard, T. Mackie
PA-98  The Maximum Likelihood Approach to Radiotherapy
Optimization: Strengths, Weaknesses, Stability, and Penalties
- D. Shepard *, G. Olivera, P. Reckwerdt, T. Mackie
PA-99  Optimization of Beam Weight, Wedge Angle and
Beam Direction - J. Yang *, C. Chui
PA-100  The Optimal Step-Length in Iterative Methods for
Inverse Treatment Planning - R. Li *, F. Yin, Q. Gao
PA-101  A Comparative Analysis Of Four Field And Cross
Fire Conformal 3-D Techniques For Prostate Treatment
Under Simulated Prostate Motion & Setup Errors - 
J. Feldmeier, J. Battle, R. Dobelbower, R. Price *, S. Jiang, 
K. Ayyangar, R. Price
PA-102  A Comprehensive Dosimetric Evaluation of MLC
Field Blocking: A Clinical Guide to MLC Usage - 
J. Killoran *, J. Giraud, L. Chin, G. Svensson
PA-103  A Study of Algorithm Dimensionality in the
Calculation of Dose for Photon Beams - N. Papanikolaou *, 
M. Gehring
PA-104  Dosimetric Undulation in Multileaf Collimator
Fields - I. Das *, T. Steinberg
PA-105  Modifications and Strategies for Treating Large
Areas of the Scalp - J. Ashburn *
PA-106  3D Conformal Therapy Planning for Multiple Lung
Tumors - L. Olson, E. Greenleaf, M. Chan *
PA-107  The Effect of Using Large Collimator Rotations in
Isocentric Tangential Breast Treatments - S. Hong *, Y. Lo

Paper Presentations:  
Diagnostic Imaging —Room: South Banquet Hall

General viewing hours for all posted papers are:
Monday - Wednesday (7:00 am - 11:00 pm)

Thursday (7:00 am - 12:00 pm)

PA-D-01  Analysis and Evaluation of Selected MRI
Variability Factors Using a Cervical Spine Phantom - R.
Kruger, R. Brinker, R. Kruger *
PA-D-02  BPA and Brain Metabolites: A Proton Magnetic
Resonance Study - N. Adnani *
PA-D-03  Pros and Cons of Virtual Endoscopy -
A. Alyassin *, W. Lorensen
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SCIENTIFIC ABSTRACTS AND SESSIONS

Symposium (Centro)
Symposium on the "NCI Workshop on Oncologic Imaging, 1997"

SU-A1-01
Clifton Ling, Memorial Sloan Kettering Cancer Center, New York, NY

In the fall of 1997, the NationalCancer Institute of the National Institute of
Health sponsored a two-day workshop on oncologic imaging.  A number of
radiation scientists and clinicians presented and discussed recent advances in
the imaging of human cancers with a view for application in cancer therapy.
Represented were the specialties of radiotherapy, magnetic resonance, nuclear
medicine, digital radiology and medical physics.  This symposium is a capsule
summary of that workshop with an emphasis on how magnetic resonance and
positron emission imaging may benefit radiation therapy.  Magnetic resonance
imaging of perfusion/diffusion or of metabolic pathways (e.g. in terms of
choline/citrate ratio) may yield geographic and/or radiobiological information
relevant to radiotherapy.  PET imaging, e.g. FDG metabolic studies, IUDR
studies of mitotic activities, and F-misonidazole identification of hypoxia, may
provide rationale for specific treatment strategy.  Information from these
biological imaging approaches may enhance the efficacy of radiotherapy, and
specifically, may guide "dose painting" % the new capability made possible by
intensity-modulated radiotherapy.

SU-A1-02
J. Daniel Bourland, Bowman Gray School of Medicine, Winston-Salem, NC

In the fall of 1997, the NationalCancer Institute of the National Institute of
Health sponsored a two-day workshop on oncologic imaging.  A number of
radiation scientists and clinicians presented and discussed recent advances in
the imaging of human cancers with a view for application in cancer therapy.
Represented were the specialties of radiotherapy, magnetic resonance, nuclear
medicine, digital radiology and medical physics.  This symposium is a capsule
summary of that workshop with an emphasis on how magnetic resonance and
positron emission imaging may benefit radiation therapy.  Magnetic resonance
imaging of perfusion/diffusion or of metabolic pathways (e.g. in terms of
choline/citrate ratio) may yield geographic and/or radiobiological information
relevant to radiotherapy.  PET imaging, e.g. FDG metabolic studies, IUDR
studies of mitotic activities, and F-misonidazole identification of hypoxia, may
provide rationale for specific treatment strategy.  Information from these
biological imaging approaches may enhance the efficacy of radiotherapy, and
specifically, may guide "dose painting" % the new capability made possible by
intensity-modulated radiotherapy.

SU-A1-03
Hedvig Hricak, UCSF School of Medicine, San Francisco, CA

In the fall of 1997, the NationalCancer Institute of the National Institute of
Health sponsored a two-day workshop on oncologic imaging.  A number of
radiation scientists and clinicians presented and discussed recent advances in
the imaging of human cancers with a view for application in cancer therapy.
Represented were the specialties of radiotherapy, magnetic resonance, nuclear
medicine, digital radiology and medical physics.  This symposium is a capsule
summary of that workshop with an emphasis on how magnetic resonance and
positron emission imaging may benefit radiation therapy.  Magnetic resonance
imaging of perfusion/diffusion or of metabolic pathways (e.g. in terms of
choline/citrate ratio) may yield geographic and/or radiobiological information
relevant to radiotherapy.  PET imaging, e.g. FDG metabolic studies, IUDR
studies of mitotic activities, and F-misonidazole identification of hypoxia, may
provide rationale for specific treatment strategy.  Information from these
biological imaging approaches may enhance the efficacy of radiotherapy, and
specifically, may guide "dose painting" % the new capability made possible by
intensity-modulated radiotherapy.

SU-A1-04
Stephen Larson, University of Michigan Medical Center, Ann Arbor, MI

In the fall of 1997, the NationalCancer Institute of the National Institute of
Health sponsored a two-day workshop on oncologic imaging.  A number of
radiation scientists and clinicians presented and discussed recent advances in
the imaging of human cancers with a view for application in cancer therapy.
Represented were the specialties of radiotherapy, magnetic resonance, nuclear
medicine, digital radiology and medical physics.  This symposium is a capsule
summary of that workshop with an emphasis on how magnetic resonance and
positron emission imaging may benefit radiation therapy.  Magnetic resonance
imaging of perfusion/diffusion or of metabolic pathways (e.g. in terms of
choline/citrate ratio) may yield geographic and/or radiobiological information
relevant to radiotherapy.  PET imaging, e.g. FDG metabolic studies, IUDR
studies of mitotic activities, and F-misonidazole identification of hypoxia, may
provide rationale for specific treatment strategy.  Information from these
biological imaging approaches may enhance the efficacy of radiotherapy, and
specifically, may guide "dose painting" % the new capability made possible by
intensity-modulated radiotherapy.

Education Council Symposium  (Plaza)
Teaching Technologists About Mammography Quality Control

SU-B1-01
The Technologist Work Environment and Mammographic Positioning
Gayeann Minter-Larson, Medical University of South Carolina, Charleston, SC

SU-B1-02
Teaching Technologists about Processor Quality Control
Arthur Haus, S & A Medical Imaging, Rochester, NY

SU-B1-03
Teaching Technologists About Mammography Quality Control
Robert Pizzutiello, Jr, Victor, NY

SU-B1-04
Education Council Symposium: Teaching Technologists About Proper
Exposure Technique
R Hendrick, University of Colorado Health Science Ctr, Denver, CO

Teaching mammographic technologists about mammography quality control
is a key function of medical physicists.  The symposium is designed to review
the work environment of technologists so that the medical physicist will be
better able to assist the technologist.  The symposium will review the standard
technologist quality control tests that are described in the ACR Mammography
Quality Control Manual.  Emphasis will be placed on learning how to teach
technologists about theses tests.  Finally, the symposium will consider how
technologists achieve proper exposure on mammograms and how the physicist
can recognize good exposure and learn to correct exposure problems.

Educational  Objectives: 
1. Participants will understand the environment in which technologists

operate. 
2. Participants will be aware of common problems technologist encounter

in achieving proper mammographic positioning.
3. Participants will learn ways to help technologists conduct the daily

processor QC, teach technologists how to diagnose common problems
and arrange for their correction.

4. Participants will become familiar with technologist Quality Control tests,
learn how to teach technologists to do these tests correctly and be aware
of common problems.
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5. Participants will learn how to recognize common exposure problems,
teach technologists to recognize these problems and teach technologists
to correct these problems

Professional Council Symposium (Centro)

SU-C1-01
Prospective Outpatient Medicare Payment System for Hospitals: Overview
of New System
Mike Mabry, ACR, Department of Economics and Health Policy, Reston, VA

The 3M Corporation was commissioned some time ago to come up with a
DRG type payment system for Hospital-Outpatient services under Medicare.
Currently, physics outpatient services (as well as radiology and radiation
oncology) are paid according to a blended  formula. The Health Care
Financing Administration plans to implement  the new payment system
(referred to now as Ambulatory Patient Categories) on January 1, 1999.  This
part of the two-part presentation will provide an overview of the mechanics
behind the new  payment system.

SU-C1-02
Prospective Outpatient Medicare Payment System for Hospitals: The
Impact on Medical Physics Practice
James Hevezi, Cancer Therapy & Research Center, San Antonio, TX

Medical Physicists working in Hospital-based Radiation Oncology programs
are either employed by the Hospital or work under a  contractual arrangement
as an independent consultant or as part of the Radiation Oncologist group
practice serving the Hospital.  The new rules under which reimbursement will
be made to Medical Physicists will change the way our practice is set up in this
environment.  Some suggestions will be presented in this talk for strategic
planning for the new rules and how Medical Physicists can survive the impact.

SU-C1-03
U.S. NRC Regulatory Change from an ACMUI Member’s Perspective
Jeffrey Williamson, Washington University Medical Center, St. Louis, MO

The speaker has the privilege of representing the Radiation Oncology
community on the U.S. Nuclear Regulatory Commission’s (U.S. NCR)
Advisory Committee on Medical Use of Isotopes (ACMUI).  The ACMUI,
consisting of representatives of radiation medicine specialties and other groups
affected by medical use regulation, is expected to develop critiques and
achieve consensus positions on NRC regulatory initiatives, enforcement
problems, draft guidance documents, emerging technologies and many other
issues.  Over the last three years, ACMUI has primarily focused on revision
proposed alternatives to the National Academy of Science/Institute of
Medicine Regulatory Reform proposals, has articulated its view on underlying
regulatory philosophy, achieved consensus on cross-cutting issues such as
radiation safety committee role, NRC medical policy statement, prescriptive
vs performance based regulations, and training/experience requirements, as
well as critiquing two Part 35 drafts.  ACMUI lost-causes include a) rational,
risk-based regulation should be independent of source of radiation; b) since
risks of patient injury in radiation medicine is less  than risks from surgery or
anesthesia, Patient safety and QA regulation unwarranted and NRC should
confine itself to public/staff safety; c) the medical use regulatory program is
intrusive, excessively burdensome, and not justified by level of risk; and d)
radiation medicine should be regulated by a health-oriented agency.  In
response, NRC declared that its role was limited to ensuring is correct
implementation of the physician’s prescription and, accordingly, regulations
should address technical and safety, but not clinical, practices and competence.
Thus, NRC proposed reducing the three year residency requirements to 7
months of training plus case experience.  Other major changes include (i)
eliminating most requirements for diagnostic nuclear medicine, adding
"authorized medical physicist" with teletherapy training and experience
requirements, eliminating ALARA, improving "reportable medical event"
definition, and replacing the QM rule with technical requirements compatible

with TG40, TG56, and TG59.  The latter includes checking all treatment time
calculations, and calibrating all brachytherapy sources.

These views are the speaker’s personal opinions and do not represent the views
of NRC or its ACMUI.

SU-C1-04
Revised 10 CFR Part 35 - Impact on the Practice of Nuclear Medicine
Physics
Stephen Thomas, University of Cincinnati Medical Center, Cincinnati, OH

In reviewing the draft documents of the proposed revisions of 10 CFR Part 35,
the medical physicist working in nuclear medicine is challenged with the task
of identifying areas of potential  modification in modus operandi versus those
representing status quo.  A glance at the draft index indicates that change has
indeed occurred with deletion strike-out-lines in this table of contents alone
numbering approximately 60.  With the NRC's introductory  proclamation
promising a more risk-informed performance-based regulation focusing on
high-risk medical procedures from a radiation safety aspect (with decreased
oversight in low-risk activities), there is optimism that relief may have arrived
at long last.  However, although the deletions are evident,  it requires effort to
discern the functional additions within the myriad of section shuffling and
number changes.  Furthermore, it must be recognized that what we are
reviewing today was an NRC working group draft submitted for comment.
The final proposed  revisions for 10 CFR Part 35 may look quite different.

The objective of this presentation is to evaluate the draft revisions in terms of
their potential impact on the practice of nuclear medicine physics.  The
opportunity will be taken to highlight/review the overall responsibilities within
the purview of the medical physicist practicing in nuclear medicine as defined
by the NRC.  The approach will be to provide a broad outline of those
activities for which the medical physicist might be responsible within a nuclear
medicine facility although individual assignments may or may not involve the
physicist depending upon the specific organizational structure and institutional
program for delegation of duties.  Detailed emphasis will be directed  towards
the significance of the proposed changes in such areas as, for example: training
for medical physicists; training for authorized users and physicians with
implications concerning the involvement of the medical physicist; surveys and
equipment calibration (fixed and mobile facilities); reporting requirements for
medical events (no longer referred to as misadministrations) requiring
calculational work up; decay-in-storage  regulations; and, the maintenance of
records (now moved into one dedicated sub part).

Educational Objectives:
1. To review the proposed changes in 10 CFR Part 35 as relevant to the

medical physicist practicing in nuclear medicine, and,
2. To evaluate the potential impact of the proposed changes on the practice

of nuclear medicine physics. 

SU-C1-05
The Impact of Revised 10 CFR Part 35 on the Radiation Oncology
Physicist
Mary Fox, Minneapolis Radiation Oncology, P.A.

The decision to revise  10 CFR Part 35, "Medical Use of Byproduct Material",
is a result of the NRC Strategic Assessment and Rebaselining Initiative (SA).
A process which involves identification of direction - setting issues and
associated options for the future of NRC activities.

This talk will focus on the  revisions  being made to Part 35, and how this will
impact the radiation oncology physicist.  Plans at this point are to restructure
Part 35 into a risk-informed, more performance-based regulation.  A sample
of issues being considered are:
1 Focusing Part 35 on those procedures that pose the highest risk
2. The best way to capture not only relevant safety-significant events, but

also precursor events.
3. A possible change to the term "misadministration" to "medical event"



1998 AAPM Annual Meeting Program A97

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

4. Redesigning Part 35 so that regulatory requirements for new treatment
modalities can be incorporated in a timely manner.

5. Focus on those quality management  issues that are essential for patient
safety.

The final rule is expected to be submitted  for approval in late 1999.   The most
up to date information on the content of this revision as well as a revised
Medical Policy Statement,  will be presented.

Refresher Course (Centro)

MO-A1-01
Monitor Unit Calculations for High Energy Photon Beams
Ben Mijnheer, Antoni van Leeuwenhoek Huis, The Netherlands Cancer
Institute, Amsterdam, The Netherlands

Recently ESTRO, the European Society for Therapeutic Radiology, presented
a formalism for the calculation of monitor units (ESTRO Booklet No. 3). The
report gives in a comprehensive way the equations required for the
computation of monitor units, MUs, in open, wedged and blocked fields for
square and rectangular beams. Starting point of the formalism is that all
quantities are defined at the reference depth of 10 cm. Furthermore it is
recommended to separate head and phantom scatter at this depth, both
normalized to unity for a reference field of 10 cm x 10 cm. These output
factors should be obtained in a mini-phantom and under full scatter conditions.
The reference conditions should preferably be an isocentric set-up, generally
a source-detector distance of 100 cm and a 10 cm x 10 cm field at this
distance. Alternatively, or in addition, a source-skin distance of 100 cm could
be used and a 10 cm x 10 cm field at the surface. It will be explained that the
formalism cannot be used in combination with quantities defined at the depth
of dose maximum such as (normalised) peak scatter factors.

The report gives basically four sets of equations for MU determinations, based
on measurements with the mini-phantom and in a large water phantom. All
separate steps are indicated by a (correction) factor in the equations whereas
a large number of figures illustrates these steps. Because both isocentric and
fixed SSD techniques are allowed, separate sets of equations having either
tissue-phantom ratios or percentage depth doses,  normalized at 10 cm depth,
are presented. Wedges are taken into account by applying a single wedge
factor under reference conditions. Diferent procedures are then possible to
correct for the variation of the wedge factor with field size and depth. The
equations for blocked beams include correction factors for the effects of
shielding blocks on head and phantom scatter. Rectangular fields are taken into
account by applying different procedures for head and phantom scatter
variation. 

Practical aspects concerning the measurement procedures, including
descriptions of the phantoms, will be discussed while a number of data for
various treatment machines will be provided to show the magnitude of the
various physical parameters and correction factors. The booklet finally
discusses a number of quality control procedures of monitor unit computation.

The current formalism is restricted to MU calculation on the central beam axis
of open, wedged and blocked beams. A working group is currently involved
in extending the concepts to asymmetric fields, MLC-shaped fields and beams
shaped by dynamic/virtual wedges. Another working group is collecting and
reviewing data to summarize existing knowledge in the application of the
formalism.

Educational Objectives:
1. To develop a basic understanding of the physics underlying dose

calculations.
2. To understand the equations required for monitor unit calculations.
3. To familiarize with the magnitude of the various physical parameters

Refresher Course  (Plaza)

MO-A2-01
Navigating the Bay of Funding at the NIH
Paul Strudler, National Institute of Health, SRA, Radiation Study Section,
Bethesda, MD

Change, re-invention, re-organization, self-referral, new review criteria, no
more R-29s, Blue Ribbon panels, no more -A3 applications, no more DRG,
bigger NIH budgets?  Tough to keep up even if you work in the system.
Spending a few hours at this early morning session may save you some late
nights later this year.   We will review the NIH Website, and the searches you
can perform which can help you cut through the red tape and target the best
review panel and Institute programs for your specific needs.  We will gauge
the effects of the five new review criteria (Significance, Approach, Innovation,
Investigator, and Environment) on study section behavior and grant writing
strategy.  The unique use of the NIH SBIR/STTR program for support of
technology development will be addressed.   Is there life after an -A2
application, or after streamlining?  How do young investigators get noticed in
an R01 world?  What are your rights as an applicant?  How do you deal with
a possibly inappropriate review? 
  
While grant writing will be discussed, this presentation will focus more
directly on navigating through a system which receives some 40, 000
applications per year.  Many of the strategies suggested are not necessarily
described in official documents.

Refresher Course  (Fiesta D)

MO-A3-01
Multileaf Collimation: General Description, Systems and Technology
Assesment
Eric Klein, Mallinckrodt Institute of Radiology

From the first European commercial introduction of multileaf collimation in
the late 1980s and the eventual commercial entry in the United States, much
analysis has taken place. Multileaf collimator (MLC) systems are either tertiary
or a collimating jaw(s) replacement.  Common to all systems are the tungsten
leaves with fitted divergent sides minimizing interleaf leakage. The leaves
have a finite width yielding a stair-stepping effect in the beam’s-eye-view
plane. The leaves move either perpendicular to the central axis with idealized
curved-end design or are flat-ended and move in an arc following beam
divergence.

The current systems are designed to efficiently replace blocks and for dynamic
conformal therapy. The former is limited by stair stepping and field size
limitations. The latter is limited by leaf speed and range and transmission
properties. Each clinic must analyze the stair-step effects with the clinical
impact in mind. Most commercial systems designed for fixed static field
therapy have also been investigated for intensity modulated radiotherapy
(IMRT). A new breed of systems has hit the market, with narrower leaf widths;
they are even suitable for stereotactic radiosurgery or specific IMRT
treatments. These micro or mini MLCs are being analyzed in great detail.

Attenuation and leaf transmissions have been analyzed for the various systems.
Attenuation values range from 1% to 2%. Interleaf transmission has been
reported to be as high as 3%. The abutted leaf transmission (10-28%) outside
the treatment field is not a problem as long as the collimating jaws or backup
diaphragms are properly configured. Manufacturers provide various control
features to move and check the leaves at their designated positions. Leaf
calibration is either simple, where the leaves are calibrated at central axis, or
elaborate, with multiple calibration positions. Leaf settings for a particular
field are assigned by files that are generated after conforming the MLC shape
to a smooth field. This is carried out by manual digitization, raster film
digitization, or within treatment planning. In all cases the system generates the
MLC files, which are then transferred to an MLC workstation or record and
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verify system. These devices then communicate with a control system
connected to the MLC.

In 1995, the AAPM’s Radiation Therapy Committee (RTC) assigned Task
Group 50 to provide basic information to implement an MLC in a conventional
clinic. This report is forthcoming. In addition, the AAPM RTC formed the
Assessment of Technology Subcommittee (ATS). The ATS chose to first
assess MLCs. A survey was sent to North American users this year. Results of
this survey will be presented during this course.

Educational Objectives:
1. To obtain an overview of the general and specific aspects of MLC

systems.
2. To understand the limitations of the MLC systems and how related

systems (treatment planning, accelerator, etc.) interact with the MLC.
3. To assess multileaf collimation as a new technology.

Refresher Course (Fiesta A)

MO-A4-01
Image Processing, Neural Networks, and Classifier Design
Heang-Ping Chan, Berkman Sahiner, Nicholas Petrick, University of
Michigan, Ann Arbor, MI

The rapid development of digital radiographic detectors in recent years has the
potential to drive many film-based x-ray imaging procedures into the digital
domain in the near future.  The availability of images directly acquired by
digital detectors will facilitate the implementation of digital image processing
and computer-aided diagnosis (CAD) algorithms to assist radiologists in image
interpretation.

The fields of image processing and computer vision are very broad and well
established in industrial and military applications.  In medical imaging, image
enhancement is used more conservatively if the images are to be viewed by
radiologists because strong enhancement often introduces artifacts that may
lead to false diagnosis.  For example, in digital radiography, image processing
often aims at matching the appearance of the displayed image to conventional
screen-film images with only moderate enhancement.  Unsharp masking is the
most commonly used filter on digital radiographic images.  Various image
processing techniques have been developed for applications such as contrast
enhancement, noise suppression, image reconstruction, and image registration
in different digital imaging modalities.

CAD is one of the promising approaches that is expected to improve the
diagnostic accuracy of radiologists’ interpretation of medical images.  A CAD
algorithm is generally a combination of many image processing techniques
which are specifically designed for enhancement, segmentation, feature
extraction, and classification of a given type of lesion.  CAD algorithms can
be developed to automatically detect suspicious lesions on radiographs and to
alert the radiologists to these regions.  Other algorithms can extract image
features of a suspicious lesion, which may be used alone or in combination
with other diagnostic information, and estimate its likelihood of malignancy
by using a trained classifier.  The computer-extracted features may include
morphological features that are commonly used by radiologists for diagnosis,
as well as texture features that may not be readily perceived by human eyes.
The computerized analysis may therefore provide additional information to
assist radiologists in the detection and diagnosis processes. 

Classifier design is one of the key steps in the development of CAD
algorithms.  A classifier is required for differentiating true and false signals in
a detection task and for distinguishing malignant and benign lesions in a
classification task.  Two of the most commonly used classifiers in CAD
algorithms are artificial neural networks and linear discriminants.  Classifier
design depends on the availability of training samples.  It is known that the
generalizability of a trained classifier depends strongly on the size of the
design sample set.  The complexity of the classifier and the dimensionality of
the feature space also affect the sample size requirement.  

In this course, we will discuss image processing techniques that may be useful
for processing of radiographic images.  Artificial neural networks for different
CAD applications will be described.  The effects of sample size on classifier
design will be examined.  Understanding these techniques and issues is
expected to improve the utilization of diagnostic information from digital
radiographic images.

Educational Objectives:
1. To learn some common image processing techniques, neural networks

and linear discriminant analysis, and to understand some issues involved
in classifier design

Refresher Course  (208)

MO-A7-01
Current State-of-the-Art of Nuclear Medicine Imaging Cameras
Robert Zimmerman, Brigham & Women's Hospital, Boston, MA

The principles of traditional gamma cameras are well known to the medical
physicist.  What may not be so well known is how the traditional gamma
camera has evolved into the current camera that is available today.  Even less
well known, and very hard to predict, are what features the cameras of
tomorrow will have.  In this presentation the more recent developments in
gamma camera technology will be described and an attempt to "predict the
future" will be made.  Analog and "digital cameras" will be discussed in some
detail.  New scintillators (e.g. LSO, YSO) and their prospects for appearing in
cameras in our lifetime will be discussed.  The promise of semiconductor
cameras (e.g. CdZnTe) will be explored.   Finally the current commercial
configuration of camera offerings will be presented and contrasted.

Educational Objectives:
1. Understand the evolution of the modern gamma camera
2. Differentiate between "digital" cameras
3. Understand the role of new scintillators in future gamma cameras
4. Understand the place of semiconductor cameras in new gamma cameras
5. Identify "hybrid" cameras
6. Identify the different uses for the many varying gantry configurations.

Refresher Course (Centro)

MO-B1-01
Prostate Seed Implant Brachytherapy
Yan Yu, University of Rochester, Rochester, New York

In the management of prostate cancer, there is now a wide resurgence of
interest in the role of interstitial brachytherapy for selected patients. Prostate
seed implantation differs from traditional brachytherapy in three important
aspects: 3D anatomy-based dosimetric planning, real-time diagnostic imaging
guidance, and fast dose fall-off due to lower energy radionuclides. In addition,
it differs from HDR brachytherapy in that the radioactivity distribution is less
amenable to optimization and alteration. These considerations lead to the
unique nature of prostate seed implants, which may be characterized as precise
yet volatile. There is a growing body of evidence to suggest that a substantial
part of the medical physicist’s contribution to this multi-disciplinary modality
has a direct impact on the factors that may singly or jointly determine the
treatment outcome. It is therefore of paramount importance for the medical
physics community to establish a uniform standard of practice for prostate
implantation, so that the therapeutic potential of the modality can be
maximally and consistently realized.
It was against this background that the Radiation Therapy Committee of the
AAPM formed Task Group No. 64, which was charged (1) to review the
current techniques in prostate seed implant brachytherapy, (2) to summarize
the present knowledge in treatment planning, dose specification and
evaluation, (3) to recommend practical guidelines for the clinical medical
physicist, (4) to identify issues for future investigation. The dosimetry
formalism for interstitial brachytherapy was standardized by the AAPM Task
Group No. 43. A code of practice for brachytherapy physics in general was
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outlined by Task Group No. 56. The present Task Group effort addresses the
clinical medical physics issues unique to permanent prostate seed implants.
The intention of the effort is to guide the practising medical physicist in
successfully implementing or improving the prostate implant  procedure, and
to provide a survey of the current standard of practice in this evolving field.

Educational Objectives:
1. Review the current techniques in prostate seed implant brachytherapy.
2. Summarize the present knowledge in treatment planning, dose

specification and evaluation.
3. Discuss issues for future investigation.

MO-B1-02
Prostate Seed Implant Brachytherapy
Michael Schell, University of Rochester Medical Center, Rochester, NY

In the management of prostate cancer, there is now a wide resurgence of
interest in the role of interstitial brachytherapy for selected patients. Prostate
seed implantation differs from traditional brachytherapy in three important
aspects: 3D anatomy-based dosimetric planning, real-time diagnostic imaging
guidance, and fast dose fall-off due to lower energy radionuclides. In addition,
it differs from HDR brachytherapy in that the radioactivity distribution is less
amenable to optimization and alteration. These considerations lead to the
unique nature of prostate seed implants, which may be characterized as precise
yet volatile. There is a growing body of evidence to suggest that a substantial
part of the medical physicist’s contribution to this multi-disciplinary modality
has a direct impact on the factors that may singly or jointly determine the
treatment outcome. It is therefore of paramount importance for the medical
physics community to establish a uniform standard of practice for prostate
implantation, so that the therapeutic potential of the modality can be
maximally and consistently realized.
It was against this background that the Radiation Therapy Committee of the
AAPM formed Task Group No. 64, which was charged (1) to review the
current techniques in prostate seed implant brachytherapy, (2) to summarize
the present knowledge in treatment planning, dose specification and
evaluation, (3) to recommend practical guidelines for the clinical medical
physicist, (4) to identify issues for future investigation. The dosimetry
formalism for interstitial brachytherapy was standardized by the AAPM Task
Group No. 43. A code of practice for brachytherapy physics in general was
outlined by Task Group No. 56. The  present Task Group effort addresses the
clinical medical physics issues unique to permanent prostate seed implants.
The intention of the effort is to guide the practising medical physicist in
successfully implementing or  improving the prostate implant procedure, and
to provide a survey of the current standard of practice in this evolving field.

Educational Objectives:
1. Review the current techniques in prostate seed implant brachytherapy.
2. Summarize the present knowledge in treatment planning, dose

specification and evaluation.
3. Discuss issues for future investigation.

Refresher Course (Plaza)

MO-B2-01
Clinical Implementation of CT Simulation
Margie Hunt, Memorial Sloan Kettering Cancer Center, New York, NY

In recent years, CT Simulation has emerged as a new simulation modality
which efficiently combines the use of CT images for structure localization and
virtual simulation for treatment field design.  The purpose of this course is to
discuss a variety of issues pertinent to the clinical implementation of CT
simulation.  General issues which will be discussed include:
1. The process of CT simulation and how it differs from conventional

simulation.
2. Acceptance testing and clinical evaluation of CT simulation systems.  
3. Design and implementation of site-specific scanning protocols, imaging

techniques, and virtual simulation procedures.
4. Quality assurance of CT simulation systems

The process of CT simulation differs in significant ways from conventional
simulation.  Therefore, implementation of CT simulation often requires a
change in the division of labor and basic functioning of the simulation and
treatment planning sections of a department.  Training of technical staff and
physicians primarily by physics personnel is crucial to the success of the
system.  Site-specific scanning and imaging protocols tailored to meet the
institution's needs must be developed in addition to virtual simulation
procedures for a variety of sites and treatment techniques.  

Methods for evaluating scanning protocols and DRRs will be presented.  Site-
specific CT simulation procedures will be discussed for common clinical
situations to demonstrate the strengths and limitations of current systems.
Examples for routine cases, cases involving field matching and electron fields
will be presented. The use of some of the more advanced features of current
systems such as multi-modality image registration and the use of non-
traditional projection and 3D images will also be discussed.

Educational Objectives:
1. To become familiar with the process of CT simulation and how it

differs from conventional simulation.
2. To understand the technical strengths and limitations of CT simulation

and ways to develop protocols and procedures necessary for clinical
implementation.

3. To understand tests used for acceptance testing and quality assurance
of CT simulation systems

Refresher Course  (Fiesta D)

MO-B3-01
Fast Imaging Methods in MRI
Wlad Sobol, University of Alabama-Birmingham Hospital, Birmingham, AL

Due to the repetitive nature of the data acquisition process in MRI, states of
nuclear magnetization play an important role in the design of MR imaging
protocols. In a standard Spin Echo protocol, the sequence repetition time is
long enough that no transverse magnetization remains at the end of the cycle.
As a result, the magnetization used to encode the image data is the same from
view to view, which allows for straightforward encoding scheme.

When the acquisition process is accelerated to shorten the exam time, a
residual transverse magnetization exists at the end of each repetition cycle and
the magnetization used to encode the image data will vary from view to view.
If the acquisition scheme is not specifically implemented to minimize the
impact of this effect, large artifacts (severe ghosting or blurring) will occur in
images.

Two practical approaches emerged to solve this problem. In one approach,
known as a k-space reordering, nonstationary states of magnetization are used
to encode the image data in a carefully crafted temporal order. As a result, the
image is acquired quickly but a trade-off exists between the speed of
acquisition that minimizes motion artifacts and the image blurring caused by
k-space reordering of nonstationary magnetization states. This method is
utilized in fast spin echo, turbo (magnetization prepared) gradient echo, mixed
gradient- and spin- echo, and various implementations of echo planar imaging
sequences.

In the other approach, a stationary state of magnetization is created by using
a series of evenly spaced rf pulses. This stationary state is shown to be a sum
of magnetic substates, each with unique contrast characteristics. When more
than one substate contributes to an MR image, the substates interfere with each
other, producing ghosts and other artifacts. However, appropriately designed
gradient protocols can image single substates, producing ghost free, non-
blurred images. The contrast of the image depends largely on the choice of the
imaged substate. This method is utilized in fast gradient echo protocols that are
used in MR angiography, dynamical contrast uptake studies, and functional
MRI.
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The needs of commercial MR market resulted in a wide range of proprietary
protocols introduced to clinical use under a variety of trademark acronyms.
Vendors claim that each protocol is unique and distinctly different from all
others. However, when a detailed analysis of physical principles that govern
the design of fast MR imaging protocols is performed, a simpler pattern
emerges. Since the implementation details of an imaging protocol matter to
imaging clinicians only to the extent to which these details affect the image
contrast, it becomes possible to divide the large number of existing protocols
into a few simple classes. Each protocol within a class, although possibly
containing unique proprietary implementation elements, produces images with
the same contrast when used with the same set of imaging parameters.

Educational Objectives:
1. Review recent advances in fast MRI applications
2. Formulate conditions necessary and sufficient to produce artifact-free

images using stationary and non-stationary states of magnetization.
3. Understand commercial implementations of fast MRI protocols.

Refresher Course  (Fiesta A)
X-ray Detectors for Digital Radiography

MO-B4-01
John Rowlands, Sunnybrook Health Science Centre, Toronto, Canada

MO-B4-02
Martin Yaffe, Sunnybrook Health Science Centre, Toronto, Canada

Digital radiography offers the potential of improved image quality as well as
opportunities for advances in medical image management, computer-aided
diagnosis, teleradiology and image-guided therapy.    Image quality is highly
dependent upon the performance of the x-ray detector in precisely and
accurately acquiring information from the x-ray beam transmitted by the
patient.  The type of detector that is most suitable for digital radiography will
vary according to the imaging requirements of the specific radiological
procedure.  Important considerations are spatial resolution, uniformity of
response, contrast sensitivity, dynamic range, acquisition speed and frame rate.
 In this presentation, the underlying physical factors defining the performance
of x-ray detectors  for digital radiography will be reviewed and specific
detector technologies will be considered.   These include technologies that can
be employed for full-area detectors and also those which may be more
practical for scanning x-ray systems. Various approaches based on  phosphor
x-ray converters, where light quanta are produced as an intermediate stage, will
be described.  Recent developments in direct x-ray-to-charge conversion
materials such as zinc cadmium telluride, lead or mercuric iodide, and
amorphous selenium will also be discussed .  

Educational Objectives:
1. To familiarize the attendee with important physical  properties of  x-ray

detectors for digital radiography.
2. To discuss dependence of technical requirements on clinical imaging task
3. To describe the current state of the art  direct and indirect conversion

detector technology

Refresher Course  (Fiesta E)

MO-B5-01
CPT Codes, HMOs and other Factors Affecting Reimbursement for
Medical Physicists
Ivan Brezovich  PhD, University of Alabama at Birmingham, Birmingham,
Alabama

In common with all health care professionals today, medical physicists are
faced with payment reductions for services and cutbacks in manpower.  Yet,
a stable medical physics profession is essential for high quality patient care.
Stability requires not only financial security for medical physicists, but also a
manageable workload.  To secure a future for our profession, medical
physicists need to understand the complex issues related to reimbursement for

patient care.  This presentation will provide an overall review of the financial
aspects of medical physics.  Following a brief historical summary, the current
mechanisms for reimbursement will be discussed.  CPT Codes, RVU’s and
other acronyms affecting reimbursement will be described, as well as the
various models for health maintenance organizations and their effect on the
medical physicist.  The impact of licensure and the increasing number of
training programs will be discussed.  Finally, proactive strategies for securing
the medical physics profession will be outlined.

Educational Objectives: 
1. Definition of a professional in health care.
2. How medical physics services and positions are funded.
3. Potential strategies for securing reimbursement for medical physics

services.

Refresher Course  (Fiesta B)

MO-B6-01
Ultrasound Bid Specifications and Acceptance Testing
Carolyn Kimme-Smith, UCLA Medical Center, Los Angeles CA

Most medical physicists are "out of the loop" when the purchase of ultrasound
equipment is made by their facility. This  refresher course suggests strategies
that may correct this problem and describes specific attributes needed for
ultrasound equipment and tests designed to verify that the attribute is present.

Two scenarios are possible. The medical physicist is either performing routine
quality control on ultrasound equipment at his institution, or he is not. In order
to be included in ultrasound equipment selection, the medical physicist must
be perceived as contributing to the selection process. Previous involvement in
routine ultrasound QC will help this perception, particularly if bad or
inappropriate probes have been identified on the existing equipment.

Bid specifications: Because the cost of ultrasound equipment generally
specifies the type of equipment that can be purchased, a maximum allowable
price must be included in the bid specification. The types of transducers should
be listed by function and frequency range, where function includes focusing,
depth range and body access, such as between ribs, endovaginal, small parts,
etc. If Doppler is included, the bid must specify that peak velocity between 20
cm/sec to 80 cm/sec matches between probes to within 10%.

Acceptance testing: This should include establishing baseline QC values for
routine ultrasound QC as well as testing probes for appropriate slice thickness
focusing. A Doppler phantom is a necessity for Doppler acceptance testing.
Suggestions for color flow testing will be made, but are more qualitative than
other QC testing. A collaboration between the medical physicist, applications
specialist and radiologist will ensure continued involvement of the medical
physicist in ultrasound consultations.

Educational Objectives:  
1. Learning strategies so the medical physicist is included in the ultrasound

selection process
2. Knowing differences between high end and low end ultrasound

equipment, 
3. Understanding the mix of ultrasound probes needed for different imaging

tasks,
4. Review the ultrasound QC tests needed for acceptance testing.

Refresher Course  (208)

MO-B7-01
511 KeV Coincidence Imaging with SPECT Cameras
James Patton, Vanderbilt University Medical Center, Nashville, Tennessee

Advances in scintillation camera technology during the past four years have
made it possible to implement high energy (511 keV) imaging of
fluorodeoxyglucose labeled with a positron emitter, 18F (18FDG) using the
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scintillation camera.  Initial experience using collimated singles counting with
SPECT has shown the technique to be  useful in the identification of injured
but viable myocardial tissue, especially  when used in conjunction with 99mTc
Sestamibi (99mTc-MIBI) utilizing a dual isotope, single acquisition More
recently manufacturers have implemented coincidence detection techniques for
imaging the annihilation radiation from positron emitters using a dual-head
scintillation camera, techniques that were previously only possible using
expensive dedicated positron emission tomography (PET) systems. This has
been accomplished by the implementation of high count rate electronics,
increased crystal thickness, and the addition of technology to the scintillation
camera that was previously used only with dedicated PET systems [(no
collimation or minimal collimation using slits), timing window coincidence
counting, photopeak-Compton detection, and two and three dimensional data
acquisition].  The addition of geometric attenuation correction and attenuation
correction using transmission scanning further increases the quality of
coincidence imaging with the scintillation camera.  The addition of this new
technology has resulted in improved spatial resolution and sensitivity which
improve detectibility for tumor and brain imaging over that obtainable with
routine SPECT imaging.  The systems with coincidence imaging have
achieved the spatial resolution of current state-of-the-art dedicated PET
scanners but currently have limited sensitivity.  This results in dedicated PET
scanners still having a sensitivity advantage.  The implementation of
coincidence imaging technology has only minimally affected the routine
diagnostic imaging capabilities of the scintillation camera.

Educational Objectives:
At the completion of this presentation the audience will be able to:
1. Describe the modifications to the scintillation camera that have been

made to implement coincidence imaging.
2. State the specifications of current scintillation  cameras operating in the

coincidence mode.
3. Describe the limitations of current coincidence imaging technology with

scintillation cameras.

Acknowledgment: This work was supported in part by a grant from Elgems,
Ltd., Haifa, Israel.

President’s Symposium  (Theatre)

MO-C1-01
President’s Symposium:  PACS is Here to Stay!
Lawrence Rothenberg, Memorial Sloan-Kettering Cancer Center, New York,
NY

Introduction -
Lawrence Rothenberg, Memorial Sloan-Kettering Cancer Center, New York,
NY

The era of filmless radiological examinations is upon us.  Digital images are
manipulated and stored electronically, along with radiologists’ reports and
other pertinent patient information.  In this symposium, a diagnostic
radiologist (L.H.S.), a diagnostic imaging physicist (R.L.M.), and a radiation
oncology physicist (G.S.M.) will report on their experiences in working with
PACS.  In addition, guidance to clinical medical physicists in the evaluation
of these digital systems will be given by the Chairman of AAPM Task Group
10 on Computed Radiography (J.A.S.), and a medical physicist who supervises
an ongoing program of QA/QC for PACS (K.L.J.).

MO-C1-02
The Radiologist’s Workstation 
 Lawrence  H. Schwartz, Memorial Sloan-Kettering Cancer Center, New York,
NY

Functional workstation design is critical with the increasing dependence on
soft-copy review as PACS technology proliferates. There numerous factors to
consider in a Radiologist’s workstation related to workflow, ergonomics, and
user productivity. Careful 

integration with Radiology Information Systems (RIS) and Hospital
Information Systems (HIS) data, as well as additional dictation functionality
all add value for the Radiologist. The use of PACS may improve efficiency.
Examples will be illustrated in an oncologic radiology practice setting.
Workstation and PACS design and implementation for clinical (non-radiologic
needs) will also be discussed.

MO-C1-03
The Ongoing Relationship of PACS with RIS, HIS, and Other TLAs
 Richard L. Morin, Mayo Clinic Jacksonville, Jacksonville, FL

This lecture will describe the relationship between the Radiology Information
System, the Hospital Information System, and The Picture Archive and
Communication System.  The inter-relationship of these three systems is
crucial to the implementation of electronic imaging within the radiology
department as well as within the institution outside of radiology.  Topics
discussed will include: the nature and specification of interfaces within
radiology, the nature and specification of interfaces in the hospital setting, the
flow of data throughout the radiology department and institution, data
integrity, technologist’s workflow, and the retrieval and distribution of
electronic images.

MO-C1-04
Clinical Use of EPIDs as Part of a Radiotherapy PACS  
Gig Mageras, Memorial Sloan-Kettering Cancer Center, New York, NY

An essential condition for the successful use of Electronic Portal Imaging
Devices (EPID) in the clinic is that they be a part of an information
management system - sometimes referred to as picture archiving and
communication systems (PACS) - specifically designed for radiotherapy
departments.  This presentation discusses clinical implementation of EPIDs as
part of a radiotherapy PACS.  We describe ways in which such a system
provides the various tools that are needed for portal image acquisition and
review, and integrates this information with that from other parts of a patient's
treatment, i.e. from treatment simulation, planning, and delivery

MO-C1-05
Report on Task Group 10: Acceptance Testing and Quality Control of
Computed Radiography Imaging Systems
 J. Anthony Seibert, University of California - Davis, Sacramento, CA

Over the past five years a group of interested and dedicated members of the
AAPM have contributed their time and effort to Task Group #10 with the goal
of producing a document detailing the operation, acceptance protocols, and
quality control guidelines for computed radiography (CR) systems.  With the
increasing deployment of CR in the clinical environment in response to a
greater interest in electronic digital imaging, a need exists for the clinical
medical physicist to be knowledgeable about these issues.  In particular, the
differences from screen-film technology and the pertinent operational tests,
and results that indicate optimal performance are necessary.  Additionally,
substantial differences in CR implementation requires attention to unique
reader specific attributes, to which manufacturer representation on the work
group have participated in the development of critical appendices.  The final
draft document of TG-10 includes an overview of CR system operation,
clinical practice guidelines, generic acceptance procedures and recommended
periodic quality control tests, to be reviewed in the presentation.

MO-C1-06
Quality Assurance and Quality Control of a Picture Archiving and
Communication System
Kevin Junck, University of Alabama Hospitals, Birmingham, AL

Quality control in a diagnostic imaging department involves a series of distinct
technical procedures which ensure the production of a satisfactory product.
Although the product of the radiology department continues to consist of
images and reports, the development and implementation of picture archiving
and communication systems (PACS) has had a substantial impact on the
processes used to acquire and distribute this information.  The segmentation
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of a PACS into four components (image reception, transmission, storage, and
display) implies that each component should be specified and evaluated for
proper performance.  In addition,  digital image data is only one aspect of the
total patient data management of a health care institution, thus requiring
seamless integration with one or more information systems.  To maintain high
quality in the information provided by the radiology department, efficient and
effective quality control practices are essential.

Our institution has developed and implemented a quality assurance (QA)
program for an Intensive Care Unit (ICU) mini-PACS  operating in eight units.
Every image should be properly identified, processed, and oriented;
transmitted to the proper ICU viewing station; and have the radiologic
interpretation promptly available.  The QA program enables us to identify,
track, and correct errors which degrade the quality of the information provided.
As additional imaging modalities (Emergency Department Computed
Radiography system, CT scanners, MRI scanners) have been incorporated into
the PACS, this program has grown to encompass the acquisition of these
additional images.  Data will be presented in this paper describing the types
and frequencies of errors discovered in the PACS, as well as issues discovered
during implementation.

Educational Objectives:
1. To familiarize the audience with the utilization of PACS: electronic

display and storage of digital images and accompanying clinical
information.

2. To give a perspective on PACS from the point of view of the radiologist,
the diagnostic imaging physicist, and the radiation oncology physicist.

3. To provide clinical medical physicists with techniques for acceptance
testing and quality assurance of critical components of PACS systems.

Symposium (Centro)

MO-D1-01
One Hundred years of Brachytherapy
Basil Hilaris, New York Medical College, Bronx, NY

The Curies’ tedious work with pitchblende is a familiar story, as is that of their
triumphant announcement to the French Academy of Science on December 26,
1898 announcing the discovery of a new element to which they proposed to
give the name of radium.  Soon afterwards, the Curies loaned a small radium
tube to Henri Danlos, a physician at the Saint-Louis Hospital in Paris who
irradiated a patient with lupus.  In 1903, the Curies and Becquerel jointly were
awarded the Nobel Prize in Physics for the discovery of radioactivity.  The
nuclear age had begun.  Remarkable early results in skin cancer and lesions in
the oral mucosa ked to an explosion of interest in applications of natural
radiation to a range of diseases.  Soon physicians in may countries in Europe
established radium institutes.  Marie curie died in a sanatorium at Sancellemoz
on July 4, 1934 of aplastic pernicious anemia, injured by a lifetime’s work with
radiation.

In 1914, William Duane, professor of Physics at Harvard, had perfected a
radium emanation extraction and purification plant which made possible the
production of glass radon seeds for intestinal implantation.  Duane agreed ti
install a model of his plant at Memorial Hospital.  The next year Janeway
brought in a young engineering student, Giacchino Failla, as an assistant
physicist to take care of the radon plant and study methods of improving radon
applications in cancer treatment.  It became possible to compress radon into
capillary glass tubes.  Janeway, Barringer, and Failla co-authored a book
describing the early results of brachytherapy at Memorial Hospital.  The first
50 pages of the book were devoted to a didactic discussion of the physics of
radioactivity by Failla.  At the same time as these events at Memorial, John
Jolly and Walter C. Stevenson in Dublin were successful in placing the
capillary containers into the lumen of ordinary steel needles.  Barringer adopted
the innovation to facilitate the implantation of radon into carcinoma of the
prostrate using local anesthesia through the perineum.  In 1919, at the
insistence of Janeway, the hospital created a department of physics which Failla
was appointed director.  In the same year, Edith Quimby joined as an assistant
to Failla.  The oldest claim to the use of radium in cervical cancer in the United
States, to our knowledge, is that of Margaret Cleaves, who apparently used a
combination of X-rays and radium.  Howard Kelly was another pioneer in the

use of radium for treatment of gynelogical cancers.  He devised cystoscopy, the
Kelly pad, and rectal and vaginal specula among many related items.  Henry
Janeway’s work at Memorial Hospital beginning in 1914, with radium in
uterine cancer was most notable.  He was the first in the United States to
advocate radium as the treatment o choice in cervical carcinoma.  On October
16, 1916 in Philadelphia, Henry Schmitz of Chicago presented the bylaws for
a new association, the American Radium Society (ARS), which were approved
by a the twenty present prospective members.  The aims of the society were
declared to be the promotion of the scientific study of radium, its physical
properties, and its therapeutic applications.  As early as 1922 an ARS
committee was appointed to seek agreement with other radiological societies
to establish an accreditation institution for radiology.  It was not until 1933,
however, that the American Board of Radiology was founded to protect the
public from irresponsible practices and to preserve the dignity of qualified
professionals.

Between 1920-1940, in addition to work by Failla and Quimby at Memorial
Hospital, others, including Stenstrom at The New York State Institute for the
Study of Malignant Disease (later Roswell Park), Weatherwax at Philadelphia
General Hospital, and Glasser and Fricke at the Cleveland Clinic, began the
development of radiation physics departments that steadily contributed to the
science of radiation therapy.  The Mayo Clinic was at the time one of the few
institutions on the world where the practice of radiology was divided into three
sections: diagnostic, roentgenology, therapeutic roentgenology, and radium
therapy.  In 1922 Quimby published tables of intensity distributions at carious
distances from point, linear, circular, square, and rectangular sources.  Within
a few years, several other physicists published similar dosage tables, notably
Paterson and Parker, who gave the doses in terms of roentgens.  The gamma
rays emitted by radium sources were of sufficiently high energy to present a
serious problem in personnel exposure.  Despite good clinical results,
professional concern regarding the harmful effects of radium exposure,
technical difficulties related to sources construction and availability and
laborious dose calculations limited the use of brachytherapy to major centers.
Many radiation workers felt that these disadvantages of radium warranted the
investigation of the radionuclides for clinical use.

Production of artificial radionuclides resulted in a variety of commercially
available sources for brachytherapy, each with certain advantages and
disadvantages.  Iridium-192 in the form of wires and/or seeds, was introduced
in 1955 by Henschke as a substitute for radium needles and/or radon seeds.
Low-energy iodine-125 sources were introduced in 1965 at Memorial Hospital
as a substitute for AU-198 and Ra-222 in permanent implantation.  The
availability of new radionuclides made it possible to introduce improved
techniques for interstitial, intracavitary, and surface applications and created
a renewed interest in brachytherapy.  The principle of afterloading was
introduced and the method refined and developed further by Ulrich Henschke,
first at Ohio State University and, after 1955, at Memorial Hospital in New
York.  Afterloading of the radioactive sources has been responsible for the
present renaissance in brachytherapy.  Remote afterloading was developed in
the 1960s along two different lines: high-activity and low-activity remote
afterloaders.  High-activity remote afterloading was favored by the group at
Memorial Hospital from as early as 1961.  The first model at Memorial Sloan
Kettering Cancer Center in New York was used in the irradiation of tumors of
the vagina, nasopharynx, and mouth.  It was also used to treat cancers of the
cervix and endometrium.

In the United States the role of brachytherapy in the last 15 years has expanded
dramatically.  This increased role is reflected in the large brachytherapy
literature, the formation of the American Brachytherapy (Endocurietherpay)
Society, which lists more that four hundred members; and the journal
Endocurietherapy/Hyperthermia Oncology (ECHO) which has been published
under AES auspices since 1996.  The introduction of computer technology and
the resulting ability to produce radiation dose distributions projections
individualized for each patient has tremendously increased the accuracy of
brachytherapy.  New radionuclides with lower energy, improved physical dose
distribution, and radiobiological effectiveness were introduced in the 1980s;
pallidum-103 and Cs-137.  Dose rates varying from low dose rate (LDR) to
HDR and/or pulsed (PDR) brachytherapy-which allows a pulsed variable low
dose rate are currently being explored.  Tumor models developed in the
laboratory offer a reliable quantitative approach for the evaluation of various
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combinations of brachytherapy, chemotherapy, and/or immunotherapy in an
attempt to eradicate tumor cells at local and distant sites while decreased
morbidity.  Brachytherapy is entering the next millennium as strong as ever.

MO-D1-02
Marie and Pierre Curie and Radium History, Mystery and Discovery
Richard Mould, Surrey, United Kingdom

The discoveries of X-rays by Roentgen in 1895, of the phenomenon of
radioactivity by Becquerel in 1896 and of radium by Marie & Pierre Curie in
1898 saw the birth of today’s diagnostic radiology, radiation oncology and
nuclear medicine.  The presentation will include some new historical material
obtained from visits to museums in Paris and Warsaw and to the laboratory
sites where Marie & Pierre worked 100 years ago.  Little know archive
material still exists, including apparatus used by the Curies and Pierre’s lecture
notes from the School of Physics & Chemistry in Paris.  Photographs of what
is left of historic sites, such as the laboratory "shed" where polonium and
radium were discovered in 1898, are shown as well as 19th century views.

The 1898 report in the French journal Comptes Rendus describing the
discovery of radium was under the names of three authors: Marie & Pierre
Curie and G. Bemont.  Bemont then  disappears!  Who was he?  The mystery
was only really solved in 1997.  Also, why did the French Academy of
Sciences want corroboration of the discovery before they would publish?

Unique photographs of the stages in the early years of the preparation of
radium will be shown: technicians in suits and hats leaning nonchalantly with
their elbows on the laboratory bench whilst the radium solution bubbles away
over a Bunsen burner.  That was in 1904.  The alterations in the preparation
technique by the mid-1920s are then shown with a picture of Marie Curie in
Oolen, Belgium, watching the processing at the Union Minière du Haut
Katanga plant.

Early physics experiments with radium are pictured (but not demonstrated!)
including the detection of false gems, diagnostic uses with a mouse as the test
object, and the use of radium for entertainment at a party: the latter by no less
a person than Pierre Curie.  What a "Little Curies"?  One answer is found on
a French banknote (the photocopying of which nearly landed an American
radiologist in an FBI prison!) but there is much more to this story.  The start
of radiation biology is illustrated by Pierre Curie’s self-inflicted radium burn
on his forearm: which is a photograph from a French newspaper.  Examples of
early medical apparatus are also shown.  Marie Curie’s later work is also
described, including her visits in the 1920s to the USA to collect one gram of
radium for medical purposes, donated by the Women of America.

Bizarre uses of radium and radon are also illustrated: cosmetic creams (the skin
erythema was equated to a suntan!), radium impregnated electric blankets,
radium baths and the architect’s drawing of a hotel where radon gas (for
health!) was pumped into rooms, and finally: atomic soda and atomic perfume!

Educational Objective:
1. Teaching in the history of science

MO-D1-03
Marie Curie and Nuclear Medicine: Closure of a Circle
E. Saenger, The Eugene L. Saenger Radioisotope Laboratory, University
Hospital, Cincinnati, OH

Marie Curie (1867 - 1934), because of her discovery of radium, can be
considered as a predecessor to the field of nuclear medicine.  With her
enthusiasm for the treatment of cancer  she was instrumental in the formation
of a new medical field.  In her life she was privileged to witness the beginnings
of the field of nuclear medicine.  And as of 1998 two refinements in nuclear
medicine are clearly traceable to her efforts.  And what of the interval between
1934 and now?  Details to follow!

MO-D1-04
Paris’ Triangle of Radioactivity
Alain Laugier, Paris, France

Twenty centuries ago the city of Paris was established on a site where small
islands facilitate the crossing of the Seine River.  Between the 12th and 14th

centuries, the Cathedral of Notre Dame was built on one of them.  During this
period, a very active university, founded by Robert de Sorbon in 1227,
developed on the left bank of the river, in an area called B because of the
language spoken by the erudite of the period - the Latin Quarter.

This area was to become the cradle of radioactivity where even today
numerous institutions of major scientific importance are to be found.

The "Institut de France", of which the French Academy of Sciences
(established in 1666) is a part, publishes  all scientific advances in its weekly
Minutes ("comptes rendus").

In 1881 Pierre Curie and his brother Jacques presented their discovery of
quartz piezo-electricity.  This discovery led Pierre to invent a very sensitive
electrometer that proved to be critical to the isolation of polonium and of
radium.

The Physics Laboratory at the Museum of Natural History is where, for three
generations, Becquerel had been studying the fluorescence of uranium.  On
Sunday, March 2, 1898, Henri Becquerel discovered "uranic rays", the natural
radioactivity of uranium.

The Paris School of Physics and Chemistry was founded in 1882; Pierre Curie
taught physics there.  Henri Becquerel recommended Marie Sklodowska, a
Polish graduate in both physics and chemistry, to Curie (who married her in
1895) as an assistant.  They published the discovery of polonium on July 18th

and radium on December 26, 1898.

These three institutions define what the author calls the "triangle of
radioactivity" where other major related scientific establishments are also
located.

The Sorbonne University Faculty of Sciences was the first institution of higher
education in France to employ a woman professor:  Marie Curie succeeded her
husband as professor of physics there after his accidental death in 1906.

At the "Collège de France" (founded in 1530) Irène Curie, their daughter, with
her husband, Frédéric Joliot, published the discovery of artificial radioactivity
in December, 1934.

At the "Institut du Radium", established in 1909, Marie Curie devoted herself
to the study of radioactivity until her death from aplastic anemia in 1934.  The
Foundation Curie, for several decades the major comprehensive cancer
treatment center in France, was established there in 1921.

The contributions of the Curie family are  not limited to the strictly academic
domain.   Irène Joliot-Curie became the first woman member of the French
Cabinet when she was appointed Under-Secretary for Science (1936).  Frédéric
Joliot-Curie served as the first president of the French Atomic Energy
Commission (1946-1950).

The author describes the legacy - both civilian and military - left by the French
scientists instrumental in the development of radioactivity.  A radiation
oncologist, he outlines how places where radium needles and tubes were found
early in this century have become the core of the French cancer treatment
network.

Educational Objectives:
1. Radiation Dosimetry
2. Brachytherapy Technique
3. Cancer Centers
4. History of Radioactivity
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Young Investigators Symposium  (Plaza)

MO-D2-01
Determination of Sturation Charge and Collection Efficiency for
Ionization Chambers in Continuous Beams
C. Zankowski *, E. Podgorsak, McGill University, Montreal, QC, Canada

The procedure recommended by radiation dosimetry protocols for determining
the collection efficiency f of an ionization chamber assumes the predominance
of general recombination and ignores other charge loss mechanisms such as
initial recombination and ion diffusion.  For continuous radiation beams,
general recombination theory predicts that f can be determined from a linear

relationship between  and  in the near saturation regionQ/1 2/1 V

, where Q is the measured charge and V the applied chamber)7.0( >f
potential. Measurements with Farmer-type cylindrical ionization chambers
exposed to cobalt-60 gamma rays reveal that the assumed linear relationship

between  and  breaks down in the extreme near-saturation regionQ/1 2/1 V

 where Q increases with V at a rate exceeding the predictions of)99.0( >f
general recombination theory. 
We have developed a comprehensive model to describe the saturation
characteristics of ionization chambers.  The model accounts for dosimetric
charge loss (initial recombination, ion diffusion, and general recombination)
and non-dosimetric charge multiplication in an ionization chamber, and
suggests that charge multiplication plays a significant role under typical
chamber operating conditions (300 V) used in radiation dosimetry.  Through
exclusion of charge multiplication from the measured chamber signal Q, the

model predicts the breakdown of the  and  relationship andQ/1 2/1 V
shows that the final approach to saturation is governed by initial recombination
and ion diffusion which are characterized by a linear relationship between

 and 1/V.  Collection efficiencies calculated with this model differ by upQ/1
to 0.4% from those determined through a rigorous application of general
recombination theory alone.

MO-D2-02
Accurate Measurements of the Collision Stopping Powers for 5 to 30 MeV
Electrons
M. MacPherson *, C. Ross, D. Rogers, National Research Council, Ottawa,
Ontario, Canada

Accurate knowledge of electron stopping powers is crucial for radiation
dosimetry and related calculations.  The theoretical stopping powers listed in
ICRU report 37 have an estimated standard uncertainty of 1% for electron
energies greater than 100 keV.  We have completed the first measurements of
electron collision stopping powers that demonstrate sufficient accuracy to test
these theoretical values.  A large sodium iodide spectrometer was used to
measure the change in electron energy spectrum when an absorber of known
thickness was placed in the beam. Detailed Monte Carlo simulations were used
to account for the interactions that take place in the detector, absorber, and
surrounding materials.  The calculated spectra were broadened to account for
detector response, shifted and normalized to fit the measured spectra.  Energy
offsets from the fit were used to relate the ICRU 37 stopping powers employed
by the Monte Carlo simulation to the true stopping powers.  Measurements
were performed for incident electron energies from 5 to 30 MeV.  Materials
covering a wide range of atomic numbers and densities were studied, and the
measured values were found to agree with the ICRU 37 stopping powers
within the experimental uncertainties of 0.4 to 0.6%.  This level of uncertainty
represents an order of magnitude improvement over the best previous
measurements, and is sufficiently low to differentiate between the grain and
bulk density stopping powers of graphite, allowing the appropriate graphite
stopping power to be identified for the first time.

MO-D2-03
Computation of Variations in 3-D Dose Distributions Due to Setup Errors
and Organ Motion
A. Lujan *, E. Larsen, J. Balter, R. Ten Haken, University of Michigan
Medical Center, Ann Arbor, MI

Previously, we described a method to incorporate the effects of patient setup
uncertainties and organ motion due to breathing into 3-D dose calculations for
conformal therapy of liver disease.  This method is based on a convolution of
the static 3-D dose grid with distribution functions representing the setup
uncertainties in three dimensions and a mathematical function describing the
motion of the liver due to breathing. We showed the convolution-based
methods to be sufficient in predicting the mean expected dose distribution, D,
in the face of these uncertainties through comparison to Monte Carlo-based
direct simulation. However, because  patients receive treatment using a finite
number of fractions, the actual dose distribution realized by each patient will
generally differ from the mean expected dose distribution. Direct simulation
methods can predict the range of expected outcomes, but such approaches can
be quite inefficient.  Therefore, we have generalized our original method to
allow for an efficient calculation of both the dose D and the variance in D, 

2
D,

at any point within that 3-D dose distribution. Our methodology is presented,
together with examples of the implementation of these more realistic dose
calculations in (i) the interpretation of target volume coverage in conformal
therapy trials, and (ii) conformal therapy dose escalation studies based on
estimation of the distribution of dose to a critical organ.
Work supported by   NIH grant no. P01-CA59827

MO-D2-04
A Proton Cone Beam Computed Tomography System
P. Zygmanski *, M. Rabin, S. Rosenthal, K. Gall, Massachusetts General
Hospital

Computed tomography using proton and alpha particle beams has been
previously investigated using fan beam geometry and total residual energy
measurements of single particle events. Fourier transform CT reconstruction
was used in those investigations. We have constructed and characterized the
performance of a proton CT system which utilizes cone beam geometry and an
energy modulation system that is capable of acquiring a 16 x 16 x 16 cm data
set with approximately 5123 voxel resolution in a few minutes. The system
consists of a phosphor screen (GdOS:Tb) viewed by a scientific grade CCD
camera. The CCD signal versus penetration depth of the proton beam is made
nearly linear with the use of a beam energy modulator designed for the
purpose. Images obtained of a contrast and spatial resolution phantom have
been used to perform a Feldkamp-Davis -Kress cone beam reconstruction. The
resulting data show spatial resolution limits due to proton multiple coulomb
scattering of about 4 lp/cm. This system suggests a practical method for in vivo
proton stopping power measurement. The CT reconstructed proton stopping
powers of known materials show that the traditional method of converting xray
CT Hounsfield units to proton stopping power may lead to errors in proton
therapy treatments.

MO-D2-05
Photoacoustic Ultrasonography And Its Potential Application In
Mammography
Y. Fang *, R. Kruger, Dept. of Radiology, Indiana University Medical Center,
Inianaplois, IN

This paper investigated photoacoustic ultrasonography (PAUS) and its
applicability in breast cancer detection.  PAUS employs a short pulse of
electromagnetic energy, at either near infrared or microwave frequency, to heat
breast tissue.  Rapid heating, resulting from inhomogeneous absorption of the
energy pulse, generates ultrasonic waves.  The energy absorption patterns can
be reconstructed from these pressure waves recorded at a plurality of locations
external to the biologic tissue. The principle of the photoacoustic signal
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generation was analyzed, and the image reconstruction method was
implemented and validated by imaging experiments. Extensive studies of
microwave-induced PAUS demonstrated that an adequate absorption
difference of microwaves at 434 MHz does exist between benign and
malignant breast tissues.  Experiments suggested that adequate ultrasonic
signals can be detected using proper instrumentation, which allowed the
microwave absorption patterns to be reconstructed. It was concluded that the
microwave-induced PAUS is likely to be a useful imaging modality for breast
screening. 

MO-D2-06
Validation of High-Speed Regional Spatial Normalization Algorithm.
P. Kochunov *, J. Lancaster, D. Nickerson, P. Fox, Research Imaging Center,
University of Texas Health Science Center at San Antonio

Regional spatial normalization is an important step in the analysis of 3-D brain
images.  The goal is to remove anatomical differences by warping each brain
image to match corresponding features in a standard brain atlas.  Recent
algorithms perform this task using high degree-of-freedom deformation fields
that promise high-quality normalization., however execution time (2563 image)
can be several days.  A more efficient algorithm, Octree Spatial Normalization
(OSN), is being developed.  The task for octree processing is more nearly
related to surface area than volume.  Processing time of 15 minutes for 2563

arrays is possible with the current version.

The capabilities of OSN for deforming, matching, and continuity management
were tested in phantoms.  Two 2563 T1-weighted MR images were evaluated
for 3-D fit quality.  Global spatial normalization provided a reference level
with 15% of the brain voxels misregistered,  and OSN reduced this fraction to
2.3%.  This test was repeated without scaling, and the OSN processing worked
equally well with error reduction from 21% to 2.5%.

To test the inverse fit capability of OSN a forward transformed image was
inverse transformed and compared with the original brain.  The resulting error
was less then 2%.  The lack of complete match was attributed to the smoothing
introduced by trilinear interpolation during the forward and inverse
transformed image.  These results show that OSN can quickly warp brain
images.

MO-D2-07
Preliminary Evaluation of the Monte Carlo Code MCNP4b for Diagnostic
X-Ray Spectra
J. Mercier *, D. Kopp, The University of Texas Health Science Center at San
Antonio

To date, no public domain  Monte Carlo code has been validated for accurate
simulation of both shape and intensity of diagnostic x-ray spectra.  Given that
Monte Carlo is the most powerful method available for simulating radiation
transport processes, such a validated code would be of great use to the
diagnostic radiological physics community.  Our preliminary evaluations of
MCNP4b indicate that it benchmarks well for general purpose x-ray spectra
and that it needs improvement for mammographic spectra.

A major improvement in version 4b of the MCNP code, released in 1997, is an
enhanced electron physics package.  The new electron physics in the code
produce electron backscatter factors for various target materials that agree
within ~5% of measured data for incident electron energies down to about 10
keV.  These tough benchmarking tests prove the viability of multiple scattering
electron transport theories in the diagnostic energy range. 

MCNP4b spectra matched within ~5% the absolute outputs (mR/mAs) and
demonstrated similar shapes to semi-empirical spectra1 at 70, 100, and 140
kVp.  For mammography, the bremsstrahlung produced by MCNP4b at 30 kVp
for a Mo-target was within ~10% of measured values.  However, the

characteristic K x-ray peak was more than twice that of the measured data.
The poor result is entirely from inaccurate impact ionization cross sections in
the code.  Until these cross sections are updated, MCNP4b is not
recommended for spectra production from mammography targets.  

1 IPEM # 78, Catalogue of Diagnostic X-ray Spectra and Other Data, Institute
of Physics and Engineering in Medicine, 1997.

MO-D2-08
Automated Registration of Frontal and Lateral Radionuclide Lung Scans
Images with Digital Chest Radiographs
S. Armato III *, M. Giger, C. Chen, C. Vyborny, J. Ryan, H. MacMahon, The
University of Chicago, Chicago, Illinois

We have developed an automated technique for retrospectively registering
frontal and lateral radionuclide lung scan images with corresponding digital
chest radiographs to combine functional information provided by lung scans
with greater structural detail demonstrated in radiographs.  Consequently,
images with inherently different scales, resolution properties, and information
content are integrated in a useful manner.

Iterative gray-level thresholding is performed to construct contours
encompassing lung regions in digital posteroanterior and lateral chest
radiographs.  Contours encompassing the high-activity regions of the posterior
ventilation image and anterior, posterior, and right and left lateral perfusion
images are similarly constructed.  The relative dimensions of these contours
are used to determine horizontal and vertical factors by which the digital
radiographs are scaled to match the lung scan images.  Automatic
identification of anatomic landmarks allows for rotation and translation of the
images prior to superimposition.  An interactive display was developed for the
simultaneous color visualization of all images.

The lung scan images and digital chest radiographs from 50 patients were
analyzed, and four superimposed images composed of different image pairs
were constructed for each case.  Five radiologists subjectively evaluated the
registration accuracy of these superimposed images.  Less than 5% of the
ratings reflected "poor" or "very poor" registration on a 5-point scale.  We
believe that this automated scheme for registering frontal and lateral
radionuclide lung scan images with radiographic images has potential to aid
radiologists in the visualization of images.

M.L. Giger, C.J. Vyborny, and H. MacMahon are shareholders in R2
Technology, Inc.

MO-D2-09
Normal Tissue Complication Probability Estimation Method Based on the
Topology of Dose Distribution
D. Bonta *, E. Fontenla, Y. Lu, G. Chen, Department of Radiation Oncology,
University of Chicago Medical Center

Current methods for calculating the normal tissue complication probability use
various models for reducing the dose volume histogram of the organ of interest
to an equivalent dose-volume step function.

These methods reduce the spatial information about dose distribution. For
example two distinct hot spots can yield a DVH identical to a single hot spot
of equal volume. Furthermore the dose limits physicians recommend are
usually of the type "no more than x gray, to no more than y percentile of the
organ".

We propose a model for calculating the complication probabilities for normal
organs based on the size and topology of hot spots.
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The underlying supposition is that a complication will occur if a connected
subvolume of the organ of interest accumulates enough damage. Dose average
over the subvolume of interest measures the extent of  the tissue damage. We
use a linear expansion of the biological dose response curve around the
average dose. Because of this assumption we are able to ignore the details of
this curve. Complication will occur when the average dose exceeds a volume
dependent threshold. The model uses the power law to scale the dose average
for the different volumes. The model for the distribution of the complication
threshold in the population is a logistic distribution.

The model implicitly allows the existence of threshold volumes.

We applied this method to a group of 74 patient treated for prostate carcinoma
and estimated the model parameters and the size of the hot spot for each
patient. 

MO-D2-10
Modeling Dose-volume Response of the Spinal Cord
N. Stavrev *, A. Niemierko, P. Stavrev, M. Goitein, Massachusetts General
Hospital

Myelopathy, as a consequence of radiation damage to the spinal cord, should
be avoided at any price. To quantify the risk of myelopathy for any dose
distribution a model of dose-volume relationship is necessary. The models
often employed to describe the probability of myelopathy are variations of the
probabilistic model (Schultheiss). However, some recent animal data are not
well described by these models. In particular, these models cannot explain the
results on rats (van der Kogel), where dose-response of two separated 4mm
segments of the cord was similar to the response of one 4mm segment, and
very different from the response of one 8mm segment. These and other
experimental data on dogs (Powers) suggest that the cord dose-response curves
for different irradiated lengths might be parallel while the probabilistic model
predicts flattening out of the curves with increasing irradiated length. This fact
has important clinical implications because parallel curves mean larger
tolerance doses at the clinically meaningful low probabilities of complication.
To overcome these predicaments a new model is proposed in which a spatial
correlation requirement on the damaged subunits is imposed. The cord is
modeled to be composed of a few parallel fibers (nerves), and each fiber loses
its functionality when the extent of local lesions exceeds some threshold size.
The cord is damaged when the number of damaged fibers exceeds some
threshold level. Analytic formulae describing the model will be compared with
Monte Carlo simulations. Good agreement of the model with the experimental
data will be demonstrated. 

MO-D2-11
Real Time OR-based Optimized Planning for Prostate Brachytherapy
J. Zhang *, Y. Yu, D. Rubens, R. Brasacchio, J. Strang, A. Soni, M. Schell, P.
Okunieff, E. Messing, University of Rochester Medical Center

Purpose To demonstrate the feasibility and usefulness of a real time
intraoperative planning system with advanced optimization for prostate seed
implantation.
Materials and methods We have developed and implemented a method for
real-time optimized planning of prostate seed implantation in the operating
room (OR), based on the genetic algorithm (GA) driven Prostate Implant
Planning Engine for Radiotherapy (PIPER). An integrated treatment planning
system was designed and built, which includes real-time ultrasound image
acquisition, treatment volume segmentation, GA optimization, real-time
decision making and sensitivity analysis, isodose and DVH evaluation, and
virtual reality navigation and surgical guidance. Ten consecutive patients
previously scheduled for implantation were included in the clinical study.

Results The feasibility of the system was established by careful monitoring of
each step in the OR and comparison with conventional preplanned implants.
The median elapsed time for complete image capture, segmentation, GA

optimization and plan evaluation was 4.5, 10, 1.6 and 2 minutes, respectively.
The quality of the OR-based plans was shown to be equivalent to the
corresponding preplans via detailed dosimetric comparison. The perceived
usefulness was established through a questionnaire survey completed by each
participating clinician in the procedure. The time-saving and process-
streamlining potential of the new technique is discussed.

Conclusion An intraoperative optimized planning system for prostate
brachytherapy was developed. The feasibility and utility of the system was
established through a controlled clinical study.

Acknowledgement Work supported by a grant from the Whitaker Foundation.

MO-D2-12
Monte Carlo Based Inverse Treatment Planning
R. Jeraj *, P. Keall, Jozef Stefan Institute, Ljubljana, Slovenia

One of the major problems in radiotherapy is to deliver a known dose of
radiation to cancer tissues while minimising the dose to normal tissues, and
especially sparing critical tissues adjacent to the target volume. A new, Monte
Carlo-based inverse planning algorithm (MCI) has been developed, which
combines arguably the best current dose calculation method (Monte Carlo
particle transport) with a ’guaranteed’ optimisation method (simulated
annealing).  

The dose distribution from each beam element from a number of fields is pre-
calculated using Monte Carlo.  A distribution of photons is specified in the
tumour volume, from which photons are transported using an adjoint
calculation method to outside the patient surface to build up the initial phase
space which is used as input to the optimisation algorithm.  Simulated
annealing is then used to find the optimum weighting of each beam element.

MCI plans have been generated in various theoretical phantoms and also real
patient geometries. These plans show confirmation of the dose to the target
volume and the avoidance of critical structures.

MCI can be used as a benchmark with which to test the convergence to the real
solution of optimisation algorithms used in radiotherapy, and also dose
calculation algorithm accuracy for clinically relevant examples.  Because of
its generality it can be used for other particle types as long as an appropriate
Monte Carlo transport code is available. A limitation of MCI is the long
computation time required for the calculation of the individual beam elements,
and for the annealing routine. 

Symposium  (Fiesta A)

MO-D4-01
Computer-Aided Diagnosis And Its Potential Impact in Diagnostic
Radiology
Kunio Doi, University of Chicago, Chicago, Illinois

Over the last ten years, Computer-Aided Diagnostic (CAD) schemes have been
developed for the automated detection of lesions and also the characterization
of normal and abnormal patterns in order to improve the diagnostic accuracy
and the consistency of radiologists’ image interpretations.  Computer output
would be used as "second opinions" prior to radiologists’ final decisions.  In
breast imaging, CAD schemes include the automated detection of masses and
clustered microcalcifications in mammograms and breast images from other
modalities.  In chest radiography, CAD schemes include the detection of
nodules, interstitial infiltrates, cardiomegaly, pneumothoraces, and
asymmetries in conventional  and/or CT images of the thorax.  Other areas of
CAD include the analysis of stenotic lesions in angiograms and the analysis of
risk of fracture and osteoporosis in bone radiographs.  In this lecture, the basic
concept of CAD and some examples applied to chest radiography and
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mammography will be presented together with emphasis on the potential
impact on diagnostic radiology and medical physics.  In addition, recent results
obtained with an intelligent mammography workstation will be discussed.

Educational Objectives:
1. Understand the basic concept of computer-aided diagnosis
2. Understand the potential of CAD in radiology
3. Understand the broad application of CAD in radiology

K. Doi is a shareholder in R2 Technologies, Inc. (Los Altos, CA).  It is the
University of Chicago Conflict of Interest Policy that investigators disclose
publicly actual or potential significant financial interest which would
reasonably appear to be directly and significantly affected by the research
activities.

MO-D4-02
Computer-Aided Diagnosis in Breast Imaging at the University of
Michigan
Heang-Ping Chan, Nicholas Petrick, Berkman Sahiner, Mark Helvie, S.
Sanjay-Gopal, Lubomir Hadjiiski, Mitchell Goodsitt, University of Michigan,
Ann Arbor, MI

Computer-aided diagnosis (CAD) is a promising field that has the potential of
improving the diagnostic interpretation of medical images by providing a
consistent and reproducible second opinion to radiologists.  A CAD algorithm
may consist of several modules that either operate independently or are
cascaded so that some modules provide inputs  to others.  The first module in
the cascade is usually an algorithm that automatically detects suspicious
lesions on radiographs and alerts the radiologists to these regions.  Other
modules can extract image features of a suspicious lesion, which may be used
alone or in combination with other diagnostic information, to estimate its
likelihood of malignancy.  Some other modules can merge radiologist-
extracted image features and other patient information for  the same purpose.
Both the computer-detected suspicious lesions and the computer’s estimate of
the likelihood of malignancy of these lesions may be used by radiologists as
a second opinion in the detection and diagnosis processes.

Our research group at the University of Michigan has been developing CAD
methods for the analysis of medical images.  Currently, our major effort is
devoted to the analysis of breast images for breast cancer detection.  Computer
programs for the detection of masses and microcalcifications on digitized
mammograms have been developed.  A number of image processing
techniques have been designed and evaluated for the image enhancement,
segmentation, feature extraction, and classification processes in the CAD
algorithms.  For the characterization of masses and microcalcifications, we
have developed feature extraction and selection methods and evaluated the
ability of different classifiers to differentiate malignant and benign lesions.  
Researchers in our department are investigating new imaging techniques for
the diagnostic workup of suspicious lesions.  These techniques include three-
dimensional ultrasound scanning of breast masses and dynamic magnetic
resonance imaging of the breast.  The feasibility of computerized analysis of
the images in each modality has been studied and promising preliminary
results have been observed.  

We will describe the techniques used in our CAD algorithms for breast cancer
detection, provide an overview of our recent progress, and discuss the potential
of CAD for improving breast cancer diagnosis. 

Educational Objectives:
1. To learn some image processing techniques for computer-aided

diagnosis.
2. To learn the utility of computerized analysis in mammography,

ultrasound, and breast MRI.
3. To learn the potential of CAD for improving breast cancer diagnosis.

MO-D4-03
Computer Aided Diagnosis in Medical Imaging at Duke University
Carey Floyd, Duke University, Durham, NC

We will describe a computer aide for the clinical decision to perform breast
biopsy for those patients that have suspicious mammographic findings with the
goal of  decreasing the variability and increasing the specificity of the decision
to biopsy.  The decision to biopsy is a two stage process: 1)the mammographer
views the mammogram and determines the presence or absence of image
features such as calcifications and masses, 2) these features are merged to form
a diagnosis.  This work is motivated by a recent study which found that 52%
of missed breast cancers are due to  errors at the decision step and by the fact
that about 80% of the biopsies that are performed are benign.  An artificial
neural network has been developed to provide a likelihood of malignancy for
cases based on mammographic findings and patient histories. For a database
of 500 biopsied cases, 326 were benign. The ANN can decrease the benign
biopsies from 326 down to 140 while missing only 2 malignancies. Extension
of this model to a large multi-center database will be discussed.

Educational Objectives:
1. Learn about computer aided diagnosis
2 Learn about the decision for biopsy
3 Learn about artificial neural networks

Scientific Session (Centro)

MO-E1-01
High-resolution 3D Dosimetry for Endovascular Brachytherapy Using
Optical Laser CT Microimaging of BANG® Polymer Gels
M. Maryanski *(1), M. Ranade (1), M. Barry(1), A. Rangarajan (2), R. Nath
(3), U. Hafeli (4), H. Amols (5), C-S. Wuu (6) --MGS Research, Inc.(1), Dept.
of Diagnostic Radiology, Yale University (2) Dept. of Therapeutic Radiology,
Yale University (3) Radiation Oncology Dept. T28, The Cleveland Clinic
Foundation (4) Dept. of Medical Physics, Memorial Sloan Kettering Cancer
Center (5) Radiation Oncology Dept, Columbia, Univ.(6)

Dosimetry is a well recognized challenge in endovascular brachytherapy,
primarily because of very steep dose gradients near the source. Conventional
methods of dosimetry are both impractical and lack the spatial resolution
necessary to fully characterize these microscopic dose distributions within a
reasonable time. Recently, BANGR polymer gel dosimetry was applied to
measuring 3D dose distributions using MRI microimaging 1. In the BANG®
gel, radiation-induced polymerization creates a fine dispersion of polymer
microparticles that are trapped in the gel and whose spatial density faithfully
represents the dose distribution. In the polymerized regions of the gel, both the
water proton NMR relaxation rates and the optical absorbance increase linearly
with the absorbed radiation dose. Although preliminary results have been very
encouraging, the need to use expensive and rarely used high-field microscopic
MRI systems renders this technique all but impractical. An alternative to MRI
is optical laser CT scanning of the gel 2. We have developed a microscopic
scanning system using a He-Ne laser with beam compression, operating in a
translate-rotate geometry and capable of producing stacks of planar dose
distributions with pixel size and slice thickness on the order of 100 microns.
Microimages of test objects and dose distributions from real sources will be
presented. The performance, current limitations and further improvements of
this new technique will be discussed. 

This work is supported by a grant No. R43HL59813 from the NHLBI. 
References
1. Maryanski et al., Med. Phys. 24 (6), 995, 1997.
2. Maryanski et al., Med. Phys. 23 (6), 1069, 1996.
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MO-E1-02
A Comparison Study of Film Measurements with Monte Carlo
Calculations of Y-90, Re-188, Tc-99m, Liquid- and Xe-133 Gas-Filled
Balloon Catheters for Use in Intravascular Brachytherapy
F. Mourtada *, B. Coursey, L. Karam, S. Seltzer, C. Soares, M. Unterweger,
B. Zimmerman, National Institute of Standards and Technology

Dosimetry measurements and theoretical calculations of liquid- and gas-filled
balloon intravascular brachytherapy sources in tissue-equivalent A-150 plastic
are presented.  The investigated sources include 90Y, 188Re, 99mTc liquid-filled,
and 133Xe gas-filled balloon catheters. The balloon is a 0.025-mm thick nylon
with dimensions of 20-mm in length and 3-mm in diameter. The dosimetry
measurements in cGy/s were obtained using NIST-calibrated GAFChromic dye
film. To determine the contained activity (GBq) just before each film
irradiation, each source was measured using a calibrated ionization chamber
(dose calibrator). The films were irradiated at distances between 1 and 5 mm
from the balloon axis in A-150 plastic, and read out with a high-resolution
scanning densitometer. Theoretical dosimetry calculations of the catheter-
based balloon system for all radionuclides investigated were obtained from
Monte Carlo simulations using MCNP4B, and point dose kernel calculations.
The results of both measurements and calculations are expressed in absorbed-
dose rate per unit of contained activity (cGy/s/GBq).  Comparisons indicate
that the measurements and calculated dosimetry are  in reasonable agreement
(<10%) within the relevant treatment distance 4-mm). Theoretical radial dose
comparisons among the different radionuclides investigated will also be
presented.  This work will lead to the development of improved calibration
methods for liquid- and gas-filled balloon catheters.

MO-E1-03
Dose Perturbations by High Atomic Number Materials in Intravascular
Brachytherapy
R. Nath *, N. Yue, Yale University School of Medicine

In intravascular brachytherapy, use of high Z materials, like contrast agents
and metallic stents, can introduce significant dose perturbations, especially for
low energy photons.  To investigate this issue, the radial dose functions across
the interface between different materials and tissue were calculated by using
Monte Carlo simulation. Various interfaces, including contrast agent to water,
stainless steel to water, and bone (simulating a calcified plaque) to water, were
investigated for photon energies between 20 keV and 1 MeV.  It is found that
the dose to water near the interface is enhanced considerably for the photons
of energies between 20 keV and 200 keV. The maximum dose enhancement
factors for hypaque are 6.41, 9.7, 16.0, 12.0, 7.6, 1.3 for 0.02, 0.04, 0.06, 0.08,
0.1 and 0.2 MeV photons, respectively. The enhancement factor is almost
equal to 1 for the photon energy between 0.4 and 1 MeV. For 60 keV photons,
the maximum dose enhancement factors are about 16.0, 16.1, 16.4, and 3.4 for
hypaque, omnipaque, stainless steel, and bone, respectively. The dose
enhancement decreases exponentially with distance from the interface.  The
affected tissue thickness is also dependent on the photon energy. As expected,
the higher the photon energy is, the larger is the affected tissue thickness.  The
thickness affected is about 10, 20, 40, 60, and 70 microns for 0.02, 0.04, 0.06,
0.08 and 0.1 MeV photons, respectively.  This dose enhancement should be
considered in evaluation of the efficacy of intravascular brachytherapy.

1Dose Perturbations by High Atomic Number Materials in Intravascular
Brachytherapy

MO-E1-04
A Linear Accelerator Method for Producing Radioactive Stents for
Cardiovascular Radiation Therapy
K. Weeks *, Duke University Medical Center

Recently, there has been interest in the application of radiation emitting
materials for the control of restenosis after cardiovascular balloon angioplasty.

One  approach would be to use radioactive stents to prevent restenosis.  This
paper proposes using electron linear accelerators as an alternate production
device.   The purpose of this talk is to determine the range of energies and
power  levels necessary for production of clinically useful amounts of activity
in the stents using linear accelerators.

An intense beam of electrons can be used to produce  radioisotopes from stable
target material.  The physics process is the emission of neutrons or protons
from the nucleus via the giant dipole resonance.   The principle of our
approach is to maximize the flux of electromagnetic energy into the resonance
window of this reaction for a given material.  Nuclear physics cross section
data and Monte Carlo modeling is used to provide input  for calculating
activation yields and prediction of dose.    A 2 kW linear accelerator operating
at 25 MeV can be used to activate nitinol .  The decay properties of this
material is  summarized.  As an example, approximately 70 microCuries of
57Ni can be produced in a nitinol stent in less than 15 minutes.  This produces
a 10 Gy total dose at a distance of 1 mm from the deployed stent.  This dose
is delivered primarily in a few days after stent implantation. The results
indicate that linear accelerators can be used for in-house activation of stents for
novel cardiovascular radiation therapy.  

MO-E1-05
Conformal External Beam Irradiation (EBI) of a Stented Coronary Artery
P. Bloch *, L. Farber, E. Yorke, J. Ruffer, H. Hermann, University of
Pennsylvania

Feasibility of using EBI to inhibit  restenosis following placement of a stent in
a coronary artery was investigated.  EBI can deliver a  uniform dose to the
vascular bed containing the stent.  However the dose to  the normal heart
muscle must be minimized.  Long-term radiation induced heart complication
can be minimized by employing:  (1) several small dose fractions, (2) small
fields, and (3) multiple treatment beams. Designing conformal radiation fields
requires knowing the  location and  movement of the stent during the cardiac
cycle, and gating the radiation off when the stent moves outside the field.  An
amorphous Si- planar detector was used to obtain images of a Palmaz-Schatz
coronary stent in a single video fluoroscopic frame. Correlating the movement
of the stent during the cardiac cycle with the QRS wave in the EKG facilitates
development of  techniques to gate the accelerator beam. Images obtained from
different directions permits  selection of beam angles which optimally include
the stented region. Patient immobilization and control of breathing motion
during treatment will be important to achieve tight conformal fields that
minimize the dose to the heart.   The dose distribution was calculated for a
simulated treatment of a stented region in a left descending coronary artery
using three conformal coplanar photon beams that encompassed the  stent with
a 5 mm margin.  These simulations indicated that a uniform target dose can be
delivered to the tissues surrounding the stent, while less than 1.5 % of the
normal heart volume receives more than 50% of the target dose.

MO-E1-06
Dosimetric Feasibility of Conformal Radiation Therapy to Prevent
Coronary Artery Restenosis after Angioplasty
J. Roeske *, I. Abdalla, K. Farrey, G. Chen, University of Chicago, Chicago,
IL

There are currently a number of protocols considering the use of endovascular
brachytherapy for the prevention of coronary artery restenosis following
angioplasty. However, there are numerous disadvantages associated with this
technique. The purpose of this work is to consider the dosimetric consequences
of using conformal external beam radiation therapy (EBRT) for the prevention
of restenosis. In this analysis, contours were drawn of vessels based on a spiral
CT of a 70 y/o male for three potential targets : right coronary (RC),
circumflex  (CIRC) and the left anterior descending (LAD) arteries. The heart
volume, lungs, atria, and ventricles were also contoured. External beam plans,
consisting of multiple non-coplanar arcs, were calculated assuming an
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 idealized, static situation. Dose volume histograms were calculated for all
critical structures with each vessel treatment (only one vessel treated at a time).
The results of this study indicate that typically 20-25% of the entire heart
volume receives 10% of the dose or more. The regions which receive the most
dose are those adjacent to the target % right atrium and ventricle for the RC,
and the left atrium and ventricle for the CIRC and LAD. The percent volume
irradiated at the 50% isodose (or greater) is no more than 8% with most
structures receiving less than 1%. In each case, the  dose to critical structures
is well below the known radiation tolerance. These results suggest that EBRT
is dosimetrically feasible for delivering a highly conformal dose to prevent
restenosis. Techniques of delivery and limitations will be discussed. 

Scientific Session (Plaza)

MO-E2-01
Monitor Unit Settings for Intensity Modulated Radiation Therapy
Performed with a Multi-leaf Collimator
B. Miller *, M. Sharpe, Y. Wu, D. Yan, J. Wong, Radiation Oncology,
William Beaumont Hospital, Royal Oak,MI

Inverse planning creates tightly conforming dose distributions by modulating the
intensity of each treatment beam. To deliver such dose distributions with a multi-leaf
collimator [MLC], each modulated beam is decomposed into a sequence of
segments, which are delivered in a "dynamic-sweep" or "step-and-shoot" fashion.
Some beam segments are small (i.e., < 3cm on a side), and are offset from the central
axis. In general, inverse planning does not account for variations in treatment head
scatter with field size and off-axis position. In this work, the monitor units delivered
by each beam segment are adjusted using head scatter factors calculated by a pencil
beam dose algorithm that is equipped with an extrafocal source model. Pretreatment
quality assurance and verification are performed by comparing measurements of the
modulated beam delivery with the calculated dose distribution. Calculations have
been validated for fields ranging from 1 to 10cm on a side, for 6 and 18MV x-ray
beams. Dose rates [per MU] were measured and calculated relative to a 1010cm2

field, in water at a 10cm depth. At 6MV, the dose rate in a 11cm2 field varied
between 0.67 and 0.73, depending on off-axis position. At 18MV, the dose per MU
varied between 0.52 and 0.61. The measured dose rate depended somewhat on the
number of monitor units delivered. For one accelerator, the dose per MU varied by
less than 0.8±0.5% as the number MU delivered decreased, but increased by as
much a 2.9±0.6% for an older accelerator.

Supported in part by Elekta Oncology Systems.

MO-E2-02
The Influence of Head Scatter and Leaf Edge Effects on Dynamic Multileaf
Collimation
S. Spirou *, C. Chui, Memorial Sloan-Kettering Cancer Center, New York, N.Y.

Dynamic Multileaf Collimation (DMLC) has been employed at MSKCC for over
two years as a means of generating intensity-modulated beams for prostate patients.
The DMLC algorithm includes a head scatter correction factor by adding to the
primary source, which is a point source located at the origin, a secondary component
distributed about the origin. The algorithm also takes into account leaf edge effects
using a partial transmission function determined with ray-tracing techniques. For
prostate patients agreement between desired and measured dose distributions is
generally very good though, occasionally, discrepancies of 3-4 % are observed. To
better understand the source of the disagreement the issues of the head scatter and
leaf edge effects are more closely examined. It is shown that a) they can very easily
cause disagreements of several percent, b) these disagreements increase as the leaf
separation decreases, c) the disagreements are more sensitive to the position of the
upper jaw than that of the lower.

MO-E2-03
Modelling of Flattening Filter Scatter Through Thin and Thick Collimator
Apertures for Intensity Modulation Using the "step-and-shoot" Multileaf
Technique.
A. Ahnesjö *, A. Löfgren, M. Saxner, Helax AB, Uppsala, Sweden

Accurate dose and monitor unit calculations for intensity modulation with multileaf
collimators require consideration of the head scatter component. Through
experiments, analytical calculations and Monte Carlo simulations several authors
have pointed out that the flattening filter acts as an extended source for which the
contribution depends on how large portion of the flattening filter that is visible
through the collimating aperture. A common approximation is to model the aperture
as thin, i.e. assuming all collimating elements to be located in the same plane and not
considering the sides of the collimators as blocking. The thin aperture approach
enables use of simple convolution algorithms for integration over the visible part of
the extended source. A more rigid approach models the collimators as a thick
aperture including the effects of finite collimators with blocking sides. This requires
that all collimating elements must be considered as 3D space-filling objects which
in general is a very CPU time consuming task using standard raytracing techniques.
We have instead developed a faster approach using a polygon delineation technique
based on an effective grouping of projected collimator edges. Different collimating
situations are compared to identify the importance of full thick aperture
calculations. It is shown that simple rectangular fields can be treated as a
combination of thin aperture convolutions while more complex fields require a thick
aperture treatment.

MO-E2-04
Routine Clinical Use of Multi-Segment IMRT: Analysis of Planning Strategies
B. Fraass *, L. Marsh, B. Watson, W. Dusseau, M. Martel, D. McShan, H. Sandler,
A. Eisbruch, A. Lichter, Dept. of Radiation Oncology, Univ. of Michigan, Ann
Arbor, MI 48109-0010

The use of intensity modulated radiation therapy (IMRT) has become an important
research topic, however, clinical application of IMRT has been limited.  This work
reports more than four years of routine clinical use of multi-segment IMRT.  To
date, more than 340 patients have been treated with more than 475 unique  multi-
segment IMRT plans (2 to 6 MLC-shaped segments per field) using both automated
and non-automated treatment delivery with MLC-equipped treatment machines.
Multi-segment IMRT has been used to treat patients in a wide variety of clinical
sites, including brain, orbit, head/neck, lung, prostate, liver, pancreas, breast, and
other sites.  Such multi-segment IMRT can be planned and optimized with relatively
simple 3-D planning system tools, can significantly improve dose distributions, and
can be delivered with relatively conventional conformal therapy treatment
techniques.  An analysis of the planning strategies used for the many patients treated
to date is used to highlight various general IMRT and conformal therapy planning
and optimization issues.  Several treatment planning tools useful for IMRT planning
will be described and used to illustrate multi-segment IMRT planning strategies
which achieve improved dose distributions (methods to improve target volume
coverage, to improve target volume dose uniformity, and/or to increase normal tissue
sparing).  Planning strategies which have proven useful for various clinical sites will
be summarized and critiqued.  Since multi-segment IMRT should be within the
technical reach of many in the radiotherapy community, these results may be
applicable in a large number of institutions. Work supported in part by NIH grant no.
P01-CA59827.

MO-E2-05
Clinical Implementation of Intensity Modulation using Static Sequential MLC
Fields
L. Verhey *, P. Xia, P. Akazawa, University of Calif., San Francisco, CA

Intensity Modulated Radiation Therapy (IMRT) has been implemented in our clinic
using commercial planning software (CORVUS)1 combined with an automatic
sequential delivery control system (SIMTEC)2 for Siemens linear accelerators. The
intensity modulated (IM) fields are delivered using superimposed multiple static
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fields shaped by multileaf collimators (MLC). The IM plans are used only for
patients for whom a satisfactory plan cannot be obtained by conventional 3D
techniques. In order to keep treatment times practical, the beam geometry (gantry,
collimator and table angles) is carefully optimized manually. The number of
intensity levels chosen for each plan is based on the principle of As Simple As
Possible (ASAP) provided the clinical requirements can be met.  IMRT plans are
found superior to 3D-CRT plans based on dose volume histograms, isodose
distributions, and special clinical consideration for each patient. The average number
of gantry angles used in our IMRT plans is 3-5, and the number of intensity levels
is chosen to be 3. The total number of segments have varied from 25 to 120. The
corresponding treatment time (not including patient setup time) has varied  from 8
to 30 minutes with daily fractions of 200 cGy. Procedures for IMRT planning,
verification and  dosimetry quality assurance have been developed. We find that
IMRT treatment is clinically achievable with a commercial planning system and
auto-sequencing  delivery software. We will describe patient selection, work flow,
treatment planning and verification procedures, treatment delivery scenarios and
show predicted dose distributions and DVHs for patients with tumors in a variety of
sites.

1 NOMOS Corporation, Sewickley, PA
2 Siemens Medical Systems, Concord, CA

MO-E2-06
Superficial Doses from Serial Tomotherapy Delivery
S. Mutic *, D. Low, Mallinckrodt Institute of Radiology

Intensity modulated radiation therapy (IMRT) treatments at our clinic are performed
using a commercial computer-controlled treatment planning and delivery system
(Peacock/Corvus, NOMOS Corp.) and a Clinac 600C/D (Varian Corp.).  Target
volumes are treated with the accelerator in the arc mode and using sequential 1.68
cm thick slices with the patient moved between each successive slice delivery.  Due
to the method of delivery, superficial doses from a course of IMRT may be
significantly different from doses delivered with conventional radiation therapy.
Understanding these differences is becoming increasingly important as more and
more patients are being treated with this technique.  A water equivalent cylindrical
phantom was custom designed to evaluate dose distributions in the buildup region
using thermoluminescent dosimetry chips.  IMRT treatment plans were calculated
for centrally located, off-centered, and superficial targets.  To provide a comparison
against conventional therapy, the treatment plans were recomputed to deliver the
same target doses using conventional techniques.  For all three targets, superficial
doses from IMRT treatments were higher than doses from conventional radiation
therapy treatments.  The measured IMRT doses were also higher in all three cases
than the doses calculated using the IMRT treatment planning system.  Doses
measured in the buildup region from a treatment by IMRT of a superficially located
target indicated that bolus would be required to provide the prescribed dose at the
surface.  

  
MO-E2-07
Delivery Verification in Tomotherapy
J. Kapatoes *, G. Olivera, J. Balog, E. Schloesser, D. Pearson, E. Fitchard, P.
Reckwerdt, T. Mackie, University of Wisconsin-Madison, Madison, WI

We have developed a methodology by which the exit signal as measured by a 738-
element xenon chamber can be compared to the prescribed fluence sinogram.  This
allows for quick detection of errors that can result from the delivery pattern of the
multi-leaf collimator (MLC) and/or misalignment of the patient.  The presence of a
CT detector on the gantry of the tomotherapy unit makes this procedure possible.

The heart of this technique is the development of the matrix dij: the ensemble of
signal values in the detector element i per unit of fluence at leaf j. Specifically, dij

represents the total effect that each individual leaf has on the detector.  For our case
dij has the dimensions 496 x 20.  If a priori knowledge of this matrix exists, then the
delivered fluence for each leaf can be found by inverting dij and multiplying this
result by the detector signal recorded.

We have delivered a ring or torus-shaped treatment, which was optimized over 72
projections.  The signal detected by each element was recorded throughout the
delivery process.  These signals comprised a vector (496 x 1).  The inverse of the
matrix dij was multiplied by this vector to yield the delivered fluence from the MLC.

Scientific Session  (Fiesta A)

MO-E4-01
Attenuation Characteristics of Fiberoptic Plates for Digital Mammography and
other X-Ray Imaging Applications
I. Levis *, S. Vedantham, A. Karellas, Department of Radiology, University of
Massachusetts Medical Center, Worcester, MA 01655

Spatially coherent fiberoptic plates (fps) are important components of CCD-based
small format and full breast digital mammographic imagers.  These plates  filter out
the x-rays for protection of the CCD and transmit efficiently the scintillations from
the phosphor.  Attenuation measurements were performed using nine fps of different
composition and thickness.  Mammographic spectra and an Am-241 source (59.54
keV) were used.  The spectra were detected with a  high resolution cadmium zinc
telluride spectrometer.   The linear attenuation coefficients varied by more than a
factor of 3 in the set of the tested fps at both mammographic energies and 59.54
keV.   A 2 mm thick plate had an x-ray transmitted fraction of approximately
1.75x10-5 at mammographic energies.  In mammography, with fluence of 500,000
to 1,500,000 x-rays/mm2, past the phosphor,  9 to 27 x-rays/mm2  are transmitted
to the CCD  corresponding to 32,400 to 97,200 x-rays on the entire 60x60 mm
surface.  With a 0.5% CCD direct x-ray detection efficiency,  165 to 495 x-rays are
absorbed producing undesirable "hot" pixels.  The thickness of the fp and the CCD
package present a significant challenge in the design of small format digital x-ray
cassettes.   Our results suggest that a 3.0 mm thick high absorption plate is adequate
for shielding.  With optimization of the fp composition,  a thickness of about  2.0
mm is  realistic.  This allows more space for the cooling components of the CCD
cassette and for a more compact device which is critical for clinical implementation
of the technology.

MO-E4-02
Imaging Characteristics of A Dual Screen-Dual Film Combination for
Mammography
Z. Jing *, J. Sabol, G. Qu, J. Walker, J. Honeyman, University of Florida,
Gainesville, FL

A dual screen-dual film combination was developed based on a novel concept of
employing light emitted from two sides of a phosphor screen to expose two films.
Film #1 (Kodak Min-R E) was placed in direct contact with the phosphor side of
Screen #1. Screen #1 was made of the Kodak Min-R phosphor coated on a 4 mil
thick transparent backing. Film #2 (Kodak T-Mat G) was sandwiched between
Screen #1 backing and the phosphor side of Screen #2 (Kodak Insight ME screen).
The basic imaging parameters were measured, including H&D curves, MTF, NPS,
with resulting DQE calculated. Sensitometric measurement showed that Film #2 was
>2x faster than Film #1 in effective speed. Film #2 point contrast was >2 greater
than Film #1 in the Film #1 optical density (OD) range below 0.7. Film #1 MTF
performance was comparable to a Kodak Min-R screen-Min-R E film combination
up to ~20 lp/mm, while MTF of Film #2 demonstrated a limiting resolution of ~11
lp/mm. NPS results showed Film #2 noise level was higher than the corresponding
Film #1. Film #2 DQE was >1.5 greater than the corresponding Film #1 when Film
#1 was underexposed (OD<1.0). In summary, the use of the dual screen-dual film
combination in mammography provides a Film #1 image that is equivalent to that
of a conventional screen-film combination. However, Film #2 produces an
additional image with higher contrast and enhanced signal-to-noise ratio  for breast
regions that are underexposed on Film #1.

The research described in this abstract was supported by a NIH SBIR grant to
Nanoptics, Inc..
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MO-E4-03
Noise Power Spectra of Detectors for Digital Mammography
M. Williams *, P. Mangiafico, University of Virginia, Charlottesville, VA

Noise properties of two CCD-based systems for full breast digital
mammography have been measured. One system is an early commercial system,
currently undergoing initial clinical evaluation. The other is a system being
developed under an NIH-sponsored collaboration between two universities. Noise
properties of interest include x-ray signal dependence, spatial frequency dependence,
and temporal fluctuations.

Noise was evaluated in images processed using existing system algorithms for defect
mapping, dewarping, and nonuniformity correction. Both average (rms) and spatial
frequency dependent (NPS) evaluations were made. Characterizations of dark frame
noise and that of uniform x-ray flood images were made. Both one- and two-
dimensional noise power spectra were evaluated.

 
Although the two systems share many common noise characteristics, there are
significant differences, including markedly different dark noise magnitudes,
differences in NPS shape as a function of both spatial frequency and exposure, and
differences in the natures of the residual fixed pattern noise following flat fielding
corrections. Nonstationary behavior in both time and space in the rms magnitudes
and frequency distributions of the noise power were observed. Spectra are
nonisoplantic, and are complicated functions of exposure, spatial frequency, and
time.

The 2-d power spectra of both systems exhibit strong peaks indicative of periodic
noise components. Depending on the method of obtaining the 1-d NPS (i.e. synthetic
slit scanning or slice extraction from the 2-d NPS), these on-axis periodic structures
can be misleadingly smoothed or missed entirely. For low x-ray exposures, quantum
noise limited operation may be possible only at low spatial frequency. 

MO-E4-04
Assessment of Temporal and Spatial Characteristics of Contrast-enhanced MRI
for Automated Classification of Breast Lesions
K. Gilhuijs *, M. Giger, U. Bick, The University of Chicago

We developed methods for automated characterization of breast lesions using
contrast-enhanced magnetic resonance images (MRI).  The aim of this study is to
assess the efficacy of spatial and temporal characteristics to distinguish between
malignant and benign lesions.
 
Our database consists of 28 lesions: 15 malignant, 13 benign.  After injection of Gd-
DTPA, 3-D MR data are acquired in at least 4 time frames of 90 s.  The lesions are
characterized by 7 spatial features, quantifying the inhomogeneity, shape, and
sharpness (e.g., ‘margin gradient’) of contrast uptake over time.  Linear discrimant
analysis, step-wise multiple regression, cross-validation and ROC analysis are
employed to estimate the likelihood of malignancy and performance.  The methods
are employed in 3-D and 2-D (single and multiple slices), using all time frames and
single frames. 

Shape and sharpness were consistently the most effective features.  The best
performance was obtained in 3-D using all time frames (Az=0.96).  Analysis in 2-D
yielded varying performance (Az as low as 0.67), occasionally significantly lower
than that obtained by 3-D (p=0.005).  The ‘margin gradient’ feature yielded a
significant increase (p=0.013) in performance in 3-D during the first 270 s (Az from
0.65 to 0.85).  Multi-frame analysis yielded performance comparable to that
obtained from the optimal frame.
The performance of 2-D analysis varies, and may be significantly lower than that of
3-D analysis.  Using the given protocol, it is advisable to quantify margin sharpness
related features in not just the first time frame.
Disclosure: M.L. Giger, Stockholder, R2 Technology, Inc., Los Altos, CA.

MO-E4-05
Computerized Radiographic Analysis for Identification of BRCA1/BRCA2
Mutation Carriers
Z. Huo *, M. Giger, O. Olopade, D. Wolverton, The University of Chicago

Purpose: To identify computer-extracted mammographic features and develop
prediction methods which relate these features to breast cancer risk.

Materials and Methods: Mammograms from 15 BRCA1/BRCA2-mutation carriers
and 143 "low risk" women were digitized at 10-bit quantization and a pixel size of
0.1 mm.  Regions of interest of size 256x256 were manually selected from the
central part of breast region.  Various algorithms were developed to automatically
extract features to characterize mammographic parenchymal patterns.  These features
include the skewness, balance, contrast and coarseness, and RMS variation and first
moment of power spectrum from Fourier analysis. Linear discriminant analysis and
an artificial neural network were employed to merge multiple features in order to
classify subjects as mutation carriers or "low risk".  The prediction accuracy of these
models were evaluated in terms of their ability to differentiate between the "low risk"
women and mutation carriers.  To rule out possible bias due to the difference in age
distribution between the two groups, ROC analysis was also performed on the 15
mutation carriers and 30 "low risk" women who were randomly selected and age-
matched with the 15 mutation carriers.

Results: The multivariate methods yielded Az values, in the task of distinguishing
between the mutation carriers and "low risk" women, of 0.90 and 0.89 for the entire
database and 
age-matched database, respectively.

Conclusion: Noninvasive computerized radiographic analysis has the potential to aid
in identification of BRCA1/BRCA2-mutation carriers.

ML Giger is a shareholder in R2 Technology, Inc.

MO-E4-06
Probabilistic Lesion Segmentation in Digital Mammography
M. Kupinski *, M. Giger, The University of Chicago, Chicago, Illinois

The extraction of lesions from their surrounding parenchymal background is an
important step in many computerized mass-detection schemes for digital
mammography.  We have developed a novel lesion segmentation technique based
on probabilistic models to segment mass lesions from their surrounding background.
A series of image contours is created using gray-level information as well as prior
knowledge of the shape of typical mass lesions.  Probability distributions for gray-
levels inside and outside the contours are estimated, and subsequently employed to
determine the probability that the actual lesion is represented by each given contour.
The contour that maximizes this probability is selected as the final lesion partition
or contour.  We tested this method against a conventional region-growing algorithm
using a database of biopsy-proven, malignant lesions, and found that the new lesion
segmentation algorithm performed better in a comparison study with radiologists'
outlines of the same lesions.  At typical overlap thresholds, the new algorithm
correctly segments 34% more of the lesions in our database.  It is expected that with
the new segmentation, the performance of feature analysis and the overall mass
detection performance will improve.

Maryellen L. Giger is a shareholder in R2 Technology, Inc. (Los Altos, CA).
It is the University of Chicago Conflict of Interest Policy that investigators disclose
publicly actual or potential significant financial interest which would reasonably
appear to be directly and significantly affected by the research activities.
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MO-E4-07
Mammography Facility Survey Requirements Under the Final Rule
W. Mourad *, US Food & Drug Administration

The 1992 Mammography Quality Standards Act (MQSA) requires each facility to
have, as part of the accreditation process, an on-site annual survey to assure that the
facility meets the standards.  The survey must be conducted by a medical physicist
and consists of two parts: 1) survey of the mammography equipment, and 2)
oversight of the facility’s quality assurance practices.  In 1993, FDA published
interim regulations in which the American College of Radiology’s (ACR)
Mammography Quality Control Manuals were adopted by reference and have been
used since MQSA went into effect on 10/1/94.  Medical physicists have been
expected to conduct the quality control tests on mammography equipment using test
criteria that are substantially the same as the ACR’s.  

FDA published the final regulations on 10/28/97 and will implement them on
4/28/99.  The emphasis in the new regulations is more on outcome and performance
and less on procedure.  The physicist may use procedures that are different from the
ACR’s as long as the basic test conditions outlined in the regulations are followed.
Furthermore, in addition to the 10 QC tests that are conducted by the medical
physicist under the interim regulations, a few tests have been added in the final
regulations, some of which are part of the survey.

The paper will describe the new medical physicist qualification requirements and the
changes (in focus and content) in the annual survey requirements as a result of the
final regulations.

Symposium (Fiesta E)

MO-E5-01
Symposium on Women in AAPM
Colin Orton, Ann Wright, Harper Hospital, Detroit, MI and Ann E. Wright &
Assoc., Houston, TX

This symposium, organized by the Task Group on Women in AAPM in
collaboration with the Ad-Hoc Committee on Women, will examine the medical
physics profession from a woman’s perspective by considering issues related to the
education, training, professional certification, salary income, and involvement (or
lack thereof) of women physicists in the AAPM organization.  Currently women
comprise about 16% of the AAPM membership.  The percentage of women
involved in the AAPM organizational activities is generally increasing, although
there are still areas with low participation by women.  The leadership of the
Association recognizes this situation and has undertaken steps to identify and resolve
it.

This symposium will begin with a brief introduction followed by five speakers, a
video show, and a panel discussion.  Dr. Azam Niroomand-Rad will review the
results of an AAPM Professional Questionnaire that was sent to all the (identifiable)
women in the AAPM in February 1997.  Dr. Franca Kuchnir will discuss the
activities and involvement of women in AAPM in the past 5 years (1992-1996).  Dr.
Sandra Zink will discuss the results of research showing how men and women work
within different rule sets and boundaries to accomplish their professional goals.  Dr.
Geoffrey Ibbott will review AAPM structure and Dr. Bhudatt Paliwal will
acknowledge all the women officers and chairs of the
committees/subcommittees/task groups for 1998.  Dr. Ann Wright, the first (and
only) female President of the AAPM, will share her personal experiences with the
participants and will make the closing remarks.  The remainder of the symposium
will consist of a video show of Nobel Prize Laureates - Madam Curie and Rosalyn
Yalow by Marilyn Wexler and moderated discussions among the speakers, women
active in the AAPM, and the symposium participants.  The format of the symposium
will be as follows:

1. Opening Remarks (2 mins): Colin Orton
2. Results of the AAPM Survey of Women in Medical Physics (10 min): Azam

Niroomand-Rad
3. Women in AAPM: A 5-Year Profile - 1992 to 1996 (10 mins.): Franca

Kuchnir
4. Why Not More Women at the Top?  An Insight into the Dynamics of

Male/Female Interactions (10 mins): Sandra Zink
5.  Guide to the AAPM (10 mins): Geoffrey Ibbott
6.  Know your women colleagues: Chairs and Officers (5 mins): Bhudatt Paliwal
7.  Video of Nobel Prize Laureates: Madam Curie and Rosalyn Yalow (10 mins):

Marilyn Wexler
8.  Panel Discussion: Colin Orton and Ann Wright
9.  Closing Remarks (10-15 mins): Ann Wright

Educational Objectives:
Participants will
1. Learn about the medical physics practice from women’s perspective
2. Learn about the participation of women in various AAPM organizational

activities
3. Learn about the dynamics of male/female interactions
4. Learn about the AAPM structure
5. Take note of women colleagues active in the AAPM
6. Have the opportunity to voice their professional concerns

MO-E5-02
Results of the AAPM Survey of Women in Medical Physics
Azam Niroomand-Rad, Franca Kuchnir, Marilyn Wexler, Georgetown University,
Washington, DC; University of Chicago, Chicago, IL &  Santa Monica Cancer
Treatment Ctr, Santa Monica, CA

In February 1997, a questionnaire was developed and sent to 672 identifiable
women members of AAPM.  The questionnaire was designed to collect pertinent
information regarding degree held, board certification, years of experience, primary
employment, areas of practice, and time spent in clinical and academic pursuit.  In
addition, specific questions concerned individual member’s participation in various
AAPM organizational activities, including attendance in local chapter meetings,
annual meetings, and summer schools.

A total of 286 (42.6%) completed questionnaires were collected.  Of those who
responded, 6% held bachelor degrees and 62% and 31% held masters and doctorate
degrees respectively.  About 37% of the respondents were board certified, of whom
about 60% were in therapy and 21% were in diagnostic and nuclear medicine
combined.  Their years of work experience varied from 1-5 years (33%), 5-10 years
(27%), and 10-20 years (31%).  The majority of the women (56%) were employed
at private/community or medical school/university hospitals.  Most of the
respondents (70%) were primarily involved in clinical duties while (7%) were
primarily in research and another (7%) served in academic institutions.

About 41.4% of the respondents had joined the AAPM in the ten year span (1981-
1990) as compared to 41.2% in the six year span (1991-1996).  The majority of the
women (63%) were Full Members while (19%) were Junior and (11%) were Student
Members.  A vast majority (86%) did not participate in the AAPM activities.

In the past 5 years (1992-1996) their (%) attendance in the 5 Annual meetings was
as follows: (9%) attended five, another (9%) attended four, (16%) attended three,
(20%) attended two and another (25%) attended only one AAPM annual meeting,
while (21%) attended none.  Over half (59%) did not attend summer schools during
this period.  Most members (65%) had travel expenses paid in full by their
institutions while (19%) received partial support.  Detailed information concerning
the involvement of women members in various AAPM activities as well as the
results of AAPM 1996 Salary Survey will be presented.
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MO-E5-03
Women in AAPM:  A 5-year Profile (1992-1996)
Azam Niroomand-Rad, Franca Kuchnir, Marilyn Wexler, Georgetown University,
Washington, DC; University of Chicago, Chicago, IL & Santa Monica Cancer
Treatment Ctr, Santa Monica, CA

Using the AAPM Membership Directory, an analysis of the participation of women
in various AAPM organizational activities for a 5-year span (1992-1996) was
performed.  The activities considered were the ones listed in the Membership
Directory as Board of Directors, Former Officers, Awards & Honors, as well as all
committees/subcommittees/task groups listed under Education Council, Professional
Council, Science Council, and Administrative.  The number of (identifiable) women
participants for each of the above listed activities was counted.  The percentages of
women members participating in each activity (for each year) were calculated
individually, and then averaged over the 5 years.

In the 5 years (1992-1996), the total number of chairs and co-chairs (male and
female) of the committees/subcommittees/task groups under the Education Council,
Professional Council, Science Council, and Administrative Committees were 52, 55,
269, and 142 respectively.  In this period, the total number of members (male and
female) active in the committees/subcommittees/task groups under the three councils
and Administrative Committees was 538, 448, 2385, and 1155 respectively.  The
average percentages of women chairs, in the same period and in the same order,
were 13.5%, 27.3%, 5.9%, and 15.5% and the average percentages of women
members were 13.4%, 14.7%, 8.2%, and 11.4% respectively.  However, since the
number of chairs and co-chairs as well as the number of members in Science
Council is 71% of those listed in all three councils combined and over 50% of all
AAPM activities, the participation of women is considered to be low, particularly
in Science Council and those related to science activities.  In fact the top ten
activities in which the women had low participation were:  Science Council (0.0%),
Awards & Honors (5.7%), Science chairs (5.9%), Medical Physics Associate
Editors (5.9%), Education Council (7.3%), Science members (8.2%), Former
Officers (9.2%), Individual Appointments (10.3%), Administrative (11.4%), and
Board of Directors (11.7%).  An examination of degrees (PhD vs MS) and
certification of members will be presented.

MO-E5-04
Why Not More Women at the Top?  An Insight into the Dynamics of
Male/Female Interactions
Sandra Zink, Zink & Associates, Los Alamos, NM

Women are generally less well represented in the top positions of industry and
research when compared to their male counter-parts.  The different behaviors may
account for fewer women in positions of authority and power and their under
representation in the research community.  The results of research showing how men
and women work within different rule sets and boundaries to accomplish their
professional goals will be discussed.

MO-E5-05
Guide to the AAPM
Geoffrey Ibbott, University of Kentucky, Lexington, Kentucky

Even long-time AAPM members are sometimes overwhelmed by the size and
complexity of the Association.  They may be discouraged from taking full advantage
of its benefits or from participating in some activities.  This presentation will explain
the organization of the Association and help remove barriers to participation that
some members may feel.  The roles of the Board of Directors and the Executive
Committee will be described, along with the council and committee
structure.  Examples will be given of the roles of the Association’s liaisons, and the
activities carried out by the Headquarters Office will be discussed.  The mechanisms
by which members participate in the decision-making and policy-setting activities
of the Association will
be described.

Educational Objectives:
1. The attendee will gain knowledge of the organization of the AAPM.
2. The attendee will learn about the council and committee structure of the

AAPM.
3.  The attendee will become familiar with the officers of the AAPM.

Refresher Course (Centro)

TU-A1-01
Tissue Inhomogeneities in Photon Beams: Corrections, Controversies, and
Clinical Considerations
Jake Van Dyk, London Regional Cancer Centre, London, ON, Canada

The present trend is towards increased dose delivery with 3-D conformal radiation
therapy. The increased doses place additional constraints on the accuracy of
computed dose distributions due to the greater potential for complications. The
accurac y of the delivery of a radiation dose is dependent on: the accuracy with
which the beam can be calibrated in water, the accuracy with which the dose can be
calculated in a non-homogeneous patient in relationship to the calibration dose, and
the accuracy with which the calculated dose can be delivered to the patient.
Historically, dose calculations were performed assuming that patients consisted of
water-like tissues. With the advent of computerized tomography, in vivo and patient-
specific density information became available and could be incorporated into the
dose calculation process. However, in spite of the improved imaging and treatment
planning software, many radiation therapy departments still do not use tissue
inhomogeneity corrections. Some clinical trial groups demand that tissue
inhomogeneity corrections not be used for specific studies. In this refresher course,
the clinical need for inhomogeneity corrections will be addressed. The basic physics
relevant to photon irradiations of the human body will be reviewed. Different
methods of inhomogeneity corrections will be categorized according to the
dimensionality of anatomy or the dimensionality of the scatter that is incorporated
in the calculation. Practical methods of accounting for tissue inhomogeneities as
implemented in current commercial treatment planning systems will be summarized.
Benchmark data that can be used for comparing calculations against measurements
will be provided. Finally recommendations will be given on the implementation and
use of inhomogeneity corrections in clinical practice. The intent of this review is to
provide guidance for the practising clinical physicist to discern the capabilities and
limitations of commonly available inhomogeneity correction methods.

Educational Objectives:
1. To review the clinical need for inhomogeneity corrections.
2. To review the basic physics of inhomogeneity corrections.
3. To review the practical inhomogeneity correction methods in current use in

commercial treatment planning systems.
4. To review benchmark data available for testing inhomogeneity corrections.
5. To provide recommendations on the implementation and use of

inhomogeneity corrections in clinical practice.

Refresher Course  (Fiesta D)

TU-A3-01
Acceptance Testing, Commissioning and Quality Assurance for MLC
James Galvin, Thomas Jefferson University Hospital - Kimmel Cancer Center

Although the Multileaf Collimator (MLC) is an extremely
sophisticatedelectrical/mechanical device, two facts help simplify Acceptance
Testing, Commissioning, and QA of this equipment. First, the past five years of
clinical  experience have demonstrated a remarkable reliability for this new
technology, resulting in only a minor increase in treatment unit downtime when an
MLC is attached.  Second, a large number of studies have been conducted to
characterize the various collimator systems, and in many cases spot checking of the
information available in these reports is sufficient to show that an MLC system is
performing adequately.  This does not meanthat performance of a particular MLC
is guaranteed, and this talk describes measurements and checks that should be used
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to determine that the system can be  accepted from the manufacturer, and is ready
for initial and continued clinical use.  The measurements and checks are divided into
two parts: those recommended for utilization of an MLC for simple block
replacement and the additional measurements needed to use the system for Intensity
Modulated Radiation Therapy (IMRT).  For block replacement, it is convenient to
compare to the type, tolerance levels and frequency of checks that are typically used
(and recommended in the AAPM Task Group 40 report) for the QA of alloy block.
An analogy can be drawn between the accuracy and testing of block fabrication
equipment and demonstrating that the MLC can faithfully reproduce standard
shapes.  Block placement tolerance limits, typically stated as 2.0 mm, can be applied
to MLC systems.  This talk will include consideration of the possibility of tightening
the alloy block tolerance limits to take advantage of the superb mechanical accuracy
of modern MLC systems, and to better meet the needs of Conformal Radiation
Therapy (CRT).  The analogy with alloy blocks can be taken further if one considers
between-leaf leakage as equivalent to voids caused by air pockets within alloy
blocks, and the handling of MLC files as the equivalent of labeling of blocking trays.
The use of MLC for IMRT presents a different set of problems that will also be
discussed.  The issues for IMRT are most severe when this treatment is to be
delivered dynamically.  For example, if a sliding window of approximately 1.0 cm
is used for IMRT dose delivery, the 2.0 mm placement accuracy taken from the
alloy block analogy represents 20% of the window width and will not be acceptable.
Much of the testing and routine QA for MLC relies on film dosimetry.  This talk will
include discussion of the problem of accurately representing the rapid dose gradient
that occurs at an MLC defined field edge, or the very sharp peaks representing
between-leaf leakage.

Educational Objectives:
1. To present a comprehensive Acceptance Test procedure for MLC systems.
2. To develop a set of Commissioning measurements for MLC.
3. To furnish a list of Quality Assurance checks and measurements, and

corresponding tolerance limits. 

Refresher Course  (Fiesta A)

TU-A4-01
The Fundamentals of MTF, Wiener Spectra, and DQE
Robert Nishikawa, The University of Chicago, Chicago, IL

One role of a medical physicist is to help maximize patient benefit while minimizing
thecost of a diagnostic procedure.  In many instances, this can be restated as
maximizingimage quality while minimizing risk to the patient.  This is a complex
task, but a numberof concepts have been developed over the years that are useful in
quantifyingimage quality, namely, modulation transfer function (MTF), noise
(Wiener) powerspectrum (NPS), noise equivalent quanta (NEQ), and detective
quantum efficiency(DQE).  These concepts are measured in the spatial frequency
domain.  The MTFdescribes the spatial resolution properties of the system, the NPS
describes the noiseproperties, and together they can be combined to determine the
NEQ, which is related tothe signal-to-noise ratio (SNR) of the system.  The DQE
describes how efficientlyinformation (SNR) is passed through the system.  Drawing
on examples from x-rayimaging, I will describe what these concepts are, how they
are measured and how theycan be used.

Educational Objectives:
1. Understand the concepts of modulation transfer function (MTF), noise

(Wiener) power spectrum (NPS), noise equivalent quanta (NEQ), and
detective quantum efficiency (DQE).

2.  Understand how measure MTF, NPS, NEQ, and DQE.
3.  Understand how to use MTF, NPS, NEQ, and DQE.

Refresher Course  (Plaza)

New Developments in Biological Effects and Biophysical Models of
Brachytherapy  Sources

TU-A2-01
Ravinder Nath, Yale University, New Haven, CT

TU-A2-02
Colin Orton, Harper Hospital, Detroit, MI

TU-A2-03
Darwin Zellmer, Mercy Hospital, Scranton, PA

Physicists have traditionally concentrated on accurate measurement of dose
frombrachytherapy sources. Recent heightened interest in brachytherapy has
beenprecipitated, at least in part, by an increase in the number of both low dose rate
(LDR)and high dose rate (HDR) implants and the advent of intravascular
brachytherapy.Consequently, physical and biological factors which could ultimately
influence clinicaloutcomes need to be systematically examined. Biological systems
respond in a complexmanner to energy deposition depending on a number of factors,
e.g., intrinsic sensitivity,dose rate, fractionation and LET. Models which incorporate
dose rate, and intrinsicradiosensitivity have been devised to compare fractionated
HDR, pulsed dose rate (PDR)and LDR.  LETs for brachytherapy sources vary with
source energy and therefore havethe potential of producing differentials in biological
effects. Dose gradients at the source-tissue interface depend on source type and the
atomic number of the source capsule. The biological response (RBE) near the source
has a component that is dictated by the LET of the secondary low energy
electrons.The effect of dose rate for non permanent implants and insertions (~0.30 -
1.20 Gy/hr) has been previously modeled by NSDs and TDFs. More recently, repair
half times and’s associated with the linear quadratic (LQ) model for tissue sensitivity
have been usedto generate equivalent dose and dose per fraction for early and late
responding tissuesirradiated at all dose rates. The biological equivalent dose (BED)
or extrapolatedresponse dose (ERD) is defined as: BED = ERD = D[1 + GD/()],
where D (in Gy) is thetotal dose, G is a dose modifying function and  is the ratio of
the linear to quadraticcoefficients and are tissue type dependent. For tumors and
early responding  is ~ 10/Gywhile for late responding tissues it is generally assumed
to be ~ 2-3/Gy. From theexpression for BED with the appropriate G, dose
equivalence can be derived betweenfractionated HDR, PDR, and LDR. For the
special case applicable to continuousirradiation in which the overall time (T)>>
repair half time (t1/2), the above expressionreduces to  D[1 + 2R/()], where R is the
dose rate and  = ln2/t1/2.  For fractionated HDRthe expression becomes D[1 + d/()],
where d is the dose per fraction. (G = 1/N forfractionated HDR, where N = number
of fractions)

Sources commonly used in brachytherapy vary in energy from 21 keV for Pd103 to
662 keV for Cs137. The dose rate distributions about a given source vary with energy
and type of encapsulation. Over and above variation in dose rate, there are biological
effects which may be significant clinically. In general the biological effectiveness
and LET increase with decreasing energy. For example, predictions from
microdosimetry indicate that the RBE may be > 2.0 for Pd103 or I125 photons
compared to Cs137. In vitro measurements using cell survival assays have
qualitatively confirmed these predictions. These RBE differences have seldom been
used explicitly, but are often implicitly included in dose prescriptions of different
brachytherapy sources. Because the variations in RBE may be particularly large foe
secondary elections near metal/tissue interfaces, their impact may be of extreme
importance for intravasular brachytherapy for which the exact biological target is yet
to be identified.

Whether a brachytherapy source is a photon or emitter, the majority of ionization in
tissue is produced by electrons. The secondary electrons produced by the source
capsule (or intravasular stent) near the metal/tissue interface have a spectrum of
energies which is dependent on the materials’ thickness and the atomic number, Z.
For high Z materials the dose from the low energy electrons produced from the
source capsule can be 10-20X that from the source photons. Low energy electrons
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have a very limited range but a higher LET. The LET can vary by a factor of 3 or
more depending on the proportion of the dose deposited from track end electrons.
The possibility, therefore, exists for a much higher RBE which acts as a multiplier
to any increase in dose. The importance of higher RBE for secondary electrons and
particles in conventional brachytherapy is limited but may help to explain
differences  in dose response of intravascular irradiation. 

Refresher Course (Fiesta B)

TU-A6-01
Hands-on Ultrasound Quality Control
Carolyn Kimme-Smith, Mitchell Goodsitt, Heather Miller, William Clayman,
UCLA Medical Center, Los Angeles CA

As more and more ultrasound facilities apply for ACR accreditation, demands will
be made on imaging medical physicists to establish a quality control program. While
not required for the preliminary accreditation, renewal applications will expect a
quality control program to be in place. Medical physicists who do not wish to
perform these tests themselves must be able to teach technologists to perform the
tests and must be able to interpret the results.

This course will offer medical physicists an opportunity to refresh their skills in
ultrasound quality control using less expensive ultrasound equipment. The emphasis
will be on supervised hands on learning, rather than a didactic lecture. Participants
can arrive at any time and practice on any available equipment. Because only three
instructors will be available, physicists with no training in ultrasound are encouraged
to arrive early so they can have more individual instruction.

Quality control tests which have been recommended by various groups include:
penetration depth, uniformity, ring down, lateral and axial resolution, vertical and
horizontal caliper accuracy, display monitor setup and fidelity, and correspondence
of the ultrasound monitor and film multiformat camera. Except for the last test, all
the above can be tested during this refresher course with a variety of commercially
available phantoms.

Since each transducer frequency will determine the expected results for penetration
depth, ring down, and lateral and axial resolution, acceptable values for these
parameters at the various transducer frequencies will be given.

Educational Objectives:  
1. Review of routine ultrasound QC procedures. 
2. Ability to perform these procedures on ultrasound equipment. 
3. Knowledge of the expected results when performing these QC tests.

Refresher Course  (208)

TU-A7-01
Scintillation Camera Acceptance Testing
Michael Yester, University of Alabama at Birmingham, Birmingham, AL

It is prudent that a thorough evaluation be performed on scintillation cameras to
insure that manufacturer’s specifications are met and also serve as a baseline for
future checks.  A thorough checkout includes checks of the mechanical functions of
the camera, operation in the planar mode, and tomography.  The mechanical
checkout includes checks of the motions, alignment, and accuracy of readouts.
Planar testing concerns intrinsic parameters involved with uniformity (all nuclides),
spatial resolution, spatial linearity, count rate-performance, and multi-energy
registration.  Extrinsic testing involves system uniformity, spatial resolution and
sensitivity of the different collimators purchased.  As a camera is heavily used in the
tomographic mode in this day and time, further requirements are placed on the
imaging system and particular attention will be placed on tomographic evaluation.
A discussion of the procedures and tests that can be used to perform the above
evaluations are presented with a view to practical approaches and accepted standards

of testing.  Some suggestions for testing of new technologies that have been added
to scintillation cameras in recent years are presented.

Educational Objectives:
1. To provide knowledge on acceptance testing and an approach to a  thorough

testing of a camera, including planar and tomographic imaging
2. To provide information on different approaches and methods for  performing

the evaluations.
3. To show examples of different problems that might be found during the

testing process.

Refresher Course (Centro)

TU-B1-01
TG 53: Quality Assurance for Clinical Radiotherapy Treatment Planning
Benedick Fraass, Department of Radiation Oncology, University of Michigan Health
Systems, Ann Arbor, MI

In recent years, the sophistication and complexity of clinical treatment planning and
treatment planning systems has increased significantly, particularly including 3-D
treatment planning systems and the use of conformal treatment planning and
delivery techniques.  This has led to the need for a comprehensive set of quality
assurance (QA) guidelines that can be applied to clinical treatment planning.  This
course will summarize some of the results of the recent AAPM Task Group 53
report on "Quality Assurance for Clinical Radiotherapy Treatment Planning".  The
purpose of this report is to guide and assist the clinical medical physicist in
developing and implementing a comprehensive but viable program of quality
assurance for modern radiotherapy treatment planning.  The scope of the QA needs
for treatment planning is quite broad, encompassing image-based definition of
patient anatomy, 3-D beam descriptions for complex beams including multileaf
collimator apertures, 3-D dose calculation algorithms, and complex plan evaluation
tools including dose volume histograms.  The Task Group recommends an
organizational framework for the task of creating a QA program which is
individualized to the needs of each institution and addresses the issues of acceptance
testing, commissioning the planning system and planning process, routine quality
assurance, and on-going QA of the planning process.  This report, while not
prescribing specific QA tests, provides the framework and guidance to allow
radiation oncology physicists to design comprehensive and practical treatment
planning QA programs for their clinics.

Educational Objectives: 
1. Organize and review the major issues for QA of RTP systems and their use
2. Review of suggested formats for testing
3. Suggestions for organized support for RTP QA

Refresher Course  (Fiesta D)

TU-B3-01
MR Imaging of Flow
Geoffrey Clarke, Mustapha Hatab, Roddy McColl, University of Texas
Southwestern Medical Center at Dallas, Dallas, TX

This presentation focuses on the phase-contrast magnetic resonance imaging (MRI)
quantitative flow (Q-flow) method and its variants (i.e. complex difference). The
accuracy and utility of MRI Q-flow measurements versus other approaches such as
the indicator dilution method, flow meters, and Doppler ultrasound shall be
examined.  The MRI methods demonstrate several benefits when compared to more
conventional clinical methods for measuring blood flow.  

The motion of nuclear spins easily modifies the phase of the MRI signal.  Although
this phenomenon can lead to image artifacts, when it is properly managed MRI can
be used to measure in vivo physiological flow non-invasively.  The concepts of
gradient moment nulling and velocity-encoded gradient waveforms are used in the
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phase-contrast MRI method. To process the velocity image a threshold must be set,
which is determined by considering the different influences of noise on the MRI
phase and magnitude MR images.
Proper application of MRI to the measurement of physiological flow requires
consideration of the classical physics of flow, including the work of Reynolds and
Bernoulli, with particular attention to flow in the human cardiovascular system.   An
understanding of laminar flow characteristics and the properties of turbulence and
flow structure at vessel branches and stenoses is important for the proper design of
MRI Q-flow pulse sequences. The principles and history of MR flow measurements,
including phase-contrast and time-of-flight approaches, should be contemplated in
this context.

Specific sources of MRI Q-flow errors that the MRI physicist should understand
include intravoxel phase dispersion, improper setting of the velocity sensitivity, and
the misalignment of the flow-encoding gradient with the axis of blood flow.  When
determining flow in small vessels the partial volume effects on the accuracy of the
velocity measurement must be taken into account. Fast imaging methods, such as
k-space segmented breath-hold gradient reversal MRI and echo-planar MRI, offer
significant advantages for the accurate measurement of pulsatile flow in difficult
clinical situations. Based on these considerations, strategies for the design of
effective MRI Q-flow studies are developed.

MRI Q-flow has been shown to be effective for assessing various pathological
conditions such as cerebrovascular abnormalities, renal hypertension, intracardiac
shunting and coronary artery disease. MRI Q-flow data from measurements
performed on patients with these conditions, compared to data from conventional
clinical flow measurement methods, demonstrate the potential utility of Q-flow MRI.
Despite these promising results, educational and technological difficulties have
limited the routine use of MRI Q-flow measurements to the academic MRI clinic.

Educational Objectives: 
1. Understand the basic principles of MRI Q-flow measurements.
2. Identify clinical conditions for which MRI Q-flow would have potential

benefits.
3. Be able to plan an MRI Q-flow study to minimize artifacts and maximize

accuracy of the measurement.

This work has been done during the tenure of an Established Investigatorship from
the American Heart Association.

Refresher Course (Fiesta A)

TU-B4-01
ROC Analaysis
Charles Metz, University of Chicago, Chicago, IL

The limitations of "percent correct" as a measure of diagnostic decision performance
require introduction of the  concepts of the "sensitivity" and "specificity."  These
indices, and the related "true positive fraction" and "false positive fraction," are more
meaningful than "percent correct," but they do not provide a unique description of
diagnostic performance because their values depend on the arbitrary setting of a
decision threshold.  The receiver operating characteristic (ROC) curve is shown to
provide a simple yet complete description of this decision-threshold effect,
indicating all possible combinations of the conditional frequencies of the various
kinds of correct and incorrect decisions.

This presentation will focus on the fundamental concepts of ROC analysis when it
is used to quantify diagnostic  accuracy.  General issues of experimental design and
statistical analysis will be introduced at an elementary level.

Educational Objectives: 
1. Understand why ROC analysis is necessary in quantifying diagnostic accuracy
2.    Understand general issues of experimental design and statistical analysis that

arise in practical applications of ROC methodology.

Refresher Course (Fiesta E)

TU-B5-01
Medical Physics Documentation: The What and What Nots, The When and
When Nots, and the Why and Why Nots
Michael Leetzow, David Gooden, Robert Shalek, Michael Davis, Farideh Bagne,
G. White, AAPM Professional Council

The Legal Information/risk Management Subcommittee will conduct a panel
discussion on the appropriate medical physics documentation.  The panel will
discuss what to document, when to document and how long to keep it, and  the
reasons for doing so.

The subcommittee will reserve substantial time for questions.

Refresher Course (208)

TU-B7-01
Quality Control Procedures and Programs
L. Graham, West LA VA Medical Center/UCLA, Los Angeles, CA

Some professional organizations recommend/require that a comprehensive
evaluation of nuclear medicine camera performance be completed on a regular basis.
The purpose of this lecture is to describe a program that measures the performance
of all key parameters.

A satisfactory program must involve measurement of flood field uniformity at low
and high count rates, "uncorrected"  and in the "high count rate" mode, if available.
Off-peak images can be used to evaluate PMT balance, operation of the detector
electronics and check for crystal hydration.  Energy resolution should be measured
but this is difficult on some systems.  Floods of all collimators must also be acquired
to check for damage.  Intrinsic spatial resolution must be measured at low and high
count rates and in the high count rate mode.  An intrinsic bar pattern image of Ga-67
can be used to evaluate multiple window spatial registration circuit calibration.

Count rate performance can be measured by either one of two different methods
(two source or count rate vs. activity curves) with each having certain advantages.
Sensitivity  can be measured intrinsically with a point source or extrinsically with
a flask or a Co-57 flood.  The computer display and hard copy must also be
evaluated.  A computer test pattern can be used for the monitor; a film/color print of
a set of "identical" bar pattern images can be used for the formatter.

A protocol will be described by which the data for a comprehensive evaluation of
planar camera performance for a single head system can be acquired in .1.5 hr.
Some professional organizations indicate that these tests should be done at least once
each year.  
Evaluation of planar performance is a necessary, but not sufficient condition for
ensuring that SPECT performance is optimal.  Tomographic spatial resolution can
be qualitatively evaluated from reconstructed images of a phantom that contains
some type of resolution pattern; quantitative information can be obtained from a
reconstructed line or point sources.  Reconstruction of a simple cylindrical phantom
reveals artifacts and indicates the level of noise in the image but a phantom with
internal structures can be used to quantitatively assess both uniformity and contrast.
Quantitative measures of these parameters can be obtained on all systems using
standard keyboard operations.  The highest recommended frequency for the
tomographic tests is quarterly; the lowest is once each year.

The National Electrical Manufacturers Association (NEMA) will soon release a
guideline for SPECT quality control.  It is based on the thesis that the tests should
not be "burdensome" and focuses on those parameters that are mostly likely to
change.  
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Educational Objectives:
1. To describe a comprehensive program for performance testing by a medical

physicist; 
2. To provide a summary of the recommendations of professional organizations

with respect to the frequency of testing;
3.  To summarize the important features of the NEMA SPECT QC guidelines.

Scientific Session (Centro)

TU-C1-01
Helical Intensity Modulation Optimization as used in Tomotherapy
P. Reckwerdt *, G. Olivera, D. Shepard, T. Mackie, University Wisconsin-Madison

Helical tomotherapy applies intensity modulated radiotherapy (IMRT) in a helical
pattern within the constrained geometry of a ring gantry. Three dimensional helical
optimization of the individual pencil beam weights in this "continuous strip" of
radiation presents many advantages but also has novel difficulties not yet
encountered in standard IMRT. A number of three dimensional test cases ranging
from a simple geometrical problem to semi-anthropomorphic and anthropomorphic
problems will be demonstrated. Strict attention has been paid in the process of
building phantoms and test cases with lateral electronic disequilibrium, particularly
from slice-to-slice. Tests show the ability of convolution/superposition to adequately
deal with this electronic disequilibrium. In order to reduce the process time, we first
optimize the objective using TERMA and then continue to optimize with dose.
A number of solutions to helical problems will be discussed, including initial pencil
beam weight selection, geometrical advantages, the inclusion of realistic machine
characteristics, and the choice of helical pitch in order to avoid junction artifacts.

TU-C1-02
Intensity Modulated Radiotherapy with Charged Particle Beams: Studies of
Inverse Treatment Planning for Rotation Therapy
U. Oelfke *, T. Bortfeld, W. Schlegel, Deutsches Krebsforschungszentrum (DKFZ),
Heidelberg, Germany

Radiotherapy with charged heavy particle beams becomes increasingly available for
clinical practice. Successful application of this costly treatment modality requires the
development of strategies of treatment planning, which fully exploit the physical
advantages of charged particle beams. The concept of inverse treatment planning is
employed to investigate new strategies for the planning of IMRT with charged
particles.
  
To achieve optimal dose conformity, charged particles allow the simultaneous
modulation of beam intensity and energy. Thus far, these degrees of freedom have
been employed by using the concept of the spread out Bragg peak (SOBP). A
different approach, the method of ’distal edge tracking’, employs the variation of
beam energy to track the distal target edge with the Bragg peak. The idea of inverse
treatment planning is applied to the concept of ’distal edge tracking’ for a model
problem in rotation therapy. The formulation of this inverse problem is extended for
irradiations with arbitrary depth dose curves, and solved for Bragg peaks of proton
and heavy ion beams. The results obtained are compared to the standard SOBP
techniques.

It was found that ’distal edge tracking’ can only be physically realized up to a certain
target size. Additional energy modulation of the charged particle beam is required
for a combination of narrow Bragg peaks and large targets. If dose delivery with
’distal edge tracking’ can be realized a decrease of the integral dose delivered to
healthy tissues in the order of 30% was observed in comparison to the conventional
SOBP technique.

TU-C1-03
Bayesian Smoothing for Iterative Inverse Radiation Treatment Planning
J. Llacer *, EC Engineering Consultants, Los Gatos, California

It has been observed that some solutions to the inverse radiation treatment planning
problem by iterative algorithms may result in excessive fluxes in some radiation
beams, particularly at the edges of a treatment volume.  This is often the case in the
recently published results obtained with the Maximum Likelihood (MLE) or with
the Dynamically Penalized Likelihood (DPL) methods. Those effects are typical in
ill-posed inverse problems at sharp edges.  This paper will report on the application
of Bayesian smoothing to the inverse radiation treatment planning problem,
borrowed from Positron Emission Tomography image reconstruction techniques.
It will show that, for cases with inversion by the MLE and DPL methods, smoother
beam flux profiles are obtained without significant loss in the quality of the dose
delivered to the treatment volume or any substantial increase in the doses delivered
to sensitive tissue areas.  The Bayesian smoothing constraint applied to the target
function penalizes solutions that result in large differences in beam fluxes in selected
neighborhoods.  There is one parameter that controls the strength of the constraint
and the algorithms are stable within a substantial range of that parameter, allowing
solutions that extend from no smoothing to those that are excessively smooth and
show deterioration in the dose distributions.

TU-C1-04
Inverse Optimization of MLC-deliverable Intensity Modulated Beams
P. Cho *, S. Sutlief, M. Phillips, R. Marks II, University of Washington, Seattle, WA

The multi-leaf collimator (MLC) hardware constraints are normally neglected  in the
process of intensity modulated beam optimization. Consequently, it is  not always
possible to deliver planned beam modulation using dynamic MLC. Efforts of beam
optimization are wasted if the results must be approximated due to limitations
imposed by the delivery device.  To overcome this problem, an inverse beam
optimization method which incorporates the hardware  constraints has been
developed. The MLC constraints including the leaf  velocity, maximum leaf
overtravel, dose rate, minimum leaf gap and maximum  duration of beam pause
were added to the usual dosimetric objectives for the
tumor and critical organs.  The optimization scheme assumes unidirectional leaf
translation. The constraints are formulated either in beam space or  dose space as
convex sets.  The interchange between the two domains is  accomplished through
a transformation which is also convex.  Solutions are  obtained by iteratively
projecting the beam-dose vectors among the constraint sets. Convergence to a
solution is guaranteed by the convex constructs. 

The dosimetric model is a modified convolution/superposition method using multi-
resolution kernel sampling.  The optimization technique was applied to  a set of test
cases. Comparisons were made between the solutions produced by this method and
conventional optimization.  The beam profiles generated by the conventional
method were modified to meet the hardware specifications.  The results indicate that
inclusion of MLC constraints during optimization can improve the degree of
conformity that is deliverable.

TU-C1-05
Intensity-modulated Radiation Therapy: Dose-volume Optimization of
Segmented Multileaf Collimation Using a Gradient-based optimization
algorithm and a pencil-beam dose calculation algorithm
A. Gustafsson *, A. Ahnesjö, A. Löfgren, M. Saxner, Helax AB, Uppsala, Sweden

Intensity-modulated radiation therapy can be realized by a number of different
techniques, such as compensators, scanned beams and segmented or dynamic
multileaf collimation. This work is concerned with segmented multileaf collimation,
which has several advantages compared to other modulation techniques in terms of
availability, flexibility and quality assurance.

Conventionally, segmented multileaf collimation is obtained in a two-step process:
(i) optimization of a technique independent modulation matrix, followed by (ii) a
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translation of the modulation matrix into collimation segments. Translation is
approximate, it is generally not possible to completely reproduce the technique
independent modulation with segmented collimation. If large approximations occur
in critical regions, the outcome may be severely degraded as a result of the two-step
process.

To overcome this problem, the translation is embedded in the iterative, gradient-
based optimization algorithm. In each iteration step, the modulation is first modified
on the basis of the objective function gradient. Second, the modified modulation is
translated into collimation segments for which a realizable modulation matrix is
calculated. The iterative step is completed by calculation of the objective function
and its gradient using the realizable modulation matrix. The optimization procedure
is contained in a treatment planning system, and the system’s pencil-beam dose
algorithm is used to calculate the dose distribution required for evaluation of the
objective function and its gradient. It is shown that the proposed method generates
more optimal solutions than the two-step process, and that the time of optimization
is not substantially prolonged with the new approach.

TU-C1-06
A General Framework for Interactive and Automated Plan Optimization, Part
I: Evaluators, Modifiers, and Costlets
M. Kessler *, J. Kim, D. McShan, B. Fraass, Department of Radiation Oncology,
University of Michigan, Ann Arbor, MI 48109-0010

We have implemented a general framework to handle a wide variety of interactive
and automated treatment plan optimization problems.  Problems ranging from
interactive beam-weight optimization to fully automated optimization of intensity
distributions are handled using the same infrastructure.  In this report we concentrate
on a core feature of all optimization systems: the plan evaluation sub-system.  The
system reported here allows dynamic specification of both cost functions and
constraints before and during optimization.  The evaluation sub-system consists of
evaluators, modifiers, and costlets, and various ways to combine the costlets to
create an overall cost function used by the optimization sub-system.  Evaluators
operate directly on a candidate dose distribution, providing tissue specific metrics
(e.g., dose statistics, NTCP/TCP/biological model results, dose-volume constraints).
Modifiers are functions applied to evaluators to provide flexibility in how the
evaluator result is applied (basically a mapping between evaluator space and cost
space).  Examples of modifiers include floor, ceiling, and piecewise weighting.  The
result of applying a modifier to the output of an evaluator is a costlet.  A particular
structure can have several costlets. Costlets for different structures are combined
according to one of several models (e.g., weighted sum or product) to produce the
overall cost or score of the candidate dose distribution. The framework also supports
displays for visual validation throughout the optimization process, including DVHs,
dose-colorwashes, intensity distribution plots, and costlet/cost trajectories.  This
presentation will describe the rationale and implementation of this framework and
provide clinical examples of its use. Work supported in part by NIH P01-CA59827.

TU-C1-07
Planning and Dosimetric Verification of a Computer-optimized Segmented
Irradiation Technique for the Prostate
M. Brugmans *(1), A. van der Horst (1), J. Lebesque (1), B. Mijnheer (1), D.
McShan (2), B. Fraass (2), M. Kessler (2), Radiotherapy Department, The
Netherlands Cancer Institute/Antoni van Leeuwenhoek Huis, Plesmanlaan 121, 1066
CX Amsterdam, The Netherlands (1) and Department of Radiation Oncology,
University of Michigan Medical Center, Ann Arbor, Michigan 48109, USA (2)

In some prostate cancer patients, the target volume has a concave shape at the
rectum side, due to seminal vesicles which wrap around the rectum. To reduce the
rectal-wall dose in these patients, a coplanar segmented five-field technique has been
devised. Each field consists of an open segment (shaped in BEV to conform to the
PTV) and segments in which the rectum is shielded. For each patient, the weights
of all segments are optimized using the optimization algorithm developed at the
University of Michigan. The cost function is based on dose-volume criteria for the
PTV and the rectum wall. The optimization process results typically in two to four

rectum-shielding segments in addition to the five open segments. For a patient with
a typical concave-shaped PTV to which a dose of 78 Gy is prescribed, the rectal wall
NTCP for the segmented five-field technique is 24%. This is significantly smaller
than the value of 31% calculated for our conventional conformal three-field
technique, for the same coverage and mean dose to the PTV. The dosimetric
verification of the complete five-field technique is performed (i) by scans with an
ionization chamber in a water phantom for all segments, which are combined to
yield total dose profiles, and (ii) by delivering all segments to a film in a cylindrical
polystyrene phantom. The total dose calculated for this segmented technique is
within 0.5% of the measured dose at the ICRU Reference Point, while in the region
of the PTV the difference is smaller than 3%. 

TU-C1-08
Dose Volume Histogram Based Optimization for Intensity Modulated
Radiation Therapy
D. Togane *, R. Hamilton, A. Boyer, L. Xing, Stanford University School of
Medicine

In inverse treatment planning, the goal of producing the best possible dose
distribution has to be reformulated as an optimization problem where stated clinical
objectives are used  by the planning system to generate a solution that does not
violate the limitation of therapy delivery equipment. A commonly used approach
was to design the optimization of intensity modulated beams to satisfy a prescribed
dose distribution. In reality,  however, tumor control and organ tolerance are  more
accurately assessed by the volumetric information of dose distributions, instead of
the dose distribution themselves. Computationally, the optimization of a volumetric
objective function is much more complex than that of a purely dose-based because
of the indefinite relation between the dose and voxel indices. In this work, a dose
volume histogram (DVH) based objective function is constructed for intensity-
modulated radiation therapy optimization and an effective iterative algorithm is
developed to optimize the system. Attempts were made to escalate the dose to the
target while keeping specified fractions of the volumes of the sensitive structures
below certain dose limits. During an iteration, the beamlets are addressed
sequentially; each beamlet is chosen once and a small variation is given to its weight
to decide its movement direction. The iteration process driven by the objective
function continues until the best possible DVHs are achieved. The algorithm is
applied to a few clinical cases and the results showed significant improvement in
comparison with that of dose-based function, especially in the region near the target
margin.

TU-C1-09
A Comparison of Optimised Conventional Radiotherapy with Tomotherapy in
the Brain
M. Oldham *, V. Khoo, C. Rowbottom, J. Bedford, S. Webb, Joint Dept. of Physics,
The Royal Marsden Trust : The Institute of Cancer Research, Sutton, Surrey, U.K.

A brain-tumour treatment-planning study has been performed involving the
application of advanced optimisation techniques to improve on the dose distribution
of the ‘standard plan’.  The standard plan, created according to conventional protocol
at the Royal Marsden Trust, consisted of a 3 field (two wedged) non-coplanar
arrangement, with field shaping in the beam’s-eye-view.  Three optimised treatment-
plans were created corresponding to (i) the optimisation of the beam-weights and
wedge-angles of the standard plan, (ii) the optimisation of the beam-orientations,
beam-weights and wedge-angles of the standard plan, and (iii) a full-fluence
tomotherapy optimisation.  (i and ii) were created on the VOXELPLAN planning
system, and (iii) was created on the PEACOCK planning system.  The downhill-
simplex optimisation algorithm was used.  The ‘beam-cost-plot’ is presented as a
visual aid to the selection of beam directions.  Each optimisation approach was
evaluated on the basis of DVH and dose statistics in the PTV and organs-at-risk
(OAR).  All three optimisation approaches improved on the dose-distribution of the
standard plan.  The magnitude of the improvement was greater for the optimised
beam-orientation and tomotherapy plans (up to 15% and 30% for the max and mean
OAR doses).  For the medium sized convex tumour studied, the tomotherapy dose-
distribution showed a significant improvement on the standard plan, but no
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significant improvement over a conventional 3-field plan where the beam-
orientations, beam-weights and wedge-angles had been optimised.  We ackowledge
NOMOS for the loan of PEACOCK and DKFZ for the loan of VOXELPLAN.

TU-C1-10
Inverse Treatment Planning Using the Dynamically Penalized Likelihood
(DPL) Algorithm and a 3D Pencil Beam Calculation Engine
A. Arellano *, T. Solberg, J. Llacer, Department of Radiation Oncology, UCLA
School of Medicine, Los Angeles, CA

We have coupled the Dynamically Penalized Likelihood (DPL) inverse treatment-
planning algorithm with a commercial, 3D treatment planning system.  The DPL
algorithm is an iterative method based on the Maximum Likelihood Estimator.  The
DPL algorithm has been shown to be fast, flexible and robust in finding solutions to
inverse problems with simple patient modeling and energy deposition.  The coupling
of the DPL algorithm and the commercial system allowed us to find solutions that
accounted for scatter and beam divergence during the beam weight optimization
phase by using a FDA approved pencil beam calculation engine.  The commercial
system was used to generate a separate dose matrix for each of the pencil beams in
the plans.  These dose matrices were made available to the DPL algorithm.  The
DPL algorithm was used to find inverse problem solutions based on the geometry
supplied and with full knowledge of the dose contributions by each of the pencil
beams involved in the plan as supplied by the commercial system.  We subsequently
compared three different beam optimization results from: 1) parallel pencil beams
with primary only optimization and forward calculation 2) parallel pencil beams
with primary only optimization and full scatter forward calculation and 3) divergent
pencil beams with full scatter optimization and forward calculation. Significant
differences were obtained when the beam weights from the primary only
optimization were used in a forward calculation in the commercial system.  Once
scatter and divergence were considered during the optimization, the DPL’s results
agreed with those of the commercial system.

Scientific Session (Plaza)

TU-C2-01
Radial Dose Distribution at Proximate Distances from a High Dose Rate (HDR)
192Ir Source for Endovascular Brachytherapy Applications
S. Cho *, W. Hanson, University of Texas M.D. Anderson Cancer Center, Houston,
TX

High dose rate (HDR) 192Ir sources in remote afterloaders can be used for
endovascular brachytherapy applications, such as restenosis prevention. The
determination of accurate dose distribution at proximate distances (i.e., 0.1-1.0 cm)
from an HDR 192Ir source is  crucial for the success of treatments because the target
cells for endovascular brachytherapy are typically located within a few millimeter
from the source. However, information about the dose distribution at such distances
is scarce because of its limited impact on conventional brachytherapy and the
difficulty of accurate measurements. In this study, the radial dose distribution
between 0.1 and 1.0 cm from an HDR 192Ir source (Nucletron Corporation,
Columbia, Maryland) was calculated by Monte Carlo calculations using the MCNP
4A code in a coupled photon-electron transport mode. Results show that the dose
rate decreases by a factor of approximately 60 as the radial distance increases from
0.1 to 1.0 cm. Calculated values are presented in 1 mm intervals and compared with
a few data points available from published Monte Carlo results obtained from the
MCPT code that performs photon transport only. This comparison allows the effect
of including electron transport on the calculational accuracy to be discussed.
Recommendations on an adequate dose calculation grid size and interpolation
scheme will be presented for dose calculations in endovascular brachytherpy using
HDR 192Ir sources.

This investigation was supported by PHS grant CA 10953 awarded by the NCI,
DHHS.

TU-C2-02
Evaluation of a New 125 I Brachytherapy Source by AAPM TG43 Formalism
R. Wallace *, J. Fan, UCLA Department of Radiation Oncology and North
American Scientific, Inc.

Clinically relevant dosimetric measurements to characterize a new 125I source were
performed.  Measurements were made in phantom using TLD rods.  The NIST
traceable air kerma strength, Sk, of the source was used in determining the dose-rate
constant, .  Reference TLD calibration for the absolute dosimetry was made using
a calibrated 60Co teletherapy beam.  Analysis was made with the results represented
in terms of the AAPM Task Group #43 parameters.  Based on this study, the new
source compares favorably with other commercially available 125I source(s).  A
comparison of the radial dose distribution is made between liquid water and a tissue
equivalent material for the 125I energy range.  Tabular data evaluated in liquid water
suitable for incorporation into treatment planning system(s) are provided for the
dose-rate constant, , the radial dose function, g(r), the anisotropy function, F(r,), the
anisotropy factor, an(r), the point-source approximation anisotropy constant, an, and
the point-source average dose-rate times the square of distance for unit air kerma
strength, r2 · D(r).
Supported in part by North American Scientific, Inc.

TU-C2-03
Dosimetric Modeling of the MicroSelectron High Dose Rate Ir-192 Source by
the Multigroup Discrete Ordinates Method
G. Daskalov *, J. Williamson, R. Baker, D. Rogers, Institute for National
Measurement Standards, NRC of Canada, Ottawa, Canada

The Discrete Ordinates Method (DOM) is a deterministic solution to the Boltzmann
equation governing photon transport.  DOM transport solutions are in principle as
accurate as Monte Carlo photon-transport (MCPT) simulations but are potentially
much faster, offering the prospect of using fundamental transport calculations as
brachytherapy treatment planning tools.  DOM calculations have been extensively
benchmarked and used for neutron transport calculations but, to our knowledge,
have never been applied to low energy, photon-emitting, point-like sources
embedded in shallow penetration media characteristic of brachytherapy.  In this
study, we have evaluated the accuracy of the DANTSYS DOM code system for
modeling the two-dimensional (2D) dose distribution around the microSelectron-
HDR Ir-192 source.  DANTSYS code estimates of the transverse-axis water kerma
distribution from 0.1 mm to 7 cm distance and polar dose profiles at distances 0.25
cm, 1.0 cm, and 5.0 cm from the source center were compared to corresponding
continuous-energy Monte Carlo calculations.  A multigroup gamma cross section
library with a fine energy grid was developed by the NJOY code system using the
DLC-146 cross section library specifically for benchmarking DOM accuracy in
brachytherapy applications.  The root mean square error (RMS) of DANTSYS
results in comparison to the MCPT ones is less than 2%, confirming that discrete
ordinates transport solutions can accurately model brachytherapy source dose
distributions in this energy range. Even with the fine energy group structure
calculations presented here the DANTSYS gain in CPU time is tenfold.  Supported
by NIH Grant R01 CA46640.

TU-C2-04
Source Localization from Axial Image Sets by Iterative Relaxation of the
Nearest Neighbor Criterion
W. Bice *, D. Dubois, J. Prete, B. Prestidge, UTHSCSA

The use of axial image sets has become widely used to localize interstitial
brachytherapy sources.  One application of this method of localization is to perform
post-implant dosimetry following transperineal interstitial permanent prostate
brachytherapy (TIPPB) where the advantage of displaying the target structure and
the source locations on the same image is crucial.  The design of an appropriate
scanning sequence often results in abutting slices of an intermediate&in relation to
the source size&slice width (3, 4, or 5 mm).  Because a single source may be imaged
on more than one slice, the resultant scans then show many more source locations
than actual sources implanted.  The dosimetrist is then faced with tedious task of
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determining which sources appear on more than one slice and deciding which source
locations to eliminate from the data set.

Several treatment planning systems offer the capability of helping the dosimetrist
determine which sources appear on multiple slices by using a nearest neighbor
criterion.  For instance, a source that has neighbors on adjoining slices that fall
within a predetermined distance are highlighted to aid in the decision-making
process.  We have developed an algorithm which automates this process by relaxing
the nearest neighbor criterion until the number of sources is reduced to either the
number of sources implanted or the number counted on a projection radiograph.
This paper details this algorithm and the results of its application to phantom studies,
comparing to known source locations, and clinical studies, comparing to orthogonal
film source localization.  

TU-C2-05
Virtual Reality Assisted Brachytherapy
A. Berndt *, S. Miller, J. Bews, D. Christle, S. Pistorius, Manitoba Cancer Treatment
and Research Foundation, Winnipeg, MB, Canada

Conventional interstitial brachytherapy is often characterized by suboptimal implant
geometries and  lengthy treatment planning sessions. We have developed a virtual
reality (VR) based prototype which will lead to improvements in both areas. Its use
has been demonstrated on a phantom for a base-of-tongue implant.

A wax head-and-neck phantom was CT scanned and the resulting data set
segmented and displayed in a virtual world. The physician then donned a VR
headset to become completely immersed and began to insert implant needles into the
real phantom while viewing only the virtual world. The motion of the needles was
tracked using an electromagnetic system to provide real-time information regarding
their respective locations relative to the phantom. The physician’s head was also
tracked to provide the correct viewpoint in the virtual world. By making skin and
overlaying structures translucent, the physician was provided with an "x-ray" view
and could visualize the location of needles at depth in the phantom.
Once the last needle was inserted, the physician immediately began to move virtual
radioactive sources into the virtual needles and evaluate various source arrangements
on the basis of computer generated isodose distributions. The need to acquire
orthogonal radiographs of the phantom and implant geometry and digitize these into
a planning computer was not necessary as the complete 3-dimensional representation
of both already existed.

This presentation will summarize the prototype as utilized for a base-of-tongue
implant on the wax phantom as well as present an estimate of treatment errors due
to tracking device limitations. 

TU-C2-06
Optimization and Evaluation of Planar HDR Implants
R. Zwicker *, D. Arthur, B. Kavanagh, R. Mohan, R. Schmidt-Ullrich, Medical
College of VIrginia/Virginia Commonwealth University, Richmond, VA

Promising results from several institutions have led to the opening of an RTOG
study using brachytherapy as the sole method of radiotherapy for some early breast
cancers.  Eligible patients undergo biplanar Ir-192 implants, LDR or HDR.
Optimization conditions for biplanar LDR implants have been published previously.
The present work gives the corresponding constraints for HDR.  Flexible individual
dwell times allow a high degree of dose uniformity in planes parallel to the implant
planes.  In this case optimal biplanar dose uniformity is obtained when the
interplanar separation s is related to the target volume thickness t through the simple
proportionality, s=t/21/2.  This condition ensures that for ideally constructed
implants, the dose delivered at the implant center is equal to the dose prescribed at
the target surface.  For a number of reasons, implants approximating the ideal
geometry are not readily achievable in practice.  To estimate the importance of
catheter placement, a numerical study was carried out examining the average dose
and equivalent uniform dose (EUD) inside the prescription isodose surface for a
range of suboptimal catheter geometries.  In calculating EUD, alpha-beta ratios

characteristic of both acute and long term effects were used.  The results show that
in contrast to the average dose, the EUD is a weak function of catheter
misplacement, suggesting that the biological consequences of suboptimal implant
geometry may be less significant than is indicated by the increase in average dose.

TU-C2-07
A Shortcut in the Treatment Planning of Prostate Implants Using Evenly
Spaced Seeds
Y. Chen *, P. Glennon, R. Stanton, R. Holst, C. Koprowski, Radiation Oncology
Department, Cooper Hospital/University Medical Center, Camden, New Jersey

Pre-calculation of the dose distribution produced by evenly spaced radioactive seeds
aligned in a needle, such as I-125 Rapid StrandTM, provides shortcut in treatment
planning for ultrasound guided prostate implants.  In cylindrical coordinates, we
reduced the two-dimensional dose distribution produced by n+1 I-125 seeds with 1
cm spacing to a one-dimensional function by averaging the dose over n cm length
along the z direction at various radii.  Each set of data is fitted by a polynomial
function of r.  The largest dose variation in z coordinates for r > 0.5 cm is found to
be about 30% with n = 1, 2, 3, 4, and 5.  The dose distribution of parallel seed arrays
can be approximately calculated using these reduced dose functions.  To find the
optimized treatment plan we project all the transverse cuts of the target volume on
the guiding template.  The number of overlapped cuts projected at a template hole
determines how many seeds to implant and which pre-calculated dose function to
apply if that needle location is used.  The desired dose distribution in the target area
is weighted based on the length of the target at the calculating points and the dose
non-uniformity along the z-axis to ensure that the base and apex of the target are not
cold.  In summary, we have developed a method of fast dose calculation in treatment
planning for prostate implants: whatever optimization strategy is to be used, only a
two dimensional target needs to be considered.

TU-C2-08
Virtual Simulation for Brachytherapy Treatment Planning
W. Parker *, H. Patrocinio, T. Vuong, T. Roman, C. Pla, B. Fallone, Medical
Physics and Radiation Oncology Departments, McGill University Health Centre

A technique using digitally reconstructed radiographs (DRRs) as an alternative to
conventional simulation radiographs has been developed for use in brachytherapy
treatment planning. Since soft tissue structures and target volumes delineated on CT
images can be projected onto the DRRs, the technique allows CT information  to be
used on non-CT based brachytherapy planning systems.

The patient is CT scanned in the treatment position with the catheters/applicators and
dummy source markers in place.  CT slice thicknesses and separations of at most 2
mm are necessary to obtain good resolution on the DRRs.  The planning target
volume (PTV) and applicators can be outlined on each CT slice, and slices through
reference source
positions can be identified accurately from the CT pilot images.  Orthogonal DRRs
are then created for various gantry and couch orientations until a combination is
found in which all the applicators can be visualized.  The grid axes on the DRRs are
used to determine the film magnification factors.  The DRRs are then imported into
the brachytherapy planning system, and the optimization of the dose distribution
with respect
to the outlined PTV is performed. A conventional radiograph is taken prior to the
treatment to verify that the applicator position is the same as during the CT scan for
treatment planning.

The technique allows the dose distribution to be optimized to treat a PTV
determined from CT images. An example of the use of orthogonal DRRs for a rectal
treatment is presented. 
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TU-C2-09
Acceptance Testing and Commissioning of A Transrectal Ultrasound Guided
Prostate Implant System
Z. Li *, C. Liu, C. Chen, J. Palta, University of Florida, Gainesville, Florida

Permanent prostate seed implantation requires a transrectal ultrasound  (TRUS) unit
and software and hardware accessories.  Image quality and geometric accuracy of
the system directly impacts the accuracy of seed placement.  An acceptance testing
and commissioning procedure is developed which systematically quantifies the
image quality and the geometrical accuracy of the hardware and software used for
TRUS guided prostate implant system.  Imaging quality and geometric accuracy
tests were performed using a standard ultrasound test phantom, as recommended in
literature (1).  A commercial prostate phantom, containing models of prostate,
urethra, and seminal vesicles, was acquired, and tests were designed to verify the
geometric accuracy of the transrectal ultrasound unit and the associated
software/hardware as a system for the rectal probe.  Ultrasound images of the
phantom were compared with its CT images for comparison of geometric accuracy,
such as distance measurement and volume calculations.  Agreements between the
ultrasound and CT measurements and calculations were found to be better than 1%
in volume and 1 mm in distances.  Parameters that affect seed placement accuracy
were determined and incorporated into the operating procedure of the system for
clinical applications.  These comprehensive tests assure continued accuracy of
prostate seed implantation procedure.

(1). Carlson, P.L., and Goodsitt, M.M., "Pulse echo system specification, acceptance
testing and QC," in Medical CT and Ultrasound:  Current Technology and
Applications, Goldman, L.W., and Fowlkes, J.B., eds.  AAPM, 1995

TU-C2-10
An Automated Calibration Facility for Brachytherapy Sources
C. Soares *, B. Coursey, S. Seltzer, T. Wheatley, R. Norcross, F. Mourtada, M.
Mitch, National Institute of Standards and Technology, Gaithersburg, MD

The National Automated Testbed Program (NAMT) has begun a project at the
National Institute of Standards and Technology  (NIST) for research into the
application of intelligent systems for the design, manufacture and calibration of
interstitial and intravascular brachytherapy sources. The program consists of three
major thrusts: 1) use of theoretical modeling codes to predict source output from
design input, 2) construction of source standard reference materials for use during
source manufacturing, and 3) construction of an automated calibration facility with
remote presence capabilities. The overall goal of the project is to assure that the final
manufactured source matches the design as nearly as possible. Achieving these goals
rests on knowledge necessary to fully specify any radioactive source: accurate
knowledge of the source construction, accurate knowledge of the source activity and
its distribution within the source, and accurate dosimetry measurements. The project
is a collaboration between the Radiation Interactions and Dosimetry Group and the
Radioactivity Group of the NIST Ionizing Radiation Division, and the NIST
Intelligent Systems Division. The talk will elaborate the project goals, and the
progress which has been made to date. Special emphasis will be placed on the NIST
automated calibration facility, which contains several well-ionization chambers, an
extrapolation ionization chamber, a micro-scintillator scanning system, and a high-
resolution densitometer with automated radiochromic film handling system. Sources
being calibrated are delivered to these measuring devices with an automated source
handling system which will also be described.

Symposium  (Fiesta D)

TU-C3-01
Practical Aspects of fMRI: An Overview
Ronald Price, Vanderbilt University Medical Center, Nashville, TN

Functional MRI (fMRI) is a new tool which utilizes fast MRI methods to
non-invasively  map the functioning, intact brain.  As opposed to conventional MRI
which provides high-resolution images of brain anatomy, functional MRI identifies

only those brain structures that are actually performing, controlling or monitoring
specified functions. 

The principle of fMRI is that the signal used to construct MR images increases by
a small amount (typically a few percent) in regions of the brain cortex that are
activated by appropriate sensory, cognitive or even pharmacological stimuli.  With
current MRI systems, it is possible to monitor changing regional activation patterns
in response to stimuli with temporal resolution on the order of 1 second and spatial
resolution on the order of 2mm. 

The signal used to construct an MR image is derived from the net magnetization of
hydrogen nuclei within tissue water which results from the polarizing effect of the
field of the MRI magnet on the human body.  Specifically, the MR signal is
produced when the magnetization is manipulated by means of electromagnetic
pulses applied at radiofrequencies to induce an alternating current in a receiver coil
placed near the body-part of interest.  The rate of decay of the alternating current
signal is known to be a function of the uniformity of the magnetic field strength
within the tissue, i.e. the more uniform the field the longer the signal duration.  fMRI
relies on the fact that capillaries and red cells within tissues induce microscopic field
gradients that shorten the signal duration to a degree that depends on the precise
value of the magnetic susceptibility of blood, which in turn depends on the local
oxygen tension.  Because of this, fMRI is also referred to as BOLD (Blood
Oxygenation Level Dependent) imaging.  Blood containing oxhemoglobin has a
susceptibility close to that of tissue water, whereas deoxygenated blood is
significantly different.  An increase in neuronal activity produces a flow increase
locally that introduces oxygenated blood to a degree that is greater than the increased
metabolic demand, with the results that the tissue oxygen tension increases, and
venous blood becomes more oxygenated.  The intravascular magnetic susceptibility
then more closely matches the surrounding tissue than it does when the vessels
contain deoxyhemoglobin, and the MR image intensity increases. As the stimulus
is cyclically applied and removed the  activated area will show a similar pattern of
increased and decreased signal intensity.

fMRI pulse sequences are specifically chosen to be sensitive to the small field
uniformity effects (T2*) which result from regional differences in blood flow
produced by the brain activation.  The fMRI study is typically presented as a color
overlay to a high resolution MR image allowing correlation of the "activated"
regions with brain anatomy.  fMRI protocols frequently use gradient-echo imaging
sequences with long echo-times (TE).

Educational Objectives:
1. To understand the theoretical basis of fMRI and BOLD contrast.
2. To present typical pulse sequences and task protocols used in fMRI.
3. To present typical fMRI study results.

TU-C3-02
New Technology for fMRI
Jonathon Allis, Siemens Medical Systems, Iselin, NJ

[Abstract Text Not Available]

TU-C3-03
Principles of Functional Image Analysis
Thomas Zeffiro, Sensor Systems, Inc., Sterling, VA

The evolution of rapid MR imaging techniques has provided new opportunities in
the field of functional neuroimaging, resulting in significant advances in our
understanding of neural information processing mechanisms in health and disease.
This presentation will cover the steps involved in processing data collected during
fMRI experiments. These steps include: (1) head motion detection, (2) head motion
correction, (3) spatial filtering, (4) temporal filtering, (5) statistics computation, (6)
critical threshold determination, (7) response spatial extent determination, (8)
structure/function fusion, (9) visualization, (10) spatial normalization and (11)
subject averaging. Each stage of this processing chain will be briefly described and
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examples provided. Finally, the available software tools for functional neuroimage
analysis and visualization will be reviewed.

Educational Objectives:
1. Understand the steps involved in processing and analysis of fMRI data
2. Understand various approaches to head motion correction
3. Be able to list the most common sources of image artifacts in fMRI data
4. Understand the principal approaches to statistical analysis of functional

neuroimaging data
5. Understand the process of creating fused structural/functional image datasets

TU-C3-04
The Role of fMRI in Surgery
Diana Vincent, Medical University of South Carolina, Charleston, SC

In its expanding infancy, fMRI is becoming an integral part of neurosurgical
planning by  providing a means to noninvasively image the brain without use of
exogenous tracers or exposure to radiation.  While clinical MRI scanners are used,
paradigm design under constant revision and image processing is far from routine.

  
When a neurosurgical patient has a lesion in eloquent cortex, the physician’s first
concern is whether excising the lesion will leave the patient with a neurological
deficient.  Language is the most frequently requested function  mapped and is done
for epilepsy surgery and resections of various lesions. For these applications as well
as biopsy guidance, motor mappings are almost as commonly performed with visual
and sensory mappings rare.  Integration of functional images with the intra-operative
Stealth system is being considered.

Because such critical decisions are based on this information a variety of methods
are used to assess robustness and accuracy.  The results of Wada exams compared
fMRI language mappings caused us to revise our paradigm and start a second study.
Motor mappings of hand and foot have been successfully compared with expected
locations and those given by transcranial magnetic stimulation.  Finally, when
surgery permits, fMRI studies are compared with direct cortical stimulation in awake
patients.   Thus far, no related deficits have been reported after our studies.

Three years of experiences at our center collaborating with the neurosurgeons and
neurologists to develop clinically useful fMRI studies will be discussed.  One or two
cases will traced from initial consult through surgery.

Scientific Session  (Fiesta A)

TU-C4-01
Histological Validation of Eigenimage Filter in Experimental Cerebral
Ischemia in Rat
M. Jacobs *, J. Windham, D. Peck, A. Goussev, Z. Zheng, R. Knight, Departments
of  Neurology  and  Radiological Physics, Henry Ford Health Sciences Center,
Detroit, MI and Department of Physics, Oakland University, Rochester, MI. 

The goal of this study is to validate the segmentation results in experimental
cerebral ischemia using the Eigenimage Filter.  These results were co-
registered and warped and compared to the corresponding histological section
for light microscopic evaluation.  Male Wistar rats  (n=25) were subjected to
permanent middle cerebral artery occlusion.  MRI  consisting of four spin echo
T2 weighted and one inversion recovery T1 weighted images were acquired at acute
(t=4-16 hr,n=8), subacute (t=16-24 hr, n=11) and chronic (t=48-168 hr,n=6) time
points. Animals were sacrificed immediately after imaging.  Hematoxylin and eosin
stained sections were obtained for histopathological analysis and determination
of lesion area. MRI lesion area was defined by Eigenimage Filter.  The histology
and Eigenimage were co-registered using a surface matching technique.
Afterward, a nonlinear warping was applied to the Eigenimage.  The warped
Eigenimage lesion was overlaid onto the histological section. Regression analysis
was performed on all animals between the two different lesion areas. Regions (40X

magnification) were selected within the segmented area for microscopic analysis.
This evaluation consisted of  identification of damaged cellular morphology. Each
area was then compared to homologous contralateral tissue.  Microscopic analysis
of the eigenimage defined lesion revealed tissue damage consistent with cerebral
ischemia on all animals.  Moreover, corresponding contralateral regions were
normal.   Total segmented areas after warping had a correlation coefficient of
r=0.95,(p<0.0001,n=25). Our data indicates that Eigenimage Analysis identifies
histologically determined lesion area using standard MRI. Moreover, the
Eigenimage segmented area shows pathophysiological changes under light
microscopy. 

TU-C4-02
Serial Assessment of Glioma Volumes Using Eigenimage Filtering
D. Peck *, J. Windham, D. Hearshen, L. Scarpace, T. Mikkelsen, Henry Ford
Hospital, Detroit, MI

An objective measure of disease burden is a prerequisite for the accurate
assessment of the efficacy of therapy.  This is especially critical in the
evaluation of brain tumor therapies where conventional imaging is confounded
by co-existing pathology.  In this study we followed tumor sub-component
volumes as determined by the Eigenimage Filter technique to assess response
to therapy in patients with malignant glioma.  The Eigenimage Filter technique
is sensitive to small contrast changes and accounts for partial volume
averaging effects.  This allows the assessment of the tumor infiltration into
normal brain and its heterogeneous components.

Using images from patients being followed after initial treatment, we have
been able to observe changes within Gd-enhanced and other tumor sub-
component regions (zones).  The volume variation seen in these zones
demonstrated changes indicative of tumor progression or treatment response
more clearly than the conventional Gd-enhanced changes.  As an example in
a study where the conventional Gd and all zone volumes increased over a 5
week period the patient’s condition declined and died 6 weeks later.  In
another example the conventional Gd volume increased, yet the zone volumes
all decreased.   This patient has surgically confirmed radiation necrosis and
appears clinically stable, consistent with resolving radiation necrosis seen by
the zone changes.
This analysis suggests that despite progressive increase in the Gd volume the
internal changes in signal characteristics may be clinically significant, i.e.
reflective of treatment response, and these changes can be followed using the
Eigenimage Filter technique.

TU-C4-03
Contrast Enhancement Using Monotonic Noise Suppression Methods
J. Weaver, Dartmouth-Hitchcock Medical Center

We introduced monotonic noise suppression and applied it to improving fMRI
activation maps.  Now we are using monotonic noise suppression to increasing
contrast in images.  Almost any noise reduction algorithm can be used to
enhance contrast.  Monotonic noise suppression has some advantages over the
wavelet denoising based contrast enhancement method we introduced
previously.  

The basic idea is to subtract two versions of the image obtained by using two
different noise thresholds.  The first image is filtered to remove just the noise.
The second image is filtered to remove noise and small features leaving only
the large features.  When the second image is subtracted from the first, the
large features are subtracted away leaving the small features.  Actually the
second image times some factor less than one is subtracted; so the large
features are reduced rather than eliminated.  The amount of contrast
enhancement can be changed by changing the linear combination of filtered
images.  
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Two features of the monotonic noise  reduction method make it attractive for
this application.  First, it is not band-limited.  Edges are not blurred at all.
There is no reduction of sharpness in the contrast enhanced image.  Second,
there is no ringing caused by undersampling.  When a noise reduction method
that introduces ringing into the image, the ringing can be amplified and
distorted to look like small features in the contrast enhanced image.  Fourier
noise reduction methods are infamous for introducing ringing and wavelet
denoising also introduces ringing although to a lesser extent.  

TU-C4-04
Noninvasive Evaluation of Trabecular Bone Mechanical Properties:
Regression Analysis
C. Jiang *, M. Giger, M. Chinander, S. Kwak, J. Martell, Department of
Radiology, University of Chicago

Bone mechanical properties are closely related to bone mineral density (BMD)
and trabecular structure. Both BMD and trabecular structure are predictors of
osteoporosis. However, trabecular structure is often  not assessable
noninvasively. In this study, we combined BMD, patient  age and bone
structural features extracted from bone radiographs to improve the predictive
power of bone mechanical properties. Forty-six femoral neck samples excised
during total hip arthroplasties were radiographed using a setup that simulates
clinical exposure of pelvis radiographs. The BMD of each sample was
measured using a DPX densitometer and the BMD was normalized with
respect to the width of the femoral neck.

The radiographs were digitized and a ROI (64x64 pixels) was selected from the
medial side of the femoral neck radiograph. Fractal-based textural features,
Minkoswski dimension and trabecular orientation, were extracted  from the
ROI to characterize trabecular bone structure. Mechanical testing  of 6.5x6.5
mm cubic specimens machined from each femoral neck yeilded the mechanical
property of strength. Using BMD alone, the coefficients of  determination (R-
squared) was approximately 0.24. Using the normalized BMD,  the R-squared
increased to above 0.32. By adding patient age and structural features into the
model, the R-squared further increased to 0.48. This study demonstrates the
important contribution of normalized BMD, age, and structural features to the
regression models and suggests a potential method for noninvasive evaluation
of bone mechanical properties.

M.L. Giger is a shareholder in R2 Technology, Inc. (Los Altos, CA).

TU-C4-05
Fractal Analysis of Radiographic Bone Patterns for Distinguishing
Between Strong and Weak Bone
M. Chinander *, M. Giger, J. Martell, C. Jiang, University of Chicago,
Chicago, IL

Purpose: To develop methods to distinguish between weak and strong bone
non-invasively by analyzing radiographic trabecular bone patterns.

Materials and Methods: Femoral neck specimens were radiographed using a
direct exposure technique with high resolution film.  Films were digitized with
0.121-mm resolution and 1024 gray levels.  Strength testing was performed on
the specimens to determine their actual strength. A region of interest (ROI)
was selected in the medial portion of the femoral neck.  The fractal dimension
of each ROI was calculated from the slope of the least-squares fit of the
logarithm of surface area as a function of the logarithm of the effective pixel
size.   In addition, an artificial neural network  (ANN) was employed to
distinguish between strong and weak bone by using the raw data (surface area)
as inputs and continuous strength data as truth during training. Correlation and
ROC analysis were used to evaluate the ability of the fractal dimension
measure and ANN output in distinguishing between strong and weak bone.

Results: Using thirty-four specimens, analysis yielded correlations of -0.532
and 0.774, and ROC analysis in the task of distinguishing between weak and
strong bone yielded Az values of 0.85 and 0.88 for the fractal dimension and
ANN, repectively.

Conclusions: Fractal dimension measures of  radiographic bone pattern show
potential in distinguishing between strong and weak bone ,and can be
improved with the use of an artificial neural network.

ML Giger is a shareholder in R2 Technology, Inc.  (Los Altos, CA).

TU-C4-06
Fully Automated Software for the Measurement of Joint Space Width In
Digital Radiographs of the Knee
J. Duryea *, C. Peterfy, J. Li, C. Gordon, H. Genant, University of California,
San Francisco, San Francisco, CA

INTRODUCTION:  The progression of osteoarthritis can be monitored by
measuring the minimum joint space width (JSW) between the edge of the
femoral condyle and the tibial plateau on radiographs of the knee.  This is
generally performed by a trained radiologist using a graduated magnifying lens
and is prone to the subjectivity and variation associated with observer
measurement.  We have developed software which performs this measurement
automatically on digitized radiographs. 

METHODS:  190 radiographs of the knee (95 duplicate acquisitions) were
digitized with a 100  pixel size by  a Lumisys Lumiscan laser digitizer and
cropped so that the digital images were free of non-anatomical structures.  The
software first determined the edge of the femoral condyle on 400  subsampled
images.  Contours marking the location of the tibial plateau in the medial
compartment were found on 100  images using the femoral edge as a starting
point.  The results were compared to contours drawn by a trained radiologist
and the duplicate acquisitions were used to measure the reproducibility of the
minimum JSW measurement.  

RESULTS:  Over 93% of the cases demonstrated excellent agreement with the
hand-drawn data.  Using the duplicate acquisitions, the minimum JSW
reproducibility was measured to be better than 0.2 mm. (or CV < 3%).

CONCLUSION:  We have developed automated software which accurately
measures the minimum JSW in knee radiographs and requires no user
interaction for the vast majority of cases.  This improves measurement
objectivity and reduces the time necessary for radiographic evaluation.

TU-C4-07
Automated Assessment of Radiographic Hip Joint Space
C. Gordon *, J. Duryea, W. Yu, H. Genant, Osteoporosis and Arthritis
Research Group, University of California, San Francisco

Introduction: Radiographic joint space narrowing is the most reliable
indicator of the progression of cartilage loss due to Osteoarthritis (OA). To
obtain reliable information concerning joint space narrowing,  two
requirements must be met: a standardized protocol which produces good
quality radiographs of the joint and accurate delineation of the joint
boundaries. We present an algorithm which meets the second of these
objectives for the hip joint.  

Methods: Processing software has been developed which defines the
boundaries of the hip joint space from digitized x-rays. The joint space is
defined by two edges: the acetabulum and femur head. The two edges are
found automatically and the minimum joint space width (MJSW) is calculated
as the index of joint narrowing. 10 OA cases were analyzed on 5 occasions to
establish the intra-observer reproducibility of MJSW and compared to MJSW
read by two radiologists utilizing a graduated magnifying glass. 
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Results: The mean %CV for MJSW was less than 3% and significantly better
than the variability among radiologists (inter-observer variability  CV ~ 4 to
10%). Compared to the manual method the automated technique reduced
radiologist involvement to less than 1 minute per case.  

Conclusion:  Automated segmentation of radiographic hip joint space
narrowing is less subjective than the currently utilized manual film tracing
method, significantly reduces the amount of radiologist involvement,  and may
be applicable for routine clinical use.

TU-C4-08
3-D Image/Patient Registration Directly from Projection Data by the
Fourier Phase-Matching Method
W. Lu *, E. Fitchard, G. Olivera, J. Aldridge, P. Reckwerdt, T. Mackie,
University of Wisconsin -Madison

Image registration is fundamental in image analysis and has a wide variety of
applications. Patient registration, a major concern in traditional radiation
therapy, is of even greater importance in tomotherapy where positioning error
of less than 2 mm is desired.

A new technique for 3-D image/patient registration is proposed. This technique
provides image/patient registration directly from standard tomographic
projection files. When dealing with image files, the projections are generated
slice by slice by a 2-D Radon transform. The registration in projection space
is performed by calculating a Fourier Invariant (FI) descriptor for each one-
dimensional projection and then registering the FI descriptor by the Fourier
Phase-Matching method. 

The performance of the technique developed is the same as or better than that
of image-based methods when dealing with translated, rotated, and/or
uniformly scaled 2-D image registration. Some preliminary result for the case
of 3-D registration is presented. The significant advantages of the new method
are as follows: (i) by performing image registration in projection space, the
new technique is insensitive to the image noise. (ii) By obtaining patient
registration directly from projection data, the image reconstruction is not
needed in the therapy setup verification. (iii) By reducing the 2-D or 3-D
registration problem to a set of 1-D projections, a shorter computation time is
required. (iv) The new technique is an accurate and efficient method for
general 3-D image/patient registration.

TU-C4-09
Elastic Registration: Correlation of Windowed Regions in Images
J. Weaver *, D. Healy, Jr., S. Periaswamy, P. Kostelec, Dartmouth-Hitchcock
Medical Center

Registration of one image to another is an almost universal problem used in
medical imaging as well as remote sensing.  The limitation of rigid registration
is often that the images are not exactly the same; there is often a slight warp
between the images.  For example, a CT taken on a curved table will be
slightly different from a CT taken on a flat table.  Or images of the same
geography taken from an different passes of an airplane are warped because the
plane is in a different position. 
 
One effective method of doing warped registration is to match small regions
of the test image with the reference image with rigid registration methods.  The
continuous mapping that matches structures in the two images is then found
by interpolation.  We are studying methods of registering a region within an
image with a reference image for application in elastic registration.  

One of the primary difficulties is the effect of the window on the correlation.
The window that selects a region in the image often dominates the correlation.
We have used wavelet transform scaling functions to localize in the test image
and then only correlate the detail coefficients.  This completely eliminates the

effects of the window from the correlation.  The correlation peaks are much
sharper and easier to find.  The effect is very similar to the phase only
correlation commonly used in radar.  

We will demonstrate the basic method and the interesting side effects such as
increased sensitivity to distortion.  

TU-C4-10
Determination of 3D Position and Orientation of Thin Objects from a
Single Projection
J. Esthappan *, K. Hoffmann, University of Chicago, Chicago, IL

We have developed a technique that can determine the three-dimensional (3D)
position and orientation of a distribution of points from a single projection
image.  The technique can be useful for calculating imaging geometries, re-
aligning patients undergoing multiple radiation therapy treatments, and can
now be extended to objects containing narrow point distributions, such as
catheters.  

A model of the object containing the distribution of points is generated based
on the known, relative 3D point positions.  After an initial positioning, the
model is rotated and translated iteratively until the projections of the points in
the model optimally align with their corresponding points in the image data.
This iterative alignment process  results in the 3D position and orientation of
the object relative to the imaging system.

In simulation studies,  the orientation and position were determined to within
approximately 0.4 degrees and 0.1 cm, respectively, for points distributed
within a 5 x 5 x 5 cm3 volume and to within approximately 3 degrees and 0.2
cm, respectively, for points distributed in a volume as thin as 5 x 5 x 0.1 cm3.
In additional simulation studies, the orientation and position of points
distributed along a catheter of diameter of 0.183 cm were determined to within
3 degrees and 0.5 cm.  

We believe this technique will facilitate the analysis of the 3D position and
orientation of objects, even objects as thin as 1 mm, such as catheters during
interventional procedures.

Supported by USPHS grants T32-CA09649 and HL52567.

Continuing Education Course  (Fiesta E)

TU-C5-01
Benefits vs Risk in Mammography
Charles Kelsey, University of New Mexico Albuquerque NM

The justification for mammographic examinations is the potential benefit they
provide in detecting breast cancer at an early stage and reducing mortality.
This benefit must be balanced against the associated potential risk of radiation
carcinogenesis, and economic costs. This presentation reviews the current
literature regarding the benefits of cancer detection and the risk of radiation
carcinogenesis. Current data are used to calculate the expected individual
benefits and radiation risks associated with annual mammographic screening.
It appears that there is little risk of breast cancer associated with radiation
exposure from annual mammography in women over age 35. Current data
indicate that for a woman beginning annual mammographic screening at age
50 and continuing until age 75, the benefit exceeds the radiation risk by a
factor of almost 100. Even for a woman who begins annual screening at age
35 and continues until age 75, the benefit of reduced mortality is calculated to
exceed the radiation risk by a factor of more than 25.

Educational Objectives:
1. Discuss the benefits of mammographic screening
2. Discuss the radiation risks associated with mammographic screening
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TU-C5-02
Mammography Dosimetry: Historical, Theoretical and Practical
Considerations
Gary Barnes, Xizeng Wu, University Hospital, Birmingham, AL

Mammography dosimetry has evolved significantly during the past thirtyfive
years.  The dose to the ACR phantom is routinely evalutated during the
medical physicist’s annual equipment surveys.  This evaluation is required by
the Mammography Qualtiy Standards Act of 1992 and associated FDA
Regulations.  Presented is an overview of the evolution of mammography
dosimetry since 1965.  At present, mammography dose is typically calculated
from the product of the entrance skin exposure (ESE) and normalized average
glandular dose.  Discussed are different approaches and associated errors in
determining ESE and normalized average glandular dose.  Also discussed is
the dependence of average glandular and normalized average glandular dose
on kVp, HVL, target/filter, breast thickness, breast composition and film
density.  In addition to determining the dose to the ACR phantom, the medical
physicist also often presents dosimetry data for different breast thicknesses and
clinical techniques.  A time efficient approach for accomplishing this is
presented.  Also presented is a practical approach for using the ACR phantom
dose to benchmark screen-film-processing performance.

TU-C5-03
Mammography Film Processing Accuracy and it’s Effects on Dose and
Image Quality
Orhan Suleiman, CDRH Division of Mammography Quality & Radiation
Programs, Rockville, MD

Automatic film processors are tested as part of the Food and Drug
Administration’s Mammography Quality Standards Act inspection  program.
The test is conducted to determine if the processing is  equivalent to film
manufacturers’ recommendations and is known as  the Sensitometric Test for
the Evaluation of Film processing 
(STEP).  The test utilizes calibrated sensitometers,  densitometers, and
calibrated control film from the same emulsion  batch.  Additional areas which
will be discussed are how the FDA  sensitometers and densitometers are
calibrated,  how the control film performs relative to other mammography
films in various film  manufacturers’ chemical solutions,  and recent
observations of  processing in mammography facilities.

Educational Objectives:
1. Familiarize the medical physicist with the film processing STEP test

performed at MQSA inspections.
2. Provide the medical physicist with the tools to use the information from

this test to optimize mammography processing.

Scientific Session (Centro)

TU-D1-01
FMRI Aided Radiation Therapy
W. Liu *, M. Schulder, A. Kalnin, V. Narra, A. Holodny, C. Cathcart, A.
Jacobs, J. Maldjian, University of Medicine and Dentistry of New Jersey,
Newark, NJ

FMRI allows one to identify eloquent cortex in the brain. The integration of
cortical activation information into radiotherapy treatment planning may
prevent or minimize radiation damage to eloquent cortex.

We studied three brain tumor patients using fMRI to guide stereotactic x-ray
beam radiation therapy.  A self-paced bilateral finger tapping paradigm was
used for two patients.  A visual paradigm delivered via MRI-compatible
goggles was employed for the third patient.  Both paradigms used a 30 sec
baseline followed by two 30 sec ON and 30 sec OFF cycles, for a total of 2:30
per scan.  The data was acquired using BOLD technique with TR/TE=2000/60,

FOV = 24 or 30 cm, matrix size = 64x64,  slice thickness = 5 mm, 14 slices,
flip angle = 90 on a GE 1.5 Tesla Echospeed Horizon scanner.  The raw data
set was post-processed and activation maps were generated using software
developed in IDL. Activation was demonstrated in eloquent cortex at the
precentral gyrus (motor) and medial occipital lobe (visual). The activation
maps were downloaded to a treatment planning workstation (Radionics), and
3D activation maps were generated and coregistrated  to a 3D CT anatomical
data set (512x512 matrix, 2-5 mm slice thickness) using chamfer matching
algorithm for treatment planning.  Radiotherapy was then designed by the
radiation oncologist, neurosurgeon and physicist based on both functional and
structural information.

This approach provides the physician with additional information for treatment
planning, and may also spare the patient unnecessary radiation exposure to
eloquent cortex.

TU-D1-02
Comparing Rival Dose Distributions using TCP Predictions: Sensitivity
Analysis
A. Niemierko *, Massachusetts General Hospital, Boston

Various models of Tumor Control Probability (TCP) are often used to compare
quantitatively rival treatment plans. Among the plans satisfying normal tissue
constraints a plan with higher TCP is judged to be superior. However, there is
not much clinical data to validate these models, and the available data are
noisy. Consequently, model predictions have wide confidence bounds and can
be considerably biased. TCP models are also used in computer optimization
of dose distribution on the premise that they correctly rank rival plans. To
investigate this clinically important issue we performed sensitivity analysis
using dose-volume histograms (DVH) from multi-institutional comparative
study and the Poisson-based TCP model. Conformal dose distributions were
optimized at each institution using various treatment techniques. Target DVHs
were calculated and the corresponding TCPs were estimated using "best-guess"
parameter s adjusted to coincide the model predictions with the observed
tumor control rate. The TCPs for three plans selected for analysis ranged from
75% to 85% and the corresponding DVHs intersected. We analyzed variation
in TCPs and in rank order of plans as a function of model parameters. The
space of parameters was constrained by requirement of conformity with the
clinical experience with similar dose distributions indicating that the observed
local control rate is 60%±20%. The results demonstrate that rank order of
plans is quite stable over a wide range of model parameters even though the
individual TCPs vary considerably. This is because individual TCPs are highly
correlated and vary, as a function of model parameters, following a similar
pattern.

TU-D1-03
The Validity of Tumor Dose Distribution Rankings
J. Deasy *, Henry Vogt Cancer Research Institute and Dept. of Radiation
Oncology, James Graham Brown Cancer Center, University of Louisville.
jod@bcc.louisville.edu.

An important issue in treatment planning is whether TCP rankings are robust
with respect to underlying model parameters and whether other proposed
quantitative surrogates for ranking tumor dose distributions correlate well with
TCP calculations.  Computational tests were made of the stability of tumor
dose distribution rankings using different ranking criteria.  Pseudo tumor
differential DVHs of varying shapes and widths were generated using random
number techniques. DVHs were ranked according to different criteria,
including: TCP models which incorporate inter-patient heterogeneity; TCP
models which do not include heterogeneity; Niemierko’s formula for an
equivalent uniform dose (EUD) [Med Phys, 24 (1997) 103-110]; the minimum
dose, and the mean dose.  The conclusions (assuming a TCP model with inter-
patient radiosensitivity heterogeneity as the  reference standard) are:  a) Dose
distribution ranking based on TCP models with inter-patient heterogeneity are
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very insensitive to uncertainty in the choice of parameters, even over very
broad variations.  The chance of an incorrect precedence (ranking) between
two plans, drawn from our pseudo-DVH sets, is typically on the order of
1/1000 using TCP models which include inter-patient heterogeneity;  b)
Biologically-based models which neglect inter-patient heterogeneity all do
much worse in terms of ranking stability compared to TCP models which
include patient heterogeneity.  c) EUD is clearly superior, however, to the TCP
models which neglect patient heterogeneity.  And d)  The minimum and the
mean dose do have some validity as plan ranking criteria, but still perform
much worse than inter-patient heterogeneity TCP models and the EUD model.

TU-D1-04
Radiobiological Implications of Non-uniform Dose-rates in Targeted
Radiotherapy
M. Ebert *, S. Zavgorodni, Sir Charles Garidner Hospital, Perth, Western
Australia

Low dose-rate treatments comprising spatially-varying rates of dose delivery
require special consideration of the spatial-variation in radiobiological
response. Consideration of clonogenic cell repair and proliferation requires
dose-rates to be maintained above a threshold, and minimisation of wasted
dose and treatment practicalities place other restrictions on initial dose-rates
and isotope half-lives. The linear-quadratic model including cell proliferation
and repair was used as the basis for formulating a dose-response model for
tissues irradiated with non-uniform dose-rates. This model evaluates the
tumour control probability (assuming purely serial tissue structure). The model
parameters include radiobiological  quantities (cell sensitivities, proliferation
and repair constants), radionuclide half-life, and the dose-rate-volume
histogram for the tissue being irradiated. TCP is evaluated for a test-tissue
assuming simple variations in dose-rate distribution for varying total
radionuclide activities. These results are compared with dose-rate distributions
encountered clinically, with dose-rate-volume histograms calculated from
estimated radionuclide distributions  of beta emitters in liver. TCP results are
also compared with ‘equivalent uniform dose-rates’ % the dose-rate of a
uniform activity distribution which would yield the same surviving fraction of
cells.

TU-D1-05
Implementation of Adaptive Process to Optimize Prostate Treatment
D. Yan *, D. Brabbins, A. Martinez, D. Lockman, D. Jaffray, M. Sharpe, D.
Grauman, P. Girimonte, J. Wong, Radiation Oncology, William Beaumont
Hospital

Effective delivery of radiation to the clinical target (CTV) can be achieved by
incorporating feedback information of patient geometry during the course  of
treatment. To do so, an adaptive process has been implemented in our clinic
for the treatment of prostate adenocarcinoma. In this process, setup error and
internal target motion of the individual patient were measured during the first
four to six days of treatment using an electronic portal imaging device (EPID)
and a CT scanner. The measured data was then transferred to a prediction
model to generate a confidence-limited planning target volume (cl-PTV). The
individual treatment plan was modified within the second week of treatment
and applied to the rest of the treatment course. The plan modification includes
(1) the transformation of the initial planning CT image according to the
systematic setup error, (2) the designation of new beam apertures to cover the
cl-PTV with the prescribed dose, and (3) the generation of beam’s eye view
images for the new prescription images. The first twenty patients treated
accordingly to this adaptive process will also be monitored using bi-weekly CT
scans after the plan modification to test the confidence of the prediction model.
To date, 7 patients have been included in this study. Differences in the initial
PTVs and cl-PTVs were quantified to study the impact of the adaptive process
on prostate treatment. The advantage of the adaptive treatment process was
also evaluated by examining dose distribution in the clinical target.
This work is supported in part by NCI grant #CA71785.

TU-D1-06
Constructing A Confidence-limited Planning Target Volume From
Multiple Daily CT Scans In Prostate Treatment
D. Lockman *, D. Yan, Radiation Oncology, William Beaumont Hospital

Given the means to detect and quantify internal organ motion during the
course of a patient’s prostate treatment, it is imperative to consider
modification of the planning target volume (PTV). In this study, a systematic
model is proposed to generate a confidence-limited PTV (cl-PTV) which
compensates for internal target motion in the individual patient. Specifically,
the cl-PTV defines a patient-specific volume which ensures that every element
of the clinical target volume (CTV) receives no less than a specified
percentage of the prescribed dose. First, we hypothesized that clinical target
motion in the prostate patient could be confined inside a region generated from
a sequence of CTV measurements, obtained from a small number of daily CT
scans. To test the hypothesis, we acquired a large number of CT datasets for
each patient in the study. The cl-PTV was derived from the convex hull of the
union of the first k CTVs, where k is the minimum number needed to ensure
that the maximum dose reduction in the clinical target due to internal target
motion is less than 5% of the  prescribed dose. The confidence of the cl-PTV
was tested retrospectively using multiple CT datasets acquired for each of
twelve patients. In general, 4 to 5 days of CT measurements within the first
week of treatment were needed to achieve this confidence.
Supported in part by NCI-CA71785

TU-D1-07
Design and Clinical Implementation of a System for Respiratory Gated
Radiotherapy
M. Sontag *, B. Burnham, St. Jude Children's Research Hospital, Memphis,
TN

The potential reduction in the  PTV margin, accomplished by minimizing the
effects of respiratory organ motion, may be as great as the reduction in the
treated volume margin gained by using conformal therapy techniques.  A
system has been implemented that acquires diagnostic images and delivers
radiotherapy gated to a patient’s respiratory cycle.  A respiratory monitor is
used to characterize a patient’s respiratory mechanics, using a sensor placed
in the patient’s mouth and employing a capnograph (CO2) and a differential
pressure pneumotachometer (flow, pressure, volume).  Readings are obtained
100 times per second and transmitted to a computer, analyzed in real time
using one of several algorithms, and gating signals are sent at the appropriate
time.  X-ray images are obtained when the CO2 level turns sharply negative at
the start of inhalation and when the CO2 level turns sharply positive at the start
of exhalation.  These respectively document the reference organ positions for
gated radiotherapy and the range of organ motion that occurs in ungated
treatments.  Parallel analysis of flow, pressure and volume minimizes false
positives.  Continuous image acquisition and gated radiotherapy treatments are
accomplished using a continuous exposure algorithm centered about the point
of full exhalation, the most reproducible point in the respiratory cycle.  We
have radiographically documented elimination of 80-90% of the diaphragmatic
movement.  Gated treatments on our Primus linear accelerator are
accomplished by keeping the accelerator in a continual powered up condition
and turning the beam off by injecting electrons out of phase using a specially
modified trigger circuit.

This work is supported, in part, by a sponsored research agreement from
Siemens Medical Systems.
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TU-D1-08
Treatment with Active Breathing Control (ABC) in the Thoracic and
Upper Abdominal Regions
J. Wong *, V. Kini, M. Sharpe, D. Jaffray, D. Yan, J. Stromberg, J. Robertson,
Radiation Oncology, William Beaumont Hospital, Royal Oak,MI

Minimizing breathing motion is highly desirable for radiotherapy in the
thoracic and upper abdominal regions by allowing substantial reduction of the
treatment margin. We have recently constructed an ABC apparatus to
immobilize breathing motion by restricting airflow to and from the patient
temporarily and reproducibly. The potential advantages of ABC are currently
being evaluated for treatments of focal liver disease and Hodgkin’s disease.
Using ABC, volumetric CT scans with length that spanned the entire treatment
volume were acquired for 7 patients at 2 to 7 different phases of the breathing
cycle. The 3D organ motion information were then incorporated in treatment
planning to determine the dosimetric differences of treatment with and without
ABC. Preliminary results show that for the liver treatment, the volume of
normal liver irradiated changed by about 5% to 10% in the high dose and low
dose regions respectively during normal breathing. Treatment with ABC
reduced the volume and variation of the irradiated liver. As for the Hodgkin’s
patients, applying ABC during deep inspiration reduced the amount of
irradiated lung mass by 10% to 20%. It also increased the separation of the
spleen from the pericardium. In-depth analysis of the patient studies will be
presented. 

TU-D1-09
Movement of Anatomic Landmarks and its Effect on Patient Position
Determination in Thoracic Conformal Radiation Treatment
D. Mah *, J. Hanley, K. Rosenzweig, Z. Fuks, S. Leibel, C. Ling, G. Mageras,
Departments of Medical Physics and Radiation Oncology, Memorial Sloan-
Kettering Cancer Center,  New York

To determine if margins are adequate or excessive for any particular site in
external beam radiation therapy, it is necessary to understand the various
uncertainties that need to be taken into account.  One of these factors is patient
setup error.  We measured the frequency and magnitude of setup errors in
patients undergoing conformal radiation therapy for non-small cell lung
carcinoma.  Setup errors were measured by using a software tool to compare
contours of the same landmarks drawn on digitized portal and simulator
images for each field. However, the choice of anatomic landmark can influence
the size of the setup error measured. Thus, our study consisted of two
components: (a) an analysis of movement  of landmarks due to breathing and
other patient motion by review of video tapes of fluoroscopy from simulators
and (b) application of this information to measure setup  errors by comparing
digitized portal and simulator films using stable landmarks (i.e. those showing
minimal intra-fractional motion).  We found that intra-fractional movement of
some landmarks was comparable to or larger than the setup errors; the latter
determined from landmarks showing little movement. Results on intra-
fractional motion of landmarks in the thorax for a group of patients will be
presented as well as information as to how the choice of landmarks affects
determination of the setup error.

TU-D1-10
Three Dimensional Volume Reconstruction and Normal Tissue
Complication Analysis for Heart Following Radiation Therapy for
Hodgkins Disease
L. Siskind *, P. Higgins, C. Lee, S. Levitt, J. Gibbons, A. Sethi, University of
Minnesota, Minneapolis, MN

Several reports have presented analyses of heart complication rates following
external beam radiation therapy.  In this study we  develop a measurement of
normal tissue complication probability for whole and partial heart irradiation
for a cohort of 198 patients treated between 1970-1984.  The median follow-up
time was 84 months.  For all these cases, the anterior projection of the heart

areas, and field outlines, have been graphically recorded for each field.  These
anterior projections have been compared against similar projections for 6
standard hearts for which three-dimensional reconstructions were made from
comprehensive CT scans using the ADAC Pinnacle radiation therapy treatment
planning system.  By mapping the treated heart fields into the best matched
standard hearts, on the basis of area and shape, we are able to estimate the
fraction of underlying heart tissue, by compartment, contained in each voxel.
We have then translated the dose distributions for each treated field into the
corresponding best volumetric representation, enabling us to integrate dose
verses volume for each patient.  Dose-volume histograms (DVHs) have been
constructed for each heart and heart compartment and averages are developed
as a function of treatment methodology.  From these DVHs we calculated
NTCPs using our own, as well as existing dose-response data.  In addition,
DVHs and analysis have been performed on the high-resolution reference data
for each technique.  

Scientific Session (Plaza)

TU-D2-01
Update on Quality Assurance of Multi-Institutional 3D Radiotherapy
Clinical Trials
J. Purdy *, W. Harms, Sr., W. Bosch, J. Michalski, Washington University
School of Medicine, St. Louis, MO

The Radiation Therapy Oncology Group 3D Quality Assurance (3DQA)
Center provides QA reviews of external beam treatment planning and
verification (TPV) information for patients enrolled in multi-institutional 3D
radiotherapy treatment protocols. Computer hardware and software
components have been implemented which allow participating institutions to
submit common format TPV digital data for QA review. While most of the
participants have been using the internet for data submissions, more
institutions are beginning to  qualify for these studies without an adequate
internet connection.  In these cases magnetic tape (QIC150 and 4mm DAT) has
been successfully used. Two site specific (prostate and lung) 3D trials are
currently accruing patients. Thus far, over 500 protocol patient TPV data sets
have been submitted and reviewed by the 3DQA Center.

Prior to enrolling patients on protocol, each participating institution is required
to complete a 3D Facility Questionnaire documenting the planning and
delivery systems that the institution will use for patients entered on protocol.
In addition, the institution must complete a successful submission of a protocol
compliant "dry-run" test data set.  This dry run test involves the digital transfer
of all protocol required TPV data and supporting hard copy documentation
excepting simulation or portal films/images.

Once the QA review is completed, the data are transferred to an interactive
image database that will eventually serve as a national resource giving
investigators access to the numerical, categorical, and textual information
derived from clinical records as well as the quantitative geometric, dosimetric,
and imaging data used for treatment planning and verification.

Supported in part by ACR subcontracts CA 21661 and CA 60267.

TU-D2-02
Quality Assurance of 3-D Radiation Treatment Planning Systems and CT-
Simulators with a Novel Phantom
T. Craig *, J. Van Dyk, London Regional Cancer Centre and University of
Western Ontario, London, Ontario, Canada

Quality assurance (QA) of three-dimensional (3-D) radiation treatment
planning systems (RTPS) and CT-simulators (CT-sim) is necessary for
ensuring that they fulfill their potential.  Currently, comprehensive tools for
their QA, especially as related to non-dosimetric parameters, have not been
developed.  We present a phantom that facilitates the evaluation of many non-
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dosimetric parameters, including the display of 3-D radiation beams,
multiplanar CT image reconstructions, digitally reconstructed radiographs, the
manipulation of contoured patient anatomy, dose volume histograms, and the
conversion of CT numbers to relative electron densities.  The phantom
contains geometries and inhomogeneities that are appropriate for the QA of the
features described above.  One component of the phantom can be used to
verify beam and image displays for 3-D orientations.  A second component
contains volumes of interest that test the software’s ability to manipulate
anatomical structures.  Three commercial 3-D RTPSs and a CT-sim have been
evaluated with the phantom.  The use of this phantom demonstrated the
existence of errors and limitations in the display capabilities and planning tools
in the systems evaluated.  Some of these problems have the potential to lead
to errors in radiation treatment.  In addition, differences in the implementation
of planning tools from system to system were notable. In summary, this
phantom is a unique tool designed explicitly for the QA of 3-D radiation
treatment planning procedures.  We have demonstrated that QA of 3-D RTPSs
and CT-sims is necessary, and that this phantom is an effective tool for the
task.

TU-D2-03
Analysis Tools for Evaluation and Validation of Dose Calculation
Algorithms
D. Knapp *, E. Moses, Lawrence Livermore National Laboratory

Successful evaluation and validation of radiation therapy dose calculation
algorithms requires accurate, self-consistent measurements, quantitative
assessment criteria, and automated test tools to enable comprehensive data
analysis. Unfortunately, there are both uncorrelated and correlated noise
components in the reference and measurement detectors used in moving-
detector dose measurements. To compare the position of the calculated and
measured isodose contours in the buildup/builddown and penumbra regions of
the measured dose distributions, we use Savitsky-Golay smoothing to directly
estimate the smoothed derivative of the data. We then apply a generalized
second-difference Gaussian detection filter to the derivative to accurately
determine the positions of isodose contours at beam edges. This serves as a
robust technique for automatic edge detection in the noisy measured data. For
regions in which the dose is changing slowly, we compare calculated to
measured doses. Figures-of-merit for both positional accuracy and absolute
dose have been developed to assess the accuracy of calculations. We have also
developed automated data analysis tools to complete large-scale data
comparisons with modeling results. We present representative data comparing
results from the PEREGRINE dose calculation system and measurements on
clinical systems to show the efficacy and general applicability of these
methods. 

This work was performed under the auspices of the U.S. Department of Energy
by the Lawrence Livermore National Laboratory under contract number W-
7405-ENG-48.

TU-D2-04
Variance  From  Treatment  Set-Up  In  External  Beam  Therapy
B. Paliwal *, M. Burkhamer, R. Steeves, University Of Wisconsin at Madison,
Madison, WI

Over a period of three years, we monitored the variance from treatment set-up
on three accelerators in our Department.  Each machine on the average treats
20-25 patients per day.  Therapists were asked to fill out a voluntary reporting
form to document the variances, their understanding as to why the variance
occurred and what recommendations they would institute so that the variance
could be avoided in the future.  The form also included an analysis of the
impact of each variance on the patient and the corrective steps taken by the
physician and physicist to compensate for the dosimetric and clinical
implications of the variance.  Major categories reported were related to blocks,
wedges, collimator settings, monitor unit settings and beam energy.  Most of

the variance was with the Clinac 4 which did not have a 'record and verify'
system, and most dosimetry corrections were related to the wedge/compensator
used.  These results and their implications will be presented.

TU-D2-05
Clinical Implementation of a Monte Carlo Treatment Planning System
C. Ma, E. Mok *, A. Kapur, S. Brain, D. Findley, A. Boyer, Stanford
University School of Medicine

The purpose of this study was to implement the Monte Carlo method in a
radiotherapy treatment planning system for routine dose calculations. We used
the EGS4/BEAM code to obtain the accurate phase-space data for 6-20 MeV
electron beams and 4, 6, 15 MV photon beams for Varian Clinac 1800, 2100C
and 2300C/D accelerators. A multiple-subsource model was further developed
to reconstruct the phase-space data for both electron and photon beams, which
retained the accuracy of the Monte Carlo data but reduced the data storage
requirement by a factor of 1000 and the accelerator simulation time by a factor
of 10 or more. Good agreement (within 2%) was achieved between the Monte
Carlo calculations and measurements of the dose distributions in homogeneous
and heterogeneous phantoms for various field sizes, SSDs and beam
modulations. For example, the Monte Carlo calculated electron output factors
were within 2% of the measured ones for fields 2 x 2 cm2 % 20 x 20 cm2 while
the photon heterogeneity correction factors for lung and bone were within 1%.
The Monte Carlo calculations were used to verify the "optimized" dose
distributions given by a commercial treatment planning optimization system
prior to an IMRT treatment. Significant differences (> 5% in dose and > 5 mm
shift in isodose lines) were found between the Monte Carlo and the analytical
calculations as implemented in the commercial systems especially in the head
and neck, lung and breast cases.

This investigation was supported in part by grant CA43840 from the NCI.

TU-D2-06
Clinical Validation of the PEREGRINE Monte Carlo Dose Calculation
System for Photon Beam Teletherapy
R. Walling *, C. Hartmann Siantar, N. Albright, D. Wieczorek, D. Knapp, L.
Verhey, S. May, E. Moses, Lawrence Livermore National Laboratory,
Livermore, CA

PEREGRINE is a 3-D Monte Carlo radiation transport system designed to
provide the most accurate dose calculations for radiation therapy treatment
planning. PEREGRINE combines Monte Carlo-based modeling of the
accelerator beam delivery system, Monte Carlo simulation of treatment-
specific beam modifiers, and Monte Carlo transport in the patient to provide
a robust and accurate representation of the radiation source, the beam
modifiers, and heterogeneities in patients. To validate the PEREGRINE dose
calculation system, we have developed a comprehensive set of tests comparing
PEREGRINE calculations to high-quality dosimetric measurements made with
standard 6 and 18 MV clinical beams. These tests stress the physics algorithms
for a full range of clinically relevant materials, densities, and beam energies for
open, blocked, wedged, and compensated fields incident on a simple water
phantom and water-equivalent phantoms with a variety of surface and sub-
surface heterogeneities. Measurements were made with several types of
detectors, including cylindrical and thin-window ionization chambers, photon
diodes, and radiochromic film, chosen for the specific dose-distribution
characteristics being studied. We report that PEREGRINE accurately models
the absolute dose per monitor unit for a comprehensive set of clinically
relevant cases.

This work was performed under the auspices of the U.S. Department of Energy
by the Lawrence Livermore National Laboratory under contract number W-
7405-ENG-48.
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TU-D2-07
Comparison between Commercial 2D-3D Treatment Planning Systems
and the BEAM Code
P. Francescon *, C. Cavedon, S. Reccanello, Medical Physics Department,
"San Bortolo" Hospital, Vicenza, Italy

The aim of this work is the study of some 2D and 3D treatment planning
systems (ROCS 400, Theraplan TP11, ADAC Pinnacle) compared to the
BEAM Monte Carlo code. A 6 MV photon beam was employed. The
experimental results obtained with a new type of radiochromic film (MD-55)
are also presented.
Situations of electronic non-equilibrium that could lead to significant errors
have been investigated, using three types of phantom: 1) air gap "sandwiched"
between slabs of solid water perpendicular to the beam axis; 2) a "step wedge"
made of solid water slabs, to simulate non-perpendicular entrance surfaces; 3)
an anthropomorphic Alderson phantom.
Since published works with BEAM still rely principally on electron beams, a
benchmarking study was first performed to check the reliability of BEAM
against experimental measurements in a water phantom. Good results were
obtained for PDD data, while cross profiles suffer from a systematic
overestimation of the peripheral dose. For this reason the study has been so far
restricted to the doses on the central axis.
Very good agreement is observed between BEAM and the 3D system for non-
perpendicular entrance surfaces and for inhomogeneities like lungs, bone and
air cavities. The 2D systems seem to systematically overestimate the dose
behind low-density regions; the observed differences vary up to 5 %.
The results obtained with radiochromic films inserted into the phantoms are in
good agreement with BEAM simulations, but suffer from high noise that can
be eliminated only averaging the values obtained by multiple expositions.

TU-D2-08
Process Quality Assurance for Automated Radiotherapy Treatment
J. Balter *, L. Marsh, D. McShan, University of Michigan Medical Center,
Ann Arbor, MI

Recent initiatives in the delivery of  radiotherapy using multiple beam angles
have shown improved dose conformance, at a cost of increase in time and
complexity of treatment delivery.  The use of computer-controlled linear
accelerators and database integration between treatment planning and delivery
makes automated treatment of patients technically feasible, however valid
concerns exist about the safety of treatment delivery involving automated
machine movements.  In order to explore the issues involved with safe
treatment of multiple fields, we have developed quality assurance procedures
to permit automated treatment under the supervision of physics personnel.
Key features in the process include planning of treatment delivery (beam
order), establishment of a range of allowed table positions (based on
immobilization devices indexed to the treatment couch, and simulation of the
treatment), addition of extra monitoring equipment, and treatment at extended
source-to-axis distances.  This process has been used to successfully treat  80
stereotactic radiosurgery patients, using 11 to 20 beams per patient, in an
average treatment delivery time of 25 minutes (as opposed to 45 minutes when
treated manually).   This process has recently been applied to fractionated
treatments in the brain and abdomen, using up to 11 beams per fraction.  Initial
results indicate a typical time saving of 7 minutes per fraction over
conventional treatment.   The quality assurance issues learned through the
supervised process are used as feedback to modify the treatment control
system, as well as treatment planning.

Work supported by NIH PO1-CA59827

TU-D2-09
Commissioning and Clinical Use of a Micro Multi-Leaf Collimator for
Conformal Radiosurgery.
V. Cosgrove *, M. Pfaender, U. Jahn, S. Bauer, V. Budach, R. Wurm,
Strahlentherapie, Universitatsklinikum Charié, Berlin, Germany.

 The m3 micro multi-leaf collimator, (developed by BrainLAB and Varian) has
been commissioned and is now used for conformal stereotactic radiosurgery.
Treated targets have so far included brain metastases, an AVM, acoustic
neuroma and recurrent glioblastoma.
 
 Clinical commissioning involved measurement of standard characteristics
(transmission, leakage, beam penumbra, etc.) as well as the  accuracy of field
shaping and planned dose delivery in terms of geometric and dosimetric
precision. For this purpose a shaped phantom was constructed and irradiated.
Multiple Portal VisionTM images were acquired to verify the spatial accuracy
of the planned field shaping, 3D image reconstruction and target positioning.
A cubic solid water phantom and film was also used to verify the planned and
delivered dose distributions. Both tests indicated high dose was delivered with
a spatial precision of ≤1.5mm. Absolute dosimetry with ionisation  chambers
and TLDs have shown isocentre dose delivered to an accuracy of ± 3.5%.

 All treated patients had both standard stereotactic arc and mMLC conformal
plans calculated. Unless targets were near-spherical and/or small (≤1 cm3) the
conformal plans always produced more normal tissue sparing in the >50% dose
region. For an elongated acoustic neuroma (volume 0.57cm3; longest
dimension 17mm, shortest 3mm), the arc plan required two isocentres and,
therefore, lead to dose inhomogeneity within and around the GTV. The mMLC
plan, using six non-coplanar fields, provided a much more homogeneous dose
distribution.

DVH analysis showed improved normal tissue sparing and homogeneous PTV
dose coverage for all the mMLC plans relative to those with arcs.

TU-D2-10
Clinical Implementation of a Miniature Multileaf Collimator for
Conformal Stereotactic Radiotherapy
A. Shiu *, L. Dong, M. Maor, The University of Texas, M. D. Anderson
Cancer Center, Houston, TX

The use of a miniature multileaf collimator (MMLC) has been proposed to
optimize conformal stereotactic radiotherapy (CSRT). The purpose of this
study is to report on the clinical implementation of CSRT using an MMLC for
beam shaping and a relocatable non-invasive head frame for immobilization.
The first step in the procedure is to customize the head frame by constructing
an impression of the patient’s upper dentition and an occipital support. A set
of CT images is obtained with the localization frame attached to the head
frame. The localization frame is then replaced with the daily setup frame. Five
reference tattoo points are marked on the patient’s skin to ensure
reproducibility of the patient’s position. An optimal treatment plan is generated
along with leaf settings for the MMLC treatment fields. MMLC light fields are
verified using a target verification device with the projected field shapes
generated from the treatment planning system. Light fields are compared to
radiation fields at dmax using film with an agreement criterion of 0.3 mm. For
verification purpose, the output for each field is measured and compared to the
calculated output and the difference is within 1%. Dose distributions and dose-
volume histograms are also presented. The time for pre-treatment quality
assurance is approximately 15 minutes and the treatment setup and delivery
time is approximately 20 to 30 minutes.
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TU-D3-01
NMR Relaxometry Studies of a Polymer Gel Dosimeter
L. Schreiner *, C. Audet, F. Mansour, H. Peemoeller, Kingston Regional
Cancer Centre, Kingston, ON; Vancouver Regional Cancer Centre, Vancouver,
BC; University of Waterloo, Waterloo, ON; Canada

Polymer gel dosimeters have been developed for three dimensional radiation
dosimetry using MRI. However, the mechanisms determining the dose
dependence of the polymer gel NMR spin-relaxation are still under study. Here
we report the results of a basic investigation of a polymer gel dosimeter (3%
bis, 3% acrylamide, and 5% gelatin) irradiated to doses from 0 to 10 Gy. Spin-
spin relaxation (R2) and rotating frame spin-lattice relaxation (R1) rate
measurements were performed at 5 ºC using CPMG and 10 G spin-locking
pulse sequences, respectively. Both spin-spin and rotating frame spin-lattice
relaxation decays are bi-exponential with fast and slower relaxing
magnetization components. At zero dose the magnetization fraction of the fast
decaying component is ~4% in both R2 and R1 experiments; this corresponds
stoichiometrically to the signal expected from the gelatin in the dosimeter
before the onset of radiation induced polymerization. The magnetization
fraction of this component increases linearly with dose with a slope of ~0.5
percent per Gy, enabling the determination of an effective chemical yield for
this polymer gel dosimeter. All R2 and R1ρ rates increase linearly with dose,
with the dose sensitivity of the relaxation rates associated with gelatin and
polymer protons about three times greater than that of the water/monomer
rates. This is expected since the  effect of polymerization on the water proton
component is indirect, mediated by protons on water hydrating the polymer
molecules. The practical implications of the  newly observed two component
magnetization decay for MRI polymer gel dosimetry techniques will also be
discussed. 

TU-D3-02
Pain and the Brain: Functional MRI Studies of Pain and its Modulation
by Non-Pharmacological Interventions
E. Jackson, C. Cleeland, K. Anderson, A. Kumar, N. Leeds, The University of
Texas M. D. Anderson Cancer Center

Substantial pain management research is aimed at minimizing the pain felt by
cancer patients.  However, much basic knowledge about areas of the brain
involved in the processing of pain is lacking.  Recent PET studies have
indicated four major areas of the brain are involved in the perception of pain.
The present studies used fMRI to map brain areas that were activated in
response to a painful stimulus, and to examine the modulation of the volumes
of the activated areas by non-pharmacological intervention.  Eight normal
subjects were examined, with the painful stimulus applied to the finger with
a pressure algometer.  There were three runs per subject.  First, the subjects
were instructed to imagine the non-weighted algometer as painful.  In the
second and third runs the weighted stimulus was applied concurrent with
auditory cues that had the subject either focus  on the pain ("toward state") or
distract themselves from the pain ("away state").  Activation maps were
generated using cross-correlation analysis.  The maps for the eight subjects
were analyzed using a 3D ANOVA to generate mean control, toward, away,
and difference maps, and volumes of connected activated voxels were
computed using 3D cluster analysis.  Primary activations were in the anterior
cingulate cortex and insular cortex, although other areas of activation were
also significant.  The total volume of activation increased by 51% in the
"toward" state compared to the "away" state.  Such studies show the utility of
fMRI for mapping the poorly characterized cortical representation of pain and
its modulation by non-pharmacological interventions.

TU-D3-03
MR Single Shot FLAIR-Weighted Diffusion/Perfusion Echo Planar
Imaging and Their Analysis for Stroke Evaluation
Y. Liu *, J. Blechinger, R. Breger, D. Hinke, D. Weber, Radiology Dept./St.
Luke's Medical Center, Milwaukee, WI

MRI diffusion-weighted (DW) and perfusion-weighted imaging (PWI) have
been reported to be sensitive for stroke detection. In this study quantitative
analysis is done. Forty patients were evaluated using single shot echo planar
imaging (EPI). Contrast-to-noise ratio (CNR) and signal-to-noise ratio (SNR)
of ischemic regions were measured for DW-EPI, FLAIR-EPI, isotropic DWI
and apparent-diffusion-coefficient (ADC) images. The isotropic DWI has the
highest CNR and is the most sensitive to acute stroke, followed by DW-EPI.
However the DW-EPI souce image with diffusion gradient along at least one
direction should also be evaluated. The PWI images were analyzed using post
processing of relative cerebral blood volume (rCBV), mean transit time
(MTT), and comparing signal vs. time plot. The dynamic range of the MTT is
limited by the repetition time (TR) of 1.8 s of the acquisition. The rCBV is the
most sensitive if there is no significant perfusion at ischemic regions. The ROI
signal vs. time curve is very useful in confirming ischemia with various
severity. From the measured normal patient perfusion images, the signal
difference between base and maximum enhancement ranges from 30 to 90
(relative intensity), and the time difference of maximum enhancement is
around 0-3.6 s, depending on the vascular territory and patient. When
combined with appropriate image post processing and analysis, EPI diffusion
and perfusion imaging is becoming an excellent choice for routine clinical
stroke evaluation.

The work is supported by GE Medical Systems.

TU-D3-04
Magnetic Resonance Guided Focused Ultrasound Thermal Therapy
R. Price, J. Hazle *, R. Stafford, UT M. D. Anderson Cancer Center

One of the goals of medicine has been to develop techniques for performing
"surgical procedures" without opening the patient.  Non-invasive surgery
would eliminate blood loss, scarring, and infections.  Recovery times would
be shortened and many in-patient procedures could be done on an outpatient
basis under local anesthesia.  These attributes result in surgical procedures
which are less traumatic to the patient and that are significantly more cost
effective.  Focused ultrasound (FUS) thermal therapy was proposed in the early
1960s and works by concentrating ultrasonic pressure waves to a point at depth
in tissue with minimal heating of tissues proximal to the transducer.  The
marriage of FUS and MR imaging resulted in a technology capable of
delivering therapeutic thermal energy to a volume of tissue under imaging
guidance.  An overview of the General Electric MRgFUS system, procedures
for calibrating the system, and preliminary data acquired over the last nine
months will be presented.  Preliminary in vivo animal results show a targeting
accuracy on the order of ±2 mm, good agreement between energy input with
lesion size, and excellent correlation with follow-up pathologic evaluation.

TU-D3-05
SPECT/MR Registration Error from an Internal Landmark Matching
Technique using Procrustes Analysis
A. Lukban *, G. Dean, A. Evans, R. Lisbona, SUNY-HSCB & KCHC,
Brooklyn, NY

Spatial error from brain volume registration with the internal landmark
matching technique, ILM, is investigated. The ILM technique uses Procrustes
analysis with manually selected homologous point pairs for registering single
photon emission computed tomography (SPECT) and magnetic resonance
(MR) brain volumes. The registration  errors are studied with landmark point
set distribution simulations to control the dependence of the translation and
rotation errors on different factors. These factors include: the number of point
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pairs, the error in point pair homology modeled by the full width at half
maximum of a 3-D Gaussian error envelope, and the geometry of the
configuration of the landmark point sets as they depend on their radius from
their centroid. The results of this study are used to interpret the results from
studies based on a 3-D brain phantom fitted with external fiducials to provide
a basis for true registrations. It is shown from the simulations that the
translation and rotation errors are dependent on the number of point pairs and
the level of point set homology.  The spatial distribution of the rotation error
is not homogeneous because of dependence on the radial dispersion of the
point set configurations from their centroid coupled with the varying
dimensions of the brain in the three cardinal planes.

TU-D3-06
Perfusion Effects in Magnetic Resonance Guided Focused Ultrasound
Thermal Therapy
S. Bragg-Sitton *, R. Stafford, J. Hazle, UT M.D. Anderson Cancer Center,
Houston, Texas

Focused ultrasound surgery has been investigated as a therapy for nearly as
long as ultrasound has been used as a diagnostic tool.  However, its application
has been limited and its success diminished without accurate guidance and
tracking techniques to assess tissue damage during sonication.  Magnetic
resonance (MR) imaging offers solutions to  both of these issues.  The proton
resonance shift is temperature sensitive, resulting in a phase shift in gradient
echo images that is linearly proportional to the change in temperature.  By
acquiring images before, during, and after sonication, the temperature
elevation in the treatment region can be mapped over time.  Knowledge of the
temperature tolerance of a given tissue can then be used to determine the
extent of tissue damage.  Data have been collected from several tissue models,
including paraspinal muscle and kidney cortex in a rabbit.  Sonication was
performed both with the animal anesthetized and post-mortum to determine
effects of heat dissipation by blood perfusion on thermal lesion development.
Complex difference phase images were calculated from the real and imaginary
image reconstructions at different times following the start of sonication.
These data were used to track phase changes over time.  Analysis of these
results correlated well with the size and location of lesions that were observed
in post-sonication pathology studies.  

TU-D3-07
Imaging of Thermal Lesions in Soft Tissue Using Ultrasound
Elastography: A Preliminary Study in Vitro
R. Stafford *, F. Kallel, R. Price, D. Cromeens, J. Hazle, T. Krouskop, J.
Ophir, The University of Texas M. D. Anderson Cancer Center, Houston, TX

Ultrasound elastography was used to observe thermal lesions in biological soft-
tissue in vitro. A surgical Nd:YAG laser, with a bare 600 m silica fiber tip and
operating in the range of 10W-30W, produced thermal lesions in the medullary
regions of gel mounted ovine kidneys.  The damage zone was ellipsoidal, the
heaviest damage being at the laser fiber tip where charring was often noted.
Irradiation times of 150-200 seconds produced lesion sizes of 0.5-1.5 cm in
length and 0.3-0.9 cm in diameter.

Observer measurements (n=6) of the maximum length of the lesion along the
apparent axis of the laser fiber and the maximum diameter of the lesion in the
imaging plane were averaged.  The r2 correlation was computed and a
weighted linear regression routine compared the elastographic measurements
to the corresponding measurements taken from gross pathological findings
using the mean uncertainty of each observer measurement as the weighting
factor.  The r2 value for the correlation between the length of the lesion and the
corresponding zone measured from gross pathology photos was 0.7268 (n=10)
and the r2 value for the diameter of the lesion was 0.8496 (n=10).

Elastographic imaging and independent measurement of elastic moduli show
that thermal damage is highly correlated with changes in  the tissue mechanical

properties.  Results of this study indicate that elastography is capable of
assessing the extent of laser-induced lesions in soft tissue. This bodes well for
the use of this new imaging technique for monitoring thermal treatments, such
as focused ultrasound surgery.

TU-D3-08
Potential Role of Tissue Anisotropy on Assessing Perfusion of the Heart
Using Ultrasonic Contrast Agents
M. Holland *, A. Finch-Johnston, K. Wallace, S. Handley, U. Wilkenshoff, J.
Perez, J. Miller, Washington University, St. Louis, MO

Our objective was to explore the potential role tissue anisotropy may have in
the quantitative assessment of myocardial perfusion using ultrasonic contrast
agents.  As an approach, we employed a computer simulation of the parasternal
short-axis view of the heart, based on previously measured (in vitro) values for
the anisotropy of backscatter and attenuation of myocardium, to predict the
backscattered ultrasonic energy from 18 specific regions within the heart
before and after myocardial contrast perfusion. We investigated a series of
specific combinations of anisotropic tissue properties with isotropic contrast
properties and compared the predicted backscatter values before and after
myocardial contrast perfusion.  Results of the simulation indicate that the
potential effects of myocardial anisotropy on quantitative assessment of
myocardial perfusion can be substantial.  For example, specific combinations
of tissue and contrast properties can result in a relatively large increase in
backscatter with contrast perfusion for regions of myocardium where the angle
of insonification between the incident ultrasonic beam and the local myofiber
orientation is primarily perpendicular with a paradoxical decrease in
backscatter with contrast perfusion in regions of myocardium where the angle
of insonification is primarily  parallel.  These results suggest that quantitative
assessment of myocardial perfusion with contrast echocardiography may be
influenced by the anisotropic properties of the myocardium and the degree of
myocardial enhancement due to the presence of contrast may depend upon the
specific region investigated. [NIH Grants HL40302 and HL53461]

TU-D3-09
Investigation of  Ultrasound Quality Control Programs
A. Cislo, M. Goodsitt *, P. Carson, University of Michigan, Ann Arbor, MI

We are performing an investigation of ultrasound quality control (USQC)
programs in North American healthcare facilities.   This study consists of a
written survey and measurements of USQC parameters at responding sites.
The purpose of the survey is to determine the state of present programs and
opinions as to which tests should be performed and how frequently.  USQC
parameters will be measured at the sites two times at six-month intervals to
determine which parameters show the greatest change and therefore may be the
most useful for QC.  

Surveys were sent to over 100 facilities.  So far, 35 have responded with a total
of 71 machines to be tested.  The results to date are as follows: 36% state they
have a USQC program, 71% have the manufacturers perform the QC tests,
30% own a QC phantom, and the majority (57%) state their QC tests are
performed semi-annually.  Problems experienced in order of frequency are:
lack of penetration, degraded resolution, poor hardcopy, cyst fill-in, and
defective transducer elements.

Tests to be performed on the machines include: display monitor fidelity, depth
of penetration, distance accuracy, image uniformity, physical inspection, cyst
imaging, axial resolution, and lateral resolution.  A phantom has been designed
and is being manufactured.  It contains arrays of coplanar spherical voids and
high contrast cylinders of various diameters.  It also includes large low contrast
spherical objects. Horizontal nylon filaments that are coplanar with the centers
of the spheres will be used to maintain scan head alignment.

Research supported in part by CIRS, Inc.
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TU-D3-10
Automatic Needle Localization in Ultrasound Images
K. Draper *, C. Blake, L. Gowman, D. Downey, A. Fenster, Robarts Research
Institute, London, Ontario, CANADA

Needle biopsy is a primary diagnostic tool for cancerous tumors, especially in
the breast and prostate.  Needles are also used in a number of tumour
treatments such as cryosurgery, brachytherapy, interstitial laser
photocoagulation and photodynamic therapy. Ultrasound, because of its ease
of use and low cost is becoming the technique of choice to guide and monitor
these minimally invasive  procedures, but is highly operator dependent.  This
problem may be overcome by automatically detecting and displaying the
needle in the ultrasound image. This will allow the operator to place the needle
consistently thereby providing more accurate tumour biopsy or dose
calculation.

To segment the needle, the needle contrast was improved by applying a
variance filter. A binary image was then created by a threshold operation
creating clusters of pixels.  Morphological operations are then applied to
eliminate small clusters and join neighbouring clusters.  Finally, needle
clusters are identified and classified according to slope and intercept using
principle component analysis. 

The optimum variance kernel size was determined to be 11x11.  An automated
method to decide on the threshold level was also found.  A device was
constructed to test this algorithm.  Using this device, it is possible to insert a
needle a known distance at a predetermined angle into a block of tissue-
mimicking agar.  Ultrasound images were taken with needles at angles
between 0 and 15°.  Preliminary analysis comparing the operator determined
segmentation with that of the algorithm shows agreement to within 2° in 72%
of the images.

Scientific Session (Fiesta A)

TU-D4-01
X-ray Tube Loading and Image Quality as a Function of Filtration in
Diagnostic Radiology
R. Behrman *, Tufts-New England Medical Center, Boston, MA 

Previous work has shown that significant reductions in effective dose and skin
entrance dose can be achieved in diagnostic radiology by increasing the total
Al equivalent filtration of the x-ray tube from 2.5 mm, the NCRP
recommended minimum, to 4.0 mm.1  In this paper the impact of additional
filtration on tube loading and image quality is assessed.  For nine common
radiographic projections, average increases in tube loading (mAs) were 99%
for a constant free-air entrance exposure, 16% for a constant patient exit dose,
and 4% for a constant film density, as the total filtration was increased from
1.5 to 4.0 mm Al at fixed kVp’s.  From 2.5 to 4.0 mm, average increases were
51%, 18%, and 15%, respectively.  With regard to image quality, comparison
of radiographs taken with 2.5 and 4.0 mm tube filtration of a contrast phantom
(shallow holes in aluminum plates) showed no statistically significant
differences in mean target-minus-background film densities or image contrast.
This was at the 1 SD level of + 0.003 OD and + 0.35%, respectively, over the
range of 60 to 102 kVp.  For 25% incremental increases mA, for tube currents
below 800 mA, focal spot blooming reduced spatial resolution by less than
5%.  

1 R. H. Behrman and G. Yasuda, "Effective dose in diagnostic radiology as a
function of x-ray beam filtra-   tion for a constant exit dose and a constant film
density," Med. Phys. (in press).

TU-D4-02
Method for Optimizing X-ray Imaging Conditions under a Dose Limit
H. Ueki *, K. Ueda, Medical Systems Research Dept., Central Research
Laboratory, Hitachi, Ltd., Kokubunji, Tokyo, Japan

A new method for optimizing X-ray imaging conditions according to results
of Monte Carlo simulation has been developed. In the simulation, relations
between X-ray tube voltage and the quality of projection were determined.
Paths of each photon in the filter, object, anti-scattering grid, and detecting
material were calculated. A layer of water, containing a guide-wire of a
catheter in the middle, was used as the object. Photons were emitted until the
dose reached a preset value. Projections were calculated for tube voltages from
40 to 120 kV for each object thickness of 5, 10, 15, and 20 cm. And all
projections were made with and without the filter. To evaluate the quality of
projections, we fixed the preset dose at all tube voltages. The contrast-to-noise
ratio (CNR) values of the projection of the guide-wire were calculated with
respect to all projections. 
The results of the calculation showed that the CNR value decreased for both
low and high voltages because of quantum noise and scattering, respectively.
Therefore, the optimum voltage is given by the maximal CNR for each
thickness. According to our results, the optimum voltage increased with
increasing object thickness. The increase of the maximal CNR value was found
when the filter was used. The optimum condition is therefore the combination
of the filter which gives the highest CNR and its optimum tube voltage for
each object thickness. 

The research described in this abstract was supported by a grant from Hitachi
Limited and Hitachi Medical Corporation.

TU-D4-03
MTF Properties of a 43-Micron Computed Radiography System
X. Liu *, C. Shaw, J. Herron, S. Chardon, Department of Radiology,
University of Pittsburgh, Pittsburgh, PA

The MTF properties of a laboratory CR imaging system capable of scanning
with a pixel size of 43 µm were measured and investigated. An over-sampling
method using tilted slit was used to measure the presampling MTFs. It was
found that the MTFs measured for a  CR system depend on the type of image
plate used (HR or ST), X-ray spectra, band-pass frequency (for horizontal or
laser scanning direction only) and laser beam power. The pixel size used for
image readout affects the MTF through phase shift and aliasing. The horizontal
MTFs measured remained largely the same for all pixel  sizes when the over-
sampling technique was used and the band-pass frequency was kept fixed.
However, in actual imaging, the band-pass frequency is generally set at half of
the sampling rate corresponding to the pixel size used to contain the aliasing
effects. As the result, the MTFs were degraded when the band-pass frequency
was set at lower value for larger pixel sizes as generally done in actual
imaging. The MTFs decrease as the kVp increases. The MTFs of the ST image
plates were measured to be lower than those of the HR plates. The effect of
laser beam power on the MTFs was found to be measurable but small. In
conclusion, the 43 µm readout capability can improve the MTF  by including
more high frequency signals in the image and by allowing the use of a higher
band-pass frequency.

Supported in part by grant CA51248 from the National Cancer Institute.

TU-D4-04
Detective Quantum Efficiency (DQE) Considerations in Dual-screen
Computed Radiography (CR) Imaging
C. Shaw *, X. Liu, S. Chardon, University of Pittsburgh, Pittsburgh, PA

Dual-screen CR imaging is the technique of simultaneously exposing two
screens and digitally superimposing the resultant images into an image of
better signal-to-noise ratio. Because X-ray absorption is effectively improved,
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it is also possible to use one or two HR screens to achieve higher resolution
without compromising on the signal-to-noise ratio. A theoretical model for
dual-screen CR imaging has been derived to relate the DQE of the
superimposed image to the MTFs and noise power spectra of the front and
back images. The model showed that for best DQE the front and back images
should be weighted in proportion to their DQE and in inverse proportion to
their MTF. The optimized DQE is equal to the sum of the DQEs in the front
and back images. In order to achieve best DQE over the entire frequency
range, the optimal weighting factors must be determined as a function of the
frequency and used to filter the front and back images prior to superimposition.
MTF and NPS were measured and used to estimate DQEs for various screen
combinations used in dual-screen CR chest imaging. It was found that the use
of one or two HR screens in dual-screen CR imaging results in substantially
improved DQE at high frequencies without significantly affecting the DQEs
at low frequencies. For asymmetric screen combinations, it is necessary to use
frequency dependent weighting factors to optimize image superimposition for
best DQE.

This work is supported in part by a research grant (CA51248) from the
National Cancer Institute.

TU-D4-05
A Novel Method for Fitting ROC Curves to Sets of Confidence-rating Data
J. Olsen *, A. Skretting, The Norwegian Radium Hospital, Oslo, Norway

 A new program has been developed for the derivation of ROC curves from
sets of confidence-rating data. The method is based on the fitting of the data
sets to a mathematical model of the receiver’s operation by means of a non-
linear least squares method. The fitting provides the relative widths and
positions along the signal axis of the two underlying normal distributions
representing the positives and the negatives, as well as the positions of the
confidence thresholds relative to these distributions.

In contrast to the method that fit binormal ROC curves to the data sets by
maximum likelihood estimation, the new method usually result in ROC curves
that pass close to the data points even though the data points do not lie along
a straight line when plotted on "normal-deviate" axes.

 After fitting of the model, the course of the ROC curve in the upper right
corner of the diagram is automatically analysed by the program. In case of a
significant "hook", an iterative procedure is initiated in which the ROC curve
is gradually forced to become more symmetric around the negative diagonal
of the diagram, until the average gradient of the final section of the curve falls
below a pre-set value. Even in instances of "degenerate" data sets, this
constraint leads to sensible ROC curves.

 Our method has proved to be very robust, and  provides a comprehensive set
of numerical and graphical output that facilitate the interpretation of the study.

TU-D4-06
Acceptance Tests of a Hospital-Wide Kodak Computed Radiography
System
B. Freed *, I. Levy, New York Hospital/Cornell Medical Center

Several tests involved exposing the full area of Kodak storage phosphor
cassettes with a filtered (0.5 mm Cu + 1 mm Al) 80 kVp x-ray beam,
processing them in the Kodak phosphor readers (KESPRs) at a specified time
after exposure and obtaining the Exposure Index (EI) in the "Pattern" mode.
For a cassette exposed (to an EI of 3000) and then processed in the same
KESPR, the EI for repeated exposures was within ±10 units (the readout
resolution) of the mean. For 25-50 cassettes of the same size and type,
similarly exposed and then processed in the same KESPR, the EI for most was
within ±25 units of the mean. The EI obtained with 12 of the hospital's
KESPRs, after processing matched cassettes given the same exposures, had a

range of 280 units. Ten of these KESPRs exceeded Kodak's tolerance limits.
Decay of EI versus process delay time for quasi-uniform images, followed to
four days after exposure over an EI decrease of 430 units, can be represented
by three exponential components plus a constant. A low contrast test pattern
image, allowed to decay 300 units (to the EI associated with half the original
exposure) showed quantum mottle comparable to the undecayed image.
Distance measurements using the DX workstations' "tools" were accurate to
<1% for most cassette dimensions. EI and other parameters accompanying
images on QC workstations were either absent, mislabeled or had insufficient
digits in the archived versions.

TU-D4-07
The Comprehensive Quality Assurance Phantom Designed By The NEMA-
SCA&I Joint Work Group On Cardiovascular Imaging Systems
P. Lin *, Northwestern University Medical School, Chicago, Illinois 60611-
3008

A comprehensive quality assurance phantom has been developed under the
auspices of the NEMA-SCA&I Joint Work Group. The QA Phantom is based
on two principles that can be distinguished from the phantoms designed in the
past. They are: (1) reproduction of the clinical conditions in terms of patient
simulation as well as the "operation and function" of the imaging system, and
(2) the testing procedure is geared for a "system level" testing rather than a
"component level" testing. 

In order to accomplish the first objective, for example, the PMMA Plastic such
as PlexiglasTM, LuciteTM, and AcrylicTM was selected as the phantom material,
and the traditional materials such as aluminum, and copper were not employed.
This ensures the radiation entering the image intensifier is a close simulation
of the real clinical conditions as faithfully as possible in both the radiation
quantity, and quality.
 
The physical imaging parameters included for measurements using this QA
Phantom are: (a) the high contrast spatial resolution, (b) the low contrast
discernability, (c) over all dynamic range, and (d) motion/lag detectability.  In
addition, the patient entrance exposure (exposure rate) will be measured as one
of the indices of system performance in place of the image intensifier input
exposure rate (IIIER) which is a component level test measurement.

The presentation of this paper will bring the attentions of the society members
to the most up-to-date status of the Joint Work Group while focusing on the
QA Phantom in detail and describe the rational and physics behind its design
principles.

TU-D4-08
Recommended Standards for Routine Performance Testing of Diagnostic
X-ray Imaging Systems (IPEM Report 77)
M. Fitzgerald *, D. Evans, P. Hiles, A. Jones, J. Payne, D. Rigg, W. Smith, B.
Wall, Radiological Protection Centre, St George's Hospital, London, UK

Although there is a wealth of information on equipment performance
monitoring, there was no document in the UK which set out in a single
volume, information on what tests should be conducted, how frequently, by
whom and finally what action to take when the results indicate a deterioration
in performance.  Report 77 from the Institute of Physics and Engineering in
Medicine attempts to do this.  It covers all types of X-ray equipment, applies
to all departments regardless of size, includes all types of tests and applies to
all the professionals involved.  

Two levels of expertise are introduced corresponding to in-house and
externally provided services.  For many tests, a  range of frequencies is given
reflecting the fact that test intervals must depend on factors such as the clinical
work load and the type of equipment.  
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Tests are assigned a priority one or two denoting good and best practice
respectively.  The report extends the concept of remedial and suspension
levels, first introduced within the UK Breast Screening Programme, to all x-ray
equipment.  Both levels are action levels. The remedial level represents a level
of performance which requires corrective action to be initiated.  The
suspension level represents a deterioration in performance by a factor of 2 or
3 compared to the remedial level.

This presentation will descibe the development and philosophy of this report
and how it relates to European Directives and to the legal requirements in the
UK.  

Continuing Education Course (Fiesta E)

TU-D5-01
Physicist’s Surveys of Stereotactic Breast Biopsy Units
Maynard High, New York Medical College, Valhalla, NY

The voluntary ACR Stereotactic Breast Biopsy Accreditation Program has
established personnel qualifications for the physician, technologist and
physicist; and quality control tests at the technologist and physicist level.  An
overview of these requirements will be given, followed by a detailed
discussion of the recommended physicist’s quality control tests.  Those tests
unique to stereotactic units, such as digital collimation assessment, signal to
noise uniformity, digital system limiting resolution resolution, artifact
evaluation and localization accuracy will be emphasized.  Problem resolution
in the case of a test that exceeds its action limit will be discussed.  Commonly
seen problems will be reviewed. Advice on the proper protocol for submission
of phantom images and TLD data to the Accreditation Program will be given.

Educational Objectives:
1. Provide the medical physicist with the tools to improve his/her role in

stereotactic breast biopsy teams.
2.  Familiarize the medical physicist with the requirements of the ACR

Stereotactic Breast Biopsy Accreditation Program.

TU-D5-02
Phantom Image Quality and Artifacts Evaluation
Arthur Haus, Susan Jaskulski, S & A Medical Imaging Corporation, Fairport,
New York

Factors that affect image quality in mammography and in particular phantom
imaging will be reviewed. Steps involved in assessing causes of artifacts due
to film processing and x-ray equipment will also be reviewed. Clues to look
for to identify how films were transported through the processor will be
described.  Examples of typical artifacts such as guide shoe marks, shadow
images, pick-off, wet pressure, delay streaks, run back, skivings, crease marks,
static, grid and filter will be illustrated and discussed.   

Symposium  (Fiesta B)

TU-D6-01
Integration of a Commercial US PACS System into an Existing Radiology
RIS/PACS System
Carolyn Kimme-Smith, Daniel Valentino, UCLA Medical Center, Los Angeles
CA

The UCLA Department of Radiological Sciences has developed and
implemented a large-scale clinical RIS/PACS. In addition, workstations have
been developed for each division, organized according to the needs of the
division (task-oriented). All sections can view all modalities. In addition,
PACS images are available to other specialists throughout the hospital and in
our outpatient facilities. While pediatric radiology was the first division to
have a fully automated PACS (because of the early use of CR imaging for

Peds), US was not included in the PACS network, even though it accounts for
over one-fourth of pediatric diagnostic images (80% of which are portables).

In addition to pediatric usage, abdominal US, vascular US, and OB-Gyn US
were not included in the PACS network. Much of this exclusion was a result
of three factors: 1) the variety of US manufacturers represented at  UCLA, 2)
the need for high volume, immediate access, color images, including short
bursts of color cine-loop needed for vascular studies, 3) the availability of
DICOM compatible interfaces, both in our PACS system and in those of the
commercially available PACS US systems.

Because over half the UCLA US equipment is manufactured by ATL, we
elected to interface to the ACCESSTM system distributed by Kodak, but
initially developed at ATL. The Access Pentium-based workstation will
support color cine-loop display of an ongoing US examination, a benefit when
radiologists must monitor both inpatient and outpatient facilities. While ATL
HDI 3000 scanners can be linked directly to the system through a DICOM
interface, other scanners will have selected images digitized by a modality
acquisition unit (frame grabber). All selected images will be transferred to an
Access Network Fileserver and to the UCLA PACS. The acquisition units can
store 500 images before transfer to the archive.

Problems encountered during the initial trial period will be reported. Use of
existing black and white workstations in pediatrics (who perform only 10%
color examinations) will also be evaluated.

Teaching objectives: Problems to be solved when interfacing a large-scale
PACS with commercially available PACS modules. RIS compatibility with a
commercially available US PACS system.

TU-D6-02
Functionality and Utilization of Single Vendor Ultrasound Mini-PACS
Gary Barnes, Michelle Robbin, Therese Weber, University Hospital,
Birmingham, AL

Described is the architecture and functionality of an ultrasound mini-PACS.
The system connects several units at two locations and has been in clinical
operation for more than two years.  It provides soft-copy viewing of ultrasound
exams and as a result hard copy recording of images, although still
occasionally utilized, has been minimized.  Additional features are real time
viewing of exams at either location and image acquisition from different
vendors' units.  Reviewed are physician utilization and efficiency.  Presented
are the systems' advantages, limitations and cost.

TU-D6-03
Ultrasound Mini-PACS:  A Practical Approach to Image Management
Systems
Evan Boote, University of Missouri, Columbia, MO

Ultrasound Mini-PACS (Picture Archiving and Communications) systems are
smaller image management systems which are specifically designed to address
the needs and requirements of diagnostic ultrasound studies and the
interpretation of those studies.  Systems such as these are often a first step
taken by a radiology department toward a more extensive image management
system.  These systems are also becoming popular for specialties outside of
radiology which use ultrasound in their practices (e.g. Ob/Gyn and
Cardiology).

These systems are advertised as being able to reduce or eliminate the use of
film in an ultrasound department while at the same time increasing the
efficiency of the department.  Ultrasound mini-PACS may or may not be
capable of long-term archival, accessing previous studies for comparison.
Other problematic issues for Ultrasound mini-PACS include DICOM
compatibility, interfaces to Radiology Information Systems (RIS) or Hospital
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Information Systems (HIS), and the ability to present images through the
World Wide Web.

This presentation will be a tutorial on the configuration of Ultrasound mini-
PACS.  Advantages of these systems, including faster exam turnaround and
reporting and the reduction of film costs, will be discussed.  Disadvantages of
these systems, including the learning curve for interpreting physicians and
increased equipment costs will also be covered.  A  means of balancing these
in terms of cost versus benefit will be presented.

The presentation will also cover topics involving the integration of an
Ultrasound mini-PACS into the larger information infrastructure of an
institution.  Issues of concern here would include interfaces to the RIS/HIS,
DICOM integration with a departmental or enterprise-wide image management
system, teleradiology applications and any requirements for provision of
images and reports to referring physicians.  All of these issues must be
considered prior to purchase and installation of an ultrasound mini-PACS in
order to avoid unnecessary and costly delays.  The discussion will cover these
aspects of ultrasound mini-PACS and will also give a general survey of
systems currently available in the marketplace.

Educational Objectives:
The objective of this presentation is to provide a Medical Physicist with
adequate information to advise on the purchase and installation of these
systems, including,
1. What constitutes an Ultrasound Mini-PACS system.
2. Advantages and disadvantages of an Ultrasound Mini-PACS
3. Important interfacing and integration issues
4. General survey of Ultrasound Mini-PACS available

TU-D6-04
Practical Experience Using an Ultrasound MiniPACS at Mayo Clinic-
Rochester
Nicholas Hangiandreou, E. James, Karen Daly, Kenneth Persons, Darrel Rowe,
 Mayo Clinic and Foundation, Rochester, Minnesota

This presentation will review the ultrasound mini-picture archive and
communication system (miniPACS) implementation in Mayo Clinic-
Rochester. The ultrasound practice generates about 45,000 examinations per
year. Imaging and interpretation occurs at four different campus locations, in
both clinic and hospital environments, and in fixed-room and portable modes.
Also, imaging equipment is transported by van to one regional location, and
examinations are acquired and transmitted via T1 line back to the Rochester
campus for interpretation. A miniPAC system has been installed to serve all
the image management requirements of the practice, including image capture,
transmission, softcopy interpretation, and archiving. The miniPACS is
interfaced to a departmental Radiology Information System (RIS) to make
order entry more efficient and assure data integrity. Images are also transmitted
out of the miniPACS to an institutional system providing image and report
distribution and display for clinical physicians. The configuration, operation,
and data flow through this integrated information management system will be
described in detail. Our experience with irreversible compression of the
ultrasound image data will also be reviewed. Finally, the practical impact (both
positive and negative) of this system on the radiology practice will be
discussed from the perspectives of the sonographer, radiologist, physicist, and
clinical engineer.

Educational Objectives:
1. Understand how one particular ultrasound practice implemented a

miniPACS and interfaces to other information systems.
2. Learn how the electronic systems have impacted the radiology practice

from the perspectives of the sonographer, radiologist, physicist, and
clinical engineer.

Symposium (Centro)

TU-E1-01
The Design of Target Volumes for Conformal Therapy
Gig Mageras, Memorial Sloan-Kettering Cancer Center, New York, NY

As advances in radiotherapy technology have enabled treatments with
increasing precision, they have also underscored the importance of accounting
for positional uncertainties, such as patient setup error and organ motion, in the
treatment planning process.  The standard approach to conformal therapy
planning is to define a planning target volume (PTV) that is to receive the
prescribed dose and that encloses a clinical target volume (CTV) containing
visible and subclinical tumor, with a margin  to account for variation in CTV
position relative to the treatment beams.  Various imaging technologies and
associated software tools have facilitated measurements of setup error and
organ motion in sizable statistical samples of patients, thus permitting more
accurate determination and assessment of PTV margins.  Studies have shown
that the magnitude of uncertainties may vary with direction and location,
suggesting that the use of nonuniform margins may yield more optimal target
coverage and normal tissue sparing than uniform ones.  

This presentation will discuss various approaches to the design of target
volumes in conformal therapy. Examples will be shown in which setup error
and organ motion is characterized from measurements, then applied to the
determination of appropriate PTV margins.   Future directions will also be
discussed, such as alternative approaches to PTV definition and computerized
design of target volumes.

Educational Objectives:
1. Determination of planning target volume margins.
2. Review of future directions in target volume design.

TU-E1-02
Strategies to optimize the individual planning target volume
John Wong, Di Yan, David Jaffray, William Beaumont Hospital, Radiation
Oncology, Royal Oak, Michigan

Significant advances have been made in the development of external
beamconformal therapy techniques to escalate tumor dose for improving local
control,without a concomitant escalation in toxicity. Most noteworthy is the
use of three-dimensional (3D) information from x-ray computed tomography
(CT) andother imaging modalities to better localize the disease. A tighter
treatment margincan be prescribed such that a higher dose can be delivered to
the tumor withoutincreasing deleterious complications. In practice, the
treatment margin mustaccount for the width of the beam penumbra, the daily
variation in patient setup,and the variation in organ positions between (i.e.
inter-) fractions and during a (i.e.intra-) fraction. The concept of a 3D planning
target volume (PTV) introduced bythe ICRU has been a very useful guide for
prescribing the various components ofthe treatment margin. So  much so that
the PTV has become the corner stone in theplanning of conformal therapy.

At present, the dimensions of the PTV and treatment margins are mostlybased
on clinical experience amassed through the evaluation of the treatment of
alarge patient population. PTVs might be different for different techniques
anddifferent institutions. They are meant to accommodate for the broad range
oftreatment variations that might occur. Unfortunately, such
accommodatingstrategy means that these "population" margins will provide an
acceptable solutionfor most patients, but may not be optimal for the individual
patient. Indeed,treatment variation is specific for the individual patient but is
unknown until afterthe initiation of the treatment. It follows that it might be
possible to prescribe amore optimal patient-specific PTV by learning more
about the nature of thevariation of the individual patient.
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Several alternative strategies can be considered. A feedback planning schemeis
particularly effective when treatment variation is sufficiently stable. Daily
portalimages and CT scans can be acquired and analyzed early on during the
course oftreatment. A new PTV can then be prescribed to correct and
compensate for theeffects of systematic and random setup error. However, for
those situations wherethe component of random variation is large or when
organ deformation is variableand significant, one  might need to employ the
more explicit approach of on-lineadjustment based on radiographic or
tomographic guidance. Finally, the difficultproblem of intra-fraction variation
due to breathing motion can be addressed withrespiratory gated delivery or
with the application of active breathing control whereorgan motion is
temporarily immobilized during treatment. 

The wealth of information made available by the recent advent of imagingand
computing technologies has created new opportunities for the radiationtherapy
community to re-evaluate traditional models of treatment planning
anddelivery. It seems possible to minimize PTV on an individual patient basis.
Thesenew treatment strategies will, not only, improve the general quality of
radiationtherapy, but may play a critical role when considering dose escalation
withadvanced intensity modulation treatment. Supported in part by the
National Cancer Institute (USA) and Elekta OncologySystems.

Educational Objectives:
1. Describe the goals of the planning target volume;
2. Introduce the concept that the planning target volume can be optimized

individually by analyzing more information about the individual patient.

TU-E1-03
Toward Dose Calculations that Include the Effects of Patient Setup
Uncertainties and Organ Motion
Randall Ten Haken, University of Michigan, Ann Arbor, Michigan

As discussed by the previous speakers, standard practice helps assure that
clinical target volumes (CTVs) receive adequate geometric coverage in the
living patient by adding margins around them to form planning target volumes
(PTVs).   However, while this process can demonstrate that the CTV will
indeed receive a high dose, the original single static dose calculation does not
include uncertainties from daily setup or organ motion, and thus it may not
represent the actual  dosedistribution received by the patient over the course
of treatment.  This is of growing concern in attempts to further reduce tissue
volumes irradiated to high dose, and to model the responses of both tumors
and normal tissues to radiation.   Here we will demonstrate that data similar to
those presented for defining PTVs can also be used to help construct realistic
average expected dose distributions.

The general methods used to form composite dose distributions include direct
simulations (Monte Carlo) and convolution type calculations, both using
modeled data for the distributions of expected setup and patient motion errors
as above.  For direct simulation, these distributions are randomly sampled for
each patient fraction to simulate setup orientation and organ position and the
dose distribution is recalculated to produce one realization of the course of
treatment.  This process is repeated, and the results are averaged to determine
an average expected dose distribution.  In the convolution methods, an original
dose distribution is convolved with functions representing the distribution of
expected tissue locations to predict the average realizable dose distribution.
Resulting dose distributions  from both methods generally show a blurring or
spreading out of dose in the original high dose gradient regions in the
directions of the setup and motion uncertainties.  These more realistic dose
distributions can be compared to the original planned dose calculation, or used
to place confidence limits on the dose distributions or on representations of
those distributions such as DVHs.

It is also now possible to contemplate using the more realistic dose
calculational approach above in an iterative reverse fashion to help design
block or MLC margins, or IMRT fluence patterns directly for the CTV.

Treatment planners could use these more realistic calculations to help decide
among and select plans that most nearly meet their multiple objectives of
conformal CTV coverage and normal tissue dose tolerance.  

Educational Objectives:
1. Review methods that may be used to compute average dose distributions

that include uncertainties due to patient setup uncertainties and organ
motion.

2. Discuss some implications of these more realistic calculations of average
expected dose distributions along with confidence limits on the range of
expected outcomes. 

Symposium  (Plaza)

TU-E2-01
Formation and Development of the AAPM
John Laughlin, Memorial Sloan-Kettering Cancer Center, New York, NY

The individuals involved in the early discussions and actions which led to the
formation of the AAPM were very conscious of the scientific and technical
achievements which had been responsible for the origin of our field of
radiation medical physics.  After more than a half century of the rapidly
evolving science and technology of this field, the principal organization of
medical physicists was the Hospital Physicists Association (HPA) of Britain,
which had been organized in 1943.  Their organization served scientific,
practical interchange and professional needs.  Many U.S. radiation physicists
were active members of the Radiation Research Society and also published in
Physics in Medicine and Biology and in the British Journal of Radiology.

During an NCI conference in May, 1958 near Washington, D.C., a few
physicists spent an evening discussing their recognition that formation of a
national association of medical physicists was necessary and timely.  Events
moved promptly in the formation and development of the AAPM, and will be
summarized.  Gail Adams was the first Chairman and the first President, and
the initial annual meeting was held near the time of the RSNA meeting in
Chicago in November.  At the first annual meeting, November 17, 1958, about
fifty were present and voted to continue with the new Association, and
confirmed Gail as Chairman (after adoption of the constitution, "Chairman"
became "President").  Initially, the AAPM Board consisted of 12 Directors,
including the Chairman, Vice-Chairman and Secretary-Treasurer, the officers
being elected from the Directors.  Since 1970, AAPM has held its primary
annual meeting in mid-summer.  Warren Sinclair was elected as the second
President, serving out the year 1961.  Before the end of the term, he advocated
planning a scientific program for the next meeting, having come to the
conclusion that the utility and credibility of the new Association required a
strong scientific emphasis as well as professional.  Accordingly, John Hale, the
third President, did plan a scientific program for 1962.

Important events which require discussion include the following: 
Publications: "The Medical  Physicist"; The Publication Committee; PMB as
our official journal; Initiation of Quarterly Bulletin, MEDICAL PHYSICS,
Newsletter.  
Incorporation, constitution and IRS status history of AAPM.
Comments on the significance of the AAPM

Educational Objectives:
1. The attendee will learn why and how the AAPM was formed.
2. The attendee will learn of the major publications of AAPM.
3. The attendee will learn of the incorporation, constitutional, and IRS Tax

Status experiences and problems of the AAPM.
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TU-E2-02
Educational Activities of the AAPM Over the Last Forty Years
Jon Trueblood, Medical College of Georgia, Augusta, Georgia

The AAPM Articles of Incorporation, filed in the District of Columbia in1965,
included the phrases "encourage training in medical physics" and "disseminate
technical information in medical physics." These phrases have been translated
into a wide range of educational activities over the forty years of AAPM
history. The most visible educational activity sponsored by the AAPM is the
Summer School. At its beginning, the Summer School had an international
flavor with an attendance of some 48 individuals, 16 faculty and a registration
fee of $75 dollars. For the year 2000 World Congress Summer School, the
expected attendance will be in excess of 600 with some 30 faculty and an
approximate $650 registration fee. Similar expansion of educational activities
has occurred at the annual national summer and fall meetings of the AAPM.
In the early days of the society most educational activities had the aura of
university courses with a significant research component.  Today many
educational activities have a review session character with "classical" medical
physics content. Such sessions are  called continuing education, which is, for
some areas of clinical medical physics practice, mandated by government
standards and organizations. Continuing education opportunities have become
an expected AAPM membership benefit and support for these activities has
become a significant budget issue. Indeed, accredited continuing education has
become essential in the definition of a qualified medical physicist.

Educational Objectives:
1. The session attendee will gain knowledge of the history of educational

activities of the AAPM.
2. The session attendee will be made aware of the current educational

opportunities and requirements for continuing medical physics education.

TU-E2-03
Professional Activities of the AAPM over the Last 40 Years
Geoffrey Ibbott, University of Kentucky, Lexington, Kentucky

The AAPM came into existence in 1958 as a professional society for medical
physicists.  A focus on scientific and educational activities was soon added,
but professional issues have retained a high priority.  

The AAPM formed the Professional Council in 1973 and placed under it the
already existing committees on ethics, legislation and regulations, professional
information, and clinical relations.  Through these committees, the AAPM has
consistently represented the professional interests of medical physicists.  As
a medical physics organization whose membership includes virtually all
practicing medical physicists, the AAPM is ideally positioned to address issues
of concern to these medical physicists, including those working in imaging and
industry, and those who are uncertified or have little experience.  Professional
activities conducted under the Council include an annual professional
information survey; annual Symposium and Refresher Course on professional
issues; a placement service; an insurance program; maintenance of ethics
guidelines; review of proposed regulations and preparation of responses to
regulatory agencies; and direct contact with other medical organizations and
agencies such as the JCAHO and HCFA.  The AAPM coordinates its
professional activities with the ACR’s Commission on Medical Physics and
the ACMP through meetings of the Trilateral Committee.

Several surveys of members conducted over the years indicate that the majority
of medical physicists value these activities and support the AAPM’s
involvement in professional issues.  Specific professional issues addressed by
the AAPM over the past forty years will be reviewed.

Educational Objectives:
1. The attendee will gain knowledge of the history of professional activites

of the AAPM.
2. The attendee will learn about current professional activities of the

AAPM.

TU-E2-04
Activities of the AAPM Science Council Over the Last Forty Years
Ravinder Nath, Yale University School of Medicine, New Haven CT

Since the beginning of the AAPM its science council has considered and made
recommendations of scientific policy to the AAPM board.  It has formulated
specific charges for guidance and direction of the categorical scientific
committees, which are committees on biological effects of radiation, diagnostic
x-ray imaging, general medical physics, nuclear medicine, radiation protection,
radiation therapy, magnetic resonance, computers, ultrasound and research.
In the past forty years the science council has presented its recommendations
in over fifty reports on a broad spectrum of medical physics scientific issues.
Many of these recommendations have been influential in the development of
guidelines and regulations from the Nuclear Regulatory Commission, Food
and Drug Administration and state regulatory agencies.  It was the AAPM
Report No. 10 in 1982 that led to the currently accepted DIACOM format for
image transfer.  The AAPM protocols for clinical reference dosimetry of
radiotherapy beams (SCRAD, TG-21, TG-51, etc.) and brachytherapy sources
(TG-43) have been widely accepted in the worldwide medical physics
community.

The AAPM Science Council, through its radiation therapy committee, has
developed an accreditation procedure for dosimetry calibration laboratories
(ADCLs); has monitored the quality assurance programs of the centers of
radiological physics and the Radiological Physics Center.  Highlights of some
of these contributions of the AAPM Science Council will be presented.

Educational Objectives:
1. The attendee will gain knowledge of the history of the AAPM Science

Council activities,
2.  The attendee will learn about current activities of the AAPM Science

Council.

Symposium (Fiests A)

TU-E4-01
Model Observers for Imaging System Assessment:  Conventional and new
approaches to physical performance measurements
Robert Wagner, Robert Gagne, Kyle Myers, FDA, Rockville, MD

In this paper we review work whose goal is to replace not only thecoarse
human reading of test phantom images but also the more sophisticatedand
expensive laboratory measurements on imaging systems with a set ofdigital
machine readings of an appropriate set of test images.  Thecandidate machine
readers are referred to as model observers.  Thelowest-level model observer is
the application of a simple lesion-profilemask or template to an image
followed by signal integration; this may beconsidered a single-measurement
or one-channel observer and is referred toas the nonprewhitening matched
filter (NPWMF).  Several authors (Tapiovaara& Wagner, Chakraborty) use a
two-channel observer that makes a simpleestimate of the mean background
level and subtracts this before making themeasurement in the channel of the
lesion-profile mask (DC-suppressingNPWMF).  A more elaborate multi-
channel model is the Hotelling observer ofBarrett and co. that incorporates
information on expected correlations inimage background structure before
applying an appropriately adaptedlesion-profile mask.  In the limit of shift-
invariant images withstationary noise this observer goes over to the so-called
pre-whiteningmatched filter (PWMF).  The latter is the basis for the concept
ofnoise-equivalent quanta (NEQ), an elaborate set of many
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measurementsincluding the MTF and noise power spectrum, that describes the
ability ofan imaging system to detect information in a large number ofspatial-
frequency channels.  We will describe efforts to reduce  thecomplexity of the
measurement problem to a manageable number of channelsand test images
practical for a clinical setting.
Footnote:  Such an approach could be used across modalities (detection and
display) to label the technology in an outcomes study, to carry out initial
performance acceptance testing, and to monitor clinical performance on a
routine basis.

Educational Objectives:
1. Review the fundamental model observers used in image assessment.
2. Explain when and how they bracket human performance.
3. Explain connection with (high-level) measurement of noise-equivalent

quanta (NEQ) and (low-level) phantom measurements.

TU-E4-02
Empirical Assessment of Imaging Systems in Terms of Observer
Performance:  ROC Methodology
Charles Metz, University of Chicago, Chicago, IL

Receiver operating characteristic (ROC) analysis plays a central role in the
evaluation of  diagnostic imaging systems for two reasons: (i) it links signal
detection theory and clinical measurements of diagnostic accuracy by
describing the trade-offs that are available between sensitivity and specificity
when that trading relationship is determined either theoretically or empirically;
and (ii) it provides a basis for relating predictions or measurements of disease
detection accuracy to higher levels of diagnostic efficacy.

This presentation will emphasize the use of ROC analysis as a way of
quantifying the diagnostic accuracy that can be obtained with medical imaging
systems and human observers.  The topics  to be covered will focus on recent
methodological developments in ROC curve fitting and statistical inference,
with identification of needs for future research when possible.

Educational Objectives:
1. Understand advantages and limitations of ROC analysis in quantifying

the diagnostic accuracy that can be obtained with medical imaging
systems and human observers

2. Understand basic differences among available techniques for ROC curve
fitting and statistical inference

TU-E4-03
Clinical Evaluation of Imaging Systems: Stress Tests and Field Trials
Harold Kundel, University of Pennsylvania, Philadelphia, PA

This paper will review the use of the  receiver operating characteristic (ROC)
analysis for the clinical evaluation of imaging systems. Clinical evaluation is
necessary because at the present time, the evaluation of imaging systems by
model observers is limited to basic discrimination tasks using well
characterized signals and backgrounds that can be described statistically. Real
medical images require the reader to perform  multiple tasks including
discrimination and classification. In addition the signals are frequently ill
characterized and are embedded in complex pictorial backgrounds that may
compete with the signal for the readers attention.

The ROC methodology is preferred because it allows the investigator the
separate the ability of the readers to discriminate between diseased and
disease-free cases from the criteria that they use to make the decision.
Applying the ROC analysis to real images poses some problems for the clinical
investigator.  The images must be representative of some clinical population
and at the same time must fit the ROC paradigm.  For example, the images
must be divided into two categories, diseased and disease-free on the basis of
an independent standard. The disease-free cases must be sufficiently difficult

to produce a measurable false positive fraction. The readers need to report
results using a rating scale rather than a more familiar free-form text report. 

Clinical investigators have overcome these problems by devising stress tests
using a single lesion that represents some class of abnormalities with definable
physical properties. Nodules represent low frequency objects and interstitial
fibrosis represents high frequency objects This establishes a link, albeit a
tenuous one to model observers. This approach has been very successful in the
evaluation of digital chest radiography and of soft copy displays. 

The results of stress tests may not apply  to the general diagnostic population
and ultimately field trials are necessary. Development of new approaches to
ROC analysis such as the DROC of Chakraborty and of alternatives to ROC
analysis such as mixture distribution analysis may enable the performance of
field trials.

Educational Objectives:
1. Understand the sources of bias in evaluating clinical imaging systems

using ROC analysis.
2. Understand the methodological tradeoffs required when doing a clinical

ROC analysis.
3. Be aware of some of the enhancements and alternatives to the ROC

methodology

Refresher Course (Centro)

WE-A1-01
The Convolution/Superposition Dose Calculation Algorithm
Thomas Mackie, University of Wisconsin, Madison, WI

The convolution/superposition method is a model-based dose
calculationalgorithm that uses the results of Monte Carlo simulation.  The
MonteCarlo method has been used to characterize the energy spectrum
andangular distribution of photons produced by clinical linearaccelerators.
The primary total energy released per unit mass(TERMA), which is the
product of the mean mass attenuation coefficientand energy fluence of primary
photons, is computed in the phantom.  Ina homogeneous phantom, the
TERMA is convolved with a kernel thatrepresents the relative energy
deposited by secondary electrons andscattered photons away from the site of
primary photons.  The MonteCarlo method has been used to determine kernels
for water for therange of photon energies encountered in radiotherapy.  To save
time,convolution may be done in Fourier space.  In a heterogeneous
phantom,the kernel is spatially variant and so superposition rather
thanconvolution is done. The true kernel is approximated by scaling thewater
kernel according to the radiological pathlength between theprimary interaction
site and dose deposition site. The method has beenbenchmarked by
measurements and direct Monte Carlo simulation ofclinical photon beams.

The convolution/superposition method has several possibleapproximations and
simplifications. Most implementations have assumedthat the target produces
all of the photons that emerge from theaccelerator.  Extrafocal photons are then
modeled as a blurring of thefocal photons.  Recently, a dual source model has
been proven toincrease the accuracy of beam characterization.  The spectrum
of theprimary photon beam changes with position in the phantom. While
allimplementations correctly deal with spectral changes for the TERMAsome
methods also modify the kernel. In most implementations, it isassumed that the
kernel is oriented parallel with the central axis ofthe beam. It is slightly more
accurate, but much more time consuming,to properly  tilt the kernel to match
the divergence of the beam.  Ingeneral, there is a trade-off between the
accuracy of the algorithmand calculation speed.

The convolution/superposition method has been implemented incommercial
radiotherapy treatment planning systems. The data requiredto commission a
convolution/superposition  method is quite differentthan for a traditional
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correction-based algorithm. In general, lessmeasured depth-dose and profile
data is required.  Carefulmeasurements are required at small and large field
sizes so that theextrafocal blurring can be modeled accurately.  Relative
outputmeasurements for irregular fields and wedge factors are required asusual
but the depth dependence of these quantities are not required.Treatment
planning tools to easily compare measured and computed dosedistributions are
important for commissioning of clinicalconvolution/superposition systems.
New, more appropriate, monitor unitcalculations to compute the absolute dose
from theconvolution/superposition method have been developed.

The convolution/superposition algorithms are still evolving.
Moresophisticated beam characterizations can make the calculation of thebeam
incident on the patient more accurate with even less measureddata required for
commissioning. It is possible to use the method topredict the scatter from
treatment modifiers to a patient to improvethe absolute dosimetry of the
method.  The convolution/superpositionmethod has been used by most
academics investigating optimizationmethods used for intensity modulated
radiotherapy.  The method can beused to compute the scatter from a patient to
a portal imaging systemand therefore it will be the  foundation from which to
verify intensitymodulated treatments.

Educational Objectives:
1. Describe the convolution/superposition algorithm.
2. Describe its clinical data requirements.
3. Discuss future enhancements.

Refresher Course  (Plaza)

WE-A2-01
Hadrotherapy: Neutrons, Protons, and Other Exotica
Mark Phillips, University of Washington Medical Center, Seattle, WA

Hadrontherapy includes radiation therapy using neutrons, pions,protons and
other heavier charged particles.  The motivations for theuse of these radiations
are a desire to improve dose localizationand/or to utilize the benefits of high-
LET radiation.  The enthusiasmfor different types of hadrontherapy waxes and
wanes depending onrecent clinical results and technical advances.  This course
willreview the basic physics of each of the radiation types and therationale for
their use.   The means by which the radiation isproduced will be  reviewed in
conjunction with a discussion of theadvantages and limitations of each.  The
dosimetric equipment andtechniques, the treatment planning strategies, and the
dose deliverymethods will be described for each radiation type.  Comparisons
willbe made between the dose distributions that can be achieved withhadrons
and with x-rays or electrons.  Differences in theradiobiological qualities of
each type will also be compared.  A briefhistorical review of hadrontherapy
will be presented along with adescription of current and planned facilities
throughout the world.Although this lecture will not be an in-depth discussion
of clinicalresults, summaries of some clinical indications of each type
ofradiation will be presented, along with a discussion of the degree towhich
each has lived up to its promise.  Although hadrontherapy isoften dismissed as
a fad or an obscure niche, tens of thousands ofpeople have been treated
worldwide.  Continued development ofproduction and beam delivery
technology is leading us to the time whensuch treatments will be available to
a large number of peopleworldwide.   

Educational Objectives:
1. To provide an understanding of the rationales for the differenttypes of

hadrontherapy;
2. To put the development of hadrontherapy into an historicalperspective

relative to other forms of radiotherapy;
3. To provide a background in the generation of hadron therapy beamsthe

associated dosimetry, and the beam delivery systems; 
4. To bring the students up to date on the current state ofhadrontherapy in

the world;

5. To provide a basis for comparing the relative benefits and costs inusing
these therapies relative to conventional radiotherapy modalities.

Refresher Course  (Fiesta D)

WE-A3-01
Multileaf Collimator Dosimetry
Jatinder Palta, University of Florida, Gainesville, Florida

Multileaf collimators (MLC’s) offer a state-of-the-art method for field shaping
in radiation therapy.  The most imporant advantage of this technology lies in
its potential for use in the delivery of three-dimensional conformal therapy and
intensity-modulated radiation therapy.  One issue that discouraged some
clinicians from accepting MLC more readily is the "zigzag" approximation to
the shape of the target volume with MLC compared with the smooth
conformation using shaped blocks.  Several recently published papers show
that there is negligible difference in the dose dose distributions when
customized smooth field shaping and MLC are compared for the same target
volume treated with more than one field.  Important dosimetric characteristics
of an MLC system are field-size dependence of output factors, depth doses,
isodose distribution, penumbra and leaf transmission data.  Depth dose curves
and isodose distribution are minimally affected by MLC system.  The
penumbra and leaf transmission are important for modeling field edges and
dose outside the field.  The dosimetric parameter that has the most profound
effect on the accuracy of dose delivered with MLC is the change in output
factor with field shaping.  Three major contributors of scatter radiation to the
in-air output are the flattening filter, beam modifier, and tertiary collimator.
Several methods have been proposed in the literature which  describe the
scatter photon energy fluence distribution emanating from the treatment head.
These model based approaches require sophisticated programming and/or
complex experimental measurements.   Generalized approach for accurately
calculating output factor for arbitrary shaped fields and the dosimetric
parameters that impact the use of MLC as an intensity modulation device will
be discussed in this lecture.

Educational Objectives:
1. Understanding the dosimetric characteristics of multileaf collimators
2. Understanding the dosimetric parameters to commission MLC for

treatment planning
3. Understanding dosimetric parameters for  intensity modulated radiation

therapy with MLC

Refresher Course  (Fiesta A)

WE-A4-01
Digital Angiographic Imaging
Sabee Molloi, Department of Radiological Sciences, University of California,
Irvine, CA.

Since the commercial introduction of digital subtraction angiography (DSA)
in 1980, the technique has found widespread clinical applications.  The
advantages of DSA in general vascular imaging are well established.  Some of
the advantages are the ability to detect relatively small concentration of iodine
and the real time availability of processed images.  The advantages of digital
acquisition has lead to the inclusion of DSA equipment in most of the general
interventional and cardiovascular imaging installations.  This presentation will
describe the fundamental principles of digital angiography and the
requirements for different components in the imaging chain.  Factors
contributing to the overall spatial, temporal, and contrast resolution will also
be discussed.  Various data acquisition and processing schemes and their
relevance to several cardiac and other imaging applications will be presented.
This will be followed by a discussion of the recent developments in the design
and construction of new x-ray detectors that will probably replace the current
image intensifier television (II-TV) imaging chain.  Finally, corrections for
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physical degradation factors such as scatter and  veiling glare and pincushion
distortion which are necessary for quantitative angiography will be discussed.

Educational Objectives:
1. Present fundamental principles of digital subtraction angiography.
2. Describe the requirements for different components in the imaging chain.
3. Present current areas of investigation.

Refresher Course (Centro)

WE-B1-01
Kilovoltage X-ray Dosimetry for Radiotherapy
C.-M. Charlie Ma, Stanford University School of Medicine, Stanford, CA

Kilovoltage (up to 300 kV tube potential) x-ray beams have been applied in
radiation therapy for many years and are still used in many cancer treatment
centers. In this talk, a brief introduction will be given of the applications of
kilovoltage x-rays in cancer management. The history of dosimetry protocols
for kilovoltage x-ray beams will be reviewed together with a summary of the
results of a survey recently conducted by the AAPM RTC TG-61 of the use of
kilovoltage x-ray beams in radiotherapy. The formalisms recommended by the
various dosimetry protocols for low- (40 - 150 kV) and medium-energy (100
% 300 kV) x-rays will be summarized. Two commonly used methods will be
examined, the in-air method which requires a backscatter factor in the
conversion of the free-in-air ionization chamber measurement to the dose  on
the surface of a water phantom and the in-phantom method which requires the
measurement to be performed at a specified depth (2 or 5 cm) in a water
phantom. Recent studies on the consistency of the in-air and in-phantom
methods will be reported. Descriptions of beam quality specification and
determination, as well as dosimeters and phantoms for reference dosimetry will
be given. New dosimetric data for the two methods will be provided for
various biological tissues. These include the backscatter factors for water, soft
tissue and bone and the ratios of mass energy-absorption coefficients for air,
water, skin, muscle, lung, soft tissue and bone. The dosimeters commonly used
to perform relative dosimetry measurements will be described and the
associated uncertainties will be analyzed. 

Educational Objectives:
After this lecture, the attendees will have been taught the following:

1 Clinical application of kilovoltage radiotherapy;
2. Historical review of kilovoltage x-ray dosimetry;
3. Formalisms for low- and medium-energy x-ray reference dosimetry;
4. Dose measurement using the in-air method;
5. Dose measurement using the in-phantom method;
6. Beam quality specification and determination;
7. Dosimeters and phantoms for reference dosimetry;
8. Dosimetric data for various biological tissues;
9. Dosimeters for relative dosimetry and associated uncertainties

Refresher Course  (Plaza)

WE-B2-01
Review of Respiration Gated Radiotherapy
H. Kubo, UC Davis Cancer Center, Sacramento, CA

A golden rule of radiation therapy is to minimize the radiation dose to normal
tissues while maximizing the radiation dose to the target volume.  Three-
dimensional conformal radiation therapy (3-D CRT) is gaining popularity as
a tool to allow radiation oncologists and physicists to follow this golden rule.
3-D CRT allows physicists to use imaging studies to conform the radiation
dose distribution as closely as possible to the designated target volume.  By
limiting the radiation dose to normal tissues, a reduction in the normal tissue
complication probability (NTCP) can be obtained.  With a reduced likelihood
for complications, radiation dose can be escalated resulting in a higher tumor

control probability (TCP).  One limitation of 3-D CRT which has not been
adequately addressed is respiration-induced organ motion.  Because the size
and shape of the radiation beam does not change during treatment, a tumor that
moves with respiration requires an enlarged field size to encompass the tumor
throughout the respiratory cycle, leading to irradiation of a larger normal tissue
volume with a higher dose.  This dose to normal tissue sets the limits on the
total dose that can be safely delivered to the tumor. 
The goal of this talk is to present an overview of how the current respiration
gated radiotherapy (RGRT) is investigated at several institutions. The first peer
reviewed paper on RGRT appeared in 1987 by Ohara, et al [1].  They
implemented their system at the Tsukuba Proton Research Medical Center,
Japan, the first institution which started treating patients with RGRT.  The
dose-volume histogram (DVH) analysis of well-differentiated metastatic
tumors in the liver indicated a substantial reduction in the normal tissue
volume irradiated.  In the North America, the first technical feasibility of
RGRT was reported by Kubo and Hill in 1996 [2].  Since then, several
institutions have started RGRT and others are following.  To the author’s view,
a major pivotal moment came at 3D-CRT meeting in St. Louis in 1996, where
many prominent radiation oncologists urged the implementation of RGRT.  In
this talk, the approaches taken at William Beaumont, Memorial Hospital,
University of Pittsburgh Hospital, St. Jude Children’s Hospital, University of
California Davis Medical Center are summarized.  In addition, pioneering
work done at Tsukuba and a program at the National Institute of Radiological
Sciences, Japan, will be introduced.  Each institution offers a different
approach to extraction of gating signals from a patient and to gating a CT
scanner, if necessary, and a linear accelerator.

Educational Objectives:
1. To review historical development of RGRT.
2. To review different approaches taken by several institutions.

References:
K Ohara, et al., "Irradiation synchronized with respiration gate," Int J
Radiation Oncology Biol Phys 17, 863-857 (1989).
D Kubo and B C Hill, "Respiration gated  radiotherapy treatment: a technical
study," Phys Med Biol 41, 83-91 (1996).

Acknowledgment: Financial support from the University of California Faculty
Research Committee and Varian Associates, Palo Alto, is greatly appreciated.

Continuing Education Course  (Fiesta D)

WE-B3-01
MRI Basic Physical Principles
Jerry Allison, Medical College of Georgia, August, GA

A review of the basic physical principles underlying MRI. The origin of
nuclear magnetism and the concept of resonance will be introduced. Basic
methods for manipulating nuclear magnetism using radio frequency magnetic
fields, as used in nMR instruments, will be presented. Simple calculations
using the Larmor equation and gyromagnetic ratio will be related to RF
excitation and RF detection of spin populations. Relaxation processes, T1 and
T2, will be introduced. Dependence of T1 and T2 on magnet field strength and
temperature will be presented.

Educational Objectives:
This lecture is designed to introduce the clinical medical physicist to the basic
physical principles underlying MRI.

Upon completion of this lecture, participants will be prepared to:
1. Describe the origin of nuclear magnetism
2. Site examples of resonant phenomena
3. Apply the Larmor equation and gyromagnetic  ratio in simple examples
4. Use simple models from classical mechanics and quantum mechanics to

describe MRI phenomena
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5. Describe a simple nMR RF excitation and RF detection experiment
6. Describe two basic relaxation mechanisms inherent to MRI
7. Predict changes in T1 that occur with magnetic field strength and

temperature

Refresher Course  (Fiesta A)

WE-B4-01
Spiral CT
Michael McNitt-Gray, UCLA School of Medicine, Los Angeles, CA

Spiral CT is a recent development that has allowed rapid, continuous
acquisition of a volume of image data.  This has led to significant
improvements in diagnostic imaging methods, such as : volumetric acquisition
and 3-D display of image data; improved vascular imaging and the
development of CT angiography (CTA), single breathold thoracic scans which
avoid breathing misregistration; and rapid acquisition of contrast enhancement
protocols that allow tissues to be imaged during different phases of
enhancement (arterial, venous and parenchymal).  Spiral CT has also impacted
the technical requirements of CT scanners, leading to designs which offer
increased X-ray tube heat capacity, faster rotational speeds and increased data
storage.  In addition, the choice of operational parameters (such as slice
thickness, table speed and reconstruction interval) effect image quality and/or
patient radiation dose.  Because of these developments, basic knowledge of
spiral CT and an understanding of the design and operational characteristics
are becoming essential for physicists, radiologists and technologists.

Educational Objectives:
1. Define Spiral CT and some affiliated terms (pitch, reconstruction interval

and interpolation algorithm);
2. Desribe the basic differences between conventional axial CT and spiral

CT in how data is acquired and how images are formed;
3. Discuss the implications of Spiral CT on clinical usage (volumetric

acquisitions, vascular imaging, single breathold thoracic scans, etc.);
4. Describe the equipment requirements for Spiral CT scanning (X-ray tube

heat capacity, rotational speed, etc.)
5. Describe the effects of Spiral CT scanning and the selection of

operational parameters on image quality and radiation dose;
6. Discuss some present and possible future developments in Spiral CT

Refresher Course (Fiesta E)

WE-B5-01
Medical Lasers and PDT: QC, Safety, Standards, and Regulations
Suresh Brahmavar, Baystate Medical System, Springfield, MA

WE-B5-02
Medical Lasers and PDT: QC, Safety, Standards, and Regulations
Fred Hetzel, HealthONE, Denver, CO

The two part refresher course is designed to introduce medical physicists,
physicians and related health care professionals to fundamental concepts of
medical lasers, standards, regulations, quality control procedures, radiation
safety program and basic information on recently approved clinical procedures
for Photo Dynamic Therapy (PDT).  The course will discuss current JCAHO,
ANSI standards, FDA, CDRH, OSHA and State regulations for clinical use of
medial lasers.

The first part of the course will include details of new ANSI standard Z136.3
and ACMP Report VI which are specifically designed for clinical use of
medial lasers in health care facilities.  The Quality Control procedures include
daily start-up check list, practical "Rules of Thumb" for safe use, output
measurements, QC tests, testing of protective devices and operational controls.

 The Radiation Safety procedures include personnel safety, patient safety, LSO
responsiblities, establishment of Nominal Hazard Zones (NHZ), Maximum
Permissible Exposure (MPE), Accessible Emission Limit (AEL), laser operator
pre-op and post-op check list and laser use log.  The other details included are
educational and experience criteria for approval of health care professionals for
medical laser use, laser bio-effects, beam and non-beam hazards, record and
audit forms, laser safety program development and administration.

The second part of the course will include current developments in Photo
Dynamic Therapy (PDT).

Photo Dynamic Therapy (PDT) is now FDA approved for two clinical
indications.  Many more clinical trials are in progress and likely will result in
further approvals.  It is very likely that medical physicists will be called upon
for regular testing/certification of the laser systems employed in PDT as well
as for treatment planning and optical dosimetry.  The purpose of this portion
of the presentation is to present a background to PDT.  Topics to be covered
briefly are the biological, physiological and  medical background of PDT.  In
addition there will be a discussion of current laser/optical delivery systems and
optical dosimetry.

Each attendee will receive a copy of the document that contains brief summary
of the information presented by the speakers.

Educational Objectives:
This course is designed to introduce the attendee with the present concepts of
use of medical lasers in clinical environment and prepare medical physicists
to perform physics related duties as Laser Safety Officer in health care
facilities.

The course will provide:
1. Basics and need for Laser Safety Program.
2. Current ANSI/ACMPstandards, Federal and State Regulations.
3. Laser bio-effects and concepts of NHZ, AEL, MPE, etc.
4. QC and RS test procedures.
5. Operational and administrative controls.
6. Educational, didactic and experience criteria for authorized users.
7. Sample copies of record and audit forms.

Refresher Course  (Fiesta B)

WE-B6-01
Not Your Father’s B-Mode Imager (Recent Ultrasound Breakthroughs)
James Zagzebski, Univ of Wisconsin, Madison, WI

The fundamental pulse-echo data acquisition mode in modern ultrasound
imagers is the same as those used in the 1960’s. However, today’s imager is
radically different in its data acquisition and signal processing methods as well
as in the image quality it presents. This presentation will outline some  of the
exciting breakthroughs in ultrasound technology that have occurred during the
past 3 years.

One of the most important equipment modifications is the nearly exclusive
transfer of array beam forming technology from analog to digital. After a brief
description of the role of a "beam former" we will describe beam forming,
including concepts such as advantages of digital beam forming channel density
and how this influences the image and a newer method called "coherent beam
formation" by one manufacturer.

In addition, recent work has produced substantial improvements in transducer
technology, resulting in so-called broad bandwidth transducers with high
sensitivity, and enabling "multi-frequency" operation from the same probe.
The expanded bandwidth and improved sensitivity of today’s transducers has
led to an exciting new approach to ultrasound imaging, "tissue harmonic
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imaging." This modality originally was developed for use with contrast agents,
but recent work demonstrates that nonlinear wave distortions in tissues are of
sufficient magnitude that "native tissue harmonic" imaging is possible. Native
harmonic imaging provides substantial improvement in image contrast because
2nd harmonic signals are less susceptible to beam distortions by the patient
body wall than signals at the fundamental frequency.

Manufacturers who provide high-level digital signal processing have gone to
other measures that improve image quality. Significant here is the
demonstration that "coded excitation" pulses applied to the transducer, along
with deconvolution of the received signals, can  vastly improves the system
sensitivity, enabling higher frequency probes with better resolution to be used
where output limits have previously restricted uses to lower frequencies.

1 2 dimensional arrays enable electronic focusing to be applied in the
elevational (slice thickness) direction, significantly improving the spatial
resolution of ultrasonic systems. 3-d imaging enables complex structures to be
viewed in orientations other than those applying during the acquisition.

Scientific Session (Centro)

WE-C1-01
Dose Enhancement by a Thin Foil of High-Z Material: a Potential Clinical
Application
X. Li *, J. Chu, W. Chen, T. Zusag, Department of Medical Physics, Rush-
Bresbyterian-St. Luke’s Medical Center, Chicago, Illinois

The purpose of this work is to study the dose enhancement by a thin foil of
high-Z material in a phantom, and to explore its potential clinical application
to boost vaginal mucosa during external beam treatments. EGS4 Monte Carlo
was used to calculate the perturbations on beam spectra produced by the foils
and dose enhancement effects of photon-beam quality, beam incident angle,
atomic number (Z) and the thickness and size of the foil. Measurement was
performed to validate the EGS4 results. Calculations for a variety of foils and
high-energy photon beams show that dose enhancement (a) increases with Z
up to 82 (Pb); (b) decreases with foil thickness when the foil thinner than a
certain value (1 mm for lead foil for 15 MV); (c) decreases with incident
photon-beam energies; (d) changes slightly for beam incident angles less than
450 and decreases more prominently for larger angles; and (e) increases with
size of foil. The dose enhancement for a water-equivalent cylindrical
applicator, encapsulated by a 1-mm-thick lead foil, is calculated in a 3600

rotational field and in a four-field-box. A 38% enhancement was obtained at
0.25 mm and 18% at 2 mm from the applicator. Further pathological and
clinical study will be required to determine whether this degree of dose
enhancement will be clinically useful. 

WE-C1-02
Modeling Photon Output Due to Backscattered Radiation from Collimator
Jaws Using a Monte Carlo Technique
H. Liu *, Radiation Oncology, Mayo Clinic

Photon output from clinical linear accelerators is affected by three factors:
head scatter, phantom scatter, and backscattered radiation into the monitor
chamber. Previously we have shown that by using a dual-source photon beam
model accounting for the extra-focal radiation from the head of a machine, the
first two factors can be predicted accurately using a convolution algorithm. In
this work, we investigated the effect of the backscattered radiation from
collimator jaws in a greater depth by using Monte Carlo simulation of Varian
Clinac 2100C. The radiation scored within the monitor chamber was identified
to be originated from the upper jaws (Y jaws), or from the lower jaws (X jaws).
Based on the Monte Carlo results, the relative amount of the backscattered
radiation was calculated as functions of Y jaw positions and X jaw positions.
Therefore, the backscattered radiation for any field setting was computed as a
compound contribution from both the Y jaws and X jaws. The backscatter

correction was then applied to the convolution calculation  to obtain the total
photon output, which was compared to directly measured data. Our results
showed that the contribution from the backscattered radiation to the total
monitor chamber scored dose was within 4%, among which about 3% was
from the upper jaws. If the effect of the backscattered radiation was accounted
for, the convolution method can be used  to predict the change  of the photon
output more accurately for a variety of fields including asymmetric fields.

WE-C1-03
Characterization of Phase Space Distributions of Linear Accelerators:
Simulation of Angular Distribution Reconstruction using Wavelet
Transform
K. Lam *, R. Ten Haken, D. McShan, Dept. of Radiation Oncology, Univ. of
Michigan, Ann Arbor, MI 48109-0010

Photon phase space distributions (xPSD) are specified as input to Monte Carlo
or Convolution/Superposition dose calculation methods. The xPSD of a linear
accelerator can be expressed as the energy-angular distribution of photons as
a function of spatial location on a plane perpendicular to the central axis.
Measurements of the incident photon energy spectrum at a specific spatial
location using Compton scattering have been reported, but few direct
measurements of the angular distribution in the xPSD have been forthcoming.
We are investigating experimental methods to study xPSD of linear
accelerators and we have developed a numerical method to reconstruct the
angular distribution in the xPSD from measurements of the pulse height
distributions for different solid angles of the incident photons. In this study,
simulated data for different field shapes were generated from a given source
distribution to simulate the experimental conditions.  The generated data were
analyzed using the wavelet transform with biorthogonal wavelets as basis
functions to provide data wavelets of the given source.  For source
distributions consisting of single wavelets, the same procedure was used to
provide data wavelets of source wavelets.  Singular value decomposition was
used to determine the linear combination of source wavelets to reproduce the
data wavelets of the given source.  The linear combination of source wavelets
was then synthesized to form the reconstructed source distribution.
Comparison of the reconstructed source distribution with the given source
distribution will be presented.
Work supported by NIH grant no. P01-CA59827.

WE-C1-04
Accelerator-Specific Photon Phase Space Description and Sampling
Techniques in the PEREGRINE Monte Carlo Dose Calculation System
A. Schach von Wittenau *, L. Cox, P. Bergstrom, R. House, W. Chandler, C.
Hartmann Siantar, R. Mohan, Lawrence Livermore National Laboratory,
Livermore, CA

Accurate, compact representations of Monte Carlo simulations of accelerator-
specific source components (target, primary collimator, flattening filter) are
critical for implementing clinically useful Monte Carlo treatment planning
calculations. We have developed a method that characterizes the accelerator-
specific portion of commercial photon beams in terms of coupled energy and
angular distributions in order to support efficient, accurate Monte Carlo
sampling. The method uses standard, general-geometry Monte Carlo codes
(BEAM, MCNP) to generate a file that contains the phase space description
(energy, position, direction, and weight) for a large number (millions) of
particles as they exit the flattening filter. This method characterizes the exiting
particles by dividing the beam into three types of subsources - direct
(unscattered) photons, scattered photons, and electrons. Each subsource
contains radially-dependent fluence and coupled energy/angular distributions.
This method allows Gigabyte-size phase space files to be described accurately
with files that occupy only 150 kilobytes. Highly efficient sampling methods
(~85% for a 10x10 cm open field) allow rapid generation and transport of
particles to the patient. Comparison of the fluence at isocenter produced by this
method with that of the underlying full-physics Monte Carlo photon phase-
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space indicates that fluence errors are less than 1% of the maximum fluence for
a range of open-field sizes. Comparison of calculated and measured jaw-edge
penumbrae shows that the angular distributions of the photons are reproduced
accurately.

This work was performed under the auspices of the United States Department
of Energy by Lawrence Livermore National Laboratory under contract W-
7405-ENG-48.

WE-C1-05
Trust, but Verify: Comparison of MCNP and BEAM Monte Carlo Codes
for Generation of Phase Space Distributions for a Varian 2100C
J. Siebers *, B. Libby, R. Mohan, Medical College of Virginia at Virginia
Commonwealth University

Monte Carlo based treatment planning systems require input distributions
describing the phase space of the photons and secondary electrons prior to the
patient dependent part of the beam line geometry.  The accuracy of the
treatment planning simulation itself is thus dependent upon the accuracy of
this distribution.  We have compared phase space distributions (PSDs)
generated with the MCNP and BEAM/EGS Monte Carlo codes for the 6 and
18 MV photon modes of the Varian 2100C.  Calculations were performed
without variance reduction.  With the same energy cut-off  (Photons 0.01 MeV,
Electrons Ek=0.189 MeV), running on similar single processor hardware,
MCNP simulations require 6 times more CPU time than BEAM.  At 6 MV,
target bremsstrallung production for MCNP was about 10% less than for
BEAM.  Although the absolute bremsstrallung production differs between
MCNP and BEAM, normalized PSDs compare favorably at the end of the
patient independent geometry (exit of the monitor chamber), resulting in
similar dose distributions in a homogeneous phantom.

WE-C1-06
Monte Carlo Models for Tomotherapy
M. Glass, Jr. *, T. Mackie, G. Fang, University of Wisconsin, Madison, WI

Both a benchtop and a prototype are being developed to investigate
tomotherapy at the University of Wisconsin.  The benchtop treatment head
consists of a 4-MV linear accelerator and a NOMOS multileaf collimator
(MLC).  The prototype head is envisioned to consist of a 6-MV linear
accelerator and a 64-leaf MLC.  Using BEAM, an EGS4 Monte Carlo user
code developed jointly with the National Research Council of Canada, models
of both treatment heads have been built.  The purpose of the benchtop model
is to benchmark the Monte Carlo code with measurement data and to provide
position-dependent  spectra for input into a convolution/superposition dose
reconstruction algorithm.  The prototype model was developed to investigate
several design issues:  target thickness, collimator thickness, shielding,
electron contamination sources, and the role of the septa in a multi-segmented
megavoltage ion chamber.  A percent depth dose comparison in  a water tank
between the benchtop measurements and Monte Carlo results are presented.
In addition, the Monte Carlo spectra, fluence, energy fluence, and mean energy
are presented for both models.

WE-C1-07
A Study of Equivalent Fields Using Monte Carlo Generated Convolution
Kernels
B. McCurdy *, S. Pistorius, Manitoba Cancer Treatment and Research
Foundation, Winnipeg, Canada

This work examines equivalent field relationships using Monte Carlo
generated energy deposition kernels.  This approach overcomes several
difficulties associated with measured dose quantities, including the
impossibility of separately measuring primary and scatter dose, the lack of
lateral electronic equilibrium at small field sizes, conversion of measured

square field data to theoretical circular field data, and extrapolation of
measured dose to zero-field size.

By implementing reciprocity and collapsing the intersection of the 3D energy
deposition kernel and the incident fluence distribution onto the depth
dimension, we obtain a 1D kernel representation for a single calculation point
in the transverse plane.  This provides an effective means of comparing energy
deposition kernels at two different calculation points.  In the convolution
method, the final scatter estimate is affected by the shape of the kernel and by
the total energy deposited by the kernel.  If two kernel shapes are similar, then
differences in the resulting scatter estimate will be due primarily to differences
in total energy deposited.  This feature has allowed us to develop equivalent
field relationships based on integrated kernels, which we compare to those
given in BJR 25.  Furthermore, by comparing 1D kernel shapes of various
fields, it is possible to observe situations where equivalent fields assumptions
are no longer valid.

WE-C1-08
Monte Carlo vs Convolution/Superposition
P. Keall *, R. Jeraj, Cancer Therapy Centre, Liverpool Hospital, Australia

The need for Monte Carlo or convolution/superposition as the routine photon
dose calculation engine for radiotherapy planning systems has been a subject
of discussion at recent conferences.  Monte Carlo is generally easier to use to
model the incoming phase space, and transports particles microscopically,
however suffers from statistical noise.  Convolution codes modify energy
deposition kernels macroscopically, which is known to give errors near density
interfaces.  However, convolution essentially is noise-free, and is
computationally faster than Monte Carlo. The aim of this research was to
determine the magnitude and significance of any differences exist between the
two methods for both conventional and inverse planned dose calculations. 

Both methods are used to calculate dose distributions in (i) a geometric
phantom set-up, (ii) a 2-field CT-based lung treatment, and (iii) an inverse
planned intensity modulated CT-based lung treatment.  

The Monte Carlo code used was EGS4, and the convolution code calculated
dose in 3D, and calculated the primary and scattered dose separately. Both
methods used the same photon spectra and beam model. For the inverse
planned examples the initial bixel weights were the same.  Simulated annealing
was used to obtain the optimum distribution in each case.

Differences of 3% (6 MV) and 6% (18 MV) were observed in the 2-field set
up. Differences were also found in the beam intensity profiles and dose
distribution for the intensity modulated plans. The clinical significance of the
difference in dose calculated by the two methods is uncertain, and needs to be
biologically assessed.  

WE-C1-09
Calculation of Dose Distributions for X-ray Phototherapy of Brain Tumors
A. Mesa *, A. Norman, T. Solberg, J. DeMarco, J. Smathers, Department of
Radiation Oncology, University of California Los Angeles

In the x-ray phototherapy of brain tumors, the tumor is loaded with iodine and
exposed to kilovoltage x-rays.  Due to the high photoelectric cross sections of
iodine, substantial photoelectric interactions occur.  The flux of
photoelectrons, characteristic x-rays and Auger electrons produce a localized
dose enhancement.  A modified CT scanner, CTRx, can be used both for tumor
localization and delivery of the dose enhancement therapy.  Monte Carlo
methods were employed to simulate the treatment of iodinated brain tumors
with a CTRx.  The calculated results reveal: the effect of tumor iodine
concentration on dose distribution, the degree of skull bone sparing with the
application of multiple arcs, and the homogeneity of tumor dose distribution
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versus iodine concentration.  A comparison with a 10 MV stereotactic
radiosurgery treatment shows the CTRx dose distributions rival or exceed
those of conventional treatment modalities.

WE-C1-10
The CORVUS Dose Model Revealed
T. Holmes *, A. Bleier, M. Carol, B. Curran,  J. DeNisi, R. Hill, A. Kania, R.
Lalonde, L. Larson, E. Sternick, NOMOS Corp, Sewickley, PA

The CORVUS® inverse treatment planning system uses a finite-size pencil
beam (FSPB) model for computing dose.  The FSPB model is derived from the
more general convolution dose formalism based on pencil beam radiation
transport kernels.  Unlike most convolution formalisms which use datasets
generated by Monte Carlo radiation transport codes, the CORVUS FSPB
model uses a small set of measured clinical dosimetry data to compute the
primary and scatter components of the FSPB kernel.  A separate program,
CORVUS BEAM UTILITIES (CBU), is used to process the measurements into
the FSPB kernel components which are stored as a series of profiles in the
Instrument Data File (IDF) for the treatment unit.  The profiles are defined for
a constant field size (nominally 1cm x 1cm) at the machine isocenter in a fan-
line (e.g., parallel-ray) geometry. Patient dose calculations are carried out by
means of fast table look-up of  the primary and scatter dose components after
first transforming the coordinate of the calculation point from the divergent
geometry of the patient to the fan-line geometry of the IDF.  Dosimetry
measurements needed to create the IDF are typically accomplished in one
evening of work and creation of the IDF using CBU takes about 30minutes of
operator time.  Verification measurements indicate agreement within 0.5% for
unmodulated beams and 2-4% for highly modulated beams realized by the
Varian and Siemens MLCs and the NOMOS MIMiC®.  This work was
supported by NOMOS Corporation.

Scientific Session (Plaza)

WE-C2-01
Tumor Control Probability (TCP) for Alpha-Particle Emitting
Radionuclides
J. Roeske *, T. Stinchcomb, University of Chicago, Chicago, IL
Alpha-particle emitters are currently being considered for the treatment of
metastatic disease. The advantages of using alpha particles are their short
range, high LET, and independence of dose rate and oxygen effects. The
dosimetry of alpha-particle emitters is a challenge, however, because the
stochastic patterns of energy deposition must be taken into account. We
propose a model for the tumor control probability (TCP) of alpha-particle
emitters which takes into account these stochastic effects. We begin by
deriving an expression for cell survival which is a function of the average
number of hits to the cell nucleus, the probability of an individual cell
surviving, and the single-event specific-hit distribution. This survival equation
is multiplied by the number of cells within the tumor cluster, and a Poisson
model is used to predict the TCP. Based on this analysis, a number of
observations have been made : 1) Similar to the TCP derived for external beam
therapy, the alpha-particle TCP depends logarithmically on the number of cells
within the tumor. 2) TCP is not only a function of the inherent cell sensitivity,
but also a function of the size of the nucleus. Smaller  cell nuclei will require
more dose to achieve the same level of TCP, relative to larger nuclei, for an
identical source-target configuration. 3) TCP is a function of the source-target
configuration. Although two different source-target configurations may result
in the same average dose to a small tumor, the TCP can be quite different.
Examples will be presented. 

WE-C2-02
Proton Beam Design for Lung Tumors
M. Moyers *, D. Miller, D. Bush, J. Slater, Loma Linda University Medical
Center

Proton beams can potentially increase the dose delivered to lung tumors
because the protons can be stopped before encountering critical normal
structures.  The ICRU #50 planning target volume can only be used to design
the lateral margins of beams because the distal and proximal margins due to
CT number, beam range uncertainty, tissue  motion, and set-up uncertainties,
are different than the lateral margins due to these same factors.  Proton beam
treatment plans were generated for multiple cases using several different
planning strategies.  It was concluded that target motion and set-up uncer-
tainties should be included into the beam design step rather than creating new
targets.  Suggestions for  new computerized treatment planning system tools
are presented.

WE-C2-03
Secondary Electron Fluence Perturbation by High-Z Interfaces in Clinical
Proton Beams
F. Verhaegen *, H. Palmans, University of Gent, Gent, Belgium

Fluence perturbation of the secondary electrons from clinical proton beams
(50-250 MeV) by thin high-Z planar interfaces was studied with Monte Carlo
simulations. Starting from mono-energetic proton pencil beams, proton depth
doses and proton fluence spectra were calculated, both in homogeneous water
and near thin high-Z interfaces by using the proton transport Monte Carlo code
PTRAN. This code was modified extensively to enable modeling of proton
transport in non-homogeneous geometries. Electron generation spectra were
calculated analytically and were then used as input for an electron transport
calculation with the Monte Carlo code EGS4/PRESTAII to obtain electron
doses and electron fluence spectra in the water. The interface materials used
in the study were graphite, Al, Ti, Cu, Sn and Au. 

We found large electron fluence perturbations on both sides of the planar
interfaces, resulting in a large electron dose increase upstream and a large dose
decrease downstream from the interfaces, depending strongly on the atomic
number of the interface. We obtained also a modest shift in average electron
energy. For the most extreme case studied, 250 MeV protons and a gold
interface, we obtained an electron dose increase of 43% upstream of the
interface and a decrease of 18% downstream with both perturbations having
an extent of about 0.5 mm. The total dose perturbation due to this effect
amounts to 5% and 2%, respectively. A detailed analysis of dose and fluence
perturbation will be presented for a wide range of materials and proton
energies. 

WE-C2-04
A Report on the Change in the Proton Absorbed Dose Measurement
Protocol for the Clinical Trails Conducted at the Harvard Cyclotron
Laboratory
W. Newhauser *, A. Smith, J. Burns, K. Gall, C. Mayo, S. Rosenthal, M.
Wagner, A. Koehler, Massachusetts General Hospital

The Massachusetts General Hospital (MGH) and MassachusettsEye and Ear
Infirmary have used proton beams at the Harvard CyclotronLaboratory (HCL)
to treat patients since 1961; over 7000 patients have beentreated. Faraday Cup
methods have provided the absorbed dose standard.For small treatment fields,
diodes calibrated against a Faraday Cup servedas absolute dosimeters. The
advent of multi-institution proton clinical trialsand the ICRU proton dosimetry
protocol (in press) created an impetus for are-examination of the Faraday Cup
methodology. In a dosimetryintercomparison conducted at Loma Linda
University by 13 institutions, anionization chamber calibrated against the HCL
Faraday Cup yieldedabsorbed dose measurements that were 6-8% lower than
those from the otherinstitutions which used Bragg-Gray ionization chamber
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methodology andcobalt-60 gas-mass determinations.  In the interest of
adopting common absolute-dosimetry methods for proton clinical trials, in
March, 1997, we stoppedusing the Faraday Cup for calibrating large-field
proton beams and begancalibrating against ionization chambers, based on the
ICRU’srecommendations, resulting in a 6.5% increase in the statement of
absorbeddose. In early 1998, the eye-beam dosimetry was similarly converted,
with acorresponding 3.8% increase in stated dose. The radiosurgery
beamlinedosimetry will be revised in 1998. We report on changes in HCL
absorbeddose standards and their impact on the ongoing clinical protocols. We
will usethe ICRU protocol for ionization chambers in the Northeast Proton
TherapyCenter which opens at MGH in late 1998 and will validate the
dosimetrywith calorimetry.

WE-C2-05
Fast Neutron Exposure of The BNCT Patient
F. d’Errico *, R. Nath, J. Capala, J. Coderre, Yale University School of
Medicine

Superheated emulsions (SE) of halocarbon-12 have been employed in the
assessment of the fast neutron doses at depth in a patient undergoing BNCT at
the BNL Medical Reactor. SEs consist of uniform suspensions of over-
expanded halocarbon droplets dispersed in a viscous emulsifier medium.
Nuclear interactions nucleate the phase transition of the superheated drops
therein generating detectable bubbles. Our approach derives from the
observation of the agreement between the response of halocarbon-12
emulsions and the "kerma-equivalent-factor", i.e. the average tissue kerma of
neutron recoils from first collisions with a small element of soft tissue,
weighted by the quality factor of the recoils. This is the ideal response function
for the determination of dose  equivalent inside a phantom, provided charged
particle equilibrium is attained at the point of measurement and the kerma-to-
dose approximation therefore valid. For the present study, measurements were
carried out in a phantom consisting of an anthropomorphic head attached to a
tissue equivalent liquid tank. The SE dosimeters were placed at various
distances from the head along the midline of the phantom. Our data are
presented and compared to the estimates of fast neutron dose produced for the
same irradiation geometry by the BNL treatment planning codes.

WE-C2-06
Paired Mg and Mg(B) Ion Chambers for Measurements in BNCT and
BNCEFNT Beams
J. Burmeister *, C. Kota, R. Maughan, M. Yudelev, Wayne State University,
Karmanos Cancer Institute, Gershenson Radiation Oncology Center, and
Harper Hospital, Detroit, Michigan

A pair of small-volume magnesium ion chambers has been constructed with
the aim of making measurements in BNCT and BNCEFNT (Boron Neutron
Capture Enhanced Fast Neutron Therapy) beams.  One of the chambers,
denoted as the Mg(B) chamber, has a 25 µm thick metallic glass foil
containing 3.6% 10B lining the inner surface of the chamber wall.  The
difference between the two chamber responses represents the collected charge
due to boron neutron capture events.  These chambers provide a direct means
of measuring the boron neutron capture dose, rather than calculating it from
foil activation measurements.  The attenuation of the thermal fluence by the
foil is calculated to be a proximately 3%.  The chambers provide a way of
quickly and easily obtaining treatment planning data for BNCT and
BNCEFNT.  Both chambers have been thoroughly characterized for saturation,
collection efficiency, and Ar gas flow rate in a 60Co beam.  They have also
been calibrated against a Farmer chamber in 60Co.  The reproducibility of the
calibration value is within the accuracy of the Farmer chamber calibration
measurement.  Scans have been performed in the Harper Hospital cyclotron
d(48.5)+Be fast neutron beam, and in a modified fast neutron beam proposed
for BNCEFNT.  The fraction of the collected charge in the Mg(B) chamber due
to the boron neutron capture reaction is  on the order of 92% and 97% for the

fast and modified beams, respectively.  Results agree well with other dosimetry
measurements made under identical conditions.

WE-C2-07
The Boron Neutron Capture Research Program at Harper Hospital
C. Kota *, R. Maughan, M. Yudelev, J. Burmeister, J. Forman, Gershenson
Radiation Oncology Center, Karmanos Cancer Institute, Harper Hospital and
Wayne State University, Detroit, Michigan.

The boron neutron capture (BNC) research program at Harper Hospital in
Detroit is geared towards improved BNC dosimetry and the use of BNC in
BNC enhanced fast neutron therapy (BNCEFNT). Complementary dosimetry
techniques such as paired A-150/Mg ion chambers, paired A-150/A-150+10B
proportional counters, 6LiF TLD’s, 10B coated Mg ion chambers, GM tubes,
foil activation, etc., have been developed to measure the various dose
components in beams designed for BNCEFNT, and their radiation quality.
Dosimetry intercomparison studies have been performed in a d(48.5) + Be fast
neutron beam and several modified d(48.5) + Be beams to gain a better
understanding of the dose-response of these detectors. Significant differences
in the boron dose measured by the different detectors have been observed.
BNCEFNT for glioblastoma multiforme (GBM) is based on the premise that
a sufficiently large tumor boost obtained by combining BNC with a modified
fast neutron beam will result in tumor sterilization with a therapeutic gain (TG)
greater than one. Preliminary physics studies have been performed to test the
feasibility of BNCEFNT in the d(48.5) + Be fast neutron beam. We have
observed that approximately 20 cm of steel or tungsten can sufficiently modify
this beam to produce a biological tumor dose enhancement of about 30% over
the range of clinically relevant depths, for commonly reported 10B
concentrations in tumor and brain. Clinical implications of these results and
practical considerations in patient treatment are discussed.
  

WE-C2-08
Optimization of Treatment Planning for Boron Neutron Capture Therapy
(BNCT)
J. Capala *, R. Ma, A. Diaz, A. Chanana, Medical Department, Brookhaven
National Laboratory, Upton, NY

BNCT is a binary system that, in theory, should selectively deliver lethal, high-
LET radiation to tumor cells infiltrating normal tissues. Most of the radiation
dose originates from 10B(n, )7Li reaction and is confined to the tumor cells
containing sufficiently high concentration of 10B and exposed to thermal
neutrons. Nevertheless, radiation dose deposited in normal tissue by gamma
and fast neutron contamination of the neutron beam, as well as neutron capture
in nitrogen, hydrogen, and  in boron present in blood and normal cells, limits
the dose delivered to the tumor cells. It is, therefore, imperative for the success
of BNCT to optimize the irradiation geometry and to limit the volume of
normal tissue exposed to thermal neutrons. As of February 23, 1998, 38
glioblastoma multiforme patients received BNCT under several treatment
protocols at the Brookhaven Medical Research Reactor. Single- or double-field
irradiations were applied depending upon location and depth of the tumor. The
peak of thermal neutron flux from ipsilateral beam was localized in the tumor
volume. For larger tumors, a second field was used, which increased the
neuron flux in the deepest parts of the target volume (tumor + 2 cm). In order
to spare the contralateral hemisphere where the presence of infiltrating tumor
cells is less probable, the combinations of ipsilateralateral, posterior, and
superior, rather than opposed lateral, fields were used in most cases.

WE-C2-09
Inhomogeneity Corrections in Neutron Dose Distribution
M. Yudelev *, Gershenson Radiation Oncology Center, Karmanos Cancer
Institute, Harper Hospital and Wayne State University

The tissue inhomogeneity corrections based on Batho and Equivalent SAR
methods were tested and compared with the measurements in d(48.5)+Be
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neutron beam from Harper Hospital superconducting cyclotron. Dose profiles
in directions parallel and perpendicular to the beam central axis were measured
in A150 tissue equivalent (TE) plastic lateral and behind to various tissue
substitutes embodied into the phantom. The elemental composition and
densities of  these materials matched those of the hard (B110) and cortical
(B100) bones as well as the lung (LNSR4) and adipose (AVBRIII) tissues. The
total dose was measured with a small TE ionization chamber, while the high
and low LET components were separated using TLD-300. The correction
factors were obtained by comparison with the dose to A150 plastic at similar
locations in a water phantom. The dose perturbations correlated with density,
elemental composition and kerma of the material compared with the reference
homogeneous phantom. At points located behind the heterogeneities the
corrections based on the modified power low method were acceptable if the
density and kerma ratios were taken into account. At the points lateral to the
heterogeneity the dose corrections based on the Equivalent SAR method were
more appropriate. The effect of the heterogeneities on the gamma component
was evident for B110, B100 and AVBRIII materials. The latter  increased the
gamma dose at locations behind and lateral to it, while the bone substitutes
reduced the gamma dose to the points behind the inhomogeneities compered
to the gamma dose measured in homogeneous phantom.

WE-C2-10
Calculation of Range and Stopping Power of Heavy Ions with a Semi-
Empirical Method
J. Almassy *, MCTRACK

A semi-empirical method was developed to calculate range and stopping
power of heavy ions from Hydrogen to Uranium in the 1-1200 MeV/amu
specific energy range by Barkas and Berger [1]. 

Benton and Henke [2] modified the program to extend it’s applicability down
to 0.1 MeV/amu specific energy, and to eliminate a discontinuity in the Bragg
curves calculated with the above mentioned method. This modified program
has been widely used in medical physics, space dosimetry, and radiation
biophysics in the past two decades. 

An error have been found in Benton and Henke’s extension of the method,
which leads again to discontinuity in the Bragg curves. While the original
discontinuity has been eliminated by Benton and Henke, they have introduced
another discontinuity.

This error has been corrected, and the corrected method has been implemented
in C language.  
Stopping power calculated with this code, experimental stopping power data,
and stopping power calculated with the RMI_Toolbox [3], are compared, and
will be presented.
 
[1] Barkas W.H. and M.J. Berger, National Academy of Sciences-National
Research Council, 
Publication 1133, (1964)
[2] Benton E.V. and R.P. Henke, Nuclear Instruments and Methods, 67 (1969)
p.87.
[3] Almassy J.J., "A Software System for Simulation of the Penetration of
Photons, Electrons, Positrons, and Heavy Ions in Matter" (abstract), Medical
Physics 18(3), (1991)  p. 607.

Continuing Education Course  (Fiesta D)

WE-C3-01
MRI Image Formation
David Hearshen, Henry Ford Hospital, Detroit, MI

The basic physical principles of MRI will be used to understand how spatial
information is encoded in the MR signal in three orthogonal  directions.  The

concept of gradient magnetic fields will be introducedand used in conjunction
with RF transmitter bandwidth to describeselective excitation of a single slice
(slice select direction).  Theuse of gradient magnetic fields will then be
extended to the twoin-plane orthogonal directions in order to encode spatial
information inthe  phase and frequency of the MR signal, enabling the
calculation ofpixel intensity through the use of the Fourier transform.
Therelationship between k-space and image space will be presented.
Theinterrelationships between the static magnetic field, gradient
magneticfields and RF magnetic fields in the image formation process will
bepresented.

Course Objective:
This course is designed to demonstrate to the clinical medical physicisthow the
basic physical principles of MRI are applied through the use ofa static
magnetic field, gradient magnetic fields and RF magnetic fieldsto produce a
tomographic image.

Educational Objectives:
Upon completion of this course, participants will be prepared to:
1.  Describe a gradient magnetic field.
2.  Define RF transmitter bandwidth.
3. Describe how gradient magnetic fields and RF transmitter bandwidth are

involved in selective excitation of a single slice.
4. Explain how gradient magnetic fields are involved in the phase and

frequency encoding of data in k-space.
5.  Understand the use of the Fourier transform in the reconstruction of a

tomographic image.

WE-C3-02
MRI Imaging Techniques and Pulse Sequences
Geoffrey Clarke, University of Texas Southwestern Medical Center at Dallas,
Dallas, TX

The concept of using a static magnetic field, gradient magnetic fields and radio
frequency (rf) magnetic fields to produce a tomographic MR image will be
extended to describe production of spin echo and gradient echo images.  These
basic MR image types are produced using the spin-warp two-dimensional
Fourier transform method. 

The technical specifications of the MRI system constrain the pulse sequence
timing parameters.  Gradient slew rate and maximum gradient amplitude are
typically the limiting factors, although signal-to-noise ratio (SNR) may be an
important consideration at lower magnetic field strengths.  Pulse sequence
design considerations are focused on maintaining the maximum SNR while
producing images with the prescribed soft tissue contrast, determined by the
selection of the time-to-echo (TE) and the rf excitation repetition time (TR).

The strength and duration of the slice-selection gradient is determined by the
characteristics of the crafted rf pulse, used to limit the excitation frequencies,
and the minimum slice thickness required.  A rephasing gradient is applied
after termination of the rf pulse in order to compensate for dephasing of the
excited spins, which occurs during application of the slice selection gradient.
The minimum required field of view (FOV) and the bandwidth of the received
signal determine the readout gradient strength.  Dephasing gradient pulses of
the readout gradient determine the precise time that the spin echo or gradient
echo occurs.  The increment in the amplitude of the phase encoding gradient,
for successive rf excitations, determines the image size in this dimension.  The
relationship between the slice thickness, pixel size, receiver bandwidth and
matrix size will be explored.

 Variations on the standard imaging pulse sequences will also be addressed.
These include asymmetric sampling of the echo, oblique imaging, three-
dimensional FT methods, pre-saturation pulses, and multi-echo imaging.  Fast
MR imaging methods that acquire more than one image line per excitation
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pulse (fast spin echo and echo planar imaging) will be briefly discussed in this
context.

Educational Objectives: 
Upon completion of the course the participants will be prepared to:
1. Describe the basic principles of the spin-warp MRI pulse program.
2. Design a workable spin echo and gradient echo pulse sequence.
3. Describe the acquisition of a three-dimensional data set.
4. Site differences between fast MR imaging and standard spin-warp

methods.

Scientific Session  (Fiesta A)

WE-C4-01
Signal, NPS, and DQE of Indirect-Detection Flat-Panel Imagers for
Diagnostic Radiology
J. Siewerdsen *, L. Antonuk, Y. El-Mohri, J. Yorkston, W. Huang, I.
Cunningham, Department of Radiation Oncology, Univeristy of Michigan

The performance of an amorphous silicon flat-panel  imager (FPI) is reported
in terms of measured and theoretical signal size, noise power spectrum (NPS),
and detective quantum efficiency (DQE).  Based upon a 1536x1920 pixel, 127
µm pitch array of a-Si:H TFTs and photodiodes, the prototype FPI was
developed for examining the  potential of flat-panel technology in diagnostic
x-ray imaging.  The x-ray sensitivity was measured for the FPI incorporating
five Gd2O2S:Tb screens at 70-120 kVp.  One- and two-dimensional NPS and
DQE were measured for the FPI incorporating three such converters as a
function of exposure.  A cascaded systems model reported previously was
extended to include the effects of noise aliasing and to describe FPI
performance for a wide variety of configurations and imaging conditions.
Theoretical x-ray sensitivity, NPS, and DQE are compared to empirical results,
and good agreement is observed in each case.  The model is used to describe
the potential performance of FPIs incorporating a recently developed,
commercially available array proposed for testing in diagnostic radiography
and fluoroscopy.  For chest radiography, the analysis suggests that such
systems can potentially meet or exceed the DQE performance of existing
screen-film and CR technology; however, for fluoroscopy, typical exposures
are such that the DQE is limited by the system gain and additive electronic
noise.  The theoretical analysis provides a powerful means of predicting FPI
performance, identifying system limitations, and developing FPI design
strategies for various imaging applications.

WE-C4-02
DQE Analysis of an Amorphous Silicon Thin Film Transistor X-ray
System for Fluoroscopic Imaging
J. Boone *, J. Anthony Seibert, Department of Radiology, University of
California, Davis

An amorphous silicon thin film transistor (TFT) x-ray detector system was
evaluated experimentally, and computer simulations related to the device were
also performed.  The system (Varian Imaging Products, Palo Alto, CA) is
composed of a 1536 x 1920 array of 127 micrometer pixels, encompassing a
field of view of 195 mm by 243 mm.  In fluoroscopic mode (at 30 frames per
second), the pixel array is read out by  binning pixels, for example pixels can
be binned as 2 x 2, 2 x 4, or 4 x 4.  The performance of this x-ray imaging
system was evaluated in 2 x 2 binning mode by measuring the modulation
transfer function, the noise power spectrum, the noise-equivalent quanta, and
the detective quantum efficiency.  These performance indices were measured
as a function of exposure rate, over a clinically realistic range.  Due to the
presence of an additive electronic noise component, the DQE at low exposure
rates was low but improved as exposure rate increased.  By incorporating a
real-time temporal filter (exponential tail), which was capable of adding lag
characteristics similar to image intensifier/vidicon based fluoroscopic systems,
the DQE at typical fluoroscopic exposure rates (1-3 microRoentgen per frame)

could be improved substantially.  The influence of additive noise on the DQE
measurements was verified using computer simulation techniques.  The results
of this investigation, which covered hundreds of DQE assessments, suggest
that the TFT based fluoroscopic system is  a completely equivalent to similar
field of view image intensifier based systems for fluoroscopic imaging.

Part of this research was funded by a grant from Varian Imaging Products

WE-C4-03
Scatter and Veiling Glare Estimation Based on Sampled Primary Intensity
Y. Zhou *, S. Molloi, T. Mathur, University of California, Irvine, California

We present a technique to estimate the X-ray scatter and veiling glare (scatter-
glare) by sampling primary intensity using a lead sheet with an array of
apertures mounted on the X-ray collimator (aperture diameter = 2.4 mm,
interspace = 7.62 mm). The open area fraction in the aperture technique is only
7.8% which results in a significant dose reduction as compared to the beam-
stop technique. A Lucite step phantom (4.5 cm % 15.5 cm) was used to
evaluate this technique. The scatter-glare image can be estimated using both
an interpolation technique and convolution filtration technique based on the
sampled scatter-glare signal. The detected image of the Lucite step phantom
was convolved with a 75x75 Gaussian kernel. The ratio of the sampled scatter-
glare to the convolved image gray level (scatter fraction) was computed. A
third degree polynomial was used to fit the scatter fraction with respect to the
convolved gray level. The root mean square (rms) error in estimating the
scatter-glare intensity was calculated to be 9.27%. A comparison between the
estimated scatter-glare intensity using the aperture technique and the sampled
scatter-glare intensity using a beam-stop technique resulted in a rms error of
11.2%. In conclusion, the aperture technique can be used to accurately sample
the scatter-glare intensity with minimal patient exposure. 

WE-C4-04
Scatter And Glare Analysis Behind Lead Discs In Digital Fluoroscopy
A. Greaves, M. Geso *, Department of Medical Radiations Science -
Melbourne - Australia

Scatter and glare are two undesirable effects in x-ray imaging. Improvements
in image intensifier systems has reduced glare to a negligible part, while scatter
remains the major problem. One way of handling scatter is by measuring
scatter signal and  correct for it digitally. This method is based on blocking the
primary beam by placing a small lead disc in the beam and measure the signal
in the shadow of the disc representing the scatter and glare only. However, the
introduction of disc perturbs the scattering conditions by preventing scattering
sites within its shadow from contributing to the measured scatter. Many
attempts to solve this problem appeared in the literature but with limited
success.
In this work a theoretical model representing scatter measured using lead discs
is presented  This model is based on ray tracing and integrating over the scatter
source volume with the modifying presence of a lead disc. Experimental data
was acquired using a Toshiba mobile surgical x-ray apparatus (model SXT-6-
11), and a Data Translation image frame grabber (DT 2861) using lead discs
with diameters ranging from 0.2 - 10 cm.  The integrating model was setup
numerically using Mathematica software. The theoretical calculations based
on this model were found to be between 1 to 3 % of the experimental data for
field sizes ranging from 2.5 - 12 cm. It is therefore anticipated that this model
can be used to predict the amount of scattered radiation in different conditions
in fluoroscopic and radiographic systems.

WE-C4-05
A Technique for Out of Plane Angle Correction in Videodensitometric
Cross-Sectional Area Measurements
T. Mathur *, Y. Zhou, S. Molloi, Department of Radiological Sciences,
University of California-Irvine, CA.
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We present a method to correct for the error that arises due to the out of plane
angle using videodensitometric cross-sectional area measurements.  Taking a
vector along the centerline of a vessel segment, the out of plane angle is
defined by that component of the vector normal to the image plane.  Two
projections of the artery are used to calculate and correct the
videodensitometric data for the out of plane angle.  Two anatomical landmarks
(arterial bifurcations) in the two projections and the geometry of the imaging
system are required for the out of plane calculation.  Phantom measurements
were used for the validation of the technique.  A cube phantom with lead
markers was used to measure the geometry of the imaging system.  The out of
plane angle was calculated with a mean error of 6% for projection angles
separated by at least 60°.  With this error, an out of plane  angle of 50° could
produce an error of 56% and 6% in cross-sectional area before and after
correction for the out of plane angle, respectively.  In conclusion, correction
for the out of plane angle significantly improves the accuracy of the
videodensitometric cross-sectional area measurement.

WE-C4-06
Application of Curve-fitting to Improve the Accuracy and Reliability of
Distance-density Curve Matching Angiographic Blood Flow Measurement
methods.
S. Shpilfoygel *, R. Close, R. Jahan, G. Duckwiler, D. Valentino, UCLA
Department of Radiological Sciences

Blood flow rate is an important parameter for functional evaluation of vascular
disease. If instantaneous blood flow measurements from digital cerebral
angiograms could be performed during endovascular interventional
procedures, this could provide interventional radiologists with minimally
invasive real-time flow measurements. 

Previous research has indicated that distance-density curve matching (DDCM)
methods are a promising class of videodensitometric techniques. However, the
published techniques have low  resistance to noise and image artifacts, and
suffer from a relatively low theoretical upper limit imposed on the measurable
flow rate. As a result, during contrast wash-out the variability between
consecutive measurements may achieve values as high as 107.3%. 

We propose to fit smooth curves to profiles of differences between distance-
density curves obtained at consecutive frames. The fitted curves can
potentially reduce  the effects of noise, image defects and flow  irregularities.
Extrapolation of fitted curves beyond the existing data may increase the
theoretical limit on the maximum measurable flow rate.

The proposed modifications were evaluated using both simulated angiograms
and angiograms obtained by imaging a flow phantom under clinically realistic
flow and contrast injection conditions. They were also compared with other
videodensitometric techniques. The use of the curve-fitting modification
resulted in reduction of variability between consecutive measurements from
86.7% to 39.2% at the cost of increasing bias from 10.9% to 16.5%.

Our results indicate that under the conditions of constant flow the proposed
modifications yield some improvement in both accuracy and reliability of
instantaneous flow rate measurements.

WE-C4-07
Observer Performance of JPEG vs Wavelet Compression in X-ray
Angiographic Images
C. Morioka *, M. Eckstein, J. Whiting, Cedars-Sinai Medical Center, 8700
Beverly Blvd., Los Angeles, CA

Image compression is becoming essential for applications such as teleradiolgy
transmissions and storage within PACS databases. Two popular compression
algorithms used today include JPEG and Wavelet transforms. Our study
involves the detection of  a feature in a clinical image and the effect of JPEG
versus Wavelet compression on the detectablity of the feature.  Using four

trained psychophysical observers, we asked each observer to find an ulcerated
lesion in a simulated artery segment placed into a x-ray angiographic clinical
background. The observer then had to locate the ulcerated lesion within each
image.  There were 424 images in the study.  Each reading involved 100
randomly choosen images from the 424. The percent correct was recorded for
five separate readings on three different compression ratios: 7:1, 15:1 and 45:1,
for each transform. The image size was 512 x 512 x 8 bits in dimension.  The
simulated arteries were 20 pixels in diameter.  The ulcerated lesion was 8
pixels in diameter.  The overlap of the ulcerated lesion with the simulated
artery was 4 pixels.  Performing a pooled t-test (equal variance) on the correct
percent responses, the results show that there is rejection of the null hypothesis
that the means of the percent correct are equal between JPEG and Wavelet at
both 7:1 (p = .0001) and 15:1 (p << .0001) but was not statistically significant
at 45:1 (p = .35).  JPEG had a higher percent correct average when compared
to Wavelet at both 7:1 (71.3 vs 63.7) and 15:1 (63.6 vs 50.1).

WE-C4-08
Efficient Lossless Compression of Medical Images
A. Erdi *, C. Chui, Memorial Sloan Kettering Cancer Center, Medical Physics
Dept. New York, NY
The demand for rapid transmission and reduction in storage space of medical
images has increased since introduction of PACS and the use of spiral CT  for
three-dimensional radiation therapy treatment planning. Bit Plane Encoding
(BPE) have been used for lossless medical image compression, but the
decompression speed (DS) is below clinical  expectations (>2 s/image). With
the recent developments in information sharing over the Internet,  there are
new  lossless image compression coders available for 8-bit images (e.g.
BTPC).

 In this work, we present two dedicated image compression techniques for 12-
bit images; one is to improve the compression ratio (CR) and the other to
improve DS. CR was increased, by improving BPE. To reduce the number of
bits loaded with data, we create a difference image from the original image
(16-bit),  decreasing the range of each pixel value. This difference image is
decomposed into 12 bitplanes and each bitplane is run-length encoded for
compression. For a set of CT images, CR is 2.78  with a DS of 1.8 s/image.  In
other approach, to improve the DS,  we developed a technique where the 16-bit
CT data is converted to 8-bit data.  For the same image set, CR was 1.87 with
DS of 0.2 s./image. For comparison, we modified  BTPC coder for 12-bit data
and compressed the same image set 2.45  with DS of 1.0 s./image. The results
show that depending on the nature of the application, DS or CR can be
improved, which translates into faster image  retrieval or more storage space,
respectively.

Continuing Education Course (Fiesta E)

WE-C5-01
A Look at the New Regulations from the Facility’s Perspective
Priscilla Butler, The George Washington University Hospital, Washington, DC

The Mammography Quality Standards Act (MQSA) has changed the way we
do and think about mammography in the United States. The current Food and
Drug Administration (FDA) Interim Rules have been in effect since 1994 and
most facilities have learned how to comply with these rules.  The Government
Accounting Office has published several analyses documenting improvements
in mammography throughout the US as a result of the Interim Rules.  The FDA
published their Final Rules for mammography on October 28, 1997 and
facilities will have to be ready when the majority of the provisions go into
effect on April 27, 1999.  This presentation will outline the most significant
changes in the new rules compared with the old and discuss those that will
have the greatest impact on medical physicists and they way they practice.
Strategies will also be presented for coping with these changes.

WE-C5-02
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Mammographic Phototimers - Design and Testing
G Frey, Daniel Staton, The Medical University of South Carolina, Charleston,
SC

This session will concentrate on the physics of phototimer design and testing.
The reasons why phototimer performance in mammography is different from
routine diagnostic phototiming will be discussed.  The session will next focus
on how several manufactures approach this problem.  This will be followed by
a review of the ACR phototimer testing protocols.  Finally, additional testing
methods that can help the medical physicist suggest ways to improve
mammographic imaging will be discussed.

Educational Objectives:
1. The participant will be able to:
2. Describe the physics of phototimer design
3. Be aware of common phototiming methods
4. Be familiar with the ACR/MQSA phototimer tests and standards
5. Be aware of additional testing that can lead to improved phototimer

performance

Scientific Session (Centro)

WE-D1-01
The Use of Gravity-oriented Shield in Conformal and Intensity-modulated
Radiation Therapy
C. Chui *, Memorial Sloan-Kettering Cancer Center, New York, NY

Multileaf  collimator (MLC) has been used widely for shaping field and for
delivering intensity-modulated field. The use of MLC instead of a physical
device is preferred as no re-entry into the room is necessary. Moreover,
adjustment of field shapes or intensity distributions can be made easily without
having to re-fabricate the physical device. However, one of the impediments
of MLC is its finite leaf width, typically 1 cm at the isocenter. For certain
disease sites, such leaf width may not provide adequate protection to the
critical organs. 

One possible solution to this problem is the use of gravity-oriented shield
(GOSh) together with the MLC--the former provides smooth edge to cover
critical organs while the latter defines the rest of the field and delivers
intensity-modulated field. The gravity-oriented mechanism was designed in
such a way that as the gantry rotates, both the position and the  orientation of
the shields are maintained to point to the protected organs. 

A nasopharynx case with sinus involvement was chosen as an example. Eight
6-MV photon beams were used. The goal was to deliver uniform dose to the
target, while keeping the doses to brainstem and the eyes below respective
limits. Two intensity-modulated plans were studied: the first with MLC only,
while the second also uses GOSh. For the target, plan-2 achieves better dose
uniformity than plan-1. For critical organs, plan-2 provides much better
protection than plan-1. The significant differences in critical organ protection
can be seen both on DVHs and on isodose distributions.

WE-D1-02
Intensity Modulation using Beamlets
D. McShan *, B. Fraass, M. Kessler, The University of Michigan

We present a methodology for optimizing radiotherapy beam portals through
the use of successive refinements using a "beamlet" concept.   For this concept,
we define a single beam as specifying a particular beam direction and associate
with this beam a collection of  "beamlets".   Beamlets can be individually
weighted to form a non-uniform (or intensity modulated) beam portal.  The
main advantages of the beamlet concept over oft-reported optimization of
intensities are that beamlet optimization occurs in dose space, rather than
intensity space, and the concept can be used to make plan improvements

through successive refinements. For a given beamlet, a
convolution/superposition dose calculation is used to calculate the dose
resulting from the primary fluence passing through the area of each beamlet .
For optimization, the doses to a set of sample points within pre-specified
regions of interest are computed for each beamlet. The weights to individual
beamlets are then optimized using simulated-annealing to minimize a user-
definable cost function.  Applying a successive refinement strategy using
beamlets may allow  the optimized intensity distribution solution on a coarse
grid to  be approximated by a wedge with the wedge angle and orientation
defined by the intensity gradient, while subdivision  near high gradient regions
such as the edge of the target projection can be used to determine geometrical
edges for field shaping. The results of beamlet-based optimization will be
shown for a number of clinical cases .  Work supported in part by  NIH grant
no. P01-CA59827.

WE-D1-03
Optimization of IMRT in Conjunction with Brachytherapy for
Gynecological Cancer
Q. Wu *, B. Kavanagh, R. Zwicker, R. Mohan, Medical College of Virginia
of Virginia Commonwealth University, Richmond, Virginia

Locally advanced cervix cancer is usually treated with a combination of
brachytherapy (BRT) and conventional external beam radiotherapy (CXRT).
The dose-limiting organs are rectum and bladder.  To improve dose conformity
for target and reduce the toxicity to these organs, intensity-modulated
radiotherapy (IMRT) is applied to replace the CXRT.  BRT typically involves
a standard tandem & ovoid implant of Cs-137 sources.  CXRT consists of a 4-
field box treatment to targets including tumor and regional nodes.  In most
cases, additional boost treatments are directed toward areas outside the volume
which received a high dose via BRT.  In IMRT planning, the identical 4-field
arrangement is used as in the initial CXRT field setup.  The objective of the
IMRT plan is to deliver as low a dose as possible to rectum and bladder while
maintaining the same target coverage.  The IMRT optimization program,
developed by us, is implemented on the Pinnacle3 treatment planning system.
We utilized a dose based objective function for the present work.  All the
planning of BRT, CXRT and IMRT is performed on the same system.
Comparison of dose distributions and dose volume histograms will be
presented for plans of BRT+CXRT and BRT+IMRT.  For the same target
coverage, , we found considerable improvement in the sparing of rectum and
bladder in IMRT plan. With point A receiving ≥85 Gy, rectal volume receiving
≥60 Gy is reduced from 52% to 15%.  Similar improvement were found for the
bladder.  Also, dose to the normal tissue just outside the target is greatly
reduced. 

WE-D1-04
Combination of Intensity Modulated Radiotherapy and 3D Conformal
Radiotherapy For Head & Neck Tumors
P. Xia *, K. Fu, C. Akazawa, L. Verhey, Radiation Oncology Department,
University of California at San Francisco, San Francisco, CA

Based on comparison of dose distributions, the advantage of using intensity
modulated beams has been evident for  the treatment of head & neck tumors.
In reality, however, delivery time is an important factor to consider in
accepting a treatment plan for daily treatments. Recently, two types of
intensity modulation techniques have been implemented in our Department,
planned with inverse planning techniques (Peacock/Corvus, NOMOS). One is
delivered in 290 degree arcs with a computer controlled dynamic Multileaf
Collimator(MIMiC, NOMOS). The other is delivered with multiple static
Multileaf Collimator (MLC) fields, using an  auto-sequencing control system
(Primeview, Siemens). A typical nasopharynx case is presented with a 3D-CRT
plan, an MLC intensity modulation plan, and a Peacock plan. These plans are
compared not only in consideration of  dose distributions but also in terms of
treatment times. With the currently equipped auto-sequencing software and the
computer controlled delivery device, the typical treatment times for these
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three types of treatment modalities are 10, 15, and 25 minutes respectively. A
combination of a 3D-CRT plan with one of the IMRT plans is proposed as a
treatment scheme and implemented for a prescribed dose of 70 Gy to the gross
target volume, while other sensitive structures are spared within tolerance
doses. With the current delivery technologies, using a combination of 3D-CRT
and IMRT treatments for complicated cases such as head  & neck tumors can
produce clinically acceptable plans and be a practical alternative in a busy
radiation oncology department.   
  
This research is partially supported by  NOMOS Corporation, Sewickley, PA

WE-D1-05
Beam Intensity Modulation using Dynamic MLC in 3D-CRT of Primary
Cancers in the Oropharynx or Larynx, including the Elective Neck
E. van Dieren *, P. Nowak, J. Sornsen de Koste, H. v.d. Est, O. Wijers, B.
Heijmen, P. Levendag, Daniel den Hoed Cancer Center, Rotterdam, The
Netherlands

Parallel-opposed lateral portals, which are routinely used for the irradiation of
midline tumors and bilateral neck, almost invariably result in xerostomia. This
study analyses whether 3-DCRT and Beam Intensity Modulation (BIM) with
dynamic MLC can spare Parotid and Submandibular Glands without
compromising the dose distribution in the PTV. 

For 15 soft palate / tonsillar fossa (SP/TF) and 15 supraglottic larynx (SGL)
tumors, both the primary tumor (70 Gy) and the N0 neck (46 Gy) were treated
using parallel opposed beams. For each patient, the residual salivary flow was
measured. Separately, all patients were planned conformally using CadPlan
(Varian-Dosetek) and an in house developped program to optimize the dose
distribution in the target using BIM. A two to six field CRT technique was
used for SGL or SP/TF, respectively. Results were compared to the
conventional parallel opposed technique.
For all patients, the conventional technique results in a minimum dose of 46
Gy in the salivary glands. Consequently, patients developed xerostomia, with
remaining salivary flows of less than 10% of the baseline. Using BIM, for the
SP/TF and SGL tumors, 25-72% and 43-85%, respectively, of the parotid
volume and 0-15% and 3-20%, respectively, of the submandibular volume,
receive  a dose less than 40 Gy. 

For midline tumors in the head and neck region, BIM 3D-CRT permits salivary
gland sparing to a substantial and clinically relevant degree. Early and late
toxicity, including salivary flow measurements, as well as long term
localregional control, are now being evaluated as part of a ongoing
comparative study.

WE-D1-06
Commissioning and Testing of an Inverse Treatment Planning System
L. Xing *, B. Curran, R. Hill, T. Holmes, L. Ma, A. Boyer, Stanford University
School of Medicine

This work reports on our experience commissioning an inverse treatment
planning system (CORVUS, NOMOS Corporation, Sewickley, PA) for clinical
implementation. This system uses a simulated annealing algorithm to calculate
intensity modulated fields. The fields are then divided into a sequence of
multileaf collimator (MLC) leaf settings. Three levels of testing were
performed to ensure that the system can be used safely and accurately. These
include; (i) checking the dose calculation model for a series of open fields; (ii)
testing the dose model and the delivery system with several specially designed
intensity patterns; and (iii) examining hypothetical phantom cases. The dose
distributions for single unmodulated open fields were compared with water
phantom scan data.  The dose distributions of single or multiple intensity-
modulated fields were measured using an ion chamber and films in a
cylindrical water phantom and a cubic polystyrene phantom.  In all cases
examined, the measured and predicted doses were found to agree to within 4%

at all points except for high gradient regions. Finally, a beam imaging system
(BIS) was used to measure the intensity-modulated x-ray beam patterns in the
beam’s-eye-view. The BIS-measured images were then compared with a
theoretical calculation based on the MLC leaf sequence files to verify that the
treatment would be executed accurately and without machine faults. Excellent
correlation was found. The results indicated that the Corvus system  has
considerable potential for clinical radiation treatment  planning and delivery
and may in the future reduce treatment complexity.

WE-D1-07
Clinical Implementation of Intensity-Modulated Treatments Using
Compensators: Dosimetric Verification
S. Levegrün *, K. Hartwig, U. Oelfke, A. Helbig, C. Schulze, B. Rhein, J.
Debus, W. Schlegel, T. Bortfeld, Deutsches Krebsforschungszentrum (dkfz),
Heidelberg, Germany

Purpose: To improve local tumor control and/or to reduce sequelae in
complex planning situations we have implemented inversely-planned intensity-
modulated treatments delivered by casted compensators in clinical practice at
dkfz.
Material&Method: The compensators are composed of typically 5 layers of
lead alloy with a thickness of up to 15 mm (about the half values thickness).
For each layer, a casting mould (polyurethane foam) is produced by a
computer-controlled milling machine according to the calculated thickness
profile and filled with a lead alloy. The layers are assembled to form a
composite compensator to be mounted on the accessory tray of the linac. In
order to assess the accuracy of the delivery of intensity-modulated treatments
using compensators, extensive dosimetric verifications were performed using
compensators produced for different predefined fluence profiles. For the
clinical implementation, optimized intensity distributions are calculated using
the inverse treatment planning program KonRad developed at dkfz. To assure
a safe treatment delivery, an extensive quality assurance program was
established.
Results: The treatment time using compensators is short (about 12 min for 5
beams) at the expense of a time-consuming manufacturing process (about 4
hours for 5 beams). Calculated and measured dose distributions, both for
arbitrarily designed fluence patterns and clinically relevant fields generated by
the inverse planning method, were found to agree within 2% which is well
within clinically acceptable limits.
Conclusion: Inversely-planned intensity-modulated treatments can be safely
and accurately realized by the use of casted compensators.

WE-D1-08
The use of a scanning liquid ionization chamber electronic portal imaging
device for verification of intensity-modulated beams
A. Curtin-Savard *, E. Podgorsak, McGill University Health Centre, Montreal,
QC, Canada

An electronic portal imaging device (EPID) of the scanning liquid ionization
chamber (SLIC) type is a new therapy imaging device which may also be
employed for dosimetric measurements.  Although useful in a wide variety of
applications, the SLIC EPID is ideally suited to planar dose measurements in
phantom. In this capacity, it surpasses the ionization chamber in terms of
spatial resolution, and film in terms of dose precision and dynamic range.
Furthermore, the SLIC EPID's response is independent of photon energy, its
pixel calibration curve is stable, and the digital images it produces are easily
processed and analyzed.  

In the step-and-shoot approach to intensity-modulated beam delivery, the beam
is temporarily shut off as the leaves move from one pre-determined MLC
configuration to the next.  Thus the dose for a particular field is delivered in
a series of MLC-defined subfields, or segments, each with its own associated
MU setting. 
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To use the SLIC EPID for the verification of an intensity-modulated field
delivered in the step-and-shoot mode, an EPID image is acquired for each of
the MLC-defined subfields of the leaf-sequence.  After being calibrated, each
image is weighted by its associated MU setting.  Summation of the weighted
images yields a dose rate distribution at the measurement depth, which may be
varied by suspending sheets of phantom material above the imager surface.
Results are in excellent agreement with beam profiler measurements and the
predictions of our commercial treatment planning system.

WE-D1-09
Characterization of an a-Si:H (Amorphous Silicon) Array Detector for
Real-Time Dosimetric Verification in Dynamically Shaped Radiotherapy
T. Paul *, M. Leu, P. Rosemark, T. Solberg, J. Smathers, Department of
Radiation Oncology,University of California Los Angeles, Los Angeles, CA
and Department of Radiation Oncology, Cedars-Sinai Comprehensive Cancer
Center, Los Angeles, CA

We present the results of our characterization of a prototype a-Si:H
(amorphous silicon) array detector for real-time dosimetric verification in
dynamically shaped beam radiotherapy.  This work is aimed at providing real-
time dosimetry verification during patient treatment.  The system consists of
a 9.6 x 9.6 cm2 a-Si:H array detector, a frame grabber board and a personal
computer.  Our studies to date have verified the system’s performance with
respect to the manufacturer’s specifications and that it meets the requirements
necessary for real-time dose verification of dynamically shaped beams.   Key
performance criteria examined are minimum scan time and its relation to
delivered dose, spatial resolution, image noise, image distortions, beam
attenuation, dose linearity and saturation.  Results indicate that the device
meets the manufacturer’s specifications in most aspects.  Line spread function
measurements found the spatial resolution to be 2.6 mm.  Due to its
performance and current small array area, this system is well suited for
dosimetric verification of a linear accelerator fitted with a micro-multileaf
collimator.  

To allow for rapid verification of proper system performance for small
irregular fields, an accelerator source model has been developed to generate
the photon intensity profiles in the detector plane.  Calculated and measured
profiles show correlation within 2 percent.  Work is currently underway to
compute and verify static and dynamic fields defined by the leaf configuration
file and the micro-multileaf collimators.

WE-D1-10
Evaluation of BANG (TM) Gel for Intensity Modulated Dose Distribution
Measurements
D. Low *, D. Low, R. Venkatesan, S. Mutic, M. Goddu, E. Haacke, J. Purdy,
Washington University School of Medicine, Mallinckrodt Institute of
Radiology

BANGTM gel (MGS Research, Inc., Guilford, CT) has been evaluated for use
in measuring intensity modulated radiation therapy (IMRT) dose distributions.
Treatment plans to a target dose of  1500 cGy were generated by the Peacock
IMRT system (NOMOS Corp., Sewickley, PA) using test target volumes.  The
gels were enclosed in 13 cm diameter cylindrical glass vessels.  Dose
calibration was conducted using seven smaller (5 cm diameter) cylindrical
glass vessels irradiated to 0 through 1800 cGy in 300 cGy steps.  Three-
dimensional maps of the relaxation  time R2 were obtained using 1.5T Vision
system (Siemens Medical Systems, Erlangen, Germany) and correlated with
dose.  A Hahn spin echo sequence was used with TR = 3 s, TE = 20 ms and
100 ms, NEX =1, using 1 x 1 x 3 mm3 voxels.  MRI measurements were
repeated weekly to identify the gel aging characteristics.  Ion chamber, TLD
and film dosimetry measurements of the IMRT dose distributions were
obtained to compare against the gel results.  The R2 values of the large vessels
did not precisely track the smaller vessels, so the ionization chamber
measurements were used to normalize the gel dose distributions.  The point-to-

point standard deviation of the gel dose measurements was 3%, with 1%
standard deviation when compared against the ionization chamber
measurements (averaged over the chamber volume).  Spatial localization was
better than 2 mm, and the dose was accurately determined by the gel both
within and outside the target.

Scientific Session (Plaza)

WE-D2-01
A New Absorbed Dose Calibration Service for Electron Beam
Radiotherapy
A. DuSautoy *, M. McEwen, A. Williams, National Physical Laboratory, UK

The UK's National Physical Laboratory has recently introduced the world's
first absorbed dose calibration service for electron beam radiotherapy. The
Service provides ion chamber calibrations in terms of absorbed dose to water,
without reference to air kerma standards, at a range of electron beam energies
from 3 to 19 MeV. The Service will give: improved accuracy; a simpler
procedure in the hospital; and a beam quality specifier consistent with the
newly proposed AAPM code of practice.

Absorbed dose to water is determined in three stages. First, NACP-designed
parallel plate reference ionisation chambers are calibrated against the UK
primary standard graphite calorimeter in terms of absorbed dose to graphite.
Second, the reference chamber calibration is converted into absorbed dose to
water, using experimental and Monte Carlo determination of the effective
stopping power ratios and perturbation effects. The estimated uncertainty in
determining absorbed dose to water is less than 1.5% at a confidence level of
approximately 95%: which is a significant improvement over existing
dosimetry protocols. Finally the reference chambers, calibrated in absorbed
dose to water, are used to calibrate user chambers in a water phantom. 

The service will accept any type of device for calibration so long as it is
waterproof or has a waterproof sheath. Results of trials of the service for
calibrating NACP, Markus, Farmer and Roos designed chambers will be
presented.

The authors acknowledge the  financial support of the National Measurement
System Policy Unit of the UK Department of Trade and Industry.

WE-D2-02
Absorbed-dose-to-water calibrations at the National Institute of Standards
and Technology
J. Shobe *, National Institute of Standards and Technology, Gaithersburg, MD

In early 1990, the absorbed-dose-to-water rate was established at the National
Institute of Standards and Technology (NIST) by means of the Domen water
calorimeter.  Internationally, there is a move towards absorbed-dose-to-water
calibrations of high-energy radiotherapy beams.  The AAPM has initiated a
program to replace the current protocol (TG-21) utilizing exposure calibration
of ion chambers with one which employs an absorbed-dose-to-water
calibration of the same ion chambers.  The NIST has developed a protocol to
transfer the absorbed dose to water determined by the water calorimeter in a
60Co beam to calibration of ionization chambers.  Two ion chambers were sent
to the Bureau International des Poids et Mesures (BIPM) for comparison with
the international absorbed-dose-to-water standards.  Preliminary results show
that NIST agreed with the BIPM to within 0.40%.  In December of 1997, NIST
offered its official absorbed-dose-to-water calibration service to the AAPM
ADCLs.  The AAPM plans to offer its absorbed-dose-to-water calibration
service through the ADCL during the summer of 1998.  A description of the
NIST protocol for its calibration service is presented.
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WE-D2-03
Fourier Transform Raman Spectroscopy of Polyacrylamide Gels (PAG)
for Radiation Dosimetry
C. Baldock *, L. Rintoul, G. George, Centres for Medical and Health Physics
and Instrumental and Developmental Chemistry, Queensland University of
Technology, Brisbane, Australia

Polyacrylamide (PAG) gels are used in magnetic resonance imaging radiation
dosimetry. The PAG dosimeter is based on the radiation-induced co-
polymerisation and cross-linking of acrylic monomers infused in a gel matrix.
An understanding of the mechanisms and kinetics of the co-polymerisation
processes are required in order to optimise existing PAG dosimeter systems as
well as develop new ones. Fourier transform (FT) spectroscopy studies, using
a Perkin-Elmer System 2000 FT-Raman spectrometer were undertaken to
investigate cross-linking changes during the co-polymerisation of PAG. PAG
was manufactured according to the method described by Baldock et al with a
composition of 5% gelatine, 3% acrylamide and 3% N,N’-methylene-bis-
acrylamide by mass, with distilled water as the remaining constituent. Principal
Component Regression was performed on Raman spectra of PAG samples
irradiated to 50 Gy. A model was developed using cross-validation to establish
the absorbed radiation dose of an unknown PAG sample from the Raman
spectra. The calculated correlation coefficient between measured and
predictive samples was 0.997. This indicates that FT-Raman spectroscopy has
the potential in radiation dosimetry as a means by which the dose response of
PAG may be assessed.

Baldock.C, Burford.R.P, Billingham.N.C, Wagner.G, Patval.S, Badawi.R.D,
Keevil.S.F. Experimental procedure for the manufacture and calibration of
polymer gels for radiation dosimetry using MRI. Phys. Med. Biol. 43 (1998)
695-702.

WE-D2-04
A Strip Ion Chamber for On-line Monitoring of the Reproducibility of
Dynamic Wedge Fields
A. Kerr *, T. Rutkevich, D. Amm, Kingston Regional Cancer Centre and
Queens University, Kingston, ON, Canada

Dynamic Wedge (DW) is a special form of intensity modulation where
simultaneous collimator motion and dose modulation produces a wedge-
shaped isodose distribution.  Currently, using film or a detector array, only
daily off-line quality assurance measurements of dose profiles are made.  A
novel method is described that allows the reproducibility of DW fields to be
measured indirectly, and independently on-line.  

A strip shaped ionization chamber (0.3x16.0 cm with 0.2 cm electrode
spacing), has been built to be inserted in the vacant physical wedge slot of a
Varian 2100C/D linear accelerator.  The long axis of the chamber is parallel
to the direction of variable collimator motion. Instantaneous ion current is
sampled at a rate of approximately 4 Hz, thus tracking the change in dose rate
during a DW treatment.  The magnitude of the ion current at any time
 depends on the area of chamber exposed, dose rate, and collimator scatter.

In this presentation, the basic features and performance tests of the strip
chamber are described.  The utility of the device to both detect gross errors in
DW fields and measure reproducibility of DW fields to within 7% will be
illustrated.  These results are supported with detector array measurements.
With the assumption of known collimator position, strip chamber
measurements of monitor units delivered vs collimator position will be shown
to be in good agreement with tabulated data.  Therefore, verification of the
beam intensity profile is also possible with the strip chamber.  

WE-D2-05
Calibration of a Detector Array in a Wide Radiation Field Geometry by
Spatial Substitution of Detectors with Rotation and Translation
W. Simon *, J. Shi, J. Palta, C. Liu, T. Zhu, L. Ding, Sun Nuclear Corporation
, Melbourne, Florida 32940-7508 and Department of Radiation Oncology,
University of Florida, Gainesville, Florida 32610-0385

The calibration of an array of closely spaced radiation detectors with non-
uniform sensitivity can be technically very challenging. A method has been
developed which significantly simplifies the calibration of relative radiation
response of detectors in an array.  An array of detectors is irradiated with a
radiation field wider than the array.  The positions of detectors in the array are
substituted once by translation in order to calculate the neighboring detector
sensitivities and once by rotation of 1800 in order to calculate mirror detector
sensitivities. With these two movements, a set of equations can be derived
which solves for the calibration factor of each detector, relative to one detector
in the array.  This method has little dependence on dose rate stability, field
flatness or symmetry.  The only requirement is that the profile shape of wide
radiation field is reproducible for three measurements and that the array
movement does not affect the scatter conditions.  The method itself results in
a measurement of the radiation intensity along the array, which makes it a self-
calibration measurement technique. Theory is first developed for the Sun
Nuclear Profiler, which is the linear array of detectors, and then expanded to
two-dimensional arrays. This technique holds a great promise for the
calibration of any type of radiation detector array in which the sensitivity of
each detector varies appreciably.

WE-D2-06
Operational Considerations for an Active Matrix Flat-Panel Detector for
Relative Dosimetry
Y. El-Mohri *, L. Antonuk, K. Jee, M. Maolinbay, S. Nassif, X. Rong, J.
Siewerdsen, Q. Zhao, Department of Radiation Oncology, University of
Michigan, Ann Arbor, MI 48109

Advances in active matrix flat-panel technology have allowed the production
of large area arrays with fewer defects and significantly improved signal
properties.  This creates the possibility of employing these devices for
measuring dose distributions and quality assurance parameters as well as
performing exit dosimetry.  In order to explore this possibility, a system based
on a device that was specifically designed for use in external beam
radiotherapy imaging is being  evaluated.  The system is based on a 512x512
array of amorphous silicon pixels with 508 µm pixel pitch, giving a total area
of 26x26 cm2.  In its imaging configuration, the array is used in conjunction
with an ~1mm Cu plate and a phosphor screen.  Alternatively, for the purpose
of exploring the dosimetry application, other configurations using various
converters such as plastic scintillators as well as a configuration with no
converter have been examined.  The array readout and data collection were
performed using a dedicated electronic acquisition system allowing real time
data transfer.  In this presentation, a variety of considerations pertaining to the
application of this technology to dosimetry will be addressed, including: two
modes of operation (radiographic and fluoroscopic); response to dose and dose
rate variations; spatial response uniformity for field profiles and symmetry
measurements; short and long term response stability; and signal response for
the various configurations discussed above. Finally, limitations in the current
system will be reported and possible improvements discussed.

Work supported by NIH Grant 2R01-CA51397.
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WE-D2-07
Tomotherapy Dosimetry
J. Balog *, T. Mackie, P. Reckwerdt, D. Pearson, D. Shepard, University of
Wisconsin - Madison

A tomotherapy workbench has been developed and commissioned.  
Several dose calculation and planning systems have been developed in
conjunction with that workbench.  However, before the merits of each system
could be defined and improved, a method had to be developed to reliably
measure the predicted dose distributions that were delivered.  The dosimetry
is complicated by the very narrow field of the slit beam defined by the
tomotherapy collimator.  That unmodulated 4 MV field is 18 cm wide at an
isocenter 93 cm away, but its 50% to 50% dose profile is 7.6 mm high (as
measured at a depth of 1 cm).  Therefore, there is only a window of ~2-3 mm
in the center of the field where the dose profile is uniform.  Such a narrow field
precludes the use of most ion chambers, which can be several centimeters long
and, therefore exhibit a partial volume effect.  Another complication is the
desire to have high spatial resolution (~ 1 mm2 pixels ) over an extended range
(100 cm2).  Only radiographic film was deemed capable of accurately and cost
effectively providing this resolution on a routine basis.  The difficulties
associated with film, such as its limited dynamic range, energy dependence,
and random variations are discussed, as well as their solutions.  In spite of the
drawbacks, it is shown that film is capable of providing high resolution
tomotherapy dosimetry accurate to within ~2%.  Some of the custom made
tomotherapy phantoms used in accordance with film are explained. 

WE-D2-08
New Highly Efficient Water Equivalent Plastic Scintillator Materials For
Radiation Dosimetry
A. Kirov *, C. Hurlbut, S. Shrinivas, J. Epstein, J. Dempsey, W. Binns, P.
Dowkontt, J. Williamson, Washington University

Plastic scintillator (PS) has been proposed for both ID and 2D dose
measurements for radiation therapy applications.  For low energy photon
modalities (e.g. brachytherapy) an efficient, water equivalent scintillator is
needed.  To perform 2D measurements high localization of the scintillation
process is required.  Guided by comparison of the mass energy absorption
coefficients as a function of energy and  of the dose distribution as a function
of distance from the radioactive  source, as modeled by Monte Carlo, a small
quantity of medium atomic number (Z) atoms (e.g. 4%Cl) was added to a
polyvinyltoluene (PVT) based PS to approximate closely (within 10%) the
radiological properties of water in the 20-662 keV energy range.  However, the
scintillation efficiency of standard PS loaded with standard high atomic
additives drops as much as 70%.  We developed experimental techniques to
assess the scintillation efficiency and  locality of 15 new PS mixtures.  These
mixtures differ by the type of scintillation dyes and the type of compound
containing the medium Z atom (Chlorine).  To achieve higher material
stability, 4-chlorostyrene was used as a loading compound to ensure
polymerization with the PVT base.   Three of the new PS materials exhibited
scintillation efficiencies within 30% of one of the most efficient commercially
available products (BC400), which is not water equivalent.  These new
scintillator materials are promising candidates for the development of an
accurate and efficient radiation dosimetry method in brachytherapy.

This work is supported by NIH Grant R01 CA 5722201A1.

WE-D2-09
Use of TLD-300 in Mixed Beam Dosimetry
M. Yudelev *, R. Maughan, Gershenson Radiation Oncology Center,
Karmanos Cancer Institute, Harper Hospital and Wayne State University.
Detroit, MI.

A method utilizing the linear relationship between the ratio of the areas under
peaks 3 to 5 in the CaF2:Tm (TLD-300) glow curve and the ratio of gamma to

total dose (D/DT) in fast neutron beams was applied to the dosimetry of
d(48.5)+Be neutrons from Harper Hospital superconducting cyclotron. While
the relative gamma component was derived from the ratio of the peaks, the
total (neutron + gamma) dose was determined by treating the TLDs already
irradiated in neutron beam with a known dose of 60Co, and solving a pair of
linear equations. The 1 x 1 x 6 mm3 TLD-300 rods were preselected into
groups in which the standard deviation in their responses was within 2% of the
mean. Sets of 9 TLDs encapsulated in A-150 tissue equivalent (TE) plastic
were irradiated in the neutron beam at various locations in a water phantom.
The neutron and gamma doses at these locations were determined by TE
ionchamber and miniature G-M counter. The D/DT varied from 0.042 to 0.166.
Some of the TLDs were then transferred to the 60Co unit and given a well
defined dose in A150 plastic. The TLD readout was performed in Harshaw
3500 reader and the glow curves were analyzed off-line using Peakfit. The
slope of the linear regression fit to the measured data is 1.96±0.05. The results
demonstrate that the proposed method  may be used in separation of high and
low LET components in fast neutron beams as well as for determination of
total dose.

WE-D2-10
Perturbation Correction Factors  Of Solid State Detectors Irradiated In
Kilovoltage Photon Beams
P. Mobit *, Tom Baker Cancer Centre

The perturbation correction factors (pw,det) of LiF and CaF2 solid detectors
irradiated by clinical kilovoltage photon beams (50 - 300 kV x-rays)  in a water
phantom  have been determined  using the EGS4 Monte Carlo system. pw,det is
defined as the deviation of the mass energy absorption coefficient ratio of

water to the detector material, [(  / ρ)w,det],  from the absorbed dose ratio ofenµ
water to the detector material. The detectors were in the form of discs of
diameter 3.61 mm and thickness 1 mm at  depths of 1 cm and 5 cm in a water
phantom. Effects due to cavity size, depth of irradiation, density and atomic
number of the detector materials were  investigated. The perturbation
correction factor, pw,det  can be overestimated by up to 27%  if it is assumed that
the photon energy spectrum in the medium and cavity material is the same and
this assumption is used to compute the average mass energy absorption
coefficient ratio of water to a high-Z detector like CaF2. This assumption

makes little difference (less than 1%) in the computed value of ( / ρ)w,LiFenµ
or  any other low-Z atomic number detector. The value of pw,det  for LiF  varies
from unity by less than 0.5%  and for CaF2 by about 1%  over the entire kV

energy range investigated.  The dependence of pw,det  and (  / ρ)w,det onenµ
cavity size and depth of irradiation for LiF was also less than 0.5%  but for
CaF2 can be as large as 3.5%.

Continuing Education Course  (Fiesta D)

WE-D3-01
MRI Signal-to-Noise Characteristics
Edward Jackson, The University of Texas M.D. Anderson Cancer Center,
Houston, TX

The signal-to-noise ratio (SNR) in MRI depends on a large number of variables
including the type of pulse sequence, the radiofrequency coil(s) used to detect
the signal, the static magnetic field strength, and acquisition parameters such
as the echo and repetition times, flip angle, field of view, slice thickness,
acquisition matrix, receiver bandwidth, and the number of signal averages.
This session will discuss these factors, as well as additional factors impacting
SNR, including slice crosstalk.  These concepts will be extended to a general
understanding of why various clinical MRI pulse sequences produce a variety
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of SNR characteristics, and a discussion of the inevitable tradeoffs between
acquisition time, resolution, and SNR.

Educational Objectives:
The clinical medical physicist will understand how basic MRI pulse sequences
and acquisition parameters affect SNR.
Upon completion of this course, participants will be prepared to:
1. Describe how field of view, slice thickness, and acquisition matrix affect

SNR, resolution, and acquisition time.
2. Describe how echo times, repetition times, receiver bandwidth, and

signal averaging affect SNR and acquisition time.
3. Describe how the choice of radiofrequency coils affects SNR.
4. Describe the slice crosstalk phenomenon and how it affects SNR.
5. Give examples of pulse sequences that produce high SNR and low SNR

WE-D3-02
MRI Image Contrast
Edward Jackson, The University of Texas M.D. Anderson Cancer Center,
Houston, TX

A large number of both extrinsic and intrinsic  parameters affect contrast and
contrast-to-noise ratio in MRI.  Extrinsic parameters include magnetic field
strength, the particular pulse sequence, the acquisition parameters (echo time,
repetition time, flip angles, etc.), and exogenous contrast agents.  Intrinsic
parameters include proton density, T1, T2, T2*, velocity, chemical environment,
temperature, perfusion, diffusion, and magnetization transfer.

Educational Objectives:
The clinical medical physicist will understand how a wide variety of intrinsic
and extrinsic parameters impact contrast and contrast-to-noise ratio in MRI.
Upon completion of this course, participants will be prepared to:
1. Describe how the choice of pulse sequence and the associated image

acquisition parameters affect image contrast.
2. Describe how the magnetic field strength affects contrast.
3. Describe how common MRI contrast agents influence image contrast.
4. Describe how fundamental intrinsic parameters such as proton density,

T1, T2, and T2* affect image contrast.
5. Explain the basis of image contrast in perfusion, diffusion, magnetization

transfer, MR angiography, and fluid attenuated inversion recovery
(FLAIR) imaging.

Scientific Session (Fiesta A)

WE-D4-01
Selenium Converter Detectors for Screening and Interventional
Mammography
H. Rougeot *, B. Polischuk, Z. Shukri, M. Choquette, L. Laperrière, A. Legros,
P. Leblanc, J. Martin, Noranda Advanced Materials

It was demonstrated in a previous paper (1) that Selenium direct X-ray
detectors have interesting features:   high energy absorption and DQE,
unlimited pre-sample spatial resolution, high sensitivity, low lag and no
ghosting.  Their coplanar deposition process exempt of any photolithography
requirement and their insensitivity to moisture make them ideal candidates for
low-cost digital radiography detectors.

The objective of this paper is to report on the performance of Selenium-based
detectors designed for mammography applications.  These detectors associate
a Selenium multi-layer structure, specific TFT active area, scanning and read-
out electronics. 

The paper will describe the performance of both detectors built respectively for
interventional mammography and screening mammography.  

The interventional mammography detector operates at 10 frames/second.  It
contains 1024 x 1024 pixels of 85 micron pitch covering an active area of 8.7
x 8.7 cm2. 
The screening mammography detector has been built by extending the area to
23.9 x 17.4 cm2.  It contains 2816 x 2048 pixels and operates at 3
frames/second.  
These detectors feature a 100% X-ray absorption, have a fill factor of 86%, a
sensitivity of 120pC/mR.cm2, a DQE of 60% at 5 lp/mm, a dynamic range of
12 bits and a lag of less than 1% after 30 ms.  These performances are
compared to those of other approaches.  It is concluded that Selenium detectors
are well suited for mammography applications.  

WE-D4-02
Implementation of an Active Detector for Dual Energy Radiography
J. Anthony Seibert *, T. Poage, R. Alvarez, University of California Davis
Medical Center, Department of Radiology

Switched voltage dual energy data acquisition provides much larger energy
separation and, therefore, lowers noise for the same dose than conventional
"sandwich" detectors. A new detector provides many of the advantages of
sandwich detectors with the superior image quality of voltage switching.
Capture of x-ray photons occurs on two removable photostimulable phosphor
receptors, placed back to back within the device. X-rays are produced with  a
conventional generator modified to provide rapid kVp switching. Acquisition
of a dual-energy image proceeds by acquiring a high-energy beam (~120 kVp
and ~400 mA) filtered by 1.0 mm Cu over a time period of ~30 msec. This is
followed by removal of the Cu filter, a high intensity, short duration (~1 msec)
light flash to erase the latent image imprinted on the front receptor (~35 msec)
and initiating the 50 kVp exposure (~50 msec). Typical overall image
sequencing time is ~120 msec. The image receptors are processed to extract
the low and high-energy latent images with a conventional computed
radiography reader system, using wide latitude and high-speed fixed
parameters. Selective tissue or bone anatomy is generated from the weighted
subtraction of the high and low energy images. Enhancement of signal to noise
by a factor of 8 times is achievable over conventional single-shot dual energy
methods with equivalent incident patient exposure. Feasibility of the approach
has been demonstrated and refinement of the clinical technique is now
underway. An overview of the current state of the technology and plans for
future enhancement are discussed.  

WE-D4-03
Patient Specific Area X-ray Beam Equalization for Digital Fluoroscopy
S. Molloi *, T. Mathur, Y. Zhou, Department of Radiological Sciences,
University of California-Irvine, CA.

The contrast to noise ratio (CNR) is significantly degraded in areas with sub-
optimal x-ray beam penetration.  A patient specific area beam equalization
technique is being investigated as a method to reduce the dynamic range in the
detected image. The initial uncompensated images of a Humanoid chest
phantom was segmented into a 16x16 matrix.  The average gray level within
each segmented region was used to calculate a 16x16 matrix of attenuator
thickness.  A 16x16 array of square pistons (1.6 mm) were used to generate a
template in a deformable attenuating mask (2.5x2.5x1 cm3).  Each individual
piston was manually adjusted to the appropriate depth using a micrometer.
The mask was placed in a predetermined position close to the focal spot before
acquisition of equalized images.  The scatter fraction in the unequalized and
equalized images were measured using an array of beam stops.  In the
equalized images, the scatter fraction was  significantly reduced in the under-
penetrated regions. The equalized images showed a significant  improvement
in image quality over the under-penetrated regions. The increased primary
radiation and the reduced scatter fraction in the under-penetrated regions
increased the CNR in the equalized images by up to a factor of 10.  In
conclusion, this patient specific area x-ray beam equalization technique allows
the entire image to be acquired with optimal CNR.
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WE-D4-04
Image Degradation Due to Secondary Fluorescence in a Dual Screen
Image Receptor
I. McLean *, School of Medical Radiation Technology, University of Sydney,
PO Box 170, Lidcombe, 2141,Australia

Medical x-ray image receptors rely principally on the photoelectric effect for
image capture and therefore induce fluorescent effects within the image
receptor.  The proportion of fluorescence that escapes an image screen/plate
is well understood, however the absorption of this escaped fluorescence by
adjacent screens has received less attention.  This effect, similar in concept to
light crossover in a screen/film system, results in degradation in both image
contrast and resolution.

A previous computer model (McLean and Gray, Med Phys 23:1253, 1996)
showed the magnitude of this effect to be up to 7% of the total energy
absorbed in Gd2O2S screens at high kVp with values as high as 30% calculated
for some BaFBr configurations.  This model has been modified to calculate the
MTF for this effect and applied to investigate screen/plate phosphor thickness
and separation, and input beam energy on resolution.  Screen/plate separation
was found to be the major parameter with significant reductions in the MTF
as screen separation increased.  In all situations the MTF was negligible for
spatial frequencies above 2 cy mm-1.  The reported measured resolution loses
from dual BaFBr plates with inserted filters (Hinshaw and Dobbins, Med Phys
23:871 1996) was in good agreement with calculated MTFs.

The absorption of secondary fluorescence within an image receptor is shown
to degrade image resolution.  This effect is maximal when the screens are
increased in separation.  Our investigations also show the magnitude of this
effect increases if filters which fluoresce at x-ray energies are placed between
the image receptor screen/plates.

WE-D4-05
X-ray Spectra Produced by Laser-based X-ray Source with Rare-earth
Metal Targets
A. Krol, C. Chamberlain *, W. Huda, J. Yu, Z. Jiang, J. Kieffer, SUNY Health
Science Center

We investigated the spectra obtained from a laser produced plasma  (LPP) x-
ray source utilizing rare-earth metal targets. Experiments were performed with
Table Top Terawatt laser and rare-earth metal targets including La (Z = 57; K-
edge 38.9 keV), Ce (Z = 58; K-edge 40.4 keV),  Nd (Z = 60; K-edge 43.6 keV)
and Gd (Z = 64; K-edge 50.2 keV). Infrared and/or green light lasers were
operated in a single-pulse or dual pulse  mode and had surface power density
in excess of 1019 W cm-2. X-rays were generated by the "hot electrons" and
were measured using a battery of photomultiplier tubes equipped with Ross
filters. X-ray spectra contained a continuous bremsstrahlung component as
well as discrete K characteristic lines. The continuous bremsstrahlung was
independent of the target composition, and showed no evidence of any a cutoff
energy. The shape of the continuous bremsstrahlung spectrum was described
by the function E-p, where p(>0) is primarily determined by the temperature of
the hot electrons produced by the laser produced plasma. The intensity of the
characteristic x-rays was about a factor of five higher than the corresponding
bremsstrahlung, and showed a small increase (~10%) when the atomic number
of the target increased from Z=57 to Z=64.
This form of x-ray production will permit target materials to be easily changed
with no limit on the input power. As a result, it might be possible to tailor the
spectra to the specific imaging task, reduce focal spot sizes and increase the x-
ray output. 

WE-D4-06
Optical Analysis of Trabecular Pattern in the Proximal Femur - its
Relation to Mineral Content and Cortical Thickness
I. Leichter *, V. Neeman, M. Liebergall, A. Simkin, J. Sosna, C. Jabschinsky,
Jerusalem College of Technology, Jerusalem, Israel

It is well established that the organization of trabecular bone tissue and its
mineral content, as well as the thickness of cortical bone  contribute  to the
strength of the proximal femur. However, in contrast to mineral content
measurement, there is  no non-invasive method to measure the trabecular
pattern of bone. The purpose of the present study is to evaluate such a method,
based on optical processing of bone radiographs.

Seventeen intact cadaveric femora without signs of fracture, callus or
metastatic disease were examined in this study.  A laser beam transmitted
through a radiograph of the proximal femur formed, at the focal plane of a
lens, a two-dimensional optical Fourier-transform of the trabecular pattern. The
light distribution at the Fourier plane was grabbed and analyzed by an
algorithm which calculated a Trabecular Bone Index (TBI), based on  the
relative contribution of high and low spatial frequencies in the optical Fourier
spectrum. The trochanteric cortical area of each femur was measured by QCT
on slices positioned between the greater and lesser trochanters.  The mineral
content of the intertrochanteric region was measured for each femur by Dual
Energy Absorptiometry.  

The TBI was found to be significantly correlated (p < 0.005) with both the
trochanteric cortical area (R = 0.84, linear regression) and the intertrochanteric
mineral content (R = 0.71, logarithmic regression). 

The TBI based on optical processing of trabecular bone pattern is a new
measure which may effectively detect early changes in trabecular pattern and
serve as an estimate for hip fracture risk.

WE-D4-07
Exposure Calibration of Computed Radiography Imaging Systems
E. Samei *, D. Peck, P. Rauch, E. Mah, M. Flynn, Henry Ford Hospital

The acceptance testing of Computed Radiography (CR) systems includes the
calibration of the system response for a particular incident exposure.  This
response is given by a manufacturer-specific numerical indicator (i.e. Exposure
Index or Sensitivity).  During installation, this indicator is calibrated using
protocols defined differently by each manufacturer.  However, the results of
the calibration process, as well as the acceptance testing, is dependent on
several technical factors.  These factors can be categorized into those  related
to experimental setup and the x-ray system characteristics.  They include: i)
kVp accuracy, ii) type of the generator (e.g., high-frequency, 3-phase), iii)
amount of tube filtration (inherent and added), iv) exposure reproducibility, v)
field size, vi) exposure measurement technique, vii) presence of back-scatter
radiation, and viii) delay-time before reading the exposed phosphor screens.
In this presentation, we demonstrate the relative influence of these factors
based on experimental measurements.  The CR systems tested are the Kodak
KESPAR 400 and Fuji AC3CS.  In addition, a computational model for the CR
response which takes into account the x-ray system characteristics is used.  Our
results indicate that more than 50% deviation can be attributed to these factors.
Based on these results, we recommend a technique which varies from the
manufacturer’s protocols but provides a more accurate and reproducible
exposure calibration of CR imaging systems.
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WE-D4-08
Patient and Personnel Exposure During CT Fluoroscopy
R. Nawfel *, P. Judy, S. Hooton, S. Silverman, K. Tuncali, D. Adams, Brigham
and Women’s Hospital and Harvard Medical School

The purpose of this study was to evaluate the radiation exposure to patients
and personnel during interventional CT fluoroscopy.  Our initial experience
with this system included 73 abdominal biopsy and drainage procedures
performed over 3 months on a total of 73 patients where the mean fluoroscopy
time was 88.3 ± 107 secs.

Patient dose was estimated using the dose rate (CTDI) measured at 1 cm depth
on a cylindrical lucite phantom (20 cm diameter), and scattered radiation
exposure was measured at various distances from the phantom.  Patient skin
dose rates were 0.31, 0.72, and 1.38 rad/sec. at (80 kVp, 75 mA), (120 kVp, 50
mA), and (120 kVp, 90 mA) respectively.  Slice thickness was 10 mm.

Maximum and minimum scattered exposure rates (technique: 120 kVp, 50
mA) were 3.2 mR/sec. (at 10 cm from phantom), and 0.12 mR/sec. (at 1 m
from phantom) respectively.  Reduction of scattered radiation was also
investigated by placing 0.5 mm lead equivalent shield on top of the phantom
adjacent to the slice plane.  Scattered exposure was reduced by approximately
74%.

In conclusion, we determined that there is a potential for significantly high
exposures to occur during CT Fluoroscopy.  Methods of reducing exposures
to both patients and personnel include modification of CT technique, limiting
fluoroscopic time, decreasing proximity to patient by using needle holders, and
using lead shields adjacent to the scan plane to reduce scattered radiation.

WE-D4-09
Dosimetric Consequences of Implementation of Digital Radiology for
Hysterosalpingography
F. Schultz, W. Teeuwisse *, J. Broerse, M. Chandie Shaw, J. Geleijns, LUMC
Radiology, Leiden, The Netherlands

Hysterosalpingography (HSG) is a radiological examination of the female
reproductive system that comprises visualisation of the uterine cavity and the
fallopian tubes including its patency. Optimisation of patient dose is
particularly requested since it concerns relatively young women with a wish
for pregnancy. Aim of this study was to evaluate patient dose during a change
from a conventional screen-film unit (Siemens Pantoscop 3) to a digital unit
(Philips Diagnost 76). On the conventional unit radiography tube voltage was
set manually. On the digital unit two strategies for technique selection were
evaluated; in automatic mode fluoroscopy and radiography parameters are all
set automatically, in manual mode fluoroscopy parameters and radiography
tube voltage were set manually. For all three situations dose area products
(DAP) were measured. By means of Monte-Carlo calculations DAP was
converted into organ dose and effective dose.

For the conventional unit mean DAP was 1.65 Gy.cm2 (fluoroscopy 63%,
n=73), for the digital unit 1.32 Gy.cm2 (fluoroscopy 66%, n=19) and 0.59
Gy.cm2 (fluoroscopy 43%, n=24) for automatic and manual mode respectively.
Estimated effective doses are 1.0 mSv, 0.8 mSv and 0.4 mSv, with ovaries
contributing for more than 60%. 
Implementation of digital radiography for HSG resulted in a reduction of 20%
for effective dose when automatic mode was used. Further dose-optimisation
was achieved by manual selection  of higher kVp and lower mA and resulted
in an overall reduction of 60%. These low dose settings should be
implemented in the automatic brightness and exposure control.

WE-D4-10
Maximum a posteriori Contouring for 3-D RTP
L. Hibbard *, Computerized Medical Systems, Inc., St. Louis, MO

Contours corresponding to organ and tumor boundaries in CT images are
computed by combining region growing, gradient edge detection, and prior
shape constraints, without explicit anatomy knowledge.  Region growing and
contour-anatomic boundary matching are posed as maximum a posteriori
problems, so that contours are obtained with minimum Bayes risk, or minimum
average error.  Beginning with a known sample of object-interior pixels on a
single CT section, alternating steps of incremental region growth and optimal
contour determination for that region produce a contour corresponding to the
object boundary. Optimal contours correspond to maxima of an objective
function summing contributions from the contour  fit to the region perimeter,
to local maxima in the gray level gradient, and to the shapes of prior contours
of the object.  The contour is a parametric (Fourier elliptic) curve where the
parameters are the objective function’s independent variables.  Taken as
random variables, the parameters’ conformance to prior contours’ probability
densities constrain the computed shapes.  As coefficients of truncated Fourier
series, the parameters have shape-frequency information useful in optimization
and testing.  Region growing is conducted by a supervised classifier, re-
calibrated for each section.  The same classifier is used to find the like-textured
pixels on neighboring sections to propagate the contours in 3-D.  The method
successfully contours test images with signal-to-noise ratios < 2.0. Up to 80%
of the serial sections of some abdominal organs can be computed without
requiring editing.  Results on several soft tissues will be demonstrated.

*Supported by Computerized Medical Systems, Inc.

Symposium (Centro)

Clinical Reference Dosimetry of High Energy Photon and Electron Beams:
The Report of Task Group 51

WE-E1-01
Peter Almond, Peter Biggs, Bert Coursey, William Hanson, M. Huq, Ravinder
Nath, David Rogers, Brown Cancer Center, Louisville, KY

WE-E1-02
Peter Almond, Brown Cancer Center, Louisville, KY

WE-E1-03
David Rogers, Inst. For National Meas. Standards, National Research Council
of Canada, Ottawa, ON, Canada

In 1983 the AAPM published "A protocol for the determination of absorbed
dose from high-energy photon and electron beams," known simply as TG-21.
In 1994 TG-39 was published, extending the use of TG-21 to plane-parallel
chambers.  Both protocols were based on ionization chambers having air
kerma (exposure) calibration factors for 60Co gamma rays.  In anticipation of
60Co absorbed dose to water calibration factors for ionization chambers
becoming available the AAPM undertook to prepare a new protocol for
calibrating high energy photon and electron beams, based on absorbed dose
calibrated ionization chambers.  This symposium introduces the new protocol.
The basic formalism will be presented and a brief outline of how to implement
the protocol will be given.  Preliminary results and comparisons with TG-21
will be introduced.

Herb Attix’s work greatly influenced all AAPM calibration protocols.  He was
an active member of TG-39 and made important initial calibrations to the work
of TG-51.  He had the ability to express complex formalism and formula
concisely and elegantly.  His influence can be seen throughout the protocol.
Task group is honored to dedicate this symposium to his memory.
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Symposium (Fiesta A)

WE-E4-01
X-Ray DSA to MR-DSA: In Search of Non-Invasive Angiography
Charles Mistretta, Department of Medical Physics, The University of
Wisconsin-Madison, Madison, WI

Since the invention of X-rays in 1895, there has been a steady progression of
angiographic techniques differing in their degree of invasiveness. This
presentation will trace some of the developments in the use of x-rays and
magnetic resonance techniques for angiography.. In 1939 Robb and Steinberg
experimented with an intravenous approach to angiography. Due to the
dilution of contrast material which occurs in transit from the venous to the
arterial circulation, image quality was not sufficient to justify this less invasive
approach. 

In the late 1970’s investigators from several institutions began to re-explore
intravenous angiography.  Following the introduction of DSA equipment by
three companies at the RSNA in 1980, there was a flurry of enthusiasm for
intravenous DSA. By 1983 there were over thirty companies selling apparatus
capable of real time image subtraction.. Unfortunately as time passed, it
became apparent that the intravenous approach to angiography had significant
limitations. Soon it was realized that DSA equipment permitted arterial
injections with smaller catheters and smaller amounts of iodine, both of which
contributed to less risk. Intra-arterial DSA has become the gold standard
angiographic technique for the past decade.

During the mid-1980’s magnetic resonance angiographic techniques began to
emerge. These relied on inflow-enhancement or phase contrast effects.
Although clinically useful methods evolved, the techniques have several
limitations including post-stenotic signal  loss and saturation of signal. In the
early 1990’s intravenous MR angiography using gadolinium as a contrast
agent became available. The use of gadolinium markedly improves image
quality and permits the use of larger fields of view. 

One of the main difficulties with intravenous MRA is the need to carefully
time the acquisition of the most important central k-space information relative
to the contrast passage. Several promising techniques have been used to trigger
the acquisition of single high-resolution 3D MR angiograms. These include
low dose timing scans, gadolinium signal detection and the use of 2D MR
fluoroscopy images to detect the arrival of gadolinium. Another approach is
to use time-resolved 3D scans which provide a data set analogous to that of X-
ray DSA . Although these images have lower spatial and temporal resolution
than X-ray DSA, they provide a 3D data set which provides considerable
flexibility for the evaluation of lesions. Presently, reconstruction of the large
3D data sets precludes real- time reconstruction. However, this situation is
likely to be temporary. 3D MR-DSA and related contrast-enhanced MRA
techniques promise to provide a more reliable and less invasive method than
previous attempts at intravenous angiography.

Educational Objectives:
This presentation will provide:
1. An  historical overview of developments in angiography.
2. An understanding of the basic properties, advantages and limitations of

x-ray angiographic techniques.
3. An understanding of the properties of non-enhanced magnetic resonance

angiography techniques.
4. An understanding of current and emerging techniques for contrast-

enhanced magnetic resonance angiography. 

Travel for Dr. Mistretta to the 1998 AAPM Annual Meeting funded by
Berlex Laboratories.

WE-E4-02
Vascular Analysis of X-ray Angiograms
Kenneth Hoffmann, The University of Chicago, Chicago, IL

The vascular system carries blood to the various organs of the body.  If the
vessels of this system become narrowed or clogged, vital organs can be
threatened, and death may ensue.  X-ray angiography is one of the modalities
used to assess the anatomy and function of the vascular system.  In most
angiographic systems, digital images are acquired, and thus a variety of image
analysis packages have been and are being developed for extracting
quantitative data from the angiograms to assist in this assessment.  

In this lecture, the various aspects of imaging the vascular system with the
current x-ray modalities will be presented, and methods of vessel size
measurements, blood flow measurements, 3D calculations, and 3D analysis
will be discussed.  The image intensifier-TV-display system converts the x-ray
flux to a visual image at a rate of 30 frames/second.  The various components
of this system affect the resolution and noise in the angiograms as well as
introduce distortions.  Subtraction of images acquired before injection from
those acquired during the injection yields images in which the non-vascular
structures are removed, thereby facilitating visualization as well as quantitative
analysis of the vessels.  One of the primary measurements performed, both
with analog and digital methods, in angiography is size of the vessel in the
angiogram.  While a variety of techniques have been proposed for
measurement of vessel sizes, derivative techniques are commonly used in
clinical systems.  Because of the rapid acquisition of the images, the flow of
the contrast material through the vessel can be monitored.  Time-density as
well as distance-density techniques have been proposed for measurement of
blood flow rates.  For comparison of vessel size and blood flow over time, the
magnification and orientiation of the vessels must be known.  Thus, methods
have been developed to determine the positions of the vessels in the vascular
tree relative to the focal spot for biplane and multiple projection systems.  With
the advent of helical scanning, computed tomography angiography (CTA) is
being used more frequently and is replacing standard angiography for
diagnosis in some cases.  Methods for extracting and analyzing vessel in CTA
data sets to facilitate vascular evaluation have been developed.

Educational Objectives:
1. Knowledge of the type of information one can obtain from angiographic

images
2. Knowledge of the components of the II-TV system 
3. Appreciation of the effect of these components on resolution, contrast,

and distortions in angiographic images.
4. Understanding of DSA
5. Understanding of techniques of measurement of vessel sizes
6. Understanding of techniques for vessel tracking
7. Understanding of methods for blood flow measurements
8. Introduction to methods for determination of 3D vascular trees from

angiograms
9. Introduction to methods for computer tomography angiography

WE-E4-03
Vascular Ultrasound Imaging
Aaron Fenster, The J.P. Robarts Research Institute, London, ON, CANADA

The last two decades have witnessed unprecedented developments of new
methods to diagnose vascular diseases.  Over the past 2 decades, vascular
ultrasound imaging has evolved to become an indispensable tool for
diagnosing vascular diseases. Some of the most exciting developments have
been: 1) the development of colour and power Doppler ultrasound imaging; 2)
3-dimensional vascular ultrasound; and 3) B-mode and Doppler contrast
agents.
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DOPPLER ULTRASOUND: In diagnostic ultrasound, the Doppler effect
occurs when sound is reflected from moving scatterers, such as red blood cells.
Over the past 20 years, many approaches have been developed including:
spectral Doppler used to obtain the blood velocity spectrum from a small
region in the vessel; colour Doppler used to obtain a 2-D image in which the
anatomy is displayed in  grey scale and a single component of the velocity is
displayed in colour; and power Doppler in which the power in the Doppler
spectrum from small regions is displayed as a 2-D image.

3-D VASCULAR ULTRASOUND: Conventional 2-D ultrasound limits our
ability to quantify and visualize vascular diseases, because the diagnostician
must mentally integrate multiple 2-D images to form an impression of the 3-D
anatomy.  In 3-D ultrasound, the transducer is mounted in a motorized
assembly or its position and orientation is monitored.  After moving the
transducer over the skin either continuously, or with cardiac gating and
collecting many 2-D images, a 3-D image can be reconstructed. Typically, 200
images are collected at 0.5 mm intervals, at a rate limited by the ultrasound
machine frame rate and the type of gating used.  Using this technique, 3-D B-
mode, colour Doppler, and power Doppler are useful in assessing
atherosclerosis, the kidney, and spleen.  Also, 3-D imaging of the carotid
arteries can be used for stenosis and plaque volume measurements.  Imaging
of tumours with 3-D Doppler demonstrates that, while it is sometimes difficult
to visualize the neovasculature in 2-D, a 3-D image provides for better
visualization of the tortuous neovasculature associated with tumours.

CONTRAST AGENTS: Ultrasound contrast agents are substances that produce
increased signals when injected into the vasculature.  Recent developments of
methods to stabilize small gas bubbles  has lead to an explosion of activity in
the development and applications  of contrast agents.  The increased signal is
due to the fact that bubbles of about 5µm resonate at frequencies between 1
and 10 MHz.  Thus, not only do these bubbles provide strong scattering
properties, but they are also sufficiently small to pass through the capillaries
and pulmonary system allowing intravenous injections.  These contrast agents
are being used to visualize areas of reduced perfusion in the heart wall and
other organs, and to enhance the visibility of angiogenic vessels found in
tumours.

Educational Objectives:
1. Learn about spectral Doppler, colour Doppler and Power Doppler and

their applications. 
2. Learn about methods to obtain 3-D ultrasound images and their

applications. 
3. Learn the physical reasons which cause ultrasound contrast agents to

produce increased signals.

Symposium  ( Fiesta B)

WE-E6-01
Guide to the AAPM
Geoffrey Ibbott, University of Kentucky, Lexington, KY

Even long-time AAPM members are sometimes overwhelmed by the size and
complexity of the Association.  They may be discouraged from taking full
advantage of its benefits or from participating in some activities.  This
presentation will explain the organization of the Association and help remove
barriers to participation that some members may feel.  The roles of the Board
of Directors and the Executive Committee will be described, along with the
council and committee structure.  Examples will be given of the roles of the
Association's liaisons, and the activities carried out by the Headquarters Office
will be discussed.  The mechanisms by which members participate in the
decision-making and policy-setting activities of the Association will be
described.

Educational Objectives:
1. The attendee will gain knowledge of the organization of the AAPM.
2. The attendee will learn about the council and committee structure of the

AAPM.
3. The attendee will become familiar with the officers of the AAPM.

Refresher Course (Centro)

TH-A1-01
Monte Carlo Dose Calculations for Radiation Treatment Planning
Radhe Mohan, Medical College of Virginia, Richmond, VA

Monte Carlo simulation of radiation transport is the most accurate means of
computing dose distributions, but, due mainly to inordinately long
computation times, it has hither-to-fore been impractical for all but
investigational purposes.  However, because of the continuing advancements
in computer technology, algorithms, and variance reduction techniques, we are
rapidly approaching a time when we can begin exploiting the benefits of
Monte Carlo methodology routinely. The main benefit of Monte Carlo
techniques is, of course, the universal dosimetric accuracy for all modalities
(photons electrons, and brachytherapy) and for all anatomic and delivery
system geometries.  The use of Monte Carlo methodology would obviate the
need for the endless effort expended in modification, parameterization and
refinement of empirical and semi-empirical models for correcting for
inhomogeneities, surface irregularities, and scattering from treatment machine
components and field shaping devices.  Monte Carlo-based treatment planning
would lead to greater consistency of treatments in different institutions
employing the same technique, which could be especially helpful for multi-
institutional clinical trials.  Its use should make dose response data more
dependable.  In addition, Monte Carlo simulations would  allow accurate and
detailed estimation of quantities that are difficult and sometimes virtually
impossible to measure.  Furthermore, the labor and arduousness of
commissioning Monte Carlo-based treatment planning systems would be
significantly reduced.  For efficiency, Monte Carlo simulations for dose
calculations are divided into two stages:  (1) a patient independent stage above
the jaws, which has to be simulated only once, and (2) a patient dependent
stage including the radiation transport through jaws, wedges, blocks and MLCs
(dynamic or static).  Although Monte Carlo calculations may be applied in the
near future for routine patient care, there is still a considerable amount of work
to be done.  For instance, one needs to establish the accuracy and precision
requirements of the results of simulation of the first stage, i.e., the contents of
the "phase space description" (PSD) of the machine so that the impact on the
accuracy of dose distribution calculations is negligible.  Often complete and
accurate information needed to compute PSDs is not available.  Therefore,
some justifiable empirical means of accounting for such less than exact
information have to be developed.  Using a PSD, one must define a "source
distribution" from which particles can be efficiently sampled without loss of
accuracy in computed dose.  In regard to the second stage, a number of issues
need to addressed.  These include estimation of atomic composition and
densities from 3D images, schemes of defining the geometry of patient specific
beam shaping devices, developing techniques for special applications such as
IMRT, and strategies to reduce statistical uncertainty to acceptable levels
without compromising accuracy.

Educational Objectives:
1. Description of fundamental principles of Monte Carlo techniques as

applied to radiation therapy. 
2.  Demonstration of the potential advantages of  Monte Carlo techniques.
3. Illustrations of the further work to be done to make Monte Carlo more

efficient and effective.
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Refresher Course  (Fiesta D)

TH-A3-01
MLC IV: Non-Conventional and Future Use of MLC
Arthur Boyer, Stanford University School of Medicine, Stanford, CA

Multileaf collimators (MLCs) have proven to be effective for improving the
efficiency of delivery of three-dimensional conformal radiotherapy (3D-CRT).
So-called inverse planning techniques have been developed to compute
radiotherapy treatment plans that have been optimized by determining not only
beam weights, but also the intensity across the area of each beam. In certain
cases, even better dose distributions can be achieved with IMRT than with 3D-
CRT.  Intensity-modulated radiotherapy (IMRT) is an application of (MLCs)
that has attracted widespread attention.  At least four techniques for
implementing clinical IMRT using MLCs can be identified.

Rotate/translate modulated fan beams. This technique has been developed by
the NOMOS Corporation using an accessory slot  collimator and short-stroke
MLC.  This technique has been used to treat more patients than any other
technique. 

Spiraling modulated fan beams. Rock Mackie at the University of Wisconsin
proposed this technique and is developing it using a modified CT scanner.

Fixed-gantry modulated cone beams.  The MLCs currently offered by several
medical linear accelerator vendors have been used to implement this technique.
It is currently in clinical use at Memorial Hospital and at the UCSF/Stanford
Health Care hospitals.

Sequential dynamically shaped arcs.  Cedric Yu proposed delivering a
sequence of arced fields dynamically shaped by an MLC to produce the IMRT
distributions.  The intensity patterns computed by inverse planning methods
can be delivered by sequences of subfields delivered in rapid succession by the
MLCs driven by dynamic delivery systems. The leaf sequences can be
computed either by dividing  the intensity patterns into strips that correspond
to the trajectories of each leaf pair, or by other considerations of the entire area
of intensity.  The collection of profiles produced by the former method can be
generated by sweeping the leaf pairs across the field using leaf sequences
computed considering the velocity of the leaves or by an efficient decimation
of the intensity pattern.  It is also efficient to construct a leaf-setting sequence
from subfields that deliver the required intensity in dose increments that are
successively reduced by one-half.  The logical development of these
algorithms is easy to understand with the aid of graphics.   In addition to the
fundamental principal of each method, issues such as leaf leakage and the
tongue-and-groove effect must be considered in order to achieve accurate
delivery of the intensity patterns. IMRT may have a significant role in
radiotherapy for difficult tumor presentations.  IMRT implemented with
available equipment is clinically feasible and can be used to deliver treatments
with an accuracy of better than 5%.  

Educational Objectives  
This lecture will instruct the student to:
1. Identify and distinguish between the IMRT technologies in use and under

development
2. Derive a dynamic leaf-setting algorithm using a graphic development
3. Derive a single profile step-and-shoot leaf-setting algorithm 
4. Derive a areal step-and-shoot leaf-setting algorithm
5. Estimate the time required to deliver a clinical IMRT treatment

Refresher Course  (Fiesta A)

TH-A4-01
Optimizing Digital Radiographic Image Quality
Perry Sprawls, Emory University, Atlanta, GA

The transition from film to digital radiography offers the potential for
improved image quality and visibility of anatomical structures and signs of
pathology.  However, there are more variable parameters in a digital system
that must be considered and adjusted for optimum performance.

In this course we will consider the five basic image quality characteristics:
contrast sensitivity, blurring, noise, artifacts, and spatial characteristics,  but
the emphasis will be on the first three which have the greatest impact on
visibility.

Contrast Sensitivity.  Digital radiography is generally superior to film
radiography with respect to contrast characteristics.  This is because digital is
not limited by the fixed  contrast characteristics of film.  Because of the wide
dynamic range of digital receptors and processing capabilities the contrast
window can be optimized for maximum visibility in a variety of anatomical
environments, exposure conditions, and viewing requirements.

Blurring.  Radiography is the medical imaging modality with the least
blurring and is superior to all of the others in providing maximum visibility of
anatomical detail and small signs of pathology.  This capability is sometimes
challenged by the transition to digital radiography because of the blurring
produced by the pixel structure and other elements in the digital imaging
process.  When optimizing a digital radiography system (as in teleradiography)
consideration must be given not only to the characteristics of the digital image
but to all sources of blurring such as the focal spot, imaging geometry, receptor
characteristics, digitizers, and display devices.  A model for optimizing
conventional radiographic systems based on the concept of equivalent blur was
developed earlier and has proved to be a useful tool in conventional
radiographic system analysis.  The concept of equivalent blur has now been
applied to a digitized image and is defined in relationship to pixel size.  A
general system model for digital radiography with equivalent blur defined for
each component has been developed and used to optimize systems with respect
to visibility of detail.  The factors affecting the value of this parameter for each
component are identified.  A scale has been established for each parameter on
which a range of operating conditions is identified.  With this model it is
possible to analyze a specific system and determine the relationship of the
various components and digital image characteristics to total system
performance.  This process makes it possible to identify "weak links" in the
system and indicate changes that can be made to produce a more optimized
system.

Noise.   Quantum noise is a potential problem with digital radiography because
of the wide dynamic range of the receptors.  This requires special attention to
technique and exposure conditions.

Educational Objectives:
1. Identify the parameters of digital radiographic systems that affect image

quality.
2. Perform test to determine image quality characteristics.
3. Adjust system parameters to optimize quality and system performance.
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Refresher Course (Centro)

TH-B1-01
Introduction to AAPM Task Group 59 Report:  High Dose-Rate
Brachytherapy Treatment Delivery
Jeffrey Williamson, Mallinckrodt Institute of Radiology, Washington
University School of Medicine, St. Louis, MO

Task Group 59 ( Med. Phys. 25: 1-29, 1998), consisting of Dale Kubo (Chair),
Glenn Glasgow, Timothy Pethel, Bruce Thomadsen and the speaker, was
charge with evaluating high dose-rate (HDR) brachytherapy risks and
treatment practices and developing recommended practice guidelines for
minimizing serious treatment delivery errors.  The report covers the following
elements:

HDR brachytherapy program design.  Included are guidelines for prescription
forms, treatment record forms, and checklists, as well  as general suggestions
for developing formal procedures.

Staffing and training.  Included are training and experience recommendations
for medical physicists, radiation oncologists, dosimetrists and device operators.
The treatment planning and delivery process is divided into 8 subprocesses,
ranging from pre-insertion preparation, to post-treatment checks.  Essential
responsibilities of each professional within each subprocess are identified and
a basic model for organizing HDR brachytherapy planning and delivery is
recommended as essential to patient safety.

Treatment-specific quality assurance (QA).  For each of the 8 subprocesses,
essential QA tests and activities are identified, including the check purpose, the
professional responsible, the desired outcome and recommended action in
event of negative outcome.  These checks are summarized in tabular form and
as a QA checklist.

Emergency procedures.  Procedures for responding to physical plant
emergencies and minor emergencies (malfunctions that interrupt treatment) are
described as well as management of major crises such as source retraction
failure.  Emergency training, emergency response kit contents, and emergency
applicator removal recommendations are discussed.

TG-59 focuses only on treatment-specific QA, complementing TG-56
("Brachytherapy Physics Code of Practice") which covers QA of HDR
brachytherapy devices.  TG-59 disagrees with U.S. Nuclear Regulatory
Commission requirements and recommendations in several areas.  Finally, TG-
59 emphasizes the design, structure, and staff assignments within the HDR
brachytherapy program: QA does not consist of isolated tests  and checks but
is built in the fabric of the treatment planning and delivery process.

Refresher Course  (Plaza)

Radiosurgery Using Multileaf Collimators

TH-B2-01
James Balter, University of Michigan, Ann Arbor, MI

TH-B2-02
Almon Shiu, University of Texas M.D. Anderson Cancer Center, Houston TX

TH-B2-03
Lei Dong, University of Texas M.D. Anderson Cancer Center, Houston TX

The use of linear accelerators for the stereotactic radiosurgery of small
intracranial lesions has been well documented using a circular collimated beam
while rotating about the target.  This process is repeated for a number of
treatment couch angles.  Recently, several investigations have focused on

using multileaf collimation devices for stereotactic radiosurgery and
radiotherapy treatments.  Clinical investigations have been performed using
both conventional multileaf collimators (MLCs) as well as miniature (or micro)
multileaf collimators (MMLCs) with a fine resolution of leaf width.

While the requirements for acceptance, commissioning and routine quality
assurance and use are well described for conventional  radiosurgical systems,
these concepts may require some modification when considering the use of
MLCs for field shaping.  The purpose of this talk is to elucidate these areas of
concern, and to describe the techniques and results found to date with MLC
systems currently in use for stereotactic  treatment. Specific examples will be
described of treatments using a conventional, double-focussed  MLC with 1.25
cm wide leaves, as well as using MMLCs with leaf widths of 0.3-0.4 cm.

Educational Objectives:
1. Acceptance data (isocentricity, calibration, reproducibility, leakage)
2. Commissioning (beam model, treatment planning description of MLC,

output characterization)
3. Quality assurance (periodic calibration, isocenter verification, monitor

unit calculation, documentation)
4. Treatment planning (number of segments, field shaping guidelines, use

of upper jaws)
5. Treatment delivery (verification of field shapes, treatment throughput)
6. Current results

This work is supported in part by NCI grant number PO1-CA59827

Continuing Education Course  (Fiesta D)

TH-B3-01
MRI Artifacts and Suppression Techniques
David Hearshen, Henry Ford Hospital, Detroit, MI

A variety of artifacts/undesirable contrasts that impact MRI imagingwill be
presented. Three classes of artifacts will be considered: 1)Artifacts which
originate from malfunctioning or miscalibratedhardware/software, eg, data
acquisition errors, zippers/stars, RFartifacts, magnetic field inhomogeneity,
and  N/2 EPI artifacts. 2)Artifacts arising from constraints on or  inappropriate
pulse sequenceparameters, eg,  truncation (Gibbs), undersampling, aliasing, or
dynamicrange artifacts.  3) Artifacts arising from interactions between
thepatient and the  MRI system, eg, chemical shift, flow, metal, motion,and
magnetic susceptibility artifacts.  Where appropriate, imagingschemes that
minimize the significance of an artifact will be presented.

Educational Objectives:
The clinical medical physicist will learn to recognize common MRIartifacts
and undesirable contrast and understand their underlyingcauses.  Additionally,
the clinical medical physicist will learn how tominimize certain artifacts
through manipulation of imaging parameters.  

Upon completion of this course, participants will be prepared to:
1. Recognize artifacts/undesirable contrast.
2. Identify common artifacts and understand why they occur.
3. Manipulate imaging parameters to minimize the significance of common

artifacts.
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Refresher Course (Fiesta A)

TH-B4-01
Quality Assurance in Teleradiology/PACS:  Implications in System Design
and Maintenance
Andrew Maidment, Thomas Jefferson University, Philadelphia, PA

A complete and successful quality assurance program requires four major
steps:  acceptance testing, development of baseline performance standards,
diagnosis of performance problems, and verification of corrective action.
Although we are familiar with these concepts as medical physicists, new
standards apply in PACS and teleradiology.  In this lecture, each of these steps
will be discussed.

In designing a PACS, the requirements for redundancy, uptime, fault and
failure tolerance, timeliness of service, and their implications on overall system
operation must be considered for each component in the system.  System
designs which are dependent upon single points of failure should be avoided.
A common example in PACS is the use of a dedicated database server.  The
simplest method of anticipating such failures is to examine the flow of data in
a PACS/HIS/RIS environment and determine which hardware components are
used in each step from admission of patients to the facility, to reading of the
study, and finally study completion or patient discharge.  It is advisable to
have contingency plans for producing and reading studies when equipment
failures occur.

In the operation of a PACS, one ultimately wants to deliver a digital study to
a physician’s review workstation, present that study in the correct layout,
orientation, window/level, etc. with the correct demographics, necessary
supporting studies and old reports, all with the minimum amount of interaction
by the radiologist or other personnel.  Each time the PACS fails in one of these
tasks the radiologist will be required to take time away from reading images
to make corrections.  While most often this is only an annoying and
inconvenient matter for the radiologist, more serious issues arise when for
example the demographics are incorrect or the display is suboptimal, hiding
subtle pathology.  Both the PACS and the institution must have policies and
procedures for dealing with such instances.

Ultimately, it has been our experience that PACS can reduce the workload of
x-ray technologists and fileroom personnel by automating the more mundane
aspects of their jobs.  Film printing, for example, is unnecessary if softcopy
review is being used.  The result is an increase in patient throughput.
Unfortunately, facilities do not usually allocate workstations for technologist’s
review and preparation of the electronic study record.  The result is that when
errors occur, the radiologist is the one who must respond.  This is an inefficient
use of radiologist’s time.  Thus, measures, either electronic or procedural, must
be instituted which correct or circumvent as many errors as possible.  In
designing, purchasing, and operating a PACS one must forever be vigilant of
how the PACS will integrate into the department’s operation, and whether the
PACS design is sufficient robust and flexible to allow it to conform to the
methods by which the department operates, rather than the converse.

Educational Objectives:
1.  Develop a QA program for PACS
2.  Develop acceptance testing and operating performance standards
3.  Develop a fault tolerant PACS
4.  Develop a policy and procedure manual for PACS

Scientific Session (Centro)

TH-C1-01
Calibration of Video Camera Systems to the Beam Coordinate System of
a Radiotherapy Linear Accelerator
S. Hadley *, L. Johnson, C. Pelizzari, University of Chicago Department of
Radiation and Cellular Oncology, Chicago, Illinois

We have developed a method of calibrating external video camera systems to
the beam coordinate system of radiotherapy linear accelerators. There has been
recent interest in using digital camera systems external to the radiotherapy
machine to aid in positioning patients for fractionated radiotherapy. There
exists a need to know the geometrical relationship between the beam
coordinates of the treatment machine and the camera system. The technique we
have developed utilizes a 3-D calibration phantom visible in both X-ray and
optical images. Portal images of the calibration phantom on the treatment
couch are taken using several gantry and couch positions. Using the known
configuration of the calibration points and the corresponding 2-D position in
the images, the parameters of pinhole camera geometry are found by
minimizing the mean squared error between the image and predicted points.
The calibrated portal images are then used to model the gantry and couch axes
of rotation as two axes of a Cartesian coordinate system. We have applied this
technique using a Varian Clinac 2100C with the PortalVision EPID and a hand
held color digital camera. A correlation between the gantry and couch angles
and the corresponding angles predicted by the calibration was measured to be
1.0031 with R-square of 1.0015 and 1.0010 with R-square of 1.0007. This
demonstrates the ability of the calibration to model the motion of the treatment
machine well. Calibration of video camera systems using this technique is
accurate and provides a method to make absolute measurements  in the beam
coordinate system.

TH-C1-02
A Video-based Technique to Reduce CT-to-treatment Transfer Errors
L. Johnson *, S. Hadley, C. Pelizzari, G. Chen, The University of Chicago

The purpose of this work is to introduce a video-based technique to reduce CT-
to-treatment transfer errors.  System hardware includes a PC, digital frame
grabber and two B&W CCD cameras mounted in the treatment room on the
ceiling near the AP laser and on the wall near the right-lateral laser.  Aimed at
the linac isocenter, the cameras provide orthogonal views of the patient on the
treatment table.  The cameras were calibrated to determine the distance to the
isocenter, pixel coordinates of the isocenter in projection, polar and azimuthal
angles of incidence, and field of view.  The procedure begins with the
acquisition of a CT scan of the patient in the treatment position.  In computer
space, the calibration parameters are used to view the CT data from the lateral
and AP camera’s-eye-views.  Volume-rendering software is used to create a
pair of ‘3D’ skin images with viewing perspectives identical to those of the
two cameras.  On the first day of treatment, patients are positioned initially
using skin marks and isocentric lasers.  The setups then are fine-tuned using
a pair of live overlay images, in which the skin images (indicating the correct
setup) are layered on top of live video (of the slightly misaligned patient).
With the aid of a computer monitor in the treatment room, therapists use the
layered images to interactively return the patient to the correct position in 1 %

2 minutes.  Sample images and results of clinical trials with and without video-
assisted correction of CT-to-treatment transfer errors will be presented.
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TH-C1-03
Derivation of Patient Dose from Portal Dose Images Measured with an
EPID
K. Pasma *, M. Kroonwijk, S. Quint, A. Visser, B. Heijmen, Daniel den Hoed
Cancer Center, Rotterdam, The Netherlands

Comparing predicted portal dose images (PDIs) with PDIs measured with an
electronic portal imaging device (EPID) can reveal problems like incorrect
(dosimetric) performance of the treatment unit, erroneous design, production or
application of compensators, and deviations between the patient anatomy during
treatment and the anatomy according to the planning CT-scan. We have developed
a back projection method to derive the absolute on-axis patient dose at 5 cm depth
from a measured PDI. This measured dose can then be compared with the dose
predicted by the treatment planning system.

Using the on-axis portal dose measured with the EPID (Dp,patient) [1] and the on the
planning CT-data based prediction of the transmission through the patient (Tpatient)
[2] the dose that would have been measured with the EPID without a patient in the
beam (Dp,0) can be derived: Dp,0=Dp,patient/Tpatient. The dose in the patient can then be
derived from Dp,0 taking into account effects as the difference in phantom scatter in
the patient and the EPID and the inverse square law. For various phantoms, the
predicted dose and the dose derived from a portal image agreed within 1% (1 SD).

The method has been clinically evaluated for 100 prostate cancer patients irradiated
with one anterior and two lateral oblique fields. The predicted and measured dose,
averaged over all fractions, agreed within 2% (1 SD). For some patients deviations
above 5% have been found. 
[1] Pasma et al, ICCR, 282-284, 1997.
[2] Kroonwijk et al, ICCR, 276-278, 1997.

TH-C1-04
Characterization of a Fluoroscopic Imaging System for Kilovoltage and
Megavoltage Radiography
D. Drake *, D. Jaffray, J. Wong, Dept. of Radiation Oncology, William Beaumont
Hospital, Royal Oak, MI;  Dept. of Physics, Oakland University, Rochester, MI.

An on-line kilovoltage (kV) imaging system has been implemented on a medical
linear accelerator to improve radiotherapy treatment verification.  A kV x-ray tube
is mounted on the accelerator at 90 degrees to the megavoltage (MV) source and
shares the same isocenter.  Nearly identical CCD-based fluoroscopic imagers are
mounted opposite the two x-ray sources.  The advantage of kV imaging for on-line
localization is being studied.  The performance of the kV and MV systems are
characterized to provide quantitative support to the conclusions of these studies.

A spatial frequency-dependent linear systems model is used to predict the detective
quantum efficiencies (DQEs) of the two systems.  Each is divided into a series of
gain and spreading stages.  The parameters of each stage are either measured or
obtained from the literature.  The model predicts the system gain to within 15% of
measured gain for the MV system and within 12% for the kV system.  The systems’
noise power spectra and modulation transfer functions (MTFs) are measured to
construct the measured DQEs.  X-ray fluences are calculated using modeled
polyenergetic spectra.  The model predicts zero-frequency DQEs of 0.9% and 11%
for the MV and kV systems, respectively.  Measured DQEs agree well with these
predictions.  The model reveals that the MV system is well optimized, and is x-ray
quantum noise limited at a frequency of zero.  The kV system is sub-optimal, but
still yields superior image quality to the MV system due to it’s higher primary
detector MTF and the inherently higher contrasts present at kV energies.

Supported in part by the NCI CA 66074.

TH-C1-05
Wavelet-based Edge Detection to Aid in the Alignment of Radiation Oncology
Images
G. Starkschall *, S. Ahmad, R. Stafford, J. Xu, The University of Texas M.D.
Anderson Cancer Center, Houston TX

Purpose:  The purpose of the present work is to demonstrate that a wavelet-based
edge-detection algorithm can successfully extract edges of bony anatomy from
radiation oncology images, and that these edges can be used to align these images.

Methods and Materials: Two data sets were used for this study.  In the first set, the
reference image was a digitally reconstructed radiograph of an AP pelvis field, and
the test images were digitally reconstructed portal images of the field with known
displacements.  In the second set, the reference image was a portal image of a lateral
upper neck field, and the test images were portal images of the same field with
known displacements.  In both sets of images, edges of bony landmarks were
identified by convolving each row and column of the image with a Haar wavelet,
then extracting local maxima/minima whose values lay above a specified threshold.
Test images were then manually aligned with the reference image by aligning the
edges.

Results:  By proper selection of convolution and edge-extraction parameters, edges
corresponding to specific bony landmarks on both sets of images can be extracted,
allowing the images to be aligned correctly.

Conclusions: A wavelet-based technique for extracting edges of bony landmarks
from radiation oncology images can be incorporated with various alignment
techniques to effect automatic alignment of these images.

This work has been supported in part by a grant from the Texas Higher Education
Coordinating Board Advanced Technology Program grant no. ATP-3604018.

TH-C1-06
Verification of Radiation Treatment Portals using Artificial Intelligence
D. Provost *, K. Leszczynski, S. Cosby, R. Bissett, S. Boyko, NEORCC, Sudbury,
Ontario, Canada

The objective of radiation therapy is the delivery of a lethal dose of ionizing
radiation to a tumor while minimizing the damage to the surrounding healthy tissues.
Precise radiation field placement is required for curing cancer, particularly with the
advent of conformal therapy techniques. Since 1991, our cancer treatment centre has
made clinical use of a BEAMVIEW system for on-line portal imaging. Extensive
off-line analysis of recorded electronic portal images has shown that subjective on-
line evaluation results in only major and obvious localization errors being detected.
Furthermore, only a small sample of electronic treatment portals can be reviewed by
radiation oncologists. In the present study we examine the use of  artificial neural
networks (ANN)  and of the k-nearest neighbor (kNN) method in determining
whether or not a particular treatment would be acceptable as evaluated by an
oncologist. A collection of 328 portal images were anatomically registered with their
diagnostic x-ray counterparts acquired during simulation, and treatment field
placement was then evaluated, on a scale from 1 to 10, by an oncologist. A score of
5 and above was deemed acceptable. Quantitative measurements of field placement
errors provided inputs to the ANN and kNN algorithms. Both methods reproduced
the oncologist’s scoring very well: the kNN method gave a correlation factor of 0.87
with 3 false negatives and 30 false positives whereas the ANN technique gave a
correlation factor of 0.78 with no false negatives and 18 false positives. These results
indicate the feasibility of on-line automated expert evaluation of portal images.



1998 AAPM Annual Meeting Program A163

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

TH-C1-07
Quality Control and Optimization of DRR. A Phantom Study
J. Giraud *, J. Killoran, G. Svensson, Joint Center for Radiation Therapy -
Department of Radiation Oncology - Harvard Medical School - Boston MA

CT-scanning and virtual simulation, using a dedicated CT simulator is becoming
more common for treatment planning of complex anatomical sites. The radiographic
simulator film is then replaced by Digitally Reconstructed Radiographs (DRR)
providing the reference image needed for implementation of the patient set-up on the
treatment machine. This image must be geometrically accurate and have sufficient
image content for unambiguous comparison to the portal image. We have designed
a DRR phantom to study the accuracy and linearity of the image reconstruction and
to measure the low and high contrast and resolution of the image.  One objective is
to use the phantom to determine the optimal reconstruction and CT acquisition
parameters needed to achieve a high quality reference DRR image. The phantom
consists of a Plexiglas tank and replaceable accessories needed to determine the
projection accuracy and linearity, image resolution and contrast. The phantom
contains three different tissue densities (lung, muscle and bone) for the purpose of
optimizing the density enhancement features of the reconstruction algorithm. The
lateral walls and the base plate of the tank are marked with lines that are used for
alignment of the phantom in the laser coordinate system, defining the image
reference plane. With proper alignment of the phantom in the image reference plane,
all the accessories are aligned to determine the geometric accuracy of the DRR
reconstruction. CT acquisition parameters are optimized for different anatomical
sites, with respect to resolution and high and low density contrast. 

This work was partialy supported by the ARC association.

TH-C1-08
Implementation of Magnetic Resonance Imaging Based Digitally Reconstructed
Radiographs in Simulation and Conformal Radiotherapy
C. Ramsey *, A. Oliver, Thompson Cancer Survival Center, Knoxville, TN

Currently, patients with brain neoplasm’s must undergo both computed tomography
(CT) and magnetic resonance (MR) imaging to take advantage of CT’s density
information and MR’s soft tissue imaging capabilities.  Although significant
progress has been made in image fusion, it is not always practical to subject patients
to seemly redundant imaging procedures for the sole purpose of obtaining density
information.  We have developed and implemented a procedure that allows virtual
simulation, digitally reconstructed radiographs (DRRs), and 3-D treatment planing
to be generated using only one T1-weighted MR data set.

T1- and T2- weighted gadolinium enhanced  5 mm thick contiguous axial slices are
acquired in a General Electric Signa 1.5T MR unit using a standard head coil for
protocol patients.  These image sets are imported into the ADAC Pinnacle3 for three-
dimensional conformal external beam treatment planning and virtual simulation.
Once treatment planning and virtual simulation are complete, laser printouts of
anterior and lateral MR based DRRs are generated.  Because the image quality of
these DRRs is comparable to CT based DRRs, a side-by-side comparison with film
is possible.  During verification simulation, the anterior and lateral MR based DRRs
are used in conjunction with fluoroscopy and simulation films to position the
treatment isocenter in the correct location.  In addition, the MR based DRRs are
compared with port films throughout the treatment sequence to verify that the correct
volume is treated.  MR based DRRs provide an acceptable alternative to CT based
DRRs for many patients, thus eliminating the need for redundant imaging
procedures.

TH-C1-09
3-D Automatic Position Verification System for Stereotactic Radiosurgery
L. Sirois, B. Fallone *, Medical Physics Unit, McGill University, Montreal, Canada

An automatic anatomy-based method for verifying the position of the patient during
radiotherapy by continuously generating digitally reconstructed radiographs (DRR)
and comparing them to lateral and anterior-posterior portal images is presented. 

Translation and rotation errors are quantified using a Fast-Fourier transform
implementation of Pearson’s correlation coefficient (PCC).  The PCC algorithm is
robust, independent of scaling in image amplitudes and does not require any
anatomy identification or point pair selections in the portal and DRR images.  Our
method requires the user to select a feature for matching in the DRR, which is then
compared throughout the portal image, providing a correlation value at each
position.  The method was first tested using DRR-to-DRR matching to reveal any
deviations in our program using an ideal setup.  Translation and rotation errors were
introduced in the DRR test image and the program had no difficulty determining the
parameters necessary to yield a matching DRR.  No deviations from the correct
position were encountered with this setup, thus assuring us of the robustness and
high level of possible accuracy of this algorithm. DRR-to-portal matching shows that
the program is able to match the DRR search mask with the portal image to within
0 to 10 pixels from the correct position.  Its accuracy is dependent of the portal
image’s pixel size and its success rate is reliant on the visibility of the selected
matching feature in the portal image.  Results of accuracy and success rate will be
discussed.

TH-C1-10
Influence of Beam Quality on the Dosimetry with a Portal Imaging Device
H. Keller *, M. Fix, P. Ruegsegger, Institute for Biomedical Engineering, Swiss
Federal Institute of Technology ETH, Zurich, Switzerland

New applications of portal imaging devices aim at measuring the dose delivered to
the patient during a treatment session. In all such applications it is crucial to measure
portal dose as exactly as possible. In addition, to compare portal dose obtained with
an electronic portal imaging device with predicted dose in a water phantom, the dose
deposition in both the portal image detector and water has to be studied.

In this work a Monte Carlo study was performed to simulate dose deposition in the
detector (liquid filled ionisation chamber, Varian PortalVision) and in water. An
accurate model of the detector's various materials was implemented in the Monte
Carlo code. We simulated the absorbed dose of monoenergetic pencil beams in the
energy range from 0.3 to 18 MeV and calculated the ratio of absorbed doses in water
to the absorbed dose in the detector (correction factors). In order to investigate the
effects of polyenergetic beams we also calculated correction factors for different
beam qualities.

The correction factor was strongly dependent on the incident energy of the photons.
For the monoenergetic photon beams it increased up to a value of 2. For different
beam qualities of a 6 MV beam the correction factors were between 1.04 and 1.07.

Consequently, the results of relative dose measurements will be dependent on the
measuring device. In conclusion, a simple calibration of the detector response on
water dose is not sufficient for exact dosimetry and has to be corrected.

Scientific Session (Plaza)

TH-C2-01
Lung Dose Distribution Analysis for Lateral verses AP-PA Total Body
Irradiation Techniques
L. Siskind *, P. Higgins, K. Dusenbery, University of Minnesota, Minneapolis, MN

This  work is a study of lung dose-distributions for the two major total body
irradiation protocols used at the University of Minnesota.  These techniques utilize
either bi-lateral or antero-posterior fields.  The lateral field technique uses the arms
as a partial compensator to shield the lungs while the antero-posterior technique
reduces lung dose by using 50% transmission blocks in conjunction with electron
boost fields to the chestwall beneath the blocks.  Both techniques utilize extended
source to axis distances (SADs) to provide full body beam coverage,  nominally
400cm SAD.

We have measured the dose distribution for each technique in an anthropomorphic
phantom using thermoluminescent dosimetry.  These distributions were used to
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model beams for extended distances in the ADAC Pinnacle three-dimensional
radiation therapy treatment planning system.  Dose volume histograms were then
generated for each treatment technique  and analyzed for the phantom and nine
additional patients.  These results were correlated with clinical complication data for
447 cases.  

TH-C2-02
A  Comparison of Measured Dose to Bone Marrow to Monte Carlo
Calculations for 6 and 18 MV Photons for Total Body Irradiation
C. Reft *, L. Johnson, University of Chicago, Chicago, IL 60637

For a given exposure the tissue near bone receives a dose different than tissue remote
from bone.  For megavoltage photon beams  this effect is attributed to increased
Compton and pair-production interactions due to the higher density and atomic
number of bone.  Clinically, this is an important consideration for the living bone
marrow tissue in total body irradiation at high photon energies.  Commonly used
dose calculational algorithms in treatment planning systems fail to predict the
behavior near the bone-tissue interface.  An accurate experimental determination of
the magnitude and extend of this effect into tissue is complicated because it occurs
in a region of non-charged particle equilibrium.   We obtain dose measurements near
the bone-tissue interface with a parallel plate chamber in a solid-water phantom for
6 and 18 MV photon irradiation under TBI conditions.  To measure the bone
marrow dose, LiF TLDs are positioned within a bone marrow type phantom
consisting of a 1 mm thick lucite sheet sandwiched between bone-equivalent plastic
slabs surrounded by solid-water.  The bone marrow dose is measured for various
bone thicknesses for 6 and 18 MV exposures under TBI conditions.  Monte Carlo
calculations for the bone marrow dose using the MCNP code are obtained and
compared to the TLD and ionization chamber results.  Preliminary results show
good agreement between measurements and calculation with a 1 to 3 % decrease
dose to bone-marrow and a 3 to 6 % increase in bone marrow dose for 6 and 18 MV,
respectively.  A discussion of these results will be presented.

TH-C2-03
Peripheral Dose From a Linear Accelerator Equipped With Multileaf
Collimation
R. Stern *, University of California, Davis, Radiation Oncology Department,
Sacramento, CA

In radiation therapy, the peripheral dose, or dose outside the field edges, is important
when anatomical structures with very low dose tolerances, such as the fetus in a
pregnant patient, might be involved.  Two of the main sources of peripheral dose,
leakage from the treatment head and scatter from secondary collimators and beam
modifiers, depend on the configuration of the linac treatment head.  This study
investigates the effect of a multileaf collimator (MLC) on the peripheral dose.

Peripheral dose was measured for 6 and 18 MV photon beams from a Varian Clinac
2100C with retrofit MLC.  The MLC was configured both with leaves fully retracted
and with leaves positioned at the field edges ("leaves in").  Comparative
measurements for 6 MV from a Varian Clinac 600C without MLC were also made.
Measurements were made for two field sizes at two depths.  Diode detectors in solid
phantom material were placed on the central axis and at various distances from the
field edge defined by the lower collimator jaw.  Peripheral dose was determined as
a percentage of the central axis dose.  The measured peripheral doses for the 6 MV
beams with MLC leaves retracted and with no MLC were similar and agreed well
with published values.  A large difference, however, was seen at both energies
between the MLC leaves in and leaves retracted configurations.  Bringing the MLC
leaves in decreased the peripheral dose by 6-50%, most likely due to absorption by
the leaves of scatter from the collimator jaws.

TH-C2-04
A Comparison of Multileaf Collimators
M. Huq *, T. Steinberg, I. Das, J. Galvin, Thomas Jefferson University Hospital

Dosimetric characteristics for multileaf collimators from three different
manufacturers (Elekta, Siemens, Varian) are compared for a 6 MV photon beam.
Measurement and analysis techniques were controlled to be exactly the same, and
the most current model MLC was used in each case.  Two collimators had rounded
leaf ends (E&V), and one MLC (S) had flat ends that followed beam divergence.
Film was used for all measurements, and a scanning densitometer with a 0.45 mm
spot and 0.5 mm step size was used for analysis.  The measurements included: 1)
penumbra profiles for different positions of a leaf relative to beam center, 3) leaf
transmission and between-leaf leakage, and 4) isodose curves representing dose
undulation for maximum leaf stepping.  Results showed that a flat leaf end reduces
the penumbra width compared to a rounded end design.  However, the distance of
the MLC from the x-ray target also played an important role, and one of the systems
with rounded ends (V) gave the smallest 80 to 20% penumbra width for leaves at the
field midline (4.5 mm).  The flat leaf design with the MLC positioned closer to the
target produced a slightly larger width (5 mm), and the rounded end design at
approximately the same distance gave the largest width (6.5 mm).  The source-to-
collimator distance was also important in determining the dose pattern at a stepped
field edge.  The MLC furthest from the target showed pronounced undulation while
the other two systems showed blurring of the pattern.  This report eliminates the
confusion that can result when measurements available from different sources are
used to compare MLC systems.

TH-C2-05
Comparison of Dose Fall Off for Multi-field Treatment Volumes Shaped by
Multileaf Collimators and Alloy Blocks
J. Rodgers, D. Hinckley *, M. Lundsten, A. Niroomand-Rad, G. Gagnon,
Georgetown University Hospital, Radiation Medicine Dept.

The dose fall off for multi-field treatment volumes, shaped by MLC, were
experimentally measured and compared with those produced by alloy shaping
blocks.  A water filled 30-cm  diameter cylindrical phantom was irradiated with 6
and 10 MV x-rays from one-, two-, four-, six- and nine-field isocentric beam
arrangements.  The coplanar beam geometries consisted of opposed pairs of beams
in all, except the one and nine field, cases.  Radiochromic film was used to measure
the cumulative dose distributions in three orthogonal planes centered in the irradiated
volumes.  Two field sizes, 5x5 cm2 and 10x10 cm2, with the corners of the fields
blocked to the midpoints of the sides, were used.  This 45° orientation produces the
worst case scenario for the MLC shaping.  The MLC leaf widths at isocenter are 1
cm.  The mean positions of the 30%, 50%, and 90% isodose contours defined by the
two shaping alternatives, were determined to be within ±1 mm of one another,
independent of field configuration, field size or beam energy.  The standard
deviation of the mean position was found to be typically, 1mm for MLC and 0.1 mm
for alloy blocks.  The 90-30% fall off distances (or "penumbral widths") for MLC
compared to alloy blocks were generally found to be wider by less than 1 mm for
MLC, independent of the number of fields, sizes or energy.  Results of our studies
and the rationale for the choice of isodoses contours for the dose fall off analysis will
be presented for these multi-field configurations.

TH-C2-06
Small-field Dosimetry of MLC Equipped Accelerator
G. Neyman *, P. Almond, W. Spanos, Jr., Dept. of Radiation Oncology, James
Graham Brown Cancer Center, University of Louisville

Knowledge of the dosimetric characteristic of the MLC-equipped accelerators is
very important in clinical practice. But not much data are available on small fields
dosimetry where "scalloping" effects at the edge of a field can bring significant
contribution to the whole field and physicians can face a major dilemma trying to
decide whether they can use a field with an MLC-defined shape instead of a custom
made Cerrobend block. In the present study photon beams of 22 and 6 MV are used
from a Philips SL-25 accelerator to study the ratio of areas (A) and penumbra effect
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for diamond shape of 6x6 and 10x10 fields. Isodose lines of 90, 80, 20, and 10 %
at dmax, 5 cm, and 10 cm depth in water are recorded and analyzed. It was shown that
a MLC-defined field gives a smaller ratio of areas compared with a custom made
blocked field. As expected, this effect is larger for a smaller field. A maximum
difference of 30% for A 90/10 and23 % for A 80/20 is found for 6 MV beam
between MLC and custom made block for 6x6 field and dmax. This difference
becomes smaller with energy and depth. The difference in penumbras between two
methods of defining the field increases both with an increase in field size and energy
of a beam and decreases with depth. The conclusion from this study is that
physicians have to be cautious when using small fields defined by MLC close to
critical structures.

TH-C2-07
Penumbra Regions of Small Electron Fields at Extended Treatment Distances
R. Meiler *, M. Podgorsak, Department of Radiation Medicine, Roswell Park
Cancer Institute, Buffalo, New York, 14263

The dose characteristics of small electron fields typical to the treatment of head and
neck disease at extended SSDs were studied.  Depth-dose curves and beam profiles
in water were obtained for 6, 9, and 12 MeV electron beams in 2x10 to 10x10 cm2

field sizes at 100 cm and 110 cm SSD on a Varian Clinac 2100C.  Penumbra width
was measured for these fields and found to increase with increasing field size.
However the quotient of penumbra width to field size decreased with increasing field
size. Fermi-Eyges multiple scattering theory was applied to quantify primary
electron scatter contributions.  EGS-4 Monte Carlo simulation was applied to
separate primary and secondary electron and bremsstrahlung photon contributions.
Events occurring in the measurement region were scored for amount of energy
deposited, type of particle, and region from which that particle originated.  Beam
collimation at an extended treatment distance of 110 cm SSD was improved by
inserting a 10 cm long Aluminum tube axially into the cerrobend electron cone
insert to extend beam collimation to within 5 cm of the phantom surface.  Tube cross
section dimensions of 2x10 cm2 to 10x10 cm2 were studied for comparison to the
open field case.  A reduction in penumbra width from 2.2 cm to 1.8 cm in a 4x10
cm2 field was observed with the addition of the Aluminum tube insert.  Tubes made
of  polystyrene and brass were also studied to determine the influence of collimator
media on resulting dose distributions.  

TH-C2-08
A Silicon Diode Detector for Dosimetry of Very-small Radiosurgery Cones
X. Zhu *, J. Allen, J. Shi, St. Luke’s Medical Center, Milwaukee, WI

Linac-based stereotactic radiosurgery for treating brain lesions has become popular
in recent years.  However, accurate determination of dosimetry data (total scatter
factors and TMRs) for very small cones remains a challenge.  Standard detectors for
large field dosimetry are often too large for such small fields.  Various detectors such
as TLDs, micro-ionization chambers, plastic scintillators, MOSFET detectors as well
as silicon diodes have been reported for dosimetry of small cones.  Each detector has
its advantages and disadvantages.  In this study, we modified a scanning silicon
diode1 to measure dosimetry data of very-small radiosurgery cones of 5-10 mm
diameters.  The effective detection volume of the diode is a round shape with a
diameter of 1 mm, and thickness of 50 µm.  Total scatter factors and TMRs for
cones of 5-10 mm were measured with the modified scanning diode.  The results are
consistent with published data.  For larger cones the dosimetry data were measured
with a parallel-plate ionization chamber with a diameter of 3 mm.  For cones
between 12.5 and 17.5 mm, possible errors caused by averaging over the area of the
3-mm detector were examined.  We believe that this silicon diode detector is an easy
to use alternative for very small cone dosimetry.

1The diode detector described in this abstract was provided by Sun Nuclear
corporation, Melbourne, FL.

TH-C2-09
Photon Buildup in Orthovoltage X-ray Beams
R. Hill *, P. Keall, W. Beckham, M. Perez, Liverpool Hospital, Sydney, Australia

Orthovoltage x-ray beams exhibit the characteristic of depth dose buildup which is
not well described in the literature. The principal reason for this phenomenon is the
increase in dose deposited due to electrons set in motion by secondary (Compton)
scattered photons within the phantom, as depth is increased until longitudinal
equilibrium is reached. This happens within a few millimetres of the surface and has
been demonstrated both experimentally and by Monte Carlo methods. The Monte
Carlo technique also enabled the description of a second order primary dose buildup
effect (due to longitudinal photoelectron buildup) that would be impossible to detect
with conventional detectors due to the extremely short range of the photoelectrons.
The magnitude of buildup was observed to alter with various combinations of the
orthovoltage beam parameters. The experimentally measured depth dose curve from
an 135 kVp x-ray beam gave a maximum dose that was 7.5% greater than the
surface dose and the dose at depth dropping below the surface dose at about 5 mm.
It is recommended that radiation oncology departments assess this effect in the
context of their clinical data in current use to ensure that there are not doses higher
than those prescribed being applied a few millimetres below the skin surface.  This
should be considered especially if the depth dose data was not collected with a thin
windowed, parallel plate ionisation chamber or that coarse steps were used along the
beam central axis.

TH-C2-10
A Novel Shielding Device for Pregnant Hodgkin’s Patients
L. Myrianthopoulos *, H. Sutton, C. Reft, G. Chen, The University of Chicago,
Chicago, IL 60637

A novel support structure for lead shielding was designed, constructed and used to
reduce the peripheral dose to the fetus of a pregnant Hodgkin’s patient recently
treated at our clinic. The device is not motorized yet it can be wheeled into position
by a single person, without having to lift any heavy pieces of shielding. The
effectiveness of the shielding was assessed using a Rando phantom and
measurements by ion chamber, TLD, and MOSFET detectors. In the vicinity of the
top of the fundus, the midplane dose was 0.28% for the AP treatment, with the
custom cerrobend block also in place, and 0.44% for the PA treatment. However, the
AP dmax dose was a factor of 1.9 lower, while the PA dmax dose was 1.2 times
higher than the measured midplane dose when both fields were treated. These
observations were used to infer , from in vivo TLD measurements, that 0.9 cGy per
180 cGy fraction were delivered to the patient's midplane at the top of the fundus,
and just 0.4 cGy at mid uterus.  Details of the design and construction will be
presented, and the results will be discussed and compared to those from different
shielding assemblies, such as those reported by TG36.

Continuing Education Course  (Fiesta D)

TH-C3-01
MRI Safety
Michael Boska, Henry Ford Health Sciences Center, Detroit, MI

MRI has been used as a biologically safe imaging modality for over a decade.  This
allows serial studies to be performed with no concern for exposure to the radiation
used in the procedure.  However, several dangers do exist which can cause bodily
harm and, in severe cases, death.  These dangers are caused by the presence of a
strong magnetic field which can exert large forces on ferromagnetic materials, strong
electromagnetic fields which can interfere with electronic devices such as
pacemakers, and the possibility of electromagnetic burns from overexposure to the
RF source.  There are also the possibility of patient distress from claustrophobia and
auditory noise.  All of these dangers are manageable and most preventable with
appropriate siting, safety hardware, safety software, and screening by trained
technologists and nurses. 
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Educational Objectives:
The clinical medical physicist will recognize the potential for physical, biological,
and psychological injury that occurs for anyone in the vicinity of an MRI scanner,
and will understand procedures that minimize risk.  The clinical medical physicist
will learn the FDA safety guidelines.

Upon completion of the course participants will be prepared to:
1. Identify the physical and biological safety hazards in the vicinity of an MRI

scanner.
2. Advise and MRI site concerning siting strategies and procedures for

minimizing risk.
3. Site FDA safety guidelines.

TH-C3-02
MRI Equipment
Ronald Price, Vanderbilt University Medical Ctr., Nashville, TN

The purpose of this lecture is to acquaint clinical physicists with basic MRI
equipment and to discuss current equipment trends.  A variety of different magnet
designs are now becoming commonplace.  These include newly-designed "small-
footprint" superconducting magnets which produce horizontal magnetic fields and
open-design permanent and resistive magnets which generally produce vertical
magnetic fields.  Superconducting magnets are now typically provided with
refrigeration and active shielding.  Refrigeration has significantly lengthened the
interval between cryogen replenishment (up to 1 year).  Active-shielding minimizes
site preparation concerns and often precludes the need of passive shielding for
fringe-field containment.  The various magnet designs will be discussed in terms of
associated trade-offs, including site preparation, fringe field containment and RF
shielding.  RF subsystems, including different types of RF coils, will be discussed,
along with recent improvements in gradient technology.

Educational Objectives:
1. To understand trade-offs between different types of MR magnets
2. To be aware of factors affecting S/N of RF coils
3. To understand advancements in gradient technology and how image quality

is affected

Scientific Session  (Fiesta A)

TH-C4-01
A Survey of Radiation Skin Dose Received by Patients Undergoing Cardiac
Catheterization
K. Working *, R. Hood, T. Slowey, T. Slowey, J. Pagel, St. Thomas Hospital

Knowledge of the magnitude and location of skin radiation doses received by
patients undergoing cardiac catheterization procedures is crucial for cardiologists in
evaluating the risk and benefit of a given procedure.  For interventional studies, this
information could result in the modification of the clinical protocol to minimize skin
radiation doses while still acquiring the necessary medical data or performing the
necessary interventional tasks.  We have initiated a quantitative survey of radiation
skin doses received by patients undergoing various diagnostic and interventional
cardiac catheterization procedures at a major center to evaluate the magnitude and
location of these doses.  Lithium fluoride TLD chips calibrated for appropriate
energies and intensities and placed in a specifically designed polyethylene carrier
matrix were used to measure and map skin radiation doses.  Data that will facilitate
the relating of skin doses to fluoro and cine times and associated technique factors
were also collected.  Preliminary results indicate that the magnitude of radiation
doses to the skin ranges from 10 to 150 cGy for diagnostic procedures and up to
400+ cGy for some interventional procedures.

This research is supported by a grant from the Saint Thomas Foundation, a non-
profit organization.

TH-C4-02
Patient Doses in Interventional Neuroradiology
N. Gkanatsios *, W. Huda, K. Peters, Department of Radiology, University of
Florida, Gainesville, FL

Patient doses were computed to 6 infants (weight < 20 kg), 4 children (weight
between 20 and 40 kg) and 30 adults who underwent an interventional
neuroradiologic procedure on a digital biplane imaging system. An online patient
dosimetry system (PEMNET) recorded values of entrance skin exposure for all
fluoroscopic and radiographic components of each examination. Entrance skin
exposures were obtained directly from the PEMNET system for each patient for both
frontal and lateral imaging planes. Additional x-ray beam data (i.e., size of the x-ray
beam, kVp and half value layer) were obtained to enable computation of the total
energy imparted to each patient as well as the corresponding values of effective
dose. Average values of entrance skin exposure were highest in adults (126 ± 72 R
frontal plane and 62 ± 45 R lateral plane), and lowest in infants (84 ± 61 R frontal
plane and 50 ± 27 R lateral plane). Values of energy imparted also decreased with
age, and were highest in adults (4.0 ± 2.6 J) and lowest in infants (1.0 ± 0.7 J). The
corresponding values of patient effective dose, however, were highest in infants (68
± 51 mSv) and lowest in adults (20 ± 14 mSv). Entrance skin exposures and
effective doses are both very high in comparison with other types of diagnostic
examinations, and therefore suggest that dose reduction strategies for these
procedures merit attention.

TH-C4-03
Energy Deposition Kernels for 3D Dose Distribution of Low Energy X Rays
P. Alaei *, B. Gerbi, R. Geise, University of Minnesota, Minneapolis, MN

Because of high doses in  interventional radiology procedures, accurate dose
determination for low energy x-rays is important. The use of sophisticated 3D dose
deposition algorithms designed originally for radiation therapy treatment planning
can be extended to lower energy photon regions.  In order to use 3D treatment
planning systems in the kilovoltage region, low energy (<100 keV) monoenergetic
energy deposition kernels are needed.  We have used the EGS4 system of Monte
Carlo codes to generate kernels from 20 to 90 keV and have implemented them in
a commercial 3D treatment planning system. The kernels were generated using the
"scasph" EGS4 user code by selecting the appropriate transport parameters suitable
for the relative low energy of the incident photons. The kernels have been used to
model diagnostic quality beams in the planning system and to calculate depth dose
and cross profile curves. Comparisons of the calculated data have been made with
measurements made in a homogeneous water phantom. The comparisons showed
that calculated depth dose and cross profile curves were in good agreement with
measured date at energies of 60, 80, 100 and 120 kVp. Details of this work and the
results of the comparisons will be given along with the challenges that remain to be
overcome.

In conclusion, we have determined that the method which we have developed
satisfactorily calculates 3D dose distribution in water at diagnostic x-ray energies.

TH-C4-04
Characterization of Dose from X-ray Fluoroscopy Beams in a Water Phantom
K. Fetterly *, P. Alaei, B. Gerbi, R. Geise, University of Minnesota, Minneapolis,
Minnesota

Accurate determination of the dose distribution characteristics typical of x-ray
fluoroscopy beams has become more important due to modern high dose rate
interventional procedures.  Recent investigators have determined skin doses and
imparted energies typical of diagnostic quality x-ray beams, but published depth
dose and isodose curves are not representative of the dose distribution characteristics
of modern diagnostic equipment.  This study was undertaken to characterize the
dose distributions typical of modern fluoroscopy procedures. 
The dose rate, percent depth dose curves, and cross plot profiles have been measured
in a water phantom.  The dose rate delivered to a water phantom was calculated for
a depth of 2 cm in phantom using the air kerma measured by a Baldwin-Farmer ion
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chamber and the ratio of the mass attenuation coefficient of water to that of air.
Depth dose curves and vertical and horizontal cross plot profiles were measured in
phantom for various commonly used x-ray beams.

The beam qualities investigated were characterized by peak tube potential, first half
value layer and homogeneity coefficient.  For peak tube potentials of 60, 80, 100,
and 120 kVp x-ray beams and field sizes of 8x8, 12x12 and 15x15 cm2, percent
depth dose curves and cross profiles at depths of 2, 5, 10, and 15 cm were measured.

The measured percent depth dose curves compare favorably with published data.
The cross plots measured accurately describe the dose deposition characteristics of
modern fluoroscopy equipment and can be used to better estimate patient dose from
high dose rate interventional procedures.

TH-C4-05
A Review of the Influence of Fluoroscopic Geometry on Patient Dose
S. Balter *, R. Gagney, Lenon Hill Hospital and FDA

The increasing utilization of fluoroscopy for visualization during image guided
procedures has brought renewed interest in dose management. The geometry of
fluoroscopic imaging systems is too often ignored in equipment design and use.
Geometry can be as important as pulsed fluloroscopy and spectral filtration. This
paper systematically reviews the effects of geometry on dose. 

The three major geometries in use are fixed Source Skin Distance (conventional
fluoroscope), fixed Source Image Receptor Distance (mobile C-arms) and fixed
Source Isocenter Distance (angiographic systems). Patient entrance dose has a
different functional dependency on patient thickness and patient to image intensifier
spacing for each of these geometries. 

In all cases, patient entrance dose is minimized when source to image receptor
distance is increased and patient exit surface to image receptor distance is
minimized. The small mobile fluoroscope (SID 40 - 70 cm) is the least favorable
configuration when it is used to examine thick body parts; or used with a large air
gap.  For angiographic systems, reducing the spacing between the patient between
the patient and image receptor by  10 cm can reduce patient entrance dose by 10 -
20 %.

This paper will present a quantatative analysis of the geometric effects on dose for
each of the three major fluoroscopic designs. This often forgotten aspect of
equipment construction and use remains as important as it ever was. 

TH-C4-06
Monitoring and Reducing Patient Radiation Exposure During Interventional
Procedures By Direct Portal Film Dosimetry
H. Kuan *, J. Manzione, J. Ferretti, P. Cole, R. Saypoff, R. Murthy, D. Papia, D.
Gallagher, University Hospital Medical Center, Department of Radiology

Radiation exposure to patients undergoing interventional procedures at neuro,
cardiac, and certain vascular sites is always a concern despite clearcut balances on
benefit/risk considerations.  Recent FDA directory focusing attention on
monitor/reduction of skin dose is helping to redouble such efforts.  Various direct
and indirect means of measuring patient dose have been reported, with improvement
being developed by manufacturers of x-ray systems and dosimetry instruments.  We
have successfully mapped actual patient dose distribution by a simple, fast, and
inexpensive method.  Placing three portal films (Kodak X-Omat V film calibrated
for doses up to 50 cGy, EC-L film up to 150 cGy, and a new radiochromic film
XXRF-10404 currently under development by ISP for doses up to 800 cGy and
beyond) stacked together to monitor doses by the procedure allows mapping of
actual patient exposure.  This in turn makes possible to verify results of skin dose
minimizing effort involving: low dose fluoro mode, last image hold, cone down
fields, at multiple entrance angles.  For example, a patient underwent two
consecutive cerebral embolization procedures at the same site, with a combined

fluoro time of 293 min, 129 DSAs, showed a maximum dose, in only a small skin
area, of 150 cGy, well within levels for temporary skin erythema.

TH-C4-07
Comparison of Air-Kerma Standards at the NPL, the BIPM and the ENEA
Using Diagnostic, Mammography and Low Energy X-Rays
P. Lamperti *, M. O’Brien, National Institute of Standards and Technology,
Gaithersburg, MD

Intercomparisons are performed between national and international standard
laboratories in order to maintain the integrity of the measurement chain in the user
community.  At a recent meeting of the CCEMRI (Consultative Committee) at the
BIPM the recommendation was made to increase the frequency of international
comparisons of x-ray standards. NIST has undertaken the presently described effort
in order to comply with this recommendation.  In addition, direct comparisons using
primary standards in the mammography x-ray range have never been performed.  An
indirect comparison with PTB was performed in 1997 using transfer standards.  The
NIST medium-energy x-ray free-air ionization chamber (FAC) standard has never
been directly compared except in-house.  Direct comparisons using low-energy x-
rays (10-50kV) are necessary in order to minimize the associated uncertainties.  Two
NIST FAC x-ray standards will be compared at NPL and BIPM for the first time.
The NIST low-energy x-ray standard will be compared for the first time at ENEA
and for the second time at the BIPM. The BIPM low-energy comparison will serve
as a check on the stability of the NIST standard.  This talk will discuss the
uncertainty budget for the comparison measurements, the results of the comparisons,
the results versus the uncertainty budget, and the importance of international
comparisons to the AAPM Accredited Dosimetry Calibration Laboratories.

TH-C4-08
The New Diagnostic and International X-Ray Beam Qualities Available at
NIST
M. O’Brien *, P. Lamperti, National Institute of Standards and Technology,
Gaithersburg, MD

X-ray measuring instruments are calibrated at the National Institute of Standards and
Technology (NIST) in terms of air kerma or exposure in highly characterized x-ray
beams.  The beam qualities offered for calibrations have changed several times since
their origin in the 1950’s.  The two new high-resolution, high-output x-ray systems
with constant potential generators allowed the development of the beam qualities
outlined by the International Standards Organization (ISO). These 41 ISO beam
qualities are available in addition to the previously existing NIST beam qualities,
resulting in a better coverage of the radiation protection and radiation therapy
exposure range.  Some changes have been made to the low-energy beam qualities
used for calibrations representing skin therapy exposures.  Two beams have been
added to the radiation therapy NIST M-series, the M80 and the M120, developed at
80 and 120 kV. The M80 and M120 beam qualities represent the most commonly
used beams in diagnostic radiology. Their development has been requested by the
AAPM-Accredited Dosimetry Calibration Laboratories (ADCL) for at least the last
five years to allow proficiency testing among the ADCLs.  In the past, the ADCLs
have had to interpolate between beam qualities offered at 60, 100 and 150 kV for the
calibrations they offer for the M80 and M120 beams, resulting in non-NIST
traceable calibrations.  Several ionization chambers have been calibrated to the new
M80 and M120 beams and the responses analyzed in comparison to interpolated
calibration factors.

TH-C4-09
Patient Dosimetry in Medical Radiography:  A Practical Approach
D. Staton *, W. Sobol, M. Nation, G. Barnes, University Hospital, University of
Alabama at Birmingham

It has been common practice to periodically monitor the radiation doses of
diagnostic x-ray procedures, and in recent years has become a JCAHO requirement.
Two general approaches have evolved.  One is to develop a table of entrance skin
exposures (ESE) per mAs as a function of patient thickness and kVp from which,
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knowing the patient thickness and technique of a given projection, the ESE can be
calculated.  A second approach is to develop a table of ESEs for common
projections and the standard associated patient thickness.  In both cases good
practice dictates that the dosimetry tables are developed from on-site radiation
exposure measurements.  A problem with the first approach is that the resultant table
is large and tedious to use in practice.  The second approach is readily
understandable, but presents data for only one patient thickness for a given
projection.  It is well known that ESE depends markedly on patient habitus.
Presented is an alternative approach that overcomes this limitation.  Patient ESEs (or,
if desired, effective doses) are reported for small, medium and large patients for a
limited number of common projections utilizing modified ANSI chest and
abdominal/lumbar spine phantoms.  For anatomical regions where patient thickness
varies less (extremities, knee, skull), ESE is reported for the standard patient
thickness of these projections.  Phantom specifications and rationale are presented
along with comparisons of phantom and patient ESE data.  Also presented is the
utilization of the phantoms in fluoroscopy and in AEC acceptance testing and QC.

TH-C4-10
A Dutch Survey of Fluoroscopic Doses During Catheter Ablations
J. Geleijns *, J. Broerse, P. Pattynama, M. Schalij, W. Teeuwisse, LUMC,
Department of Radiology, Leiden, The Netherlands

Some complex fluoroscopy guided interventions procedures require extended
fluoroscopy times, i.e. longer than 30 minutes. In these cases radiation exposure of
patients and medical staff is sometimes rather high. The risk of radiation induced
skin injuries on patients implies that radiation protection for fluoroscopy guided
interventions should not only be focused on stochastic effects, but also on potential
deterministic effects.

This nation-wide Dutch dose survey at all 7 hospitals that perform catheter guided
ablation of cardiac arrhythmia’s, aimed at measuring fluoroscopic dose and doserate
and at identifying those units with a high fluoroscopic doserate. 

The measurements involve entrance doserate on PMMA phantoms of varying
thickness, entrance doserate at the image intensifier and depth-dose in a PMMA
phantom. For a 21 cm thick PMMA phantom, the entrance doserates varied for the
different x-ray tubes from 3 mGy/min to 49 mGy/min with an average value of 22
mGy/min. On a thick PMMA phantom doserates up to 140 mGy/min were
measured. The measured entrance doserates on the image intensifier varied from 0.2
µGy/s to 1.2 µGy/s with an average value of 0.6 µGy/s. The tenth-value thickness
which were derived from the depth-dose measurements in PMMA varied from 11
to 14 cm. Deterministic skin effects are not expected at fluoroscopy times shorter
than 45 minutes, even with the high doserates measured on the thick PMMA
phantoms. Simple technical measures, such as decreasing the entrance doserate on
the image intensifier and copper filtration, are effective means for reducing patient
entrance dose.

Poster Presentations:
Therapy Posters (South Banquet Hall)

PO-01
Inverse Treatment Planning Approach for Low Dose Rate Intracavitary
Brachytherapy
H. Giap *, R. Levy, J. Slater, Loma Linda University Medical Center

Traditional guidelines for afterloading low dose rate brachytherapy for gynecological
cancer have empirically relied on a single parameter such as total mg-hr or "point A"
dose, without consideration of variation in individual patient anatomy and tumor
burden.  A new inverse treatment planning approach is developed in this study to
guide selection of patient-specific implant duration and source loading configuration.
Orthogonal radiographs are scanned into a personal computer, where the coordinates
of sources and all ICRU reference points are input on-screen.  Tumor volume is
mapped on the radiographs using information from pelvic examination and CT/MRI.

Dose contributions from serial implants are added after appropriate translation and
rotation of the respective coordinate systems.  Dose contribution from external beam
radiation is added with custom field shaping and weighting for AP/PA and lateral
fields.  Dose rate effects can be modeled using the linear-quadratic formalism.  The
implant duration and/or source loading configuration are optimized under the
following constraints: (1)  the gross tumor volume plus a margin fitted to a specified
isodose level; (2)  desired dose to "target points" (the lymphatic trapezoid of
Fletcher, paracentral points); (3)  dose limitations to critical tissues (bowel, bladder,
vaginal mucosa); (4) cumulative activity (total Ra-eq mg-hr).  The system has been
tested and validated in a number of patients, and it is found to be useful to assist
physicians in a variety of clinical situations, especially for patients with asymmetric
tumor geometry and unfavorable anatomy. The proposed system also facilitates
quantitative comparison of different dosimetric systems and applicators.

PO-02
Chemical Dosimetry in the Near Zone of Cesium and Iridium Sources Contained in
Nylon Catheters
B. Hasson *, J. Ford, C. Hand, E. Jensen, H. Perera, L. Simpson, Temple University
Hospital, Philadelphia, PA

The measurement of the dose in the near zone of brachytherapy sources has been
impeded due to the large dose gradient and the need for a submillimeter, tissue
equivalent detector.  Most detecting systems, ionization chambers, semi-conductors,
and film are not tissue equivalent, which adds to the uncertainty in the detector
response.  

Using two classes of chemical dosimeters this project has measured the near zone
dose distribution of three brachytherapy source arrangements.  The central axis dose
distribution  in the near zone of a 25 mgRaeq 137Cs source, a strand of twelve 7.8
mgRaeq 192Ir seeds spaced 0.5 cm apart, and a single 1.9 mgRaeq 192Ir source
were measured with Fricke gel and a custom made Polymer gel dosimeter.  The
results from the chemical dosimeters have been compared to results from gafchromic
film (gaf) irradiations and a standard treatment planning system (TPS).

The measurement of the dose distribution in the near zone reveals result which are
not consistent with a TPS which utilizes the Meiseberger formalism.  The differences
measured are larger for single  137Cs and 192Ir sources than for a strand of 192Ir.
In fact, both chemical dosimeters and gaf film reveal large differences in the near
zone of single sources.

PO-03
Clinical Implementation of CT Based Simulation in High Dose Rate
Brachytherapy
R. Alecu *, M. Alecu, R. Gilbert, M. Hebert, T. Ochran, Physician Reliance
Network & Texas Oncology, PA

We define simulation for HDR brachytherapy, HDRB, as the process through which
the optimum dwell positions - times pattern for each patient is devised. It starts
usually with defining and localizing the target volume and organs at risk and ends
with the acceptance of an isodose distribution presented in volume or several
significant planes and overlapped on the patient’s anatomy. This is routinely
accomplished using radiographic films taken at a conventional simulator unit. Due
to the impossibility to visualize the target and organs at risk directly on films, in
most cases the  simulation is based both on the simulator images and CT scans. An
alternative approach is to replace the simulator altogether with a CT based
simulation, CTS. Despite the fact that the CTS  has been introduced in
teleradiotherapy ten years ago and has proven to be a very useful tool, there are no
reports on its use for brachytherapy. The rationale of a CTS includes: decreases
simulation time, patient’s discomfort and the risk of applicator movement by
eliminating the patient’s manipulation at the simulator, can be used as a back -up for
conventional simulation and it is more cost effective. The purpose of this paper is to
investigate the practicability and usefulness of CTS for HDRB in daily clinical
practice and to present our CTS procedures and results for interstitial (prostate),
intracavitary (gynecological), intraluminal (lung) and mold (melanoma) procedures.
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Some limitations of CTS and possible solutions are discussed. Treatment plans
based on  CTS and conventional  simulation are compared.

PO-04
Clinical Implementation of High Dose Rate Interstitial Brachytherapy for
Prostate Cancer
M. Alecu *, M. Kerley, R. Alecu, T. Ochran, Physician Reliance Network & Texas
Oncology, PA, Sherman, TX

For prostate implants, conformal treatment is critical due to the pear -like shape of
the prostate with internal (urethra) and adjacent (bladder and rectum) radiosensitive
structures. Differential loading is a desirable feature because the bulky portions of
the tumors typically lie at peripheral locations within the prostate. This is why
the ultrasound guided transperineal  HDR Brachytherapy seems to be  the treatment
of choice for final prostate cancer boosts. We present here our step by step protocol
for these treatments, including specific QA tests (for the afterloader unit, treatment
planning system and applicators), simulation procedure (conventional and CT based,
methods to define and localize the target volume and organs at risk), treatment
planning aspects for a 3D treatment planning system (optimization methods, isodose
distribution visualization both on CT and simulator images, treatment plan
selection), treatment plan verification (second checks,  hand calculations), treatment
delivery (dose fractionation schedule, changes from one fraction to another,
treatment adjustments) and in vivo dosimetry (rectal dose measurements with
diodes). Methods to decrease the time between the insertion of the needles and the
treatment delivery, such as complete elimination of the conventional simulation
process, better visualization and needle identification tools as well as treatment
planning patterns and challenges will be discussed along with our results for over 50
prostate implants. 

PO-05
Combined Use Of Transverse And Scout Computed Tomography Scans To
Localize Radioactive Sources in Interstitial Brachytherapy Implants
N. Yue *, Z. Chen, J. Bond, R. Nath, Yale University School of Medicine

Various techniques have been developed to localize radioactive sources in
brachytherapy implants. The most common methods include orthogonal film
method, stereo-shift film method, and recently direct localization from a series of
contiguous CT transverse images.  The major advantage of the CT method is that
it provides the seed locations relative to anatomic structures. However, it is often the
case that accurate identification and localization of the sources become very difficult
because of partial source effects and artifacts on CT images.  A new algorithm is
developed to take advantage of a pair of orthogonal scout views in combination with
a stack of transverse cuts.  In the new algorithm, a common reference point is used
to correlate CT transverse images and two Scout CT scans (AP and Lateral).  The
radioactive sources are localized on CT transverse images, and at the same time, the
sources are displayed automatically and simultaneously on the two CT scout scans.
In this way, the individual sources can be clearly distinguished and ambiguities
arising from partial source effects are resolved. Because of the finite slice thickness
of transverse cuts, the longitudinal co-ordinates are more accurately obtained from
the scout views. By changing the longitudinal coordinates of localized seeds so that
they can match the position of the seeds on scout views, the seeds can be localized
more precisely. The algorithm has been tested on clinical cases and has proved to be
a time-saving and accurate method.  

PO-06
CT-Based Prostate Post-Implant Dosimetry Using Multiple-Planar
Reconstructed Images
Z. Li *, W. Tome‘, S. Kim, J. Palta, University of Florida, Gainesville, Florida

Post-implant dosimetric evaluation of a permanent prostate implant using either Pd-
103 or I-125 seeds is essential in ensuring and improving quality of the implantation
techniques.  Accuracy of placement of seeds in the target volume can only be
determined with the use of volumetric data of patient anatomy, such as CT images.
Accurate seed localization is difficult on both transverse CT images and orthogonal

x-ray films. Seed localization and subsequent dose distribution calculation, using
transverse CT images and multiple-planar reconstruction (MPR’s) of sagittal and
coronal images from CT data is now possible with the availability of 3D treatment
planning systems.  We report our experience with the use of a commercial 3D
treatment planning system for the post-implant dosimetric evaluation of permanent
prostate implants.  Automatically correlated transverse, sagittal, and coronal images
of patient anatomy that contain a given seed are used to localize the seed position
and define the seed orientation accurately.  In-vitro experiment demonstrates that this
technique can achieve seed localization accuracy of better than 2 mm routinely.  The
time required for performing a post-implant dosimetric evaluation procedure using
this technique is typically less than 1 hour, representing an improvement over the
traditional techniques based on orthogonal or stereo-shift films.  This approach in
prostate implant dosimetry therefore allows accurate and fast dosimetry evaluation
of prostate post-implant dosimetry. 

PO-07
Fast Hierarchical Algorithm for Brachytherapy Calculations Using Monte
Carlo Simulations
X. Fang, Z. Li *, J. Palta, S. Ranka, S. Sahni, University of Florida, Gainesville,
Florida

Direct application of Monte Carlo calculations for brachytherapy patient dose
computation remains intractable due to the enormous time requirement.  We propose
a direct calculation method based on the use of spatial data structures derived from
oct-trees and quad-trees.  Typically the secondary effects for a given photon collision
are inversely related to the distance from the primary voxel.  This allows for
approximation of the scatter effect due to a collision at a proximate point that is far
away from the point of interest by the scatter effect due on a single point at the
center of this cluster.  This process is repeated for each collision of a given photon
history in Monte Carlo simulations.  The approximation is decided if the distance
from a collision point to a voxel of interest exceeds a preset threshold.  Experimental
calculations using a threshold value of 20 mm show that an order of magnitude
improvement in time required can be achieved over the Monte Carlo calculations.
The maximum error in total dose calculated, relative to the Monte Carlo
calculations, is maintained to within 4.5% at distances up to 3.8 cm from a stainless
steel encapsulated Ir-192 seed. 

PO-08
Feasibility of Ultrasound (US) Based Post Implant Dosimetric Verification of
US Guided I-125 Permanent Prostate Implants
C. Kota *, M. Yudelev, P. Littrup, D. Wood, J. Forman, Gershenson Radiation
Oncology Center, Karmanos Cancer Institute, Harper Hospital and Wayne State
University, Detroit, Michigan.

Pre-implant planning of permanent I-125 prostate implants is often performed using
ultrasound images. Implant quality is usually verified by post implant dose
reconstruction based on CT/film data. This verification is not robust because of
differences in ultrasound and CT volumes and shapes. In this study, we have studied
the feasibility of directly using post-implant US images to reconstruct dose
distributions. In the operating room, an identical sequence of transverse US images
was obtained immediately before and after the implant. These images were then
printed out on film and compared, to identify the seed locations based on their
resonant artifact. The patients were simulated on a conventional and a CT simulator
within 24 hours of the implant. Prostate dimensions and volumes obtained from the
CT and US images were compared. Post implant dose distributions were generated
using both sets of data. Theoretical accuracy of seed reconstruction in both methods
was evaluated. Various physical and dosimetric indices were evaluated. The number
of implanted seeds that could be identified in the US images was inter- and intra-
observer dependent and patient dependent, and averaged about 85%; the number of
seeds reconstructed on CT was greater than 95%. While the fractional number of
seeds reconstructed accurately was found to be larger in CT, the post implant
prostate shapes from US images correlated better with those used for pre-implant
planning. Due to these two offsetting factors, it is possible that comparable accuracy
in dose reconstruction can be achieved with both methods.
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PO-09
New NIST Air-Kerma-Strength Standards for 125 I and 103 Pd Brachytherapy
Seeds
S. Seltzer *, P. Lamperti, R. Loevinger, C. Soares, National Institute of Standards
and Technology

The National Institute of Standards and Technology (NIST) developed a standard
for the measurement of air-kerma strength from encapsulated brachytherapy sources
of 125I in 1984, based on the use of a conventional, parallel-plate (Ritz) free-air
chamber.  A Wide-Angle-Free-Air Chamber (WAFAC) has recently been developed
as the new primary standard for photons emitted with energies up to about 35 keV
from such sources.  The WAFAC has important advantages over the Ritz chamber:
it accepts a solid angle ~65 times larger, its active volume is larger by a factor of
~130, and its ratio of collecting/active volumes is close to 2 rather than ~80 which
results in a much improved signal-to-leakage ratio.  Its inherent advantages facilitate
the determination of air-kerma strength for seeds of new design intended for clinical
use, and the transfer of these measurements to the AAPM Accredited Dosimetry
Calibration Laboratories.  Moreover, the WAFAC provides an air-kerma-strength
standard for 103Pd seeds, for which there has been no previous standard.  The talk
will outline the WAFAC design and the measurement methods used for the new
standard, the correction factors applied in the measurements, and the uncertainties
associated with the results.  In contrast to the old standard, the new primary standard
effectively eliminates the effects of the characteristic x rays produced as secondary
fluorescence in the titanium cladding of these seeds. This action results in a
significant change in the reported air-kerma-strength, a change that will have to be
incorporated into treatment protocols to maintain delivered dose.

PO-10
Photon Dose Kernels for Brachytherapy Source Convolution Dose Calculation
J. Modrick *, B. Thomadsen, T. Mackie, University of Wisconsin - Madison,
Madison, WI

The convolution/superposition method has been successfully applied to external
beam dose calculations to determine the dose distribution accurately and rapidly
enough to be implemented in a clinical situation. Heterogeneity corrections are
natural in the convolution formalism as the dose deposition kernel can be scaled
with radiological distance to account for differences in electron transport. Present
linear source dose calculations are almost entirely analytical, except possibly for the
radial dose function which may be obtained from Monte Carlo simulation or
measurement. Heterogeneity corrections at the high photon energies typical of many
brachytherapy applications (radium and Ir-192) are not significant and generally are
not applied. However, heterogeneity corrections at the low photon energies of low
dose rate brachytherapy sources (I-125 and Pd-103) can be substantial. In order to
apply a model based dose calculation such as the convolution/superposition method
to brachytherapy source dose calculations at low photon energies, it is necessary to
have dose kernels for these low energies. We have constructed dose deposition
kernels for photon energies of 40 keV and below using the scasph ("scatter sphere")
code in the EGS4 Monte Carlo system. This code calculates the energy deposited
in spherically symmetric conical shell voxels for photons forced to interact at the
center of a water phantom sphere. These dose kernels were calculated at the photon
energies of the principle lines in the spectra of I-125 and Pd-103, and will be used
in a convolution algorithm being developed for brachytherapy source dose
calculations.

PO-11
Source Identification on Post-Implant CT’s and Its Influence on Dose Volume
Histograms
A. deGuzman *, S. Robertson, Wake Forest University School of Medicine

Dose volume histograms are a useful tool to help evaluate a particular treatment plan
prior to a radiation treatment and in the case of prostate implants to help evaluate the
quality of the implant after the procedure has been performed.  In order for a Dose
Volume Histogram (DVH) to present useful information there are two things which
need to be determined; the particular volume of interest and the various isodose

surfaces.  For prostate implants the shapes of the isodose surfaces are determined by
the location of the sources in and around the prostate.  In this study two experienced
physicists were asked to visually determine the positions of I-125 seeds on a series
of post-implant CT images made of  twenty patients.  Source locations were entered
on CT images using  a commercial treatment planning system.  Each physicist then
entered all possible sources on each of the CT slices and allowed the computers
redundancy correction program to eliminate possible repeat source locations. DVH’s
were generated for all four cases for each of the twenty patients and compared.
Results indicate that small changes in source location due to user variation can
significantly effect the reported results of permanent prostate implants.

PO-12
The X-Ray CT Based 3-D High Dose Rate Brachytherapy
G. Arora *, G. Rao, D. Barefield, Cancer Treatment Center of the Nature Coast

The conventional orthogonal film based 2D-brachytherapy provides the incomplete
visualization and inaccurate reconstruction of multiple needles or catheters.  We
evaluated the CT based high dose rate (HDR) 3-D brachytherapy in 22 patients (12
prostate, 7 bronchi, 2 esophagi, and 1 head and neck).  In prostate cases, 17 gauge
hollow stainless steel needles (16-18) were placed transperineally through
Syed/Neblett template using transrectal ultrasound guidance.  Bronchial (5F) and
esophageal catheters were placed through bronchoscope and upper endoscopy,
respectively.  A guide wire was inserted in these catheters for CT (5 mm)
visualization.  The distal and proximal extents of tumor treatment were determined
from CT slices.  The indexer length of each catheter or needle was measured on the
basis of the most distal slice to be treated.  The farthest distance up to which source
could travel in each catheter or needle was determined by sending the dummy
source in each needle or using source simulator ruler.  Using PLATO (Nucletron)
3-D HDR treatment planning computer, the treatment dwell positions on the slices
to be treated and the patient points on critical structures were marked.  The CT
reconstruction was done and isodose distribution were computed utilizing volume
or distance optimization.  The 3-D visualization of dose cloud allowed manipulation
of normalization and optimization of 3-D plan so that the full coverage of tumor
volume and sparing or minimal coverage of critical structures could be maximized.
In conclusion, 3-D CT-based HDR brachytherapy is an accurate, fast, and practical
technique for complex interstitial and intraluminal implants with multiple catheters.

PO-13
A Commercial Implementation of TG43 Dose Calculation Algorithm
N. Dogan *, M. Balbes, M. Fatyga, J. Williamson, Computerized Medical Systems,
Inc.,  St. Louis,MO

TG43 dose calculations require direct calculation of the geometry factor, G(r,), along
with evaluation of radial dose and anisotropy function values by linear interpolation
at each point of interest.  However, because of the complexity of G(r,) evaluation,
direct use of the TG43 scheme is too slow for clinical  treatment planning.  To speed
up dose calculation, our implementation uses TG-43 to precalculate a 2D lookup
table based upon a modified polar coordinate system.  2D linear interpolation on this
grid is then used to evaluate the  dose contribution of each source of a multiple-seed
implant to each point in the dose distribution grid. The purpose of this work is to
evaluate the errors introduced by applying linear interpolation to the precalculated
array compared to direct TG-43 calculations as a function of interstitial source (125I,
103Pd, 192Ir) and array characteristics. Interpolated and directly-calculated dose
rates were compared for a uniformly spaced grid of 10,000 calculation points.
Maximum errors approached 3% at distances of 2 to 3 cm, near the source bisector.
90% of the grid points showed errors below 1%.  Errors are most sensitive to the
angular spacing of calculation points in the lookup table. The best tradeoff between
2D linear interpolation accuracy and limited precalculated array size required
nonuniformly spaced polar angles and finer radial spacing near the source.

* The research described in this abstract was supported by Computerized Medical
Systems.

PO-14 WITHDRAWN
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PO-15
Morbidity Of Pd-103 Compared to I-125 Implants
J. Rankin *, D. Zellmer, M. Baikadi, J. Gilbert, Mercy Hospital, Scranton, Pa

The total dose in Pd103 implants of the prostate is delivered over much shorter time
(Tave=24.4d) than in I125 implants (Tave = 85.8d) and despite a lower total dose
have the potential of producing greater acute normal tissue effects. These may be
exacerbated by a higher local dose due to relatively lower penetrating photons of
Pd103  (21 keV) compared to I125 (28 keV). Short term edema may, however, produce
a lower dose from Pd103 because of its shorter average life.

46 patients who received Pd103 (n=14) and I125 (n=32) implants(based on Gleason
grade)  were scored for urinary retention (UR) against seed type, treatment
volume(TV), # of seeds, # of needles, stage, prescription dose (PD) DVHs, and
double dose (DD) DVHs. Treatment volumes determined from a preimplant
ultrasound were superimposed on CT scans ("Seattle technique") taken within 1day
and at 1 month post implant. DVHs were used to determine minimum volumes
receiving 1X and 2X prescription dose. Both PD and DD minimum volumes
increased for second CT due to reduced mean interseed distances, but urinary
retention did not correlate with either.

Our data show UR was correlated only with prostatic volume and isotope (no
correlation between volume and isotope). Our conclusion is that there is an
approximately 2X greater incidence of  UR with Pd103 than with I125.

PO-16
Database Management for Prostate Implants
E. Hendee *, B. Paliwal, M. Ritter, B. Thomadsen, K. Brandt, University of
Wisconsin, Madison, Wisconsin

The process of performing routine prostate implants requires careful management
of physics and patient information, particularly when the lead time for receiving
sources can be quite lengthy.  At the University of Wisconsin, we have developed
a networked database management system for prostate implants and isotope
inventory that provides consistent and easy access for all staff involved, including
physicists, physicians, nursing, and purchasing.  This system has combined
numerous spreadsheets, checklists, logbooks, and handwritten documents into an
easy to use and centralized database.  We are using the physics utilities of this
system to order sources almost a year in advance, and the physicians and nurses
update their patient information as it becomes available.  Patient specific treatment
checklists are automatically generated, and followup information is easily analyzed.
The isotope inventory maintains a current log of all radioactive sources in our
department, including decay corrected activities.  As sources are received, the
database records assay information and compares calculated activities to the
manufacturer’s stated activity.  This system has greatly simplified our prostate
implant system, and has allowed changes to be easily implemented.

PO-17
Determination of Prostate Volume Variation due to Post-Implant Edema from
Seed Distribution of Prostate Implants
J. Pouliot *, M. Vachon, R. Taschereau, J. Roy, C.H.U.Q. Pav. L'Hôtel-Dieu de
Québec, Québec, Canada

The aim of this work is the development of a method based on the spatial seed
distributions to evaluate the volume variation of the prostate after a permanent
transperineal implant.

The spatial seed distributions were obtained from radiographic films within few days
following the implantation of I-125 or Pd-103 seeds on 32 patients. Five different
approaches were used to extract volume information from the seed spatial
coordinates. These methods include the external envelope of the seeds, the 2D
average inter seed separation from several projections and the average 3D inter seed
separation from the complete reconstruction of the 3D coordinates of each seed.

2D and 3D reconstruction methods were compared for their robustness, precision
and ease of calculation. The envelope of the seed cloud was found too sensitive to
the displacement of a single seed. Three days after the implantation, the average
increase in prostate volume of 30 patients is 35% with a 26% standard deviation
relative to the planning volume. For two patients, films were taken at regular
intervals, every week at first and more sparsely after one month for up to 200 days.
In both cases, the prostate volume shows a rapid increase reaching its maximum
after 12 and 21 days respectively followed by a decrease.

In conclusion, the post-implant edema can be investigated from the spatial seed
distribution variation. In a cohort of 32 patients, very large volume increases were
observed emphasizing the need to chose an appropriate delay on the volume
determination used for post-implant dosimetry.

PO-18
Automatic Optimization of Dose Distribution using Fast Simulated Annealing
for the Planning of Prostate Implants
J. Pouliot *, R. Taschereau, D. Tremblay, J. Roy, C. Côté, C.H.U.Q. Pav. L'Hôtel-
Dieu de Québec, Québec, Canada

To automatically optimize the dose distribution of transperineal 125I or 103Pd
permanent implants based on minimum peripheral dose, dose uniformity, sparing of
urethra and a minimum number of needles. 

The minimization cost function takes into account four clinical criteria: 1) a
minimum peripheral dose, 2) dose uniformity throughout the target volume, 3)
transverse needle scheme distribution (with minimization of their numbers) and 4)
prevention of hot dose spots in a region around the urethra. The simulated annealing
algorithm allows seed and needle positions to be varied and their number reduced
to optimize the cost function.

The optimization can be completed within 100000 iterations, approximately 10
minutes on a Sun SPARC5 workstation. The dose distribution is characterized by
the prescribed isodose following the shape of the prostate contours with a proper
margin.  The prostate DVH for the prescribed dose is generally larger than 99 %.
The post-implant DVH (calculated with TG43 constants) was found to be higher
than 90% with a maximum dose to the urethra at 200% of the prescribed dose.

The cost function closely related to the clinical criteria and fast simulated annealing
allow for consistent and automatic determination of seed and needle distributions
resulting in an optimized dose distribution customized for each patient and
independent of the dosimetrist experience.  The algorithm has been fully
implemented clinically and was used for the planning of 90 patients treated with
prostate implants.  The outcome is a better dose distribution and obtained much
faster than what can be achieved without automation.

PO-19
CT-based Dosimetry Calculations for Permanent Prostate Implants
J. Smathers, C. Burnison, Q. Ncube, T. Solberg, J. DeMarco *, UCLA Department
of Radiation Oncology, Los Angeles CA

Transperineal implantation of 125I and 103Pd brachytherapy seeds has become an
accepted method for the treatment of early-stage carcinoma of the prostate.  These
isotopes are low-energy photon emitters with an energy range between 20 to 36 keV.
The effect of material heterogeneities is very strong at low photon energies due to
the atomic number dependence of the photoelectric effect.  This study is designed
to evaluate the effects of patient specific heterogeneities on the calculated dose
distribution from transperineal implantation of 125I.  The Monte Carlo code
MCNP4B was used to model and benchmark the absolute dose distribution from a
125I brachytherapy seed (model 6711).  Comparison with previous measurements and
calculations is excellent.  Based upon the physical source model the total photon
intensity and differential energy spectrum were evaluated as a function axial position
along the source.  This spectral and intensity data was reformatted to produce
probability distributions for sampling from a virtual line source of the same length.
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The virtual source model and a modified version of MCNP4B is then used for
simulating arbitrary brachytherapy source configurations within a patient specific
CT-based lattice geometry.  Dose-volume histograms were calculated for the
prostate and rectal treatment volumes to quantitatively evaluate the influence of
subtle tissue heterogeneities.  The Monte Carlo calculations predict a lower dose to
the prostate and rectum treatment volumes using the CT-based geometry versus a
conventional water simulation geometry.

PO-20
Peripheral vs. Modified Uniform Seed Loading in Prostate Brachytherapy
W. Butler *, A. Dorsey, G. Merrick, Schiffler Oncology Center, Wheeling Hospital,
Wheeling, WV 26003

The AAPM TG-56 report recommends that prostate brachytherapy treatment plans
"place seeds peripherally to improve dose homogeneity and to avoid unnecessary
radiation damage to the urethra."  This report compares the dosimetry of small,
medium, and large prostates planned using either a peripheral loading philosophy
or the modified uniform loading technique advocated by the Seattle group.  All
seeds in a given implant had the same activity and their positions limited to 0.5cm
offsets along needle paths available on standard templates.  Dose volume histograms
(DVH’s) characterized the implants in terms of coverage of the planning volume and
dose homogeneity.  Dose profiles along the superior-inferior midline and an AP/PA
midline were also plotted to illustrate the effect on a central structure such as the
urethra and a peripheral surface such as the anterior rectal wall.  Both implant
techniques required  placement of some seeds outside the planning volume and both
achieved coverage exceeding 99% of the mPD and kept the superior-inferior midline
dose below 130% of mPD.  However, peripheral implants using either a large
number of relatively low activity seeds or relatively few seeds at higher activity were
less homogeneous than modified uniform implants based on the planning volume
receiving > 150% of mPD.  In addition, compared to modified uniform loading in
which the posterior border of the prostate defines a plane of seeds, peripheral
implants which place seeds closer than 5mm to the posterior border create a
significantly higher dose to the rectum which is considerably less radiation tolerant
than the urethra.                                              

PO-21
Isotope Choice and the Effect of Edema on Prostate Brachytherapy Dosimetry
W. Butler *, A. Dorsey, G. Merrick, Schiffler Oncology Center, Wheeling Hospital,
Wheeling, WV 26003

In our experience, conformal prostatic brachytherapy results in an acute edematous
response of 15-35% swelling which resolves with a half life of 1-2 weeks.  By
analyzing the dosimetry of an idealized edematous implant we obtained parameters
useful in estimating the improvement in coverage of the prostate by the minimal
peripheral dose (mPD) when the CT based post planning is performed shortly after
the implant procedure.   An implant for a prostate archetype was planned using
modified uniform loading to give 99.7% coverage of the planning volume at the
mPD with both I-125 and Pd-103 seeds.  This plan was artificially expanded to
volumes 12%, 24%, and 36% of the original to simulate edema, with the expansion
1.8 times as great in the superior-inferior direction as in the transverse direction,
similar to what we have observed in actual implants.  For edema resolution half lives
of 5, 10, 15, or 20 days, dose volume histograms (DVH’s) for the various expanded
volumes were weighted for the appropriate fraction of the integrated isotope dose
curve and combined into a summary DVH. With I-125 implants, in the worst case
of 36% volume increase and a 20 day half life for resolution, the combined (DVH)
of the prostate volume resulted in 96% coverage at the mPD.  Due to the 17d half
life of Pd-103 and its more rapid attenuation with distance, however, Pd-103
implants experiencing extensive edema and slow resolution may achieve only 76%
coverage at the mPD. 

PO-22
A New Genetic Algorithm Technique in Optimization of Prostate Seed Implants
G. Yang *, L. Reinstein, S. Pai, Z. Xu, SUNY at Stony Brook, Stony Brook, NY

Three different genetic algorithms (GA) were compared to evaluate their usefulness
for the optimization of transperineal ultrasound-guided prostate seed implants.  The
comparison among these algorithms i.e., simple GA (sGA), small-uniform-restart-
elitist GA (sureGA) and small-elitist-creeping-uniform-restart GA (securGA) was
made in terms of the number of function evaluations and the corresponding fitness.
The optimized seed distribution was obtained by searching for the minimum of a
cost function (defined as the inverse of the fitness function), which consists of
constraints on the peripheral dose of the planned target volume, the dose uniformity
within the target volume and the dose to the critical structure.  The securGA
provided the best performance of the three yielding near optimum results within
2500 function evaluations and using less than 5 mins on a HP735 workstation for
a typical target.  Our study also includes an investigation of different needle
geometries using securGA.  Plans were evaluated in terms of the dose
nonuniformity ratio, conformation number and dose volume histograms.  For fixed
needle geometry, the optimized plan showed a much better dose distribution than
that of a manually optimized plan and the dose to the critical structure could be
reduced significantly.  Optimization of irregular and skewed needle geometry
yielded results, which were nearly as good as with the ideal needle geometry.  We
concluded that this new genetic algorithm (securGA) allows for an efficient and
rapid optimization of dose distribution and is suitable for real time treatment
planning optimization for ultrasound-guided prostate implant. 

PO-23
CT  Scanning  for  Post-Operation  Seed  Localization  in  Permanent  Prostate
Implants
E. Lief *, B. Davis, K. Wallner, Memorial Sloan-Kettering Cancer Center, New
York, NY 10021

Optimization of the CT scanning after permanent prostate implants with 4.5 mm 125I
and 103Pd radioactive seeds was studied. It was found that, for conventional 3 mm
contiguous slicing with window setting of 750 and level 50, about 40% of seeds
show up on two adjacent slices. Such double-registration makes post-implant
evaluation more difficult. To minimize this, we explored possibilities of non-
contiguous and contiguous slicing with different scan parameters. In non-contiguous
CT scanning, we considered the thinnest slices available (1 mm on GE "Advantage"
scanner) at the optimal spacing between the slices. In order to find this spacing, the
orientation of 600 implanted seeds was determined from orthogonal radiographic
films. The average deviation of the seeds from the CT axis was 34o±7o with the
average seed projection on the CT axis equal to 3.7 mm. As a result, any seed that
protrudes by about 1.2 mm into a 3 mm conventional contiguous slice will be fully
imaged. This suggested the usage of 1 mm noncontiguous slices 3 mm apart or 5
mm contiguous slices. Both imaging techniques were tested using a phantom
specially built from decayed seeds and 1 cm thick bolus sheets. The seeds in the
phantom were positioned at different angles to the CT axis and were shifted by 1
mm from each other along the axis and by 20 mm in perpendicular direction. It was
found that the usage of the techniques suggested can reduce the double-registration
more than twice and thus improve the post-implant evaluation.

PO-24
On the Conversion of Dosimetric Data Among Phantom Materials for 125 I
and 103 Pd Brachytherapy Sources Using Build-up Factor Methods.
R. Wallace *, UCLA Dept. of Radiation Oncology

The conversion of dosimetric data from one phantom material to another via the
mechanism of build-up factor ratios is evaluated.   A self-consistent set 1 of EGS
Monte Carlo dosimetric data for model 6711 and 6702 125I seeds and for a 103Pd
source provides standards for radial dose functions, g(r), and dose-rate constants
relative to water, phantom/water, in water substitute materials, PMMA
(polymethylmethacrylate), WT1 (Solid WaterTM), and RW-1.  For each source,
build-up factors are used to convert the data in water to a given phantom material.
The resulting g(r) and relative dose-rate constant data are compared to the Monte
Carlo results.  As defined, the build-up factor assumes no significant spectral change
due to capsular or phantom filtration with distance from the radiation source.  In
addition to the latter, a build-up factor based on average energy loss at mean free
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path intervals is evaluated to account for phantom filtration.  A 6702 source model
using the MCNP, Monte Carlo N-Particle, code provides spectrum as a function of
transverse distance from the source in water and in phantom material.  Material
differences in spectral changes are thereby evaluated.  Finally, build-up factors
including spectral correction are evaluated that account both for capsular and
phantom filtration.
(1) Luxton, G., Medical Physics 21(5):631-641 (1994).

PO-25
CT-based Treatment Planning for a Syed Implant
J. Roeske *, K. Farrey, J. Rotmensch, S. Waggoner, A. Mundt, University of
Chicago, Chicago, IL

Syed template implants play an important role in the management of gynecological
cancers. Typical treatment planning consists of obtaining orthogonal films and
digitizing individual "dummy" seed locations to reconstruct the sources in 3-D.
Bladder and rectal doses are obtained from the location of the Foley catheter and
rectal markers on these films. This current methodology is not only cumbersome, but
potentially error prone. We describe here a method of treatment planning for Syed
template implants which uses a CT simulator. Following insertion of the Syed
template, the patient is scanned on a CT simulator  using a 2.0 mm slice
thickness/table index. The tips and ends of individual needles are identified on axial
slices and contoured. The data are then transferred to the treatment planning
computer where the seed positions are reconstructed, based on the needle
information, and the dose distribution is calculated in 3-D. Isodose distributions are
overlaid on CT anatomy and dose surface histograms (DSHs) are calculated for the
bladder and rectum. Results of the CT-based treatment plan for the Syed implant
indicate that bladder and rectal DSHs are highly non-uniform. For a particular Syed
implant the average bladder and rectal doses are estimated as 89 cGy/hr and 29
cGy/hr, respectively, based on using points digitized from the orthogonal films. The
DSH analysis, however, reveals that 15% and 40% of the surface area, respectively,
receives more than the average dose. This analysis indicates the benefit of CT in the
planning of Syed template implants.

PO-26
Non-TG43 Dosimetric Representations for a New 125 I Brachytherapy Source
R. Wallace *, J. Fan, UCLA Department of Radiation Oncology and North
American Scientific, Inc.

Dosimetric measurements to characterize a new 125I source have been performed.
Initial analysis was made to represent the results in terms of the AAPM Task Group
#43 parameters.  In this study, these data are formulated in terms of other established
formalisms and presented in form(s) suitable for use in treatment planning systems
that are not capable of the TG43 standard for source representation.  Data in liquid
water is presented for point source models in terms of Dale’s radial dose function,
gDale(r), and the tissue attenuation factor, T(r).  The relative dose rate, D(r,),
normalized to a point at 1 cm along the perpendicular bisector of the linear source
is presented for two-dimensional models.  Values are provided for the exposure-to-
dose conversion factor and for the average mass energy-absorption coefficient ratio
between water and air.   Source strength specification is by prevailing 1985 NIST
standards.  The conversions in this work are implemented according to guidelines
of the Task Group #43 report.
Supported in part by North American Scientific, Inc.

PO-27
Implementation of tg-43 dosimetry recommendations for i-125 prostate
implants: experience with 50 patients
S. Deore *, D. Fontenla, C. Biancia, P. Lai, B. Vikram, Department of Radiation
Oncology, Albert Einstein College of Medicine, Montefiore Medical Center, Bronx,
New York

To improve accuracy and consistency in low dose rate interstitial brachytherapy, the
AAPM introduced the TG-43 protocol. The values for dosimetry parameters given

in TG-43 are based on measurements in water rather than in air, as it was in the old
protocol.

Our dosimetry evaluation for I-125 prostate implants was initially based on the old
protocol. Subsequently, the TG-43 dosimetry parameters were implemented. We
analyzed how the new dosimetric parameters translate into the values for target
coverage and dose to critical structures.

We performed dosimetry following transperineal, ultrasound guided I-125 prostate
brachytherapy using both the protocols in 50 patients. The median values for the old
and new protocols, respectively were: [1] 100% target coverage dose: 58 Gy (range
27-136) Vs 47 Gy (range 21-118), [2] 90% target coverage dose: 110 Gy (range 59-
205) Vs 97 Gy (range 45-183), [3] 80% target coverage dose: 139 Gy (range 74-
244) Vs 123 Gy (range 60 - 216), [4]Mean urethral dose: 267 Gy(range 73 - 668 Gy)
Vs 250 Gy (64.4 - 663), [5] Rectal dose: 204 Gy(range 68 - 510 Gy)  Vs 189
Gy(range 61 - 476). An important observation was that while, in general, doses per
the new protocol were lower, there wasn't a constant factor applicable to different
target or normal tissue doses, even within the same patient. This variation appeared
to be a function of the actual seed distribution, and unlike what is seen with a
symmetrical seed distribution.

PO-28 WITHDRAWN

PO-29
Implementation of AAPM TG-43 protocol with anisotropic correction for I-125
prostate implants
X. Ren *, Y. Pipman, J. Pollack, J. Roy, Department of Radiation Oncology, Long
Island Jewish Medical Center

Purpose: Implementing the AAPM TG-43 protocol for 125I dosimetry parameters
including anisotropic function F(r,θ) on a commercial and an in-house developed
treatment planning systems.

Materials and Methods: Point calculations were performed for a single 125I (Model
6711) seed at different locations along the source axis and its bisector using the two
treatment planning systems with TG-43 and in-house measured dosimetry
parameters.  Intercomparisons were also made using hand calculations.
Results: Intercomparisons of TG-43 and in-house system indicate a difference of
18% to 15% between 1 cm to 5 cm from the source along its bisector and 13% to
0% between 1.5 cm to 5 cm from the center of source along its axis.  Anisotropic
correction using TG-43’s anisotropic function F(r,θ) and anisotropic constant (φan)
results in a difference of 166% to 62% between 1 cm to 5 cm along the source axis
and 7% along the bisector of the source.

Conclusion: After implementing the TG-43 protocol, we recommend to lower the
prescription dose by 14% (i.e. from 150 Gy to 130 Gy minimum peripheral dose)
in order to maintain the continuity and consistency with previous prescriptions at our
institution.  Since the vast majority of the seeds maintained the same orientation as
the needles for prostate implants with preloaded needles, the anisotropic function
F(r,θ) (instead of φan) should be used for dosimetry evaluations.

PO-30
A New Seed Handling Tool For Prostate Brachytherapy
X. Shi *, Deaconess Hospital, Radiation Oncology

The Prostate Implant Seed Handling Tool invented by this author has two
components.  One is a seed pick-up and transporting tool.  It is composed of a small
vacuum pump, an air filter, a plastic tube, a probe, a needle and a glass tube.  Using
the vacuum and the force of gravity, the tool can pick up a seed and drop it in the ion
chamber tube and suck it out in a few seconds.  The glass tube can hold up to seven
seeds and seven spacers and they can be dropped in each needle in an orderly
fashion.  It takes less than half a minute to complete one needle loading.  The glass
tube allows the operator to verify the seeds/spacers before dropping them in the
needle.  This author has used this tool for seed activity verification and needle
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loading in all cases since June 25, 1997.  A needle loading tool was recently
developed as the second component of the seed handling tool.  It has a self-shielded
seed/spacer container with leaded plastic in front as a window, a self-shielded flat
needle holder holding 24 needles, a base and a shield in front of the base with leaded
plastic on its top.  This needle loading tool not only makes the needle loading easier
and faster but also significantly reduces the radiation exposure to the hands.  The
needle holder can be detached easily from the base and put on a readypack film or
cassette for autoradiograph.

PO-31
Dosimetric Effects of Needle Divergence in Prostate Seed Implant Using I-125
and Pd-103 Radioactive Seeds
Z. Chen *, R. Nath, Yale University School of Medicine, Connecticut

In prostate implant, radioactive seeds are implanted into the prostate through a
guiding needle with the help of a template and real-time imaging. The ideal locations
of the guiding needles and the relative positions of the seeds in the needles are
determined before the implantation under the assumption that the needles at different
locations will remain parallel. In actual implantation, the direction of the needle is
subjected to variations. To examine the dosimetric consequences of these variations,
dose distributions were calculated for needle divergence angles of 0, 10, 15, and 200

in typical 125I and 103Pd implants. The needle divergence created both under-dosage
and over-dosage, which was found to depend on seed spacing, target volume and use
of margin. However, the choice of radioisotope, i.e. 103Pd versus 125I, did not matter.
The implants with a seed spacing of 0.5 cm were more affected by needle
divergence than those with a 1.0 cm spacing. The under-dosage effect was
essentially the same for target diameters of 3 and 4 cm, but was much larger for
implant diameter of 5 cm. Use of a margin around the target volume also made the
implant more susceptible to the effect of needle divergence.

PO-32
Tissue Attenuation Factors for Model 6711 I-125 Seed
S. Rustgi *, MetroHealth Medical Center, Case Western Reserve University

Ultrasound guided transperineal prostate implants using either 125I or 103Pd seeds
have recently become very popular. TG-43 of AAPM recommended a new protocol
for the dosimetry of interstititial sources.  It has been pointed out that for model 6711
125I seed there is an 11% difference in dose using TG-43 data and the values based
on the work of Ling et al. The work by Ling et al has been reexamined to find the
cause of this discrepancy. Ling et al proposed the use of equation
D(r)=A.Γ.f.ζ(r).φan.(1/r2) where ζ(r) is the measured relative dose distribution factor
in water, normalized to 1.0 at 1.0 cm along the seed transverse direction. In the
conventional formalism, D(r)=A.Γ.fmed.T(r).φan.(1/r2) where T(r) is the tissue
attenuation and scatter factor. The two equations are equivalent except Ling et al
proposed the use of ζ(r) instead of T(r). Relative dose distribution factor ζ(r) is
similar to the radial dose function g(r) in TG-43. According to TG-43, g(r) =
T(r)/T(ro).  Since measured values of T(r) for model 6711125I are not available, they
have been calculated. The use of T(r) instead of ζ(r) in dose calculation around 125I
seed will produce differences of 17%, 15% and 9% at distances of 1 cm, 2 cm and
5 cm, respectively.  Implications of these differences on dose distributions around
125I implants will be addressed. 

PO-33
Dosimetric Considerations of using Cylinders and HDR in Irradiation of
Vaginal Cuff
C. Saw, K. Krishna *, L. Korb, West Virginia University, Morgantown WV -26506

1Medical Physics Section, Division of Radiation Oncology, University of Iowa
Hospitals & Clinics, Iowa City, IA 52242,
3Medical Physics Section
3Section of Radiation Oncology, Department of Radiology
West Virginia University

High dose rate remote afterloader with cylindrical applicators has been used to
irradiate the vaginal cuff.  Although the stepping source feature of HDR offers the
potential for optimization of dose, in actuality delivering a uniform dose distribution
around the hemispherical dome and sides of the cylindrical may prove to be difficult.
This is due to the constraints from the number of available dwell positions and  dose
anisotropy of the source resulting from fabrication.

This study examined  various arrangements of dwell positions activation and dwell
times to generate a uniform dose distribution at 0.5 cm from the cylinder surfaces.
Vaginal cylinders with diameters from 2.0 cm to 3.5 cm were considered.  The dwell
times at evenly spaced dwell positions were determined to deliver 500 cGy to a
distance 0.5 cm from the cylinder surface. 

Results showed that a uniform dose around the dome of a cylinder is difficult to
obtain with the existing limited dwell positions.  In addition a more uniform dose
distribution can be attained if certain dwell positions remain inactivated.  The impact
of these parameters as well as the dwell time as a function of distance from the end
of the dome will be reviewed using physics of radiation sources.

PO-34
CT-based Monte Carlo Dosimetry for an I-125 Nasopharynx Applicator
E. Furhang *, L. Anderson, C. Chui, Y. Erdi, Memorial Sloan Kettering Cancer
Center, New York, NY

A Silastic applicator has been designed for use with 125I seeds in treating recurrent
nasopharynx cancer. Protruding rubber catheters, one through each nostril, allow the
body of the applicator to be reproducibly lodged against the nasal septum and seeds
to be afterloaded at ten potential locations. A lead foil embedded on one side
protects the soft palate during treatment but is absent from an otherwise identical
applicator during CT imaging for planning purposes. Because 125I photons are
significantly absorbed by silicone and because anatomic heterogeneities vary widely
among patients, we developed a Monte Carlo algorithm for patient-specific
calculation of the dose rate per unit seed strength distribution around each potential
seed location. In order to speed calculation time, we eliminated resampling
interaction parameters at CT voxel crossings along the photon path by treating
contiguous voxels having similar densities as having the same effective atomic
number. Furthermore, we adapted a kerma pathlength estimator to maximize
information extraction out of each simulation without increasing the time per
simulation.  A typical computation time is about 30 seconds on a DEC 3000-M400
(133 MHz) workstation.  The individual seed contributions are then used to select
seedsource strengths in planning treatment. Incorporating the heterogeneity
correction, resulted in reduced target coverage and required 35%-100% higher
source strengths in a test case.

PO-35
CT and MRI Derived Source Localization Error in a Custom Prostate
Phantom Using Automated Image Fusion
D. Dubois *, W. Bice, B. Prestidge, J. Prete, Radiological Sciences Department,
University of Texas Health Science Center San Antonio, San Antonio, TX
Dosimetric evaluation of completed brachytherapy implant procedures is crucial in
developing proper technique and has prognostic implications.  Accurate definition
of the prostate gland and localization of the implanted radioactive sources are critical
to attain meaningful dosimetric data.  MRI has been recognized as a superior
imaging modality in delineating the prostate gland.  It has recently been
demonstrated that MRI can be used for source localization in postimplant prostates.
 The MRI derived source localization error bears further investigation.  Presented is
a useful tool in determining the source localization error as well as permitting the
fusion, or coregistration of selected data from multiple imaging modalities.  A
custom prostate phantom constructed of hydrocolloid material was precisely
implanted with I125 seeds.  CT, the accepted modality, and MRI scans were
obtained of the phantom.  An automated algorithm was developed which employs
an iterative translation of data sets to initially maximize coregistration and minimize
error between data sets.  This was followed by a non-iterative solution for the
necessary rotation transformation matrix using the Orthogonal Procrustes Solution.
This algorithm was applied to CT and MRI scans of the custom phantom.  CT
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derived source locations had source loacalization errors of 1.594 mm ± 0.637 mm.
MRI derived source locations produced similar results (1.669 mm ± 0.756 mm).
These errors may be attributed to the digitization process. 

PO-36
Dosimetric Evaluation of a Catheter-based Brachytherapy Using Ir-192 in
Patients With Coronary Restenosis
S. Jani *, G. Huppe, R. Lepage, V. Massullo, P. Tripuraneni, P. Teirstein, Scripps
Clinic and Research Foundation, La Jolla, CA

Early results of our SCRIPPS trial showed that coronary irradiation using catheter-
based Ir-192 significantly reduced the rate of restenosis. It randomized patients with
known coronary artery restenosis to receive either radioactive Ir-192 or placebo
treatment immediately after angioplasty and stenting.  Arterial dimensions were
obtained via intravascular ultrasound (IVUS) to prescribe dose and compute
treatment time.  We have analyzed the dosimetric parameters associated with 180
intracoronary radiation therapy (ICRT) procedures; over half of these patients
received radioactive seeds in a double-blinded fashion.  We further analyzed the
arterial anatomy from cross-sectional IVUS scans to examine the value of source-
centering.  Our evaluation showed that the minimum and maximum distances from
the non-centered source to leading edge of media were 1.7+0.21 mm and 3.31+0.44
mm, respectively.  The corresponding doses were 2415+403 cGy and 778 +37 cGy.
Based upon mCi*hr of each ICRT procedure, we computed a dose of 1375+190
cGy at 2 mm distance for these patients.  Our data showed that prescribing  dose at
a fixed distance (e.g.2mm) regardless of arterial dimensions, leads to a +15%
variation in minimum dose to the media.  Employing IVUS data, we computed
(maximum/minimum) dose ratio to media of  2.1 for centered source; this
inhomogeneity arising from the presence of plague within the artery.  We conclude
that (1) prescribing dose to a fixed point from the source regardless of arterial
anatomy may be acceptable only if  therapeutic dose window is broad; and (2)
source-centering does not seem to be essential during Ir-192 ICRT, especially for
restenotic lesions.

PO-37
Dose Enhancement Due to Intravasular Stints and Brachytherapy Source Walls
D. Zellmer *, I. Das*, +Mercy Hosptial, Scranton, PA  *Fox Chase Cancer Center,
Philadelphia, PA

Brachytherapy source capsules and intravascular stints routinely are routinely
constructed of material with atomic numbers (Z) > 20. We have shown that a 20X
forward dose perturbation factor (FDPF) in tissue near the interface of high Z
materials irradiated with kilovoltage X-rays. A FDPF > unity is due to secondary
electrons and its magnitude is strongly dependent on the scatterer’s atomic number
and source energy. We have also shown associated RBEs to be cell type dependent.
Cs-137, Ir-192 and I-125 sources were used to irradiate 0.1-0.5mm scatterers of
aluminum (Z=13), titanium (Z=22), copper (Z=27), zinc (Z=50), tantalum (Z =73)
and lead (Z=82). FDPFs were measured at 0 -1mm depths in tissue equivalent (TE)
material with a 5 m window  parallel plate ion chamber. FDPFs increased  rapidly
with increasing  Z and decreasing photon energy. Ir-192 photons incident on 0.1 mm
Pb produced  a FDPF > 4.0 at the metal-tissue interface and  decreased with Z to
unity for 0.1mm Al. The FDPFs (corrected for photon attenuation) also decreased
with scatterer thickness. The ranges of  the scattered electrons, determined from
depth measurements in TE material, produced a maximum of  0.7 mm (electron
energy ~300 keV) for Cs-137. We therefore conclude that the dose to the yet-to-be-
determined biological target varies rapidly with photon energy, material for both
stint and source encapsulation, material thickness, and tissue depth.

PO-38
Comparison of Directly Measured Re-188 Balloon Dosimetry with Calculations
Based on a New NIST Activity Calibration
A. Li *, B. Zimmerman, F. Knapp, H. Amols, J. Whiting, Medical Physics Division,
Cedars-Sinai Medical Center; Physics Laboratory, NIST; Life Sciences Division,
ORNL; and Columbia University

Liquid-filled intravascular balloons reliably produce dose uniformity for
intravascular brachytherapy (IVBT). With beta Emax = 2.1 MeV, 17h halflife and
on-site production of isotope via W188/Re188 radionuclide generator, Re-188 is an
ideal and practical isotope for IVBT.  Direct radiochromic film (RCF) measurements
for various balloon sizes, wall thicknesses and source configurations can be difficult
and time consuming. Monte Carlo and point dose kernel calculations based on
emission spectra can be used to investigate the absolute dose per unit activity with
various source configurations, but until recently there has been no validated
calibration for Re-188 activity measurements. Thus, comparison of direct RCF
dosimetry with calculations based on the emission spectrum is a needed verification
of both measurements and calculations.  We present dosimetry calculations based
on a new NIST activity calibration, cross-validated with NIST-traceable
(Gafchromic) RCF measurements.  Conclusions: 1) Differences as large as 10-25%
have been found between the new NIST activity standard and suggested dose
calibrator settings for some instruments. 2) We have two methods for determining
percent depth dose that agree from 0.13 to 3.0 mm depth:  a) direct measurement
with RCF calibrated against NIST-traceable Co-60 and NIST-traceable activity
measurement; and b) calculation from emission spectrum. 3) RCF measurement
gave absolute doses consistently 13% lower than calculated. This work provides a
firm basis for Re-188 balloon dosimetry.  Partial support was provided to CSMC by
Vascular Therapies, for whom Drs. Whiting and Knapp are also consultants.  Time
and materials for the activity calibration were provided by NIST and ORNL.  

PO-39
Selection and Characteristics of Detectors for Beta Source Dosimetry
E. Hendee *, B. Thomadsen, B. Paliwal, University of Wisconsin, Madison,
Wisconsin

Detectors used for dosimetric measurement of beta sources require careful attention
to the geometry and response characteristics, particularly at distances of a few
millimeters from the source.  In this study we are evaluating the suitability of a
number of detectors, including radiochromic film, a solid state diamond detector,
and very small volume ionization chambers (0.01cc).  The measurements are made
in water or water equivalent media, and the results are to be used in computing dose
distributions for sources with significant beta emissions and potential application in
intravascular brachytherapy.  For calibrated radiochromic film, we were able to
verify dose for a combined Cobalt/Manganese source at a distance of two
millimeters.  We also obtained a dose distribution at the surface of the source.  The
solid state diamond detector has the advantages of very thin sensitive volume, small
size, and near tissue equivalency.  It has been used to measure transmission
characteristics of a number of materials as well as relative dose falloff.  These
measurements were also made with a small volume ionization chamber and showed
significantly less transmission for the solid water relative to water than the diamond
detector.  This demonstrates a variation in the response between these two detectors
at very close distances from a beta source.

PO-40
Tubular Beta-Sources for Endovascular Irradiations: Design and Dosimetry
W. Schmidt *, K. Mueck, D. Lehmann, R. Hawliczek, Inst. f. Radioonc. and Ludwig
Boltzmann-Inst. f. Radiotherapy of Artery Diseases

One major problem in using beta sources for endovascular irradiations to prevent
restenoses is centering the sources in the arteries. To avoid problems resulting from
dose inhomogeneities, sources of tubular form were designed (inner/outer diameter
1 and 2mm; lengths 3 or 5mm). They are fixed on balloon catheters and brought into
position with the same guide wire as used for stretching the vessel before. Y-90 or
Ho-166 hollow cylinders are completely cladded by an 0.1 mm thick Al-layer. These
sealed sources are leak-tested according to ISO-standards. "Beta-emissivity" of the
sources is determined by a beta plastic-scintillator calibrated to dose by TLD
measurements before sterilization and transport.

Absolute dosimetry was performed by TLDs (1*1mm2; 40mg/cm2 ; BICRON)
calibrated at a reference source of the Physikalisch-Technische-Bundesanstalt, FRG.
A fixed correlation between plastic-scintillator detector count rate ("beta-emissivity")
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and absolute dose 1 and 2mm from the surface at the central plane was established
by which treatment time to obtain the required dose will be determined. Additional
quality assurance is performed by cross checking the calculated nominal source
strength (determined by the activation history) and by routine control of the
scintillator detector with a standard Sr-90 source.

Relative dosimetry was performed by TLDs (depth-dose) and GAFCHROMIC-films
(depth-dose, dose distribution). Results were compared with Monte-Carlo-
calculations (MCNP4; ORNL) and agree within < 10% (absolute dose).

Treatments can be performed at angiographic units without significant adaptations.
Irradiations with Y-90 are planned to start in spring ´98 at the IRO.

PO-41
NIST Radioactivity Standards for Intravascular Brachytherapy

B. Coursey *, L. Karam, M. Unterweger, B. Zimmerman, R. Colle, Ionizing
Radiation Division,National Institute of Standards and Technology,Gaithersburg,
MD 20899

A variety of source forms and radionuclides are under investigation for use in
intravascular brachytherapy to prevent restenosis following balloon angioplasty
procedures.  The source forms include solid seeds, wires, ribbons, and stents.  The
radioactivity content of these is needed to verify theoretical calculations of depth
dose.  NIST has developed methods for accurate measurement of several of these
sources by dissolution of the solid source followed by liquid-scintillation beta-
particle counting.  Examples will be given for P-32 and Sr-90.  Source forms also
include a number of fluid-filled balloons.  In this instance the activity content is the
primary measurement on which dosimetry is based.  NIST has developed methods
of measuring the activity and compared these with theoretical calculations and
GafChromic film dosimetry for Xe-133 gas-filled catheters, Tc-99m in a perfusion
catheter, and a number of high-energy beta-emitters in solution-filled catheters
including Y-90 and Re-188.  NIST radioactivity standards of these radionuclides are
based on internal gas proportional counting (Xe-133), electron-gamma-ray
coincidence counting (Tc-99m) and beta-particle liquid scintillation counting (Re-
186, Re-188, Ho-166 and Y-90). This talk will concentrate on the activity
measurements for these radionuclides, calibrations of the transfer instruments, and
measurements of the delivered activity.  Instruments used in measuring the delivered
activity include dose calibrators, gamma counters and phosphoimaging detectors.
The efficacy of many of the new sources under investigation will hinge on accurate
measurements of the depth dose in tissue.  For most of these sources it is critical to
start with an accurate specification of the source activity.  The methods and
techniques described in this talk will find wide applicability in experimental
intravascular brachytherapy. 

PO-42
An Iterative Method using Radiochromic Film for Determining the Source
Activity Distribution of Endovascular Beta Sources
Z. Xu *, L. Reinstein, G. Yang, S. Pai, SUNY at Stony Brook, Stony Brook, NY

A calibration jig was developed for determining the total source activity and its
distribution along a 32P source designed for the endovascular irradiation. The 32P
source was 27 mm in length and 0.3 mm in diameter and was imbedded at the end
of a Ni-Ti wire. The distribution of the source activity as well as its total activity was
calculated using an iterative method, which makes use of the measured
Radiochromic film data. The radial dose-rate distribution was also measured with
radiochromic film and calculated by assuming both a uniform and non-uniform
source activity distributions. The results showed that a better agreement was
achieved between the measured and calculated data if the nonuniformity of the
source activity was taken into account.

PO-43
EGS4 Monte-Carlo Calculations of 3D Dose Distributions Surrounding a HDR
192 Ir Source and a 32 P Stent

N. Reynaert *, H. Thierens, F. Verhaegen, Y. Taeymans, M. Van Eyckeren, Dept.
Biomedical Physics, University Gent, Belgium

EGS4 PRESTAII Monte-Carlo simulations of photon and electron transport in two
different source-blood vessel geometries used for endovascular irradiation to prevent
restenosis after percutaneous transluminal coronary angioplasty (PTCA) were
performed to calculate the 3-D dose distributions surrounding each source type.
On one hand a beta emitting 32P stent was modeled as a combination of eight
helicoidal cylinders consisting of elementary voxels of a cylindrical grid. Electrons
are set in motion on the surface of these cylinders for which the material was set to
nickel to take into account the attenuation in the stent material. On the other hand
the geometry of a photon emitting 192Ir HDR Mallinckrod source was simulated
accurately. For reasons of symmetry, cylindrical rings surrounding the HDR source
were used to calculate the dose to the tissues. To check our calculations, the obtained
results were used to calculate dose kernel functions, which were compared to other
published results. 
Results for the case of the 32P stent show that it is very important to take into account
the stent material (attenuation) and that the effective geometry of the stent results in
`hot spots` at short distances from the stent. Given the same dose at the reference
radial distance of 2 mm the doses to the media and intima (tissues responsible for the
restenosis) were calculated for different thickness' of the plaques. The calculations
indicate a stronger dose gradient for the 32P stent, resulting in a relatively low dose
in the media and the adventitia. 

PO-44
ESE In Continuous vs. Pulse Fluoroscopy Procedures: A Four Year Study
S. Brahmavar *, A. Tidwell, M. LaFrance, C. Miller, Baystate Health System

The 1994 FDA health advisory on serious X-ray induced skin injuries to patients
during prolonged fluoroscopy guided procedures recommended certain steps to
avoid serious radiation induced injuries.  One of the ways of achieving dose
reduction to patients at BHS was to encourage use of Pulse Fluoroscopy in lieu of
Continuous Fluoroscopy.  Since 1996 the fluoroscopic procedures conducted at
Baystate Medical Center in Radiology, Cardiac Cath Lab and EP Lab are using
pulse fluoroscopy.  The present study compares the entrance skin exposures (ESE)
to patient during continuous fluoroscopy (1994, 1995) and pulse fluoroscopy (1996,
1997).  Each fluoroscopic procedure recorded the fluoroscopic times (min., max. and
avg.) and the total # of cases conducted by individual physician.  The measured
output dose rates were used to calculate the average ESE and maximum ESE
delivered.   The average ESE’s for pulse fluoroscopy in radiology, cardiac cath,
PTCA studies and EP lab procedures are 12 R, 26.8 R,  81.2 R and 25.2 R
respectively.  The corresponding values for continuous fluoroscopy are 33 R, 39 R,
111.8 R and 67.8 R.  The largest ESE’s for pulse fluoroscopy are 96 R, 298 R, 351
R and 456 R.  For continuous fluoroscopy the largest ESE’s are 301 R, 405 R, 684
R and 720 R.  Although the average fluoro times for both modes have remained the
same (5 min. to 23 min.), the longest fluoro times vary from 42 to 300 minutes.  The
results show that considerable reduction in patient dose is achieved using pulse
fluoroscopy at 15P/S.

PO-45
In Situ Imaging of DNA Double Strand Break Damage and Repair Induced by
Microbeam Irradiation
B. Nelms *, R. Maser, J. MacKay, M. Lagally, J. Petrini, University of Wisconsin,
Madison, WI

A micro-irradiation technique was used to study the temporal and spatial distribution
of radiation-induced DNA double strand breaks and the recruitment of repair
proteins in living human cells.  Synchrotron-produced ultrasoft x-rays, used in
conjunction with micro-fabricated irradiation masks, were used to irradiate partial
volumes of individual cell nuclei in a "striped" pattern.  Subsequent DNA double
strand breaks (DSB) and associated repair proteins were visualized using
immunofluorescence.  Microscopic images verify that the DNA damage induced by
ultrasoft x-rays is highly localized to the regions of photo-electric interaction.  Even
more important, it is shown that double strand breaks remain spatially fixed in the
nuclear matrix during the initial stages of DNA repair, and that DNA double strand
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repair proteins (hMre11) migrate to those sites of DNA damage, evidenced by stark
striping patterns in the fluorescent images.  In normal human fibroblasts (37Lu), the
double strand break signal decreased in intensity due to repair, reaching background
levels after 60-90 minutes; the striped pattern remained intact during this time,
fading but not diffusing.  In a double strand break repair deficient cell line (180BR),
the stripes of damage still persisted 300 minutes post-irradiation.  These data suggest
that DNA repair does not involve movement of lesions through the intranuclear
volume.  The hMre11-rad50 repair protein complex, however, does appear to move
through the nucleus, aggregating in the regions of radiation-induced damage.

PO-46
An Investigation of the Effects of Multileaf Collimator Leaf Position Accuracy
Upon Intensity Modulated Beams
G. Budgell *, J. Mott, P. Williams, North Western Medical Physics, Christie
Hospital NHS Trust, Manchester, M20 4BX, UK

Intensity modulated radiation therapy can be achieved by driving the leaves of a
multileaf collimator (MLC) across an x-ray therapy beam. Algorithms to generate
the required leaf trajectories assume that the leaf positions are exactly known to the
MLC controller. In practice, leaf positions are subject to change over time, even
within tolerances. The purpose of this study was to determine the effects of leaf
position inaccuracies on intensity modulated beams.
Dynamic leaf trajectories for flat fields using varying leaf velocities were generated
using in-house software. Inaccuracies in leaf position were simulated by adding or
subtracting constant offsets to all the leaves in a single bank or by multiplying leaf
positions by the worst gain error feasible within current tolerances. Prescriptions
incorporating these modifications were delivered using an Elekta MLC. The
resulting doses were measured using ionisation chamber and compared to the dose
from an unmodified field.
Leaf offsets give a constant error over a flat field, proportional to 1 / leaf velocity.
Opposing gain variations on opposite leaf banks lead to a gradient over a flat field.
This error gradient is also proportional to 1 / leaf velocity. Absolute errors (in
monitor units) are independent of absolute monitor units delivered to a point. The
quantification of the effects of MLC leaf position inaccuracy allows assessment of
the tolerances which should be accepted in the quality control of MLC jaw and leaf
positions for specific types of beam modulation. 
This work was supported by Elekta Oncology Systems Ltd.

PO-47
Towards Three Dimensional Power Deposition Control in Superficial
Thermoradiotherapy
E. Moros *, X. Fan, W. Straube, R. Myerson, Mallinckrodt Institute of Radiology

In a effort to deliver biologically meaningful thermal doses in the treatment of
superficial tumors, two approaches have been pursued: (i) to improve heating
systems, and (ii) to deliver external beam radiation fractions during hyperthermia
treatments, that is, to administer simultaneous thermoradiotherapy.  Both of these
approaches required novel device developments.  In 1994, a new device, the
scanning ultrasound reflector linear array system (SURLAS), was introduced and its
feasibility established (Med Phys 21:993-994, US2.2).  Here, numerical and
experimental results are presented that demonstrate the potential for three-
dimensional power deposition control of a prototype device with two, parallel
opposed, linear ultrasonic arrays operating at different frequencies, and a double-
sided scanning reflector (called the dual array system or DAS).  It will be shown that
lateral power conformability is possible by properly controlling the power to each
element of the arrays in conjunction with the motion of the scanning reflector.  It
will also be shown that penetration depth can be varied dynamically by adjusting the
power of one array relative to the other, that is, by frequency mixing.  Parametric
numerical results were generated from three-dimensional acoustic and biothermal
models.  Experimental data were obtained from in vitro studies where a fixed-
perfused canine kidney model was heated.  The data shows that the DAS can
controlled power deposition patterns in three dimensions, and thus, it represents a
significant advance towards delivering meaningful thermoradiotherapy doses to

superficial tumors such as chest-wall recurrences.  (Support: NIH grant R29-
CA63121).

PO-48
Quantitative Film Dosimetry with Scanning Laser Film Digitizers
J. Dempsey *, D. Low, A. Kirov, J. Williamson, Washington University

Radiographic film, and more recently, radiochromic film, are widely used to
quantitatively measure two-dimensional dose distributions in high-gradient dose
fields produced by brachytherapy sources and conformal-therapy photon beams.  To
efficiently utilize the high spatial resolution provided by these detectors, high-
resolution scanning laser digitizers are employed to measure optical-density (OD)
distributions.  We show that two classes of artifacts prevent these digitizers from
accurately quantifying OD and describe new methods for eliminating their effects.
The first type of artifact results in non-reproducible interference-pattern fluctuations
as large as 7% in low OD regions.  This artifact is eliminated by digitizing the films
on a masked diffusing ground-glass scanning bed.  The second type of artifact results
in spreading of light transmission from low-to-high OD regions, producing errors as
large as 50% in regions of rapidly varying OD.  Brachytherapy source-like OD
distributions, created on a laser film printer, show errors as large as 15% due to
inverse-square fall off of OD.  We eliminate this artifact by Discrete-Fast-Fourier-
Transform (DFFT) deconvolution of transmission profiles with experimentally
determined digitizer line-spread functions.  Removal of the first artifact and
application of a Wiener noise filter is required to obtain precise OD distributions
after DFFT deconvolution.
This work is supported in part by a grant from Proxima Therapeutics Inc.

PO-49
Dosimetric Characteristics of P-type QED Diode Detectors used for In-vivo
Dosimetry
A. Saini *, Hackensack University Medical Center, NJ and T. C. Zhu, University of
Pennsylvania

The temperature, energy, SSD, and field size dependence for commercially available
p-type QED diode detectors were studied.  The sensitivity vs. temperature was
measured at 5-cm depth in a water phantom between 10 % 35°C.  The response was
linear, with the same temperature coefficient (0.30±0.01)%/°C for both low dose rate
(cobalt) and high instantaneous dose rate (pulsed) radiation.  In comparison, the
temperature coefficient is (0.36±0.03)%/°C for the Scanditronix EDP30 and is
(0.29±0.08)%/°C for Isorad Red diode.  The energy dependence is measured using
the same setup.  The diode sensitivity variation between Co-60 and 18 MV x-ray is
15 % for QED 15-25 MV diode, 10 % for QED electron diode.  In comparison, it
is 45 % for Isorad red diode and 8 % for Scanditronix EDP10.  The dose rate
dependence was measured in a 5-cm thick mini-phantom between 80-200 cm.  The
ratio of diode sensitivity to an ion chamber was compared. For example, at SSD =
140 cm, the ratio, normalized to 100 cm, was 0.989±0.004. In comparison, the ratio
at SSD=140 cm, normalized to 100 cm, was ~1 for Scanditronix EDP30 diode and
0.987 for Isorad Red diode for 6 MV.  The ratio of sensitivity of diode to an ion
chamber was measured in the same acrylic mini-phantom for field sizes from 5×5
cm2 to 40×40 cm2 for pulsed radiation.  The QED diode detectors show almost no
field size dependence.  The ratio, normalized to 10×10 cm2, ranged from 0.996 to
1.004 for the measured field size.

PO-50
Stopping Power Ratios for Clinical Electron Beam Detectors
A. Kapur *, C. Ma, Stanford University School of Medicine, Stanford, CA

The objective of this work was to quantitatively investigate the restricted mass
collision stopping power ratios for commonly-used detector materials for electron
dosimetry. The calculation was based on the Spencer-Attix formulation of the
Bragg-Gray cavity theory inclusive of the track end corrections. The full phase-space
data for realistic clinical beams of energies 6 to 20-MeV and of field sizes 1x1 to
20x20 cm2 were obtained using the EGS4/BEAM Monte Carlo code. The stopping-
power ratios were calculated for various source-to-surface distances (SSD) and for
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various angles of incidence using a modified version of the EGS4/DOSXYZ code.
The water-to-air stopping-power ratios were consistent with those calculated by Ding
et al for the 10x10 cm2 field. For the range of field sizes, SSDs and angles of
incidence studied, the water-to-air stopping-power ratios along the beam axis were
found to be within 1% of the corresponding values for broad beam, normal
incidence conditions (also within 1.5% of the AAPM TG-21 values). Similar results
were obtained for TLDs, silicon diodes, and diamond detectors.  The variation was
found to be minimum for the TLDs and diamond detectors and maximum for films
and ionization chambers.  Films showed marked variation of stopping power ratios
with field size, up to 3-4% compared to broad beams for 20MeV electrons.  The
lateral variation of the water-to-air stopping-power ratio was significant in the
penumbral regions and should be considered in the dose profile measurement with
an ionization chamber. 

This work was supported in part by the National Cancer Institute Grant CA43840

PO-51
Modeling of Optical Density Dependence on Post-irradiation Temperature for
Radiochromic Film (MD-55-2)
L. Reinstein *, G. Gluckman, A. Meek, State University of New York at Stony
Brook

The latest form of radiochromic (RC) film1 available is the double layer MD-55-2
that can be used both for brachytherapy and external beam dosimetry in the range
3 to 100 Gy. Post-irradiation film storage time and temperature can have a
significant effect on the measured optical density (OD) and hence on the accuracy
of the measured dose. We carefully studied these effects by using RC film samples,
which were stored and analyzed in a temperature-controlled spectrophotometer.
Both the rate at which the film darkens (post-irradiation) and the asymptotic value
of its OD were found to depend on the storage temperature. At 12 hours post-
irradiation the relative rise in net optical density (NOD) for the temperature range
20-45 oC varied from 14% to 20%, with the highest storage temperature becoming
nearly stable after 8 hours. A simple physical model is proposed which describes this
irreversible increase by assuming two independent first-order reactions that
contribute to the absorbance build up. We also examined an independent reversible
change in the film absorbance, which can affect standard OD measurements. To
isolate this effect we performed OD measurements on "stable" RC film samples
irradiated at least 12 months prior. For a He-Ne laser densitometer (632.8 nm) the
reversible change in NOD was found to be less than 1% over the range 18 - 30 oC.
However, significant deviations (approximately 2% per oC) result if densitometer
light source wavelengths in the range 645-665 nm are used.

 GAFChromic film distributed by Nuclear Associates, Carle Place, NY.

PO-52
New Supersensitive Polymer Gel Dosimeter
M. Maryanski *, M. Barry, MGS Research, Inc.

BANG polymer gels have recently been developed for NMR and/or optical CT
imaging of dose distributions in radiation therapy 1,2. In irradiated BANG gels,
monomers are polymerized and the NMR relaxation rates and the optical absorbance
increase in proportion to radiation dose. The sensitivity of the polymer gels
described so far has allowed for measuring typical therapeutic doses on the order of
10 Gy.  These gels were composed of a gelling matrix such as gelatin, of one type
of linear monomer (such as acrylamide or acrylic acid), one crosslinking monomer
(such as bisacrylamide), and water as solvent. Here we report a new and significant
finding that a modified gel that employs only aqueous gelatin and methacrylic acid
monomer with no crosslinking agent whatsoever shows a substantial increase in
NMR sensitivity up to 4s-1Gy-1 and optical sensitivity up to 0.8 cm-1Gy-1 at 543 nm.
This should allow for the NMR or optical measurement and for imaging of 3D dose
distributions at doses between 1cGy and 1Gy. The dose response of the new gel
dosimeter is linear up to 2.3 Gy. This new development opens up a possibility of
new applications of the polymer gel dosimetry technique such as in vivo dosimetry
as well as imaging dose distributions from diagnostic x-rays. 

This work was supported by a grant No. R44CA61427 from the NCI. 

2 Radiochromic (GAFChromic) film distributed by Nuclear Associates, Carle Place,
NY.
References:
1. Maryanski et al., Med. Phys. 23, 699 (1996)
2. Maryanski et al., Med. Phys. 23, 1069, (1996).

PO-53
Dosimetry of Superficial X-ray Beams with Parallel-plate Ionization Chambers
M. Gosselin, M. Evans, E. Podgorsak *, McGill University Health Centre, Montreal,
Quebec, Canada

Output of superficial and orthovoltage x-ray units may be measured either with
cylindrical or end-window parallel-plate ionization chambers.  The air-kerma
calibration factors for these chambers are usually determined in free air at standards
laboratories, and the x-ray machine output is then stated as the air-kerma rate in free
air, which, when multiplied with the appropriate backscatter factor, gives the air-
kerma rate on the surface of a phantom.  For end-window chambers, especially when
they are used for measurements of small fields or low x-ray energies, the air-kerma
calibration factors in free air may also be determined with the chamber embedded
in a tissue-equivalent phantom.  This results in field size-dependent air-kerma in free
air calibration factors, and obviates the requirement for knowledge of backscatter
factors when determining the air-kerma rate on phantom surface.  Using this
technique, the air-kerma rate on phantom surface depends only on the backscatter
factor for the field used in the determination of the air-kerma in free air calibration
factor at the standards laboratory, but does not depend on the backscatter factor for
the field used in the surface dose measurement.  The dependence of the surface dose
rate on the availability of an accurate set of energy-dependent backscatter factors is
therefore eliminated.  Since there still is uncertainty in tabulated backscatter factors
as a function of field size and x-ray beam energy, the output measurement which
determines the air-kerma rate on phantom surface with a phantom-embedded end-
window ionization chamber offers a clear advantage over the standard in-air
calibration method.

PO-54
Comparison of Uniformity of Dose Response of Double-Layer Radiochromic
Films (MD-55-2) Measured at 5 Institutions
A. Niroomand-Rad *, S. Chiu-Tsao, C. Soares, A. Meigooni, A. Kirov, Department
of Radiation Medicine, L.L. Bles, Georgetown University Medical Center

The dose response of double-layer radiochromic films (MD-55-2) was examined for
low dose (900 cGy) and high dose (2000 cGy) using photon beams. These films
were sent to 5 institutions (Georgetown University, Henry Ford Hospital, National
Institute of Standards and Technology, University of Kentucky, and Washington
University) for dose response evaluation using 5 different He-Ne laser densitometry
systems. A set of one dimensional scans were obtained for specified directions. The
degree of local uniformity, which is related to such variables as the spatial and signal
resolution of film scanner, pixel size, as well as electronic noise, was assessed by
considering the mean dose response and its (%) standard deviation in the region of
interest, ROI. The degree of regional uniformity, which is produced by systematic
problems in the scanner and/or non-uniformity in the film, was examined graphically
and characterized by considering the ratio of minimum to maximum dose response
in the ROI. The results of our studies indicate that the local non-uniformity varied
from 2.4% to 5.8% for the film with low dose and 1.3% to 4.3% for the film with
high dose. Whereas the regional non-uniformity varied from 0.74 to 0.92 for the
film with low dose and 0.87 to 0.96 for the film with high dose. Moreover, our data
indicates that regional non-uniformity is greater in the transverse direction
(perpendicular to the direction of the application of sensitive layer) by as much as
10%. An inter-comparison of the data from the 5 institutions will be presented.   



1998 AAPM Annual Meeting Program A179

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

PO-55
Plastic Scintillator Response to Low-Energy Photons
J. Williamson *, J. Dempsey, A. Kirov, W. Binns, H. Nilsson, Washington
University

Plastic scintillator (PS) is a promising dosimeter for brachytherapy and other low-
energy photon applications because of its high sensitivity and approximate tissue
equivalence.  As part of our project to develop a new PS material which maximizes
sensitivity and radiological equivalence to water, we have measured the response,
, (light output/unit air kerma) of PS to low-energy X-ray Bremsstrahlung (20 to 57
keV average energies) and Ir-192 spectra relative to an ion chamber with NIST-
traceable calibration factors.  The PS systems included BC400 and our new sensitive
and quench-resistant scintillator (polyvinyltoluene base and bPBD/BBOT dyes) with
and without 4% Cl loading intended to match the effective atomic number of water.
For BC-400 irradiated by low-energy X rays,  was 20%-57% relative to Ir-192.
Adding chlorine loading clearly reduced the energy dependence of , which ranged
from 42% to 85% relative to Ir-192.  However, even after using Monte Carlo
simulation to correct for the non-air equivalence of PS, inherent dosimetric
sensitivity still varied by 45% over the 20-400 keV energy range.  Our work, one of
the few measurements of PS response to low-energy photons, appears to confirm
Birk’s 1955 finding that ionization quenching reduces sensitivity to electrons below
125 keV.  Our results can not be explained by the conventional unimolecular
quenching model.  
This work was supported by NIH Grant R01 CA 57222.

PO-56
X-ray Spectra Estimation Using Attenuation Measurements from 25 kVp to 18
MV
M. Blough, J. Terry, D. Chen, N. Lee, S. Zhang, W. McDavid, R. Waggener *,
University of Texas Health Science Center at San Antonio

Attenuation measurements of primary x-ray spectra from 25 kVp to 18 MV were
made using aluminum filters for all energies and copper filters for diagnostic
energies.  An iterative perturbation method, which utilized these measurements, was
employed to derive the apparent x-ray spectrum.  An initial spectrum or pre-
spectrum is used to start the process.  Each energy value of the pre-spectrum is used
to start the process.  Each energy value of the pre-spectrum is perturbed using the
perturbed values.  The value of x-rays in the given energy bin is chosen which
minimizes the difference between the measured and calculated transmission curves.
The goal was to derive the minimum difference between the measured transmission
curve and the calculated transmission curve using the derived x-ray spectrum.  The
method was found to yield useful information concerning the lower photon energy
and the actual operating potential versus the nominal potential.  Mammographic,
diagnostic, orthovoltage and megavoltage x-ray spectra up to 18 MV nominal were
derived by this method.

PO-57
The Precision of Pion Measurements for Linear Accelerators
R. Tailor *, W. Hanson, D. Followill, University of Texas M.D. Anderson Cancer
Center

The Radiological Physics Center (RPC), through on-site dosimetry review visits to
participating institutions, has measured ion-collection efficiency corrections (Pion) for
many  photon and electron beams from various teletherapy units. Statistical
evaluation of the RPC measured Pion, using 0.6 cm3 Farmer type ion chambers (PTW
and NEL) for various beams, are presented. The results show that (i) for a specific
beam, the NEL and PTW chambers have the same Pion value within the uncertainties
of the measurements, (ii) for electron beams, energy dependence is negligible
(<0.2%), and (iii) for a given modality and energy the measured Pion is independent
of  make and model of the linac to the first order. Based on these results, the RPC
plans to utilize these standard Pion values during future dosimetry review visits to
save time and increase precision. The spread in the RPC data, typically 0.3 % (one
SD), should serve as a typical spread in Pion measured routinely by the two-voltage
technique.  Reduction in the uncertainty of  Pion measurement requires ensuring

stabilization of the dosimetry system after a change in the bias voltage, and then
taking a significant number of measurements after this point.  We suggest that for
clinical situations, measuring Pion infrequently but carefully, results in higher
precision than frequent measurements of Pion with  a typical precision. The Pion values
presented in this work may  serve as a check for those determined clinically using
comparable bias voltages. 

This work was supported by PHS  grant CA10953 awarded by the NCI, DHHS.

PO-58
Comparison of Two Types of Commercial Diode Detector For in-vivo
Dosimetry of High Energy Photon Beams
X. Zhu *, Radiation Oncology, St. Luke's Medical Center

Diode detectors have been used for photon beam in-vivo dosimetry in our clinics for
a few years.  The reading of a calibrated diode is related to dose (in cGy) delivered
at the depth of maximum dose, Dmax.   However, it is necessary to apply various
correction factors (CFs) to a diode reading.  In this study, we compared the SSD,
field size, and wedge dependence of two types of commercial diode detector,
ISORAD (n-type) and the newly available QED (p-type) from Sun Nuclear
Corporation.  For a 6 MV photon beam, the CFs of ISORAD diode are 0.96 at SSD
of 70 cm and 1.02 at SSD of 130 cm, while corrections to QED diode reading are
less than ±1% in the same range of SSD.  For a 18 MV photon beam, the CFs of
ISORAD diode are 0.94 at SSD of 70 cm and 1.02 at SSD of 130 cm, while CFs of
QED are 0.97 at SSD of 70 cm and 1.01 at SSD of 130 cm.  Both types of diode do
not follow the in-phantom output factors or collimator scatter factors.  For a 60°
wedge, the CFs to 6 MV beam are 1.07 and 1.04 for ISORAD and QED diodes,
respectively; for 18 MV, CFs are 1.05 and 1.00 for ISORAD and QED diodes,
respectively.  In conclusion, the magnitudes of CFs are reduced significantly,
corrections to QED diodes may be still needed depending on beam energy, SSD, and
wedge.

PO-59
Factors to be considered when using Helium-Neon laser scanning systems to
perform routine analysis of therapy QC films.
E. Schuele, S. Szeglin *, PTW-Freiburg/PTW-New York

Low wattage Helium-Neon laser film scanners are becoming very popular for
performing routine analysis of radiation therapy QC films.  Besides being easy to
use, these scanners can be accurately calibrated in the clinical environment, resolve
optical densities up to 3.5, and scan a full 14 x 17 inch (35 x 43 cm) QC film in a
few seconds.  However, effective use of this type of technology does require the user
to have an understanding the operation of the scanner when a film is being scanned.
To demonstrate this, a typical radiation therapy flatness QC film was marked to
indicate film orientation and then scanned four times with a 90 degree film rotation
between scans.  The data was processed and analyzed using a commercially
available program specifically designed to analyze radiation therapy QC films.  The
results of this analysis clearly indicate the mechanics of the film scanner, specifically
film orientation and direction of the laser light during the scanning process, are
critical factors that must be considered when using this type of technology.

PO-60
An Iso-energetic Flattening Filter for Total Skin Electron Beam Radiotherapy
X. Wu *, Z. Chen, C. Luo, M. Watzich, G. Jones, A. Markoe, University of Miami
School of Medicine, Miami, Florida

For total skin electron beam irradiation, the patient is usually arranged at an
extended SSD (3 to 4 meters). The electron field at such extended distance will not
provide adequate dose uniformity over a patient. The conventional treatment
technique used to overcome this problem is to apply a dual or multiple field
configuration. The dual or multiple field configuration presents complexity in
dosimetry measurement and calculation. A flat electron beam intensity profile
produced by a single direct beam would simplify the dosimetry and the treatment
setup. Although the flattening of electron beam profile at an extended SSD can be
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achieved by using an absorbing material similar to a photon flattening filter, the
difference in energy degradation due to the thickness gradient of the filter will cause
the difference in beam penetration across the patient’s skin. This is clinically
undesirable. Applying the principle of iso-energetic electron beam intensity
modulation*, an electron flattening filter was designed to produce a flattened profile
at the extended SSD without degrading the beam energy.

The design and dosimetry study of this electron beam flattening filter will be
presented. The results have shown significant improvement of dose uniformity using
single direct filed, which simplified the dosimetry as well as the treatment set-up for
total skin electron beam radiotherapy.

* The Principle and Applications of An Iso-energetic Intensity Modulation Method
for Therapeutic Electron Beams, X. Wu, J.Y. Ting, C.C. Yang, M.L. Watzich, A.H.
Wolfson, A.M. Markoe., I.J. Rad. Onc. Bio. Phys. Vol 39-2, Supp. P.150, 1997.

PO-61
Dosimetric Characteristics in Electron Grid Therapy
A. Meigooni *, S. Parker, J. Zheng, M. Mohiuddin, W. Regine, University of
Kentucky, Lexington, Kentucky

The efficacy of photon grid therapy was demonstrated in the 1950’s during the
orthovoltage era. Although the spatial fractionation provided by grid therapy
decreased skin dose, high doses to bony structures surrounding tumors rendered
orthovoltage radiotherapy obsolete.  Recently, promising clinical results have been
shown in the delivery of palliative treatments using megavoltage photon grid
radiation therapy

1
.  However, the use of megavoltage photon grid therapy is limited

in the treatment of superficial lesions where critical radiosensitive structures are
present beneath tumor volumes.  As a result, electron grid therapy is under
investigation at the University of Kentucky.  The goal of the investigation is to
experimentally determine the dose distributions of grided electron beams with
energies of 6 to 20 MeV.  Optimal grid hole diameters and spacing will be
determined for each electron energy.  Percent depth dose curves and beam profiles
from cerrobend electron grids will be measured using film and LiF TLD’s in Solid
Water phantom material.  Our preliminary results, measured using a cerrobend
electron grid with 0.9 cm diameter holes spaced every 1.5 cm, indicate that the peak-
to-valley dose ratios vary with depth with the maximum ratio at dmax. Large energy
degradations also have been observed.  The relationship between absorbed dose and
grid size, beam energy, radiation field size and depth of treatment will be presented.

1. Mohiuddin, M., Curtis, D.L., Grizos, W.T., and Komarnicky, L., Palliative
Treatment of Advanced Cancer Using Multiple Nonconfluent Pencil Beam
Radiation: A pilot Study, Cancer 66:114-118 (1990).

PO-62
Small 6 MV Field Dose Distributions Near Simulated Air Cavities
K. De Vlamynck *, H. Palmans, F. Verhaegen, C. De Wagter, University Hospital,
Gent, Belgium

Introduction: Small-fields are becoming increasingly important in intensity
modulated radiotherapy. The influence of a simulated air cavity on dose distributions
of 6 MV fields was examined to identify increased photon transmission and
electronic disequilibrium effects. 

Materials and methods: Rectangular fields were collimated by fixing a field length
at 10 cm. The field width was varied by adjusting the Y-jaws and the MLC leaves.
The SSD was held at 95 cm. A set-up based on an automated water phantom was
developed. It comprises two perspex holders and a cylindrical airlike pipe of 2 cm
diameter, machined from Styrofoam. A diamond detector (PTW-Freiburg, type
60003) with a sensitive thickness of 0.21 mm was chosen to measure dose
distributions.

Results and main conclusions: The relative CAX dose drops off near the exit
interface for a 10x2 cm2 field (Drel = 0.92) and a 10x1 cm2 field (Drel = 0.74),

indicating that the electron fluence is significantly reduced and longitudinal
electronic disequilibrium effects are becoming important.

Effects of electronic disequilibrium were also assessed in transverse dose profiles.
In the case of a 10x2 cm2 field a dip on the CAX appears compared to the top edges,
as it is expected that part of the rebuildup has already been established. Even a
profile of a 10x1 cm2 field reveals a significant underdosing, and the high convex
shape is no longer present.
Measurements for a 10x2 cm2 field demonstrate a collimator rotation dependence
of the dose. Small axial shifts for 10x1 cm2 fields complicate accurate dosage.

PO-63
Output Factors For Electron Custom Inserts with Beam Center Non Coincident
with Cone Center
A. Khatib *, B. Ahluwahlia, University Of Oklahoma Health Sciences Center,
Oklahoma City,OK  73190

Output profiles for customized symmetric and non symmetric inserts for electron
treatments have been measured using a 0.3 cc PTW ionization chamber and Keithley
electrometer system for different  cone sizes and electron energies from a Clinac
2500 C. 

Customized inserts are  circular, rectangular, elliptical, or irregular. Our purpose is
to evaluate how the output from customized inserts varies in the field under
treatment, and to determine what output factor should be used for treatment
purposes.  Inserts are designed in such a way so that the open field area of the insert
is varied with reference to the open cone area. The output for the customized inserts
will be correlated to the output for open field and the output for the symmetric and
non symmetric inserts with beam axis off-center from the cone center will be
evaluated. Profile output for each insert and energy will be fitted to a function.
Similarly a relationship of the output with energy will also be attempted.

An appropriate correlation will provide an output to be used for routine calculation
with application of customized inserts for electron treatments.

PO-64
Evaluation Of The Dosimetric Characteristics Of A Superficial X-Ray Therapy
Machine Having Beveled Applicator

E. Parsai *, K. Ayyangar, L. Tao, Medical College of Ohio, Toledo, Ohio
Beveled applicators are used in superficial therapy for treatment of curved areas of
the skin such as the forehead. The preliminary evaluation of the dosimetric
characteristics of beveled applicator using a 100 kVP superficial therapy unit is
presented. The circular beveled applicator used to do the measurements was a 3.6
cm diameter glass end applicator with an SSD of 25 cm and a cross sectional area
of 10.2 cm2. The output was measured using a R-250 condenser chamber and a
Victoreen R-meter for the beveled applicator with straight and tilted setup, i.e., the
beam was along the central axis and in an angle with respect to the horizontal,
respectively. Measurements were done for surface and for depths 0.5,1,2 and 3 cm
in water across the cross-section of the applicator for both setups. Film dosimetry
was also performed using a Welhoffer film densitometer and isodose distributions
were generated for the skin surface. Results of these measurements indicate that
using a beveled applicator will change the isodose distribution at the surface and at
depth. The dose non-uniformity resulted from inverse square distance for a 30
degree beveled applicator increased from 2% at the surface to 8% at 0.5 cm depth,
to 23% at the depth of 1 cm, and to 45% at 1.5 cm depth from the surface. Methods
to reduce this dose non-uniformity will be discussed.
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PO-65
Head-Scatter Off-Axis For Mega Voltage X-Rays
T. Zhu *, Y. Xiao, B. Bjarngard, University of Pennsylvania, Dept. of Radiation
Oncology

Off-axis head-scatter is the major contributor to doses outside the field of high-
energy x-rays.  For a dynamically collimated beam, these scattered photons also
affect the dose inside the treatment region.  Head-scatter is measured for the 6 MV
photon beam from a Varian 2100CD linear accelerator.  The head-scatter at off-axis,
HOA, is defined as the ratio of the dose from head-scatter at off-axis position x to the
dose from primary photons on the central axis, with collimator setting cx  cy.
Experimentally, it is determined as

HOA(cx,cy,x) = (T(cx,cy,x) % P (cx,x))/P(cx,0)
Where T is the total dose measured in a 5g/cm2 thick graphite miniphantom for
collimator setting cx  cy at position x and P is the primary dose measured at the same
location in a narrow  beam with a collimator setting of cx  3 cm at the position x.
The collimator unchanged.  HOA can be fitted to a gaussian function a⋅e-(x/b)

2
/2.  For

cx = cy = 10 cm, a = 0.054 and b = 4.9 cm.  The width b of the gaussian increases
quadratically with c to 0.128 for c = 40 cm following the square of an error function.
For beams of rectangular cross-section with the same cx, the width b remains
unchanged while the value of a increases with increasing cy.  At 2 cm outside the
field, HOA is 120% of the leakage through the collimator for cx = cy = 10 cm and
is increasing with collimator opening.

PO-66
An Analysis Of The Effective Energies And Dosimetric Data Of 6 And 10 MV
Photon Beams
S. Prasad *, K. Parthasaradhi, O. Thomson, J. McMahon, T. Krupa, W. Bloomer, R.
Nanda, Evanston Northwestern  Healthcare, Medical Physics

The effective energies of various 6 and 10 MV photon beams produced by different
accelerators are evaluated using LaRiviere’s formalism (British Journal of
Radiation, 62,473, 1989).  A spread is noticed in the effective energies for the same
nominal energy machines.  Dosimetric data of three 6 and 10 MV photon beams
produced by Clinac accelerators are compared for a 10  10 cm2field size.  Percent
depth doses, wedge factors and out-put factors are found to agree mostly within 2%.
The wedge angles from 90% to 40% iosodose levels are agreeing within 1 to 2.  The
depth of isodose curves from 90% to 30% varied from 1 to 4 mm between the
machines.  A more detailed comparison of the data along with a brief discussion will
be presented.

PO-67
A Retrospective Analysis of Electron Cutout Factor Measurements
K.V. Krishna Ph.D1., C. B. Saw Ph.D.3, J.C. Coletti Ph.D 1, L.J. Korb M.D.2.
1Medical Physics Section, Department of Radiology; 2Section of Radiation
Oncology, Department of Radiology; West Virginia University, Morgantown WV
% 26505; 3Medical Physics Section, Division of Radiation Oncology, University of
Iowa Hospitals & Clinics, Iowa City, IA 52242

In the past three years, over 300 electron beam cutouts had been used clinically at
West Virginia University Hospitals.  These cutouts were made of cerrobend and
fitted onto the electron applicators of our Siemens accelerators.  The electron beam
energies used ranged from 6 to 21 MeV.  This paper presents a retrospective analysis
of the types of electron cutouts used and the measured cutout factors.  Included in
the analysis are the SSD, energy and shape of the cutout.  The electron cutout factor
is found to vary from 0.96 to 1.02 for all electron beam energies.  The variation
depended on the cutout size and the energy of the electron beam.  Typical SSD
ranged from 100 to 103 cm.   Extended SSD 5 cm beyond the nominal distance is
seldom used.  The size of the cutout strongly influenced the electron beam cutout
factor.   These results have further allowed us to estimate factors of arbitarily shaped
cutouts. To gain some understanding of these SSD, energy, and cutout shape effects,
measurements were made for a few clinically shaped cutouts.  These measurements,
including depth dose and cutout factors will be discussed in the light of the existing
literature.

PO-68
In-Vivo Dosimetry with Diodes for Electron Beams: Clinical Implementation
R. Yaparpalvi *, D. Fontenla, B. Vikram, Montefiore Medical Center, Bronx, New
York

The purpose of this study was to quantitate the dose delivered during clinically-set
electron treatments to prevent errors in treatment delivery. Prior to clinical use, the
diodes were calibrated against a standard ionization-chamber in a reference
configuration and their relative response was measured for parameters such as
electron beam energy, %DD, cone-size and insert, and beam directional dependence.
Dose measurements were made in phantoms before initiating patient dosimetry. A
total of 449 in-vivo dose measurements were performed on 185 patients treated on
our Clinac-2100C/D (6-20 MeV electrons). Upon patient initial dosimetry, the ratio
of measured to prescribed dose was calculated. Deviations larger than ±6% were
investigated and corrective measures were taken, if necessary.

The in-phantom measurements resulted in dose accuracy within ±2%. Patient
dosimetry resulted in the following dose deviations from the prescribed doses:
±2.7% for 104 breast patients (241 measurements), ±3.6% for 40 head and neck
patients (112 measurements), and ±2.9% for various other sites patients (96
measurements). The standard deviations were 2.1%, 2.9%, and 2.1% respectively.
Twenty-two patients (11%) and 30 measurements (6.7%) fell out of dosimetry
tolerance. In all cases, the diode positioning was found to be the primary reason for
dose discrepancy. Treatment sites with rapidly changing contours and sloping-
surfaces posed the greatest diode positioning challenges for the therapists.

Quantitative validation of clinically-set electron treatments is important to avoid
human errors in treatment delivery and diodes provide a convenient  way of real-
time patient dose verification and are easy to use by the therapists.

PO-69
Partial Lung Shield for TBI
S. Kishel, G. Proulx, A. Ho *, Roswell Park Cancer Institute, Buffalo, New York

In this study, AP/PA setup was used with a 4 MV linear accelerator. The prescribed
dose is 1000 cGy, with a dose per fraction of 200 cGy. One of the simplest lung dose
determination is the nomograph relating dose correction factor and patient thickness.
To save time in taking port film in every treatment, lung block is used in alternating
fashion: anterior blocks are used in the second and fourth fraction, and posterior
block used in the third and fifth fraction. If we set the average correction factor for
the lower density lung to 1.18, six open fields will deliver an average of 708 cGy to
the lung. To limit the lung dose to 10 Gy, each blocked field should deliver 73 cGy.
Measurements showed that a thickness of slightly less than 1 cm of cerrobend
provides approximately 65% transmission, which approximates the desired 73%
broad beam transmission. The proper transmission of the partial lung shield is
verified by measurements made for the patients with diodes placed at the entrance
and the exit side of the lung. While we describe a particular setup, the procedure can
be modified to accommodate different dose fraction. There are many ways to deliver
the TBI dose and the method of constructing the partial lung shield described here
is one of the many methods that may be used to limit the dose to the lung. Although
the nomograph method is better than not making any correction, it could lead to
large error for diseased lung.

PO-70
Enhanced Dynamic Wedge Surface Dose and Half-Field Profiles
A. Kassaee *, Y. Xiao, B. Bjarngard, M. Altschuler, University of Pennsylvania
Medical Center, Philadelphia, PA

We performed  point measurements to examine the photon beam surface dose for
Varian enhanced dynamic wedges (VEDW). The VEDW employs dynamic
movement of a jaw, along with a varying dose rate and one dimensional intensity
modulated profile (equivalent of a 60 degree physical wedge) called a golden
segmented treatment table (STT table).  This profile combined with  an open beam
profile with different weighting ratios produces wedged beams of various angles. We
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measured the central axis and off-axis surface dose with a Markus chamber in plastic
water for  6 MV and 10 MV photon beams for several field sizes and source to
surface distances of 80 cm and 100 cm.  We compare the measurements with
physical wedges. With VEDWs as expected, the dose measurements of open beam
and 60 degree wedge are sufficient to calculate the dose for any other wedge angle.
The surface dose measured for various wedge angle are in agreement within 2 %
with calculations. We also measured the beam profiles using XV Kodak film at
several depths for symmetric and half-field beam using the independent jaws. The
profiles demonstrate distinguishable variation between the physical wedges and
VEDWs. There is also variation between the half-fields for physical and VEDW
beams. In case of VEDW, the difference is apparent from generated STT tables
whereas with physical wedges the variation lies in the wedge thickness of the thin
side versus the thick side.  

PO-71
Clinical Implementation of Variations in Wedge Factor with Depth and Field
Size
S. Prasad *, D. Bassano, SUNY Health Science Center at Syracuse

Several investigators have shown that the wedge factor for megavoltage beams
depends on the depth and the field size of a treatment field.  This variation in wedge
factor may be significant and many institutions participating in clinical trials are
required to incorporate the dependence of wedge factor on depth and field size.  We
have investigated the variation in wedge factors for 6 MV and 15 MV x-ray beams
on a Clinac 2100 C machine.  Measurements were made in a water phantom at
depths up to 20 cm for field sizes ranging from 5 cm x 5 cm to 20 cm x 20 cm for
15°, 30°, 45° and 60° wedges using a small volume (0.1 cc) ion chamber.  The
relative changes in wedge factors for a given wedge were determined by comparing
the wedge factors to the value determined at 5 cm depth and a 10 x 10 field size.
The results of our measurements show that for 6 MV x-ray the wedge factor
increases to a maximum of 8% with depth and field size.  For 15 MV x-ray the
maximum increase is about 3%.  The clinical significance of our results and its
implementation in routine monitor unit calculation are presented.

PO-72
Evaluation of Clinical use of In-vivo Diode Dosimetry for Beams
D. Fontenla *, R. Yaparpalvi, S. Deore, E. Mullokandov, A. Kapulsky, J. Keane, B.
Vikram, Albert Einstein College of Medicine, Montefiore Medical Center,
Department of Radiation Oncology, Bronx, NY, 10467

We evaluated our patient in-vivo dosimetry for four sites: head-&-neck, breast, lung,
and pelvis.  All patients have diode dosimetry during first day of treatment and on
a weekly-basis. Acceptability criteria: ±5% between measured and calculated doses.
Approximately 10,000 entrance/exit dose measurements have been made since
interfacing our diode system with RMS and database inception. Analysis by linac
indicates the therapist's performance quality, and  by treatment site depict inherent
difficulties associated with each treatment technique.  Diodes, as with any other
dosimeter, have limitations: 1. Diodes must be positioned on the skin, directly over
the point of reference dose calculation. Steep slope makes proper positioning
difficult;  this problem is frequent in head-&-neck and breast  treatments and is
enhanced if wedges are used.  2. Exit doses are small numbers: small deviations in
dose led to higher percentage deviations. Diode correction factors, measured in
uniform phantoms, might  be inadequate when large amounts of lung or bones are
in the path of the beam. Deviations of ±6-7% or even greater can be expected.
Entrance dose is most often accurately measured.  Our best agreement was for 3D-
prostate and pelvic fields. Although diodes are reliable for clinical use, there is a
learning curve. Interfacing with the RMS computer was a major factor in making it
possible to provide in-vivo dosimetry for all patients. Our most striking examples of
error detection by diodes on first treatment day are a missing wedge and incorrect
SSD.

PO-73
Automated Generation of Wedge Coordinates from Wedge Profiles
M. Weber *, N. Varadhan, Minneapolis Radiation Oncology, Minneapolis, MN

A novel way of generating Cartesian wedge coordinates needed for commissioning
treatment planning systems has been developed.  An excel spreadsheet calculates the
wedge coordinates needed for the treatment planning system.  The spreadsheet
calculates the coordinates using the scanned cross profiles (OCR) of the wedge taken
at dmax using the largest wedge field size.  The Off Center Ratio (OCR ) at various
distances away from the central axis (CAX) are entered into the computer.  The
other input parameters required in order to finish the calculations are the thickness
of wedge at the central axis, the source to wedge distance and the linear attenuation
coefficient of the wedge material.  All of the required information should be readily
available from the accelerator manual and commissioning data.  No further
measurements are required. The spreadsheet calculates the coordinates of the wedge
following these distinct steps.  First the program calculates the effective fanline
thickness through the wedge (li) at a given angle θi. The fanline li  is calculated
using the formulae,
(Rdg @ distance xi) / (Rdg @ CAX)  =  e(-li

) / e(-l) 

where
l = thickness of wedge at the central axis
 = linear attenuation coefficient

The program then calculates the angle θi subtended by the fanline li relative to the
normal at the CAX.  The polar coordinates li and θiare then transformed into the
Cartesian coordinates (x,y) using the geometric considerations of the set up.  The
calculated wedge coordinates using this approach  were used to model the Philips
universal motorized wedge in CMS Focus 1.5 3D RTP system.  We obtained
excellent agreement between the measured and calculated isodose profiles for the
wedge.

PO-74
Field Size and Depth Dependence of  Wedge Transmission for Dynamic Wedge
of a Varian Clinac 2100 C/D Linear Accelerator
J. Lee *, S. Cho, Kaiser Permanente, Radiation Oncology Dept.

Dynamic wedge is a convenient way to obtain a wedged dose distribution and
becomes a standard feature in the majority of latest computer-controlled dual photon
linear accelerators. Similar to conventional wedge, wedge transmission (i.e., wedge
factor) associated with dynamic wedge may change with field size and depth
although the trend and magnitude of changes could be different from those reported
for conventional wedge. In this study, ion chamber measurements were performed
in solid water phantom for a number of field sizes and depths to characterize such
dependence for a Varian Clinac 2100 C/D linear accelerator. Our results suggest that
wedge transmission decreases monotonically with field size for all wedge angles
available from dynamic wedge. On the other hand, the depth dependence of
dynamic wedge is found to be not trivial in spite of a general trend showing initial
increase in wedge transmission with depth followed by saturation. This observation
suggests that a simple interpolation method may not be sufficient to handle the depth
dependence of dynamic wedge and, consequently, a model-based algorithm (e.g.,
convolution algorithm) may be necessary to accurately predict the changes in
dynamic wedge transmission with depth.

PO-75
Initial Angular Divergence of Electron Beams from Varian Clinac C/D
Machines
S. Goddu *, W. Harms, E. Klein, J. Purdy, Mallinckrodt Institute of Radiology

The initial angular divergence (x) parameter used in Hogstrom's pencil beam
algorithm is due to multiple coulomb scattering in air between the scattering foils
and the edge of the applicator trimmers.  Accuracy of this parameter is particularly
important for dose distributions in the presence of inhomogeneous tissue.  As part
of the commissioning of our 3D treatment planning system , we have measured the
angular distributions of our clinical electrons beams.  Silver bromide films were
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exposed in air at increasing distances (L) from the bottom of the electron applicator.
These films were scanned using a film scanning system.  The measured penumbra
widths (90%-10% and 80%-20%) were plotted as a function of distance and fitted
to a linear function.  From the slopes of these curves, the initial angular divergence
(x) of each electron beam was calculated using the relationships given by Hogstrom.
Recently, these authors reported a consolidated x data sets for scanning electron
beams and scattered electron beams.  Their pooled scattering foil machine data
shows significantly higher angular divergence than the scanning electron beam data.
Our data is not in agreement with Hogstrom’s pooled data.  The x values, derived
from our measurements for Varian series III foil/applicator systems, are lower than
the reported consolidated data for scattered beams.  However, our numbers are in
better agreement with their scanning beam data.  We conclude that use of
Hogstrom’s scattered beam data for Varian Clinac 2100C/D machines could lead to
as much as 20% increase in the angular divergence values.

PO-76
In-Vivo Thermoluminescence Dosimetry for Intraoperative Radiation Therapy
C. Kim *, C. Kim, M. Choi, Korea University Medical Center, Seoul, KOREA

A single large radiation dose is delivered to exposed tumors in intraoperative
radiation therapy (IORT) and the verification of the prescribed dose delivered to the
target is essential. In this study, TLD dosimeter is employed to measure the dose
delivered to various locations in a treatment field during IORT. TLD ribbons were
selected from a uniformity and performance tests and were annealed before use. The
TLD chips were grouped into batches of 10. Measurement was performed for two
IORT patients with brain tumor and pancreas cancer. Ribbons were sealed in thin
sterilized plastic bags and ribbon packs were located in three different regions: under
the field-shaping lead block, surface of the treated region, and tumor bed. Calibration
was performed with an acrylic phantom at the depths of measurement. Care was
taken to reconstruct the treatment geometry. TLDs and a parallel-plate ionization
chamber were irradiated simultaneously to a calibration dose. Chip doses were
calculated by entering the calibration dose and using the TL output data, the
calibration factor. For the pancreas cancer patient, the tumor bed and surface dose
were measured 97+/-4.7 and 108+/-6.9% of the prescribed dose, respectively. Dose
delivered to the lead-protected region was less than 3% of the prescribed dose. For
the other case, percent dose difference between the surface and tumor bed was less
than 2%. The ratio of delivered dose of lead-protected area to that of surface was
measured to be 7%. TLD is routinely used for in-vivo IORT dosimetry in our
institution.

PO-77
Side Table Transmission for ETR and Exact Treatment Couches
A. Thompson *, E. Klein, Univ. of Pittsburgh Med. Ctr., Pittsburgh, PA

Conformal therapy techniques utilize fixed beams at various gantry and couch
angles, to optimize tumor coverage and to minimize dose to healthy tissue.  One
component that may interfere with and attenuate the beam is the treatment table.
While it is best to avoid such obstacles, this can't always be accomplished.  It is
necessary to quantify the table absorption properties.  Though the majority of the
treatment table attenuates the beam less than 5%, the steel table side edge and steel
accessory rails attenuate substantially more.  We will quantify the attenuation of
these components on the Varian ETR and Exact couches, for 6 MV and 18 MV
photon energies.  Measurements with film in phantom placed orthogonal to the
beam central axis were performed, and normalized to an open field.  Transmission
was measured at angles of 45o from the posterior, to represent a clinical situation,
and 0o to represent a worse-case scenario, as the beam has to traverse the entire
thickness of the table edge and accessory rails at this angle.  Our data show that the
ETR rails attenuate as much as 15% at 0o incidence.  Surprisingly, the ETR table
side edge attenuates as much as 17%.  On the Exact couch, the table side edge
attenuates no more than the rest of the table (< 4%), while the accessory rails can be
detached for treatments.  We conclude that the ETR absorption is significant enough
to warrant treatment planning consideration, while the Exact couchtop poses no
attenuation problem.

PO-78
Total Skin Electron Therapy using a Philips-Elekta SL-25 Linear Accelerator
with Multileaf Collimation
L. Fajardo *, P. Almond, D. Wilson, Department of Radiation Oncology, University
of Louisville, School of Medicine, James Graham Brown Cancer Center, Louisville,
Kentucky 40202.

Total skin irradiation at our institution has recently changed from using a Therac 20
linac to Philips-Elekta SL-25 linac.  Although the basic approach is the same, based
upon the Stanford technique, there are differences between the two set-ups and there
was a concern that the dose distribution may not be the same.  The total skin electron
technique on the Therac 20 uses  6 MeV electrons at isocenter with no electron
beam trimmers, a spoiler in front of the patient and an SSD of 300 cm.  The Philips-
Elekta SL-25 total skin electron technique uses 4 MeV electrons at isocenter, no
beam spoiler and an SSD of 350 cm.  Thermoluminescent dosimetric (TLD)
measurements have been carried out for both techniques.  For the Therac 20, the
average percentage of the prescribed dose, measured over nineteen separate surface
locations on a rando phantom yielded 100 +/- 6% (1 S.D)  For the new Philips-
Elekta technique, TLD measurements of thirty different locations, on the first three
patients, yielded an average dose of 102 +/- 15%(1 S.D>) Similarly, recent
published data by M.D..Anderson yielded an average percentage dose of 86 +/-
18%(1 S.D>) and 93 +/- 26%(1 S.D.) for Siemens MeV 80 and Varian Clinac 2100
C respectively.  Our preliminary results show that the new technique is
dosimetrically similar and results in approximately the same patient dose
distribution.

PO-79
Dosimetric Properties of Centered and Off-Centered Posterior Neck Electron
Fields
E. Yorke *, A. Kassaee, L. Lin, D. Rosenthal, Univ. of Penn., Dept. of Radiation
Oncology

Posterior neck electrons are matched with lateral photon fields after spinal cord
tolerance has been reached in the treatment of head and neck cancer.  Approximately
rectangular low and medium energy electron fields at extended SSD are often used
to boost over the spinal cord.  Traditionally, the separate electron field is centered
over the posterior electron treatment volume.  A good match can be achieved more
easily by using the same central axis for the photon and electron fields, and
displacing the cutouts for the 6, 9, and 12 MeV beams of three Varian linacs (two
2100 C’s, one 2300 C).  The 10x10 and 15x15 cones were used at SSDs of 100 cm
and 110cm.  PDDs were measured at the center of each cutout using diodes in water.
Relative output factors were measured with diodes in water and polystyrene.  Film
and diode measurements were used to examine the profiles.  Comparison of centered
and off-centered cutouts showed no clinically significant effect on PDD (<2%),
relative output factors (<5%) or profiles.  There were no clinically significant
differences between the three machines, all of which have the same model cone and
open cone depth doses.  Thus a single "library" of centered reference cutout shapes
can be used for MU calculations.

PO-80
Wedge Factors and Depth Doses Changes as a Function of Depth for Siemens’
Large Field Wedges for 6 MV and 20 MV Photon Beams
F. Lopez, J. Rownd, D. Grimm, M. Gillin *, Medical College of Wisconsin

The characteristics of nominal 6 MV and 20 MV photon beams as modulated by
large field wedges (25 cm x 30 cm maximum field size for 15 degree, 30 degree, and
45 degree wedges and 20 cm x 30 cm for 60 degree wedge) have been examined.
The wedge factors and the depth dose characteristics have been measured for each
wedge as a function of depth to 20 cm depth and field size, 10 cm x 10 cm and
maximum field size.  Four different 6 MV beams and two different 20 MV beams
have been studied.  The maximum change in the wedge factor between the depth of
maximum dose and 20 cm depth is greater than 5% for the 6 MV beam with the 45
degree and the 60 degree wedge.  The minimum change is approximately 2% for the
15 degree wedge.  The effect of the beam hardening due to the presence of the
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wedge was small, being approximately a 1% change in depth dose at 20 cm depth
for the 6 MV beam.  Our monitor unit calculation approach has been modified to
include tables of wedge factors as a function of depth and field size which provides
more accurate dose delivery, especially for wedged pelvic fields.

PO-81
X-Ray Spectrum Unfolding Using Transmission Measurements and A
Multihole Megavoltage Photon Diverging Collimator for 6 MV Photons
D. Chen *, N. Lee, R. Waggener, University of Texas Health Science Center at San
Antonio

A multihole diverging photon collimator for megavoltage energies was constructed
of Cerrobend.  The collimator was built to enable primary beam measurements to
be made across a megavoltage field size of 20x20 cm at one cm intervals at SAD of
100 cm.  Using the collimator, primary beam transmission measurements through
aluminum were made at 25 points in the 20x20 cm field at 5 cm spacing.  These
measurements reveal a spread in beam hardness across the field for the 6 MV x-rays.
The exposure x-ray spectrum at each point was unfolded using a calculated pre-
spectrum and a variational algorithm, which perturbed the energy spectrum at each
energy interval, plus and minus, and calculated a transmission curve from the
perturbed spectrum.  The calculated transmission curves were compared to the
measured transmission curves.  A new value for the x-ray spectrum was selected
based on the closest fit to the measured transmission curve.

PO-82
Measured Water Transmission Curves and Calculated Zero Field Size TMRs
for 4 MV and 15 MV X-Rays
N. Lee *, D. Chen, R. Waggener, University of Texas Health Science Center at San
Antonio

A multihole diverging photon Cerrobend collimator for megavoltage energies was
used to measure water transmission values at different locations in a 20x20 cm field
size at 100 cm SAD. The transmission curves in water were measured at 25 locations
of the 20x20 field, where each  point of calculation was separated by 5 cm from its
nearest neighboring calculation points. Each transmission value was attained using
a 0.3175 cm diameter (0.079 cm

2
 area) hole. The measured transmission curve is

given by the expression T(X) = I(X)/I(0) = exp(-eff�X), where X is the thickness of
water, eff is the effective linear attenuation coefficient in water, and I(X) and I(0) are
the transmission readings for water thickness X and 0, respectively. From this
transmission curve, the zero field size TMR was calculated as TMR0(d) = exp[-

eff�(d - dm)], where eff is the effective linear attenuation coefficient, dm is the depth
of maximum dose or 1.2 cm for 4 MV and 3.0 cm for 15 MV, and d is the depth of
interest. In this notation, X = d and TMR0(d) = T(X)/T(dm). The water HVL varied
from 12.0 cm to 12.7 cm for the 4 MV field and 17.7 cm to 20.9 cm for the 15 MV
field.

PO-83
Impact of Patient Body Temperature on In Vivo Diode Dosimetry
L. Reinstein *, K. Welsh, A. Meek, State University of New York, Stony Brook, NY

Diode sensitivity variations with temperature (SVWT) have been reported to vary
from small negative values up to 0.6 % per oC 1.  Thus, it is possible for diode
calibration factors established at room temperature (~20oC) to yield errors in the
range of %1% to +7% when diodes are placed on a patient’s skin (~32oC) for in vivo
entrance dose measurements.  There are currently no accepted protocols that account
for or predict diode temperature change when placed on a patient for radiotherapy.
In this study, we examined the heat transfer process and the establishment of thermal
equilibrium for both hemispherical and cylindrical diodes.  We simulated several
skin temperatures using a temperature-controlled aluminum surface in contact with
a section of superflab.  The internal temperatures of several diodes with different
buildup thickness were monitored as a function of time.  Our results indicate that for
different combinations of room temperature (18oC-24oC) and patient skin
temperature (30oC-35oC) diodes reached 90% of their equilibrium temperature

within 3-8 minutes.  In addition, the range of typical skin temperatures was
determined by measurements performed on a population of volunteers under clinical
conditions.   Based on the results of our experiments a protocol was developed to
minimize the temperature based errors for in vivo dosimetry.  

 Grusell E, Rikner G, Physics in Medicine and Biology, 31(5): 527-534 1986

PO-84
Accuracy of Pencil Beam Parameters using Various Measurement and
Calculational Approaches
P. Higgins *, F. Khan, University of Minnesota, Minneapolis, MN

Current pencil beam models of electron dose distributions rely on broad beam
central axis depth dose distributions. Off-axis beam characteristics generally assume
truncated Gaussian distributions whose boundaries are defined by the field edges.We
present a method, using measured values of the pencil beam spread parameter, to
model the in-field fluence distribution in irregular electron fields as a 3-dimensional
relative dose matrix. Relative fluence values at individual matrix points are
calculated from measured lateral buildup ratios (LBR’s) using a small reference field
(2cm diameter). It is shown that this method accurately models dose distributions in
small, irregular electron fields and provides the dual benefits of predicting dose
distributions as well as output factor correction, which would normally have to be
measured. This work will be compared with other approaches, including simple and
modified Fermi-Eyges models of depth dose distributions, and two dimensional
diffusion model, as used by the Theraplan treatment planning system.

PO-85
A Modern Object Oriented Monte Carlo Code for Electron-Gamma Shower
Simulations
J. Almassy *, MCTRACK

The RMI_Toolbox, a modern software system, was developed in 1991 in C/C++
languages for calculation of characteristic parameters of photons, electrons, positrons
and heavy ions, and for Monte Carlo simulation of the penetration of these particles
in matter. In absence of funding, neither the RMI_Toolbox, nor the accompanying
book on radiation material interaction calculations was prepared for distribution.
Compared to other electron-gamma shower codes used in medical physics, the
electron-gamma shower code of the RMI_Toolbox even today is the most modern,
most transparent, and flexible software.
Many of the features already incorporated, or reported to be under development in
the RMI_Toolbox in 1991, has been implemented in the EGS code system in the last
seven years.  (E.g. improved bremsstrahlung calculation, improved correction for
density effect, representation of target geometry with CT images or CAD drawings
etc). Translation of EGS4 into C with f2c created a code that is hard to understand,
and has the same old code structure, and disadvantages EGS4 had before.

In 1997 we began a feasibility study, to improve even further the software of the
RMI_Toolbox, to find the most adequate language for development, make it object
oriented to the possible highest degree, replace UNIX-like commands with windows
based user interface, while assuring 100% transportability to any platform.

We are presenting the surprising results of our feasibility study, and reporting about
the completion of the first version of the new updated electron-gamma shower
simulation code of the  RMI_Toolbox.

PO-86
Accuracy and Performance in Superposition Photon Dose Calculations
M. Wiesmeyer *, M. Miften, K. Krippner, Computerized Medical Systems, Inc.

Superposition algorithms currently represent the best practical approach for accurate
photon dose calculations in heterogeneous tissues; however, execution typically
requires minutes per beam.  Dose calculations proceed point-by-point, ray-tracing
in spherical coordinates, and either collecting or distributing energy released in tissue
according to energy distribution "kernels."  Kernel representations can be varied in
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ways that affect calculation times.  Using a superposition algorithm, we calculated
dose in a 40 cm cubic phantom for two machine energies (6 and 18 MV), three
square field sizes (4, 10, 30 cm), and various numbers and arrangements of kernel
rays and ray lengths in homogeneous and heterogeneous phantoms.  We recorded
execution times, and compared doses to "standard" calculations that used 48 zenith
angles and 16 azimuth angles and a ray length of 40 cm.  The results were complex
in terms of accuracy.  Limiting the number of rays, in general, lowered dose inside
the beam, and raised it outside of the beam and at the edges.  Shortening ray length
(13 cm), in general, decreased dose outside of the beam for smaller field sizes, and
decreased dose inside and at depth for larger field sizes.  Calculation times increased
with beam size (up to 2.7 times) and decreased with energy (down to 0.81 times).
We also compared superposition doses to measurements, Monte Carlo calculations,
and FFT convolution.  The convolution comparison is unique, since our
superposition and convolution algorithms use the same "TERMA" calculation.
Methods will be presented for optimizing speed/accuracy tradeoffs.
*Supported by Computerized Medical Systems, Inc.

PO-87
Parameter Study for Optimizing Monte-Carlo Simulation in External-beam
Treatment Planning
C. Mubata *, A. Nahum, I. Rosenberg, A. Bielajew, The Royal Marsden NHS Trust
and Institute of Cancer Research

En route to implementing (EGS4) Monte-Carlo simulation in the DOSIGRAY
treatment planning system, we have assessed the effect of voxel size, photon energy,
electron energy cutoff (ECUT) and the fractional energy loss per electron step
(ESTEPE), on the CPU time. The Usercode DOSXYZ has been employed with and
without PRESTA. The voxel sizes were varied from cubic side dimensions of 1.25
mm to 20.0 mm, for a 6MV spectrum, 5.0 cm square field, 2x107 histories and 20
x 20x 30 cm3 water phantom. The hardware was a dual PII Pentium (2 x 266MHz)
with g77 compiler. 

 For a given uncertainty σ,  in the calculated dose, the CPU time, T, was found to be
inversely proportional to the voxel volume to a good approximation, i.e T ∝ 1/V, for
ECUT=0.7 MeV, no PRESTA and SMAX=5.0 cm. 

Comparison of the CPU times with and without electron transport indicates the CPU
time spent tracking photons + electrons versus tracking photons only. The ratio
CPU(hn+e-)/CPU(hn) was found to increase dramatically with photon energy
yielding values of 1.2, 4.0, and 6.2 at monoenergetic photon energies of 1.0, 10.0
and 25 MeV, respectively. 

The exclusion of PRESTA reduces the computational time by »20%, for default
ESTEPE. The choice of ESTEPE has a significant effect on the CPU; this was found
to be 4.5 and 5.7 times less, at 2.0 and 10.0 MeV respectively, for default ESTEPE
vs. ESTEPE = 0.01. Thus a relatively high ESTEPE value is indicated, provided that
the physics is right.

The  work was supported by a grant from DOSIGRAY, Paris.

PO-88
Implementation of the Collapsed Cone Method for Clinical Beam Qualities
M. Saxner *, A. Ahnesjö, Helax AB, Uppsala, Sweden

The collapsed cone algorithm calculates the dose by distributing energy deposited
at each grid point by kernel integration along a predefined set of discrete directions.
An accurate calculation of dose requires that beam quality changes from beam
hardening and off-axis softening are properly considered.

In the current work the terma is separated into collision kerma P(r) describing the
primary interactions and a distribution S(r), equal to the difference between terma
and collision kerma, describing the scattered photons. Each of these components has
its own kernel, which is assumed invariant with position. The distributions of P and

S inside the patient are determined separately by ray tracing in a voxel matrix
derived from CT images of the patient. 

Beam hardening effects for both P and S are taken into account by using effective
attenuation coefficients which are precalculated from the spectrum of the beam and
mono-energetic attenuation data for the tissue. The cumulative effect of the beam
hardening is obtained by proper summation over all voxels passed by the ray.

Off-axis softening is considered by varying the attenuation coefficient with distance
from the beam axis. The parameters of this description can be obtained from
measurements in the clinical beam.

The values of P and S are proportional to the incident energy fluence distribution,
including both the primary photon fluence and the head scatter fluence. The effects
of the collimation and the modulation of the beam are incorporated in the description
of the incident fluence.

PO-89
Component-Based Superposition Calculations: Dependence on Number of
Components
J. Schewe *, D. McShan, B. Fraass, Department of Radiation Oncology, University
of Michigan, Ann Arbor, MI

The kernels used in superposition dose calculation algorithms must be allowed to
vary spatially in order to account for spectral changes such as beam hardening with
depth.  This can be modeled by generating polyenergetic kernels at various depths
and  interpolating. Alternatively, kernels may be generated separately for several
monoenergetic components and superimposed, allowing the spectrum to change
continuously with depth.  This "components" method directly accounts for spectral
changes with depth and provides better fits to measured data than the
"polyenergetic" method.  However, the calculation time is multiplied by the number
of energy bins in the initial energy spectrum.  We have investigated component-
based  calculations using  various numbers of energy bins.  Calculations were made
for a 6 MV beam using a single point-source model encompassing kernel tilting and
gaussian penumbra blurring. Calculations using as few as three or four energy bins
are shown to be a good approximation to the full 14-component model, potentially
decreasing the calculation time by as much as a factor of five.
Supported in part by NIH grant # P01-CA5987.

PO-90
Superposition Kernels to Compute Dose from Beam Elements for Inverse
Treatment Planning
S. Sutlief *, P. Cho, M. Phillips, University of Washington Medical Center

Inverse treatment planning for intensity modulated fields often involves  optimizing
the beam weights of narrow beam elements.  To do this, a matrix of doses from each
beam element to each anatomy point is required. The dose computation used in this
case has unusual characteristics relative to  that for broad beams.  All properties
which depend on the overall shape of the collimator are unknown, such as the
amount of head scatter through the  collimator, transmission and scattering effects
of the collimator, and the output factor.  Another characteristic of beam element dose
computation is that the voxel size for each interaction point is well defined; e.g. the
multileaf collimator leaves have a fixed width.  We have rebinned the polar
coordinate convolution/superposition kernels generated by T. R. Mackie
[Phys.Med.Bio. 33(1)1-20] into Cartesian coordinates at several spatial  resolutions
(1mm, 5mm, and 1cm in the beam direction).  For all resolutions,  the lateral size is
2.5mm by 2.5mm, which allows the generation of 1cm by  2.5mm beam elements
during dose computation.  Because the lateral size  differs from the spatial resolution,
these kernels are not a true  Cartesian rebinning of the polar kernels.  For each dose
point and beam  element, the dose from each sample point along the ray is summed.
Tissue inhomogeneities are accounded for by scaling the fluence and kernels by the
radiological path lengths.  Our choice to use 3D kernels is motivated by  their
intended use for dose computation in head/neck and mediastinum cases,  where
tissue inhomogeneity must be carefully accounted for. 
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PO-91
Improvements in the Monte Carlo Based Calculation of P repl of Plane-Parallel
Electron Chambers
M. Lauterbach *, J. Lehmann, U. Rosenow, University of Goettingen, Germany

The calculation of the replacement correction factor Prepl of plane-parallel electron
chambers using Monte Carlo simulation requires an accuracy of better than 1 %. The
following factors need therefore to be considered:

The average stopping power ratio material/air derived from the real electron
spectrum.
The structural details of the chamber.
A Monte Carlo code capable of handling small geometry structures, i.e. small
step sizes.
The full spectrum of a real beam (In a separate contribution we studied the
influence of using a real spectrum versus an approximate or a monoenergetic
spectrum).

We demonstrate the improvements in the calculation of Prepl originating from the
consideration of the above factors for electron energies between 1 MeV and 20 MeV
and in different phantom depths. We used EGS4 with the improved boundary
crossing algorithm provided by PRESTA II. We developed a program to handle the
complex geometry coding, containing graphical input for cylindrical scoring region
selection. We modified the user code DOSRZ II in order to generate the energy
spectrum of the electrons in the air cavity and created an algorithm to calculate the
corresponding effective stopping power ratio. Thus we determined the replacement
correction factor of the Markus chamber and compared it with measured values. The
results show good agreement for mean energies in depth of 3 MeV. Below this
energy the calculated values differ from the measured ones. We explored this
observation in more detail and show that the calculated results are more reliable.

PO-92
BEAM-generated Real Spectra Versus Monoenergetic or Approximate Spectra
in the EGS4/PRESTA-II Calculation of Prepl in Plane-parallel Electron
Chambers
J. Lehmann *, M. Lauterbach, U. Rosenow, University of Goettingen, Germany

The EGS4 based Monte Carlo program package BEAM enables the user to generate
the phase-space information of an electron beam of a real accelerator at the surface
of a phantom. This is the most desirable input for the simulation of dosimetry
problems that require high accuracy such as the calculation of the replacement
correction factor Prepl for plane-parallel ionization chambers in electron dosimetry.

In a separate contribution we demonstrate the improvements in the calculation of
Prepl originating from the consideration of the full electron spectrum in the air cavity,
of the resulting average stopping power ratio, of the small geometric chamber
structures, and from applying an improved Monte-Carlo-code (EGS4 / PRESTA-II)
capable of handling small scoring regions.
Incorporating these aspects and using BEAM-generated phase-space files for an
individual accelerator we calculated Prepl for various electron energies. It is assumed
that this determination of Prepl is most accurate, which was also confirmed by
measurement.

However the simulation of an individual accelerator is laborious and the handling
of the large phase-space files requires a high storage capacity for every single
electron beam energy. 
We therefore investigated the resulting loss in accuracy when the complete phase-
space input is replaced with an energy spectrum represented by discrete points or
even a monoenergetic one.

As result we found that the application of the full phase space information is
necessary for the determination of Prepl since an accuracy of better than 1% is
required over the full energy range.

PO-93
Monte Carlo Transport Physics Algorithms and Variance Reduction Methods
in the PEREGRINE Dose Calculation System
P. Bergstrom *, A. Bielajew, W. Chandler, L. Cox, T. Daly, D. Garrett, B. Guidry,
C. Hartmann Siantar, S. Hornstein, R. House, D. Jong, E. Moses, R. Patterson, J.
Rathkopf, A. Schach von Wittenau, Lawrence Livermore National Laboratory,
Livermore, CA

PEREGRINE is a Monte Carlo dose calculation system developed specifically for
radiation therapy treatment planning. It obtains its speed without sacrificing accuracy
because of methods developed for the efficient geometrical description of the
transport medium (the patient), optimization of photon and electron transport
methods, and variance reduction. PEREGRINE uses the patient’s CT scan to
construct a rectilinear transport mesh with simply-defined boundaries that facilitate
rapid particle tracking. Photon transport is done in an analog manner, sampling the
important physical processes from accurate databases. The application of Woodcock
tracking enhances speed by allowing rapid tracking across voxel boundaries and
material interfaces. Electron transport is accomplished using a class II Goudsmitt-
Saunderson-based condensed history method. PEREGRINE accumulates dose on
a user-defined dose collection array that is decoupled from the transport mesh.
Knowledge of the size and location of this mesh enables PEREGRINE to apply
some simple variance reduction techniques in tracking secondary photons, electrons
and positrons. Comparisons between PEREGRINE, other Monte Carlo codes and
measurements in both homogeneous and heterogeneous media for photon and
electron beams demonstrates the validity of the code and its underlying techniques.

This work was performed under the auspices of the United States Department of
Energy by Lawrence Livermore National Laboratory under contract W-7405-ENG-
48.

PO-94
Systematic Analysis of Monte Carlo Generated Phase
B. Libby *, J. Siebers, R. Mohan, Medical College of Virginia at Virginia
Commonwealth University

A systematic analysis of Monte Carlo generated phase space distributions (PSDs) for
use as the input for dose calculation systems has been undertaken.  The purpose is
to determine the approximations that can be made and the limitations of the use of
the calculated data for dose calculations.  Using the Monte Carlo code BEAM, based
on EGS4, the photon modes of the Varian 2100C accelerator have been modeled.
The results indicate that the energy fluence at isocenter for the largest field sizes is
significantly effected by the scattered radiation and radiation passing through regions
of indeterminate geometry, such as the edge of the flattening filter.  The photons that
scatter in the primary collimator, flattening filter, and jaws have a low energy
component which contributes significantly to the dose at the surface of phantoms
and a higher energy component whose depth dose properties are similar to that of
the direct beam.  The analysis of the type to be presented is expected to improve our
understanding of the transport of radiation through the components of the treatment
machine and the air column and allow the validation of approximations and
assumptions used to accelerate Monte Carlo simulations of dose deposition in
patients without compromising accuracy. 

PO-95
Monte Carlo Transport of Photons and Electrons Through Beam Modifiers in
the PEREGRINE Dose Calculation System
A. Schach von Wittenau *, L. Cox, R. House, P. Bergstrom, Lawrence Livermore
National Laboratory, Livermore, CA

Accurate, rapid Monte Carlo transport of primary and scattered photons and
electrons through treatment-specific beam modifiers (collimator jaws, trays, wedges,
blocks, compensators, multileaf collimators and air columns) is critical for
implementing clinically useful Monte Carlo treatment planning calculations. We
present methods used in PEREGRINE to track photons and generate/track
contaminant electrons from their place of creation from within the accelerator head
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and any patient-dependent modifiers to the patient surface. Full photon transport
including scattering and daughter photon tracking is used for all beam modifers
(including the air coulumn) except for the jaws where we use ray tracing and
attenuation methods. Full electron transport including production of secondary
electrons (delta rays) and bremsstrahlung and annihilation photons is used for all
beam modifiers (including the air column) except for the collimator jaws where all
electrons are absorbed locally. Tracking electrons allows accurate calculation of dose
at the surface (skin dose) and in the buildup region for all modifier configurations.
Comparisons with measurements show that this treatment of beam modifiers
supports accurate dose calculations for a wide variety of beam energies, modifier
configurations and phantom geometries.

This work was performed under the auspices of the United States Department of
Energy by Lawrence Livermore National Laboratory under contract W-7405-ENG-
48.

PO-96
Single Source Models for Monte Carlo Dose Calculations in Radiotherapy
M. Fix *, H. Keller, E. Born, P. Ruegsegger, Institute for Biomedical Engineering
and Medical Informatics, Swiss Federal Institute of Technology ETH, Zurich,
Switzerland

In radiotherapy Monte Carlo methods can be used for benchmarking or even for
routine dose calculations. The MC simulations normally start at a predefined level
(phase space) downstream of the beam defining system. 

The present work investigates four photon beam characterization models, namely
phase space data obtained from full MC simulations of the treatment head (model
1), a photon point source with a mean energy spectrum and a constant fluence
(model 2), a photon point source with a mean energy spectrum and a fluence
distribution (model 3), and a photon point source with full energy but mean fluence
distribution (model 4). Energy spectra and fluence distributions for all models were
sampled from the phase space data. To investigate the performance of these models,
measured and calculated depth dose curves, dose profiles and output factors in water
for different square fields were compared.

Comparison of the depth dose curves normalized per incident fluence showed no
larger deviations than 2% at the depth of 10 cm for small field sizes. The dose
profiles calculated for models 1 to 3 showed good agreement with the
measurements. On condition to achieve the same statistical accuracy in the
calculations, the efficiency of the single point source is increased about 100 times
compared to the full head calculation. In summary, we think that the single source
model 3 is a useful and fast tool for Monte Carlo dose calculations at least for small
field sizes.

PO-97
Dosimetric Comparison of a Fast TMR Dose Algorithm to a Full Clarkson
Integration Algorithm
F. Hacker *, M. Bellerive, H. Kooy, Joint Center for Radiation Therapy, Dept. of
Radiation Oncology, Harvard Medical School, Boston, MA 

We have established the accuracy of a fast TMR dose algorithm as a function of
field size and configuration.  The algorithm is applicable to open and wedged static
fields.  It implicitly accounts for scatter through the use of measured TMR data, a
measured off-axis ratio and fitted penumbra functions.  This provides very rapid 3-D
dose calculation permitting the rapid plan optimization essential for real-time 3-D
and/or stereotactic planning.  This algorithm works well for small fields but breaks
down with increasing field size.  Choosing suitable sites to apply the algorithm
requires that the point of breakdown be known. We’ve established this through
volumetric dose comparisons between the fast TMR algorithm and a 3-D planning
system performing a clarkson scatter integration.  Agreement was excellent for fields
7x7 and smaller.  For a single 7x7 field, 97.2% of the points in the high dose region
(>80% of isocenter dose) agreed to within 5%.  For field configurations using more
than one field agreement improved to 99%.  Spatial agreement between isodose lines

was within 1.5 mm.  For larger fields the algorithm rapidly breaks down. For a
single 10x10 field only 75.1% of the points in the high dose region agreed to within
5%.  Absolute output at isocenter agreed exactly for all field sizes.  These results
indicate this algorithm should be very useful in plan optimization for head & neck
as well as intracranial lesions using small fields.  This research was partially funded
by Radionics Inc., Burlington, MA.

PO-98
Fast Hierarchical Algorithm for Photon Beam Dose Calculation
H. Jung, J. Palta *, S. Ranka, S. Sahni, T. Zhu, University of Florida, Gainesville,
Florida

Dose computation methods based on the convolution/superposition method are often
very slow in computational speed.  Most of the time is spent in calculating the
scatter effects due to the primary dose delivered at a given point.  We have
developed a novel dose computation algorithm based on the use of spatial data
structures derived from oct-trees and quad-trees.  Typically, the secondary effects for
a given voxel are inversely proportional to its distance from the primary voxel.  This
allows for approximation of the scatter effect due to a cluster of proximate points
which are far away from the point of interest by the scatter effect due to a single
point at the center of this cluster, with dose equal to the summation of all the doses
on individual voxels in the cluster.  The resultant algorithm is two to three orders of
magnitude faster than the collapsed cone algorithm and meets the required threshold
of 1 percent and 4 percent relative errors in computed dose on the high and low dose
regions respectively.

PO-99
Monte Carlo Calculations of Heterogeneity Correction Factors
A. Kapur, C. Ma *, Stanford University School of Medicine, Stanford, CA

The Monte Carlo code EGS4/DOSXYZ was used to calculate the heterogeneity
correction factors (defined as the ratio of dose in heterogeneous material to dose in
water) for bone and lung in layered and mediastinum geometries for 4 to 18-MV
clinical photon beams.  The code EGS4/BEAM was used to obtain the full phase-
space data for the photon beams, which were consistent with the measured beam
data to within 2%. The dose calculations were performed on a Cartesian grid that
simulated the geometry and construction of the measurement phantoms.
Calculations were performed on a network of 22 Pentium Pro 200MHz computers
each of which took one to two hours of computation time for 1% statistical
uncertainty on the correction factors. The ionization chamber measurements were
scaled using ionization to dose conversion factors where necessary to obtain the
heterogeneity correction factors.  The Monte Carlo calculated correction factors,
varying from 0.9 to 1.2 for the materials studied, agreed with the measured values
to within 1% for points in regions proximally, laterally or distally displaced from the
heterogeneities and within the heterogeneities, including the interface regions, for
all the field sizes and phantoms.  The Monte Carlo calculations adequately
accounted for the dose deposition events (in particular photon scattering and electron
fluence perturbation at the interface) that depended in a complex way on the
interplay between the beam characteristics and the geometric regions of interest in
the phantoms that were studied.  

This work was supported in part by the National Cancer Institute Grant CA43840

PO-100
A Path Length Correction to Electron Beam Dose Distributions in Slab Type
Media
D. Wilson *, University of Louisville School of Medicine

At present, most commercial electron beam calculation algorithms are based on slab
type geometry computations as described by Hogstron, Mills and Almond (PMB,
1981 pg 445), Depth dose corrects for electron loss, secondary buildup, energy
straggling, and fluence buildup, and is scaled according to the cumulative stopping
power ratio to water.  The fluence buildup and other factors are also a function of
scattering power, which has a strong atomic number dependence unlike stopping
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power.  Because of path length difference due to electron scattering in non-water
media, the water depth dose distributions do not scale correctly according to
stopping power.  The absolute value for the maximum dose can also be different in
non water media.  In this work a path length correction for electron beam dose
distributions is described.  The angular variance at depth is calculated according to
the electron loss model described by Sandison (PMB 1990, pg 971).  An exact path
length correction for each thin slab encountered can now be determined. The dose
distribution  for water is converted to a planar fluence distribution by dividing by
path length, and the total path length is summed. When the pencil beam computation
is done in heterogeneous media, the new angular variances are computed so proper
dose weight can be restored by dividing the planar fluence, which is a function of
cumulative path, with the path length correction.The lateral pencil beam spread is
predicted for a given path length by scaling by the ratio of measured and Fermi-
Eyges predicted lateral spread in water.

PO-101
Calculation of Virtual Wedge Factors for Symmetric and Asymmetric Photon
Fields
J. Gibbons *, D. Vassy, Center for Cancer Treatment and Research, Columbia, SC
and Spartanburg Regional Healthcare System, Spartanburg, SC

The virtual wedge modality introduced by Siemens produces a profile similar to that
of a physical wedge by dynamically varying the jaw position and dose rate during
treatment. The current version of the virtual wedge offers a continuous selection of
wedge angles ranging from 5o to 88o.  Symmetric and asymmetric fields in either the
wedged or non-wedged direction may be treated.  One principle advantage of the
virtual wedge is a central axis virtual wedge factor (VWF) which is approximately
unity for all wedge angles and field sizes.

VWF measurements have been made on a Siemens’ PRIMUS accelerator with 6X
and 18X photon beams.  For symmetric fields, central axis VWF measurements
confirm a value very near unity, increasing slightly with both field size and wedge
angle.  However, the observed variances are large enough (i.e., >±2%), to require
more than one wedge factor for all symmetric field possibilities.  For asymmetric
fields, the off-axis VWF, measured at the center of the asymmetric field, is seen to
vary substantially.  For example, the 6X, 10x10, 30o virtual wedge factor varies from
0.63 to 1.17 across the range of achievable off-axis positions.

A simple analytic model has been derived to determine VWFs for symmetric and
asymmetric fields. The model introduced predicts the increase in VWF with field
size and wedge angle, as well as the variation with off-axis position.  Agreement
within ±2% is obtained for both symmetric and asymmetric field arrangements.

PO-102
Improved 3-D Pencil Beam Model for MLC-shaped High Energy Electron
Beams
J. Moran *, D. McShan, I. Bruinvis, B. Fraass, Dept. of Radiation Oncology, UM
Medical Center, Ann Arbor, MI and Netherlands Cancer Institute, Amsterdam, The
Netherlands

Electron beam use for modern conformal therapy has not been thoroughly
investigated due to many factors, including the lack of beam penetration of low
energy electrons, collimation and shaping systems, limitations in dose calculation
algorithms, and limited practical study of intensity modulation with electrons.  With
the availability of high energy electrons (up to 50 MeV) shaped using a computer-
controlled multileaf collimator (MLC) system (Scanditronix MM50 Racetrack
Microtron), the accuracy of electron dose calculations has become the primary
obstacle to routine clinical use.  In previously reported work, we have described the
inability of a normal 3-D pencil beam model (McShan et al. Med. Phys. 1985) to
accurately model the penumbra, divergence, and other aspects of MLC-shaped
conformal electron fields over the wide range of SSDs and field sizes required for
conformal therapy.  In this work, a number of improvements to the 3-D pencil beam
model are reported, including use of measured virtual source positions and
collimator geometry details to accurately predict the field divergence and the

penumbra region for different MLC and applicator geometries, and variation of
pencil beam intensity across the field to better predict flatness for MLC and
applicator fields as well as to permit dose calculations for intensity modulated fields.
In addition, the descriptions of x-ray background and electron range straggling have
been improved.  Significant improvements in calculation accuracy are shown for
scattered and scanned electron beams for a wide range of energies (up to 50 MeV),
SSDs, collimation (MLC and applicator), and field shapes and sizes.

PO-103
A Fermi-Eyges Based 3D Kernel Scaling Method to Account for Primary
Electron Transport in Superposition Photon Dose Calculations
M. Miften *, M. Wiesmeyer, K. Krippner, Computerized Medical Systems, Inc.

We present a method for superposition dose calculations using Fermi-Eyges (FE)
based 3D kernel scaling for primary photon dose.  In contrast to the density scaling
method which accounts only for the average density along the line between the
interaction and dose deposition sites, the FE scaling method accounts for the effects
of tissue density distribution on the multiple scattering of primary electrons set in
motion by primary photons.  The basic concept of this approach is: (i) to determine
standard deviation of the lateral electron  planar fluence distribution at dose
deposition sites for electron pencil beams starting from photon interaction sites, (ii)
to scale the distance between the interaction and dose deposition sites for the primary
kernel by the ratio of the inhomogeneous to homogeneous lateral electron
distribution standard deviations, and (iii) to scale the scatter kernel using the density
scaling method. FE scaling is shown to improve dose accuracy in inhomogeneous
media where electron disequilibrium can occur, especially at tissue interfaces for
small field sizes of high energy photon beams.  We compare superposition dose
distributions in heterogeneous media using both FE and density scaling to
measurements and FFT convolution calculations for a wide range of beam energies
and  field sizes.  Results show: (i) superposition dose calculations with FE scaling
is more accurate than density scaling method alone, and  (ii) maximum error is
reduced by 3.5% and 2.5% for 18MV 3x3cm and 15MV 5x5cm fields, respectively
in a lung phantom. Improved accuracy occurs at the expense of some additional
computation time.

PO-104
Verification of a Commercial FFT-Convolution Algorithm using Monte Carlo
Simulations
E. Mok *, A. Boyer, C. Ma, A. Kapur, L. Ma, Stanford University School of
Medicine

The purpose of this study was to evaluate the implementation of an FFT convolution
algorithm available in the CMS FOCUS treatment planning system, version 2.0,
which is in use at our department.  The FOCUS system was commissioned and
validated as recommended by the manufacturer using an automated beam
commissioning procedure provided with the system. The effects of using custom
calculated x-ray spectra, off-axis energy spectra, and an extra-focal radiation source
for simulation of head-scatter were investigated. Isodose distributions calculated for
open fields and wedged fields incident on a homogeneous cubic phantom were
compared to measured distributions. For distributions in the presence of
inhomogeneities, where measurements are difficult to perform, Monte Carlo
simulations using the EGS4/BEAM/DOSXYZ system were used as a benchmark.
Finally, the distributions calculated for patients at selected sites were compared with
the distributions calculated by the EGS4/BEAM/DOSXYZ system.  The open-field
calculated isodose distributions are found to agree very well with the measured data.
The wedged-field isodose distributions exhibited the effects of wedge hardening,
although differences persisted with the measured data greater than 3%. For
inhomogeneity corrections, FOCUS was found to overestimate the dose in low-
density material and to underestimate the dose in high-density material.  Using the
SGI Indigo platform and a 125x125x125 dose calculation matrix, the computation
time was not significantly slower compared to  the Clarkson-type algorithm in use
in the FOCUS system.  
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PO-105
Validation of a Finite Size Pencil Beam Dose Model for Intensity Modulated
Radiation Therapy with Multileaf Collimators
B. Curran *, A. Bleier, M. Carol, R. Hill, T. Holmes, A. Kania, R. Lalonde, L.
Larson, E. Sternick, NOMOS Corporation, Sewickley, PA

Intensity Modulated Radiation Therapy [IMRT] requires that current models for
dosimetric calculations be re-examined and perhaps re-engineered in order to meet
the demanding needs of small-area, high-gradient dose delivery techniques. In order
to validate such a dose model, commissioning measurements were done for several
different accelerators. Following data collection, measurements were made for a
representative set of field shapes that included simple static geometries, step wedges,
and complex field shapes delivered as multi-segment multileaf collimator (MLC)
fields.  These measurements were then compared to calculations made using the
CORVUS Planning system (NOMOS Corporation), and an evaluation was made of
the accuracy of the dose model for MLC field delivery.

Calculated dose distributions were evaluated with and without a leakage correction
for MLC leaf transmission. Static field calculations showed good agreement between
both models and measurements.  Multi-segment fields, however, showed differences
ranging on the order of  2% - 7% for non-leakage-corrected calculations. Significant
improvement was seen with the leakage term included, with differences between
measured and calculated dose averaging less than 3%. Penumbra measurements
showed good agreement, even for complex delivery fields. Tongue-and-groove
effects, not included in the model, showed significant variations between calculated
and measured dose.
The finite size pencil beam dose model used in CORVUS provides acceptable dose
accuracy for IMRT delivery.  Work is continuing to further improve dose modeling
and delivery techniques to reduce the differences caused by tongue-and groove
effects. 
This work was supported by NOMOS Corporation.

PO-106
Extractions of the Photon Spectra From Measured Beam Parameters
J. McDonough *, P. Bloch, University of Pennsylvania, Department of Radiation
Oncology

Knowledge of the photon spectrum of a radiotherapy beam is needed for 3D dose
calculations using Monte-Carlo (MC) and/or algorithms employing energy
deposition kernels.  Direct measurement of the x-ray energy fluence spectrum is not
feasible for the high energy photon beams used clinically.  MC simulations may be
used to determine the spectrum using the manufacturers design of the target,
flattening filter, accelerator head and incident electron energy, however this
information may be difficult to obtain especially for older accelerators.  In this
report, the spectrum is extracted from basic beam data that are readily obtained for
a clinical beam.  We describe the photon spectrum using two parameters.  One
parameter, which determines the high energy portion of the spectrum, is obtained
using measured dose in the build-up region for a small field where electron
contamination of the incident photon beam can be neglected.  The other parameter
is extracted from the photon beam attenuation in water.  The spectra derived for
clinical beams using these parameters compare favorably to spectra generated from
Monte-Carlo simulations.

PO-107
Clinical Implementation of a Dual Source/Finite Pencil Beam Dose Calculation
Algorithm for Conformal and Intensity Modulated Therapy
M. Phillips *, K. Singer, A. Hounsell*, Dept. of Radiation Oncology, University of
Washington, Seattle, WA. (*) North Western Medical Physics, Christie Hospital
NHS Trust, Manchester M20 4BX, UK

New treatment modalities such as conformal therapy and IMRT and inverse
planning methods require accurate calculations of output factors and dose
distributions of highly irregular radiation fields.  A number of methods including
kernel-based calculations, pencil beam models, and Monte Carlo have been used.

However, all three are difficult to implement in a clinical setting.  We report a
practical, measurement-based dose calculation method that has proven to be highly
accurate at calculating output factors and 3D dose distributions for
intensity modulated  plans as well as for conventional modalities.  It is based on an
extended source model and a finite-sized pencil beam TPR model as described by
Hounsell et al  [Hounsell AR, Wilkinson JM, Br J Radiol, 63: 629-634, 1990].
Instead of using Monte Carlo calculations to characterize the head scatter and
phantom scatter, a set of exponential functions are fit to a series of measurements to
obtain an empirical fit to the radiation transport.  Both head and phantom scatter are
calculated by breaking up the  portal into volume elements of 1cm by 1cm cross-
sectional area  and by then summing the scatter contribution from each of these
elements.  The penumbra is characterized by an empirical fit to measurements.
Inhomogeneities are treated by a scaling of primary radiation and phantom scatter
by the radiological pathlengths for each beam element.  Results are presented for 6
and 18 MV beams. Output factors, TPR’s, PDD’s, and  off-axis doses are compared
with measurements for a series of irregular fields with and without intensity
modulation.  

PO-108
Application of Colouring Theory to Reduce IMRT Dose Calculations
M. Langer *, Dept. Radiation Oncology, Indiana University

Intensity modulated radiation therapy (IMRT) allows the fluence directed at each
pencil sized area of the beam profile to be individually selected.  The fluences are
typically created by moving thin leaves in and out of the beam for varying lengths
of time.  Although the fluences are initially selected by ignoring the effect of
adjacent leaves on the dose deposited by radiation flowing through each open area
(or "bixel"), it has been shown that the final "forward projection" of the dose
distribution must take the states of the adjacent leaves into account.  Accounting for
this effect greatly increases calculation time.  A central opening has four nearest
neighbors in the x or y direction, so that separate calculations will need be done for
up to 24 states.  The calculations can be greatly reduced by considering the
symmetries of a square.  While there are 16 possible ways in which adjacent bixels
can be open or closed, they can all be obtained from a basic set of six colour patterns
by performing a coordinate transformation.  By considering the symmetric
colourings of a square, the forward dose calculations can be reduced by a factor of
2.7.  The reduction is greater if the states of the diagonal neighbors are also
considered.  In this case, there are 28=256 possible states, but by Burnside’s theorem,
there are only 51 distinct colourings, for a computational gain of 5 fold.

PO-109
A Generalized Phase-space Source Model for Monte Carlo Modeling of
Arbitrary Intensity Distributions
I. Chetty *, J. DeMarco, T. Solberg, Johnson Comprehensive Cancer Center, UCLA
Department of Radiation Oncology, Los Angeles California, CA

A generalized phase-space source model was developed for simulating arbitrary,
external beam, intensity distributions using the Monte Carlo method.  The source
model is comprised of a photon fluence map divided into 6400, 1 mm2 elements,
located between the primary and secondary collimators.  Each particle originating
from the fluence map is characterized by the seven phase space parameters, position
(x, y, z), direction (u, v, w) and energy.  The map was reconstructed from fluence,
energy, and directional spectra acquired by modeling components of the linear
accelerator (linac) head using the Monte Carlo code MCNP4b.  Fluence and energy
spectra were generated using MCNP next event estimators which accumulate a score
for each source or collision event.  Directional spectra were obtained using a
modified surface current tally.  For each spectrum, a cumulative probability
distribution was calculated and used for sampling.  This method requires a minimal
amount of storage in comparison to a complete phase-space description of the linac
source.  The source can be used to model wedges as well as intensity-modulated
fields.  Fluence, energy, and directional spectra for the wedge were acquired using
an MCNP homogeneous water phantom located between the wedge and the
secondary collimators.  Depth dose benchmarks for a 6 MV photon beam for open
and wedged fields from 5x5 cm2 to 20x20 cm2 are within 2% of measurement.  In
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addition, irregular field profile calculations show good agreement with the original
intensity distributions. 

PO-110
Experimental Verification of a CT-based Monte Carlo Dose-Calculation
Method in Heterogeneous Phantoms
L. Wang *, M. Lovelock, C. Chui, T. LoSasso, Department of Medical Physics,
Memorial Sloan-Kettering Cancer Center

To further validate the Monte Carlo dose-calculation method reported previously,
we have conducted several representative experimental measurements for dose
verification in various inhomogeneous phantoms, including an anthropomorphic
phantom (Alderson Rando Phantom).  First, to examine the variation of dose in a
phantom consisting of a water-like low-density (cork) inhomogeneity, dose
calculation with Monte Carlo method was compared to that of measurements using
film dosimetry.  Furthermore, the dose perturbation at the interface of two different
media was studied using a Wellhöfer scanner system, in which a block of bone-
equivalent material was suspended in the water phantom. The ion chamber in the
water phantom scanned the doses adjacent to the bone block transversely and
longitudinally. The measured data were compared to the Monte Carlo calculations
for the same geometrical configurations. Good agreements (3%) between these two
methods are achieved.  We further conducted measurement in a Rando phantom
using TLD chips and films.  Dose distribution and dose values at several interest
points within the "nasopharynx" region were checked against with those of Monte
Carlo calculation, in which a CT scan of the Rando phantom was used to define the
calculation geometry and to locate the interest points.  It was found that the
calculated and measured dose values at the chosen points agreed to within 4%.  This
work validates the Monte Carlo method as a benchmark tool to other approximate
dose calculation algorithms used in clinical treatment planning. 

PO-111
Dynamic and Physical Wedge Calculations with FOCUS Using the Clarkson
and FFT Convolution Algorithms
E. Klein *, W. Harms, S. Mutic, J. Purdy, Mallinckrodt Insitute of Radiology

One major challenge in implementing dynamic wedge is how radiation treatment
planning (TP) is handled. The CMS FOCUS 3DTP system requires a physical filter
to calculate isodoses in the presence of a dynamic wedge (DW). FOCUS provides
two photon dose calculation algorithms. The Clarkson algorithm separates primary
and scatter contributions, where the wedge filter in turn, decreases the primary beam
intensity as a function of filter attenuation (e-ut) across the wedge. This algorithm
does not account for beam hardening or softening, or the differential scatter
contribution across the beam. The FFT convolution algorithm calculates the dose by
convolving the total energy released with energy deposition kernels. The wedge
alters the energy distribution as a function of it’s properties and dimensions. Though
the FFT method can account for energy change, this is only needed for physical
wedges. In both algorithms, the wedges are modeled with uniform thickness in the
non-wedge plane, which is ideal for physical wedges, but contra-indicated for the
soft wedge as an oblique filter path will be calculated. We derived the attenuation
parameters from measured diode data, to back project the wedge filters. We then
compared the measured and calculated distributions at multiple depths. On first
comparison, modifications of nearly 5% to the attenuation co-efficients with the
Clarkson calculations were required. The non-wedge plane disagreement of nearly
8% was due to the oblique path calculated by the algorithms. We will also present
FFT results in this discussion, along with results for physical wedges.

PO-112
Calculation of Head Scatter Factors at Off-axis Points for Linear Accelerator
Photon Beams
M. Yu *, G. Ding, R. Sloboda, Fraser Valley Cancer Center, BC, Canada; and Cross
Cancer Institute, AB, Canada

In a previous publication,1 we derived an analytic expression for head scatter factors
defined on the central axis using a two-component x-ray source model.  The basic

principles outlined in that work are also applicable at off-axis points, provided the
following issues are addressed: (1) the area of the extra-focal source plane visible
from the measurement point depends on off-axis distance as well as field size setting,
(2) the source of primary photons is no longer always fully seen from the
measurement point, (3) the primary photon energy fluence at off-axis points is a
function of off-axis distance due to the shape of the flattening filter.  In the present
work, we propose a primary source distribution and a function describing the change
in photon energy fluence with off-axis distance.  Based on the two-component x-ray
source model with the source distribution and function mentioned above, we have
calculated in-air profiles for differently sized symmetric and asymmetric fields.  The
calculated data, including those in penumbra regions, agree well with measured
results from Varian accelerators. 
1. M. K. Yu and R. Sloboda, "Analytical representation of head scatter factors for
shaped photon beams using a two-component x-ray source model," Med. Phys. 23,
973-984 (1996).

PO-113
Modelling the Phase Space and Dose Distribution of an Orthovoltage Unit
F. Monti di Sopra, P. Keall *, Cancer Therapy Centre, Liverpool Hospital, Australia

Knowledge of the dose distribution of a radiotherapy orthovoltage unit is important
for treatment planning, optimisation and verification and hence for tumor control.
To accurately calculate the dose in a patient geometry, the phase space needs to be
quantified, which was the aim of this project.  Because characteristic x-rays are
produced in an angulated thick target, the phase space depends strongly on the
pathlength of the photons in the target material. 

The phase space of the Pantak DXT300 has been modelled using a spectrum
calculated by XRAYBEAM. This spectrum, an intensity modulation, an energy
shift, as well as a finite source were incorporated into a Monte Carlo user code.

Monte Carlo surface dose profile curves using the modelled phase space show
agreement with experiment within 2% in the interval [-4,4] for 10x10 cm2 fields and
within 4% in the interval [-8,8] for 20x20 cm2 fields. The edge of the Monte Carlo
surface profile curves are overpredicted by a maximum of 6% for 20x20 cm2 fields
at 9 cm off axis due to only taking 90% of the field size for the intensity modulation
function. The "tail" is underpredicted due to the lack of modelling scattered photons
from the collimator and the x-ray tube in the Monte Carlo simulations

The Monte Carlo and experimental dose distribution agreement was deemed
clinically acceptable, and the phase space has been used as input for dose calculation
in patient treatment geometries.

This work was supported in part by the Karolus-Fonds .098/0030.

PO-114
Derivation of Attenuation Coefficients from CT Numbers for Low Energy
Photons
Y. Watanabe *, Department of Medical Physics, Memorial Sloan-Kettering Cancer
Center, New York, NY

The standard method to estimate the photon attenuation coefficient in
inhomogeneous media is to use the relation between CT numbers and electron
density Ne by assuming the attenuation coefficient is independent of the atomic
number. The method is sufficiently accurate for most radiotherapy dose calculations.
When energy is lower than 100 keV such as brachytherapy applications, however,
photoelectric and Rayleigh scattering become important. Hence, the atomic number
needs to be considered in estimating the attenuation coefficient. In this study we
propose a method to calculate the effective atomic number, Z-eff, of the medium
from CT number and consequently to more accurately estimate the attenuation
coefficient for low energy photons. We formulate the attenuation coefficient as a
sum of photoelectric, Rayleigh scattering, and Compton scattering. Each term is
represented by a simple function of energy, Ne, and Z-eff. A solution of the equation
relating CT number with the attenuation coefficient gives Z-eff of the medium. We



1998 AAPM Annual Meeting Program A191

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

applied this method to a fictitious 50 keV monoenergetic CT scanner. We
calculated CT numbers, Ne, and Z-eff for body tissues with known compositions and
mass densities. The new method significantly improves the standard method in
estimating the attenuation coefficient at low photon energies for materials with Z-eff
different from water (Z-eff = 7.45) such as skeleton (Z-eff = 13.26)  and adipose
tissue (Z-eff = 6.71).

PO-116
Bone Equivalency Of Materials
S. Prasad *, K. Parthasaradhi, W. Al-Najjar, W. Bloomer, Evanston Northwestern
Healthcare, Medical Physics

For the simulation of bone a comparative study of several materials for photon (1 to
20 MeV), pion (5 to 100 MeV), proto (5 to 200 MeV) and alpha particle or He ion
(10 to 800 MeV) therapy beams are performed.  In these studies using the rcently
reported data, the ratio of mass attenuation coefficients or mass stopping powers of
these materials to those of bone in the energy region of typical clinical interest for
these beams is considered as a figure of merit.  This ratio should be unity or at least
constant in the entire energy region so that a constant correction factor can be used.
In this regard, it is noticed that for most of these materials the constancy of the ratio
is better for pions, protons and alpha particles or He ions than for photons in the
entire energy region.  For each beam, materials whose ratio remains constant within
2% or less in the entire energy region of clinical interest are identified.  These
materials can be used for the simulation of bone with a constant correction factor.
The data will be presented with a brief discussion.

PO-117
A Water Calorimeter for High Energy Photon and Electron Beams
A. Williams, K. Rosser, A. DuSautoy *, National Physical Laboratory, UK

At present, the primary standard at NPL for the measurement of absorbed dose in
high energy photon and electron beams is a graphite calorimeter. However, the
quantity of interest in radiotherapy is absorbed dose to water. NPL is therefore
developing a new absorbed dose standard based on water calorimetry.

A water calorimeter has been designed and built which operates at 4 °C, with
temperature control being provided by a combination of liquid and air cooling. The
sealed glass inner vessel of the calorimeter has been designed to minimise the effect
of non-water materials on the measurement of absorbed dose. In particular, great
care was taken in the design and construction of the temperature sensing thermistor
probes such that glass is the only material in contact with the water inside the vessel.
Measurements using photons and electrons with the calorimeter inner vessel filled
with hydrogen saturated ultra-pure water, showed no variation in calorimeter
response with total dose within the measurement uncertainties. The effect on the
measured temperature rise of the calorimeter vessel was insignificant, whilst the
effect of the temperature sensing probes required a 0.1 % correction.

The initial tests have confirmed the feasibility of the calorimeter design although
further work is required before the calorimeter can be used as a primary standard.
Future work will focus on improving the temperature sensing system, and making
measurements of the heat defect.

The authors acknowledge the financial support of the National Measurement System
Policy Unit of the UK Department of Trade and Industry.

PO-118
An Innovative Plastic Phantom for Use in TG21 Calibration and Routine QA
J. Huang *, SUNY at Stony Brook, Stony Brook, NY

Previously we evaluated [1] a plastic phantom for medical accelerator Quality
Assurance (QA). We now describe several significant modifications to this phantom
that enables it to check beam uniformity as well as output and energy constancy to
a high degree of precision using a single ionization chamber.  The phantom also
enables these QA parameters to be easily measured at three orthogonal gantry

angles.  It is constructed of white acrylic with a density of 1.194 gm/cm3 and a
physical size of 25x25x25 cm3.  Interchanging the positions of eight "domino"
shaped inserts (thickness ranging from 0.5 cm to 5 cm) allows fast placement of a
Farmer chamber to a precisely indicated depth without the need for readjusting the
TSD or realigning the plastic slabs with the beam central axis.  We report on
extensive testing of this phantom using both CL-6 and CL-20 accelerators (photon
and electron modalities) over a period of twelve weeks.  The output, depth dose and
uniformity constancy measurements were highly reproducible (within ± 0.5%) for
repeated setups during a single measurement session.  The variation of beam output
with different gantry angles on our CL-6 is less than 0.15 %.  The position of the ion
chamber and the phantom was unchanged during the measurement that eliminates
any placement error.  We also report on its use for beam calibration using the AAPM
TG21 protocol in comparison to our customary water phantom technique.
[1] J. C. Huang, L. E. Reinstein, Med. Phys. 22, 1010 (1995)

PO-119
A Novel Technique to Characterize the Complete Motion of a Medical Linear
Accelerator
M. Moreau *, D. Drake, D. Jaffray, William Beaumont Hospital, Royal Oak, MI

A dual-beam system was constructed to improve conformal therapy and
radiosurgery procedures.  This system is mounted on a drum-based Philips SL-20
medical linear accelerator and is comprised of orthogonal MV and kV imaging
systems.  Images acquired with these systems must be registered to the treatment
beam reference frame.  We have developed a novel technique to characterize the
motion of the x-ray sources and detectors (components) of the dual-beam system as
a function of gantry angle.

The technique is based on digital high-resolution optical images and mechanical
measurements of the components, as the gantry rotates through 360o.  Motion
characterization is performed in 3 steps.  1) The measurement of the drum motion
in the laboratory reference frame, based on mechanical measurements and optical
images of a dot pattern fixed in the laboratory reference frame.  2) The measurement
of the components’ motion in the drum reference frame, based on optical images of
landmarks on the components.  3) The measurement of the relative position of the
imaging systems, based on MV and kV radiographic images of a phantom.
Combination of these motions yields the complete motion of the components in the
laboratory reference frame.

Results obtained show that our technique is capable of measuring the longitudinal
motion of the drum, the location of the rotation axis of the drum, and the position of
the components, as functions of gantry angle, each with a precision of 250 m in the
laboratory reference frame.

This work is supported in part by the NCI (CA-66074).

PO-120
Conversion of a Document Scanner into an Optical CT Scanner for 3D Gel
Dosimetry
K. Jordan *, R. Studinski, J. Battista, London Regional Cancer Centre & University
of Western Ontario

Optical computed tomography of radiosensitive gels has been proposed for radiation
dosimetry1,2. In order to reduce scan times for 3D applications, we modified a
commercially-available document scanner (Hewlett Packard ScanJet 5P) to measure
light transmission profiles much more efficiently. An external He-Ne laser beam 
(λ = 543.5 or 632.8 nm) is first made divergent with a cylindrical lens and then
recollimated with a second cylindrical lens (width = 25 cm) to form a non-divergent
line source. The flatbed scanner is operated vertically with the phantom cylinder
positioned between a pair of 45o deflecting mirrors and the scanner. As projection
data are collected, one of the mirrors and the scanner’s photodetector head move
together vertically, sweeping the slit beam along the gel cylinder. After passing
through the gel, the transmitted beam is incident upon a white scattering surface
forming an image of the profile which is then focussed onto the color CCD linear
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detector. By rotating the phantom between translational movements, the full
projection data set for multi-slice reconstructions is collected. For a phantom
diameter of 20 cm, scan times of 15 seconds per angular projection have been
achieved. The result is a fast inexpensive ‘third-generation’ optical CT scanner with
submillimeter spatial resolution, good linearity, and capable of imaging full 3D dose
distributions in less than 45 minutes. 

1  Kelly, R,  Jordan, K,  Battista, JJ, Med. Phys. 23, 803  (1996).
2 Gore, JC , Ranade,M, Maryanski, MJ, Schulz, RJ, Phys. Med. Biol. 41, 2695-
2704 (1996)

PO-121
Clinical 3D Dosimetry by Optical Laser CT Scanning of BANG Polymer
Gels
M. Ranade, F. d'Errico, M. Barry, M. Maryanski *, MGS Research, Inc.,
Guilford, CT and Yale University, New Haven, CT

3D dosimetry techniques are needed to measure complex dose distributions
produced by conformal radiation therapy procedures. This requirement is
fulfilled by the recently introduced BANG� polymer gel dosimetry technique,
which is based on radiation-induced polymerization of acrylic monomers in a
rigid gel.1 In the polymerized regions of the gel, both the water proton NMR
relaxation rates and the optical absorbance increase linearly with the absorbed
radiation dose. Stacks of MRI-derived 2D dose maps have been successfully
used to reconstruct 3D dose distributions in the gel.1 Also, optical laser CT
scanning was recently proposed as a potentially more convenient and less
expensive alternative means of measuring dose distributions in irradiated
BANG® polymer gels.2,3 We have built a compact PC-based bench-top laser
scanner for imaging BANG® gels, and obtained very promising results in
applications such as stereotactic radiosurgery.4 In this presentation the optical
measurements of dose distributions produced in BANG® gels by typical
megavoltage x-ray and electron fields are compared with conventional
dosimetry data, and the current limitations and further developments of the
optical CT/ BANG® gel dosimetry are discussed. 

This work has been supported by a grant No. R44CA65209 from the National
Cancer Institute.
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1. Maryanski et al., Med. Phys. 23, 699 (1996)
2. Maryanski et al., Med. Phys. 23, 1069 (1996)
3. Gore et al., Phys. Med. Biol. 41, 2695 (1996)
4. Knisely et al., in: Radiosurgery 1997, Vol. 2, 251 (Basel-Karger 1998)

PO-122
Design and Construction Details of the NIST Absorbed Dose Water
Calorimeter
K. Gall *, University of Texas Southwestern Medical Center

The NIST absorbed dose standard water calorimeter being constructed at
UTSWMC is based on the prototype built at NIST by Steve Domen . Several
design modifications have been made to enhance its performance and ease data
collection and analysis. The essential design of the calorimeter is in two
microbead thermistors that are incorporated into opposite legs of a bridge
circuit. These thermistors are sealed in a cylindrical glass core containing pure
water that has been purged with Hydrogen gas. To limit convection effects the
diameter of the core has been kept below 35 mm. Prefabricated 0.4 mm glass
capillaries are used  to seal the thermistors which keeps the non-water material
in the measurement area small. An AC wave form generator and lock-in
amplifier are used to excite the bridge circuit and measure voltage changes
with temperature. Use of AC reduces the noise problems of measuring signals
in the volt range. Automation of the data collection process has been achieved
using a commercially available PC interface software package.

PO-123
A Study of N and P Type Diode Detectors After Very High Radiation Dose
from Electron and Photon Beams
J. Shi *, W. Simon, S. Johnsen, Sun Nuclear Corp.

This paper compares the sensitivity degradation and changes in SSD
dependence of a variety of n and p type diodes under high dose radiation from
electron and photon beams with different energies. Some results are
controversial with the published data. Qualitative explanations are given based
on the theoretical models previously presented.

For electron radiation, the sensitivity degradation follows the semi-empirical
model with different energies. Under low energy 6 MV photon radiation,
however, some diodes have higher sensitivity degradation than expected by
considering the average Compton recoil electron energy. Under high energy
20 MV photon beam, the sensitivity degradation of a n type diode was
30%/kGy, about 6 times higher than that from a 3 MeV beam. This could be
caused by the photoneutrons in 20 MV beam. Although the neutron dose is
only several percent of the total dose in a 20 MV beam, the damage coefficient
could be 2~3 orders higher than that of the relevant recoil electrons. This could
result in several times higher radiation damage. 

The change in diode SSD dependence with radiation accumulated dose does
not always increase. It could also remain unchanged or even decrease,
depending upon the value of the minority carrier  lifetime and also due to the
increase in diode resistivity with radiation dose as explained by the theoretical
model in this paper. The SSD dependence of one type of detector slightly
decreased after the first 10 kGy irradiation at 10 MeV electron. No significant
change was found after 100 kGy.

PO-124
Experimental Validation of the Wide Radiation Field Calibration
Technique for a Diode Array
C. Liu *, L. Ding, J. Palta, W. Simon, J. Shi, Department of Radiation
Oncology, University of Florida, Gainesville, Florida and Sun Nuclear
Corporation, Melbourne, Florida

The wide-radiation field calibration technique has been theoretically shown to
be very useful for the calibration of an array of detectors.   This theory is
experimentally validated by examining  the sensitivity change of the diode in
an array with field size, off-axis distance, source%diode distance (SDD), and
depth.  Absolute sensitivity at each data point is defined as the ratio of
collected charge by the diode per unit dose measured with a 0.6 cc Farmer-type
chamber at the same point.  The data collected on a Varian 2100CD 8MV
photon beam showed that  individual diodes in Sun Nuclear's Profiler exhibit
0.5% decrease in sensitivity for field sizes ranging from 6x6 cm2 to 25x25 cm2;
increase of 1-2% at 15 cm off-axis distance; a decrease of 2% with change in
SDD from 80 cm % 120 cm, and decrease of 2% for depths that range from 5
cm to 20 cm.  The changes in sensitivity are due to changes in the irradiation
conditions, i.e., scatter, angle, and energy. The wide field calibration measures
the detector sensitivity in the irradiation conditions where it will be used, and
compensates for these changes. Off-axis corrections were then applied to
profile sections of a 30-cm beam, measured in locations off axis from the wide
field calibration, and concatenated into a profile which agreed with ion
chamber profile.  All other sensitivity changes have no influence on relative
measurements. This study demonstrates that the wide field calibration
technique is simple and accurate for any type of linear detector array.
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PO-125
Comparison of Off-axis Beam Quality between Physical Wedged Fields
and Dynamic Wedged Fields in the Converse Axis
M. Johnson *, S. Sharma, Sparrow Regional Cancer Center, Sparrow Health
System, Lansing, MI

The use of physical wedges to shape isodose curves are common place in the
radiation therapy.  Recently linear accelerator manufacturers have also begun
providing dynamic wedges.  The  hardening effect found in physical wedges,
especially in relation to depth dose data at central axis has long been noted.
This effect seems to be less for dynamic wedges.  Still very little attention has
been given to the change in beam profiles along the nonwedged (or converse)
axis of the wedged beam. An investigation was made to compare the beam
hardening effect in the converse profiles of physical and dynamic wedged
beams at various planes of the field for 6 & 18 MV photon energies.
Profiles were measured along the converse axis for the physical wedge, the
dynamic wedge, and for an open field. These measurements were made at the
wedge defining depth (10 cm) for various wedges.  Half-value layer (HVL)
measurements were made in air, using narrow beam geometry. 
Hardening of the beam for physical wedges, as compared to the open field,
could be seen as a 2% decrease along the beam profiles and a 7-14%  increase
in the HVL’s along the converse axis.  This difference was much smaller for
dynamic wedges (<1% difference in HVL’s). 
This difference in the effective energies, resulting in beam hardening, between
the two types of wedges may be an important consideration for modern 3-
dimensional treatment planning systems.

PO-126
Gel Dosimetry using PoMRI: Studies of the Dose Response Characteristics
and Basic Dose Distribution Data
P. Haraldsson, S. Bäck, P. Magnusson, M. Lööf, L. Olsson *, University
Hospital MAS, Malmö, Sweden

PoMRI is a radiation dosimeter developed for 3D absorbed dose measurements
using magnetic resonance imaging (MRI). The absorbed dose as the degree of
polymerisation may be quantified using the MR specific parameter R2 (1/T2).
Initially, 3D dose measurements using gel dosimetry and MRI, was performed
by the ferrous sulfate system (FeMRI). However, the dose measurements of the
FeMRI system, are significantly blurred by time due to diffusion. The obvious
advantage of PoMRI compared to FeMRI is the stability of the radiation
product. 

A safe and reproducible production technique of PoMRI gels has been
developed. The preparation is made in a closed system under constant nitrogen
pressure. The dose response for PoMRI was studied in samples as well as
larger phantoms by using photon radiation (0- 20 Gy). The relaxation time
measurements (T1,T2) was carried out both in a MR-analyzer (0.25 T) and a
Magnetom Vision (1.5 T). Dose distributions by means of depth dose and
profile dose data were obtained by PoMRI for photon and electron beams.
Measured dose distributions were compared to corresponding diode data and
FeMRI data.

The dose response measured by means of R2 was 0.2 s-1Gy-1 in the linear
region 0-8 Gy for both MR-systems, although increasing with readout
temperature. The effect on R1 was considerably less and this parameter was
therefore discarded for further dose measurements. There was a very good
agreement between PoMRI and diode data. PoMRI was proven its usefulness
in a clinical application using a head phantom and a stereotactic linear
accelerator.

PO-127
Over-estimation of P ion Using the Conventional Boag Two-Voltage
Technique
R. Tailor *, P. Balter, W. Hanson, University of Texas M.D. Anderson Cancer
Center, Houston, Texas

Ionization versus polarizing potential (0-1000 volts) measurements (SD<
0.05%) were made on 6 MV photons and 16 MeV electrons, representing low
and high ion-collection efficiency situations.  Measurements for a variety of
ion chambers suggest that Pion, measured by the conventional Boag two-
voltage technique, over-estimates the true saturation charge (Qsat). We also
verified similar findings, recently reported for 60Co, by Zankowski and
Podgorsaka. Their semi-empirical model, incorporating contributions from
initial recombination, general recombination, ion diffusion and charge
multiplication, produces excellent fits to our measured data for pulsed photon
and electron beams.  Results suggest that for a 0.6 cm3 Farmer type chamber,
Pion determined by the Boag technique over-estimates Qsat by 0.3 to 0.5 % for
both continuous (60Co) or pulsed (non-scanned) electron or photon beams.

Based on their 60Co data  Zankowski and Podgorsaka recommended that a
complete ionization vs. polarizing potential curve be measured to determine
Qsat or alternatively, that the Boag technique be used for polarizing potentials
below 100 Volts.  Our results indicate that the over-estimation correction has
a narrow range independent of dose rate or modality. This suggests that we
may continue to measure Pion, using the Boag technique, with voltages near
300 Volts to minimize Pion, and that the over-estimation correction  may be
determined for classes of ion chambers.
a Zankowski C. and Podgorsak E. "Determination of saturation charge and
collection efficiency for ionization chambers in continuous beams", accepted
for publication by Medical Physics, 1998.

This work was supported by PHS  grant CA10953 awarded by the NCI, DHHS.

PO-128
Steep Dose Gradients Measured with a Custom Built Laser Diode
Scanning System and MD-55 GafChromic Film
P. Sullivan *, B. Hasson, C. Grossman, L. Simpson, Allegheny University of
the Health Sciences, Philadelphia, PA

This study focuses on the design and use of a laser diode scanner to examine
steep dose gradients and MD-55 film characteristics.  The scanner consists of
a 670 nm laser diode, polarizer, beam splitter, wavelength sensitive diode
detectors, and a computer controlled translational stage.  The large absorption
peak of MD-55 at a wavelength of 670 nm allows the use of inexpensive,
standard laser diode sources for light absorption measurements.  The incident
and transmitted light power is recorded with calibrated detectors and stored in
a computer controlled data acquisition program.  The film position along a
transverse axis relative to the light beam is also controlled by the computer
program.

There has been much research on the temperature, humidity, dose rate effects
and the response of MD-55 but there is no data on the effect of laser input
power.  This research has discovered a large variation in absorption of MD-55
for light powers in excess of 0.8 mW exhibiting increased, irreversible
absorption with longer laser-irradiation time.  Studies using a He-Ne laser and
a filtered white light densitometer were performed to identify similar effects
in these systems. 

This project has also examined the steep dose gradients at the edge of small
stereotactic collimators and in the near zone of brachytherapy sources.  The
tissue equivalence of MD-55, high resolution and precision movements of the
scanning system are well suited for measuring dose distributions in these
complex areas.
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PO-129
Radiological Properties and Water Equivalence of Dosimetry Gels
P. Keall *, C. Baldock, Cancer Therapy Centre, Liverpool Hospital, Australia

A method is described which determines the radiological equivalence of
different materials by comparing their macroscopic photon and electron
interaction parameters over the energy range of interest.  This method has been
applied to three gels used for radiation dosimetry and verified with Monte
Carlo calculated dose distributions.  
Monte Carlo calculated 6 MV photon gel depth dose curves all agreed to
within 1% of those calculated in water.  6 MeV electron beam gel depth dose
curves were all within 1 mm of those in calculated water.  

The results show that for the gels investigated the dominant property
determining water equivalence is the electron density of the gel.  Future
research into alternative gel formulations should aim to achieve an electron
density as close as possible to water.

PO-130
A Cross Pattern 17 Chamber Matrix Dosemeter for Flatness, Symmetry,
and Output Checks of Linear Accelerator Photon and Electron Beams
A. Kerr *, K. Welch, M. Natalini, Kingston Regional Cancer Centre and
Queen’s Unversity, Kingston, ON, Canada

Measurement of flatness, symmetry, and output of linear accelerators is an
important part of a comprehensive quality assurance program.  AAPM Task
Group 40 recommends at least bi-weekly checks of output and monthly checks
of flatness and symmetry constancy.   With the use of multi-chamber
dosemeters, flatness, symmetry, and output can be checked simultaneously,
thus improving efficiency.  In this presentation, the design and performance
features of a custom matrix dosemeter that is both easy to manufacture with
readily available materials, and easy to use with a menu driven software
interface, are described.  

The ionization chambers in the dosemeter are defined by two circuit boards
sandwiched together with portions of the copper conducting surface removed
to isolate electrically individual collecting electrodes.  A total of 17 chambers
oriented in a "plus sign" shape are incorporated and these allow a field size of
30x30 cm2 to be analysed.  Details of the chamber geometry and materials used
in manufacturing will be presented.  

The electrometer portion of the dosimeter consists of custom built current
integrators multiplexed to a 10 bit A/D converter, all under microprocessor
control.  The circuit design together with the list of components used will also
be presented.  

The basic procedure for calibrating and operating the dosemeter will be
described.  The results of performance tests and the requirement for a single
set of relative sensitivity factors are illustrated. The utility of the dosemeter to
track the behavior of an accelerator over a period of time is demonstrated with
a yearly summary of dosemeter measurements. 

PO-131
Commissioning of the New Electron Beam Algorithm in Theraplan Plus
3D Planning System
J. Cygler *, G. Ding, K. Ash, Ottawa Regional Cancer Centre

In the Theraplan Plus 3D treatment planning system, a new electron beam
algorithm has been implemented. The basis of this algorithm is the separation
of the primary and scatter parts of the electron beam. The calculations of dose
are performed using a pencil beam. Correction for inhomogeneities is carried
out by equivalent depth scaling of the pencil beam.

We have performed a rigorous evaluation of this planning system (version 2.1).
A set of measurements in a homogeneous water phantom for electron beams
with various field sizes and energies 6-20 MeV from a Siemens KD2 linear
accelerator was compared with the calculations. In general, an agreement better
than 5% was found with exception of the surface dose, where the calculations
are lower by up to 10% in case of the larger field sizes.

Comparisons of experimental and calculated data in heterogeneous phantoms
were done for inhomogeneities consisting of aluminum, bone, and air, for
energies 9 and 20 MeV. Four inhomogeneous geometries were studied: slab,
2D(long ribs), 3D(small cylinders) and a combination of 2D and 3D (trachea
and spine phantom). Measurements were done using a Scanditronics electron
diode and RFA300 dosimetry system. The Theraplan Plus predicted the
qualitative shape of hot and cold spots behind the 3D inhomogeneities very
well. The quantitative agreement between experimental and calculated data
was similar to that found for the Hogstrom 2D algorithm, with the calculations
always overestimating the effect of inhomogeneities. The largest discrepancy
found at distances just behind the inhomogeneities was about 15%. 

PO-132
Investigation of Factors Affecting Sensitivity of Ferrous Sulphate Gel
Radiation Dosimeters
M. Zahmatkesh *, B. Healy, C. Baldock, Centre for Medical and Health
Physics, Queensland University of Technology, Brisbane, Australia

The composition of ferrous sulphate, sulphuric acid, agarose or gelatin gel and
xylenol orange dye  in distilled water (known as FAX/FGX gel) are tissue-
equivalent chemical dosimeters. The sensitivity of the gels, defined as the
optical density change per unit of dose, depends on the concentration of
sulphuric acid, mixing temperature, and gelation agent. Carbohydrates are
known to increase the sensitivity of the gel dosimeters. Their effect on
sensitivity was studied along with the effects of oxygenation, nitrogenation
(deoxygenation) and mixing temperature. Addition of carbohydrates to the
FAX gel dosimeter led to an increase in the sensitivity of the resultant
dosimeters by up to 222 %, 155 %, 143 % and 122 % for sucrose, glucose,
starch and locust bean gum respectively. Aeration and oxygenation increased
the sensitivity of the FAX gel (up to 176 %) and the FAX gel plus
carbohydrate dosimeters (up to 158 %). Changes to the mixing temperature of
the gel had no significant effect on the sensitivity of the FAX gel plus
carbohydrate dosimeter. In FGX gel, sensitivity decreased as the gelatin
concentration increased. Carbohydrates increased the sensitivity for gelatin
concentrations less than 5 %. Sensitivity was optimized with acid
concentration of 50 mM. As the xylenol orange concentration was increased
from 0.1 to 0.7 mM  the sensitivity decreased by 38  %. Ferrous sulphate
concentrations above 0.1 mM had negligible effect on the sensitivity.
Oxygenation did not affect the sensitivity but nitrogenation reduced it by 15
%. An increase in mixing temperature from 30 oC to 60 oC resulted in a 29 %
decrease in  sensitivity.

PO-133
Preventative Maintenance and Unscheduled Downtime from an Economic
Perspective
P. Dunscombe *, G. Roberts, L. Valiquette, NEORCC, Sudbury, Ontario,
Canada

Linear accelerator downtime, scheduled and unscheduled, results in  costs due
to both the service intervention and the replacement of lost treatments.  The
latter category of costs can only be accurately identified if the actual treatment
component (i.e. fractions) can be separated from other clinical activities, e.g.
simulation or follow up.  We have developed a sophisticated spreadsheet-based
model for economically characterizing the major processes which comprise the
radiotherapeutic treatment of cancer.  Thus we can quantify the marginal cost
of delivering extra fractions to replace those lost during downtime.
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The cost of replacing lost treatments can be equal to the labour cost of the
service intervention and is thus very significant for operational decision
making.  To obtain a cost-benefit ratio of less than one in a four megavoltage
unit treatment facility, preventative maintenance must avert 15-25 days of
downtime or save $34,000-$56,000 in premature component replacement per
machine per year, or some combination of the two.  The cost of unscheduled
downtime for such a facility is relatively insensitive to the mix of in house and
service company technical support for  several typical scenarios.  Finally, we
have demonstrated quantitatively that flexibility in staff and patient scheduling
which allows for preventative maintenance and unscheduled downtime, results
in very significant cost reductions as treatments are no longer lost due to
downtime but are postponed with their associated significant labor costs to
another time. 

The Northern Cancer Research Foundation is acknowledged for their financial
support of this study.

PO-134
Remote Monitoring Program for Dosimetry Data and Patient Dose
Calculations
J. BenComo *, J. Roll, W. Hanson, University of Texas M.D. Anderson Cancer
Center, Houston, Texas

The Radiological Physics Center (RPC) provides radiotherapy dosimetry
quality assurance (QA) for NCI-funded inter-institutional cooperative clinical
trials. The RPC is presently monitoring 1,200 megavoltage therapy facilities,
which are actively participating in one or more NCI sponsored cooperative
groups. The RPC has a priority scheme for site visits based on problem
indicators and the numbers of protocol patients treated. The on-site dosimetry
review is a labor-intensive component of the QA program; therefore, the large
number of institutions monitored precludes frequent on-site visits. In addition
to the traditional TLD program to monitor machine output calibrations, the
RPC is presently implementing new remote tools to provide a baseline quality
audit of dosimetry data and dose calculation algorithms for all institutions it
monitors. The institutions are asked to complete information forms, submit
copies of dosimetry data, and calculate machine mu settings for several
benchmark treatments. The Institution’s data and benchmark cases are
compared against RPC "standard data" and calculative techniques. Institutions
with unresolved discrepancies are prioritized for an on-site dosimetry review
visits. A description of the tools, acceptability criteria, methods used to resolve
discrepancies, and the formal report  of the review are presented. In addition,
the results of the analysis of the first 60 data sets are presented.

This work was supported by PHS grant CA10953 awarded by the NCI, DHHS.

PO-135
A Test Tool for the Visual Verification of Light and Radiation Fields using
Film or an EPID
P. Dunscombe *, S. Humphreys, K. Leszczynski, NEORCC, Sudbury, Ontario,
Canada

Verification that light and radiation fields from a linear accelerator agree with
the console values and with each other is an essential part of a routine quality
control program.  In this report we describe an extension of previous work in
which we investigated the use of a simple lead test tool for this aspect of Q.C.
The test tool consists of a 2.1mm thick lead plate with an array of angled slots
mounted on an 18mm thick acrylic plate.  The image receptor, positioned
behind the test tool, was either verification film or one of three EPIDs mounted
on Siemens linear accelerators.  Images were assessed by seven experienced
observers.

We find that the precision of locating a field edge is 0.41mm (standard
deviation) or better for both film and EPIDs.  Typical accuracy for film
measurements is 0.61mm or better and for EPID measurements 0.89mm or

better.  It is noted however that the accuracy of EPID measurements is variable
and depends on the unit used.  Our experiment did not indicate sensitivity of
either statistical parameter to photon energy (6 or 23MV).

This simple test tool has been shown to be capable of yielding precise results.
We consider the accuracy to be limited by i) set up uncertainty ii)
identification of the field edge in a high dose gradient region and iii) EPID
acquisition and display settings.

PO-136
Dosimetric Verification of a Newly Installed 3D Treatment Planning
System
T. Chu *, E. Lederer, P. Dunscombe, NEORCC, Sudbury, Ontario, Canada

A Helax-TMS 3D Treatment Planning System has been newly installed and
commissioned at the Northeastern Ontario Regional Cancer Centre.  In this
presentation, we report on an extensive series of verification tests on this
system and the evaluation of results in the context of the criteria of Van Dyk
et. al. (Int. J. Rad. Onco. Biol. Phys., vol 26, p261, 1993).  We find that
calculated photon beam profiles in a homogenous medium agree with
measurement to an acceptable level under almost all conditions tested.
Simulated clinical treatments delivered to an anthropomorphic phantom
containing 75 TLD chips also demonstrated acceptable agreement for most of
the seven photon beam configurations tested.  The exceptions involved
irradiation of the lung where significant discrepancies between calculation and
measurement were observed.  Finally, monitor unit calculations have been
compared with hand calculations to identify any gross errors which may be
present.  This simple test has identified a clinically significant error with
monitor unit calculations for virtually wedged fields in the software version
tested.

PO-137
Third-Level Benchmarking for Photon Beam Commissioning on Two
Commercial 3D Treatment Planning Computers
J. Dawson, D. Kahler *, W. Kopecky, J. Gu, R. McDonald, Saint Louis
University Health Sciences Center

The increased availability and affordability of commercial 3D treament
planning systems has led to an increasing number of such systems within a
variety of institutions.  Commmissioning of these systems can be especially
burdensome for smaller clinics operating with limited resources and a high
patient volume.  We have commissioned two 3D treatment planning systems
for clinical use.  One is a higher-end well-known system, and the other is a less
expensive PC-based system.  Results of third-level benchmarking tests
outlined by Mackie1 have been performed for photons as a portion of the
commissioning procedure for the two systems.  The benchmarking tests
employed could be implemented by any small clinic with minimal resources
within a reasonable period of time, and were sufficient to discover the
limitations of the two systems when used in a typical radiation therapy
planning situation.  

1. Mackie, T.; Reckwerdt, P.; McNutt, T.; Gehring, M.; Sanders, C. Photon
beam dose computations. Teletherapy: present and future - proceedings of the
AAPM 1996 summer school. Madison, WI: Advanced Medical Publishing;
1996.

PO-138
TG-23 Dosimetric Verification of a Commercially Available 3-D RTP
System
K. Spencer *, C. Ramsey, A. Oliver, Thompson Cancer Survival Center,
Knoxville, Tennessee

Commercially available 3-D treatment planning systems claim to have an
accuracy of ±2 percent when compared to ion chamber measurements;
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 however, few evaluations of these systems have been  published.  This study
was undertaken to evaluate the dosimetric accuracy of the FDA approved
ADAC Pinnacle3 3-D treatment planning system.  The evaluation was
performed using the Radiation Treatment Planning Dosimetry Verification
Package developed by AAPM Task Group 23.  The test package contains
characteristic data for 4 and 18 MV x-ray units for modeling in the user’s
treatment planning system.  For dosimetric verification, a series of measured
doses at a variety of depths and off-axis positions are provided for thirteen test
cases, which serves to isolate and benchmark different aspects of the dose
computational process by direct comparison of computed and measured doses.
A total of 563 points were calculated at depths ranging from 1 to 35 cm on the
beam center axis, off-axis within the beam, and off-axis outside the beam.  The
calculated values are within ±2 percent of measured values for 538 (95.6
percent) of the test points.  Nineteen of the remaining test points (3.4 percent)
are located in the buildup region of the dose curve and deviate from measured
values by -8.9 to +12.8 percent.  The errors are a result of the large dose
gradient in the buildup region, where small deviations in the model produce
large errors.  The remaining six points not located in the buildup region are
within +3 percent of the measured values.

PO-139
Commissioning, QA, and radiation safety of the first Intraop Mobetron,
mobile electron linac.
N. Albright *, M. How, P. Purser, T. Cook, G. Spalek, D. Goer, Univ. of
California

This poster describes how the data necessary for clinical use was obtained:
tables of cax depth dose, isodose plots for treatment cones with square or
beveled ends, absolute dose calibration for the largest cone, tables of cone
factors (dose at dmax for a cone relative to the largest cone), and graphs of r-
squared factors.  We then describe how the principal QA issues were resolved:
dose rate and energy constancy checks (both parts of warmup and morning
checkout on each treatment day), and  verification of the commissioning data
obtained at the factory test  cell after the Mobetron was disassembled, moved
to the hospital, and reassembled.  Finally, we describe how the radiation safety
of persons in the hospital environment is assured, which is based on a radiation
survey performed on a weekend when access to the surveyed areas can be
controlled, and implemented by a schedule of maximum number of MUs for
each energy per hour and per week. 
(N.A. and P.P. were supported by UCSF.  T.C., G.S. and D.A.G. were
supported by Intraop Medical, Inc.)

PO-140
Commissioning Electron Beams in the CadPlan 3D Planning System
G. Ding *, M. Yu, J. Cygler, Fraser Valley Cancer Center, BC, Canada; and
Ottawa Regional Cancer Center, Ont. Canada

With the development of electron calculation algorithms and the computer
technology, a 3D-electron beam planning system is available in many
commercial treatment planning systems. It is very important to perform a
rigorous evaluation of the system before its clinical use. In this study, we
describe our procedure of commissioning the electron beams in the CADPLAN
3D planning system and present our test results of dose calculation
verifications. A series of measured dose distributions in a homogeneous water
phantom and in 3D inhomogeneous phantoms were used to compare with
those calculated by the CADPLAN.  The material of the inhomogeneity
consists of air, bones and aluminum. A 9 MeV and a 20 MeV electron beam
from a Siemens KD2 were used in the comparison. For the homogeneous water
phantom, there was an excellent agreement between the CADPLAN
calculations and the measurements in both depth-dose curves and dose profiles
at various depths, dmax, R85, R50 and R20, except for the 9 MeV electron beam
where the CADPLAN calculation underestimated doses in horns of the dose
profile at dmax by 3-4%. However the surface dose was not correctly predicted
by the CADPLAN. For the inhomogeneous phantoms, the agreement between

the CADPLAN calculations and the measurements was remarkable considering
the magnitude of dose changes due to the inhomogeneity.  For example, the
CADPLAN calculation successfully predicted 40% dose increases due to a
small air cavity inhomogeneity in a 20 MeV electron beam.  

PO-141
An Automated Portal Verification System for Anterior-Posterior Pelvic
Fields
Q. Gao *, F. Yin, R. Li, University of Rochester, New York

Fully-automated treatment field verification is one of the challenging topics in
radiation therapy. In this study, an automated portal verification system for
anterior-posterior pelvic treatment fields is developed to inspect the patient
setup. Initially, the field edges are extracted using an adaptive threshold
algorithm and verified using an elliptic Fourier transform method which can
detect a distortion as small as 2.5%. A double-snake technique is developed to
automatically extract the pelvic brim. This technique guarantees that the
snakes robustly converge to a smooth continuous edge. Morphological
operators are designed to detect the ilio-pectineal lines in the noisy region
under the pelvic brim and inside the field edge. The anatomical landmarks are
verified using a Chamfer matching algorithm. The validity of the patient
positioning is determined from the difference between the two transformations
generated from two stages of verification: the field edge and the anatomical
landmarks. An experiment with artificially performed transformations was
conducted to examine the robustness of these feature-extraction methods. It
shows that the maximum and average translation errors caused from the
location variation of anatomical features are 0.76 and 0.41 pixels, and the
corresponding maximum and average rotation errors are 0.91° and 0.43°. 54
pelvic electronic portal images were verified using this system. The average
patient positioning errors in x-translation,  y-translation and rotation are 2.67,
2.39 pixels, and 0.59°, respectively. Preliminary tests of clinical data indicate
that this system can potentially be used in real-time pelvic treatment field
verification. This research is partially supported by the Whitaker Foundation.
 

PO-142
Web-Based Image Management in Radiation Therapy
F. Yin *, R. Weil, T. Bogucki, Q. Gao, P. Okunieff, University of Rochester
and Eastman Kodak Company, Rochester, NY

Cost-effective patient information management with convenient and remote
image accessibility has been  a challenging issue in modern radiation therapy
for improving the quality of care.  One powerful solution is a web-based
system consisting of a dedicated image server connected to generic client
computers.  This configuration allows
interaction with online oncology records from any computer equipped with a
standard web-browser and an Internet connection.  Traditional approaches to
image management consist of dedicated workstations with application
software.  In a web-based application, images and key information are
automatically composed into HTML documents for efficient patient
presentation in a web-browser. Patient information, including text
(demographics, reports, consultation) and images (diagnostic, simulation,
verification), is input through the browser by transferring an electronic file or
by use of a document scanner or film digitizer.  Images are organized based on
the clinical flow, from staging, planning, and prescription to treatment,
verification, and follow-up.  A treatment-completion report can be generated
from selected information.  Patient data can be systematically backed up on a
server or written as a patient-centric CD.  Such a system was evaluated in the
clinical environment over the past year.  More than 300 patients have been
input for review and presentation.  Preliminary studies have validated the web-
based approach in that the system is easy to use, provides convenient access
to images, enables patient archiving, and provides a very powerful tool for
collaborative oncology patient treatment evaluation. System enhancements
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 will include optimizing the images for display and streamlining the data input.
Supported by Eastman Kodak Company grant.

PO-143
Cascaded Systems Analysis of a Flat-Panel Portal Imager
K. Jee *, L. Antonuk, Y. El-Mohri, M. Maolinbay, S. Nassif, X. Rong, J.
Siewerdsen, Q. Zhao, Department of Radiation Oncology, University of
Michigan

A theoretical cascaded systems model for Detective Quantum Efficiency
(DQE) of Flat Panel Imagers (FPI) was developed for conditions relevant to
radiotherapy imaging. By describing the imaging system as a series of
cascaded stages where each stage represents a physical process in transferring
x-ray, optical, or electrical quanta to the subsequent stage, a linear cascaded
systems model can be used to predict imaging system performance. The
detective quantum efficiency of individual stages describes how the spatial-
frequency-dependent signal-to-noise ratio propagates through the FPI. In order
to quantify physical parameters associated with various x-converters under a
high energy (6 ~ 15 MV) radiation beam, both Monte Carlo stochastic
simulations and empirical measurements were performed. Aliasing effects
were incorporated in the noise spectral density showing characteristics of
discrete sampling by the digital FPI. In addition, the extension of the model to
account for the effects of the scattered radiation has been studied and
preliminary results will be presented.

PO-144
Megavoltage CT on a Tomotherapy System:  A Comparison of Maximum-
Likelihood vs. Filtered Back-Projection Reconstruction Algorithms
K. Ruchala *, G. Olivera, T. Mackie, P. Reckwerdt, University of Wisconsin,
Madison

A continuing goal of the tomotherapy project has been the improvement of
megavoltage computed tomography (MVCT) image reconstructions, in this
case, through different reconstruction techniques.

Although the speed and quality of filtered back-projection (FBP) render it the
most prevalent CT reconstruction algorithm, algebraic reconstruction
techniques (ART) have also been widely investigated.  Of particular note is the
maximum-likelihood (ML) algorithm.  A primary benefit of this algorithm is
its ability to improve low-contrast detectability in situations like SPECT,
where image quality is predominantly limited by photon statistics.
Likewise, megavoltage CT image quality is primarily limited by quantum
mottle.  Thus, ML reconstruction was investigated in the context of MVCT
imaging on a tomotherapy system.  Specifically, sinograms were generated for
ideal synthetic data, synthetic data with Poisson noise, and actual MV scan
data from the UW Tomotherapy Benchtop.  These sinograms were then
reconstructed with FBP and ML algorithms.

While generally comparable, the ML reconstructions had slightly degraded
resolution, but improved contrast, relative to FBP.  This is a worthwhile
sacrifice in the context of using MVCT for radiotherapy verification, since it
is desirous to perceive low-contrast lesions and sensitive structures.   Using
ML, contrasts below 2% can be visualized with a 10 cGy MVCT scan.
Additionally, since ML techniques will be utilized for tomotherapy
optimization and dose reconstruction, using ML for reconstruction will serve
to integrate the software.

Finally, the prospects for generating MVCT images during radiotherapy
treatment will be discussed. 

This research was supported through a contract with GE.

PO-145
Tissue Mimicking Materials for a Multi-Imaging Modality Prostate
Phantom
W. D’Souza *, E. Madsen, B. Thomadsen, G. Frank, University of Wisconsin,
Madison, WI

Materials that simultaneously mimic soft tissue in vivo for magnetic resonance
imaging (MRI) and ultrasound (US) for use in a prostate phantom have been
developed.  The materials contain water, agarose, homogenized lipid/protein,
Cu++, EDTA, thimerosal (preservative) and microscopic glass beads.
Phantom material properties were measured at 22 °C.  For MRI, the properties
of interest are T1 and T2 times, while for US they are the attenuation
coefficient, propagation speed and backscatter.  The soft tissues to be
mimicked in the phantom are prostate, muscle and fat.   Published T1 and T2
values for prostate parenchyma are 808 ms and 98 ms respectively at 40 °C
and 20 MHz, and the tissue acoustic propagation speed is in the range of 1520-
1560 m/s.  The prostate mimicking material has a T1 of 897+/-11 ms and a T2
of 83.6+/-0.2 ms at 22 °C and 40 MHz.  The propagation speed and attenuation
coefficient are 1538 m/s and 0.40 dB/cm/MHz.  Muscle was mimicked with
different concentrations of agarose, lipid/protein mixture and beads while fat
was simulated with safflower oil.  Good agreement was found with actual
tissue values obtained from the literature.  Glass beads used in the materials
control US backscatter and augment US attenuation with little effect on T1 or
T2.  Current research is being focussed on extending the use of the materials
to CT and building an anthropomorphic phantom for image co-registration.
A preliminary phantom will contain a simulated prostate and surrounding
muscle and fat.

PO-146
Lung Cancer Target Motion Study with Application to Image Directed
Radiation Therapy (IDRT)
Q. Chen *, M. Weinhous, R. Macklis, The Cleveland Clinic Foundation,
Cleveland, Ohio

We have studied the motion  ofa targets within lung-cancer patients to assess
the feasibility of using image directed radiation therapy (IDRT) as delivered
by either a Cyberknife or a dynamic multileaf collimator (DMLC). During the
simulation of patients with lung tumors, ~90 second AP and lateral
fluoroscopic videos were recorded on a high resolution video recorder. The
videos were then digitized. Respiration curves were extracted from the digital
videos. Relying on the respiration curve and their correlation merits, frames at
the same position of the respiration cycle were detected and averaged. A set of
consecutive frames representing a template of a single respiration cycle, with
improved SNR, were obtained for each view. Coupling the frames between the
AP and lateral views at the same position of the respiration yielded the
synchronized AP and lateral videos. The range of target motion was
determined by drawing contours around the target on the frames at the
extremes of the respiration cycle. Correlation of target positions with
observable fiducial markers will provide the necessary information for
delivering IDRT. More than ten patients' videos were collected and analyzed
with the present approach. Target motions larger than 2 cm in the lung region
were detected. Further work will focus on collecting additional patients' data
to establish a statistical motion model and on the completion of the target
tracking system.

PO-147
The Development of Portal CT Reconstruction Using MLS-ART
Technique and the Kinestatic Charge Detector Imaging System: II.
Radiotherapy Beam Studies
H. Guan *, M. Gaber, S. Samant, F. DiBianca, Y. Zhu, St. Jude Children's
Research Hospital, Memphis, TN 38105

In a previous study we investigated the use of the kinestatic charge detector
(KCD) for computer tomography (CT) reconstruction. In that study we used
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a diagnostic x-ray beam setting as a first step towards our goal of developing
a megavoltage CT reconstruction protocol employing the KCD as the radiation
detector. In the present study we report on our results in the megavoltage
energy range. 

The KCD used in this research is the small-field-of-view (SFOV) detector. The
detector consists of 384 collector channels spaced 0.2 mm apart, giving a field-
of-view (FOV) of 7.68 cm. The digital acquisition system  (DAS) is the same
as that of the LFOV imaging detector. The detector was pressurized to 100 atm
with a gas mixture of 1.5% dimethyl ether, 1% hydrogen, and 97.5% Xenon.

In this paper we present the images reconstructed using a head phantom (Rando-
phantom) using a total of 92 projections. The reconstruction was carried out using
the multi-level scheme algebraic reconstruction technique (MLS-ART) developed
by one of the authors. In this technique satisfactory images are generally obtained
after one iteration, which in effect makes ART a noniterative algorithm. We also
present the CT images obtained using the back projection technique for comparison
purposes. We compare the KCD results with the CT images obtained using the EPID
system at the same settings. 

This work is supported in part by grant R29 CA65606 from the National
Cancer Institute, by the Whitaker Foundation, and by the American Lebanese
and Syrian Associated Charities (ALSAC).

PO-148
Evaluation of a Cassette-Screen-Film Combination with Improved Contrast for
Verification Portal Imaging During Radiation Therapy Treatments
R. Keys *, J. Marks, A. Haus, Missouri Baptist Medical Center, St. Louis, MO

The Kodak ECL film has improved portal localization images with better contrast
and improved distinction of bony structures and air-tissue interfaces. Cassettes with
slower speed screens were used with ECL film to image the treatment portal during
the entire course of treatment (verification) instead of taking separate films after
treatment.  Measurements of film density vs. Source to Film Distance (SFD) were
made using 15 and 25 cm thick water phantoms with both 6 and 18 MV photons
from 1 to 40 cm past the phantom.  A characteristic (H&D) curve was measured in
air to compare dose to film density. Results show the reduction in radiation between
patient and cassette actually follows an "inverse cube law" rather than an inverse
square law. Formulas to calculate radiation exposure to the film, and the desired SFD
were based on patient tumor dose, calculation of the exit dose, and the inverse cube
relationship. A table of exposure techniques based on the SFD for a given tumor
dose was evaluated and compared to conventional techniques. Although the film has
a high contrast, there is enough latitude that excellent films can be achieved using
a fixed SFD based simply on the tumor dose and beam energy.  Patient diameter has
a smaller effect. The benefits of imaging portal films during the entire treatment are
more reliability in the accuracy of the portal image, ability to detect patient motion,
and reduction in the time it takes to take portal images.  This research is supported
by Eastman Kodak Co.

PO-149
Clinical Implementation of a Matrix Ion Chamber EPID in Obese Patients
Treatment
F. Trichter *, J. Bargellini, H. Amols, P. Schiff, Columbia University, Department
of Radiation Oncology, New York, NY

Accurate patient positioning is essential for successful treatment delivery.
Unfortunately, in the case of obese patients set-up accuracy, based on skin marks
and simulation data, even if available, is very limited. Treatment position for these
patients needs to be checked and adjusted daily. Daily imaging using film is time
consuming and quantitative evaluation of field displacement is not very accurate.
The study involved three patients treated in supine position with AP/PA fields. The
EPID and matching program used in this study (Varian Portal Vision  mounted on
the Varian 2100 C/D accelerator) require reference images to be digitized for
matching with acquired images. We were able to simulate one patient, we used

simulation films and port films for the patients not simulated for reference films.
Before each treatment a portal image was acquired and matched with the reference
image, the patient position was adjusted, if needed, and a second image was acquired
and matched with the reference image to assure proper patient position. The mean
displacements for all patients were: lateral (X) 16.9 mm + 21.2 mm, and longitudinal
(Y) 25.2 mm + 24.9 mm. The results were better for the simulated patient: lateral (X)
8.21mm + 6.27mm, and longitudinal (Y) 8.05mm + 5.82 mm. A significant
improvement in treatment accuracy for obese patients is possible and less time
consuming, using an EPID.
 

PO-150
A Comparison of Imaging Techniques for Stereotactic Localization
R. Drzymala *, S. Mutic, E. Klein, Mallinckrodt Institute of Radiology, Saint Louis,
MO

Stereotactic localization accuracy was measured for pin-point and spherical targets
in a custom-designed anthropomorphic head phantom.  The Brown-Roberts-Wells
(BRW) CT/MRI base ring and localizers were rigidly fixed to the phantom prior to
imaging with computed tomography (CT) or magnetic resonance imaging (MRI)
according to radiosurgery protocols.  Plastic balls and rods displaced water at various
locations within the phantom when filled. These served as targets for localization to
obtain multiple sets of BRW stereotactic target coordinates using CT axial and T1
weighted MRI in three orthogonal image planes: axial, sagittal, coronal.

The BRW arc system was subsequently fitted on the base ring, the probe tip was
touched to the location of a target by adjusting the arc angle and insertion depth and
then locked into position.  The position of the probe tip for each target in turn was
subsequently transferred to the BRW phantom base to obtain a set of stereotactic
coordinates.  Because the BRW base ring remained attached to the phantom for all
studies, this latter set of coordinates could be compared with image-derived
coordinates.

The average vector distance to agreement of CT and MRI derived coordinates with
the phantom base measurements were 1.41±0.90 mm and 1.37±0.38 mm,
respectively.  Submillimeter agreement was acheived in each of the BRW anterior-
posterior, lateral and vertical coordinates for both imaging modalities.  The vector
distance to agreement between the two imaging modalities was 1.42±0.55 mm.

Our data supports using MRI directly for radiosurgery target localization if the
appropriate checks and techniques are used.

PO-151
Initial Experience with a Dedicated System for Dynamic Shaped Beam
Radiosurgery
T. Solberg *, P. Medin, R. Fogg, J. DeMarco, A. Arellano, T. Paul, I. Chetty, A.
DeSalles, M. Selch, J. Smathers, Department of Radiation Oncology and Jonsson
Comprehensive Cancer Center, UCLA School of Medicine, Los Angeles, CA

We present our experience with the installation, commissioning, and clinical
utilization of NovalisTM, a new paradigm in stereotactic radiosurgery. The system
consists of micro-multileaf collimator (mMLC) integrated into a dedicated 6 MV
electron linear accelerator. The linac possesses several unique characteristics ideal
for radiosurgery applications. A specially designed flattening filter provides a wide
range of output (nominally 0.3 to 20 cGy per degree). Rectangular (backup)
diaphragms are significantly smaller than standard jaws resulting in a lighter overall
head weight and increased rotational accuracy of the gantry. The mMLC consists of
26 pairs of opposed leaves capable of shaping fields up to 10x10 cm2 in size.
Measured leaf transmission across the entire field averages 1.31 percent with a
maximum transmission between any pair of leaves of 1.93 percent. As a result, it is
not necessary that the jaws be used as a backup to the mMLC. This simplifies the
measurement and planning process significantly. The mMLC, linac functions, and
treatment planning system are fully integrated. Tissue-maximum ratios (TMRs) and
off-axis profiles were measured for circular fields defined by the mMLC leaves and
by standard radiosurgery cones using both a diode and a micro (0.015 cm3)
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ionization chamber. The mMLC fields and cones produce indistinguishable TMRs
despite the fact that the backup jaws are positioned differently (4x4 cm2 for cones,
9.8 cm2 for mMLC). Greater penumbra (80%-20%) with the mMLC (2.6 mm for
a 30 mm field size versus 2.0 mm for a 30 mm cone) reflects the greater distal
surface-to-isocenter distance. 

PO-152
An Extensive Evaluation of the Monte Carlo Treatment Planning for
Stereotactic Radiosurgery
K. Ayyangar *, S. Jiang, R. Dobelbower, J. Feldmeier, J. Battle, D. Carter, J. Brown,
K. Ayyangar, Medical College of Ohio

The accuracy of conventional empirical and semi-empirical dose calculation
algorithms for radiation therapy treatment planning is limited. The main problem is
that these algorithms fail to adequately consider the lateral transport of radiation.
Most conventional algorithms use measured dose distribution data as input. These
data induce an added inaccuracy to stereotactic radiosurgery dose calculations due
to the difficulty of acquiring accurate dosimetric data for very small beams.
However, since multiple arcs of large solid angles are usually used in stereotactic
radiosurgery, the errors introduced by conventional dose algorithms are quite likely
to be diluted. In the present work, the use of Monte Carlo treatment planning for the
linac based stereotactic radiosurgery has been investigated. The OMEGA Monte
Carlo code system is used as the dose engine in an in-house developed radiosurgery
treatment planning system. The Monte Carlo treatment plans are done for ten typical
clinical cases. The results are presented in the form of dose-volume histograms as
well as 2D and 3D isodose distributions combined with image data.  The Monte
Carlo plans are compared with the plans which are calculated with a conventional
dose algorithm based on standard TMR/OAR formalism. The difference between
these two planning methods is analyzed.

PO-153
Recommissioning a Stereotactic Radiosurgery System Following Machine
Upgrade or Transfer
E. Hendee *, P. Sinha, T. Mackie, B. Paliwal, M. Mehta, University of Wisconsin,
Madison, Wisconsin

A stereotactic radiosurgery system consists of the collimators, patient positioning
system, treatment unit, and dosimetry data.  When a treatment unit changes, either
through modifications or transfer to a new unit, the stereotactic system must be
recommissioned to provide accurate dose delivery.  At the University of Wisconsin,
we recently transferred our treatments to a new linear accelerator, with slight
modifications to the collimator attachment system, yet keeping the same collimators
and patient positioning system.  Instead of remeasuring all the data, we developed
a strategic method to adapt existing data to the new system using select
measurements.  Correction functions were generated for all collimator profiles,
output factors, and depth dose data.  Treatment planning data was then modified
using these functions.  Verification of positional accuracy was within a millimeter
and dose delivery better than one percent.  Using this system saved a great deal of
time and also provided valuable data on the physical aspects of the system, perhaps
improving some of the data.  For example, depth dose measurements for the smallest
collimators are very difficult using ion chamber measurements in water because of
noise problems for small chambers and partial volume effects for larger chambers.
Instead, data for a larger collimator size can be adapted to represent a smaller
collimator providing the correction function is accurate.  This was accomplished
using calibrated film measurements at a number of depths and correcting the depth
dose curve accordingly.

PO-154
Clinical Results of Pointing Accuracy Quality Assurance for a Robotically-
Mounted Linear Accelerator Used for Stereotactic Radiosurgery
J. Gilio *, K. Gall, C. Chang, D. Garwood, University of Texas Southwestern
Medical Center

The Neurotron 1000 system installed at UT Southwestern Medical Center uses a
6MV X-band linear accelerator mounted on the end of a robotic manipulator to treat
intracranial lesions from 94 possible beam directions. During treatment, orthogonal
x-ray images are acquired prior to each beam delivery and compared to digitally
reconstructed radiographs to update the patient coordinate system with the
coordinate system of the robot.  This is to allow non-invasive head frames to be used
without sacrificing accuracy of the delivered dose distribution. Quality assurance
tests for each patient treatment include verification of an equivalent dose distribution
planned and delivered to a plastic head phantom.  Eight slices (3.4 mm spacing) of
radiochromic film are used to record the dose distribution for analysis. Between 5/97
and 2/98, the system was used to treat 28 lesions in 13 patients.  Results show that
the center of the dose distributions were a mean distance of 1.7 mm from that
planned (range 0.5 - 3.5 mm).  All treatments were isocentric with circular
collimators resulting in nearly elliptical dose distributions.  Planning and quality
assurance for intensity modulated treatments with more complex dose distributions
will also be presented.

PO-155
Quantitative Dosimetry Evaluation Using BANG Gel and Image Correlation
S. Meeks *, F. Bova, M. Maryanski, L. Kendrick, M. Ranade, J. Buatti, W.
Friedman, University of Florida, Gainesville, FL

BANG gel has been shown to be a valuable dosimeter for qualitative evaluation of
3D dose distributions.  The gel’s utility for quantitative dosimetry evaluation has
been limited, however, because no method exists for correlating the measured and
calculated dose distributions. In this study, three MR and CT compatible fiducials
were placed on spherical volumetric flasks containing bang gel.  These fiducials
defined the central axial plane.  Four different treatment plans were developed using
high resolution CT scans of the flasks, and the plans were delivered using our
systems for stereotactic radiosurgery/radiotherapy.  Three dimensional dose maps
were created from MR images of the gels.  These dose maps were transferred to an
image correlation program, and the dose maps were fused to the treatment planning
CT scan through a rigid body match of the MRI/CT compatible fiducials.  These
dose maps were imported into the treatment planning system for quantitative
comparison with the calculated treatment plans.  Calculated and measured isodose
shells agreed to within 2 mm at the regions of largest disagreement within the dose
distributions.  These results are excellent, considering that the inplane pixel
resolution of the MRI dose maps is 1.56x1.56 mm. All points within the dose
distributions were well within established tolerances for treatment planning
commissioning and quality assurance, although the quantitative evaluation presented
here tests the accuracy of the entire treatment planning delivery process.

The research described in this abstract was performed in collaboration with MGS
Research, Inc. and Sofamor Danek, Inc.

PO-56 WITHDRAWN

PO-157
Stereotactic Radiosurgery (SRS) Dosimetry: Measurements and Monte Carlo
Simulation
F. Verhaegen *, I. Das, H. Palmans, University of Gent, Belgium

Stereotactic radiosurgery (SRS) has become an important clinical tool for treatment
of small lesions in brain, including benign conditions, malignant tumors and
localized metastatic foci.  Radiation dosimetry plays a vital role in the outcome
analysis, unfortunately dosimetry of small fields used in SRS is difficult due to the
large active volumes of detectors compared to the smallest SRS fields. This is
compounded with loss of lateral electron-equilibrium. SRS dosimetry has been
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attempted with limited success with small volume ion chambers, diode, diamond,
TLD and films. The cone factor (CF) for a specific cone C at depth d is defined as:
CF = D(C,d)/D(Cref,d), where Cref is the reference cone. Using the BEAM/EGS4
Monte Carlo (MC) code, photon spectra in air and in water, depth doses and lateral
dose profiles were calculated for several cones (0.5-5 cm diameter fields at
isocenter). Results indicate that the MC calculations provide slightly higher CF
compared to the measurements based on the ratio of detector response. When the
lateral resolution of the detectors are taken into account the results agree within a
few percent for most fields and detectors. Based on calculated spectra the validity
of the assumption that measured dose ratios are equal to measured detector readings
was verified. Detailed analysis and spectral distributions are presented for various
cone sizes.

PO-158
End Effect in (model B) Gamma Knife Radiosurgery Treatments
T. Willoughby, The Cleveland Clinic, Cleveland, OH

Gamma Knife radiosurgery is useful in the treatment of tumors or disorders of the
brain due to its mechanical accuracy and ease of use. The Gamma Knife was
originally designed to treat small lesions to very high doses using few shots;
however, with expanding applications it is often necessary to use lower doses and
multiple shots to obtain the desired treatment. In such cases, the added dose due to
end effect can be significant. The end effect can be measured in many different ways
including traditional interrupted readings, or linear fit of measured dose with time.
A new technique for measuring end effect is enabled by an electrometer which
reports the "radiation on time" to within 0.1s above a user-set radiation threshold
(Keithley 35040). All three of these methods yielded the same results for our Model
B Gamma Knife. End effect was measured as 0.17min for the 18mm helmet when
the dose rate was 3.514 Gy/min. This corresponds to a dose of 59.7cGy and will
represent a difference in shot dose of about 5% for any treatment time less than 3.4
min. With changes in the couch speed, and as the cobalt sources decay, this end
effect will change. It is important that end effect be routinely measured and
evaluated as it relates to the total delivered dose from each shot. Further, the user
should consider that the end effect is not included in the dose distributions displayed
by the planning system.

PO-159
Leaf Sequencing Optimization for Static IMRT
R. Siochi *, Siemens Medical Systems, OCS, Concord, CA

Intensity modulation can be delivered by combining multiple static MLC segments.
Different sets of segments could produce the same intensity modulated field, with
some combinations yielding significantly longer delivery times.  A time minimizing
optimization algorithm that chooses the best among many parametrically generated
leaf sequences was developed.  The parameters are the coefficients and shapes of
matrices whose linear combination equals the intensity matrix that represents the
desired intensity modulation.  The algorithm was tested on 100 random, 10 level,
15x15 intensity matrices and on 49 clinical  ones with 3 to 20 levels and 5x5 to
17x18 fields (courtesy of DKFZ, UNC, NOMOS and UCSF). These represent 2
prostate and 9 head and neck cases. The algorithm was also tested for a variety of
constraints such as the tongue and groove effect.  In all of the 149 cases, and for all
constraints, the optimized set produced the minimum delivery time and the
minimum number of segments when compared to other leaf sequencing algorithms
based on powers of 2, counting numbers and the "stop and shoot" sweeping window.
Using a Siemens KD2 with an MLC, a 4 port, 10 level prostate plan that takes 18
minutes to deliver with the best of the other algorithms could be delivered in 12
minutes after optimization.  Incorporating tongue and groove corrections increases
these times by about 1 minute.  With optimization, better quality treatments can be
delivered in less time, improving patient care.  Siemens Medical Systems supported
this research.

PO-160
Contralateral Breast Dose from Tangential Breast Phantom Irradiation:
Comparison of Different Intensity Modulation Techniques
S. Chang *, K. Deschesne, T. Cullip, J. Earnhart, S. Parker, E. Chaney, University
of North Carolina at Chapel Hill

Photon beam intensity modulation is known to improve treatment volume dose
uniformity in tangential breast irradiation.  However, the effects of different intensity
modulation techniques on the contralateral breast dose are not well understood.
When the radiation-induced cancer risk is a concern, the optimal treatment technique
should give both a uniform dose distribution in the treated breast volume and a
minimal dose to the contralateral breast tissue.  In this study we measured the Rando
phantom contralateral breast dose using TLD chips at different points following the
study by Kelly et al.1 The breast irradiations were designed with PLanUNC2 using
different intensity modulation methods including 1) conventional and virtual wedge
techniques, 2) physical compensators3 designed by a dose optimization algorithm4,
and 3) multiple MLC field segments.  In this study the MLC field segments were
computed based on the intensity maps predetermined by the dose optimization
algorithm used for designing the physical compensators.  The comparison of the
measured contralateral breast doses and the dose uniformity of the treated breasts
from the aforementioned intensity modulation techniques will be presented.

1. C. A. Kelly et al, Int. J. Radiation Oncology Biol. Phys.  34, 727-32 (1996)
2.  S.L. Sailer et al, Seminars in Rad. Onc. 2, 267-73 (1992)
3.  E. P. Miller et.al,  Med. Phys. 23, 1170 (1996)
4.  S. Chang et al, Med. Phys. 22, 1072 (1996)

PO-161
Monte Carlo Analysis of the Response of a Beam Imaging Phantom for IMRT
C. Ma *, L. Ma, L. Xing, A. Kapur, A. Boyer, Stanford Univ. School of Medicine

A Monte Carlo simulation was used to study the response of a Beam Imaging
Phantom (BIP) designed to verify dose distributions for intensity-modulated
radiotherapy (IMRT). The BIP consisted of a cylindrical water phantom containing
a gadolineum oxysulfide scintillation screen in the transverse plane through its
central waist. The x-ray induced luminescence of the screen was measured with a
CCD camera. Our preliminary experimental results showed that the BIP had a spatial
resolution of 0.6 mm x 0.6 mm and excellent spatial and dose-signal linearity.
Differences between ionization chamber measurements and BIP measurements of
up to 30% were attributed to a non-linear energy response of the scintillation screen.
Monte Carlo simulations of 4, 6 and 15 MV photon beams were executed using the
EGS4/BEAM code. Simulated beam data were used by EGS4/DOSXYZ to calculate
dose distributions in the scintillation screen and in water for various field sizes. Good
agreement (within 3%) was achieved between the Monte Carlo calculations and the
BIP measurements, indicating that the light output is proportional to dose to the
scintillation material.  Dose distributions calculated in water by Monte Carlo agreed
well (within 2%) with the ionization chamber measurements. We then calculated
correction factors for the BIP, defined as the ratio of dose to water to dose to the
scintillation material, for intensity-modulated fields, which enabled us to verify the
dose distributions delivered by the dynamic beam delivery procedures prior to an
IMRT treatment using the BIP.
This investigation was supported in part by grant CA43840 from the National
Cancer Institute.

PO-162
Verification and Delivery of Head and Neck Intensity Modulated Radiotherapy
A. Boyer *, L. Xing, L. Ma, K. Forster, Stanford University School of Medicine,
Stanford, CA.

Intensity modulated conformal therapy (IMRT) was implemented as a boost
treatment for head and neck cancers in order to investigate treatment planning and
quality assurance procedures, and to determine the clinical feasibility of the
technique as supported by commercial systems interconnected by a computer
network.  A fixed-gantry IMRT procedure was studied that employed nine coplanar
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cone-beam fields.  A spiral CT scanner was used to acquire a three-dimensional data
set for the patient in treatment position.  The target volumes and normal anatomic
structures were identified using virtual simulation software.  A commercial inverse
treatment planning system computed the IMRT plans using simulated annealing.
The planning system also computed "step-and-shoot" leaf-setting sequences for a
commercial dynamic multileaf collimator as well as the monitor units required by
the leaf-setting sequences to deliver the prescribed dose to a designated isodose
surface.  The inverse planning computation required something under an hour of
unassisted processing.  Quality assurance of the treatment sequences required about
90 minutes using automated instrumentation, and was carried out before the first
treatment.  Measurements of the dose in a cylindrical water phantom were found to
agree with the prescription to better than 5%.  Digitally reconstructed radiographs
used with portal imaging were helpful for checking the daily setup.  The patients
could be positioned, the isocenter could be verified, and all nine fields treated in
approximately 20 minutes. 

This investigation was supported in part by grant CA43840 from the National
Cancer Institute.

PO-163
Using Multiple MLC Segments or Virtual Wedge for Tissue Compensation in
Hodgkin’s Disease
J. van Santvoort *, Daniel den Hoed Cancer Center/Academic Hospital Rotterdam,
Netherlands

In our institute, Hodgkin patients are treated without missing tissue compensators.
Instead, the parts of the patients that have a smaller separation (e.g. the neck) are
blocked during the last fractions. 

Instead of this, an MLC can be used to perform this blocking. Advantages of this are
that: 

it is not necessary to position extra blocks,
the weight of the shielding can be reduced considerably since only (a part of)
the lung blocks for mantle fields have to be made with cerroshield blocks,
all MLC segments can be applied in all fractions, resulting is a more
homogeneous fraction dose.

CT-based treatment plans were made to determine the optimal number of and weight
for MLC segments. It turned out that the use of about 5 segments (this is the sum of
AP and PA segments) resulted in dose distributions that were between the 95 and
107% of the prescription dose.
Also Virtual Wedge (VW) plans were made, since with the VW it is possible to
make wedged fields that are longer and that have smaller wedge angles than is
possible with the conventional hard wedges. Plans with a VW of about 5° in both
the AP and PA beam showed a satisfactory dose homogeneity.
Since normally no CT-based treatment planning is performed for this patient group,
a method is developed to derive the necessary MLC segments or VW angle based
on the field shape drawn on the simulator films and on measured patient separations.

PO-164
A Clinical Study of Prostatic Motion During Radiation Treatment with the Use
of EPID and Radiopaque Markers
J. Hai *, E. Vigneault, L. Verhey, University Of California, San Francisco

Using an electronic portal imaging (EPI) device, we have measured daily movement
of the prostate gland relative to pelvic bony structures during the course of 3D
radiation treatment. Three radiopaque markers were implanted under ultrasound
guidance in the posterior part of the apex, midgland, and base of prostate in patients
with localized prostatic carcinoma. Patients were treated with a four-field box
technique and EPIs were recorded each day.  The displacements of markers relative
to bony structures were measured.

We have completed the analysis of one patient with 23 AP and 23 left lateral
images. We studied displacements of each marker relative to the bone and to the
other markers as well as to the centroid of the markers. The measurements of the

markers relative to bone showed that the motion of the markers was mainly in the
anteroposterior and cephalocaudal directions and varied in the range of 0 to 9 mm,
while the centroid relative to the bone varied between 0 to 8 mm. No mean changes
were found in intra-marker distances, indicating that the markers did not migrate
inside the gland, and the size of the gland did not change significantly during the
radiation. CT scans obtained pre- and post- treatment also showed no significant
changes in positions of markers relative to the bone and to each other.

We plan to analyze 5 more patients and then establish a method for a direct daily
pretreatment evaluation of the position of the prostate.

PO-165
In Vivo Measurements of Intensity Modulated Radiation Therapy
P. Cho (1) *, M. Phillips (1), S. Sutlief (1), P. Gavin (2), H. Kippenes (2), P. Cho, (1)
Department of Radiation Oncology, University of Washington, Seattle, WA 98195-
604 (2) Department of Veterinary Clinical Sciences, Washington State University,
Pullman, WA 99164-66103

IMRT provides the ability to shape dose distributions so tumorcidal doses can be
delivered to the target volume while sparing nearby normal tissues.  However, the
dynamic nature of the treatment, coupled with the complexities of the treatment
planning algorithms, result in a large uncertainty as to the actual dose distributions
delivered.  Using a unique resource, we outline a means for obtaining accurate dose
distribution measurements in vivo.  Using the combined resources of the University
of Washington and the Veterinary School of Washington State University, dogs that
present with naturally-occuring tumors in the head/neck and in the mediastinum are
treated using IMRT.  Both institutions have similar linacs equipped with identical
MLC's (Elekta Oncology Systems).  The dogs undergo a treatment planning CT at
WSU, which is then transferred to UW for the production of an intensity modulated
plan using inverse planning techniques.  The MLC prescription files are transferred
to WSU. Catheters loaded with TLD's (1x2 mm) are placed in the radiation field via
airways.  A CT performed at  treatment provides accurate anatomical registration of
the TLD's. After treatment, the TLD's are read out and correlated with the treatment
planning CT.  A large number of dogs present with tumors at these sites, and they
represent two extreme cases of IMRT.  Head and neck tumors provide the best
opportunity for accurate dose delivery; treatment of mediastinal tumors requires
means for addressing intra-fraction organ motion as well as severe tissue
inhomogeneities. Results of benchmarks of this in vivo model and preliminary
measurements will be presented. 

PO-166
A Unified Computational Approach in Optimization Planning, Image
Reconstruction, and Dose Reconstruction
G. Olivera *, D. Shepard, P. Reckwerdt, K. Ruchala, J. Zachman, E. Fitchard, T.
Mackie, University of Wisconsin-Madison

Tomotherapy is a dose delivery technique using helical or axial intensity modulated
beams. One of the strengths of  the tomotherapy concept is that it can incorporate a
number of processes into a single piece of equipment. These processes include
treatment optimization planning, dose reconstruction and kilovoltage/megavoltage
image reconstruction. For this reason, a common computational technique that could
be used for all of these processes would be very appealing.

Several iterative algorithms are used in radiology. The evolution of computers and
the development of more sophisticated algorithms have made this methodology fast,
robust, reliable, and easy to implement. The maximum likelihood estimator,
originally developed for emission tomography, is a beneficial tool in imaging and
radiotherapy. In general maximum likelihood (ML) is less sensitive to random noise
and inconsistencies in the sinograms than filtered back projection. We believe that
this approach can serve as a useful tool in the processes of optimization planning,
dose reconstruction and kilovoltage and/or megavoltage image reconstruction. Since
these processes involve computations that require comparable physics methods, are
based on equivalent assumptions, and have similar mathematical solutions, ML is
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able to provide a common framework for all three of these computational problems
with a potential decrease in the calculation time.

We will demonstrate how the maximum likelihood methods can be applied to
optimization planning, dose reconstruction, and kilovoltage and/or megavoltage
image reconstruction in tomotherapy. Results for planing optimization, dose
reconstruction, and megavoltage image reconstruction will be presented. Future
directions for this work are also suggested. 

PO-167
Comparison of Multi-field Conformal versus Intensity-modulated Treatment
Plans Based on Complication and Control Probabilities.
V. Smith *, P. Xia, L. Verhey, University of California, San Francisco, CA

Purpose: 
To compare treatment plans using multi-field non-coplanar conformal radiotherapy
with those using intensity-modulated beams obtained with the Peacock system, on
the basis of Normal Tissue Complication Probability (NTCP) and Tumor Control
Probability (TCP), calculated for representative test cases. 

Methods and Materials: 
Five intracranial patient cases were selected to cover a range of treatment planning
situations. Target and normal brain volumes were contoured on CT transverse slices
for each case. Plans were developed using the two treatment delivery techniques for
each case, with the objective of encompassing the target as closely as possible with
a prescription isodose line, and minimizing dose to normal tissue, within the
constraints of current clinical practice. Dose Volume Histograms (DVH’s) were
calculated for the target and for normal brain, and these histograms were used to
calculate NTCP and TCP values for each plan. The dose prescription for each plan
was adjusted to give a TCP value of 0.5 which allowed an unbiased comparison on
the basis of the NTCP values.

Results and Conclusions: 
In general for each case the plans based on the Peacock system produced lower
NTCP values than did those using conformal multi-field radiotherapy. The
advantage of using biological indices such as NTCP is that an unequivocal
comparison is easier to make than with DVH’s which are difficult to interpret when
the histograms crossover each other.

PO-168
Delivery of IMRT with Ellis-type Compensating Filters
L. Ma, A. Beavis *, L. Xing, C. Ma, A. Boyer, Princess Royal Hospital, Royal Hull
Hospitals. Hull, England, UK.

In this study a comparison was made between intensity modulated fields produced
by Ellis type compensating filters and fields produced by a dynamic multi-leaf
collimator (DMLC).  We demonstrated that delivery of Intensity Modulated
Radiation Therapy (IMRT) fields may be achieved using Ellis type compensating
filters fabricated from cuboids of brass. A physical compensator is less expensive
and technically simpler than a DMLC, making it a useful route to gaining experience
with IMRT for small facilities with limited resources.
 The required intensity maps were computed using a commercial inverse planning
system for a clinical nine-field treatment.  Eleven intensity levels were allowed for
1 cm by 1 cm beamlets at the plane of the isocentre. Extruded brass with a 0.63-cm
(quarter-inch) square cross-section was cut into lengths and attached to shadow trays.
The trays were positioned at the appropriate distance from the linac target to 1 cm
by 1 cm at isocentre. The heights of the brass columns were computed from a
transmission curve measured using the treatment geometry. 
Compensating filters were designed and built for all nine treatment fields of an
IMRT plan. Beam’s-Eye-View measurements were performed using a fast Beam
Imaging System. The transmitted fluence through the compensating filters and that
due to the DMLC field compared favorably. Although their fabrication and clinical
use would be labor intensive, these results demonstrated that Ellis compensating

filters are an inexpensive and effective method by which the intensity modulation
required by IMRT may be produced.

PO-169
The Effect of Leaf Shape and Transmission Characteristics on the Accuracy of
Intensity-modulated Radiotherapy (IMRT) Delivered with Dynamic Multileaf
(DMLC)
M. Arnfield, Virginia Commonwealth University/Medical College of Virginia and
McGuire VA Hospital, Richmond, VA

DMLC is an efficient means of delivering IMRT.  Intensity distributions generated
by IMRT optimization are converted into trajectories of leaves.  The basic algorithm
is simple.  However, the shape and transmission characteristics of leaves must be
considered appropriately to ensure that the dose distribution is accurate.  These
characteristics include leaf transmission, rounded edges of leaves, tongue-and-
groove design, and scattering from the treatment head and the MLC leaves.  If
ignored, these characteristics can lead to a significant discrepancy between measured
and planned dose, the magnitude of which depends upon the inter-leaf gap and the
relative number of monitor units delivered at each point.  For a simple case of
creating a 10x10 cm2 uniform field with a 0.5 cm dynamic gap, for instance, we
found that the dose delivered was 96% greater than anticipated with an "ideal" leaf
shape and zero transmission.  We also found that the effective leaf transmission was
significantly higher than expected from simple linear attenuation of incident
photons.  The effects of some of these characteristics (e.g. tongue-and-groove effect)
can be eliminated by special algorithms while empirical corrections for others can
be applied.  The overall discrepancy can be reduced to under 2%, even in extreme
conditions.  This paper will present experimental data showing the magnitude of
each effect under varying conditions and the results of corrective actions.

PO-170
The Advantages of Amorphous Silicon X-ray Cameras for Radiographic
Patient Positioning
M. Murphy *, J. Adler, T. Koumrian, Martin J. Murphy

Digital radiographic imaging allows one to automate the setup and monitoring of
patient position during external-beam radiotherapy, and can provide submillimeter
precision in radiation field alignment.  A new digital imaging technology using flat-
panel amorphous silicon arrays offers near-film-quality spatial resolution,
exceptional dynamic range in contrast, and minimal image distortion.  This paper
reports tests of a dpiX Flashscan 20 flat-panel camera in a fully automatic
radiographic positioning application for radiosurgery.

The test camera had a field of view (FOV) of 20 x 25 cm and pixel pitch of 0.125
mm.  Images of an anthropomorphic head/neck phantom were taken in the
environment of the Cyberknife image-guided radiosurgery system (Accuray, Inc),
using a 30 kW pulsed x-ray source operating between 60 - 120 kV at a distance of
360 cm from the camera, and compared to those obtained by the Cyberknife's
present fluoroscopic CCD camera.

The dynamic range in contrast for the amorphous silicon camera is approximately
one hundred times that of the Cyberknife CCD fluoroscope.  The high sensitivity of
the flat-panel camera yields noiseless images of the neck at x-ray exposures limited
to 25 mrad per image.  The flat-panel camera's spatial resolution allows millimeter-
size fiducial beads to be located precisely anywhere in the body.

PO-171
Delivery of Intensity Modulated Radiation Therapy by Dynamic Multileaf
Collimation: Resolution Requirements for Specifying Leaf Trajectories
G. Budgell *, North Western Medical Physics, Christie Hospital NHS Trust,
Manchester, M20 4BX, UK

Methods for calculating multileaf collimator (MLC) leaf trajectories to deliver
intensity modulated radiation therapy (IMRT) are well established. The control
software used by Elekta Oncology Systems requires leaf positions to be defined at
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a series of control points which are spaced at arbitrary intervals throughout the
exposure. Leaves move linearly between the positions defined at the control points
and hence leaf motion is a linear approximation to the planned trajectories. When
many control points are used, very complex modulations can be defined accurately.
If too few are used, dose errors are introduced which depend on the complexity of
the modulation and the number of control points chosen. Proposed intensity
modulations, of varying complexity, have been converted to trajectory plans where
the number of equally spaced control points varied between 11 and 99. In each case
the fluence map generated by the resulting leaf motions was computed, and this was
quantitatively compared to the desired modulation by calculating the root mean
square (RMS) error.

For the most complex modulation at the lowest number of control points the RMS
error was 16.2 mu, but this fell to 2.5 mu as the number of control points was
increased to 50. In no case was there any further significant reduction in the RMS
error when the number of control points was increased above 50.
It is concluded that 50 control points are sufficient for practical IMRT delivered by
the dynamic MLC technique.
This work was supported by Elekta Oncology Systems Ltd.

PO-172
Helical vs. Sequential Tomotherapy
J. Balog *, T. Mackie, P. Reckwerdt, University of Wisconsin - Madison

Sequential tomotherapy employs rotational radiation delivery through a slit beam.
During irradiation, the patient is stationary while the fan beam rotates.  The patient
is translated by an appropriate distance after each slice has been treated, and the
process is repeated.  The effect of various translation distances was investigated for
uniform, non intensity modulated treatments.  The translation distance should be a
value such that the superimposition of adjacent dose distributions produces a
uniform dose profile at the isocenter, i.e. there are minimal junctioning artifacts.  It
has been shown that sequential tomotherapy, such as that used by the NOMOS
Peacock system, is quite susceptible to slight positioning errors of the patient
between slices along the isocenter.  Furthermore, a translation distance that
minimizes artifacts along the isocenter may produce appreciable junctioning artifacts
off-axis. 

Helical tomotherapy also employs rotational radiation delivery through a slit beam.
However, unlike sequential irradiation, the patient continuously translates across the
slit beam during irradiation.  Therefore, there should be no junctioning artifacts
along the isocenter.  The pitch is defined as the translation distance divided by the
width of the slit beam.  Therefore, a pitch of one results in the patient traveling
exactly the width of the slit beam after a complete gantry rotation.  The effect of
various pitch values on dose homogeneity was investigated.  It was determined that
there are pitch values that produce excellent dose uniformity.  The pitch selected
does not affect the output to the isocenter, nor the treatment time. 
    

PO-173
A Transformation That Corrects Delivery Sinograms For Patient Misalignment
E. Fitchard *, P. Reckwerdt, G. Olivera, D. Shepard, T. Mackie, University of
Wisconsin, Madison, WI

Intensity modulated radiotherapy requires precise knowledge of the patient position
and orientation relative to the delivery device. In tomotherapy the delivery device
produces an intensity modulated fan-beam controlled by a multileaf collimator. The
software generated collimator leaf patterns are based on a two dimensional array
called the delivery sinogram. The optimization software determines the delivery
sinogram from the oncologist’s prescription and the diagnostic CT images assuming
the patient’s position remains fixed from one fraction to the next. Due to unavoidable
errors in patient setup, this is generally not the case. A registration algorithm
previously developed is capable of computing residual patient offsets. With this
knowledge the transformation described here can be used to correct the delivery
sinogram obviating patient repositoning which could introduce further error.  In the
future, when interactive registration is available, real time patient motion corrections
may also be achievable. 

To correct for z-offsets and rotation offsets about the isocenter, the initial gantry and
couch positions respectively, can be adjusted. Corrections for x- and y-offsets are
more complicated in that they depend nonlinearly on both the gantry and the fan-
beam angles.  The fan-beam dependence is removed by transforming the sinogram
into parallel ray geometry where the offset corrections are a linear function of gantry
angle. Finally, the delivery sinogram is inverse transformed back into the fan-beam
geometry appropriate for patient treatment.
The research described in this abstract was supported through a contract with
General Electric Medical Systems

PO-174
A Variable Speed Translating Couch Technique for Total Body Irradiation
M. Chrétien *, J. Pouliot, R. Blais, C. Côté, R. Roy, D. Tremblay, C.H.U.Q. - Pav.
H"tel-Dieu, QuBbec, Canada

The purpose of this work was to develop and use a variable speed couch technique
to deliver a uniform dose distribution in patients treated with Total Body Irradiation
(TBI).
A translational bed under a 6 MV photon treatment beam is moved at variable speed
with a stepping motor driven by computer. A graphical user interface uses the
velocity distribution to control the delivery of the treatment. To perform the planning
dosimetry, a large number of beams shifted from each other (up to 72) are generated
to cover the entire body. A program was written to interact with the treatment
planning (Theraplan Plus from Theratronics) to automatically generate the beams
and extract their individual contribution on each CT slice. Then the program
optimizes the beam weights according to a required dose distribution. The treatment
planning performed the final dose calculation with the proper beam weights. The
beam weights are then converted in velocity distribution.

The remote-controlled translation system can drive the couch at any velocity within
the useful clinical range (0.5 to 20 cm/min) with an accuracy better than 0.5%. For
a whole body Rando-like phantom, dose variation at mid-plane relative to the
prescription point (navel) can be as high as 15 %  (neck or legs) when calculated at
constant velocity. This value is reduced to less than 2 % with variable velocity based
on optimized beam weights.

Very good uniform dose distribution can be delivered for TBI treatment with a
variable translational velocity couch technique.

PO-175
Matching Adjacent Fields Using a Dynamic Matchline Wedge
J. McDonough *, H. Bushe, D. Rosenthal, Department of Radiation Oncology,
University of Pennsylvania

Matchline wedges reduce dose nonuniformities near the edges of abutting photon
beams. The matchline wedge broadens the penumbra causing the hot or cold spot
due to an overlap or gap between the fields to be distributed over a larger area.   We
have evaluated a dynamic matchline wedge (DMW) using film dosimetry.  The dose
distributions presented were created with experimental software provided by the
linac manufacturer.  This program provides control of the movement of a collimator
jaw during the radiation exposure.  We present dose distributions for several possible
applications of DMW’s including the matching of adjacent: 1) non-divergent (half-
blocked) photon fields, 2) divergent photon fields, and 3) photon-electron fields.
The effect of gaps and overlapping of adjacent fields is also presented.  The DMW
has several advantages over static versions: (1) The possibility of an error in
positioning the wedge is one concern that is eliminated when using the dynamic
matchline wedge. (2) Because there is no mechanical wedge to be accurately
positioned, the setup time is faster. (3) With the dynamic matchline wedge it is
relatively easy to tailor the DMW to the desired matchline dose distribution as
opposed to having to manufacture multiple physical wedges.
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PO-176
Virtual Wedge Factor: An Uncertainty Analysis
I. Das *, T. Steinberg, Fox Chase Cancer Center

Two-dimensional intensity modulation has been performed with physical wedges
(beam attenuators); however, with new technology, dose profiles can be changed to
any arbitrary angle with software implementation.  Such wedges are called Dynamic,
Soft, or Virtual and becoming popular for modern treatments.  Physical wedges
produce beam hardening and are prone to errors and omission of wedge factors
causing catastrophic dosimetric problems.  Unlike other manufacturers, Siemens
creates Virtual Wedge (VW) such that Virtual Wedge Factor (VWF) is 1.0 for all
energies, field sizes, and all wedges.  Such implementation provides additional
safety net for the misadministrations of radiation treatment.  This unique feature
(VWF=1.0) of VW was investigated for a Siemens MD2 unit.  Measurements were
performed using an ion chamber in air and at various depths in phantom for VWFs.
The results indeed show that VWF is relatively independent of beam energy, depth,
scattering condition (air versus phantom) and field sizes.  Slight variations (±2%) in
VWF taken over a period of time were shown to be directly related to the machine
calibrations at low and high dose rates (MU/min) required to create VWs.  This was
confirmed by changing the machine calibration to ±2% in low and high dose rate
(maximum 4%) for each VW measurement.  It is concluded that VWF can be
maintained to within ±1% over beam energies, clinical depths (≤20 cm), field sizes
and all possible wedge angles, if cGy/MU calibration of machine in all dose rates is
maintained within the national standard.

PO-177
The Potential for Error in Treatments Due to Monitor Unit Calibration Offsets
C. Chang *, K. Gall, C. James, University of Texas Southwestern Medical Center,
Dallas, Texas

Linear accelerators are typically monitored and treatments terminated using an
internal ionization chamber and integrator preset to a given number of monitor units
(MU).  When all the programmed MU are delivered, a stop pulse is generated;
however, this is not instantaneously effective.  The time needed to deactivate relays
and for the large magnetic fields to collapse is measurable, predictable, and of
clinical interest.  As we move to conformal therapy with multileaf collimators to
deliver many small dose segments, the monitor end effect can reach proportions that
should not be ignored.  We have made measurements on linear accelerators with a
pulse scaler counting fractional monitor unit pulses generated by the dose integrator.
The data shows that extra integrator pulses exist after the delivery of the last MU,
and the excess is a constant that varies with the dose rate.  When delivering
segmented treatment, with a higher number of segments, there will be a greater
proportional accumulation of extra integrator pulses.  This linear accelerator monitor
end effect may have significant dosimetric consequences for patient treatment.
When treating with 200 MU/min dose rate, about 0.25 MU has been found to be the
excess dose after the programmed MU have been delivered.  It was also found that
the extra dose in MU for multi-segment treatment is very close to the number of the
segments multiplied by 1/4.  Therefore the excess dose can become significant when
treating with large number of segmented fields.  A simple instrumentation
modification is proposed to circumvent this problem.

PO-178
Study of Numerically Produced Compensators for Conventional and Intensity
Modulated Beam Therapy
H. Thompson, M. Evans, W. Parker, B. Fallone *, Medical Physics Unit, McGill
University, Montreal, Canada

A feasibility study is performed to assess the utility of a computer numerically-
controlled (CNC) mill for compensator production, for conventional clinical use and
for the delivery of intensity modulated beams.  Absolute measurements of simple
geometric figures are made to examine the accuracy of surface milling.  Molds for
wedged and stepped surfaces are milled and filled with a molten alloy to produce
filters.  Both the molds and filters are examined.  Results show that the deviation of
the filter surfaces from design does not exceed 1.2%.  The effective attenuation

coefficient is measured for CadFree, a cadmium-free lead alloy, in a 6 MV photon
beam.  Measurements are taken in phantom at the depth of maximum dose and
depth of 10 cm.  Field sizes are limited to a maximum of 7x7 cm2 by the size of the
CadFree sheets.  The ability of the mill to accurately  produce complex surfaces is
verified with calibrated Kodak RP film in a 6 MV photon beam.  Test phantoms
include a bitriangular phantom composed of a 10o wedge and a 30o wedge with a
sharp discontinuity at the junction.  Dose distributions, measured at the depth of
compensation (10 cm) beneath the test phantom and beneath a flat phantom, are
compared with those produced by a commercial treatment planning system.  The
precision and spatial accuracy of the automated milling system will be discussed,
and its use for intensity modulated beams analyzed.

PO-179
An Analysis of Dose Perturbations from Patient Misalignment in Delivery of
Intensity Modulated Radiotherapy.
J. Kung *, G. Chen, The University of Chicago, Chicago, IL 60637
This study analyzes the perturbation of dose in three dimensions when the patient
is mispositioned during the delivery of intensity modulated radiotherapy. An IMRT
plan of a head and neck tumor (using  Corvus) is first calculated based upon a
prescription which describes the desired dose to planning target volume and dose
limits to adjacent critical structures. The output includes dose volume histograms
and fluences describing the modulated beams.  The patient anatomy is then shifted
from 0-1cm along the three principle axes, and the intensity-modulated beams are
applied to this geometry. The resulting dose distribution, evaluated at both specific
points and through DVHs is analyzed. Inhomogeneities were turned on and the
resulting dose perturbations also examined. The dose perturbation is clearly a
function of the dose gradient and the location of the critical structures. In this study,
23 points associated with dose matrix values in the target, brainstem, optic nerves,
and eyes were examined. For a 1 cm misplacement of the patient, perturbations of
dose ranged from an underdose of 25% in the target and overdose of comparable
magnitude for critical structures, normalized to the prescription isodose. A 5 mm
positional variation results in an approximate 10% perturbation in dose. The results
are interpreted within a theoretical framework.

PO-180
Clinical Usability Of The BAT Transabdominal Ultrasound System For
Localization Of The Prostate: Preliminary Results
G. Harnisch *, R. Lalonde, M. Weinhous, T. Willoughby, D. Mohan, P. Kupelian,
The Cleveland Clinic, Cleveland, Ohio

The clinical usability of an image-based pre-treatment patient alignment system
(BAT-) was determined. The specific application was external-beam prostate
treatments and these studies were done post-treatment. Patients were aligned and
treated in the traditional fashion using LASERS, field lights and skin marks.
Subsequent to treatment, the image-based alignment system was used and any
discrepancies from the traditional alignment noted.
  

The positioning system is presently tightly integrated with a planning system
(Corvus-) and a transabdominal ultrasound probe attached to a
position/orientation sensor. a physician contours the prostate on CT images and a
plan is developed. The contour and dose-distribution data are transfered to the
positioning system. In use, the positioning system is registered to the treatment
machine with a mechanical jig and an technologist then uses the ultrasound probe
to obtain axial and sagittal images of the prostate. Planning system derived contours
and dose distributions are overlaid on the prostate images. The operator can move
the contour/dose-distributions until they properly overlay the target. The positioning
system then reports the couch shifts. Once the couch has been moved, confirming
images are obtained.
  

Initial data includes images for 5 prostate cancer patients for 16 consecutive
treatments. The average set-up time was 10 minutes. The couch position shifts were
mostly within 1cm. Only 3 of 48 shifts (6.0%) exceeded 1cm. The average observed
shifts were as follows: lateral 1.4mm, caudad/cephalad 5.6mm, AP/PA 0.7mm.
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We are acquiring more clinical data as we prepare to apply the system for conformal
radiotherapy of prostate cancers.

PO-181
Analytic Approximations Of The Edge Factors For A MLC
S. Li *, J. Dicello, N. Detorie, P. Geis, A. Boyer (1), Johns Hopkins Oncology
Center and (1) Dept. of Radiation Oncology, Stanford Univ. Medical School

The edge factors of interleaf edges (side edges between leaf pairs) and intraleaf
edges (edges between the two ends of a leaf pair) have been quantitatively measured
with ionization chambers and film dosimeters.  At a depth of interest (5 cm or 10
cm), the variation of the peak values of dose profiles across the leaf edges at a
position (x,y) can be estimated by an exponential function as: 

OAR(x,y) = exp{-(µ′•d′+µ•d)(x2+y2)/2 /SAD2}, 
where µ and d are the effective linear attenuation coefficient and the depth for the
leaf (with prime) or tissue (without prime), respectively. The dose profile across a
side-edge can be approximated by a Guassian distribution, e.g. 

Ps(d)•OAR(x,y)•exp{-(y-yL)
2/σy

2} 
where Ps(d) is the peak value at the central axis, yL is the side-edge location in y-
direction, and σy

2 is the Gaussian spread size. The dose profile across an end edge
is approximated by two components, a sharp peak and a wider spread function, e.g.

Pe(d)•OAR(x,y)• [a•exp{-(x-xL)
2/σxa

2 } + b•exp{-(x-xL)
2/σxb

2}], 
where a and b are the fractions of the two components, Pe(d) is the peak value at the
central axis for the end edge. By measuring the dose profile across an edge at the
central axis with all leaves closed, the additional dose contribution from a leaf edge
can be analytically expressed. This analytic solution is desired for correction of the
edge effect in dynamic IMRT where multi-leaf edges pass through almost all area
of the fields. 

PO-182
Effects of Leakage, Tongue and Groove Leaf Design and Output Variations on
Intensity Modulation with Multileaf Collimator
C. Yu *, University of Maryland School of Medicine, Baltimore, Maryland

When intensity-modulated beams are delivered with multileaf collimator (MLC),
many factors can affect the dosimetric accuracy.  This study evaluates the three main
causes of dosimetric errors in the IMRT delivery with dynamic MLC: leaf and
interleaf transmission, the tongue and groove leaf design, and the changes in output
factor for different field segments.  Leakage through the leaves and the gap between
the leaves, as well as the underdose effects of the tongue and groove design were
measured for all leaves under various leaf configurations and expressed in terms of
dose/MU.  For every point in the treatment field, the leaf configurations and the
length of time that the point was under each configuration were calculated from the
MLC prescription.  The dosimetric effects of each of these configurations were then
integrated to give the net effect for the entire delivery.  The effect of output variation
is calculated using a convolution algorithm based on an extra-focal model. The
analysis was performed for several intensity distributions optimized for treating
different sites.  Comparisons were made between predictions and measurements.
Based on the agreements between predictions and measurements, the model
predicted the dosimetric effects from these three factors with acceptable accuracy.
The results indicated that for the MLC used in our study, the leaf and interleaf
transmission, the tongue and groove design and the output variations create
significant dosimetric errors.  They should be accounted for either in the planning
process or in the process of converting desired beam intensities to leaf sequences. 
 
    

PO-183
Technology Assessment of Multileaf Collimation: A North American Users
Survey
E. Klein* *, J. Tepper, M. Sontag, M. Franklin, C. Ling, H. Kubo, A. Shiu,
Mallinckrodt Institute of Radiology*

The Radiation Therapy Committee of the AAPM recently assigned a subcommittee
on Assessment of Technology. The first technology to be assessed, by means of a

working group, is Multileaf Collimation (MLC). The group, composed of
physicists, physician, and administrator, decided to let users asses the technology
with a comprehensive survey. After composition, the survey was distributed to the
250 North American MLC users during February of 1998. The survey asked
questions in categories of; use, workload, cost, perception, limitations, process, and
satisfaction. Questions were directed to physicists, therapists, physicians, etc. They
pointed to such items as purchase justification and cost analysis methods. Early
responses indicate most clinics are not using MLC for most patients on an MLC
machine. The consistent apprehension is the stair-stepping associated with MLC.
But despite the lack of full use, most users have given high satisfaction ratings
(ratings of; 3 or more out of 5). There is also wide variation as to billing practices for
MLC fields. Though most clinics did not purchase MLC for intensity modulated
radiotherapy (IMRT), many have indicated future plans to investigate IMRT using
MLC. We shall analyze the complete results upon final receipt (March, 1998). We
hope the results will be useful for those deciding whether to purchase a MLC, and
what questions they should be asking themselves and the manufacturer. This is the
first of many technologies to be assessed by the AAPM. This effort was financially
supported by Elekta, Siemens, and Varian corporations.

PO-184
Dose Rate Optimization for Dynamic One-Dimensional Beam Intensity
Modulation
I. Khalil-Bustany *, I. Daftari, G. Bednarz, L. Verhey, I. Khalil-Bustany, UCSF, San
Francisco, CA

In this work, we investigate the theoretical possibility of delivering one-dimensional
nonuniform dose distributions with beam intensity modulation using dynamic dose
rate control.   Following recent developments of add-on units that allow linac-based
dose rate control, this technique may potentially be applicable to  the treatment of
sites that require compensators for missing  tissue. A constrained nonlinear
optimization problem has been formulated to determine optimal dose rate, beam slit
width and velocity to deliver a one-dimensional dose profile in the minimum amount
of time.  The discretized version of this problem is solved by an efficient sequential
quadratic programming algorithm.  The applicability of this approach to a variety of
non-uniform dose profiles has been investigated.  We conducted numerical
experiments for a sequence of double-gaussian profiles with progressively narrower
standard deviations and for a clinical case of posterior field with a spinal chord block
(specified thresholds were 0-2 cm/sec for the velocity, 0.1-2 cm for the width, and
0-6 Gy/min for the dose rate).   In each case, it was possible to shape the desired
beam profile.   However, because of the maximum dose rate is limited, the sharper
the dose profile fall-off, the longer the treatment will be.  These  preliminary results
indicate the potential of this approach for  generating one-dimensional nonuniform
dynamic beam intensity modulated  dose profiles.  Its practical utility in the clinic
remains to be  investigated.

PO-185
Variation in the Position of 3D Brain Fields: An Analysis Using R&V Data.
M. Marshall *, Wake Forest University Baptist Medical Center

Our record and verify system captures the machine settings each time a patient
receives treatment on our linear accelerators.  The captured data have been
examined for 3D planned brain patients and reveal occasional, though perhaps
significant inconsistencies in the placement of the radiation fields.   Such analysis
is possible on this subset of patients because they are rigidly immobilized using a
commercial thermoplastic mask and baseplate system, modified to rigidly index to
the treatment couch top.  Variations in the table digital readouts are equated with
changes in field position.   These variations were observed in multi-field isocentric
treatments during single sessions, from session to session, and over a patient’s entire
course.  Data presented will be of interest to physicians and physicists concerned
with establishing treatment margins and setting R&V tolerances. 
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PO-186
Qa and Verification of Intensity Modulation Radiotherapy
T. LoSasso *, C. Burman, C. Chui, C. Ling, Memorial Sloan Kettering Cancer
Center, New York, NY

For more than two years we have been using the sliding window method of dynamic
multileaf collimation (DMLC) to deliver intensity modulated radiotherapy (IMRT).
Nearly 200 prostate patients have been treated.  During this time we have developed
a comprehensive scheme for verifying the accuracy of leaf motion files relative to
the dose distributions generated by the treatment planning system and, in
conjunction with the manufacturer, the reproducibility of the daily dynamic dose
delivery on the treatment machine.  These verification tools along with our
procedures for DMLC quality assurance (QA) ensure the accuracy of DMLC dose
delivery.

The details and rationale for specialized procedures for QA and verification of these
treatments will be discussed. Unlike stop-and-shoot methods of IMRT and
conventional therapy using MLC, small errors in the leaf gaps, which form the
sliding window, can influence the delivered dose significantly. Results confirm that
planned doses are delivered accurately. The results of our experiences will be
presented.

PO-187
Dose Escalation in Treatment of Malignancies in the Lung by Using the
Stereotactic Body Frame
R. Middleton *, Texas Cancer Center at Medical City Dallas

The dose escalation in external beam radiotherapy of lung malignancies was
evaluated. Stereotactic body frame with vacuum pillow has been used as the method
for fixation of the patients. There are indicators mounted on the body frame which
are visible on CT images. The indicators provide an external noninvasive reference
system for target localization. The diaphragmatic movements are limited to 1 cm by
using a diaphragm control which applies pressure on the abdomen below the ribs.

CT studies of the patient fixed within the frame were obtained for treatment
planning.  Seven to nine individually shaped stationary beams were used to obtain
conformity of the dose distribution with the irregular target volume. Dose planning
was made according to the principle used in stereotactic radiosurgery of intracranial
targets. Treatment dose is prescribed to the periphery of the planning target
volume(PTV). The central portion of the tumor usually received 50% higher dose
compared to the periphery of the PTV by a planned inhomogeneous dose
distribution.

CT examination of the patient was made right before the initial treatment in order
to verify the reproducibility of the target in the stereotactic system as well as monitor
any tumor movement.  The reproducibility of the target using the body frame was
found to be within 5mm by repeating CT studies throughout the treatment course.

In the initial studies patients were given 4000 cGy in 10 fractions. Clinical results,
evaluation of the body frame and possible further dose escalation will be discussed.

PO-188
Prostate Localization Using the NOMOS Peacock System
J. McGary *, W. Grant, Baylor College of Medicine

To date, we have treated over 50 prostate patients using the NOMOS Peacock
MIMiC system.  Each patient treatment set up is verified using port films with the
MIMiC mounted and all veins open.  The set up error is determined using a specially
developed fiducial system that allows registration to CT and treatment planning.
Uncertainties in the system have been estimated and implemented for treatment
planning margins around the prostate.  Of the sample of our analysis, we show 17
patient set up errors and discuss problems associated with the set up and possible
improvements (Table 1).  We also demonstrate that good technique dramatically
changes the outcome of the set up.

PO-189
A Method to Produce Shaped Fields for Static Conformal Radiation Therapy
C. Whiddon *, S. Das, L. Marks, Duke University Medical Center, Durham,NC

Geometric conformation of the three-dimensional dose distribution to the shape of
the cranial lesion is the motivation of both conformal radiotherapy and radiosurgery.
 Several studies indicate that for irregularly shaped lesions, dose distributions
obtained with multiple conformal fixed fields is comparable to single isocenter arc
treatments, and in some instances, may actually be better.  Several techniques have
been developed to produce irregularly shaped beams. Miniature multileaf
collimators (MMLC) are very complicated, expensive, and present numerous quality
assurance problems.  Futhermore, the stepped edges from an MMLC will produce
a wider beam penumbra than that of a standard cerrobend block.  The use of
cerrobend blocks is possible assuming that issues associated with the accuracy of
block cutting and block mounting are resolved.  We present a simple method to
allow a secondary shaping collimator to be accurately mounted and positioned in an
existing block tray holder of a linear accelerator.  The cost to fabricate each
collimator is reasonable and the system can be easily modified to allow the
fabrication of custom irregular shaped collimators in.  The design allows for quick
and reproducible positioning.  To date, it has been used on 3 patients and has been
well received by the therapist.  Currently, we have six circular collimators ranging
in size from 2.0 cm to 5.0 cm and are in the process of fabricating several elliptical
shaped collimators.  Isodose distributions and dose volume histograms for irregular
shaped lesions will be presented and compared to other treatment techniques.

PO-190
CT-Based  Dose Compensation Using a 3D Treatment Planning System and a
Computerised Compensator Cutter
C. Swift *, G. White, M. Al-Ghazi, K. Yuen, Fraser Valley Cancer Centre and Univ.
of British Columbia

An evaluation of a computerised dose compensation system (ParScientific) used in
conjunction with a 3D CT-based treatment planning system (Cadplan) was
undertaken.  Initial acceptance of the system confirmed a geometric accuracy of
better than 1mm.  Several materials were investigated for suitability of use to make
the compensators.  2.5 mm diameter steel shots were found to be optimal.
Attenuation coefficients for this material for a range of field sizes were determined.
Phantoms were designed  and constructed to test the accuracy of the dose
compensation algorithm.  These fall into two classes: i) geometric phantoms to test
for missing tissue compensation and ii) dosimetric phantoms, incorporating
inhomogeneities, to test for dose compensation.  These phantoms were CT-planned
and irradiated with and without compensation.  Film dosimetry was used to
determine the uniformity of the dose delivered.  These results were compared to dose
distributions obtained using the treatment planning system.  A similar verification
procedure of the system was performed using a Rando phantom irradiated for sites
which normally require use of compensators (e.g. head and neck).  Finally a monitor
units calculation routine was developed to enable clinical use of the system.  At each
step of the process, results of the tests indicated levels of accuracy which make the
system suitable for clinical use.

PO-191
Clinical Experience with the AcQsim CT-Simulator
C. Swift, M. Al-Ghazi *, Fraser Valley Cancer Centre, B.C. Cancer Agency

A CT-simulator (AcQsim) networked to a 3D treatment planning system (Cadplan)
has been commissioned at our institution.  It has been in clinical use for
approximately one year.  Its incorporation into and impact on our clinical practice
of radiotherapy is discussed.

Acceptance testing, commissioning and subsequent quality assurance of the
following system components have been conducted: i) the CT scanner.  ii) the laser
patient marking system and iii) the virtual simulation software.  The CT scanner was
tested in accordance with AAPM report #39.  These tests include mechanical
motions, light localisation accuracy, image quality, CT dosimetry and CT number
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calibration.  The virtual simulation package was commissioned as follows:  the
target localisation package was evaluated by comparing the physical contouring and
isocentre definitions from test object to that defined by the virtual simulator.  DRRs
were tested for geometric accuracy.  CT scans of two test phantoms, containing lead
wires at predetermined distances, were transferred to the virtual simulator to test the
ray-line divergence and spatial distortion.  "Virtual" motions (gantry, collimator, etc.)
were tested using a modification of the test phantom.  A quality assurance protocol
was then established to ensure that all parameters remained within their accepted
tolerances.
Commissioning data obtained are within those reported in the literature.  Accuracy
of geometric parameters are within 1mm and 0.5° for linear and angular dimensions
respectively.  Introduction of this facility into clinical use improved the efficiency
of the treatment planning process significantly as it has combined the CT planning,
simulation and "sim-on-plan" steps into one session

PO-192
Use of Compensating Filters in Intensity Modulated Radiotherapy
P. Basran *, W. Ansbacher, C. Field, B. Murray, Cross Cancer Institute, Edmonton,
Canada

Compensators are commonly used in photon beam therapy to correct for surface
contour variations and tissue heterogeneities of the patient. In conjunction with
wedges and collimator rotations, compensators may also be used to achieve dose
uniformity for a multi-beam plan with the use of Sherouse’s "Gradient Vector"
technique [Sherouse 1993]. In this technique, local dose gradients within the
isocenter are minimized through geometric analysis of the beam; gantry, table, and
collimator angles, ssd, field size, etc,. 
In this project, we have developed a technique to design and construct a single
intensity modulation filter using gradient minimization. In so doing, we have
eliminated the need for wedges and collimator rotations in delivering these
optimized plans. Dose homogeneity within the PTV of less than 5% is achieved for
both calculated and measured distributions when using this technique. An additional
advantage of this technique is that it is easily implemented for complex, non-
coplanar treatments.  

PO-193
Automated Bone Segmentation from MR Brain Datasets for use in
Radiotherapy Treatment Planning
D. Brinkmann *, R. Kline, J. Bourland, Mayo Clinic, Rochester, MN  55905

For brain tumor treatment planning MR imaging affords desirable attributes of
excellent soft tissue contrast and better delineation of pathology than CT.  High cost
of dual modality acquisitions for combined CT and MR planning and the required
image registration step are disadvantages, making MR-only datasets attractive.
However, geometric distortions, lack of signal from bone, and missing electron
density information are negative aspects of using MR without a corresponding CT
dataset.  

We have proposed and developed an automated method to facilitate MR-only
treatment planning, whereby CT attributes of bone and electron densities are derived
from MR datasets alone.  The method uses automated operations for thresholding
and morphology to determine a CT-like bone mask that is applied to the original
MR dataset.  Prior to development, MR image acquisition was thoroughly studied
and geometric distortions were observed within clinical tolerances for treatment
planning without CT.  The new method has been developed and tested on phantom,
cadaver and patient databases.  Automated segmentation fidelity is clinically
acceptable, evaluated by registering the MR-derived bone mask with actual bone
from same-subject CT images.  Automated MR bone segmentation provides a
clinically useful method for including bone in an MR dataset and makes the
following operations possible:  MR-only treatment planning with boney landmarks
using BEV projections, bulk inhomogeneity dose calculations, and treatment
verification through comparisons of computed "MR-radiographs-with-bone" with
simulator and port films.  For brain tumor treatment planning, a CT image is no
longer needed.

PO-194
Errors in Isodose Calculations for Conformal Prostate Treatments using
Multileaf Collimators
N. Gupta *, B. Albertson, The Ohio State University, Columbus, Ohio

In our institution many prostate cancers are treated with four coplanar conformal
fields.  Treatment planning is performed with our Helax TMS 3D treatment planning
system.  The radiation oncologists draw the GTV, CTV and PTV according to
ICRU50 specifications.  Fields are shaped using MLCs, such that the prescribed
isodose surface best fits the PTV.  The leaf plans are exported electronically using
an RTP Link to our LANTIS R&V System.  The goal of this study was to
investigate the errors in calculating isodose distributions in fields shaped with the
multileaf collimator to partly characterize PTV margins needed for the treatment of
prostates.
In this study we planned two and four field treatment plans on a 30cmX30cmX30cm
phantom using two extreme shapes - a sphere and a cone, to represent the prostate.
For each of the four plans, the MLCs were shaped such that the 90% isodose surface
just contained the target.  The treatments were delivered on our Siemens Mevatron
KDs equipped with an MLC.  Isodose distributions in coronal and sagittal planes
were measured using film.  The film dosimetry was performed using our Wellhoffer
film densitometry system with H&D corrections.
Our results show that for the spherical target the largest errors between the calculated
and measured prescription lines are about 3 to 4mm.  For the conical target, the
errors were consistently largest near the tip of the cone with errors as large as 5mm.
The area within the measured prescription isodose line was less than planned in most
cases.

PO-195
Optimizing 3D Dose Distributions Without Inverse Treatment Planning
J. Galvin *, J. Sweet, G. Bednarz, S. Hughes, W. Curran, Jr., Thomas Jefferson
University Hospital

A technique for optimizing dose distributions for treatment of brain tumors is
described.  The method uses 4 or more non-coplanar fields, and inverse planning is
not utilized.  Instead, the planning process is broken into three steps: First, field
directions are determined with BEV display.  Second, missing tissue compensation
is applied to each field.  This step uses standard software available on many
treatment planning systems.  Third, non-coplanar 3D fields are separated into two
or more 2D plans and traditional wedge arrangements are employed to obtain dose
homogeneity.  The 2D plans are added to produce the final 3D plan.  When planning
is complete, dose delivery is accomplished as a two-step process: First, the intensity
patterns that would be produced by placing a physical wedge and a compensator in
each field are combined.  Second, this intensity pattern is used to determine MLC
leaf positions for "segmented" intensity modulation of the beam.  The effectiveness
of the planning part of the technique is determined by comparing dose-volume
histograms resulting from the method described here to those produced by senior
dosimetrists using a 3D planning system.  For the five cases investigated, the dose-
volume histograms produced by the treatment planning method described here were
equivalent to those produced by the dosimetrists.  The software developed to
combine intensity patterns and to define multileaf segments for dose delivery will
be described.

PO-196
Can a CT Based 2D Treatment Planning System Approach the The Accuracy
of 3D Conformal Planning.
E. Parsai, K. Ayyangar, L. Tao *, J. Feldmeier, Medical College of Ohio, Toledo,
Ohio

Many radiation oncologists working in centers not equipped with 3-D treatment
planning systems have fundamental question of "is it really helpful?" or "would I be
paying for just some pretty pictures?". The aim of this presentation is to answer the
above questions by comparing optimal 2D plans generated for prostate with 3D
conformal plans, using an in-house developed RTP system. The procedure was to
identify the clinical target volume (CTV) on CT slices, transfer and project CTV on
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sim film to design the irregular fields, use the central slice from CT to generate
optimized 2D plan with a dose homogeneity of 5% or better across the planning
target volume (PTV). A 3D plan was also generated using the same beam parameters
as in the 2D case. Dose-volume Histograms (DVH) were then computed for both
plans for targets as well as for the critical structures. In the target volume, the
coverage was similar in both plans, but for the bladder and rectum significant
differences in dose-volume relationship were observed. In 2D, in average, 30% of
the bladder and 35% of the rectum volumes were treated  with over 90% of the
prescribed dose, compared with only 9% of bladder and 12% of the rectum volumes
in the 3D plan. It was concluded that 3D RTP systems are helpful in reducing the
dose to critical normal structures and of course will help in conformity of dose to the
PTV. The MUs for the irregular plans were compared and no significant differences
were found.

PO-197
Custom Designed Beam Spoilers for Head and Neck Treatment
A. Kassaee *, P. Bloch, E. Yorke, M. Altschuler, D. Rosenthal, University of
Pennsylvania Medical Center, Philadelphia, PA

When a 6 MV beam is used for treatment of head and neck (H&N) tumors, a beam
spoiler is often required to assure adequate treatment of superficial lymph node areas
(depths of 2 to 5 mm) while maintaining some degree of skin sparing. The upper
neck is usually treated with parallel opposed lateral beams. An abutting anterior field
treats the supraclavicular region. We developed two convenient designs to expedite
these treatments. In both cases, the spoiler is a 1 cm thick slab of lucite. The
therapists are instructed to maintain a spoiler-skin distance of 10 to 15 cm at mid-
field. For the anterior field, a horizontal piece of lucite is secured to a "coffee table"
support which mounts to the couch rails. Its height is adjustable. For lateral fields,
the spoiler pieces are mounted vertically in a frame which lies flat on the couch and
secures to the rails. Each piece can slide to the desired distance from the skin.
Percent depth dose and profile measurements were made in the buildup region for
6 MV x-rays. These agree with the published literature. The contribution of
contaminating electrons to the surface dose was determined as a function of spoiler-
skin distance and field size. The measured contaminating electron component was
incorporated into the U-Penn dose calculation algorithm and integrated into the in-
house treatment planning system. Dose distributions with and without the spoiler
demonstrate the benefits provided by these devices for typical H&N treatments.

PO-198
Conformal RT for Prostate Ca: Prone vs. Supine Treatment Position
R. Muller-Runkel *, N. Burriesci, Saint Margaret Mercy Healthcare Centers,
Hammond, IN

Conformal RT with  six or seven stationary fields is an often used treatment
modality for carcinoma of the prostate. The maximum dose that can be delivered to
the prostate is limited by the incidence of rectal complications. This study
investigates whether a prone, rather than supine treatment position , could reduce the
rectal dose.
We obtained planning CT scans for 5 patients in prone and in supine positions. On
both scans, prostate, seminal vescicles, rectum and bladder were outlined, and CT
based 3D treatment plans were generated with the FOCUS treatment planning
system, using 7 shaped treatment portals for supine, and 6 for prone treatment
position . After 54 Gy, treatment portals were reduced to come off the seminal
vescicles, and a boost dose of 19.8 Gy was planned to the prostate only.
Dose volume histograms of rectal and bladder volume included in the treatment
fields will be compared for both treatment positions, as well as the mean and
maximum doses delivered to these organs. Reproducibility of each set-up is
evaluated by comparison of repeat portal films.

PO-199
Implementation of MLC in a University 3D Radiation Treatment Planning
System
W. Dezarn *, J. Bourland, Wake Forest University School of Medicine, Winston-
Salem, NC

We are modifying a RTP system to deliver static and intensity modulated radiation
treatments via a commercial eighty leaf multileaf collimator.  Manual control of
individual leaves is possible as well as field autoshaping to a selected target.  MLC
physical limitations are incorporated into the control sliders and push-button
selections.  MLC rotation with the accelerator collimator is viewed by a continuous
line segment representation in the BEV window.  Autoshaping of the MLC is
accomplished by intersecting the middle of a leaf with a given beam outline.  Where
the middle of the leaf will not intersect the beam outline, the nearest leaf edge is
used.  Manual controls allow for user defined fields or editing autoshaped fields.
IMRT is designed to be delivered to multiple fixed fields using dynamic movement
of the MLC leaves.  Treatments are developed within the MLC’s physical constraints
by moving leaves continuously and unidirectionally across the field.  Leaf dwell
times are calculated from a given intensity map using Stein’s method.  Leaf
trajectories are determined as a function of time and delivered dose from the dwell
times.  The current model has been confirmed computationally by reconstructing the
intensity map from the leaf trajectories. Conversion of calculations into vendor
supplied device parameters and exporting to the accelerator will allow dosimetry
tests to begin.  Development of this link will allow experimental verification of
IMRT dose calculations from a finite sized pencil beam model with the inclusion of
MLC penumbra and leaf transmission effects. 

PO-200
Dose Comparisons and Implications for Implementation of 3-D Treatment
Planning
P. Garmon *, Q. Wu, R. Zwicker, G. Hundley, R. Mohan, Medical College of
Virginia/Virginia Commonwealth University - McGuire V.A. Medical Center

Clinical implementation of 3-D treatment planning with CT-based density
corrections necessitates a quantitative comparison between the predictions of the
dose delivered by 3-D systems and conventional 2-D treatment planning systems.
This includes assessing the clinical significance of any deviations found between the
systems and determining what modifications, if any, may be needed to prescription
doses for isodose plans generated by the more sophisticated 3-D systems.  In this
investigation, dose calculations were carried out with 2-D conventional systems
(Theraplan V05 and GE Target Vn 4.0) and with a convolution based 3-D system
(ADAC Pinnacle3 ), both with and without inhomogeneity corrections.  Test cases
included a 4-field setup for treatment of the prostate and a 6-field setup for treatment
of the esophagus for 6 and 18 MV photons.  Comparison of the homogeneous to the
heterogeneous 4-field setup showed expected variations in isocentric doses of 1%
to 3% for 18 MV and 6 MV photons due to the presence of bone.  For the esophagus
setup with inhomogeneity corrections in both cases, the doses computed by the 3-D
system for various points in the tumor ranged from 2% to 6% lower than those
computed by Theraplan for the same points.  These findings confirm that careful
consideration must be given to implementing 3-D density based calculations in the
clinic.  This includes determining the magnitude of any deviations in dose
calculations from conventional treatment planning systems, particularly for sites
where there are large density variations in proximity to the tumor.

PO-201
Fitting the Critical Volume NTCP model to
P. Stavrev *, A. Niemierko, N. Stavrev, M. Goitein, Massachusetts General Hospital

The problem of estimating the  probability of complication in an organ or tissue
caused by radiation has been discussed in the literature and several models have
been  proposed (Schultheiss, Lyman, Jackson, Niemierko). However, practical
implementation of these models and their employment for various organs have not
been presented. A pseudocode allowing the assessment of the probability of
complication for an inhomogeneous dose distribution using the Critical Volume
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NTCP model the will be presented. The model has four parameters (50 , D50 ,  and .
Two of them (50 and D50) describe the dose response of a single functional subunit.
is the population average functional reserve of the organ and provides a measure of
interpatient variability of . In order to obtain  estimate values of the model
parameters for different organs  the data published by Emami et al have been used.
The maximum likelihood method has been used to fit the Emami data to the Critical
Volume model. As a result of the fit the parameter values for different organs have
been obtained. Graphs illustrating the goodness-of-fit will be presented as well. The
pseudocode consists of two parts. The first part can be used to obtain the maximum-
likelihood parameters of the model from the clinical data. The second part is used
to estimate NTCP from the organ of interest dose-volume histogram using either the
parameters obtained in the first part of the code or the parameters provided with the
code and obtained from fitting the Emami data.

PO-202
Subclinical Disease Dose-volume Effects
J. Deasy *, Henry Vogt Cancer Research Institute and Dept. of Radiation Oncology,
James Graham Brown Cancer Center, University of Louisville.
jod@bcc.louisville.edu.

The volume effect for suspected subclinical disease is investigated.  A dose-response
model including the kinetics of micrometastatic focii establishment and development
is constructed.  Although radiobiological parameter values and precise model
assumptions are uncertain, some qualitative conclusions based on model results can
be drawn:  a) Subclinical disease control probability model results consistently show,
for a wide range of plausible radiobiological parameters, that TCP models applied
to regions of suspected subclinical disease probably overestimate the detrimental
effect of volumes of depressed dose (‘cold spots’).   b) Nevertheless, any cold spot
with dose less than about 50-60 Gy degrades the expected level of subclinical
disease control.  c) Increasing dose to greater than about 50-60 Gy shows a greatly
diminished return on disease control per unit dose for regions of suspected
subclinical disease compared to gross disease.  And d) Comparison of treatment
plans which include tradeoffs between the quality of the radiation dose distribution
to the gross disease and the quality of the radiation dose distribution to regions of
suspected subclinical disease cannot be reliably ranked solely using TCP models
developed for gross disease.  Cold spots are expected to affect local control less for
sites of suspected subclinical disease compared to gross disease for two reasons:
there is some probability that the cold spot will not contain any metastatic focii,
even if focii are present elsewhere, and also many micrometastatic focii will have
very small numbers of clonogens, which are controlled even with relatively low
doses. 

PO-203
Intensity Modulation for Breast Treatment Using Static Multi-Leaf Collimators
Y. Lo, G. Yasuda *, T. FitzGerald, B. DeGaspe, M. Urie, Radiation Oncology,
University of Massachusetts Medical Center, Worcester, MA

There are appreciable dose variations throughout the target volume when breast
cancer patients are treated with the prevailing irradiation technique, tangential
opposed fields. The technique we have developed uses multiple sets of MLC-
defined fields to achieve more uniform dose distributions. Patients are immobilized
and CT scanned from the lower neck to well below the breast tissue in the traditional
arm up position. The target volume is delineated in 5mm CT slices. Standard
tangential fields are designed with the aid of DRRs. The MLC, without collimator
rotation, is used to shape the field. The wedges and relative weights of the beams are
optimized to provide optimum uniformity. Many patients have dose inhomogeneity
of 10% to 15%. For these patients, a second set of fields is designed. These fields
have the same beam parameters but "treat" only the part of breast tissue that is
"cool". Presently, the design of these fields is an iterative process. The weight of the
original set of fields is reduced (usually ~90%) so that the "original hot" regions
receive the prescription dose; the second set of fields delivers a supplemental dose
to the "cold" region, typically ~10% of the total dose. The process can be extended
to more than 2 sets of portals to obtain the desired dose uniformity. With these static
MLC fields creating the intensity modulation, the dose uniformity to the breast is

significantly improved and the hot spot in lung reduced. There is no increase in
setup complexity nor in treatment time.

PO-204
Treatment Planning Implementation of Modified Penumbras for Matching of
Electron Fields
B. Lachance *, D. Tremblay, J. Pouliot, C.H.U.Q. Pav. Hotel-Dieu de Québec,
Québec, Canada

A novel approach to electron fields matching was introduced recently. Dose
uniformity is achieved through beam-edge modification by means of a penumbra
generator placed on the electron applicator insertion plate. By blocking part of the
beam on the side of abutment, the penumbra generator reduces the electron fluence
and generates a wide and smooth penumbra, ideal for field matching. In order to
obtain a fully integrated treatment technique, these modified electron beams were
included into our commercial treatment planning system. The solution adopted uses
the ability of the system to allow beam modifiers for electron beams. The modified
penumbra is obtained by optimization of the modifier shape in order to match the
measured data. Slab beams having a width of 0.5 cm were calculated by the
treatment planning system for the various electron beam energies of interest. The
calculation matrix data of these slab beams were exported in an optimization
program that calculates modified beam profiles at two different depths by summing
the appropriately weighted slab beams. An iterative procedure is used to optimize
the weight of every slab beam in order for the calculated profiles to reproduce the
measured data. The weights obtained in this way can be simply used to calculate the
modifier shape to be entered in the treatment planning system. A complete set of
beam modifiers is obtained in this way for a given range of beam geometry. Plans
with multiple field arrangements can be computed with a precision of a few percents.

PO-205
An Objective Calculation Method for CT Scan Conversion in Radiation
Therapy Treatment Planning
D. Wilson *, University of Louisville School of Medicine

The ability to accurately convert CT scan numbers into appropriate beam transport
factors (i.e. photon attenuation coefficients, electron stopping powers and scattering
powers) is needed to generate correct absorbed dose distributions in radiation
treatment planning.  However, there exists no standard protocol for CT number
conversion in radiotherapy.  Consequently, different conversion methods reported
in the literature or recommended by the treatment planning computer vendor will
lead to different, and sometimes incorrect dose determinations.  For example, if one
uses a teflon insert in a linearity phantom to represent the electron density of bone,
the electron scattering power could be overestimated by as much as 45 per cent.  The
conversion method presented here is based on recognizing that three independent
factors must be considered to generate  tables which are: 1. An objective
determination of CT linearity must be done. 2. An estimate of CT energy should be
determined in the presence of beam hardening. 3. A subjective decision, not
determined by any phantom  measurements, must be made to assign the type of
tissue represented by various CT numbers (i.e. lung, fat, muscle, bone, etc.)  The CT
linearity was established using a quality assurance phantom.  The energy was
determined by scanning polyethylene, water, and methyl sulfoxide samples, and the
tissue type assignments were made by evaluating CT number histograms from
several scans. Physical density, electron density (megavoltage photon attenuation),
electron stopping powers, electron scattering powers, and DRR coefficients were
calculated from linear attenuation coefficients computed from the CT  linearity  and
the atomic composition of the tissues.
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PO-206
Video Capture of Prostate Ultrasound Images and Display in a 3D Treatment
Planning Computer
P. Sinha *, W. D’Souza, B. Thomadsen, M. Ritter, University of Wisconsin-
Madison, WI

We have implemented a method to transfer ultrasound (US) images of the prostate
from the US unit directly to the ADAC PinnacleTM treatment planning system. This
is done with the help of a video frame grabber installed on the treatment planning
system computer’s motherboard (SunSPARCTM 10). The S1V frame grabber from
EDT Corporation provides video capture and output capability for the treatment
planning computer. The images are fed from a Siemens Sonoline Prima US scanner
and captured by the frame grabber in single frame acquisition mode. A sequence of
images corresponding to different slice sections of the prostate can be acquired and
stored in a SunRaster file format. A computer program converts the existing file
format into the PinnacleTM image file format enabling the images to be viewed
using PinnacleTM. These images can then be used for treatment planning. This
method was tested by acquiring images using a Nuclear Associates prostate
phantom. No image distortion was observed with the video capture and signal
intesity was preserved. Actual patients’ ultrasound prostate images were also
transferred to the 3D treatment planning system using this method.Implementation
of this method has improved the efficiency of ultrasound guided prostate implants.

PO-207
Progress in Real-Time 3D Dose Planning
J. Matthews *, B. Goldsmith (1), J. Purdy, Washington University School of
Medicine, St. Louis, MO and (1) Walter Reed Army Medical Center, Washington,
DC

Real-time dose computation and display allows an experienced planner to improve
3D radiation therapy plans efficiently. Previous work has used transputer arrays and
shared-memory multiprocessors to compute 3D isodose surfaces and dose-volume
statistics near real time.  Our current strategy is to use relatively inexpensive graphics
workstations as clients of a distributed system.  The client would have enough power
to make a crude dose calculation and update its local display in a fraction of a
second. An Internet-accessible remote server would calculate a much more accurate
dose in seconds.  Thus the user could manipulate beam configurations in 3D and see
a crude dose surface "instantly," and then get a more accurate update from the server
in seconds. We have successfully split our recent implementation, which ran on a
single high-end multiprocessor graphic workstation, into two parts. The client
workstation (located anywhere in the world) includes a graphic display, control
panels, and crude dose calculation. The server (currently an 8-processor IBM SMP
located at the Maui High Performance Computing Center), which already has a CT-
based model of the patient, needs only an update of plan parameters to do a more
accurate dose calculation. This real-time tool is expected to encourage improved
clinical quality by enabling treatment planners to calculate and compare a series of
refined plans in a timely manner. Such networked real-time 3D planning systems
also suggest the potential for centralized planning centers that may improve quality
control and yield cost benefits.
This work supported by The Pacific Regional Program Office and an industrial
grant from Computerized Medical Systems

PO-208
Analyzing and Reporting Large Dose Inhomogeneities using the Effective
Uniform Dose Formulation Based on the Linear-Quadratic Model
J. McGary *, W. Grant, Baylor College of Medicine

Currently, radiation therapy departments are actively implementing intensity
modulated radiotherapy using a variety of treatment planning and delivery
optimization methods.  The resultant tumor dose nonuniformity depends on the dose
optimization algorithm, treatment delivery device, and the relation between critical
structures and target.  Optimization algorithms differ in the degree of dose
nonuniformity by the scoring criteria used to select the radiation beams.1  Most
optimization systems minimize the sum of the squared tumor dose residuals which

allows large dose nonuniformities.2   To exacerbate this, treatment delivery devices
like the Peacock modulated intensity multileaf collimator induce dose
inhomogeneity due to field matching within the tumor.3  To estimate the biological
impact from nonuniform dose distributions, Niermerko used the equivalent uniform
dose (EUD) concept to evaluate plans associated with tumor boosts4.  As an
extension of Niemerko's work, we used the Linear Quadratic based EUD model to
analyze Peacock patient plans and discovered that our data is different than
considered by Niemerko.  From our analysis, we find that EUD is sensitive to the
LQ parameters, making it necessary to calculate several EUD values for each dose
distribution.  We show that EUD and the minimum dose are important for dose
analysis and reporting.  Dose-volume effects are neglected in the minimim dose
parameter but included in EUD. Together, the minimum dose and several EUD
values are required to adequately retain brevity for reporting and increase the
dimensionality of the information for analysis.

Electronic Poster Displays  (South Exhibit Hall)

EP-01
An  On-Line Physics Manual with Automated HTML Conversion and
Dynamic HTML
S. Chungbin *, Karmanos Cancer Institute, Wayne State University, Detroit,
Michigan

We have expanded our medical physics Internet platform documentation by (1)
automating conversion of PC documents to HTML and (2) developing an electronic
logbook which incorporates features of dynamic HTML.  The scope of the manual
includes routine quality assurance, maintenance, and service of equipment as well
as radiation safety and clinical procedures. The manual, as well as detailed
information about its development and use in our department of networked PC's and
UNIX work stations, will be available for perusal at the computer display.  We
developed tools in C to automate HTML conversion in order to handle the large
body of already existing PC documentation that is useful but not easily accessible
in its paper format.  Our departmental policies and procedures consists of over 200
Word Perfect documents; information on our  in-house developed treatment
planning system and other pertinent physics/dosimetry issues are distributed over
hundreds of  memos.  To create web pages document by document, hyperlink by
hyperlink is too time consuming, even with commercially available Web Page
software.  Automated conversion also is useful in maintaining HTML documents,
since the tools created can be used by people familiar in creating word processing
files, but not familiar with HTML generation.  We developed the electronic logbook
to inform, share, and track daily events with departmental personnel, such as status
of patients requiring special procedures and of maintenance/repair of equipment. 
The dynamic HTML allows automatic generation of pages and indexes with updated
information. 

EP-02
Clinical Implementation of a Portal Imaging Network in a Hybrid Network
Environment
F. Van den Heuvel *, D. Ragan, Barabara Ann Karmanos Cancer Institute - Harper
Hospital, Detroit Michigan

The use of electronic portal imaging (EPI) holds promises that has yet to be realized
in the clinical environment. Projected assets are: digital enhancement, near  real-time
imaging and networked availability of the images. Little attention has been given to
the integration of the system in the clinical daily routine.
In this paper we implement a solution to this problem by mapping a client-server
structure onto an existing departmental network. The network consists of a variety
of personal computers, mini-computers, workstations and mainframes, each running
their own operating systems and applications. The server, which needs to run on a
multitasking machine, controls a list structure that contains image information. Every
machine in the department runs the client software written in a platform independent
script language (Tcl/Tk). The client software connects to the server and retrieves the
list after which it communicates using socket-pairs. The server generates a child
process to handle all communications with the client separately. Image information



1998 AAPM Annual Meeting Program A211

Medical Physics, Vol. 25, No. 7, July 1998, Part 1

and selection are displayed locally and the images can be retrieved of the network
via the server. The use servers makes image handling and processing transparent, as
well as  platform independent. Image display is optimized by the server for
intermediate quality monitors prevalent on most PC and workstations. Sophisticated
image processing code is performed on the server only.
Additionally the code runs not only over a local network but also over any Internet
connection allowing the user to interact with the list structure and images from
anywhere in the world.

Poster Presentations: 
Diagnostic and Nuclear Medicine (South Banquet Hall)

PO-D-01
3D Vector Magnetic Field of TMS coil From In Vivo MR Z-component Phase
Maps
D. Bohning *, A. Shastri, Z. Nahas, J. Lorberbaum, D. Vincent, M. George, Med.
Univ. of South Carolina, Charleston, SC, USA

Transcranial magnetic stimulation, a technique in which a pulsed magnetic field
from a handheld coil is used to create neuron depolarizing currents in the cerebral
cortex is finding growing application in the investigation of brain function.  Progress
with this exciting new technique, though rapid, has been hampered by inexact
knowledge of the location and strength of stimulation. Recently, using MR phase
mapping, we were able to obtain in-vivo maps of the relative strength of the z-
component of the TMS coil’s magnetic field with respect to the cerebral cortex of the
individual undergoing stimulation.  Despite the usefulness of these maps, a full 3D
vector representation of the TMS coil’s field is required to estimate the induced
electric currents which actually depolarize neurons.

In the present work, using in-vivo MR z-component phase maps as input, a point-
by-point difference method was used to solve Maxwell’s Equations for the x and y
components, obtaining the full three dimensional magnetic vector field
corresponding to the magnetic field of the TMS coil in-vivo.  Knowing the 3D
vector magnetic field produced by the TMS coil at any point in the cortex will
provide the basis for improved, individualized estimates of the TMS pulse induced
electric fields, and significantly improve the ability to relate response to neuron
stimulation and/or inhibition.

PO-D-02
A Common Tissue Parameter To Assess Water Proton Spin Lattice Relaxation
Time In Different Species
S. Akber *, Marshfield Clinic, Department of Radiology

The parameter that influences the water proton spin lattice relaxation time (T1) from
organ to organ in an individual species is not well understood. Water content of the
tissue has been ascribed as the common denominator with pro and con arguments.
Akber (1,2) recently showed that the common denominator of T1 variation from
organ to organ in an individual species seems to be the organ weight.
In this work, T1 values of humans, rats, and pigs will be assessed with organ weight.
Results indicate that T1 decreases as organ weight increases. It appears that T1 is
different in different species because of the organ weight, which in turn dictates the
metabolic rate in an individual species. It is obvious that the overall metabolism can
not be independent of organ weight and neither is the relaxation mechanism.

References:
Akber SF. NMR relaxation data of water proton in normal tissues. PCP and Med
NMR 28:205, 1996
Akber SF. Organ weight: a new tissue parameter to assess water proton spin lattice
relaxation time. Medical Hypotheses 48:71, 1997

PO-D-03
A New Paradigm for fMRI Data Analyis
N. Szeverenyi *, W. Huda, SUNY Health Science Center

A conventional Receiver Operating Characteristic (ROC) methodology was used to
analyze sequential MR images on an individual pixel basis.  Pixel intensities on
images collected during activation periods are deemed to belong to True Positives,
whereas pixel intensities obtained during the control period are equivalent to False
Positives. A plot of True Positive fraction versus False Positive fraction as the test
threshold was varied, permitted the computation of an Az parameter for each pixel
in the set of congruent images. This approach was tested on data from our functional
MRI images.  These scans consisted of T2* weighted (TR 3500, TE 60) EPI images
obtained at 1.5 Tesla on a G.E. Signa scanner.  The robustness of this approach was
evaluated by adding synthetic activation and/or noise to small rectangular areas on
certain images. These images were then analyzed using a conventional Student’s t-
test as well as our ROC Az analysis.  In well-behaved date sets, the area under the
ROC curve (Az) correlated very well with the traditional t-statistic.  Addition of
spurious spike points in less than 10% of the images, and having 20% additional
intensity, was sufficient to reduce the t-values to undetectable levels. By comparison,
these spikes had no observable effect on the Az data.  This novel approach to the
analysis of fMRI data using ROC methodology is independent of any assumptions
about the statistical distribution of pixel data, and also yields robust results if the
image sets contain spurious or anomalous data. 

PO-D-04
Calibration of MRI Temperature Mapping for FUS Ablation Therapy
T. Wu *, K. Kendell, J. Felmlee, B. Lewis, R. Ehman, Diagnostic Radiology, Mayo
Clinic, Rochester, MN55905

Recently, high-powered focused ultrasound (FUS) systems have been introduced in
the MRI environment for noninvasive tissue ablation purposes. Accurate MRI
temperature mapping of the ablation field is essential for FUS surgery. It is well
known that the water proton chemical shift (WPCS) has a linear dependence on
temperature elevation. But the calibration of the WPCS temperature coefficient has
not been well established. The purpose of this study was to construct a temperature
calibration curve for WPCS temperature mapping. This curve provides a very useful
guide for quality control in FUS ablation clinical trials.

In the experiment set up, an agar gel phantom was heated to approximately 700C and
thermally insulated in a Styrofoam container. Thermocouples were inserted into the
gel phantom to monitor temperature. A 5-mm thick slice was acquired by a fast
gradient echo sequence using a 256x128 matrix, (TE/TR = 6.2/34 ms) and a 5-inch
surface coil. The WPCS was calculated from the phase difference images.

Over a six-month period, 17 studies have been conducted. Each study has
demonstrated a good linear relationship between phase change and temperature

elevation. The average correlation coefficient is 0.9884  0.0148.  However, a±
relatively large variance of WPCS temperature coefficient was observed. The

average temperature coefficient is 0.0091  0.0010 ppm/0C. Four of 17 studies±
were conducted on the same day. The average temperature coefficient of these four

studies is 0.0096  0.0001 ppm/0C. The results show that daily calibration could±
reduce the temperature mapping error from 11% to 1%.

PO-D-05
Effects of remnant magnetization in a converted MR facility on an
angiographic imaging system.
C. Chamberlain *, N. Szeverenyi, G. Connock, M. Roskopf, D. Bassano, P. Chopra,
SUNY Health Science Center at Syracuse

A 1.5 Tesla MRI system was moved to a new wing of the hospital, and the vacated
space converted to accommodate a dedicated digital angiography imaging system.
Commissioning the new angiography unit showed significant image distortion
which was most severe when the image intensifier was located adjacent to the floor.
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Subsequent floor level measurements indicated magnetic field intensities ranging
from ~0.5 gauss adjacent the walls to ~18 gauss adjacent to the angiography unit.
Review of the facility construction plans indicated the presence of  (unexpected)
steel bar installed in the concrete floor at a depth of ~8 inches. Demagnetization was
performed "in house" by using an alternating (60 Hz) magnetic field generated by
a 73 cm diameter coil (36 turns) of heavy copper wire attached to the leads of a
small electric arc welder and operated at 75 amperes. These components were placed
on a cart such that the coil was ~1 cm above the floor and the demagentization unit
was repeatedly passed over the floor for 90 minutes. The AC magnetic field intensity
at the level of the steel bars was estimated to be ~2 kgauss. After demagnetization,
repeat measurements showed a five-fold reduction in residual field strength at the
floor surface and the image distortion was reduced to a clinically acceptable level.
Our experience shows that the decomissioning of MRI facilities needs to include
magnetic field measurements to ensure that there is no residual magnetic field which
may interfere with sensitive equipment such as an image intensifier. 

PO-D-06
Elasticity Estimates Using Phase Contrast MRI Measurements of Displacement
J. Weaver *, E. van Houten, M. Miga, K. Paulsen, Dartmouth-Hitchcock Medical
Center

We are studying methods of reconstructing the elasticity from MRI measurements
of tissue vibration.  There has been significant interest in estimating tissue elasticity
from MRI phase contrast measurements of periodic and quasi-static displacement.
MRI seems to hold more promise than ultrasound because of its ability to measure
small tissue displacements simultaneously in all three directions resulting from a
single mechanical stimulus while ultrasound is limited to recording tissue
displacements in one preferred direction at at time.  

We have calculated tissue displacements with the partial differential equations
describing dynamic and static elastic deformation.  Models of the breast were
generated from MRI scan data.  We have performed simulations for various modes
of vibration.  These simulations have led to three conclusions which impact how
estimates of elasticity can be obtained from displacement fields:
1)  If the driving displacement is large enough to obtain 3D MR phase contrast
images in reasonable times, there is likely to be significant displacement in
directions perpendicular to the direction of the driving force.  
2)  Multi-dimensional displacement (e.g. in directions other than in-line with the
driving force) requires partial differential equation solution to adequately describe
the displacement field. 
3)  Because partial differential equations are necessary to describe the motion, those
equations must be used to estimate the elasticity.  
If the displacement is all essentially in the direction of the driving force, simple local
estimates of the elasticity would be possible.  

PO-D-07
Measurement Consistency in a Random Sample of Identical MR Phantoms
A. Shastri *, G. Donald Frey, D. Bohning, Department of Radiology, Medical
University of S. Carolina, Charleston, SC

Introduction:.  We studied 10 randomly selected, identical phantoms used in the
American College of Radiology (ACR) MRI accreditation program and compared
signal intensity means and standard deviations to corresponding values obtained by
4 measurements in an identical reference phantom.  We report on the differences
observed.

Methods:  Phantoms were scanned on a GE Signa 1.5 T scanner and head coil using
the protocol specified by the ACR for its accreditation program.  Signal intensities
were measured using Signa software (version 5.4.2).  A random sample of 10 MR
phantoms was scanned, and the signal intensities of two regions in the first slice
were measured. A reference phantom was scanned 4 times to establish the
uncertainty of measurement.  We performed a t-test on the random and reference
samples to determine P values for the hypothesis that there is no significant
difference between the means of the two samples.

Results/Discussion:  We find an uncertainty in measurement of 4-6%.  P values
range from 20-80%, indicating no convincing evidence for a difference between
sample means.  Therefore, variations in the data are attributable to uncertainties of
measurement rather that variation of the phantoms themselves.

Conclusions:  Measurements showed a high degree of consistency from phantom
to phantom.  Variations in measured quantities may be attributed to measurement
uncertainties.

Acknowledgments:  Testing was done under contract with ACR.  We wish to thank
the ACR MRI Accreditation Committee for their help and cooperation.

PO-D-08
Reduction of Metal Artifacts in MRI
A. Viano *, S. Gronemeyer, St. Jude Children’s Research Hospital, Memphis,
Tennessee

Due to the large differences in magnetic properties between metal and human
tissues, metallic implants or fragments within the body cause severe distortions
(metal artifacts) in magnetic resonance (MR) images.  In our patient population,
these artifacts make it very difficult to adequately assess recurrent tumor, fracture,
or infection in the region of an implant.  Metal fragments from brain surgery and
dental appliances (especially braces) cause severe artifacts in images of the brain,
face, sinuses and neck.  Reducing the extent and intensity of these image artifacts
requires an understanding of the induced magnetic field and its effects on the image.
One such correction method involves the addition of a magnetic field gradient in the
slice selection direction during the signal readout period.  This technique, first
suggested by Cho et al.1,  effectively moves the artifact out of the image by
projecting the image plane through a user specified angle.  Information from the area
surrounding the implant, previously hidden by artifacts, can now be obtained.  We
have modified the technique to compensate for a slice position-dependent shift in the
read-out direction.  Results of other artifact reduction methods that will be presented
include maximizing the bandwidth in both the read and slice selection directions.
The application of these techniques to clinical cases will also be presented, thus
testing their viability practically as well as scientifically.  

1. Cho ZH, Kim DJ, Kim YK. Total Inhomogeneity Correction Including Chemical
Shifts and Susceptibility by New Angle Tilting. Med. Phys. 1988; 15:7-11.

PO-D-09
Signal Characteristics in functional MRI BOLD technique of the primary
motor cortex using Single Shot Echoplanar Imaging
F. Mohamed *, S. Faro, J. Tracy, R. Koenigsberg, J. Emperado, F. Tsai, GWU

fMRI BOLD signal is dependent on the field strength of the magnet, hardware,
postprocessing and most importantly on pulse sequence parameters.  In this
investigation we have studied the effect of repetition time (TR) on the change in the
activation patterns and signal characteristics in the primary motor cortex using single
shot echoplanar imaging technique.  Echo planar T2* weighted BOLD contrast
imaging was performed on 5 healthy right handed volunteers.  Ten axial-oblique
slices were acquired to cover the primary motor cortex.  Imaging parameters
included: TR = 1-5 sec. TE = 54 ms, FOV = 220mm, Matrix Size=128x128, Slice
thickness = 5mm, and bandwidth = 1470Hz/pixel.  Each subject participated in five
"rest" and "activation" conditions called as epochs at five different TR intervals.  The
activation task consisted of 2Hz single finger opposition.  A paired t-test was
conducted comparing all the rest and activation measurements.  The results show
that the mean Z-score for each TR was similar across all the subjects.  The statistical
differences were not significant (F = 0.475, P = 0.75), suggesting that the Z-scores
did not vary as a function of TR.  Hence we concluded that the use of TR in the
range of 1-5 sec does not significantly alter the final BOLD signal in the primary
motor cortex.  However, use of reduced TR has a favorable impact on fMRI in
reducing the imaging time resulting in reduced patient motion artifact, lower cost,
as well as improved patient comfort during lengthy fMRI protocols.
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PO-D-10
Increasing Focused Ultrasound Ablation Treatment Zones by Using a
Defocusing Lens and Increased Acoustic Power
T. Wu *, K. Kendell, J. Felmlee, B. Lewis, R. Ehman, Diagnostic Radiology, Mayo
Clinic, Minnesota 55905

Preliminary studies have shown magnetic resonance-guided, focused-ultrasound
(FUS) therapy, to be a feasible method to coagulate neoplastic tissue.  However, the
sharply-focused ultrasound transducers, commonly used, make treatments very time
consuming. Two different methods, increasing acoustic power and use of a
defocusing lens, may  reduce treatment time by enlarging FUS focus zone.  This
study quantitatively evaluates these two methods.

A prototype MR guided FUS ablation system and a polystyrene spherical shell lens
(GE medical systems, Milwaukee, Wisconsin.) were used in this study. Orthogonal
(axial and radial) FUS focus planes were imaged in bovine muscle, at five different
acoustic power levels, both with and without a defocusing lens. Images were
acquired by a fast gradient echo sequence using a 512x256 matrix, (TE/TR/flip/FOV
= 12.6/34 ms/300/8 cm) and a 3-inch surface coil. Temperature elevation was
calculated from phase difference images and an experimentally determined
temperature calibration curve to create temperature elevation contour graphs of the
focus.

From these graphs, isotherm areas and maximum temperature elevations were
determined and plotted in both axial and radial FUS focus planes as a function of
acoustic power level.  Without a defocusing lens, the ablative zone can be increased
by increasing acoustic power.  This approach, however, is limited by high
temperatures which increase the risk of uncontrolled cavitation. Use of a defocusing
lens increases the full width 1/2 max isotherm size at the focus, but requires a
relatively large increase in acoustic power to elevate the temperature of this larger
focus into the thermal ablative range.

PO-D-12
Quantitative Ultrasound Attenuation Imaging: Effect of Region of Interest
J. Damilakis *, K. Perisinakis, T. Maris, M. Mazonakis, N. Gourtsoyiannis,
University of Crete, Iraklion, Crete, Greece

Quantitative ultrasound attenuation imaging at the calcaneus has been recently
emerged as a new technique for bone characterization. Imaging of the calcaneus
enables standardization of a region of interest (ROI). An algorithm selects
automatically a circular ROI (ROIc) located in the area of lowest attenuation in the
posterior tuberosity of the calcaneus. However, ROIc employed in this technique
uses only a small portion of the information contained in the image of calcaneus. We
experimented with the use of an integral ROI (ROIi ) encompassing more of the
trabecular area of the bone. This study compares measurements of broadband
ultrasound attenuation (BUA) at ROIc  and at ROIi . BUA imaging of the right
calcaneus was performed using a computer-controlled transmission system (Ubis
3000, DMS, France). Software was developed capable of reading ultrasound images
and of selecting and analyzing irregular ROIs on the BUA images. Ultrasound
attenuation was estimated at ROIc  and  ROIi  in 31 female subjects. Precision
evaluated in 10 patients was better at ROIc than at ROIi . Correlation between
measurements in the two ROIs was high (r = 0.85). BUA was equally correlated
with BMD at the lumbar spine at both ROIs (r= 0.53  at ROIc versus  0.45  at ROIi

, p<0.05).  In conclusion, we found that ROIc  with an automated technique for its
determination, is the most appropriate choice for BUA measurements.   

PO-D-13
A Hybrid Intelligent Decision Making System For Pulmonary Embolism
Diagnosis A Hybrid Intelligent Decision Making System For Pulmonary
Embolism Diagnosis Using Ventilation-Perfusion Scan Images
E. Parsai, G. Serpen *(1), R. Coombs(2), L. Woldenberg(2), Depts. of Radiation
Therapy and Radiology(2), Medical College of Ohio, Toledo, Ohio and (1) Dept. of
Electrical Engineering and Computer Science, University of Toledo, Toledo, Ohio

A hybrid intelligent software system was designed to accept a ventilation-perfusion
(VQ) scan image of lungs and generate a conclusion as the probability of pulmonary
embolism (PE) for the patient.  The intelligent decision making system is based on
a fuzzy knowledge-based (expert) system.  A suite of computational intelligence
tools including fuzzy logic, expert systems, artificial neural networks, and an
induction machine learning algorithm was utilized to represent and model
knowledge and to implement the probabilistic reasoning process of an experienced
radiologist. Rule base for the fuzzy expert system was created using two
complementary sources. Domain expert knowledge was extracted to define heuristic
rules.  An induction-based machine learning algorithm (i.e., ID3 or one of its
derivatives) was employed to discover/define rules for those cases where the domain
expert was not able to specify or formulate rules but, instead, could easily generate
examples.  A subset of VQ scan image features, which was employed as decision
factors by the fuzzy expert system, were identified using an unsupervised and self-
organizing artificial neural network algorithm, the Kohonen neural network.  An
additional feature set identified by the radiologist enhanced the feature set defined
by the Kohonen network.  A supervised learning artificial neural network, multi
layer perceptron with backpropagation learning algorithm, was employed to define
the membership functions for the fuzzy attributes. This hybrid intelligent system
forms the basis for a sophisticated model that can realistically approximate the
radiologist’s probabilistic reasoning process while possessing ability to see beyond
what the radiologist can visually observe.

PO-D-14
A Quantitative Technique For The Determination In Vivo Of Bone Mineral
Density Utilizing Dual Energy Computed Tomography
C. Jenkins *, C. Wilson, A. Gosain, L. Song, Medical College of Wisconsin,
Milwaukee, Wisconsin

Quantitative computed tomography (QCT) is a useful technique for  in vivo
determination of bone density.  QCT methods use either single or dual energy CT
scans.  Dual energy QCT (DEQCT) was implemented on the GE Hi Speed
Advantage CT scanner located at Froedtert Memorial Lutheran Hospital for the
measurement of bone density in animals.  In DEQCT, CT scans are performed at 80
and 120 kVp.  Bone density is then computed from the digital scan data using an
energy weighted subtraction algorithm.  The DEQCT technique was calibrated using
a series of dipotassium hydrogen phosphate solution standards in concentrations
varying from 0 to 860 mg/cc.   DEQCT was used to measure the bone density in the
osteotomy site of dogs undergoing acute or chronic mandibular distraction.
Significant differences between groups were seen using this technique.   The QCT
technique provides a useful tool for quantitative analysis. 

PO-D-15
Automatic Calcification Diagnosis in Stereotactic Needle Biopsy Images
M. Kallergi *, S. Chetelat, L. He, L. Clarke, Department of Radiology, College of
Medicine, and H. Lee Moffitt Cancer Center & Research Institute at the University
of South Florida, Tampa, Florida

The prospect of differentiating benign from malignant calcification clusters in
stereotactic biopsy images based solely on their morphological characteristics was
investigated in this study.  The aims were to gain information that will improve
CAD design for full digital mammography and develop a tool that will assist in the
BIRADS characterization of calcifications.  Wavelet segmentation, shape analysis,
and neural network classification was used on thirty stereotactic needle biopsies of
calcifications (MammoScan System - FischerImaging).  Twenty of the cases were
benign and ten were malignant.  The images were 10241024 pixels with 48 µm and
12 bits per pixel.  Needle artifacts were eliminated from the images by reassigning
the corresponding pixels to the average image value.  The calcifications were then
segmented using a four-band symmlet wavelet transform.  False positive signals in
the segmentation were reduced by applying a threshold to eliminate areas that were
either too large (150 pixels) or too small (2 pixels), by keeping the nearest neighbor
distances to 0.5 cm, and by limiting the image size to 512x512 pixels around the
center of the cluster.  Twelve shape features (area, compactness, Fourier descriptors,
moment, eccentricity, spread, and their standard deviations) were calculated for each
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segmented calcification.  Their mean values were then estimated and used as input
features to a backpropagation neural network.  Using the leave-one-out subsampling
technique, an 85% correct cluster classification was achieved.  Results were
encouraging and have led us to the next phase of the study that aims at automatically
classifying the calcifications in BIRADS categories.

PO-D-16
Effect of Computerized Detection of Microcalcifications on the Performance of
Computerized Classification of Malignant and Benign Microcalcifications
Y. Jiang *, R. Nishikawa, J. Papaioannou, The University of Chicago, Chicago, IL

Differentiating malignant from benign microcalcifications based on mammographic
findings is a difficult diagnostic task, resulting in more than 50% of breast biopsies
performed on actually benign lesions.  We have developed a computerized
classification scheme that has the potential to classify malignant and benign
microcalcifications more accurately than radiologists, and to help radiologists
improve biopsy recommendations. The purpose of this study is to evaluate whether
computerized detection of microcalcifications affects computer classification
performance, in anticipation of fully automating the classification scheme.  We used
two independent databases of mammograms containing biopsy-proven
microcalcifications.  The first database consisted of 100 images (40 malignant, 60
benign), the second 201 images (92 malignant, 109 benign). We studied the effect
on classification performance of true microcalcifications missed by computerized
detection by excluding computer detected false-positive signals.  We studied the
effect on classification performance of computer detected false-positive signals by
artificially keeping the number of computer detected true microcalcifications
constant. We found on the first database that when properly trained, high
classification performance was maintained at Az>=0.9, when 40% or more true
microcalcifications were detected.  Classification performance was not significantly
degraded by computer-detected false-positive signals as long as they were less than
half of the total detections.  Similar results were obtained on the second database.
Therefore, moderate numbers of missed true microcalcifications and moderate
numbers of computer-detected false-positive signals do not degrade the classification
of malignant and benign microcalcifications.

Disclosure:  RM Nishikawa: shareholder in R2 Technology, Inc.

PO-D-17
Super-Global Distortion Correction for a Rotational C-Arm X-Ray Image
Intensifier
R. Liu *, S. Rudin, D. Bednarek, C. Yang, Toshiba Stroke Research Center,
Departments of Physics, Radiology, Neurosurgery, and Biophysical Sciences,
University at Buffalo (SUNY), Buffalo, NY

Image Intensifier (II) distortion changes with C-arm rotation because of changes in
the orientation of the II with the earth’s or other stray magnetic fields. For cone-
beam computed tomography, distortion correction for all angles is essential. The
new super-global distortion correction consists of a model to continuously correct
II distortion not only at each location in the image but for every rotational angle of
the C-arm. Calibration images of a planar phantom with 169 copper beads arranged
on a square lattice were acquired as 1024×1024×10 bit matrices with a Toshiba
CAS-10A. First, for each view at every 10°, a global distortion correction was
modeled with a 5th order polynomial fit of the difference between distorted and
actual bead locations. Next, these polynomial fitting parameters were each fit to a
7th order polynomial as a function of rotational angle to obtain a super-global model.
The residual root mean square (RMS) error between the corrected and actual bead
positions was 0.185 pixels with the single-plane global fit, compared to 0.204 pixels
with the super-global fit. A 10° angular increment for the calibration images was
found to be adequate since the super-global correction was a slowly varying function
of angle. The super-global model has slightly less accuracy than the single-plane
global fit. However, corrections for intermediate angles can be readily calculated
from the model without measurement at every required angle.
[Supported in part by Toshiba Corporation]

PO-D-18
Decay Time Measurements of Imaging Phosphor Materials
S. Rudin *, J. Patel, D. Bednarek, Departments of Radiology, Neurosurgery,
Biophysical Sciences, and Physics, University at Buffalo (SUNY), School of
Medicine and Biomedical Sciences, Buffalo, NY

In selecting or evaluating new phosphors for dynamic imaging applications, the
optical properties must be determined. Light from various phosphors under
evaluation was directed toward a sensitive Si PIN-photodiode detector placed
outside the direct x-ray beam. Pulses from a DSA unit irradiated the phosphor while
the detected signal was recorded on a storage oscilloscope. A NaI(Tl) crystal with
<1 microsecond decay time was used to determine the 0.6 ms 90% fall time of the
exposure pulse. Three commercial screen materials and four experimental hybrid
scintillating fiber optic/phosphor materials (Collimated Holes Inc.) were tested.
Kodak Lanex and Agfa MR Detail phosphors had 50%, 90%, 99% decay times of
0.6, 1.5, 2.4 ms while two of the experimental materials had similar decay times.
One experimental phosphor was measured to have a 99% decay time of nearly 10
ms and is not appropriate for dynamic imaging applications; however, all of the
other phosphors may be considered further.
 (Supported in part by US Army Grant DAMD 17-96-16187)

PO-D-19
Energy Dependence of Photostimulable Phosphor in a Computed Radiography
System
R. Chu *, E. Christian, B. Eaton, V.A. Medical Center & University of Oklahoma
Health Sciences Center

The energy response of a detector is one of the considerations in the selection of
technique factors in imaging. We examined such energy dependence of the
photostimulable phosphor in a computed radiography system (Fuji FCR9000) in a
clinical environment.  Several sheets of acrylic and aluminum in various
combinations were assembled to an extremity, a chest, and a skull.  These test
objects  were placed between the imaging plates and the x-ray tube.  Images of the
extremity were taken with a kilovoltage ranging from 50 kVp to 65 kVp.  Similarly,
65-80 kVp was used for the skull, and 70-110 kVp was used for the chest. Exposures
were made with and without a grid.  Tube currents were chosen to give
approximately 1 mR (0.258 uC/kg) of radiation exposure at the imaging plates.  The
computed radiography system displayed a "S" value for each image plate after
processing. This index of reading sensitivity has an inverse relation with the
luminescence of phosphor.  Therefore, the S-value was chosen in this investigation
as the descriptor of the response of the imaging plates.  S-values corresponding to
the same amount of radiation exposure at the imaging plates were obtained by
interpolation. Our results did not show any distinct extremum in the relationship of
S-value versus kVp.  In the results obtained without a grid, we observed a general
trend of decreasing S-value with increasing kVp.  This energy dependence was
much weaker or absent among the results obtained with a grid.

PO-D-20
Diagnostic X-ray Spectra Derivation from Filter Transmission Measurements
at Different Locations in the Geometric Field
B. Wieckowska *, P. Nummikoski, W. McDavid, M. Blough, R. Waggener, The
University of Texas Health Science Center at San Antonio, Texas

Transmission measurements using high purity aluminum were made on different
field locations for diagnostic x-rays from 50 to 125 kVp.  A collimation system with
movable jaws was used to obtain good geometry(very low scatter) at the different
locations.  The transmission measurements were utilized as input for a variational
algorithm to obtain the exposure x-ray spectrum, R per keV energy interval.  The
algorithm utilizes a pre-spectrum or assumed spectrum to start and then calculates
the transmission and compares it to the measured transmission values.  At each
energy interval the assumed spectrum is perturbed by different amounts, both plus
and minus, and a new transmission spectrum is calculated for the perturbations.  The
spectrum yielding a smaller difference between the calculated and measured
transmission is selected and the process continued.  When characteristic x-rays are
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present, a value obtained from theory for characteristic intensity is added to the pre-
spectrum.  The method yields calculated transmission curves differing from the
measured transmission curves by less than 1% and shows the change in spectra
across the x-ray field.  The heel effect is demonstrated by the hardening of the beam
as one moves from the cathode to the anode side.

PO-D-21
Posterior Fossa CT Artifact Reduction with Thin Slice Spiral CT
M. Dennis *, G. Moonis, R. Brinker, Medical College of Ohio, Toledo, Ohio

Scanning through the posterior fossa with thinner slices is a known effective
technique for reducing partial volume streak artifacts emanating from high contrast
edges, but even 5 mm slices result in significant artifacts.  Scanning with thinner
slices, however, increases the scan time, increases image noise or the patient dose,
and increases x-ray tube wear.  High heat capacity tubes and rapid spiral CT
capability of modern scanners can reduce some of the detriments to thin slice
scanning.  Using mAs techniques equivalent to the routine thick slices, contiguous
thin slices yield a comparable patient dose and reduced streak artifact, but with
higher image noise and with more images to be evaluated.  Averaging these thin
slice images over a range equal to the routine thick slice yields the lower noise and
the overall number of images of the routine technique while maintaining the benefit
of streak artifact reduction.  

With 1 mm slices, the spiral CT scan time is 1.7 to 2.5 times longer than step-
incremented 5 mm slices, depending on the original technique, or 3 to 5 times longer
than 10 mm slices.  More moderate improvements are obtained for 3 mm spiral
scanning requiring scan times 0.7 to 1.5 times longer than the 5 and 10 mm routine
scans.  Various technique comparisons using a head phantom containing a human
skull demonstrate more that the calculated noise reduction relative to the thick slice
images as a consequence of the reduced artifact structure.  Comparable clinical
effectiveness is also demonstrated in patient images.

PO-D-22
On-Line Computerized Glow Curve Deconvolution
J. Fellinger, J. Rotunda *, K. Streetz, BICRON * NE Div. Of St. Gobain Industrial
Ceramics, Inc.

Glow curve deconvolution is the process of analytically segregating a TLD glow
curve into its component glow peaks, using first order kinetics algorithms.
Deconvolution enables these peaks to be individually displayed, analyzed, and their
areas quantified, so that absorbed dose patterns can be identified.  Additional
processes are the elimination of background dose and selected low order peaks.  By
removing the more rapidly fading Peaks One and Two, the time between exposure
and readout becomes inconsequential.
The capability has long been available in batch mode for Harshaw group files.  This
process is now being developed for on-line use in automatic mode.  As dosimeters
are being read, the glow curve is analyzed, broken into component peaks, the
background and Peaks One and Two subtracted, and the resulting glow curve
displayed on the monitor. This enables a true evaluation of exposure and consistent
comparison with other exposure data.  Other features of the online operation include
the ability to segregate and view all peaks of the glow curve.  This paper presents
sample glow curves, a summary of the mathematical processes, and comparison of
data with different fade times.

PO-D-23
Performance Results Of Pelletized LiF: Mg, Ti TLD Material
K. Velbeck *, L. Zhang, R. Green, P. Tomlins, BICRON * NE Div. Of St. Gobain
Industrial Ceramics, Inc.

BICRON  NE has recently introduced a pelletized version of their popular TLD-100,
600, and 700 Lithium Fluoride-based thermoluminescence dosemeters (TLDs).
These materials can be used unmounted or in card and ring formats for radiation
protection dosimetry.  Unmounted applications include radiotherapy, diagnostics,
beam characterization, and quality assurance.

The former manufacturing process included purifying, growing doped LiF, grinding,
blending, pressing, slicing, and dicing.  The new process eliminates the last four
steps, replacing them with a pelletizing process.  This process transforms the material
directly from a powder to its final form.  This new process provides the benefits of
better batch uniformity on the order of less than 5% and excellent dimensional
consistency of better than 2%.

This paper describes the testing that was performed for the purpose of accepting the
pelletized material as a directly interchangeable substitute for the same material
produced by the former process.  Tests performed include Reproducibility, Batch
Homogeneity, Linearity, Detection Threshold, and Light Sensitivity.

PO-D-24
Is There a Role for Visualizing Dose Distributions in Diagnostic Radiology?
N. Szeverenyi *, W. Huda, D. Bassano, SUNY Health Science Center at Syracuse

Modern imaging techniques offer the ability to generate detailed images of patient
anatomy, whereas current computer technology permits the computation of
corresponding radiation dose distributions from diagnostic procedures using Monte
Carlo or other numerical techniques. Visualizing radiation dose distributions is
commonplace in radiation therapy treatment planning, where doses need to be
obtained to minimize radiation damage to normal tissues. Generating visual maps
of patient dose distributions is rarely performed in diagnostic radiology since it is the
mean organ doses, and the corresponding values of effective dose and integral dose,
which are normally of primary concern. Select procedures now involve patient doses
which are high enough to run the risk of generating deterministic radiation effects
(e.g. transjugular intrahepatic portosystemic stent shunt and neuro-interventional
radiology) where more detailed dose information may be desirable. Furthermore, the
patient exposure may be the result of multiple beams of radiation such as a frontal
plane and lateral plane. In this study, we demonstrate the feasibility of generating
dose distribution data for patients undergoing conventional planar radiographic
examinations for a range of diagnostic examinations. Potential benefits from using
visual (and quantitative) dose distribution data in these types of diagnostic
examination are considered.  

PO-D-25
A Statistical Model for Estimating Mean Glandular Dose Received During
Mammography
T. Slowey *, K. Working, T. Slowey, J. Pagel, St. Thomas Hospital  Nashville,
Tennessee

Mean glandular dose is considered the best indicator of cancer risk to a patient
undergoing mammographic studies.  Evaluation of this dose is an important
consideration in the estimation of risk, the comparison of equipment, and the
assessment of equipment performance.  This information is also needed to verify
compliance with guidelines and regulations.  Tables are available which provide
mean glandular dose based upon knowledge of the HVL and compression thickness.
Although mean glandular dose can not be measured directly, it can be calculated
from entrance skin doses, depth dose characteristics of the beam, and compression
thickness.  We have initiated a quantitative study to measure entrance and exit skin
doses received by patients undergoing mammography at a large medical center.
Collimator, entrance, exit, and film doses were measured on over 100 patients with
TLD chips calibrated for appropriate mammographic spectra and beam qualities.
Other data such as compression thickness, projection, target/filter combination, kVp,
mA, and HVL were also collected.  In addition, depth dose curves for a typical
Mo/Mo beam were measured with a water phantom and a precision ionization
chamber.  A statistical model has been developed relating target/filter combination,
HVL, mAs and compression thickness to mean glandular dose.
This research is supported by a grant from K & S Associates, Inc.
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PO-D-26
Adult and Pediatric Radiation Doses in Head CT Examinations
C. Chamberlain *, W. Huda, A. Rosenbaum, W. Garissi, SUNY Health Science
Center at Syracuse, NY

Radiation doses were determined for patients ranging from the new born to adults
who underwent a non-contrast head CT examination on a GE CT/i scanner. For each
patient, data was obtained relating to the examination technique factors of kVp,
mAs, section thickness, and the total number of sections. Information on patient
head size was obtained from a representative cross sectional image, and the patient
weight was also recorded. These data permitted the computation of the energy
imparted to the patient, and the corresponding value of effective dose, for a total of
13 infants (weight < 10 kg) and 16 adults (weight > 40 kg). All CT scans were
performed at 120 kVp, with the average current-exposure time product being 250
mAs and 340 mAs for the infants and adults, respectively. The average energy
imparted to the infants was 58 ± 31 mJ which increased to 137 ± 11 mJ for the adult
patients. The average effective dose to the infants was 7.3 ±  3.6 mSv, whereas the
corresponding value for adults was 1.5 ± 0.3 mSv. These data show that despite
having lower values of energy imparted, infant effective doses were a factor of five
higher than those of adult patients. Since infants have a higher sensitivity to ionizing
radiation, ways of reducing infant CT doses which do not compromise diagnostic
imaging performance should be investigated. 

PO-D-27 WITHDRAWN

PO-D-28 WITHDRAWN

PO-D-29
The Dose Deliveries of the Two CT Scanners in NCKUH
C. Tsai *, L. Wu, C. Yu, H. Leung, National Cheng Kung University Hospital ,
Tainan , Taiwan

Computerized Tomography is the most important diagnostic equipment with the
feature of high accuracy , short duration and non-invasive approach. Meanwhile , the
unavoidable production of the ionization radiation also contributes to the risk of
radiation damage. Careful dose monitoring of the patients should be carried on when
we perform the CT scans on the patients. In this study , the criteria of comparing the
absorbed dose of the Rando phantom in the conventional CT (GE-9800Q) and spiral
CT (GE Hi-Speed Adv.) is based on the same image quality , allowing different
settings of kV and mAs . After detailed measurements of TLD , the doses of the
primary regions in spiral CT can be lowered 39.5% - 48.8% of those in 9800Q CT
. And there are no evident differences in the non-primary regions ( due to air
scattering).

PO-D-30
Monthly Monitoring Program on DryView (TM) Laser Imager: One Year
Experience On Five Imation Units
Z. Lu *, T. Terilli, Columbia University, New York, NY

Dry processing film system has become popular particularly in a network
environment. This is mainly due to its ability to produce high quality images without
wet chemistry processing. This paper describes a monthly monitoring program on
five Model 8700 DryView Laser Imagers in our institution. A SMPTE pattern is
generated via DryView Laser Imager software. The 100% patch is used for checking
the base-plus-fog of the Imager. The 40% patch is used as Speed Index. Optical
density difference between patches 10% and 70% is used as Contrast Index. These
numbers are plotted for testing system consistency. In addition, the SMPTE pattern
is examined to verify the sharpness of the bar patterns and the visibility of subtle
contrasts - 95% inset in the 100% patch and 5% inset in the 0% patch. The clinical
films are checked for processor artifacts, such as residuals from the drum. Stability
of the dry processor has also been studied using three strips per day obtained at three
different times of the day over a period of two weeks. The variations of the dry film
processors ranged from 14% to 26% of the average values. The monthly monitoring
program has been carried out in our institution since January 1997. The problems

found by this monthly monitoring program assess the necessity of routine QC for
DryView Laser Imagers. The instability of the post-processing dry silver films, and
consequently, the film handling requirements will also be discussed.

PO-D-31
Effects of  Iodine on P-32 Bremsstrahlung: Potential Imaging Enhancing Tool
N. Yang *, J. Welsh, J. Williams, A. Civelek, Cancer Institute , Washington Hospital
Center

This investigation was undertaken to study the effects of iodine contrast agents on
the P-32 bremsstrahlung spectrum and its imaging. P-32 phosphate liquid
(Mallinckrodt Medical) was diluted to 10 Ci/ml with saline solution and varying
quantities of iodine (900;600;300; 0 mg)were added  to generate a total volume of
4 ml per vial. Two different chemical forms of iodine were tested, Renografin-60
and Omnipaque. Samples were created in triplicate and a well-type gamma counter
was used to measure the bremsstrahlung energy spectra with 10 kev increments. In
addition,500 Ci P32 solutions with and without iodine were prepared in phantoms
and planar images at energies 80 kev and 127 kev with  +-10% windows were
acquired by a gamma camera. Compared with the pure P32 saline solution,
bremsstrahlung spectra obtained with different amounts of added iodine showed 
an enhanced peak  at about 20 kev, a decreased region from 30 to 70 kev and an
enhanced region above 70 kev. Total counts from planar images at 80 and 127 kev
increased 44% and 38% respectively with iodine compared to without. In addition
to its utility as a visualization aide in CT imaging of cystic  tumors treated with P-32,
iodine can also be potentially useful in  enhancing nuclear image quality of P32
bremsstrahlung.

PO-D-32
The DICOM-WWW Gateway: Implementation, Configuration, Security and
Privacy
R. McColl *, T. Lane, UT Southwestern, Dallas, Texas

With the increasing availability of DICOM-conformant modalities, acting both as
Storage Class and Query/Retrieve Class Users and Providers, there is interest in
accessing images via the Internet.  Via the Common Gateway Interface (CGI) and
programming languages like Perl and Java, which offer both SQL database access
and TCP/IP communications as part of the language, it is straightforward to
implement a gateway from a DICOM server to the Internet via World Wide Web
(WWW) protocol.  A number of concerns can be raised, regarding both displayed
image quality, transmission times, image compression, security restrictions and
patient privacy.  

We have implemented a DICOM-WWW gateway and have addressed many of the
concerns raised above, in a academic hospital setting.  Both CGI and Java have been
used to provide the service.  MRI and CT modalities were used as the test sources.
In this presentation, we will present these issues in turn and attempt to address the
foundation of such concerns and which techniques, if any, can be used to provide
robust behavior of the DICOM-WWW gateway with respect to each.  In particular,
the issues of security and patient privacy will be addressed with respect to  WWW
communication protocols.  The practicing medical physicist in the academic medical
setting is likely to  encounter these issues increasingly as more parts of the DICOM
standard are implemented on the various modalities.  
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All tours requiring over the road transportation will utilize a 47-passenger deluxe motorcoach and will be conducted by a Certified
Professional Tour Guide, well trained, experienced and knowledgeable in the history of Texas, San Antonio and their sites.  The tours
are based on 30 people and the prices may be adjusted as needed, upon confirmation of all variables.  The cost of the tours includes
Circa Texas staff, admission fees, meals or refreshments where specified, service fees and entertainment. 

Sunday, August 9th  WALKING TOUR OF THE ALAMO
 3:30 pm - 5:00 pm On-Site Registration - $16 per person

Guests will meet at the San Antonio Convention Center and walk the short distance to the ALAMO.  A certified staff member will
enlighten you on the history behind this mystical shrine.  On this walk you will enjoy refreshments.

Monday, August 10th   VENICE OF TEXAS RIVER CRUISE TOUR & SHOPPING
 9:00 am - 2:00 pm On-Site Registration - $44 per person

Begin your tour of local color with a cruise down the San Antonio River while you enjoy a continental breakfast.  The barge will
depart from the river site in front of the Companions’ Suite.   Your tour will view San Antonio by water & see the reason for its
beginnings.   You will depart the barge at Old Ursuline Academy/Southwest Craft Center, the first girls school in San Antonio,
founded by the French Ursuline Nuns.  Now known as the Southwest Craft Center, past & present combine cultural history with a
school and gallery for local artists.  Crafts are not sold but a gift store is available for the discriminating shopper. After reboarding
the cruiser, you will travel to the Arneson River Theater & LaVillita.  Built in 1939, the theater serves as an entrance to the “Little
Village,” the original settlement of San Antonio. The quaint adobe & rock buildings have been restored & serve as shops for artisans
such as glass blowers, spinners, weavers, potters & painters.  You will delight in the many crafts & fashions from Mexico &
Guatemala, Peru & local artisans. You will then be transported by an antique Trolley to the Market Square for shopping  “South of
the Border” and lunch on your own.  El Mercado or Mexican Market is now filled with crafts, clothing & food in a restored setting
of two large indoor markets.  You may dine at one of the many restaurants where you will be serenaded by Mariachi troubadores.
You will also receive a coupon for a free Margarita or Mexican Pastry.

Tuesday, August 11th   MISSIONS TOUR
 9:30 am - 2:00 pm On-Site Registration - $36 per person

Begin this tour of San Antonio’s history with a visit to the most beautiful neighborhood in all of Texas, the King William District.
These homes were built by prosperous German merchants in the late 1800’s.  Tour the Steve’s House, built in 1876 and carefully
restored. It is now the home of the San Antonio Conservation Society.  Also, visit the Guenther House, built by the immigrant who
operated the first flour mill on the San Antonio River.  Still part of the Pioneer Flour Mill, products from the mill & pastries are
available. You will then travel to the “Queen of the Missions”, Mission San Jose.  The largest and best restored, it is now the show
piece of the San Antonio Missions Historical Park.  At the famous “Rose Window,” enjoy a  traditional Mexican snack of fresh fruit,
Galletas (cookies) and limonada. You will then venture to the quaint Mission Espada, Espada Dam and Mission Concepcion by
motorcoach.  Our last stop displays the textures, colors and blending of many different fibers that went into the making of San
Antonio.  The Institute of Texan Cultures, a museum operated by the University of Texas, focuses of the 30 plus ethnic groups that
settled The Lone Star State.  Exhibits are not only informative, but fun!

Wednesday, August 12th FREDERICKSBURG: JEWEL OF THE TEXAS HILL COUNTRY 
8:00 am - 5:00 pm On-Site Registration - $42 per person

Fredericksburg is a charming German community north of San Antonio in the beautiful rolling hills of Texas.  Enjoy your continental
breakfast while you absorb the beautiful drive. Your first stop will be the Fredericksburg Herb Farm.  This 1880’s 
farmhouse, turned apothecary,  has herbal beauty potions, herbal condiments, a candle shop and Bed and Breakfast, all on four acres
of herbal paradise.  One lucky guest will win an etched bottle of herbed vinegar. Next travel to the heart of this charming area – 
Downtown Main Street.  Shop the areas most interesting shops full of antiques, local crafts & furniture – even a micro brewery.  You
will be given a map of Main Street and be able to “dine on your own” in one of 10 charming restaurants.  For the non-shoppers, visit
the Steamboat Hotel Structure, originally built in 1852, home to the Admiral Chester Nimitz Museum of the Pacific War.  Admiral
Nimitz, the last U.S. five star Admiral, was a native son of Fredericksburg. The lush Japanese Garden of Peace behind the hotel is
a gift from the people of Japan.  Also view the History Walk of the Pacific War. As  you return to San Antonio, you will now
understand the town’s reputation for “gemuethlichkeit”, a warmth and friendliness intertwined in 150 years of the town’s history.
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Thursday, August 13th   SAN ANTONIO: ART & FLOWERS
9:00 am - On-Site Registration - $30 per person

This tour will take you to places where you can truly experience the special beauty & graciousness of San Antonio. By motorcoach
you will travel a few minutes from downtown to Brackenridge Park, and view the 343 acre park that includes a golf course, driving
range, bridle paths, picnic areas & the San Antonio Zoo.  Also located in the park is the unique Japanese Tea Garden. Built in the
remains of a rock quarry the sunken garden is lush with flowers, greenery, bridges & a deep pool filled with goldfish & koi.  Walk
through this garden & experience a water garden without compare.  You will then travel to the spacious San Antonio Botanical Garden
with its distinctive gardens & designs.  There is a Garden for the Blind emphasizing scent & texture, a Sacred Garden of plants named
in the Bible and an authentic Japanese Garden donated to San Antonio by its sister city, Kumomoto.   The gardens also have
landscapes to show the many terrains of Texas. The McNay Art Museum is our last stop of the day.  The museum is a treasure trove
for both serious and casual art lovers.  Set within the former Mediterranean style mansion of the eccentric Marion Koogler McNay,
the museum features wide-ranging collections.  On display are objets d’art from Picasso, Chagal, Renoir to Native American paintings
to sculpture.  The museum itself is a work of art.  One of our guests will be the lucky recipient of a kiln-fired trivet to take home as
a reminder of their adventures in San Antonio.

FOR KIDS AND THEIR ADULT COMPANIONS

ALL CHILDREN MUST BE ACCOMPANIED BY AN ADULT

Monday, August 10th   RIO CIBOLO DUDE RANCH
9:00 am - 3:30 pm On-Site Registration - $47 per person

HOWDY PARDNER! Wranglers & wranglerettes will mozie on down to Rio Cibolo Ranch by motorcoach.  Ranch Chaperones &
Staff will organize teams for a Cowboy Olympics.  Let the fun begin!  Hay Wagon Rides are available all morning to the Longhorn
Pastures & along the banks of the Cibolo River.  Look for sightings  of wild game along the way. Lunch will be a Hitchin’ Post Picnic.
All you can eat Dude Burgers, ranch baked beans with bacon and molasses, country fried potatoes and all the fixin’s.  Afternoon you
will have free time to play basketball, volleyball, horseshoes, enjoy nature trails or just relax.  Pioneer Skill Testers will be organized
for additional fun.  Hayrides will continue for those who missed the morning. Snack time prior to leaving will provide options of
brownies, ice cream, or cookies. Iced tea, bottled water, and lemonade will be available all day for children and chaperones.

Wednesday, August 12th  FIESTA TEXAS THEME PARK 
8:00 am - 5:00 pm On-Site Registration - $60.50 per person

Guests will be transported by motorcoach from downtown to Fiesta Texas, a whole new world of fun.  Your guide will give you maps,
admittance tickets and general details about a meeting place for departure.  You will then be set on your way to discover San Antonio's
prize park.  This is a giant playground, with music and entertainment the Lone Star Way.  Remember your swimsuits to enjoy the
added Fiesta Texas water park with rides and a lazy river for COOL fun! 

Thursday, August 13th   WITTE MUSEUM & SCIENCE TREEHOUSE
8:30 am - Noon On-Site Registration - $22 per person

Guests will depart from Convention Way on a 47 passenger motorcoach.  The Witte is a history & science museum that appeals to
all ages.  Don’t miss the Triceratops dinosaur & an Egyptian mummy.  Then you will be escorted to the new & exciting H.E.B.
Science Treehouse reserved for our guests.  Here, you and your adult companion can experiment and discover all the wonders of
science.  You may purchase refreshments at the Treehouse snack bar. 



YOU ARE CORDIALLY INVITED TO ATTEND THE

AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE
40TH ANNUAL MEETING AND EXHIBITION

SHOW HOURS

Monday, August 10 - Wednesday, August 12
9:30 a.m. to 5:00 p.m.

HENRY B. GONZALES CONVENTION CENTER
SAN ANTONIO, TEXAS

For up to date information, check the AAPM Homepage (www.aapm.org)

AAPM Entrance to Poster Session Area
One Physics Ellipse
College Park, MD 20740-3846
Phone: 301-209-3350
Fax: 301-209-0862
Email: aapm@aapm.org
Web Address: http://www.aapm.org

Looking for an AAPM Membership Application? Or an
AAPM Publication?  Or an answer to your questions
about the association?  Head for the entrance of the
poster session area to the association’s booth which
will display our publications, medical physics
brochures, a list of graduate medical physics programs,
and applications for AAPM membership.

AAPM Placement Service
Medical Physics Dept.
Hartford Hospital
80 Seymour Street, P.O. Box 5037
Hartford, CT 06102-5037
Phone: 860-545-3786
Fax: 860-545-4079

Our monthly job listing, mailed to all AAPM
Members except Corresponding, has a
display of advertisements of available jobs in
medical physics and a place for you to add
listings for free!  A Placement Center staff
member will be available to answer your
questions and set up future dates for your
listings in the official “blue book.”

Accelerator Systems International
- JM Co # 828
2405 Qume Dr
San Jose, CA  95131
Phone: 408-434-6800
Fax: 408-434-6880

Since 1975, Accelerator Systems
International - JM Company has provided the
highest quality remanufactured linear
accelerators, simulators and replacement
parts to radiation therapy departments
throughout the U.S. and the world.



Acceletronics, Inc. # 1224
#124
37 Sherwood Terr
Lake Bluff, IL  60044
Phone: 847-735-8331
Fax: 847-735-8394
Email: accelmw@aol.com
Web Address: http://www.acceletronics.com

Acceletronics is the largest independent service
organization. Our specialties include: service of Varian,
Siemens and Philips Products; service of Kenmath,
Oldelft and various other simulator manufacturer’s
installations, deinstallations, machine moves,
upgrades, refurbishments, digital port imaging systems
sales, equipment appraisals.

ADAC Labs # 428
540 Alder Dr
Milpitas, CA 95035
Phone: 408-321-9100
Fax: 408-577-0907
Email: tschopik@adaclabs.com
Web Address: http://www.adaclabs.com

ADAC Labs proudly presents Pinnacle 3, the market-
leading treatment planning and CT simulation system.
We invite you to come by our booth for a
demonstration of our newest products.

Advance Newsmagazines # 104
650 Park Ave W
King of Prussia, PA 19406-4025
Phone: 610-265-7812
Fax: 610-265-8249
Email: advance@merion.com
Web Address: http://www.advanceweb.com

Reaching more than one-half million readers with 14
publications, ADVANCE is the preferred information
source for growing health care professions and the
leading allied health
care magazine publisher, nationwide!

Advanced Radiation 
Measurements, Inc # 1423
601 NE Emerson St
Port St Lucie, FL  34983
Phone: 561-340-3279
Fax: 561-871-5995

Radiation Beam Scanners - 1-D, 2-D, 3-D Systems,

Film Densitometers Arm is committed to
provide - economical instrumentation without
forfeiting technical performance. You buy:
Accuracy, repeatability, speed and simplicity.
Assistance is available 24 hours a day, 7
days a week.

Albert H. Wohlers & Company # 1239
1440 N Northwest Hwy
Park Ridge, IL  60068-1400
Phone: 847-803-3100
Fax: 847-803-4649
Email: DianaFifield<propcas@ahw.com

Officially sponsored professional liability
insurance coverage.

Alpha-Omega Services, Inc. # 732
PO Box 789
Bellflower, CA 90706
Phone: 562-804-0604
Fax: 562-804-0610
Email: thedger@alpha-omegaserv.com
Web Address:
http://www.alpha-omegaserv.com

Manufacturer/distributor of Ir-192, I-125,
Cs-137, and Co-60 sources - LDR & HDR
Brachytherapy accessories. We provide
service and removal of Co-60 teletherapy
units, source exchanges, and maintenance
on Omnitron 2000 HDR units.

American College of Radiology # 1320
1891 Preston White Dr
Reston, VA  20191-4397
Phone: 704-648-8900
Web Address: http://www.acr.org

The purposes of the American College of
Radiology are to advance the science of
radiology, improve radiologic service to the
patient, study the socioeconomic aspects of
the practice of radiology, and encourage
improved and continuing education for
radiologists and allied professional fields.

American Institute of Physics # 102
500 Sunnyside Blvd
Woodbury, NY 11797
Phone: 516-576-2484
Fax: 516-576-2374



Email: mktg@aip.org 
Web Address:  http://www.aip.org 

The American Institute of Physics announces
enhancements to our Online Journal Service (OJS).
Now you can link from citations to thousands of
abstracts in the SPIN, INSPEC, and LANL databases.
Online document
delivery is also available for AIP and other society
journals, for up to 50% less than other document
delivery services. 
Visit AIP for a demonstration of OJS and to browse our
display of publications, including Medical Physics,
Annals of Biomedical Engineering, and the AIP
Conference Proceeding Series.

Argus Software, Inc. # 520
Ste 212
2221 Broadway St
Redwood City, CA  94063
Phone: 800-422-7487
Fax: 650-299-8104
Email: info@argusqa.com
Web Address: http://www.argusqa.com

Argus Software is the leading developer of
comprehensive quality control information
management (QCIM) solutions for use in Radiation
Oncology and Diagnostic Radiology. Argus’ QCIM
software uses databases technology to provide
tracking, trending, analysis and reporting capabilities
for QC testing. Direct instrument interfaces to the most
common test instruments are available to fully
automate the QC process. Their radiation oncology
product, QC 4® provides QCIM solutions for linear
accelerators, simulators and remote afterloaders.
QCWatch™ is Argus' solution for Diagnostic
Radiology. QCWatch MSpec provides a
comprehensive solution for equipment QC as specified
by MQSA. For more information, call Argus Software at
800.422.7487, e-mail Argus at argus@argusqa.com or
visit the Argus website: www.argusqa.com

Best Medical International # 502
7643 Fullerton Rd
Springfield, VA  22153
Phone: 703-451-2378/800-336-4970
Fax: 703-451-5228

Since 1981, major supplier of Brachytherapy sources
for treatment of cancer. Isotopes supplied included Ur
192, Au 198, etc. Supplies all Brachytherapy/Radiation

Therapy accessories world-wide.

Bicron ñ NE # 1023
6801 Cochran Rd
Solon, OH  44139
Phone: 800-472-5656
Fax: 440-349-6581
Email: jbellian@bicron.com
Web Address: http://www.bicron.com

TLD and ion chamber based dosimetry
systems and materials for patient and linear
accelerator quality assurance measurements.

BrainLAB GMBH # 602
Ammerthal Str. 8
Heimstetien 
85551
GERMANY
Phone: 49899915680
Fax: 498999156833

Capintec, Inc. # 919
6 Arrow Rd
Ramsey, NJ  07446
Phone: 201-825-9500
Fax: 201-825-4829
Email: getinfo@capintec.com
Web Address: http://www.capintec.com

Instruments and accessories for radiation
measurement in Radiology, Radiation
Therapy and Nuclear Medicine.

Clark Research & 
Development, Inc. # 1221
13 Park Ln
Folsom, LA  70437
Phone: 504-796-5837
Fax: 504-796-5837
Email: mpearl@clarkrd.com
Web Address: http://www.clarkrd.com

The Clark® Auto-Indexing Precision Block
Cutter is the easiest-to-use and most
accurate block cutter available.  Installed at
no additional cost by the manufacturer, it is
also the only block cutter that comes with a
simple-to-use Quality Assurance verification
kit.

CNMC Company, Inc. # 508



2817B Lebanon Pike
PO Box 148368
Nashville, TN  37214-8368
Phone: 615-391-3076
Fax: 615-885-0285
Email: cnmcsales@aol.com

We specialize in supplying almost any kind of
instruments and accessories for Radiation Dosimetry,
Quality Control, and Radiation Protection for
Therapeutic Radiology, Diagnostic Radiology and
Nuclear Medicine. In addition, we provide custom
length triaxial cables, adaptors, repair, modification and
calibration services. CNMC will often purchase used
dosimetry equipment.

Computerized Imaging Reference Systems # 622
Ste 212
2428 Almeda Ave
Norfolk, VA  23513
Phone: 757-855-2765
Fax: 757-857-0523
Email: admin@cirsinc.com
Web Address: http://www.cirsinc.com

The manufacture of tissue equivalent phantoms of
quantitative densitometry, calibration, quality control
and research in the field of medical imaging and
radiotherapy.

Computerized Medical 
Systems, Inc. # 1408
1195 Corporate Lake Dr
St. Louis, MO  63132-1716
Phone: 800-878-4267/314-993-0003
Fax: 314-993-0075
Web Address: http://www.cms-stl.com

CMS manufactures, markets and supports the FOCUS
DoSimulator - CT Simulation system, FOCUS 3-D and
2-D Radiation Treatment Planning systems, and
DynaScan Film and Water Dosimetry system.

Cone Instruments # 1316
5201 Naiman Pky
Solon, OH  44139
Phone:800-321-6964
Fax: 440-248-9477
Email: cone.instr@worldnet.att.net

Cone instruments supplies Ultrasound for Urology,
along with templates and stepping devices for

radioactive seed implantation. The company
also provides radiation measurement devices
and QA tools for Radiology, Nuclear
Medicine and Ultrasound.

Cook Incorporated # 1013
925 S Curry Pke
Bloomington, IN  47402
Phone: 812-339-2235
Fax: 812-339-3704
Email: cookgroup@iqueset.net
Web Address: http://www.cookgroup.com/

COOK manufactures a full line of
Brachytherapy accessories including:
catheters, needles, and treatment planning
products for both LDR and HDR.

DIACOR, Inc. # 1019
Ste 100A
3191 S 3300 E
Salt Lake City, UT  84109
Phone: 801-467-0050
Fax: 801-487-3258
Email: info@diacorinc.com
Web Address: http://www.diacorinc.com

Manufacturer of Radiation Therapy
Equipment, including Centralite Patient
Positioning Lasers, MAMMORx Breast
Immobilization products, RadAssist Bilateral
Board, and the Portalcast Block Cutting and
Casting System.

Eastman Kodak Company # 420
343 State St
Rochester, NY  14650-1123
Phone: 716-724-9123
Fax: 716-724-1400
Web Address:
http://www.kodak.com/go/health

Eastman Kodak Company is the leading
provider of Radiation Oncology and
Mammographic imaging solutions.  The
Radiation Oncology product portfolio includes
KODAK EC-L film and cassettes for portal
localization, specialized KODAK Simulation
film, KODAK EC-V cassettes utilizing KODAK
EC-L film for portal verification imaging, and
the new KODAK Portal Pack film system.
Kodak’s complete mammography system



includes KODAK MIN-R 2000 film, MIN-R 2000 and
2190 screens and cassettes, the KODAK Miniloader
2000 daylight loading system, Kodak chemicals and
processing equipment.  Our products are
complemented by a variety of support tools to assist
our customers in meeting stringent quality control and
accreditation standards with greater confidence and
ease.

Elekta # 1002
3155 Northwoods Pkwy NW
Norcross, GA  30071
Phone: 404-315-1225
Fax: 404-315-7850
Email: wendyh@elekta.com
Web Address: http://www.elekta.com

The Leksell GammaKnife®, a minimally invasive tool
for intracranial lesions, and the treatment planning
software, the Leksell GammaPlan®, will demonstrate
target definition.  Other radiotherapy products shown,
representing turn-key systems, will include the
stereotactic body frame and Render-Plan 3-D.

Frank Barker Associates, Inc./
RIT Electronics and 
Scanditronix Medical # 920
Bldg 1
33 Jacksonville Rd
Towaco, NJ  07082
Phone: 973-335-4200
Fax: 973-335-1225
Email: jstickler@barkernet.com
Web Address: http://www.barkernet.com

Barker+ provides sales and services for RTI
Electronics and Scanditronix Medical in the areas of
Diagnostic Radiology and Therapeutic Radiation
Therapy.

GammaMed USA #1208
2464 E Stadium Blvd
Ann Arbor, MI  48104
Phone: 313-975-4500
Fax: 313-975-4300
Web Address: http://www.gammamed.com

GammaMed, leading the way for over 30 years in
providing radiotherapy healthcare providers with
innovative, best-in-industry brachytherapy technology
and systems. GammaMed prides itself on its newest
offerings, GammaMed plus ™3-in-1 System for HDR,

PDR and Vascular, BetaMed™ for
cardiovascular re-stenosis treatment and
ABACUS ™ Treatment Planning Software.

Gammex RMI, Inc. # 208
PO Box 620327
Middleton, WI  53562-0327
Phone: 608-828-7000
Fax: 608-828-7500
Email: sales@gammex.com
Web Address: http://www.gammex.com

GAMMEX RMI is a leading developer and
manufacturer of laser patient positioning
systems, radiation measurement instruments,
quality assurance phantoms, and software.
Markets served include teleradiology,
diagnostic radiology, mammography,
radiation oncology and ultrasound with
versatile service packages covering all
markets.

G.E. Medical Systems # 1419
W-439
PO Box 414
Milwaukee, WI   53201-0414
Phone: 414-647-4174
Fax: 414-647-4564
Email: ms4695@msbg.med.ge.com

Helax # 1228
560 First Street
Suite C107
Benicia, CA 94510
Phone:707-748-7100
Fax: 707-748-7111
Email: helax@helax.com
Web Address: http://www.helax.com

Treatment Planning System, Verification and
Information System, Simulator Workstation

Huestis Medical # 408
68 Buttonwood St
Bristol, RI  02809
Phone: 401-253-5500
Fax: 401-253-7350
Email: sales@huestis.com
Web Address:
http://www.huestismedical.com

Huestis medical is a leading manufacturer of



radiation therapy equipment/accessories, including
Huestis Cascade R&F radiation therapy simulator.
Diagnostic imaging equipment remanufacturing units
include Huestis ARI, Taunton, MA and Huestis
pro-Tronics, Gilberts, IL.

ICN Dosimetry Service # 1017
3300 Hyland Ave
Costa Mesa, CA   92626
Phone: 800-888-1936
Fax: 714-668-3149

IMPAC Medical Systems, Inc. # 836
215 Castro St
Mountain View, CA  94041-1203
Phone: 650-254-4700
Fax: 650-428-0721
Web Address: http://www.impac.com

IMPAC Medical Systems is the leading provider of
integrated oncology management software,
specializing in practice management, electronic
medical record, image management and decision
support systems. The ACCESS oncology management
system features integrated data and image
management.

Indigo Medical, Inc. # 916
10123 Alliance Rd
Cincinnati, OH  45242
Phone: 513-483-8595
Fax: 513-483-3410
Indigo Medical Inc., a Johnson & Johnson Company,
is dedicated to providing minimally invasive therapies
for the treatment of urologic diseases.  Currently,
Indigo markets and sells TheraSeed Palladium-103, a
radioactive isotope utilized in the brachytherapy
procedure for the treatment of localized prostate
cancer as well as seeding needles used to place the
seeds in the prostate gland.  For more information on
either of these products please contact Indigo Medical
at 1-888-9Indigo.

Internationl Specialty Products # 211
1361 Alps Rd
Wayne, NJ  07470
Phone: 201-628-3383
Fax: 201-628-3016
Email: rfairman@ispcorp.com
           mdonahue@ispcorp.com
Web Address: http://www.ispcorp.com

International Specialty Products (ISP)
manu f ac tu res  and  marke ts  the
GAFCHROMIC® line of irradiation dosimetry
products. A work in progress is the
DOSE-READER SYSTEM™ which consists
of a calibrated dosimeter and an instrument
for readout. The dosimeter contains
radiochromic film with encoded information
on calibration.

IOP Publishing #116
The Public Ledger Bldg #1035
150 S Indendence Mall W
Philadelphia PA 19106

Isotope Products Laboratories # 516
1800 N Keystone St
Burbank, CA  91504
Phone: 818-843-7000
Fax: 818-843-6168
Email: sales@isotopeproducts.com
Web Address:
http://www.sales@isotopeproducts.com

Isotope Products is a manufacturer of
Brachytherapy I-125 and Pd-103 seeds for
prostate therapy, flood and restenosis
sources as well as a complete line of nuclear
medicine reference sources.

K & S Associates, Inc. # 216
1926 Elm Tree Dr
Nashville, TN  37210
Phone: 615-883-9760
Fax: 615-871-0856
Email: ksinfo@kslab.com
Web Address: http://www.kslab.com/ks

K & S Associates offers AAPM accredited
calibrations, HPS accredited calibrations, kVp
meter calibrations, TLD measurement
program, setup program, cable, reels,
shielding calculations, repair services and
more.

Keithley Instruments, Inc. # 720
Radiation Measurements Division
28775 Aurora Rd
Cleveland, OH  44139
Phone: 440-498-2560
Fax: 440-349-2307
Email: rmd_sales_service@keithley.com



Web Address: http://www.keithley.com

Keithley Instruments, Inc. has been designing and
manufacturing precision instrumentation since 1946.
The Radiation Measurements Division specializes in
precise electronic instrumentation and systems that
control, test, measure, and/or monitor x-ray emission
levels in medical diagnostic and therapy settings,
nuclear research and non-medical applications, and in
the field servicing of x-ray equipment.

Landauer, Inc. # 601
2 Science Rd
Glenwood, IL  60425
Phone: 708-755-7000
Fax: 708-755-7011

Landauer, Inc. is the leading provider of analytical
services to determine personal exposure to
occupational and environmental hazards in the
workplace and home.

LAP of America Laser 
Applications L.C. # 1323
1745 Avenida Del Sol
Boca Raton, FL  33432
Phone: 561-416-9250
Fax: 561-416-9263
Email: america@lap-laser.com
Web Address: http://www.lap-laser.com

Red and Green Patient Alignment Diode Lasers; CT
Simulation Isocenter Marking Systems; Patien
Movement Monitoring Lasers; CT Biopsy Lasers;
C-Arm Laser Targeting Systems

Lawrence Livermore 
National Laboratory # 829
700 East Ave
L-174
Livermore, CA  94550
Phone: 925-422-7473
Fax: 925-423-1447
Email: peregrine@www-phys.llnl.gov
Web Address:  http:/ /www-phys.l lnl.gov/N-
Div/Peregrine/

The PEREGRINE Dose Calculation system combines
state-of-the-art Monte Carlo radiation transport
techniques and the most comprehensive nuclear and
atomic databases available to produce the highest
accuracy 3-dimensional dose calculations for all forms

of radiation therapy.

Leibinger # 202
14540 Beltwood Pky E
Dallas, TX  75244
Phone: 972-392-3636
Fax: 972-392-7258

Hardware and software for stereotactic
radiosurgery/radiotherapy.

Lone Star X-Ray # 1138
PO Box 24038
Houston, TX  77229
Phone: 713-674-0526
Fax: 713-674-1214

MCP Equipment, Inc. # 723
823 W 16th St
Newport Beach, CA  92663
Phone: 949-722-7025
Fax: 949-722-7035
Email: bkelts@mcpequipment.com
W e b  A d d r e s s :
http://www.mcpequipment.com

MCP Equipment, Inc. is the largest
remarketer of previously owned radiation
therapy equipment in the U.S. We specialize
in accelerators and simulators from vendors
such as Varian, Siemens, and Oldelft.

Medical Physics Publishing # 110
542 Orchard Dr
Madison, WI  53705
Phone: 608-262-4021
Fax: 608-265-2121
Email: mpp@medicalphysics.org
Web Address: http://www.medicalphysics.org

Medical Physics Publishing is a nonprofit,
tax-exempt membership organization
founded in 1985 to provide affordable books
in medical physics and related fields.

Medical Radiation Devices # 710
2565 Montgomery Hwy
Dothan, AL  36303
Phone: 334-794-5068
Fax: 334-702-7196

Vacumm-assisted prostate seed needle



loading system for "no exposure" loadings, now with
optional seed sterilization/transfer unit and easy seed
calibration module

MED-TEC, Inc. # 628
PO Box 320
Orange City, IA  51041
Phone: 800-842-8688
Fax: 712-737-8654
Email: medtec@medtec.com
Web Address: http://www.medtec.com

Med-Tec, Inc. designs, manufactures and distributes
Radiation Therapy Accessories for custom
shielding-blocking, patient positioning and physics
Quality Assurance.

Mentor Urology # 207
5425 Hollister Ave
Santa Barbara, CA  93111
Phone: 805-681-6000
Fax: 805-681-6166

Merge Technology # 421
Ste N508B
1126 S 70th St
Milwaukee, WI  53214-3151
Phone: 414-475-4300
Fax: 414-475-3940
Email: sales@merge.com
Web Address: http://www.merge.com

Merge Technologies produces hardware and software
for medical image networking. Merge offers complete
solutions, network integration services, PACS enabling
components, DICOM software tool kits, print network
systems, and DICOM functional testing and consulting.

MGS Research, Inc. # 1237
PO Box 581
Guilford, CT  06437
Phone: 203-453-8679/203-245-3251
Fax: 203-453-8679/203-245-3251
Email: mgsinc@connix.com
Web Address: http://www.connix.com/~mgsinc

MGS Research Incorporated has developed and now
manufactures muscle tissue-equivalent BANG®
polymer gels for 3D radiation dosimetry and quality
assurance in conformal radiotherapy. Quantitative
dose distributions are obtained using MRI.

Mick Radio-Nuclear 
Instruments, Inc. # 1322
1470 Outlook Ave
Bronx, NY  10465
Phone: 877-597-6764
Fax: 718-824-8834

ALL PROSTATE IMPLANT EQUIPMENT, i.e.
MICK TP & TPV Applicators, Pre-Load
Needle Loading Accessories, Stabilizing
Device, Needles, Q.A. Accessories, TBI
Stand, HDR Applicators & Accessories.

Mitsubishi Electronics
America Inc # 1014
800 Cottontail Ln
Somerset, NJ  08873
Phone: 732-563-9889
Fax: 732-302-2763
Email: akira@injersey.com

Manufacturer and distributor of radiation
therapy equipment (Medical Linear
Accelerators).

Multidata # 820
9801 Manchester Rd
St. Louis, MO  63119
Phone: 314-968-6880
Fax: 314-968-6443
Email: multidata@inlink.com
Web Address: http://multidata-systems.com

DSS Decision Support System for treatment
development, virtual simulation, and 3D
volumetric planning, interconnects with
departmental imaging, treatment delivery,
and patient information resources; RTD
Realtime Dosimetry System for beam
scanning and quality assurance; Multicut
computerized block casting system.

Multimedia Medical Systems # 1214
Ste 380
400 Ray C Hunt Dr
Charlottesville, VA   22903
Phone: 804-977-8710
Fax: 804-979-3022
Email: info@mmms.com
Web Address: http://www.mmms.com

The MMS-Therpac PLUS 6.6 B3DTUI



treatment planning system is specifically designed to
provide an easier, more accurate method for creating
seed placement plans for physicians performing
Transperineal Ultrasound-guided Implant (TUI)
procedures.

Nashville Convention & 
Visitor Bureau # 221
161 Fourth Ave
Nashville, TN  37219
Phone: 615-259-4737
Fax: 615-244-6278

The 1999 41st AAPM Annual Meeting will be held in
Nashville, Tennessee.  Please stop by and find out
about all the fun and interesting things are to do in
Music City.

NELCO # 1122
4600 Homestead Rd
Houston, TX 77339
Phone: 800-635-2613
Fax: 713-675-4778

Neutron Products Inc. # 201
PO Box 68
Dickerson, MD  20842-0068
Phone: 301-349-5001
Fax: 301-349-5007
Email: neutronprod@erols.com

Replacement cobalt-60 sources, collimator, couches
and remanufactured cobalt-60 teletherapy units.

NOMOS Corporation # 228
Ste 400
2591 Wexford-Bayne Rd
Sewickley, PA  15143
Phone: 724-934-8200
Fax: 724-934-5488
Email: sales@nomos.com
Web Address: http://www.nomos.com

NOMOS provides the only true System for Intensity
Modulated 3-D Conformal Radiation Therapy
Treatment Planning and Delivery. Applications include:
stereotactic radiotherapy and intensity modulated 3-D
conformal radiation therapy for lesions over the entire
body. NOMOS will be show casing the BAT System.
An ultrasound based patient positioning system for the
treatment room. Rapid and precise localization of
internal anatomy (e.g., prostate) permits patients to be

aligned directly to critical structures.

North American Scientific, Inc # 203
7435 Greenbush Ave
North Hollywood, CA  91605
Phone: 818-503-9201
Fax: 818-503-0846

Northwest Medical Physics # 827
21031 67th Ave W
Lynnwood, WA  98036-7306
Phone: 425-672-2841
Fax: 425-672-8470
Web Address: http://www.nmpe.com

Providing simple solutions to complex
problems with innovative medical products
such as: 
pReference: The Frameless Stereotactic
System
Non-docking intracavitary electron cones
Diamond Lasers and much more....

Nucletron Corporation # 1028
7080 Columbia Gateway Dr
Columbia, MD  21046-2133
Phone: 410-312-4100
Fax: 410-312-4126
Web Address: http://www.nucletron.com

Remote afterloading systems for high dose
rate outpatient brachytherapy treatments,
treatment planning systems, simulators and
recor and verify patient charting systems.

Numonics Corporation # 821
101 Commerce Dr
Montgomeryville, PA  18963
Phone: 215-362-2766
Fax: 215-361-0167
Email: numonics@aol.com
Web Address: http://www.numonics.com

Manufacturer of backlighted digitizers for use
in computer assisted x-ray imaging analysis
and treatment planning.

Nycomed Amersham # 714
2636 S Clearbrook Dr
Arlington Heights, IL  60005
Phone: 847-593-6300
Fax: 847-593-8024



On display this year will be I-125® Permanent Prostate
Implants and RAPID Strand™ (Rigid Absorbable
Permanent Implant Device).

Opryland Hotel # 219
2800 Opryland Dr
Nashville, TN  37214
Phone: 615-871-6866
Fax: 615-871-5843

The 1999 41st AAPM Annual Meeting will be held in
Nashville, Tennessee at the Opryland Hotel.  Please
come by the booth and find out what a great facility the
Opryland Hotel is......

OUR Scientific Int’l. Inc. #619
5870 Stoneridge Drive
Suite 1
Pleasanton, CA  94588
Phone: 925-227-1998
Fax: 925-227-1996
Email: bPreising@superknife.com

Rotating Gamma System for Stereotactic Radiosurgery
and high end Therapy Systems.

The Phantom Laboratory # 416
1702 S University Dr
Fargo, ND  58103
Phone: 800-525-1190
Fax: 518-677-3683
Email: sales@phantomlab.com

The Phantom Laboratory manufactures a wide variety
of medical imaging and radiation therapy phantoms.
They feature phantoms for CT, MR, Digital and SPECT
quality assurance, radiation therapy and radiosurgery
treatment evaluations, radiologic technologist training
and custom phantoms for OEM applications.

Photoelectron Corporation - 
Lexington, MA # 608
5 Forbes Rd
Lexington, MA  02173-2069
Phone: 781-861-2069
Fax: 781-259-0482
Web Address: http://www.photoelectron.com

Photoelectron's PRS400 Radiosurgery System is a
minimally invasive, interstitial, non-radioactive
treatment for intra-cavial tumors. High dose,
low-energy x-rays kill the tumor from the inside-out, in

a single session.

Picker International # 1416
595 Miner Rd
Cleveland, OH  44143-2157
Phone: 440-473-3000
Fax: 440-473-2413
Web Address: http://www.picker.com

ACQSIM™/ACQLAN™, the most advanced
3-D computed tomography simulation and
localization system available in the oncologic
marketplace.

PPB Inc # 315
151 N Shelby St
Louisville, KY  40202
Phone: 502-589-1898
Fax: 502-581-1576
Email: cathyrta@aol.com

Shielding, design, and construction radiation
therapy centers/departments.

Prowess Systems - SSGI # 928
Ste 20
1370 Ridgewood Dr
Chico, CA  95973-7803
Phone:800-440-9506
Fax: 530-342-8966
Email: lheintz@prowess.com
Web Address: http://www.prowess.com

3-D planning, virtual simulation and
state-of-the-art brachytherapy highlights new
offerings from one of today's most reliable
companies. Prowess systems - low in cost,
high in features and easy to use.

PTW # 627
201 Park Ave
Hicksville, NY  11801
Phone: 516-827-3181
Fax: 516-827-3184
Email: ptw@ptwny.com
Web Address: http://www.ptwny.com

Proudly serving the worldwide Medical
Physics community for over 75 years with the
highest quality therapy and diagnostic
ionization chambers, electrometers,
phantoms, dosimetry systems, software and



instrumentation. When QUALITY matters and
RELIABILITY counts, you can ALWAYS depend on
PTW.

Radcal Corporation # 702
426 W Duarte Rd
Monrovia, CA  91016
Phone: 818-357-7921
Fax: 818-357-8863
Email: sales@radcal.com
Web Address: http://www.radcal.com

Radcal is a leading innovator, manufacturer, and
worldwide supplier of ion chamber and solid state
instruments for invasive and non-invasive
measurements of diagnostic X-Ray system
performance. Come see our new solid state Accu-dV
detector.

Radiological Imaging 
Technology Inc (RIT) # 517
5385 Setters Way
Colorado Springs, CO   80919-7923
Phone: 719-590-1077
Fax: 719-590-1071
Email: sales@radimage.com
Web Address: http://www.radimage.com

Radiological Imaging Technology, Inc. (RIT)
manufactures the RIT113 Radiation Therapy Film
Dosimetry System and RIT315 Diagnostic Image QA
Measurement Software which exponentially improve
therapy dose analysis and diagnostic imaging QA tools
for Medical Physicists and equipment manufacturers by
providing automated, independent and reproducible
analysis. The company is headquartered in Colorado
Springs.

Radionics, Inc. # 814
22 Terry Ave
Burlington, MA  01803-2591
Phone: 781-272-1233
Fax: 781-272-2428
Email: sales@radionics.com
Web Address: http://www.radionics.com

Xknife radiosurgery system an xplan conformal
radiotherapy system treatment planning, patient setup
and verification and LINAC delivery are Radionics most
advanced products, for more information please call
Radionics at 800-466-6814.

RAHD Oncology Products # 1202
500 Airport Road
St. Louis, MO 63135
Phone: 314-524-0103
Fax: 314-524-6303
Web Address: http://www.rahd.com

Clinically progressive 3D Treatment Planning
System using proven calculation algorithms
that are based on measured data. Full
function system including external beam,
irreg, brachytherapy and mature utilities.
Based on Digital Alpha CPU utilizing 64-bit
RISC/UNIX technology.

Research Systems # 1223
2995 Wilderness Pl
Boulder, CO  80301
Phone: 303-786-9900
Fax: 303-786-9909
Email: info@rsinc.com
Web Address: http://www.rsinc.com

IDL the Interactive Data Language, provides
rapid development of data analysis and
visualization applications that give medical
researchers and physicians deeper insight
into MRI, ultrasound and PET data. IDL is
instrumental in advancing non-invasive
medical diagnostics, cardiac studies,
understanding brain activity and enabling 3D
visualization of tumors and aneurisms.

ROCS # 1018
6190 Corte Del Cedro
Carlsbad, CA  92009
Phone: 760-929-1811
Fax: 760-929-1801
Email: sales@rocsinc.com
Web Address: http://www.rocsinc.com

ROCS offers integrated Treatment and
Information Management Systems. 3D TPS
includes; non-coplanar beam, 3D graphics
visualization, DRR, MPR, and DVP. IMS
includes; record and verify, scheduling,
charge capture and audit, and reporting.

Rosses Medical Systems # 1038
Ste 201
10620 Gilford Rd
Jessup, MD  20794



Phone: 301-490-2304
Fax: 301-490-2982
Email: dm@rossmed.com
Web Address: http://www.rossmed.com

Rosses Medical (Jessup, MD) introduces STRATH, a
workstation-based advanced brachytherapy dosimetry
system for prostate implant with iodine 125 and/or
palladium 103.  Custom seed commissioning tools are
provided.

Sandström # 613
PO Box 850
Welland, ON, L3B-5Y5
CANADA
Phone: 905-732-1307
Fax: 905-735-6948

Stereoadapter 5000, Non-Invasiv Stereotactic interface
and Headholder, LUCY High Performance QA
Phantom for Multiple imaging modalities and
Stereotactic Radiation Therapy.

Seed Plan Pro, L.L.C. # 708
Madison Bldg, Ste 101
11050 5th Ave NE
Seattle, WA, 98125
Phone: 206-364-8525
Fax: 206-364-1008
Email: spp1996@aol.com
Web Address: http://www.seedplanpro.com

Prostate Implant Dosimetry Planning Services;
Prostate Implant Technical Services; Prostate Implant
Products: Stabilization Device, stepping unit, loading
boxes, shielding and other prostate implant
accessories.

Seiko Instruments USA # 908
1130 Ringwood Ct
San Jose, CA  95131
Phone: 408-922-5993
Fax: 408-922-5835
Email: nancy.allan@seikosj.com
Web Address: http://did.seiko.com

Seiko Instruments new DICOM compatible printer, the
Model 1720D is a photo-grade Dye Sublimation color
printer, and includes a high density 3 color Inksheet
with overcoating, a newly developed thermal print head
for rich colors and extremely smooth gradation.

Siemens Medical Systems, Inc. - 
Oncology Care Systems Group # 302
4040 Nelson Avenue
Concord, CA 94520
Phone: 510-246-8200
Fax: 510-246-8284
Email: info@smsocs.com
Web Address:
http://www.ocsg.sms.siemens.com

Providing systems solutions for an integrated
approach from a single vendor.  On display
will be the PRIMEVIEW graphical user
interface, PRIMUS linear accelerator digital
control consoles featuring Virtual Wedge,
Multileaf Collimator, and LANTIS data
management system.

Sofamor Danek # 310
1800 Pyramid Pl
Memphis, TN  38132
Phone: 901-396-3133 x 4134
Fax: 901-344-1577
Email: mdsmith@sofamordanek.com
Web Address: http://www.sofamordanek.com

Sofamor Danek Group, Inc. is primarily
involved in developing, manufacturing, and
marke t ing  dev ices ,  ins t rumen ts ,
computer-assisted surgery products and
biomaterials used in the
treatment of spinal and cranial disorders.

Springer-Verlag New York/AIP PRESS # 108
175 Fifth Ave
New York, NY 10010
Phone: 1-800-SPRINGER
Fax: 201-348-4505
E-mail: custserv@springer-ny.com 
Web Address:  http://www.springer-ny.com 

Selections from Springer/AIP PRESS’s broad
and deep program of books and  journals in
medicine, biophysics, biomedicine, and
biological physics are 
on display.  The Biological Physics series
(AIP PRESS) commences with THE
PHYSICS OF CEREBROVASCULAR
DISEASES by Hademenos and the third
edition of INTERMEDIATE PHYSICS FOR
MEDICINE AND BIOLOGY by Hobbie.  Also
on display 



will be PRINCIPLES OF BRAIN FUNCTIONING by
Haken,  THE INTERNET FOR PHYSICIANS by Smith
and Edwards, and RADIATION THEORY OF BENIGN
DISEASES, among many others.  Attendees enjoy a
20% discount on all Springer books during the exhibit
and for one month thereafter.

S & S Par Scientific Inc # 621
1101 Linwood St
Brooklyn, NY  11208
Phone: 718--64-9-85
Fax: 718-257-0219
Email: Fred@ssxray.com
Web Address: http://www.ssxray.com

Equipment for automatic beam shaping block cutting,
compensation filter production, patient contouring and
patient position fixation.

Standard Imaging, Inc. # 514
6808 University Ave
Middleton, WI  53562-2766
Phone: 800-261-4446/608-831-0025
Fax: 608-831-2202
Email: stdimaginc@aol.com
Web Address:
http://www.standardimaging.com

Brachytherapy calibration well chambers and
electrometers. Brachytherapy LDR seed handling and
needle loading instruments ideally suited for prostate
implant applications. Survey meters for high and low
dose rate isotopes.

Sun Nuclear Corporation # 927
425-A Pineda Ct
Melbourne, FL  32940-7508
Phone: 407-259-6862
Fax: 407-259-7979
Email: mail@sunnuclear.com
Web Address: http://www.sunnuclear.com

PROFILER real-time beam analysis, daily QA check
device, output constancy meter, In-vivo dosimetry
system, solid-state detectors, ion chambers, and
electrometers.

Theragenics Corporation # 918
5325 Oakbrook Pky
Norcross, GA  30093
Phone: 770-931-7677
Fax: 770-381-8447

Web Address: http://www.theragenics.com

Theragenics manufactures TheraSeed (R), A
medical device that is for use in localized
tumors. TheraSeed (R) is based on
established physical principles and has the
simple objective of delivering sufficient
radiation to the target cancer while
minimizing the radiation to the surrounding
tissues.

Theratronics International Limited # 614
PO Box 13140
Kanata, ON,  K2K 2B7
CANADA
Phone: 800-826-2258/613-591-2100
Fax: 613-592-3816
Email: marketing@theratronics.com
Web Address: http://www.theratronics.com

Theratronics International Limited is a world
leader in the development, manufacture,
marketing and technical support of cancer
treatment products. Primary products are
Cobalt, Radiation Therapy and Computerized
treatment planning systems. In addition, a
world-class service and technical support
organization provides customer support to all
products distributed y THERATRONICS.

Thomson & Nielsen Electronics, Ltd.# 728
25 E Northside Rd
Nepean, ON, K2H-8S1
CANADA
Phone: 613-596-4563
Fax: 613-562-8395
Email: tnelec@thomson-elec.com
W e b  A d d r e s s :
http://www.magmacom.com/~tnelec/

Thomson & Nielsen’s Patient Dose
Verification System (TN-RD-50), provides
high-performance, cost effective dosimetry
for use in radiotherapy procedures.
Immediate results are obtained through a
compact reader, which accommodates from
1 to 20 miniature MOSFET dosimeters to
provide fast, precise point measurements.
Applications range from skin dose monitoring
to measurement during Total Body
Irradiation.  The system is particularly
valuable in applications where the dosimetry



is difficult to predict, such as head and neck
irradiations.

Transparent Patient Technologies # 220
2080 S Hibiscus Dr
North Miami, FL  33181
Phone: 305-891-0228
Fax: 305-891-4738

TREX Medical Corporation # 322
36 Apple Ridge Rd
Danbury, CT  06813-0710
Phone: 800-447-1856
Fax: 203-731-8442
Email: jimprinz@aol.com

Unfors Instruments # 914
Uggledalsvagen 27
427 40 Billdal, Sweden
Phone: 46 31 910 952
Fax: 46 31 910 950
Email: info@unfors.com
Web Address: http://www.unfors.com

Unfors Instruments specializes in instruments for
Quality Assurance of conventional, dental, CT and
mammo X-ray machines. The product-line includes
kVp, dose and exposure time meters in both multi- and
single-parameter instruments.

University of Texas
M.D. Anderson Cancer Center #609
1515 Holcombe Blvd
Houston, TX  77030
Phone: 713-794-4962
Fax: 713-745-0581
Email: jshepard@di.mdacc.tmc.edu
Web Address:
http://www-diag-phys.mda.uth.tmc.edu

Radiation dosimetry services by mail include:
checking of therapy machine output, absorbed dose in
blood irradiators, and dosimetry of stereotactic
radiosurgery; and
measurements of photon-neutrons from linear
accelerators.

University of Wisconsin
Radiation Calibration Laboratory # 528
1300 University Ave
Madison, WI  53706

Phone: 608-262-6320
Fax: 608-262-5012
Email: jamicka@facstaff.wisc.edu
Web Address:
http://uwrcl.medphysics.wisc.edu

The University of Wisconsin Accredited
Dosimetry Calibration Laboratory offers
calibration of ionization chambers and
electrometers for brachytherapy and
t e l e t h e r a p y  m e a s u re m e n t s  a n d
brachytherapy sources. All services are
accredited by AAPM and traceable to NIST.

URDC, Inc. # 607
Ste N
4592 E Second St
Benicia, CA  94510
Phone: 707-747-6648
Fax: 707-747-6683

Patient laser alignment systems used in
radiation treatment facilities, diode and
helium-neon lasers in cross and saggital
configurations.

Varian Oncology Systems # 1328
3045 Hanover St
Palo Alto, CA  94304
Phone: 800-544-4636
Fax: 650-493-5637
Web Address: http://www.os.varian.com

Varian introduces the newest linear
accelerator:  The Clinca Ex.  Varian will also
display a full range of radiotherapy products:
linear accelerators, simulators, treatment
planning multileaf collimators, information
systems, and imaging products.

Victoreen/ Nuclear Associates # 802
6000 Cochran Rd
Cleveland, OH 44139
Phone: 440-248-9300
Fax: 440-248-9301
Email: instrume@victoreen.com
Web Address: http://www.victoreen.com

Victoreen/Nuclear Associates designs,
manufactures and markets microprocessor
based radiation quality assurance
instruments and accessories for the



diagnostic radiology, radiation therapy, ultrasound and
nuclear medicine markets.

W. B. Saunders Company #122
17213 Springhill Dr.
San Antonio, TX  
Phone: 210-495-5314
Fax: 210-495-5314

W.B. Saunders is the world’s largest
publisher of medical text, multimedia, and
journals.

Wellhofer North America # 402
Ste 105
3111 Stage Post Dr
Memphis, TN  38133-4011
Phone: 901-386-2242
Fax: 901-382-9453
Email: wellusa@aol.com
Web Address: http://www.wellhofer.com

Wellhofer Dosimetrie provides the industry
standard and most advanced dosimetry
systems in the field of radiation therapy. The
product line includes: waterphantoms, linear
array, film digitizers and a beam scintillator
for conformal dosimetry.


