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Contents €&DICOM

Digitai Imaging and Communications in Medicine

= History of development of RT extension

= The Real World Model

= The RT Objects
= Details for the individual RT Obijects

= Patient Coordinate System(s)

= DICOM in ‘Real Life’

= Tools
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Interoperability &DICOM

Digital Imaging and Communications in Medicine

This Standard facilitates interoperability of systems claiming
conformance in a multi-vendor environment, but does not, by
itself, guarantee interoperability.

DICOM PS 3.1 - “Goals of the DICOM Standard”
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The RT Extension &DICOM

" (...) support the transfer of
radiotherapy-related data
between devices found within
and outside a radiotherapy
department.”
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DICOM WG7 & DICOM

Digitai Imaging and Communications in Medicine

Founded 1994/95 as
“DICOM RT ad-hoc Working Group*

= Cooperation with IEC since 1995
= Currently 34 members

= All major vendors represented

= CMS, Elekta, GE, IMPAC, Nomos, Nucletron, Philips,
Siemens, TomoTherapy, Varian

= 2to 3 meetings a year

http://groups.yahoo.com/group/dicomrt
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The DICOM Real World Model
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€DICOM

Digital Imaging and Communications in Medicine

The DICOM Information Model
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The RT Extension €& DICOM

Digital Imaging and Communications in Medicine

Sup. 11 \
_\
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RT Image RT Structure Set RT Plan
RT Treatment
T l , Q I Record
e
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The RT Extension §&DICOM

= RT Image IOD
DRR, Portal Imaging, Simulator

= RT Dose |IOD
Dose Matrix, Dose Points, Isodoses, DVH

= RT Structure Set I0OD
VOls, Dose Reference Points,
Observations/Characterizations

= RT Plan I0OD
External&Brachy Plan, Tolerance Table, Fractionation
Scheme, Patient Setup

= RT Treatment Record IODs
Beam&Brachy Session/Summary Recording Information
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The RT Extension €&DICOM

Digitai Imaging and Communications in Medicine

= Extends:

= Part 3: Information Objects Definitions
= Part4: Service Class Specifications
= Part6: Data Dictionary
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No Information Management € DICOM

Digital Imaging and Communications in Medicine

... due to the absence of a consistent process model for a
radiotherapy department, especially in an international
context.

DICOM Supplement 11 - “Radiotherapy Objects”
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The RT Objects Module Tables

Table A.17.3-1—RT IMAGE 10D MODULES

€DICOM

Digital Imaging and Communications in Medicine

IE
Patie

Study

Serie

Fram
Refer

Equig
Imag

| Module | Reference | Usaae
Table A.18.3-1—RT DOSE IOD MODULES
IE | Module | Reference | Usage I
Pati Table A.19.3-1—RT STRUCTURE SET |IOD MODULES I
IE | Module | Reference | Usaae |
st [oar Table A.20.3-1—RT PLAN |I0D MODULES
Pat
IE | Module Reference Usage
E Table A.29.3-1—RT Beams Treatment Record IOD Modules
Stu IE Module | Reference | Usage
Seri | | Pati Table A.30.3-1—RT Brachy Treatment Record 10D Modules
Stu IE | Module | Reference | Usage
— = | Patient | patient I c711 | M
Frar | Ser Stuc | 7EH" “""Table A.31.3-1—RT Treatment Summary Record 10D Modules
Refi IE Module Reference Usage
Equ Eat Ser Stut | Patient Patient c711 M
Dos Ex Seri Clinical Trial Subject C713 U
Fral Study General Study c721 M
R e [se Patient Study c722 U
E Trez Clinical Trial Study c723 u
Plal| Rec [ Equ [ Series RT Series C.88.1 M
Tre: Clinical Trial Series C732 u
— Rec Equipment | General Equipment C.751 M
Treatment RT General Treatment C.88.17 it
Record Record
RT Treatment Summary cB88.23 M
Record
Curve c.10.2 u
SOP Commeon c.12.1 M
RT Brachy Session Record Cc.8.8.22 M
RT Treatment Summary c.8.8.23 U
Record
— Curve Cc.10.2 u
SOP Commen c.121 M
Audio C.10.3 U
— S0P Common c.121 M
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New IOD Modules

General Series

Modality

Series Instance UID

Series Number

Laterality

Series Date

Series Time

Performing Physician's Name
Performing Physician Identification Sq.
Protocol Name

Series Description

Operator's Name

Operator Identification Sq.

Referenced Performed Procedure Step Sq.
>Ref. SOP Class UID

>Ref. SOP Closs Instance UID

Body Part Examined

Patient Position

Smallest Pixel Value in Series

Largest Pixel Value in Series
Requested Attributes Sq.

>Requested Procedure ID

>Scheduled Procedure Step ID
>Scheduled Procedure Step Description
>Scheduled Procedure Step Code Sq.
Performed Procedure Step ID
Performed Procedure Step Start Date
Performed Procedure Step Start Time
Performed Procedure Step Description
Performed Protocol Code Sequence
Comments on the Performed Procedure Step

&DICOM

Digital Imaging and Communications in Medicine

RT Series

Modality
Series Instance UID
Series Number

Series Description

Ref. Performed Proc. Step Sq.
>Ref. SOP Class UID
>Ref. SOP Closs Instance UID

Requested Attributes Sq.

>Requested Procedure ID

>Scheduled Procedure Step ID
>Scheduled Procedure Step Description
>Scheduled Procedure Step Code Sq.
Performed Procedure Step ID
Performed Procedure Step Start Date
Performed Procedure Step Start Time
Performed Procedure Step Description
Performed Protocol Sequence
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Approval Module €&DICOM

Digital Imaging and Communications in Medicine

C.8.8.16 Approval Module
Table C.8-48—APPROVAL MODULE ATTRIBUTES
Attribute Name Tag Type |Attribute Description

Approval Status (200E,D002) 1 Approval status at the time the S0P
Instance was created.

Enumerated Values:

APPROVED F Reviewer recorded that
object met an implied criterion

UNAPPROVED

= Mo review of object has

REJECTED l: Reviewer recorded that object
al o meet an implied criterion

Review Date (300E,0004) 2C | Date on which object was reviewed.
Required if Approval Status (300E,0002) is
APPROVED or REJECTED.

Review Time (300E,0005) 2C | Time at which object was reviewed.
Required if Approval Status (300E,0002) is
APPROVED or REJECTED.

Reviewer Name (300E,0008) 20 | Mame of person who reviewed object.
Requirad if Approval Status (300E,0002) is
APPROVED or REJECTED.
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New IOD Modules &DICOM

Digitai Imaging and C

RT RT RT
Image Dose Stct. Set

RT RT RT RT
Plan BmsTR BrchTR TrmtSR
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RT Image

= Conical Imaging Geometry
= Radiographs
= Digital Reconstructed
Radiographs (DRR)
= Simulator Images
= Portal Images
= Pixel Spacing on the image
plane
= Exposure Sequence
= Multiple Exposure Images
= Cine Images
= |nformation on image generation
=  Gantry Angle

= Field shape (Block, MLC)
not stored as Overlay!

%)lCOM

Digital Imaging and Communications in

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Image Module €&DICOM

Digital Imaging and Communications in Medicine

Image Description
Radiation Machine Description

Ref. RT Plan Sq.
Ref. Plan

Ref. Beam Number

[ Exposure Sq.
Exposure Description
" Beam Limiting Device Sq.

Beam Limiting Device Description

[ Applicator Sq.
Electron Applicator Description

" Block Sq.
Block Description

Gantry/Beam Lim. Dev. Angle, Table Pos.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Image Implementations

§DICOM

Digttai Imaging and Communications in Medicine

Elekta Oncology Systems

Niew

PrecisePlan

GE Medical Systems

AdvantageSIM

AdvantageSIM

IMPAC Medical Systems | ViewStation QwikSIM
Merge Technologies MergeARK MergeARK
NOMOS CORVUS BAT
Nucletron Plato, O'IMCON, TPP, Plato, O'IMCON, O*VISIR,
O'DA TPP, O'DA
Philips Pinnacle, AcQSim, Pinnacle, AcQSim,
AcQPlan AcQPlan
Siemens Medical LANTIS, BeamView, BeamView, Imaging
Systems Imaging Platform Platform Implemented
wiP
Varian Medical Systems | VARiS/Vision G6 VARIS/Vision G6 Future Release

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Dose

§DICOM

= (0D, 1D, 2D, and 3D
= Dose Distribution

= Specification for Dose
Calculations (?)

= Grid-based 2D plane(s)

= Values in Image Pixel
Module (DICOM)

= Planes identified through
Grid Frame Offset Vector

= Different summation types
Plan / Fraction / Beam /
Brachy

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Dose €& DICOM

Digital Imaging and Communications in Medicine

= |sodoses = Dose Volume Histograms
= Description of Isodose = Cumulative, Integral,
Lines Natural
= Referencing related ROI = Differential or Cumulative
= Dose Units DVH
= Dose Value = Reference to according

ROls

= ROI Contribution Type
INCLUDED, EXCLUDED

ROI C

Volume = U (VincLupep) - U (VexcLupep)

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Dose Module €DICOM

Digital Imaging and Communications in Medicine

Dose Units, Type, Comment
Normalization Point
Summation Type

[ Ref. RT Plan Sq.
Ref. Plan

[ Ref. Fraction Group Sq.

Ref. Fraction Group Number
" Ref. Beam Sq.

Ref. Beam Number

" Ref. Brachy Application Setup Sq.
Ref. Brachy AS No.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT DVH Module §DICOM

Digital Imaging and Communications in Medicine

Ref. Structure Set Sq.
Ref. Structure Set UID

DVH Normalization Point, Value

" DVH Sq.
DVH Ref. ROI Sq.
[ Ref. ROl Number, Contribution

DVH Type

Dose Units, Type

Dose Scaling

Volume Units

DVH Data

DVH Min, Max, Mean Dose

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Dose Implementations €&DICOM

Digttai Imaging and Communications in Medicine

Elekta Oncology Systems PrecisePlan
IMPAC Medical Systems Future Release
Merge Technologies MergeARK MergeARK
NOMOS CORVUS, BAT
Nucletron O'DM, TPP, O'DA IR ARI LA
O'DA
Philips Pinnacle, AcQSim, Pinnacle, AcQSim,
AcQPlan AcQPlan
TomoTherapy Inc. Future Release
Implemented
Varian Medical Systems | VARiS/Vision G6 VARIS/Vision G6 o Relesce

Data from Hans Sethi, Elekta Oncology Systems
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RT Structure Set &DICOM

= Regions and Volumes of
Interest (ROI, VOI)

= Points of Interest (e.g. Dose
Points)

= 3D Objects (e.g. Bolus,
Brachytherapy Applicator)

= Associated with 0-N images

=  Frame of Reference
Relationship

= ROIls referencing images

= ROI Generation algorithm
AUTOMATIC,
SEMIAUTOMATIC,
MANUAL

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Structure Set

= Contours

Contour Data for ROI

Contours not necessarily
in one plane

Associated with O-N
images

Geometric Type
POINT,
OPEN_PLANAR,
OPEN_NONPLANAR,
CLOSED PLANAR

Contour Slab

€&DICOM

Digital Imaging and Communications in Medicin

= ROl Obervations

|dentification,
Interpretation

Specification of Coding
Scheme
(SDM, NLM TeRMS)

ROI Interpreted Type
ROI Material ID
ROI Physical Property

Educational Course on DICOM-RT, Neuchatel - 13 June 2003

Michael Neumann



RT Structure Set Module €&DICOM

Digital Imaging and Communications in Medicine

Structure Set Description
| Ref. FOR Sq.

Ref. FOR UID
" FoR Relationship Sq.

Related FoR UID
Transformation Type, Matrix

" RT Ref. Study Sq.
Ref. Study UID

" RT Ref. Series Sq.

Ref. Series UID
RT Ref. Image Sq.

SOP Class/Instance UID

[ ROI Sq.
ROI Number, Description

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT ROI Contour Module €&DICOM

Digital Imaging and Communications in Medicine

" ROI Contour Sq.

Ref. ROl Number
" Contour Sq.
" RT Ref. Image Sq.

SOP Class/Instance UID
Ref. Frame Number

Contour Geometric Type
Contour Data

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Dose ROl Module &DICOM

Digital Imaging and Communications in Medicine

" RT Dose ROI Sq.

Ref. ROl Number
Dose Units
Dose Value

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT ROI Observations Module &DICOM

Digital Imaging and Communications in Medicine

" RT ROI Observations Sq.

Observation Number
Ref. ROl Number, Label, Description

RT Related ROI Sq.

Ref. ROl Number
RT ROI Relationship

" RT ROI Identification Code Sq.
Code Value, Scheme, Meaning

" Related RT ROI Observations Sq.
Observation Number

ROI Interpreted Type, Interpreter
Material ID

ROI Physical Properties Sq.
ROI Physical Property, Value

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Structure Set Implementations

§DICOM

Digttai Imaging and Communications in Medicine

CMS

XiO

FocalSIM

Elekta Oncology Systems

PrecisePlan, iView

PrecisePlan

GE Medical Systems

AdvantageSIM

AdvantageSIM

AcQPlan

IMPAC Medical Systems Future Release QwikSIM

Merge Technologies MergeARK MergeARK

NOMOS CORVUS, BAT CORVUS

Nucletron Plato, HelaxTMS, O‘DM, Plato, HelaxTMS, TPP,
TPP, O'DA O'DA

Philips Pinnacle, AcQSim, Pinnacle, AcQSim,

AcQPlan

Siemens Medical
Systems

Imaging Platform

Imaging Platform

TomoTherapy Inc.

wiP

Implemented

Varian Medical Systems

VARIiS/Vision G6

VARIiS/Vision G6

wip
Future Release

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Plan §DICOM

= Tele-Therapy and
Brachytherapy

= Fractionation, Tolerance
Tables, Positioning

= Reference to Dose
Distribution (RT Dose)

= Reference to Frame of
Reference

= Plan Relations

= Versions

= Alternative Plan
= Control Point Concept

= MLC, Dynamic Therapy,
IMRT

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



Plan Relationship

€DICOM

Digital Imaging and Communications in Medicine

Refersncad RT Plan Sequence

(300C,0002)

Intreduces sequence of related SOP
Class/Instance pairs describing related
instances of RT Plan. One or more items
may be included in this sequence.

=Referenced SOP Class UID

(0008,1150)

1C

Uniguely identifies the referenced SOP
Class. Required if Referenced RT Plan
Sequence (300C,0002) is sent.

=Referencaed S0P Instance UID

(0008, 1155)

1C

Uniguely identifies the referenced SOP
Instance. Required if Referencad RT Plan
Sequence (300C,0002) is sent.

=RT Plan Relationship

(300A,0055)

1C

Relationship of referenced plan with res pect
to current plan. Required if Referenced RT
Flan Sequence (300C,0002) is sent.

Defined Terms:

: PRIDHI: plan delivered prior to current

treatmeant

ALTERMNATIVE = altemative plan prepared
or current treatment

PREDECESSOR = plan used in derivation

of current plan

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Plan €& DICOM

Digital Imaging and Communications in Medicine

= Prescription
= Dose Specification Information
= Target and Organ at Risk Dose

Underdose Minimum Dose
\I:/olume Prescription Dose
N raction ' Il g Maximum Dose
N
~A ‘\ |

\

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Plan

= Tolerance Table

= One or more Tolerance
Tables for entire Plan

= Comparing planned /
delivered machine
parameters

= Accounting for different
techniques

= Referenced from Beams

€&DICOM

Digital Imaging and Communications in Medicin

= Patient Positioning
= Fixation Devices
= Shielding Devices
= Setup Technique

= 'Displacement’
information

= Referenced from Beams
and Treatment Record

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Plan

€DICOM

Digital Imaging and Communications in Medicine

= Fractionation Scheme
= One or more schemes for treatment
= Dose specification (RT Prescription)
= Fractionation information
= Applied to Beams / Brachy Appl. Setup
= Allows reusing of Beams / Brachy AS

= Fractionation Pattern:
Mon Tue Wed Thu Fri Sat
0/1 0/1 0/1 0/1 0/1 0/1

= Pattern Length:

Pattern Length = NumFractionPatternDigitsPerDay x 7 x RepeatCycleLength

Number of Weeks /T

Sun
01

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Plan §&DICOM

agin, ‘o Citio)

= Fractionation Examples

= 1 Fraction Group,
1 Fraction/Day, Mon-Fri
FG1: 1111100

= 2 Fraction Groups,
2 alternating Fractions/Day, Mon-Fri
FG1: 10101010100000
FG2: 01010101010000

= 2 Fraction Groups,
1 Fraction/Day and 2 Fractions/Day, Mon-Fri
FG1: 1111100
FG2: 11111111110000

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Plan €& DICOM

Digital Imaging and Communications in Medicine

= Beams
= Beam identification
= Treatment Unit description
= RT Image acquisition information
= Wedges, Compensators, Boli, Blocks, Applicators
= Control Point Concept
= Control Point specific Dose References

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Plan §&DICOM

agin, ‘o Citio)

= Control Point Concept

MU/Time) of the Treatment Unit change during beam

I A Control Point describes which parameters (including
delivery.

= CPO: Initial Setup; All applicable parameters
= CP1-N: Parameters which change at any CP

Behaviour between Control Points not described.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



DICOM Control Points

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Plan

=  Absolute / Relative Positions

All positions except Table
Translations are absolute.

= Table Translations

= relative:
No initial value specified

= absolute:
Initial value specified

§&DICOM
Digital Imaging and Communications in Medicine

= Dose Specification
absolute MU/Time / relative
MU/Time

CumulMSWeight
CPMS = BeamMS x

FinaIMSWeight

= absolute:
BeamMS = FinalMSWeight

= relative:

BeamMS ! FinalMSWeight

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Plan

€DICOM

Digitai Imaging and Communications in Medicine

= Brachy Application Setup

Generalized Model from Remote AL
Application Setup * Source Applicator
Brachy Accessory Devices

= Shield

= Mold

= Plaque

= Dilatation
ROI based description of 3D Structures
Channel = Source Applicator + Transfer Tube
Sources referenced from Channel
Control Point Concept
Specification of Transit Times

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT General Plan Module €DICOM

Digital Imaging and Communications in Medicine

Plan Description, Treatment Intent
RT Plan Geometry

" Ref. Sructure Set Sq.
Ref. SOP Class/Instance UID

" Ref. Dose Sq.
Ref. SOP Class/Instance UID

[ Ref. RT Plan Sq.

Ref. SOP Class/Instance UID
Ref. Plan Relationship

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Prescription Module &DICOM

Digital Imaging and Communications in Medicine

Prescription Description
" Dose Reference Sq.

Dose Reference Number

Dose Reference Structure Type
Referenced ROl Number
Reference Point Coordinates
Dose Reference Type
Constraint Weight

Dosage Information

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Tolerance Table Module §DICOM

Digital Imaging and Communications in Medicine

" Tolerance Table Sq.
Tolerance Table Number, Label
Gantry Angle
Beam Limiting Device Angle

" Beam Limiting Device Tolerance Sq.

Beam Limiting Device Type
BLD Position Tolerance

Patient Support Angle Tolerance
Table Top Positions Tolerance

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Patient Setup Module &DICOM

Digital Imaging and Communications in Medicine

" Patient Setup Sq.

Patient Setup Number
Patient Position, Additional Position

" Fixation Device Sq.

Fixation Device Description

" Shielding Device Sq.
Schielding Device Description

Setup Technique, Description
Setup Device Sq.

Setup Device Description

Table Displacements

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Fraction Scheme Module §DICOM

Digital Imaging and Communications in Medicine

" Fraction Group Sq.

Fraction Group Number
Ref. Patient Setup Number

Ref. Dose Sq.
Ref. SOP Class/Instance UID

" Ref. Dose Reference Sq.

Ref. Dose Reference Number
Constraint, Dosage Information

Number of Fractions, Fractions/Day
Fraction Pattern

[ Ref. Beam Sq.
Beam Number, Dose

" Ref. Brachy Application Setup Sq.
Brachy AS Number, Dose

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Beams Module

€&DICOM

Digital Imaging and Ce ications in

[ Beam Sq.
" Beam Limiting Device Sq.

Ref. Reference Image Sq.

Planned Verification Image Sq.

Ref. Dose Sq.

Wedge Sq.

Compensator Sq.

Ref. Bolus Sq.

Block Sq.

Applicator Sq.

Control Point Sq.
~ Ref. Dose Reference Sq.

~ Wedge Pos. Sq.

~ Beam Limiting Device Pos. Sq.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT Brachy Applications Setup Module €DICOM

Digitai Imaging and Communications in Medicine

Treatment Technique, Type

[ Treatment Machine Sq.

" Source Sq.

" Application Setup Sq.
Template Description

" Ref. Reference Image Sq.

" Brachy Accessory Device Sq.

| Channel Sq.

Source Applicator Description
Transfer Tube Description

[ Channel Shield Sq.

" Brachy Control Point Sq.
|' Brachy Ref. Dose Ref. Sq.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Plan Implementations

§DICOM

Digttai Imaging and Communications in Medicine

CMS

XiO

XiO, FocalSIM

Elekta Oncology Systems

PreciseDesktop,
PrecisePlan, iView

PrecisePlan

GE Medical Systems

AdvantageSIM

AdvantageSIM

IMPAC Medical Systems MultiACCESS QwikSIM
Merge Technologies MergeARK MergeARK
NOMOS BAT CORVUS

Plato, HelaxTMS,

Plato, HelaxTMS,

Nucletron O‘IMCON, OVISIR, O'DM, | O IMCON, OVISIR, O‘'DM,
TPP, O'DA TPP, O'DA
Philios Pinnacle, AcQSim, Pinnacle, AcQSim,
P AcQPlan AcQPlan
Siemens Medical LANTIS, IMFast, Imaging .
Systems Platform IMFast, Imaging Platform e
wiP
Varian Medical Systems VARIiS/Vision G6 VARIiS/Vision G6 Future Release

Educational Course on DICOM-RT, Neuchatel - 13 June 2003

Data from Hans Sethi, Elekta Oncology Systems

Michael Neumann



RT Treatment Record §DICOM

Digital Imaging and Communications in Medicine

= Tele-Therapy and
Brachytherapy

=  Session and Summary
Record Information

= 310Ds

= (Contains all Treatment-
parameters

= Dose Calculations
= Dose Measurements
= References related RT Plan

= References related
Treatment Records

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Treatment Record

= Beams / Brachy Session

= Measured / Calculated
Dose

= All Treatment
Parameters

= Additionally

= Date, Time, Fraction
Number

= Termination Status,
Code, Verification

= Specified / Delivered
Monitor Units/Time

§DICOM

Digitai Imaging and Communications in Medictn.

=  Treatment Summary

Current Treatment
Status

First, Most Recent
Treatment Date

Fraction Group Status
Fraction Status

Cumulative Measured /
Calculated Dose to Dose
References

Educational Course on DICOM-RT, Neuchatel - 13 June 2003
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RT General Treatment Record Module &DICOM

Digital Imaging and Communications in Medicine

[ Ref. RT Plan Sq.
Ref. SOP Class/Instance UID

" Ref. Treatment Record Sq.
Ref. SOP Class/Instance UID

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Beam Session Record Module §DICOM

Digital Imaging and Ce

" Measured Dose Sq.

" Calculated Dose Sq.

" Treatment Session Beams Sq.
" Ref. Verification Image Sq.

" Ref. Measured / Calculated Dose Sq.

[ Wedge Sq.

" Compensator Sq.

" Ref. Bolus Sq.

" Block Sq.

[ Applicator Sq.

" Control Point Delivery Sq.
" Wedge Pos. Sq.

" Beam Limiting Device Pos. Sq.

" Override Sq.

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



RT Brachy Session Record Module $DICOM

Treatment Technique, Type

" Measured Dose Sq.

" Calculated Dose Sq.

[ Treatment Session Application Setup Sq.

Template Number

" Ref. Verification Image Sq.

" Ref. Measured / Calculated Dose Sq.

" Brachy Accessory Device Sq.

| Channel Sq.
Source Applicator Number

Transfer Tube Number
" Ref. Meas. / Calc. Dose Sq.

[ Channel Shield Sq.

[ Control Point Delivery Sq.
|' Override Sq.
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RT Treatment Summary Record Module €DICOM

Digital Imaging and Communications in Medicine

Treatment Status / Status Comment
First / Most Recent Treatment Date

" Fraction Group Summary Sq.

Ref. Fraction Group Number
Faction Group Type
Number of Fractions Planned/Delivered

" Fraction Status Summary Sq.

Ref. Fraction Number
Treatment Date / Time / Term. Status

" Treatment Summary Meas. Dose Ref. Sq.
Ref. Dose Reference Number, Descr.
Cumulative Dose to Dose Reference

" Treatment Summary Calc. Dose Ref. Sq.
Ref. Dose Reference Number, Descr.
Cumulative Dose to Dose Reference
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RT Treatment Record Implementations §DICOM

Digttai Imaging and Communications in Medicine

Elekta Oncology Systems | PreciseDesktop

IMPAC Medical Systems MultiACCESS MultiACCESS

Merge Technologies MergeARK MergeARK

Nucletron O‘VISIR O‘VISIR e
wip

Varian Medical Systems VARIS/Vision G6 VARIS/Vision G6 Euture Release

Data from Hans Sethi, Elekta Oncology Systems

Educational Course on DICOM-RT, Neuchatel - 13 June 2003 Michael Neumann



Patient Coordinate Systems &DICOM

Z

DICOM
IEC

y X
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DICOM Coordinate System &DICOM

= Right-handed
= Fixed with resp. to the patient

,When a Frame of Reference is identified, it is not important how the
Patient is positioned relative to the imaging equipment or where the origin
of the Frame of Reference is located. It is important that the position of
the Patient and the origin are constant in relationship to a specific Frame
of Reference.”

(Part 3, p.83)

= Origin arbitrary but fixed

= RT-DICOM: FoR Relationship
Relating coordinate systems through

= RT Structure Set
= RT Plan
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‘DICOM in Real Life° &DICOM

The ‘Communication’ part works.
The ‘Interoperability’ part may be difficult.

= Configuration

= Label and ID Mapping

= [nterpretation

= Optional Elements

= Keep DICOM Elements in dynamic Objects
...Errors in the implementation
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Configuration &DICOM

= |P Address / Host Name

= |P Address Wrong IP Address
= Upper/Lower case ADVSIM or advsim
= Alias No / Wrong Alias (host, Imhosts)

= Port Number
= Wrong Port

= Privileged Port 104, 4006
= Application Entity Title

= Upper/Lower case MyAETitle or MYAETITLE

= Spaces MyAETitle
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Label and ID Mapping &DICOM

Digital Imaging and Communications in Medicine

= Treatment Units, Wedges,
Electron Tubes

m Unit: Li 1
1T Pl
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Interpretation &DICOM

Digitai Imaging and Communications in Medicine

+@> =%
/N /N

[ R [ R
|-i»| >|-i»| Four ControlfPoints
[ R [ R
|-i»|-i»| Tihree Control Points
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Optional Elements

€DICOM

Digitai Imaging and Communications in Medicine

= Patient Position
= |mportant for 3D Model
= User interaction possible

= Model Name of Imaging Modality
= Adapt to specific ‘Interpretations’

=  Structure Set Reference in RT Plan

= Reference to coordinate system used
(Frame of Reference)
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Dynamic Objects &DICOM

Digital Imaging and Communications in Medicine

Doctor’s

Console

\
RTPlan /

Prescription

Patient Setup
Fractionation

Treatment Technique

Virtual

Simulatio
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... anything is possible &DICOM

Digitai Imaging and Communications in Medicine

= Date of Birth

= Patient’s Birthdate - (0010,0030) - Type 2 -
YYYYDDMM’ or YYYY.MM.DD’

= '99.07.05°
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DICOM Tools §&DICOM

Digitai Imaging and Communications in Medicine

= OFFIS DICOM Software

= Agfa DICOM Validation Tool
= Etiam DicomEye
= eFilm
= Others
= ezDICOM, MRIcro, Rubo Medical, AccuView
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OFFIS DICOM Software

=  Simple Routines

= CTN, Store SCU/SCP,
Query/Retrieve
SCU/SCP, Worklist

= Source Code
= Different Plattforms

= \Windows, Linux, Solaris,
SunOS, OSF/1, Ultrix,
IRIX, NextStep

=  Some other DICOM Ultilities

€DICOM

Digital Imaging and Communications in Medicine

AOFFISIPROJEKTEIDICOM

| Deatei Beabeiten Ansicht Favorten Estas 2

I+ D 4dlan3E-SE-E89

|| Adtesse [ ] hitp: v oifisuni-cldenburg deprojekte/dicom/projekt_dicomd him | whechasin 2u |

OFFIS DICOM

I OFFIS DICOM-SOFTWARE
DCMTK - DICOM-Toolkit
DCMTK ist eine Sarmmlung von Bibliotheken und Anwendungen, die grole
Teile des DICOM-Standards implementieren. Das Toolkit enth3lt Software
zumn Lesen, Erzeugen und Konvertieren von DICOM-Bilddateien, zur
Werarbeitung von Datentragern, zum Senden und Empfangen von Bildern dber
ein Metzwerk sowie beispielhafte Implementierungen von Bild- und Worklist-
Semvern, DCMTI ist im vollstdndigen Quelitext verflgbar und in einer
Mischung aus ANSI C und C++ geschrieben.

Die Entwicklungsgeschichte des DICOM-Toalkits ist ebenfalls verfigbar,

DICOMscope

DICOMscope ist ein frei verfligbarer DICOM-Viewer. Das in Java und C++

implementierte Programrm stellt unkamprimierte, monochrame DICOM-Bilder
l— aller Maodalitaten dar und unterstiitzt eine Maonitorkalibrierung nach Teil 14 des

DICOM-Standards sowie das Supplerent 33: Grayscale Softcopy

Presentation State Storage. Das Prograrnm ist im Rahrmen einer

Ausschreibung der Arbeitsgruppe 11 (Display) des DICOM-Komitees

entstanden und wurde auf dem ECR 99 erstrnals gezeigt. ;l

@] hitp: 4w offis.uni-oldenburg. de/projekte/dicom/soft-dacs/soltl_d. himl 1 [ Intemet

http://www.offis.uni-oldenburg.de/projekte/dicom/project_dicom4.htm
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Agfa DICOM Validation Tool &DICOM

EAGFA DICOM Validation Tool - [testDICOMeye. ses] M=
Sesgsion File Edit Tools VWiew Help

= Evaluation of DICOM Files R :

=23 Definitions
B scimg de Loading Definition File: -

= Evaluation of DICOM i B g S SEAIGOM Yt Toshcriseinie

R . - 3| r-plan.del
N etWO rk CO mm u n ICatI O N =] Seipts INFO: Abstract Starage SOP Class is: -

=] 1.ds "SC Image Storage SOP Class" (UID: "1.2.840.10008.5.1.4.1.1.7")
. PASSED: C:\Program Files\AGFA\DICOM Validation Tool\scriptsidefinitn\sc-

= Scrl ptl ng % igzs il11g.':hafl] error(s], 0 warning(s]

B B.dss
. B . 2| B.dss
= Own definition of Object
Wn e I n I Ion O eC S =] relds Loading Definition File: -
-2 Results C:A\Program Files\AGFA\DICOM Validation
{2 1E0007 ¢ Tool\scripts\definitn\metainfo.def

| F |tt I t € 1ED0DZ 1+
a u O e ra n - TEDND3.re PASSED: C:A\Program Files\AGFA\DICOM Validation
--{@f TE0004.r > || Toolscriptsdefinitn\metainfo.def
1 | v 0 error(s]. 0 warning[s]

=
For Help, press F1 Gredg [ [ [~
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Etiam DicomEye &DICOM

Digital Imaging and Communications in Medicine

Dicom Eye - IMCON Patient Beam3 [_ (O] x|
File Edit “iew Toolz ‘window Help -

= Viewer Blo| Bl 8] al[p|v| ¥ < alala|a] e o 2
= Browser

= Query/Retrieve
= Cine support

1.2.12.2.1107.5... H[=] H

4 PLATO SingleBeam IMRT. dmp - Editor (=)<
. Datei Bearbeiten Formab  Ansicht 7
| | DI‘ :OM P t (0DOS, 00300 @ TM  Len: O StudyTime value: [] Ps
rlr] (0008, 00500 @ SH Len: 0 AccessionMumber value: [ LJ
(0008, 00600 1 Cs  Len: & modality value: [RTPLAN] (o
(0008, 0070) @ LO Len: 10 Manufacturer value: [Mucletron ]
] DI( :OM Dum (0008, 0080) @ LO  Len: 18 InstitutionName value: [Mucletron Holland ]
(0008, 0000) @ PN Len: 0 referringPhysiciansyame value: [
(0008,1070) @ PN Len: 4 OperatorsName value: [ara ]
(0008,1090) @ LO Len: 20 ManufacturersModelname wvalue: [PLATC RT Plan Export]
CO010,0000) @ UL Len: 4 GroupLengthdglo value: [6AA]
] Easy to use (0010, 00100 @ PH Len: 20 Patientshame wvalue: [PLATCASTINg]leBeamIMRT]
(0010,0020) @ LO Len: 4 PatientID value: [1000
(0010, 0030) @ DA Len: & Patientsgirthpate value: [19950628]
(0010,0040) @ CS Len: 2 patientssex value: [0 ]
] Aff d bl 790 EUR (0018, 0000% @ UL Len: 4 GroupLength0ogld value: [12] 7
Or a e (0018:1020) H ] Len: 4 softwareversions value: [1.0 ] =
(O020,0000) @ UL Len: 4 GroupLengthQozo value: [94]
(0020,0000) @ UI Len: 20 studyInstanceuID value: [1.2.250.1.59.1.20000526.121445]
50020,0005% DUl Len: 30 SEF;ESInStanCEUID Vaque: ;%.2.250.1.59.2.20000526.121445]
0020,0010) @ sSH Len: O StudyID value: [
(0020,00119 * IS  Len: 2 Seriesnumber value: [1 ]
(3004,0000) @ UL Len: 4 <uUnknown Tags value: [19978]
[3004,0002) @ SH Len: 12 RTPlanLahel wvalue: [SingleB IMRT]
(3004,0004) @ ST Len: & rTPlanbescription value: [testooz ]
(3004, 0006) @ DA Len: 8 RTPlanbate value: [20000404]
(3004,0007) : TM Len: & RTPlanTime value: [173706]
(3004,000C) @ CS Len: 1A RTPTanGeometry value: [TREATMEMT_DEVICE]
(?OOA,OO?O) HE={s] Len: 144 FractionGroupsSegquence value: [SEQUENCE]
DATASET
| | ¢300A, 00000 @ UL Len: 4 <uUnknown Tag: wvalue: [40]
| | €3004,0071) : IS Len: 2 Fractionsroupnumber value: [1
I I E3OOA,0078% 1 Is Len: 2 NumEeroFFractionsP]anned vaque: EZE%
3004, 0080) @ IS Len: 2 NumberofBeams value: [1
I I E3OOA: OUAU% 1 Is Len: 2 NumEerofErachyApp]icationsetups v%'lue:[[o]]
300C,0000) @ UL Len: 4 <Unknown Tags value: [72
zoocjoooaj HE=(o) Len: 54 rReferencedBeamsequence value: [SEQUENCE]
k \
DATASET
| | | | (3004,0000) @ UL Len: 4 <Unknown Tag: value: [12] bﬂ
(<] 1l | =]
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eriim

Viewer

= clean User Interface

= several Series
Browser
Query/Retrieve
DICOM Print
Create Sub-Set
Nice DICOM Editor

Removes Pixel Size
(Sub-Set)

No RT support

€DICOM

Digital Imaging and Communications in Medicine

# File Edit Tools Mavigation Uity Window ToolBars Help

# eFilm DICOM Dump [TPP 7 Beam IMRT. dem]

997 Mar 20.

/]

[~ E Cu | g | 2 | | Modaliy: RTRLAN

Transter Syntax : Implicit VR Little Endian

il
File: listing IWammgs] Enors |
iaroup - Element Description | Type | Length | Yalue -~
[£] oozo 0o0E Series Instance UID U1 44 2,16,124.,113534.2,3.5.0,20000620,11.07, 25142 A %
(%] oozo o010 Study ID SH 10 1234567890 —
(=] onz0 onii Seties Mumber 5 z 1 =
[#] 3004 0000 Group Length L8 4 4690
[£] 3004 0002 SH 12 7 Beam IMRT
[#] 3004 0003 RT Plan Name Lo 4 IMRT
(%] 3004 0006 RT Plan Date Dy & 20000620
@ 3004 0007 RT Plan Time ™ & 113903
[#] 3004 000C RT Plan Geometry = & PATIENT
- 3004 00BO Bearn Sequence 50 4604  (not loaded)
-/ FFFE E000 (#1) Item {rully 648 (not loaded)
EI 3004 0000 Group Length e 4 636
[Z] z008 00E2 Treatment Machine Mame SH 16 Fake Primus for
I% 3004 0064 Source-Axis Distance ) 4 1000
- 3004 00BG Bearn Limiting Device Sequence 50 84 {nat loaded)
—ICIFFFE EOOD (#1) Item {rully 32 {not loaded)
El 3004 0000 Group Length e 4 20
E] 3004 00B3 RT Beam Limiting Device Type s 2z X
[£] 3004 00BC Mumber of LeaffJaw Pairs s z 1
—I (I FFFE E0OOD (#2) Item (rully 36 (not loaded)
E] 3004 0000 Group Length UL 4 24
El 3004 00B3 RT Beam Limiting Device Type (== 6 ASYMY
[E] 3004 O0BC Murmber of LeaffJaw Pairs 15 21
I% 3004 00C0 Beam Mumber I3 21
[£] 3008 o0C2 Bearn Mame LO 10 imrk(7)_1
(%] 3004 o0CH Beam Type = 6 STATIC P
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Osiris &DICOM

Digital Imaging and Communications in Medicine

*, Osiris - MR_1.2.392.200036.9123.100.12.11.120... [N[=] E3

. Viewer s |Ei3F'|-3.'r' DV' r" "|'|'E|:||"'H AWERIC.2
Tnnl! a L L PO 11 PO I~ I 3] bl g [T -I:-:
= Browser

=
¥

= PAPYRUS format
= |mage processing

=]
[

= Old fashioned User Interface

.

100%
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Other Tools

= ezDICOM
= Drag & Drop

= MRIicro
= ROls, Image processing

= Rubo Medical
= Files, CDs

=  AccuView
= Files, DICOM Info

= Web Browser Plugins

€DICOM

Digital Imaging and Communications in Medicine

i e=DICOM
File Image Window Help

ag & Drop Medical Image Viewer

M |

W05 *||Black & White ¥

bo Dicom Viewer' DEMO version
Fle. Image windows Help

N e

[width 10images ¥

Patient Demo Nack Sec G DOB|

Information Petient st

Al paients

E

= JASONHEAD FIRST

& Prostate
1000109000
R1000209000
RLO00302000

—Header It
Dimens

1D number [070793-demo

by

Fieysen  ense;

e =B

Zoom Fan Sice:

XWH
el

Data

Eod

Win/lev  Cine

=

Frames WL Presets

=

o

[ Slice Wiey

[E1 StudyinstancelID
-] SeriesinstancelllD

21 StudyiD
-~[Z] SerizsNumber

@ AcquisitionMumber
-2 ImageNumber

[E] PatientDrientation
-2 ImagePositionPatisnt

[E] ImagelrientationPatient

press F1

(ST
26/0.09804 E7H2BTH1

ElE
~~[E] Patient =]
[E1 Patiertiame BOMNIN,CLAUDE 1911
Black = -[E] PatientiD 6247
white — [E] PatiertBirthDiate
I bars -2 PatientSex ]
™ irfe - 2] Patientage
Group D1 & [Acquisition]
Group 0x20 [Image]
B Image e

2.16.840.1.113662.2. 247 7425498540651 99091 309...

216.840.1.113662. 2. 2477425496540691 39091 309,
26593

59

El

0.0000008+0040.0000008+00%-3.148700s+02
1.0000002+0040.0000002+0040.0000002+0040.00.. = |
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w entra

Thank you for your attention.

Questions ?




