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Radiation Oncology

4D Planning and 
Evaluating Target Motion

Moffitt Cancer Center Moffitt Cancer Center 
DosimetristsDosimetrists
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DisclaimerDisclaimer
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4D Imaging and Therapy4D Imaging and Therapy

What do we know about What do we know about 
motion inside the body?motion inside the body?

4D Imaging and Therapy4D Imaging and Therapy

What do we know about What do we know about 
motion inside the body?motion inside the body?
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There Are No Stupid Questions,

But There Are a LOT of Inquisitive Idiots.

MovementMovement
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ICRU 62ICRU 62
DefinitionsDefinitions

Internal margin Internal margin -- intrafractionintrafraction

� �����
� )����
������
��������	
���������
�
���
����
�����


�����
���
!�

**
��
+ ����	��
�

� )����
������
��������	
���
�������	�
�����
�����
*, 

��

+ ��
���
� )����
������
��������	
���
�������	�
�����
�����
*- 


��
+ ���
�������

� .��
/
�����

�������
��
���
�����
��	���� ��
�����	� 

�������
��������
��
�����
-
��

� .��
0
��
1
�����

��
���
��!��
����
���
�2
���
���� ���

��������
!�

���!���
1
���
33
��

Pawe
 Kuko
owicz, Holycross Cancer Centre, Summer School of Radiotherapy, Kielce, Poland - 2003
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General PrinciplesGeneral Principles
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The nonThe non--static tumorstatic tumor
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It all begins with imagingIt all begins with imaging
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What do you use and when?What do you use and when?
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Treatment Planning Treatment Planning 
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The nonThe non--static tumorstatic tumor
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What Imaging System?What Imaging System?
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4D 4D –– Time indexed informationTime indexed information
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The new alphabet soup of The new alphabet soup of 
RadiotherapyRadiotherapy

ICRU 62ICRU 62

GTVGTV

CTVCTV

ITVITV

PTVPTV
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What new toys do we have?What new toys do we have?
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More established techniquesMore established techniques
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What can we do with these?What can we do with these?
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What can we do with these?What can we do with these?
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What do you use and when?What do you use and when?
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Imaging in 4DImaging in 4D
or or 

4D simulation4D simulation
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SimulationSimulation
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Issues with imaging moving targetsIssues with imaging moving targets
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Move Objects during CTMove Objects during CT

Courtesy of George T.Y. Chen

Motion ArtifactsMotion Artifacts

Photo       Static           Moving / Slow Scan         Fast
Courtesy of George T.Y. Chen
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4DCT Scan of A Phantom4DCT Scan of A Phantom

Courtesy of Eike Rietzel and George T.Y. Chen

Conventional 4D imaging

Distorted images, incorrect anatomical Distorted images, incorrect anatomical 
positions, volumes or shapespositions, volumes or shapes

Tumor

Paul J. Keall MCVPaul J. Keall MCV
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CT Artifacts in PatientsCT Artifacts in Patients

Helical light breathing scan 4DCT – 1 phase

Courtesy of Eike Rietzel and George T.Y. Chen

How do we generate 4D images How do we generate 4D images 
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Helical 4D ImagingHelical 4D Imaging
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Example of respiratory phasesExample of respiratory phases
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Helical 4D imagingHelical 4D imaging
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4D Helical Approach4D Helical Approach
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4D CT CINE Approach4D CT CINE Approach

Varian RPM system

Record amplitude
and breathing phase
for each slice

GE Lightspeed Scanner

0:01

00.0 cm

Retrospective 4D Image Retrospective 4D Image 
AcquisitionAcquisition

4 x 2.5 mm Multi Slice
(10 mm total coverage)

X-ray Tube

Table location

Acq. Time
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• Respiratory tracking with Varian RPM 
optical monitor

• Increased dose relative to helical 
scanning

GE 4D CTGE 4D CT
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4D Cine approach4D Cine approach

� 2��

� .�
���
�����
��������
����


� ?��

� ������
�
����
���
���
���
�������
� 4���
���	�
��������



4/5/20094/5/2009

2323

Better images, but not there yetBetter images, but not there yet

It’s Amazing How Much Easier it is for a Team to Wo rk Together
When No One Has Any Idea  Where They’re Going.
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Treatment Planning Treatment Planning 
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Basic Techniques for Patient Basic Techniques for Patient 
TreatmentTreatment
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Techniques to treat mobile tumorsTechniques to treat mobile tumors

Motion inclusive Motion inclusive 
methodsmethods
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The nonThe non--static tumorstatic tumor
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Techniques to treat mobile tumorsTechniques to treat mobile tumors
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Techniques to treat mobile tumorsTechniques to treat mobile tumors

Basic PrinciplesBasic Principles
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Explicitly delineate ITVExplicitly delineate ITV
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Explicitly delineate ITVExplicitly delineate ITV
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Forster et al, submitted to IJROBPForster et al, submitted to IJROBP



4/5/20094/5/2009

2929

Basic PrinciplesBasic Principles
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Techniques to treat mobile tumorsTechniques to treat mobile tumors
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SetSet--up for ABCup for ABC
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ComputerComputer--controlled breath holdcontrolled breath hold

0% TV

100% TV
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Current protocol for Moffitt respiratory gating
1) Calibrate the Spirometer (from Sensor Medics)
2) Perform a Pulmonary Function Test – use this to set max and min for patient
3) Monitor the Spirometer and scan when appropriate
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ABC continuedABC continued
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Gate the machineGate the machine
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Techniques to treat mobile tumorsTechniques to treat mobile tumors
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Mounted Gating Camera in the Mounted Gating Camera in the 
treatment roomtreatment room

Reflective    Reflective    
MarkersMarkers
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Slide stolen from 
Varian

Procedure for gated deliveryProcedure for gated delivery
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Beam onBeam on

ThresholdThreshold

Verification of gated deliveryVerification of gated delivery
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IssuesIssues
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Displacement vs phase for 21 respiratory cycles
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ConclusionsConclusions
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