Deformable Image Registration in

Radiation Oncology




Overview



What is DIR?



Deformable Image Registration




When is DIR Useful?
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Dose Fusions
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Dose Fusions




Dose Fusions

* Re-treatment

« Re-planning

» Respiratory motion
« Adaptive RT

« Treatments planned on differing modalitie:

with different clinical setup " T 7 hy
\ y : Rl
b )

. "map dose md

(e.g. prostate IMRT
with HDR boost)

.

Comparing/summing doses calculated on
different image volumes.
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Contour Guidance




Contour Guidance




Contour Guidance




Atlas-Based Contouring



Atlas-Based Contouring

AXIAL CORONAL SAGITTAL
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*Atlas-Based Auto-segmentation of H&N CT e MICCA/I e Xiao Han et al. e 2008

*Evaluation of Commercial Solutions for Auto-seg ® RO e La Macchia et al. e 2012



Atlas-Based Contouring

AXIAL CORONAL SAGITTAL

<—=O00rm<

*Atlas-Based Auto-segmentation of H&N CT e MICCA/I e Xiao Han et al. e 2008

*Evaluation of Commercial Solutions for Auto-seg ® RO e La Macchia et al. e 2012



Atlas-Based Contouring

AXIAL CORONAL SAGITTAL
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Contour Propagation

e Re-treatment

« Re-planning
(planning on new CT)

« Adaptive RT

Relatively straightforward. Can speed
workflow.
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> Detformable Image Registration
Basics



General DIR Workflow

specify moving
& target image

Pro pagate
contours

propagate
dose

choose RO rigid
registration

evaluate deformable

registration registration



Forward Problem



Rigid Transformations (Global)




Parameterized (Local or Global)

3rd degree B-splines
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Biomechanical Models (Local)

Deformable models for surgery e Bro-Neilson et al. @ Comp. Graphics Forum 1996
Feasibility of a novel DIR technique e Brock et al. e [JROBP e 2006




Inverse Problem



Choice of Optimization




Image Similarity



Reqgularization

*Analytic Regularization Uniform Cubic B-splines e MICCAI e Shackleford et al. e 2012




Landmark Registration

« Time-consuming (numerous landmarks)

* Provides only sparse data for driving the

registration

* http://www.ariser.info/training/imgproc.php
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Segmentation-Basead

 Also termed contour guided DIR

 Differences between registered

and target contours are included # th images
in the cost metric

S iy

« Requires contouring both image
volumes

Sarah Geneser, Yale University 22



Segmentation-Basead

 Also termed contour guided DIR

 Differences between registered

and target contours are included s th Images -
in the cost metric N

volumes

« Requires contouring both image

registration _

Does not provide additional information

internal to contours!
Sarah Geneser, Yale University 22



Voxel-Based Registration



Commercial DIR Options



MIMVista
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MIMVista



Velocity
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Raystation
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Raystation



Mirada RTx
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Mirada RTx



Mirada RTx




>  DIR Advantages/Challenges



Contour Propagation
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Contour Propagation




Contour Guidance




Dose Registration/Summation




Transtormation Type Matters!

Bspline Transform Demons Transform




Transtormation Type Matters!

Bspline Transform Demons Transform




Deformable or Rigid?

*Benchmark Test of Cranial CT/MR Registration e [JROBP e Kenneth etal. ¢ 2010
“*Need for application-based adaptation of DIR ¢  Med. Phys.e Kirby etal. ® 2013

“*Performance of DIR in low contrast regions ¢  Med. Phys.e Supple et al. o
2013




Regions of Low Contrast




Regions of Low Contrast




Setup Differences




Setup Differences

How to address?

1. Exclude additional
materials from
registration RO

2. Mask out additional
material (similar to
tissue override in
treatment planning).

42
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Biological Changes



Example: Pulmonary Fibrosis

before treatment following treatment

(Images courtesy of Velocity)
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Example: Pulmonary Fibrosis

: , (Image courtesy of Velocity)
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Example: Pulmonary Fibrosis

: , (Image courtesy of Velocity)
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1S

Pulmonary Fibros

Example
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(Images courtesy of Velocity)
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SAMs Questions



Which of the following situations is of LEAST concern
for producing inaccurate/unreliable dose deformations?

(a) rigid registration for brain

(b) deformable registration for liver

(c) deformable registration for head and neck
(d) deformable registration for lung

(e) deformable registration for prostate

10
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Which of the following situations is of LEAST concern
for producing inaccurate/unreliable dose deformations?

Answer: (a) rigid registration for brain.

Rigid registration for small regions of bony anatomy remain
higher accuracy than deformable registrations (in general).
DIR should not be used when rigid registrations will suffice.

Refs: Crum et al. “Non-rigid Image Registration: Theory and Practice”, British Inst.
Radiol., 77:S2, p. S140-S153, 2004.

Kirby, et al. “The need for application-based adaptation of deformable image
registration”, Medical Physics, 40:1, p. 1-9, 2013.

Hoffmann et al. “Accuracy quantification of a deformable image registration tool applied
in a clinical setting”, JACMP, 15:1, p. 237-245, 2014.
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True or False, contours fused onto a newly acquired CT
are sufficiently reliable that they need not be evaluated?

(a) True
(b) False
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True or False, contours fused onto a newly acquired
CT are sufticiently reliable that they need not be
evaluated?

Answer: (b) False.

Though the reliability of contour fusion can be higher
than dose fusion, propagated contours should always
be double-checked by the attending.

Refs: Lardue et al. “Assessment of Contour Fusion Methods for Auto-Contouring of the
Male Pelvis”, IIROBP, 87:S2, p. 374, 2013.

Li et al. “Propagation of Pancreas Target Contours on Resipratory Correlated CT
Images Using Deformable Image Registration”, Med. Phys., 41, p. 209, 2014.
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Which statement is MOST correct?

(2)
(0)

()
(d)

Visual comparison of the deformed and target images s
sufficient to ensure deformation accuracy.

Registering with larger regions of interest boxes generally
produces more accurate deformations.

Image transformations are always defined globally.

DIR can produce inaccurate deformations in areas of low HU
contrast.

10
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Which statement is MOST correct?

Answer: (d) DIR can produce inaccurate deformations in
areas of low HU contrast.

DIR in areas of low HU contrast like liver can produce
inaccurate deformations because the lack of image
information cannot accurately drive the inverse solver.

Refs: Zhong et al., “A finite element method to correct deformable image registration
errors in low-contrast regions”, Phys Med. Biol., 57:1, p. 2012.
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Additional Resources



Practical Workflow Tips

“‘Q Name -
e . L] DIR_LargeROI_WithoutPad
SRR ® . [] DIR_LargeROL WithPad
B OX e o) ey ,  [J DIR_SmallROI

= WhenThingsGoWrong




Image Similarity vs. Reqularization



Rigid vs. Deformable




Rigid vs. Deformable




Evaluating Registrations:
Tools for Visual Assessment



Registration Evaluation



First Step: Detormed Image
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Visual Comparison: Example
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Visual Comparison: Example
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Second Step: Deformation Field




DIR White Papers



