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Context

“‘A 3D Conformal Radiotherapy(beams are

shaped to match the tumor)

A Intensity Modulated Radlatlon Therapy

(controls intensity in small volumes) .'




Target Volumes

AGTV/CTV/PTV

Gross tumor volume

Clinical target volume

Planning target volume

Lymph nodes




Motivation

ar

A Improve the process of target
volume delineation for radiation
therapy planning.

A Objective:
I Auto-contour lymph node regions.
I Initial focus on head and neck.



Problem

T,

A Where are the lymph nodes?
A Where are the lymph node regions?

"4 /none of the
structures ar
lymph nodes



Solution

lA Create reference (canonical) models.
A Map reference nodal regions to patients.




System Overview

Target CT Images

Segmentation of Landmark
Structures

3D Volume and Mesh of
Mandible, Hyoid, ...
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Image Registration
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Image Registration

A Align the transformed reference image f; ° g
to the target image f;.

A FInd the optimal set of transformation
parameters /mthat maximize an image
similarity function S

ngptimal = argma>,g,S(n)



Mattesd Met hod

Ah Similarity Function
S m = - mutual_informatiofs ° g, f;)

A Transformation Function
g(X[m =R(X - Xc) T T(X - Xc) + D(x|d)

X =[X, Y, 3" in the reference image
coordinates.
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Deformable Transformation

IA Control points

(15*15*11).

A Each control point is
assoclated with a 3-
element deformation
vector 4, describing x-,
y-, Z-components of the
deformation.
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Project Target Lymph Regions

+

A Image registration aligns reference
and target CT sets.

A Apply result transformation g to
reference lymph node regions.

A Incorporate anatomical landmark
correspondences.

A Use surface mesh of outer body
contour, mandi bl e,
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Surface Warping

%Shel tonds met hod
correspondences between surfaces.
A Energy based surface mesh warping.

E(C) = Eg(C) + @Eq(C) + DE,(C)

Slm

C is the function which maps points from
reference surface S, to target surface S;.
Eim(C) Is similarity, Eg,(C) Is structuralE,;(C) Is

prior information.

usS
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Landmark Correspondence

A The deformation z at landmark points
L= V- Uy

u, : points from reference surface mesh S..

VvV . . corresponding locations on transformed
reference surface S, ° C matching the
target surface mesh S;.
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Using Landmark
Correspondence

A Deformation vectors D(l ;) are modified
according to landmark
correspondencesz, in the proximity of
the control points | ;.

A Landmark structures align better.
A Faster convergence.



Compare Image
Registration Results

+

Reference Mattes w/ Landmark Target
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Mattes w/Landmark Target

Reference



Automatic Segmentation
of Landmark Structures

‘ A Given : Cancer radiation treatment
patientos head and ne

A Find:

T Skull base & thoracic inlet.

I Anatomlcal structures:
cervical spine (white)
respiratory tract (dark green)
mandible (turquoise)

hyoid (yellow)

thyroid cartilage

Internal jugular veins (pink)
carotid arteries (dark yellow)
sternocleidomastoid muscles(light green, orange)
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Method

A 2D knowledge-
| Based onK o
I Dynamic thres

pased segmentation
0D a swork 0 s

nolding

I Progressivelandmarking

A Combined with

3D active contouring

I Does not require successful 2D
segmentation on every axial slice

I Initialized with

2D segmentation result
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2D Segmentation Results
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2D/3D lteration

|dentify objects that are easy to find, use them to find harder




2D/3D lteration
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Geometrical Feature -
Based Similarity

A Given : A stored database DB of CT scans
from prototypical reference head and neck
cancer patients and a single query CT scan
Q from a target patient.

A Find : Similarity between Q and each
database image d in DB in order to find the
most similar database images {d}.
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Structures

A QOuter body
contour

A Mandible
Hyold
nternal
jugular veins

> >
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Feature Types

A Simple
properties: volume and extents.

A properties: relative location
between structures.

A properties: surface meshes of
structures.
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Features for Similarity Measure

of the overall region
A Normalized of hyoid and mandible

A 3D between
mandible and hyoid

A 2D between
hyoid and jugular veins

A of mandible and outer body
contour
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Mesh Feature Distance

+

A Register reference mesh S, and target
mesh S; with Iterative Closest Point
(ICP), result T.

A between two
aligned surface meshes, TS, and S;

d, (TS, Sr) = rggxd(Tp,Sr)

The Hausdorff distance i1s the maximum distance from ar
point in the transformed reference image to the testimag



Feature Vector Distance

A Given feature vectors F; and F, for
model d and query Q In the feature
vector space RV,

1

eN %%

Dr (R, Fo) = ga wd, (Fy;, FQi)ZB
=1



Evaluation

A-Surface mesh distance after full image
registration D, T slow.

A Feature vector distance Dg 1 fast.

corr_coef(Dy, Dg)
Or = 0.72

Images with small

feature vector distance

should produce the bes
De results after registration



