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Motivation

» Lung cancer is the leading
cause of cancer death

~ Early lung cancer detection
could increase survival rate

~ Diagnosis procedures:

> 3D MDCT chest image
assessment

> Follow-on diagnostic
bronchoscopy

Drawing by Terese Winslow, “Bronchoscopy,” NCI Visuals Online, National Cancer Institute
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Motivation
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Armato et al., Radiology 2004

= ROIs involve complex phenomena
= Manual slice tracing — not feasible
= Automatic methods

— application dependent
= Semi-automatic methods

— more practical

Live Wire

Lower para-tracheal lymph node (IRB20349.3.3)
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Prior Work i

2D Live Wire:

> Mortensen and Barrett (Graphical Models and Medical Imaging 1995)
> Falcao et al. (Graphical Models and Medical Imaging 1998)
> Lu and Higgins (Int. J. CARS 200/7)

3D Live Wire:

Falcdo and Udupa (Medical Image Analysis 2000)
Hamarneh et al. (SPIE Medical Imaging 2005)

Konig and Hesser (SPIE Medical Imaging 2005)

Souza et al. (SPIE Medical Imaging 2006)

Lu and Higgins (Int. J. CARS 2007)

Poon et al. (SPIE Medical Imaging 2007 and CMIG 2008)
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Cost Function:
I(p,a)=w,f,(q) +wg fg () +Wp fp (P, Q) +Wps T (P,0)

Dynamic Graphic Search:
Input:
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o 169 | 3|8 8~ 13¢1-20 | 19+}-22+1-33
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11. if » € L then begin - 11—+ 5—F0< 1<+ 5«11 13- 14++20+28 40
}.; ; q(r) — gtemp; pt(r) — p; L — r; T T K\ T V\\
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Mortenson GMMI 1998; K. Lu and W.E. Higgins, SPIE 2006 and IJCAR 2007
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Segment ROI using 3D Live Wire

K. Lu and W.E. Higgins, SPIE 2006 and 1JCAR 2007
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Central-Chest Lymph Nodes in 3D MDCT Imag@

f < Case IRB20349.3.3
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Complete segmentation of

central-chest lymph nodes

lymph nodes
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Single-Section Live Wire =

Slice r—
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Single-Section Live Wire =
~ Adjust working area adaptively

| - Refine seed set iteratively

> Terminate iterations when

1007

> Terminate 3D process when

> Section limits reached
> Boundary costs vary greatly

> Boundary is too small
> Segmented region is too small

> Intensity distribution varies greatly

K. Lu, PhD Dissertation 2010
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Single-Section Live Wire @

Define
B, via

2D LW

Bobj on the
d fop slice
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Single-Section Live Wire
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Single-Click Live Wire  "@
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Single-Click Live Wire G

Target
ROI

Initial Adjust b-box | Adjust b-box
b-box | W~ horizontally § W~ vertically

4
Select a pixel Boundary
inside ROI % ~ defined via i-LW}|




Single-Section and Single-Click L\~
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Lu, PhD Dissertation 2010 and K. Lu and W.E. Higgins Computer in Biology and Medicine (in submission)
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Performance Evaluation =

MDCT Data:

Voxel Dim.(mm) | # of slice | Contrast- | Observer | Scan
Case AX L AL inscan | En 11:3..11r.::E:-::1 IZ'_'"-‘ 1D

2 T O O /0

2031033 [ 072 072 05| 58 _
20349315 | 068 0.68 0.5 O, 05
20349327 | 0.67 0.67 0.5 m_

2140567

Computer - Dell Precision 650 workstation:
» Dual Intel Xeon 3.2GHz, 3GB RAM, Windows XP
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Results 2

Method Single-Section | Single-Click
Number of Nodes 50
Success Rate 90 % (45/50) 80% (40/50)
Accuracy 81+/% 7918%
Inter-Trial Reproducibility 88+ 7% 86+9%
Processing Time 16+4s 20x5s

Segmented Nodes:
o Short-Axis Length:  5.8+1.5 mm
o Long-Axis Length: 11+4.0 mm
o Volume: 2561210 mm3
2 Number of Voxels: 10891861
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Comparison of Two Observers

20349.3.15 21405.67
O, O, O, O,
Accuracy 83% 80% 18% 719%
Reproducibility 87% 88% 89% 85%
Processing Time 16s 20s 19s 22s

Operator Independent
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* Segmentable nodes: both observers and both methods
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Summary =

Single-Section and Single-Click Live Wire

» Reduce human interaction

> Efficient and reliable

> QOperator independent

> Can handle typical lymph nodes and other ROIs
¢« 90% Single-Section
« 80% Single-Click
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Single-Section and Single-Click LW"'#

Evaluation

Lymph node #: 50

Succ. Seq. : M,-45 (90%) M,-40 (80%)
Accuracy: >80%

Inter-trial Reprod.: >85%

Processing Time ({Second) Axis Length (mm) | Volume # of Voxel
) ‘mm in Ly 1111‘111 Node

Min
Mlax

M;, M,:Single-section and single-click LW; ¢, &,: Trials; a(M;, &): accuracy; r(M;, g, &): reproducibility
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Single-Section and Single-Click LW ®
Evaluation

Processing Time (Second )

Accuracy nu-l Reproducibility
T | Ill. !1 & 1 b 2 | i1 I._-"III' ! 3, , 1 | 1 1_ A2 ) : .|'|::,.'1I."'Tg. I_"‘]_ ¥ -:-':] |

S35 51.2 0.5 85.6

=20 L el 86.2

Ul.= i e mhoh
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bkt e

M;, M,:Single-section and single-click LW; ¢, &,: Trials; a(M;, &): accuracy; r(M;, g, &): reproducibility



