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Learning Objective

Guiding you step by step
through the process of
centerline extraction of
Coronary Arteries in a cardiac
blood-pool MRI using VMTK
based Tools.




- Background

Coronary heart disease (CHD) is the
leading cause of death in high-income
countries and one of the main causes of
death worldwide*.

The primary cause for CHD s
atherosclerosis of the coronary arteries
and is called coronary artery disease
(CAD).

The extraction of the central lumen line
(centerline) of coronary arteries is helpful
for visualization purposes, stenosis
quantification or further processing
steps.

Human Heart with Coronaries, Author: Patrick J. Lynch
(1999), Creative Commons License

* WHO Fact Sheet 310: http://www.who.int/mediacentre/factsheets/fs310/en/index.html

-3-



B Materials

This tutorial requires the installation of the Slicer3
software and the tutorial dataset. They are available at
the following locations:

« Slicer3 download page (Slicer 3.5 Nightly Build*)

http://slicer.org/pages/Special:SlicerDownloads

» Unzipped Tutorial MRI data (3 files)

http://www.na-mic.org/Wiki/index.php/File:Tutorial VMTKCoronariesCenterlinesMRI_Data_Winter2010AHM.zip

Disclaimer: It is the responsibility of the user of Slicer to comply with both the terms
of the license and with the applicable laws, regulations, and rules.

* or a Snapshot after December 2009, the Slicer3 extension system has to work properly
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=« |nstalling VMTK in 3D Slicer

" OO

File Edit “iew Window Help Feedback

ﬁ EH Rodias: Sk ariv akcome _|| 4 b :'-:hm:-:l.lcls EI m ‘(:\. @
@ 30Slicer Start the Extension Wizard

“ Welcome & About

VA |
;*U. 3DSlicer \ANlalrnmae




& - [Installing VMTK in 3D Slicer

3D Slicer Version 3.5 Alpha 1.0

Extensions Management Wizard

This wizard lets you search for extensions to add to 30 Slicer,
E'E] download and install them, and uninstall existing extenszions.

Wiou will need a network connection to access remote extension
repiositaries.

%] Fing & Install Unitstall Either

Change extensions install path: | (2 mometypelSlicer Shype

Delete zip files from temp. dir. {optional .

Where to search: Ihttp:.f.fext.slicer.u:urg.fext.f‘trunkﬂ 0201 -linus-#56 j

Click “Next”




& - [Installing VMTK in 3D Slicer

o

[X| 3D Slicer Version 3.5 Alpha 1.0

3

Extenzion Management Wizard

Select extensions, then click uninstall to remowve them fram

yourversion of 30 Slicer, ar click download to retrieve them.

Select | Status

[Z]

Hame

PythonSample Scripted Module

RobustStatistics SegModule

Select all VMTK Extensions

5]

1 l..-llJﬂ.III'.IIE oL I|.I LW YT A

Cateqgory

Developer Tools
Segmentation
Segmentation

Developer Tools

DescHption

This is an exan
Skull sttipping 1
Skull sttipping 1

This is an exan

] [ [ [ [ [ [ [ [

[Z] | YMTKCenterlines Segmentation | Centerline com
@ VMTKEasylLevelSetSegmentation | Segmentation Easier interface
@ VMTELevelSetSegmentation Segmentation Interactive Leve
[Z] | vmtkSlicertodule Library The Vascular
@ VMTEVesselEnhancement Filtering Vessel Enhanc
- £
P~ | b=
| Cownload & Install" Llninstall|
< Back || Mext = | | Fini=h | | Cancel l
P




& - [Installing VMTK in 3D Slicer

[~ B
0O00 X! 3D Slicer Version 3.5 Alpha 1.0
Extension Management Wizard
Select extensions, then click uninstall to remove them from
vourversion of 30 Slicer, or click download to retrieve them.
]
Select | Status | Hame Cateqgory Description Home | Y
@ PythonSample ScriptedModule Developer Tools | This is an exan E
@ RobhustStatistics SeqModule Segmentation Skull sttipping E
[Z] | SkullStripperModule Segmentation Skull sttipping 1 E
@ TclSample ScriptedModule Developer Tools | This is an exan E
[Z] | VMTKCenterlines Segmentation | Centerlinecom | [
@ VMTKEasyLevelSetSegmentation | Segmentation Easierinterface E
@ VMTELevelSetSegmentation segmentation Interactive Leve E
Library The Vascular kv E
Filtering Vessel Enhanc g |
£
=
. |
< Back || Mext = | | Finish | | Cancel y




& - [Installing VMTK in 3D Slicer

=YYz

[X| 3D Slicer Version 3.5 Alpha 1.0

Extension Management Wizard

Select extensions, then click uninstall to remowve them fraom

vourversion of 30 Slicer, or click download to retrieve them.

Hame

Python Sample Scripted Module

Select | Status

RobhustStatistics SeqModule
SkullstrpperiModule
TclSample Scripted Module

YMTE.Centerines

=

VMTKEasyLevelSetSegmentation

E

VMTELevelSetSegmentation

YimtkSlicertdodule

=

&
EEEEE NSNS NS S

VYMTEVYesselEnhancement

E

Cateqgory

Developer Tools
Segmentation
Segmentation
Developer Tools
Segmentation
Segmentation
Segmentation
Library

Filtering

~d I

| Download & Install" Llninstall|

Description

This iz an exan
Skull sttipping 1
Skull sttipping 1
This is an exan
Centerline com
Easzier interface
Interactive Leve
The Yascular

Veszel Enhanc

Home

[ T [ T [ [ [ [ [

)

Click “Next” ™

R || Cancel




{ !l: 3DSlicer
-

Installing VMTK in 3D Slicer

r = = B
000 [X| 3D Slicer Version 3.5 Alpha 1.0
Extenzsion Managament Wizard
Choose to restart 3D Slicer now to incarporate these
extensions changes immediately. Restarting later will make
the change oftware starts up.
| Restart later
P
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& - [nstalling VMTK in 3D Slicer

3D slicer Version 3.5 Alpha

File Edit Yiew Window Help Feedback

Slicerelcome

e

FEEE

VVCILUIINIC

limage processing and 30 visualization of
to get you started using Slicer. Please see
re infarmation:

s mbout the contribution and software licens
Form.pl. The software has been designed fc
Food and Drug Administration, or by any ot

le bar.

A ?‘\ Vi o
A~ yolumeRendering
“~yalumes
Wizards -
a free ope Informatics .
ntains 501 gegistration
wr.org and -
wrorgfslice Segmentation -
Statistics -
distributed Diffusion -
2:Mararar. s lic
and has n Tractography P
15T s
Filtering -
any inform
b Surface Models -
Batch Processing -
‘his madule  Converters -
Developer Toals -
40

1ded Modu

iH@sTon Weighted

Vascular Modeling Toolkit

P A ymMTRCERterlines
“YMTKEasyLevelSetSegmentation
SYMTKLevelSetSegmentation

S YMTKYesselEnhancement

a Display

& ] (4] [#]

search modules

The VMTK Extensions
appear in the modules
selector (1) inside the
category “Vascular
Modeling Toolkit”

-12-



& o The Pipeline

b Ly

VMT KEasyl evelSetSegmentation

VMTKC enterlines

» using Poly Data Centerline
Computation

| VMT KVesselEnhancement |

| | ¥ ¥

This pipeline is used for the Centerline Extraction.

National Alliance for Medical Image Computing -13-



& Loading Data

YOy Y

dit View Window Help Feedback
1 oad Scene. Ctrl-0

i Gk ary akoma el E |I| E
Import 3cene... .
A A _ iy

Save Cirl-3
Cloze Scene Cirl-Wny

]
‘ ﬁ@/ 3DSlicer

To load the tutorial data, choose the “File” menu
(1) and select “Add Volume...” (2)

-14-



& Loading Data

r'."_‘. 88 %] Add Volume

w .0
|4 B [ dhaehn
’ |5 -fontconfig
7 -ssh
|5 .Trash
i ) Desktop
|5 Documents
= ) Downloads
() ywe-0.7.3.alpha
() patientl
) Slicer3-3.5-alpha-2009-
) Slicer3-3.5-alpha-2009-
) Slicer3-3.5-alpha-2009-
TutorialData
I3 gwe-0.7.3.alpha
15 gwe-daemon
1) gwehead
[ Library
1) livtest
) Movies
I5) Music
|7 Pictures
=) Public
) Sites
I5) Slicer3-3.5-alpha-2009-11
I3 Slicer3-3.5-alpha-2009-12
|5 Slicer3dhaehn
() djesgarz

Select the file “tutorial_cardiac_mri_data.nrrd” (1)
of the unzipped tutorial data and press “Apply” (2)

| =R B

Path: Irl_lsers.l’dnaenm’Dnwn\nadsﬂ'utnrialDatanmnr\aI_carﬂiac_mri_clata nrrd

’-D\COM Infarmation X

Parse Directory

Description

[l Centered [ Ignore File Orientation [] Label Map ] Single File Mame: |tutorial_cardiac_mri_data

Recent Volumes: | . ce'l
4

"\Jolume Options X

National Alliance for Medical Image Computing -15-



a 3DSlicer

Loading Data

~HH T
DuaISD layout

3D only layout
nHed zslice only layout
EYEIIDw slice only layout
nGreen slice only layout

Tal:ul:ued 3D layout

ﬁTabbed slice layout

“CDmpare layout

Toggle GUI panel visibility
Toggle GUIl panel LIR

A
+*
A
A
A
A
A
A

close

Use the layout selector (1) to
switch to the “Conventional

layout” (2)

National Alliance for Medical Image Computing
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B e Loading Data

The 2D slice viewers show the loaded volume.

Fy 5 ey

: Hons : Hons
]

& |
bitorad cardac mi data s biborad cardac mi data
-

R
- E todal cardac M data

-47.001 5 10102
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a 3DSlicer

Loading Data

T ﬁFnur-up layout

. Dual 30 layout

Yellow slice anly layout

C nGreen slice only layout

<~ [E|Tabbed 30 layout
. ﬁTabbedslicelayDut

e “CDmpare layout

Toggle GUI panel visibility
Toggle GUIl panel LIR

close

Use the layout selector (1)
switch to the “Red slice onl
layout” (2)

to
y

National Alliance for Medical Image Computing
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»

Loading Data

oy oy 0y X/ 3D Slicer Version 3.5 Alpha

File Edit View Window Help Feedback

& [B] | rosses: Fap— [4] ] (=] Ep—

Nena

wtedal cardac i data

lz‘ -47.001

 30slicer \WWelcome

3D Slicer s afree open sourcs softwars platform for medical image processing and 3D visualization of image data
This madule contains some basic information and useful links ta get you started using Slicer. Please see our website
hitp:www slicer.org and the documentation on our wiki for mors information

http:hwww slicer orgislicerWikifindex.phpiDo n-3.4.

3D Sliceris distributed under a ESD-style license: for details about the contribution and software license agreement,

please see hitpuwaww sliceror/eai-biniLicense/SlicerlicenseForm.pl. The software has been designed for research
purposes only and has not been reviswed or approwed by the Food and Drug Administration. or by any othsr agency

Hint: to open any information panel below, click on its grey title bar.

Don't show this module on startup
T Overiew
¥ Basic & Extended Modules
¥ Loading Scenes & Data
¥ Saving Scenes & Data
¥ Adjusting Data Display

¥ Configuring Viewers & Layout

¥ Mouse Modes

Manipulate Slice Views

@ LB

Manipulate 30

E Only the red slice viewer (axial view) is displayed.

Middle Button: Pi

[l

ey

-19-



& Extracting the ROI

3D slicer Version 3.5 Alpha

File Edit Yiew Window Help Feedback

‘@ E” Modules: §

Slicerwelcome —

F E| E search modules @

Filtering -
#Inf Surface Models - v title bar.
Eatch Processing fI
mao Converters
" DeveloperTools 2
Y ACreaea 0 eries
IM  biusion weighted ,A DWW Dicom to Nrrd
ar vascular Modeling Toolkit < Orient Images
S Python Binarize Map
% Data #~ Python Convert Fiducials to Labelmap
S Python Convert Wolume to NUMPY File _—
lisplay P b e B el Dol E e

Use the modules selector (1) to start the
“ExtractSubvolumeROI” (2) module

-20-



@ 3Dslicer

Extracting the ROI

BB~ [ D OE

@ 3DSlicer
v

¥ Help & Acknowledgement

“ Inputiinitialization Parameters

Cutput wolume:

RO visibility || 3

o
tutorial_cardiac_mri_data — %
=1
=

Input spacing scaling cnnstant|1
lsotropic voxel size for output valume

Interpolation type: MNea

Do ROlre

sample

This panel now appears.
Be sure that the “Input
volume” is the loaded
tutorial data.

21-



B e Extracting the ROI

@ @ Moduas: Ealbras ESubwcimea ROl E sazchmodias @
1

@ 3DSlicer h

¥ Help & Acknowledgement
“ Inputfinitialization Parameters

Inputvolume: | 4 tarial_cardiac_mri_da

Create New MEMLE OINode

Rl visibilit,
Cutputwvolume: | jutorial_cardiac_mri_data

Input spacing scaling constant |1
Izotropicvoxel size for output volume

Interpolation type: Mearest Neighbor [®] Linear Cubic

Lo ROl resample

Create a new
MRMLROINode

22-



{ !l: 3DSlicer
-

Extracting the ROI

8 ] -

@ 3DSlicer e |=
il =

¥ Help & Acknowledgement

Exlrac ESubwclma ROl —

E E I:a:\chrmd.la:

“ Inputiinitialization Parameters

Inputvolume: | yijorial_cardiac_mri_data  —

M Create New WVolume

Dutputvelume: tutarial_car 4 tutorial_cardiac_mri_data

aling l:n:lnstant|1 S Zubvolume_ROI_Label

lsotropicvoxel:

Input zpa

Rename...

Interpolation type: Edit Properties...

Mearest Neighbc

Do ROl resample Delete...

Create a new Volume
as “Output volume”

-03-



E

Extracting the ROI

X! 3D Slicer Version 3.5 Alpha

File Edit “iew Window Help Feedback

B @] [ =] [0 @ B (81 8] 6 ) ) ) S =

P

-
@ 3DSlicer tane :'
- |-42.50
)
y

Subucme RO Labal

¥ Help & Acknowledgement
* Inputinitialization Parameters
Inputvaiume: | tutorial _cardias_mri_deta — |2
RoL| g
ROI visibility
outputvelume: | Resampled _ Subvalume e

Input spacing scaling constant 1
nnnnnnnnnnnnn type: [ Nearest Neighbor [ Linear [ cubic

Do ROl resample

B NOBEEEs Now click around the heart to select the subvolume.
=~ == Navigate to the most interior and superior slices using

> A ‘ 4 & ) ,' _\'.

“* Wanipulate Slice Vie ws

' i the control (1) to select the complete heart. The
selection is shown as a blue overlay.

-24-



& Extracting the ROI

Rl visil:lilit‘g.-'
2

‘ Interpolation type;

Click “Do ROI resample” (1) to extract the
subvolume and click toggle the “ROlI visibility”
(2) to hide the blue overlay

-25.-



@ 3DSlicer

Extracting the ROI

You can also directly load the prepared
“tutorial _cardiac_mri_data-Subvolume-
resample_scale-1.0.nrrd” file of the unzipped
tutorial data to get the extracted subvolume
(see the “Loading Data” section).

-26-



T Extracting the ROI

:| 2 + @ Mone

tutorial_cardiac_mri_data

Edit Properties...

Celete...

Select the extracted subvolume (2) in the red
slice viewer by using the volume selector (1)

27-



Extracting the ROI

j abel map opaci
.Sh W label volume outlin
Shw eformat widget

= - Fit the volume to the window
L by using the options icon (1)
and selecting “Fit to window”

(2)

-08-



& Extracting the ROI

3D slicer Version 3.5 Alpha

File Edit Yiew Window Help Feedback

‘@ E” Modules: P E E search modules @

VVCTILUITIC

Use the modules selector (1)
to navigate to the “Volumes”
module (2)

-29-



& Extracting the ROI

BE | e~ DHEE

@ 3DSlicer

¥ Help & Acknowledgement

* Load

| [ select valume File |

Valume Name: |tutnrial_cardiac_rnri_data-: Be Sure the eXtraCted Subvolume

Image Qrigin: ’m ‘ . . .
mege st romre | tutorlal_cardlac_mr,!_.data Sut?volume
resample_scale-1.0” is the active

Volume (1) and adjust the Window/Level
setting to 1082 and 1257 (2) for better
visualization

Active Wolun@:

“ Display

Lookup Table: | Grey ”%

Interpolate

Window Level Editor Presets:

» ¥
‘IL‘ ‘@| CT-abdomen” CT-brain” CT-Iungl

Valume Window Level Presets:

[12573

!

Window/Level: | Manual [1082.4

Threshold: Off

-30-



L

Slicer

Bgl: 111
3g J: 60

Bl At slice location -0.80 (1) the

Extracting the ROI

00000000
Reygiliorial_cardiac_mri_data-Subvolume-resample_scale-1.0

aortic arch and the left coronary
artery (LCA) are visible

-31-



L

Slicer

Extracting the ROI

M d3ta SLevckme-razaTEe Sode-10

. cardiac_mri_data-Subvolume-resample_scale-1.0

niz &
[ [l
Bg: ffioria
None
.
g ¢
L]

None

@ At slice location -15 (1) the aortic

bl o arch and the right coronary artery
(RCA) are visible

=@
_.5._, H

o o

Axial
Sp: 0.6mm

-30-



@ 3Dslicer

Vesselness Filtering

™

a free ope
ntains sor
srorg and-:
wr.orgislice

distributed
2o s lic
and has n

any infarm

his module

1ded Made

1es & Data

RIS

“yolumeRendering

“~alumes

Wizards
Infarmatics
Reqgiztration

Segmentation

Vvt Navigate to the
VMTKVesselEnhancement
.meee: MOdule inside the category

=mem “\fascular Modeling Toolkit” using
.o the Modules selector

Form.pl T i o e s s s o
Food and Drug Administration, aor by any ot

le bar.

Statistics P
Ciffusion P
Tractography "
15T _f
Filtering "
Surface Models P
Eatch Processing "
converters P
Developer Tools "
40 -
Diffusion Weighted s
Vascular Modeling Toolkit r

=z & Data

S UMTEVesselEnhancement

SyMTECeRterlines

S UMTKEasyLevelSetSegmentation
N

-33-



Vesselness Filterin

IEI E[ Moo s: |\J'M'I'H\n'e==elErh=1cgmgm _.| E E‘ IEI @

y e This panel appears. Switch to
~ oo & Acknowiedgamen “FrangiVesselness”.

* YMTKWesselEnhancement

Existing Parameter Sets: | g —

Module Parameters: | g 5

* InputfQutput

Inputvolume: |y, g — B

=

Output Wolume: | EnhancedvesselnessOut — “%

Steps between max. and min. Diameterl'ltl

[T TN

Ciameter specification W] Physical Unit (g.g. (mm])

Vaxel

[r

Min. Diameter of the Tube: 1.0

l

Max. Diameter of the Tube: |5.0 =

i

Sensitivity Thresholds:

Flate-like and line-like structures: 0.5 B

:

v

Blab-like structures: (0.5

Contrast of image: |5.0 =

L

Start!




a 3DSlicer

Vesselness Filtering

2DSlicer

¥ Help & Acknowledgement

Select the extracted subvolume
(2) as the “Input Volume” (1)

* YMTKVesselEnhancement

* Input'Cutput

Existing Parameter Sets: | o —

|l

-

Module Parameters: Ll
E.z — =

Output Wolume:

Input Valume: ¢ 5

utorial_cardiac_mri_data

EnhancedveszelnessOut .~ g pvn

“* veszel Enhancement

FrangiVesselness | SatoVesselness | WED |

Tubular Structure Detection:

Rename...
Edit Properties...

Steps between min. and max. Diameter |10 Delste...
MIIIIIIIIIIIIIIIIIIIIIE

National Alliance for Medical Image Computing -35-



& Vesselness Filtering

Enter “0.1” (unit: mm) as the
FrangiVesselness Eatuvesselnessl ‘JEDI minimal diameter Of tUbu|ar

~ Tubular Structure Detection Structu reS tO deteCt
Steps between max. and min. Diameterl'llil—

[T T

* Veszel Enhancement

Ciameter specification W] Physical Unit (e.g. [mm])

Vioxel

Min. Diameter of the Tub

Max. Diameter of the Tube: |5.0 =

Senszitivity Threshalds:

Flate-like and line-like structures: |0.5 =
Blob-like structures: (0.5 =

Contrast of image: |5.0 -

Start!

D]]] @




@ 3Dslicer

Vesselness Filtering

“ veszel Enhancement

Enter “2.0” (unit: mm) as the

FrangiVesselness Satnvesselnessl H-"EDI

maximum diameter of tubular

r Tubular 3tructure Detection

Steps between max. and min. Diameterlm

structures to detect

Vioxel
Min. Diameter of the Tu

Max. Diameter of the Tu

Ciameter specification W] Physical Unit (e.g. [mm])

be: |0 =
P -
6 &)

Senzitivity Thresholds:
FPlate-like and line-like structures:
EBlob-like structures:

Contrast ofimage:

[

0.4 =

L]

5.0 =

Start!

b
J
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@ 3Dslicer

Vesselness Filtering

“ veszel Enhancement

Choose a low threshold of “0.3” to

FrangiVesszelness Satnvesselnessl H-"EDI

r Tubular Structure Detection

like structures

Steps between max. and min. Diameterlm

Wioxel

Ciameter specification [N Physical Unit (e.g. [mm])

I'-.-'Iin.Diameteru:uftheTuI:ue:lEl.1 =
=1

Max. Diameter of the Tul:ue:IZ.EI =

Sensitivity Threshalds:
FPlate-like and line-like structure

Elob-like structures: |0.

Contrast Dfimage:lﬁ.ﬂ =

Start!

t

detect line-like rather than plate-

-38-



@ 3Dslicer

Vesselness Filtering

* Veszel Enhancement

FrangiVesselness | SatoVesselness | WED |

r Tubular Structure Detection

Steps between max. and min. Diameter|1ﬂ

Diameter specification [E] Physical Unit (e.g. [mm])

Vioxel

Min. Diameter of the Tube: |0.1 =

A

Max. Diameter of the Tube: (2.0 =

Sensitivity Threshalds:

FPlate-like and line-like structures: 0

Elob-like structu

Contrast ofimage:

A higher threshold of “5007 limits
the detection of blob-like
structures

-39-



& Vesselness Filtering

| The contrast of the vessels in
| - comparision to the background in
Q the tutorial data is very high, so

Steps between max. and min. Diamete |1|:|_ Set a h|gher threShC)ld Of “500” tO
Oiameter specitcation [ Physical Unit e detect only well visible structures
Min.DiameterDTtheTube:lﬁ
Max.DiameterDTtheTube:lﬂ
Sensitivi iwity Thresholds:

Elab-like structures: |500
Contrast of image

-40-



)@ 3Dslicer

Vesselness Filtering

il

Yessel Enhancement

Frangivesselness | SatoVesselness | WED |

~ Tubular 3tructure Detection

Steps between max. and min. Diameterlm
[T [TTTITITII

Ciameter specification [®] Physical Unit (e.g. [mm])

Waxel

Min. Diameter of the Tube: 0.1

Max. Diameter of the Tube: [2.0 -

L]

N

Senszitivity Thresholds:

i

Plate-like and line-like structures: |0.3 =

Blob-like structures: 500 =
Contrast of image: (00 =]

Click “Start!”

41-



Vesselness Filtering

The filtering procedure takes
approx. 6-10 minutes.

You can also directly load the prepared
“EnhancedVesselnessOut.nrrd” file of the
unzipped tutorial data to get the vesselness
filtered volume (see the “Loading Data”
section).

-40-



Vesselness Filtering
! Al : Mone
Mone : ghancedvesselness Dut

The red slice viewer shows the vesselness
filtered volume. The enhanced tubes are
visible (f.e. at slice location -15).
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@ 3Dslicer

Level Set Segmentation

™

afree ope
antaing sar

ar.org and -
qr.orgfslice

distributed
aulhweargr s lic
and haz n

any infarm

his module

ided Modu

1es & Data

[N TR T TR

“~valumeRendering

Sovdalumes

vvei Navigate to the

Wizards
Infarmatics
Reqgistration
Segmentation
Statistics
Ciffuzion
Tractography
IGT

Filtering
Surface Models
Eatch Processing
Converters

Cevelaper Tools

-~ alimage proces:

VMTKEasyLevelSetSegmentation
module inside the category

to getvou starh

“ |re infarmation: “VaSCular MOde“ﬂg Toolkltu US|ng
fsal:u:uuttheu:u:un the mOdUIeS SeleCtor

Form.pl. The somware nas peen aesignea 1o

# b Food and Crug Administration, or by any ot

le bar.

40
Diffusion Weighted
Yascular Modeling Taolkit

2z & Data

YMTEEasyLevelZetSegmentation

a Dizplay

ST esselEnhancement
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& Level Set Segmentation

IE‘ @[ [2=-TLHH |rrKE==rLevelEetEegnenl=bo_l| E m IE‘ @

@ 3DSlicer
4

™ Help & Acknowledgement

“ VMTKEasyLevelSetSegmentation Th iS pan el n OW appears L]

Existing Parameter 3ets) | e —

T The Level Set Segmentation

be = process consists of two
S— steps: Initialization and
Evolution

o ]l»

4]

Initialization Output Valume: | WVMTKINIL. ationQut  — |

==

Evolution Output Wolume: | YMTKEvolutionOut  — |f‘1

Use Wolume Rendering

* Initialization

ID Thresholding I2488
| I

i)
Start!
“ Evolution
less inflation  <-=  more inflation ID
less curvature <->  maore curvature ID

less attraction to ridges <= moreaﬂractiontoriclﬂ

-45-



& Level Set Segmentation

| i

Inputvolume: t 4 fal )

“~ Subvolume_RO|_Label
A

“ Input'Cutput

rdiac_mri_data

Jource Seeds: | g e

ats-Subvolume-rezample_scale-1.0

Target 3eeds (optional: <

EnhancedvYesselnessOut
Yy =

Initialization Cutput Volume: | ypATKIRt ationout < YMTHKEvolutiono ot

Evalution OutputValume: | yaTkEvolutionout Rename...

Edit PFroperties...
Use wWolume Ren  Delete...
LI

Select the “EnhancedVesselnessOut”
volume (2) as the “Input Volume” (1)
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& Level Set Segmentation

* Input'Cutput

< Create New FiducialList
Target Seeds (optional) | y e

Rename
Edit Properties...

Initialization Output Walume: | wpaTKIRit. ationOuw

Evolution Qutput Walume: | wpaTkEv olutic—— Melrta

auvon USE the “Source Seeds” selector (1) to
create a new Fiducial List (2) which
automatically becomes active

3D Slicer Version 3.5 Alpha

SW|tch to “Place” mode by using the
& © |.[ icon (3) on the toolbar
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Click inside the RCA on the red slice
viewer to place one seed point (f.e. at
slice location -15)
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L

Level Set Segmentation

E = s sout
-0.50135

Click inside the LCA on the red slice
viewer to place one seed point (f.e. at
slice location -0.80)
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& Level Set Segmentation

“ InputCutput

)]
)]
[ry]
L
| e [a]e

Target 3eeds (optionall: | yone —

Initialization QutputVolume: | VTR ationout

L

3

Evalution OutputValume: | wpaTKEvolutiono

Deactivate “Use Volume Rendering”
because Polydata is needed later
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B oo Level Set Segmentation

Set a lower threshold of
“0.143”

+ This results in immediate
visualization feedback at
the slice viewers
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& Level Set Segmentation

BBl pyal 20 1y out Use the Iayout Selector (1) tO
&% 3D only layout

switch to the “Conventional
layout” (2)

#~ [E|Tabbed 30 layout

. ﬁTabbed slice layout

e “CDmpare layout

Toggle GUI panel visibility
Toggle GUIl panel LIR

close

National Alliance for Medical Image Computing -52-



3D5licer

Threshoalding

Click “Start!”

-53-



B oo Level Set Segmentation
= | ———

The segmentation is shown as a

model in the 3D rendering window

(1) and as an overlayed label map

in the 2D slice viewers (2)

-
o e
] =
i
MTH etz ator sbaktse = rhan: sdtv, cu VNTH Inllslz atorL b omdze (E] rian: adv Cu

Initaz atcrL bk fiEs Erhianc advass anas sCut

-0.80133
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B e Level Set Segmentation

B @] e presmemssomenn— | [] [v] (] (@] [+ B |

@ ADSlicer
>

4]

Current Parameter 3ets: | ey 2 —
“ Input'Cutput
1 Input‘u"u:ulume
"\tutu:urlal cardlac mri_data

ASUI:- ol

Source Seeds:

tutarial_cardiac_mri_data-3ubvalume-resample_scale-1.0
Target Seeds (optional); E # EnhancedVYesselnessod 2
T M WMTHEInitializationCOut
Initialization OutputVolume: |yaTknitializatic 7™ YMTEEvolutionout

A yMTHInitializationLabellMap

Evolution Qutputvolume: | ypaTKEvalutionD

Rename...

< tlizaton " Use the “Input Volume” selector (1) to
foia3 mesnacna S0t the extracted subvolume (2) as the
iInput for the evolution stage
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& Level Set Segmentation

* Evolution

less inflation < moare inflation

less curvature L more cunsature

less aftraction to ridges <-=  more attractio

G|

Specify the behavior of the evolution by using the sliders.

| U

terations: |1EI

The initialization is already close to the edges of the vessels so no
inflation is needed (1).

To get a smooth surface a higher curvature weight of “70” is important

2).

To attract the segmentation to the gradient ridges a high attraction weight
of “100” is necessary (3).
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B \Level Set Segmentation

The result is shown as a blue

model in the 3D rendering window
(1) and as an overlayed label map
in the 2D slice viewers (2)

: WNTH EvcubiorL st aldap

v




& Centerline Computation

VA VolumeRendering VvVl Navigate to the VMTKCenterlines
module inside the category
afree ope  Informatics - hlimage proces “VaSCUIar MOdeling TOOIkit” USing

antains sor Registration - to get you start

sr.org and - _ re information: th d I | t
sr.orgislice Segmentation - e l I IO U eS Se eC Or
Statistics -
distributed  pifu=ion ~ |5 about the contribution and software licens
2l s i Form.pl. The software has been designed fo
and has n  1ractography #tFood and Drug Administration, or by any ot
IGT -
Filtering -
inf le bar.
sty nterm Surface Models - = har
Eatch Processing -
this module Converters .
Developer Tools -
40 -

ded Mad
1EE MO bifusion Weightad

1e= & Data  Wascular Modeling Toolkit

2z & Data

SYMTELevel SetSegmentation

a Dizplay SyMTKYesselEnhancement
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& - Centerline Computation

Iﬂlﬁl[m“:‘ VATKC antarna s _"EEHEII:

@ 3Dslicer
/

¥ Help & Acknowledgement

* WMTHKCenterlines

“ Input

Input Model: | VMTKCenterlinesPrepOut  — "%

“ 1. Preparation Step

Freparation Step Qutput Maodel: ‘ WMTKGCEnR...repOut  — ||%

Frepare Maodell

“ 2 Centerlines Computation

Fource 3eeds: | 2eads l:j
Target 3eeds: | 3eeds  — j

¥ 3. Export To File

This panel now appears.

The Centerlines extraction
consists of two steps: Model
preparation and Centerline
Computation

™ 4. \mport From File
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& Ce

nterline Computation

~ YMTKCenterlines

* Input

1 Input Model:  \MTKCent

“ 1. Preparation Step

Freparatio EtpOtDtherv .
g volution Mode

# VMTKCenterlinesPre pOt
ST Centerlines Qut
SyMTE oronoiout

A YMTKCenterlinesimport

“ 2. Centerlines Computation

Edit Properties...

Use the “Input Model”

' Il

selector (1) to set the
“VMTKEvolution Model” (2)
as the input
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& Centerline Computation

“ 1. Preparation Step

Preparation Step Qutput Model: | YMTKECeR.. repCu

Click “Prepare Model!”

The blue model in the 3D
Rendering Window turns
green
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Centerline Computation

* 2. Centerlines Computation

Source Seeds! | sapds

Target 3eeds: | 2eads —

Centerlines Qutput Madel: | VMTKCenterlinesOut  — “%

wWoronoi Diagram: | VRTEYoronoiout  —i "%

Get Centerlines!

Now use the “Centerlines
Computation” panel for step 2
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Centerline Computation

Edit Properties...
Centerlines Output Model: | yiaTcer Delete.

1 Iwarame | R L e . |I£ || |

Use the “Source Seeds”
selector (1) to create a new
Fiducial list (2)

Note: It is recommended to use the Fiducials module to hide the Fiducial
lists of the Level Set Segmentation process
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L

Centerline Computation
Place two Seeds in the 3D Rendering

Window directly on the green model where /
the Coronaries start

aaaaa

2 =
= 10 = WNITH EvolutionL b ald=p

; (E] (jutortal cardae m..ozample scas-
-2.0013
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Centerline Computation

“ 2. Centerlines Computation

Centerlines Cutput Model: H

Use the “Target Seeds”
selector (1) to create a new
Fiducial list (2)
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& Centerline Computation

3D Slicer Version 3.5 Alpha

1IHE 2

To place the Target Seeds correctly, it is
recommended to first use the Transform mode (1) to

rotate the model and then the Place mode (2) to set
the fiducials
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B Centerline Computation

Place four Seeds in the 3D Rendering
Window directly on the green model where
the Coronaries end

g = : E Hena : aaaaa
MTH EvoutorL abeldap % |ME] [|uteni cortze m..mzampte scais-tm = WMTH BvclutiorL sbomdae
-15.801

L v E
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Centerline Computation

Click “Get Centerlines!”
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& - Centerline Computation

The Voronoi diagram and the corresponding Centerlines
appear in the 3D Rendering Window. Use the right
mouse button to Zoom into the 3D view

National Alliance for Medical Image Computing -69-



&~ Centerline Computation

This is a good time to save the lumen segmentation, the
generated Voronoi diagram, the Centerlines as Polydata
and all other MRML data by using the “File” menu and

‘Save” —

File  Edit  Wiew  Window
' Load Sceme..  Cirl-0 ——
Import Scene. ..
Add Data. .. Cirl-A,
A Valure...
Add Transforrm...
Save Ctrl-5 |
Cloze Scene Crl-wh
Exit
A
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@ 3Dslicer

Results

& & -

@ IDSlicer
v

¥ Help & Acknowledgement

D] E [

“ Dizplay & Modify Scene

- MEML Tree

B Scene

— View

— Camera

— % YMTKCenterines PrepOut
—% VYMTKCenterines Out
—% VYMTKYoronoiOut

— VMTE.CenterinesImport

— EnhancedVesselnessOut
— VYW TEKInitializationOut

— YMTEEvolutionOut

—L

— VM TKInitializationLabel Map

Display MREML ID's

X

All segmentation parts are
available as MRML nodes
In the current scene. The
“Data” module shows the
MRML tree.
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W
3DSlicer

Results

Deactivate the “VMTKCenterlinesPrepOut” model to
hide the segmented lumen (1).

“ Display & Modify Scene

- MR

=g

]

ML Tree

- 3CEene
— View

— era
MTK.Centerines PrepOut
— % VMTKCenterinesOut

— @ VMTKVoronoiOut

— VM TK. CenterinesImport
— EnhancedVYesselnessOut
— VM TKInitializationOut

— VYMTEKEvolutionOut

—L

— VM TKInitializationLabelMap

" Display MRML ID's

x.

The 3D Rendering Window then
shows the Voronoi diagram and the
corresponding Centerlines only.

National Alliance for Medical Image Computing -72-



& e Results

“ Display & Modify Scene

X

rMEML Tree

oo =| Hide the “VMTKVoronoiOut” model
o (1) to show the Centerlines in the

— Camera

—ar YMTKCenteHinesPrepOut . .

[ et 3D Rendering Window only.
@UMTKvumnuiDut

— VM TK.Centerines Import

— EnhancedvesselnessOut

— tutorial_cardiac_mnr_data-Subvolume-
— VM TKInitializationOut

— VWM TKEvolutionOut
— Seads

" Display MRML ID's

National Alliance for Medical Image Computing -73-



&~ Results

* 3. Export To File

Add description headers

Invert coordinates (1JK<->NIFTI)

. ¥ Export details
-

oo D 3

_—

¥ 4. Import From File

The VMTKCenterlines module supports the export of
extracted Centerlines as clouds of points to the
filesystem.

To export details like the maximum inscribed sphere
radius activate the checkbox (1), choose a
destination (2) and click “Export!” (3).

-74-



@ DSlicer

Results

-45.
-45.
-15.
-45.
-45.
-45.
-15.
-45.
-45.
-46.
-46.
46,
46,
-46.
-46.
46,
-47.
-47.
-47.
-47.
—-45.
-4,
-43.
—-45.
—-45.
—-45.
-43.
.8883?249?6 2

48

5243453979 23,

.56?2912598 3.

0062486921 23,
LT1EAZESAGZ 24,
A115713379 24.
15058808385 24.
JEBTIAZ966 24.
J4947ES086 24.
455161621 24.
BE94927979 24.
341562734 24.
9725851315 24.
ATIEEZ2949 24.
12R37358483 24.
2332069397 24.
B725EE9589 24.
Ba47181154 =24.
BETES4E915 24.
TABZ346582 24.

497425594 2
119463659 24
4573482485 2
TAZ2323083 2
TI474E5483 2
ZAB1ZAA567T 2
29579364 25
FTE47R1592 =
4AE73E5580 2
4943969351 2
ahE74E0267T 2
TAREER 25,230

6248474121 -2,
64533@4291 -Z.

984?8698?3 -3.
AEa4343756 -3.
AEE3198613 -3.

12587387739 -3
1336631775 -3
1456834393 -3
1535124884 -3
£1.33366356 -3
2313586671 -3
2315886256 -3
128288782 -3
JINBa42873 -3
BE7EE9348Z -3
Bi7E642273 -3
B47E80172T -3
BoB4333423 -4

BA9REA1239 -3. 5382382869?
LATERLZ17ETS
5515183654 1.45831561176 §2920.8 52930.0 A.72
LB139T514E72 1.45145492022 59494 .8 52920.8 B.572
LB366451781 145485727225 82684 .8 52099.0 A.184
LTELTE253835 1.4586352517: 92693 .8 92093.8 6.8
1.465471064435 54875.0 54075,

|z| centerline.dat

2252710875 1.3866731871 831R6.8 V4764.8 B.87a
8416399955? 1.34765363563 93687.8 T4704.8 8.843

34564328194
3628351355

L 13139214516
L13163151741
LTTEA4EE4925
02611546924
93619441956
94453843780

1.3129632751 91641.8 1541,
: §1591.8 54159,
5] G424 .
. 2315.8
1. 444???39523 6?865 A 67365.

1.475319183 548758 §1325.8

1.475374532912 513525.0 51325,
1.46893955773 §1335.08 33671.
1.459565842314 53675.0 53671.
1.47380655327 §3672.0 53675,
LSeE6293682 1.47715453084 83732.8 83732.0 B.B

AETIRSETI4: 1.4308373002535 §3731.8 §537E5.8 B.5312

. L343411245872 3689 .8 53087 .8 B.264
11588931@84 IP31434166652 F30606.8 F3066.8 B.8
L3A36475189 82713.8 832713.8 6.8

g 8.8
A B.56
A a.8
a.a
A a

.A

E

[ I o By B B ]
lEllEllEllSl\.I:llEl
m-a.'ll_'l'lk"_-..'ll\.'lk"_-:l

[ = = )

?
.13
Nala

The exported file includes the world
coordinates (1) of the Centerlines and
also the Maximum Inscribed Sphere
Radius (2) for each point.
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B e Conclusion

 VMTK extensions installable using the extension wizard

» Vesselness Filtering using VM TKVesselEnhancement

* Lumen Segmentation using VMTKEasyLevelSetSegmentation
» Centerline Computation using VMTKCenterlines

3D Slicer Integration for further processing of the data (MRML
nodes)

* Open Source Environment
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@ 3Dslicer
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@ 3DSlicer

Thank you for using this
tutorial!
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