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bﬁ' INTRODUCTION

® This tutorial uses 3D Slicer which is a free, open-source
software for image analysis and visualization [1].

® |tis assumed that the reader of this tutorial is familiar
with the basics of Slicer4, while an introduction to 3D
Slicer is accessible on this link [2].

® The pre-compiled version of Slicer4 is freely
downloadable for different operation systems. See the
next page for more info.
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http://www.slicer.org/slicerWiki/images/e/ec/SlicerWelcome-tutorial_SoniaPujol.pdf

bﬁ' INTRODUCTION

According to your operation system and whether you use a 32-bit
or 64-bit CPU, one of the Slicer versions below would suit you:

* MacOSX: Slicer nightly-build 2013-03-28 MacOSX

http://download.slicer.org/bitstream/40004

® Linux 64: Slicer nightly-build 2013-04-05 Linux64

http://download.slicer.org/bitstream/41878

® Windows 7 64: Slicer nightly-build 2013-03-28 Win64

http://slicer.kitware.com/midas3/download?items=19141

® Windows 7 32: Slicer nightly-build 2013-03-28 Win32

http://slicer.kitware.com/midas3/download?items=19153
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bﬁ' INTRODUCTION

® This tutorial provides step-by-step instructions of how to
use the MultiVolumeExplorer module in Slicer4.

® This module is useful for visualization of DICOM
datasets with multiple frames (e.g. DCE-MRI), where all
frames are strictly in the same coordinate frame.

Documentation of this module is available in this page
[3]. The source code of the module is also accessible
on Github for developers.
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http://www.slicer.org/slicerWiki/index.php/Documentation/4.1/Modules/MultiVolumeExplorer
https://github.com/fedorov/MultiVolumeExplorer

bﬁ' DATASET PREPARATION

® The input of the MultiVolumeExplorer module is a
MultiVolume node.

® |f the entire dataset is stored as DICOM files, then the
DICOM module can convert them to a MultiVolume node,
to be utilizable in the MultiVolumeExplorer module.

® An anonymized DCE MRI DICOM dataset of prostate is
used in this tutorial and is available to download:

o Windows users: here
http://wiki.slicer.org/slicerWiki/images/c/c2/DCE_series.zip

o Unix-like users: here
http://wiki.slicer.org/slicerWiki/images/5/56/Casel DCE.tgz

Surgical Planning Laboratory


http://wiki.slicer.org/slicerWiki/images/c/c2/DCE_series.zip
http://wiki.slicer.org/slicerWiki/images/c/c2/DCE_series.zip
http://wiki.slicer.org/slicerWiki/images/5/56/Case1_DCE.tgz
http://wiki.slicer.org/slicerWiki/images/5/56/Case1_DCE.tgz

bﬁ' DCE-MRI definition

® DCE-MRI, or Dynamic Contrast Enhanced MRI, is a
series of MR-images, scanned while the contrast agent
IS being delivered.

® DCE-MRI captures the behavior of a flowing contrast
agent in a living tissue, and can facilitate analysis of the
tissue character.

® The idea is: distribution and concentration of contrast
agent in blood in DCE-MRI is relevant to physiological
Information of the tissue, and hence DCE-MRI has the
potential to be used as a diagnostic tool.
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Load dataset
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- & o 11® Open Slicer4 which

& =

leads you to the
Welcome module.

Open the list of module
(shown by red
rectangle), and find the
DICOM module.

The DICOM module will
be used to read the
datasedt.
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® Load dataset

DICOM Details
Import 1§<: Send Remove LocalDatabase: [ EMsers!meysamtorabii[)ocumentsiﬁliuerDIOOMDatabase ]
[ 1] 11
Mame ~ Age Scan Date Subject ID Mumber Institution Referrer Performer 1 . P reSS I I I lpo rt .
B QIN-PROSTAT...
L8060  Import DICOM files from directory ... . |

Look in: [ 2 Usersimeysamtorabi = l (X5 N1 ﬁ @

.| Applications ﬁ VirtualBex VMs .

ﬁ Volumes DCE_series ) <: 2 N aVI g ate

||| Deskiop

ﬁ Documents
ﬁ Downloads
{3 Dropbox
ﬁ Movies
G Music
@ Pictures
{3 Public
() software

towards the
dataset
directory.

Directory: ~ |DCE _series

3. Press "Import”,
and wait till the
data is fully

= ' u loaded.

G ol Uncheck Al Load Selection 1o Slicer [ Close ]

A}

Files of type: [ Directories

Copy on import

[ ] Make DICOM Browser Persistent
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Load dataset

800 DICOM Details .
[ 1] + 11
Import Export Query Send Remove LocalDatabase: ﬁ Msersimeysamtorabi l - I C O n a n
Name ~ Age Scan Date Subject ID MNumber Institution R -
B QIN-PROSTAT...
=- Pl 5 S 1971-07-14 200107483252... .
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2. The DICOM
module detects
' 2 the MultiVolume

[+]

DICOM Data Reader Warnings (~]
3D DCE AX FSPGR FS T1 POST 15FLIP-as a ;
—I| | &0 frames Multivolume by TriggerTime MultVolume 2 d ata
9:3D DRE AX FSPGR FS T1 POST15FLIP  Scalar Volume Images are not equally spaced (a difference of .

5.99997 in spacings was detected). Slicer will lo...

9:3D AX FSPGR FS T1 POST 18FLIP for
trigger e of 0 Scalar Volume

9:3D AX FSPGRH FS T1 POST 15FLIP for
trigger e of 4270 Scalar Volume

scan P "Load
9:3D DCE AX FSPGR FS T1 POST 15FLIP for
ggerTime of 6541 rVolue 3. Press "Loa

9:3D DCE AX FSPGR FS T1 POST 15FLIP for
triggerTime of 12812 Scalar Volume

9:3D DCE AX FSPGR FS T1 POST 18FLIP for eleCtlon tO
triggerTime of 17082 Scalar Volume E ;

§9:3D DCE AX FSPGR FS T1 POST 15FLIP for
triggerTime of 21353 Scalar Volume

1 1 .
9:3D DCE AX FSPGR FS T1 POST 15FLIP for S | I Cer n d W It
triggerTime of 25624 Scalar Volume : a E

mﬂj—ﬁ Uncheck All ( Load Selection to Slicer |3 i ti | I th e

MultiVolume data
IS loaded.

(1]

(]
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(800

Run MultiVolumeExplorer module

3D Slicer 4.2.0-2013-02-25
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2% icom

Al Modules

| Z Annotations
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| 4 Transforms
1M View Controliers
1@ Volume Rendering

Start Listener when Slicer Starts
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| ¥ Recent DICOM Activity
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| Past Month: 30 DCE AX FSPGR FS |

¥ Data Probe
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Wizards
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Surface Models
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Endoscopy
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Developer Tools
Legacy

Testing

ARl BN

)
R

@& @ 7

Hit-®

Ko
1 ‘m‘

Now the data
IS loaded Into
3D Slicer.

From the list
of modules
open the
"MultiVolume
Explorer"
module to
visualize the
loaded
Images.
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ﬁ'Select MultiVolume node

800

3D Slicer 4.2.2-1

@ Modules: MultiVolumeExplorer :] L Q ‘) @ 0 iy E 7

B®
_! ‘; 3DSlicer
-

[ P Help & Acknowledgement

[v Input ]

Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP B l

l ¥ Frame control ]

Current frame number [

Current frame copy S

[ Enable current frame copying l

[+ Piotting |

Probed label volume Select a Volume 2 l

[ Disable interactive plotting
Use intensity range 1o fix axis extent

2000
Zz
21500
2 1000
2
-
500 T - - - T )
0 50000 100000 150000 200000 250000 30000C
Trigge rMime, ms

[ * Data Probe

| Red RAS:(-4.7,6.2,-3.1) Axial Sp:6.1

L None 0
F None 0
B 3D DCE AX FS...ST 15FLIP (133, 147, 5) 60 components

The loaded dataset is now shown as a MultiVolume node.
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Adjust volume contrast
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=009 0

| » Help & Acknowledgement

| ¥ Input
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? Work in Progress »

-De+22 r - r ¥ T T -
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You may barely
see the loaded
Image due to
low contrast.
You can adjust
the contrast in
the Volumes
module.

Open the list of
module and
find the Volume
module.

Surgical Planning Laboratory



®

‘@00

Image contrast adjustment

. [ & Volumes

@ Modules:

@ 3DSlicer
v

I—I_ .
-]-‘%’J & j

[ P Help & Acknowledgement

Active Violume [30 DCE AX FSPGR FS T1 POST 15FLIP =

[ ¥ Display

Lookup Table: l . Grey s l

Interpolate:
Wind presets:

2

[w4 :][L:_:ema}%]

Threshold: ot

o =ic

» Histogram

o7 3

1. Make sure the
active volume
IS correctly
selected.

2. Select the
preset contrast
option that is
shown In the
figure.

3. Switch back to
the module.

Surgical Planning Laboratory



bﬂ Run MultiVolumeExplorer module

Now you can
clearly see the
Image.

In particular, we
are interested Iin
observing the
Time-Intensity
signal of prostate
area which is
shown by the red
boundary in the
Image.
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©

Run MultiVolumeExplorer module

8006

3D Slicer 4.2.0-2013-03-28

@ Medules:

MultiVolumeExplorer

-.@ 3DSlicer

= Q0 QPO @ 2 H t-E W 5

@ m IR

B.BS
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* Input

Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP

@

¥ Frame control

Current frame number - 1/ 10.00 (5 Play
Current frame copy S =
Disable current frame copying
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" - Y
Enable interactive charting
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800
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E
2 400 |
=
]
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TriggerTime, ms
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1.48

1

G &

25.82

Hover the mouse over the prostate to see different curves.

(This feature can be disabled by the "Disable Interactive Charting" pushbutton.)
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Run MultiVolumeExplorer module

800 3D Slicer 4.2.0-2013-03-28

@ Modules: MultiVolumeExplarer v =- Q O W Q w 4 7 Eﬁ. t - e R hd
@ IR B.65 1
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| hd i:rame control -y
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Current frame copy S -
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2 400 |
o
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If the size of graph is too small, you may close the two top frames as
shown in the figure.
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® Run MultiVolumeExplorer module

8006

3D Slicer 4.2.0-2013-03-28
@ Modules: MultiVolumeExplorer 3| - Q o W O % 4 - Eﬁ, £~ e e -
@ IR B.65 1

» @ 4+ v Reformat + | 3D DCEAXFSPGRF..T 15FLIP frame 10 %

-.@ 3DSlicer

> Help & Acknowledgement

* Input

Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP

@

¥ Frame control

Current frame number i 1| 10.00 13 Play

Current frame copy

13

Disable current frame copying

¥ Plotting

Probed label volume Select a Volume

ELd

y G i
Enable interactive charting 148 S 25.82

Use intensity range to fix axis extent

800
H

600
]
E
2 400 |
o
@

200 T T T T T 1

0 50000 100000 150000 200000 250000 200000
TriggerTime, ms

¥ Data Probe

mmr

In order to compare the curves, check the "Use intensity range to fix
axis extent" option.
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B Run MultiVolumeExplorer module

1200+

signal inte nsity

.
[
L]

0 50000 100000

1600+

5
=
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10004

signal intensity

800 4

400

150000
Trigge Mime, ms

200000

250000

300000

=)

0 50000 100000

150000
Trigge1Time, ms

200000

250000
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Tissues with rapid
Uptake curve are very
likely to have the cancer.

Healthy tissues do not
show an uptake.
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gl Visualize multiple frames

@ FIREE 1865 ®

» ®, 42 | Polomal 3 |9 DCEAXFSPGAF..TsFLP fame 10 ¢ By moving the
Slider-bar, the
desired frame
In the dataset
can be

selected. You

may also press

@ 3DSlicer

[ » Help & Acknowledgement

[ ¥ Input

“w

Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP

¥ Frame control

-

=i Play

Current frame number 3 10.00

Current frame copy =

Disable (¢ nt frame copying

¥ Plotting

Probed label volume | Select a Volume

|

Enable interactive charting
Use intensity range to fix axis extent

%1500 the IIPIayII
- pushbutton to
°3 50000 100000 150000 200000 250000 300000 S e e a n

TriggeTime, ms

[+ Data Probe

animation of all
frames over
time.

| Red RAS:(7.6,28.2, 1.8) Reformat Sp:6.0

L None 0
F None 0
B 3D DCE AX FS... frame 10 (121, 127, 6) 817
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gl Visualize multiple frames

5 e I — oss @

@ 3DSlicer

"ﬂb Help & Acknowledgement

» ® {2 v|Reformat & ESD DCE AX FSPGRF...T 15FLIP frame 10 3

| ¥ Input
Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP

¥ Frame control

<

Current frame number - [10.00 [2]

As the "Play"
pushbutton is
pressed,
tissue

S movement IS

Current frame copy =
’ ~ Disable¢  ntframe copying I
T alSo
Probed label volume | Select a Volume = 7‘ b b I
[ Enable interactive charting O S e rva e ]
Use intensity range to fix axis extent

1500
i [00 much
& 1000
E
2 500 t
2 ISSue
"

0 T T T T T 1
0 50000 100000 150000 200000 250000 300000
riggerTime, ms

[+ Data Probe

| Red RAS:(7.6,28.2, 1.8) Reformat Sp:6.0

L None 0
F None 0
B 3D DCE AX FS... frame 10 (121, 127, 6) 817

movement
makes the
analysis hard.
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bﬁ' Lesion-based signal intensity plotting

® So far, point-based signal intensity of DCE-MRI was
demonstrated by the module.

In order to plot the lesion-based signal intensity, the
Editor module should be utilized.

We will briefly explain how to use the Editor module. For
more info about the Editor module, please refer to this
link.

® In order to use the Editor module, the first step is to
select one of the frames of the MultiVolume node.
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http://www.slicer.org/slicerWiki/index.php/Documentation/4.0/Modules/Editor

bﬂ Select and save a frame

800

g wensee 2= 0 0 1. 1Ype different frame

h numbers, and use the
sliderbar to observe the
diffusion of agent in tissue.

Input multivolume | 3D DCE AX FSPGR FS T1 POST 15FLIP

i —— | =i = 2. Then, press the "Enable

Current frame copy 3

— ’ current frame copying"
— ; pushbutton to save the

Disable interactive plotting

selected frame.

@ 3DSlicer

g

| 3. After the desired frame is

-?O_U 50000 100000 150000 200000 230000 300000 Saved, its name and frame
TriggerTime, ms

number are shown.
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bﬁ' Select and save a frame

‘@00

% e e+ = 0,01 L. NOW stop the slider-bar,
2= and select a frame.
@ 3DSlicer

[ b Help & Acknowledgement l : 2

| | . Here we have selected
Input multivolume | 3D DCE AX FSPGH FS T1 POST 15FLIP Cl frame number 10.

2
¥ Frame control J_ 4 ]

Current frame number i 10.00 }%I Play l

| N - 3. Thus, the selected
-~ ] frame is saved as a

Probed label volume [QGD DCE AX FSPGR FS T1 POST 15FLIP frame 10-label : & l

e ey e ' volume named: "3D
DCE AXFSPGRFS T1

ﬁfﬁ'ﬂ POST 15 FLIP frame

10"

signal inte nsity

0

0 50000 100000 150000 200000 250000 300000
Trigge Mime, ms
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% Use Editor module

8 00 3D Slicer 4.2.2-1
4

~00 /00« @  H |t 8w+ ® From the list of

—_—  —

ﬁ Modules: ' |  MultivolumeExplorer

All Modules

H
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] Annotations

m 3DSlicer A Data ‘:
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B Edtor
» Help & Acknowledgement @ Models
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[' Input 4§ Transforms :
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. SODCEAXESRS @ Volume Rendering hd

I' Frame control & Volumes ]

™ Welcome to Slicer

Current frame number e 2 5.00 @

4 -
B

Wizards

modules, select
and open the
Editor Module.

Current frame copy Informatics

v

Segmentation v

Probed label volume [ Diffusion . j
IGT .

[ Filtering 4
v
N

® Editor module is

Use intensity range to fix axis extent Surface Modsls
o used 10 Create a
30
Endoscopy B
£ Utilities v
2 o Developer Tools 3
- o ' apel volume
T Testing v
o
“ Work in Progress
0 T T T T
0 50000 100000 150000 200000 250000 200000

which contains
the Region Of
Interests (ROI's).

Trigge rMime, ms

¥ Data Probe

-
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®

Use Editor module

S [Woes: - [ e =009 €

3]
@ 3DSlicer
.
[ b Help & Acknowledgement ]
[" Create and Select Label Maps ]
Master Volume: | 3D DCE AX FSPGR FS T1 POST 15FLIP frame 10 = l

Merge Volume: MNone Set... l

» Per-Structure Volumes

| ¥ Edit Selected Label Map |

806

MNew volume will be 3D DCE AX FSPGR FS T1 POST 15FLIP frame 10-label.
Select the color table node will be used for segmentation labels.

M ooy n
I —

Cancel ]

Create a merge label map for selected master volume 3D DCE AX FSPGR FS T1 POST 15FLIP frame 10. |

1. Select the
Master Volume
to be the frame
volume that you
just selected.

2. A window will
show up. Press
"Apply" to
create a label
for the selected
frame volume.
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bﬁ' Adjust volume contrast

® Go to Volumes module, and then: 1. Select "3D DCE

Feooﬁ AX FSPGR FS

= @ Modules: [ & Volumes = ] 07 3 @ o 4@

& i epP®es  11posT15
& 3 FLIP frame 10",
2t b fcheniconen < 2. Select the preset
Active Volume [3[) DCE AX FSPGR FS T1 POST 15FLIP = -

L contrast option
[" Display that IS Shown In
.”i“f:’fi"'e:[«' d the figure.
2 3. Switch back to
e : the Editor
g;am - = module.
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bﬁ' Create label for frame

o 38 _ : 1800
B |Modules: |/ Edtor
| Search: [ ]
: Number Color  Name (=]
4 l"" 3DSlicer 0 B background
d/ 1 tissue |
2 bone
[ ¥ Help & Acknowledgement 3 [ | skin
— 4 connective tissue
—= 5 || blood
[V Create and Select Label Maps 6 organ
7 mass
Master Volume: | 3D DCE AX FSPGR FS T1 POST 15FLIP frame 10 a | msde
] foreign object
10 B waste
Merge Volume: 3D DCE AX FSPGR FS T1 POST 15FLIP frame 10 11 teath
b Per-Structure Volumes 4 2 fat
13 aray matter
g | 14 white matter
| v Edit Selected Label Map 15 nerve
16 vein
17 artery
ermsewwE @ 8 =
a . il | el )| | 19 ligament
20 tendon
@lesz/zle)0) s 0o
2z meniscus
23 lymph node
24 lymphatic vessel
Undo/Redo: | </ e 25 cerebro-spinal fluid
26 bile =
Active Tool: DefauliTool Gl : DN
- - w =0

1. For the saved
frame volume,
select a label
number/color from
the list.

2. Select one of the
drawing tools such
as PaintEffect, as
shown in the
figure.

Note: You can always erase your drawing, if you select label '0' or black color.
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bﬁ'Create regions in label volume

® Hold the left mouse click and start drawing the region of
Interest. When done with drawing, press "return” key.
Then switch back to the MultiVolumeExplorer module.

As shown in the figure,
one may create multiple
regions with different
label values and their
own unique colors.
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bﬁ'Static plotting

‘@00

@ Modules: \[ MultiVolumeExplorer

@ iDSlicer
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[ » Help & Acknowledgement

[" Input
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[ ¥ Frame control

Current frame number

Current frame copy

(1000 2  Pay |

[

Disable  rrent frame copying

l

l ¥ Plotting

Probed label volume

3D DCE AX FSPGR FS T1 POST 15FLIP frame 10

Enable interactive charting

e
-
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100004
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0 50000

100000

150000
Trigge Mime, ms

200000

250000

300000

In the "Probed
labeled volume™
drop-down menu,
select the label
volume that was
created in the Editor
module.

Then, the static plot
of the labeled regions
will iImmediately
show-up (See the
next page).
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ﬁ'Static plotting

The plots for the three ROI's are graphed with selected colors.
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bﬁ'Static plotting

® The static plot shows the average intensity of a
labeled ROI.

® The color of each graph corresponds to the color of
the labeled ROI.
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bﬁ'Static plotting

® Tissues which exhibit rapid uptake curves are more
likely cancerous (green plot), while healthy tissues show
slow increase (red plot).
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bﬁ'Clinical significance

® DCE-MRI has shown potential for the study of prostate
cancer.

The idea Is that tumor vessels are leaky which leads to
fast blood exchange between the tissue and capillaries
[4]. The faster blood exchange, clearly, causes higher
Intensity in DCE-MRI.

Conseguently, in malignant tumors, Time-Signal
Intensity curves of DCE-MRI show early rapid high
enhancement after injection followed by a relatively
rapid decline compared with a slower and continuously
Increasing signal intensity for normal tissues [5]. This
behaviour would qualitatively assess and classify the
tissue.
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bﬁ'Clinical significance

® In particular, cancerous tissues in prostate are reported

to show early enhancement and rapid washout of
contrast material in the Time-Signal Intensity curve [6].

In semi-quantitative approaches, time-to-peak and peak
Intensity, and maximum slope would take into account
and be analyzed.

Pharmacokinetics (PK) is a purely quantitative approach
which attempts to fit the Intensity-time curve to PK
model.
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bﬁ'Clinical significance

¢ Right figure [5]: The red plot is for cancerous prostate
tissue which shows stronger enhancement and faster
washout than the blue plot which is for healthy tissue.

® Left figure is generated by our dataset which exhibits
the two curve templates introduced in the right figure.
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bﬁ'Conclusions

® This tutorial trains how to use the MultiVolumeEXxplorer
module of 3D Slicer to visualize DCE-MRI data.

® The module generates dynamic and static plots of
Intensity-signal over time for point-based and lesion-
based studies respectively.

Potential clinical applications were briefly introduced,
and one example from prostate dataset was presented.

® This module demonstrates the possibility of using DEC-
MRI analysis in order to classify the tissues to healthy
and cancerous tissues..
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