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/ v Learning Objective

This tutorial demonstrates
h(lN to perform a MRI-
guided robot-assisted
prostate biopsy and seed
placement using 3D
Slicer.

It is not necessary to have
access to a robotic device
or an MRI scanner to
complete the tutorial.
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/ v Pre-requisite

This tutorial assumes that you have
already completed the
Slicer3Visualization Tutorial

(by Sonia Pujol)

The tutorial is available at:

http://www.slicer.org/slicerWiki/index.php/Slicer3.6:Training
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f v Material

 This tutorial requires the installation of the
Slicer3.6 releaseand the tutorial dataset.

They are available at the following locations:
- Slicer3.6 download page

http://www.slicer.org/pages/Downloads/

« Tutorial dataset:
ProstateNavData_TutorialContestSummer2010

http://wiki.na-mic.org/Wiki/index.php/File:ProstateNav_TutorialContestSummer2010.pdf

Disglaimer:/t 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.
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43 Platiorm

» The tutorial has been developed and
tested on Windows XP and Windows
7 platforms.
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J v Overview

- MRI-guided prostate biopsy: clinical
background
« Systems overview

* Clinical workflow
—Set up and calibration
—Target planning and needle insertion

—Verification
« Conclusion
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MRI-guided prostate

¢

biopsy: clinical background

» Prostate cancer, most common cancer in men

« Core needle biopsy definitive diagnostic for prostate cancer
« TRUS has been “Gold standard” for guiding biopsy

- MRI/MRS offers high sensitivity for localizing tumor

- Robotic access required inside scanner’-2

Prostate images from ultrasound, CT, and MRI
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Systems overview
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f v More information

Detailed information about the transrectalprocedure:

[1] Krieger A, Susil RC, Menard C, Coleman JA, Fichtinger G,
Atalar E, Whitcomb LL, Design of A Novel MRI Compatible
Manipulator for Image Guided Prostate Intervention, IEEE
Trans. Biomed. Eng. 2005; 52(2):306-313

[2] Susil RC, Ménard C, Krieger A, Coleman JA, Camphausen K,
Choyke P, Ullman K, Smith S, Fichtinger G, Whitcomb LL,
Coleman NC, Atalar E, Transrectal Prostate Biopsy and
Fiducial Marker Placement in a Standard 1.5T MRI Scanner,
J Urol. 2006 Jan;175(1):113-20
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Clinical workflow

» Acquire a calibration volume (high resolution
iImage of the calibration object)

- Calibrate/register robot to MR coordinate system

+ Acquire targeting volume (high-resolution image
of the patient anatomy)

« Pick/mark biopsy or seed targets
« Perform needle insertion

 Acquire verification volume (quick, low-resolution
iImage with needle still in place)

 Verify the needle position
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Set upand calibration
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module

Start the ProstateNav

When 3D Slicer is started it shows
the Welcome window on the left.

To see the user interface of the

prostate biopsy navigation module:

1 —Click on the “Modules” list
2 —Click on the “IGT”
3—Click on the “ProstateNav”
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fv Select a robot device

Before starting the procedure the needle guidance BB v [ =~ MR E -

devicehas to be set up. B wsicer

1 —Click on the “Active configuration” list and select =
“Create New ProstateNavManager” to create a new T T 1B
ProstateNavManager node. All the calibration, x
planning, targeting, and verification information will LU Ml vt
be saved into this node. i | ST

2 —Click on the “Robot” list and select the device that =
will be used for the needle insertion. This tutorial

presents the workflow for the transrectal robotic
device, so choosethe “Create New
TransRectalProstateRobot” item

When the robotic device is selected then the Workphase
and Wizard windows are updated to show the transrectal
procedure workflow steps.
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u]

1 —Click on the “Load
volume” button

2 —Select the image
folder in the folder tree

3 —Click on “Parse
directory”

4 -Select the calibration
image:
“701 Sag 3Pt Plan”
5 -Click “Apply”

@ E o et
f \ 3DSlicer
¥ Help
* Configurstion
Active coniguretior: Prostatehavhans
Rohot TransRectalProstatsRobot

* Workphase

“ Wizard

Load valume:

e——

Calibration \/olume:

Initial retation angle [0 El

Fiducial Properties

Segmertationregistration Resuts

Not calibrated.

[ Edit marker positions  Re-segment | Rese

* Manipulste Slice Views

EEAD

* Maripulate 30 Yiew

F-de

A

nowe

ke

Cinein

4

eld Mr 1]

(S
I P32
2 Paa
g P2
(23 20081120.Diag
B () 20030403.HRS
() 0701_SAG_3POINT_PLAN
() 0801_T2_AXIAL
(2 1101 _Heedie_tx
() 1201_A%_SEED_CONFIRMATION
=) Pan
I png
I _te_be_considered
1) 20030731 _MIH_PeterGuion_original
I 20091014_JHU
1) 20031018_MIH_Calibration_PeterGuion
|2 20031013 _NIH_Calibration_PeterGuion_original
) 20031102_BostonD efomedPhantom
1) 20091103_JHU
1) 20031115_MIH
153 20031 116_JHU
15 20091212 MIH
15 20100115_IHU
| 20100204_NIH

-l

|| pun

0055759

1
N

0007 dem
0002 derm
10003.dem
0004 dom
{0005, dem
0006 dem
0007 dem
f0008.dem
0008, dem
f0010.dem
10011 dem
002 dem
f0013.dem
004 dem
f0M5.dem
{006 dom
07 dem
f0018.dem

HELR]
E19KE
S19KE
B19KE
S19KE
S19K8
F19KE
S19KE
B19K8
S19KE
519KB
F19KE
S19KE
B19K8
S19KE
519KB
F19KE
S19KE

08/07/08 78:00:41
08/07/09 18:00:41
08/07/0918:00.42
08/07/09 18:00:42
08/07/09 18:00:42
08/07/03 18:00:42
08/07/09 18:00:42
08/07/0918:00:42
08/07/09 18:00:42
08/07/09 18:00:42
08/07/09 18:00:43
08/07/09 18:00:43
08/07/0918:00:43
08/07/09 18:00:43
08/07/0918:00:43
08/07/09 18:00:43
08/07/09 18:00:43
08/07/0918:00:43

N

]

DICOM Information

Divide Subseries

1M -Needle Ax (22 files]

12015 SEED COMFIRMATION [22 file<)

Patient's Name
Patient ID

Modaity

Study Date

Study Deseription
Institution MName
Seiies Humber

Seiies Descrilion
Specifc Character Set
Image Type

Instance Creation Date
‘

SAG 3P0
I1SO_IR1
DORIGINA

2003040¢
.

L

O

Path |C:Mecicalimages/APT-MRI20090731_NH_PeterGuion-NamicUpload/AptMriProstetelmages/Ptag 20080408 HRSI701_SAG_3POINT_PLANAOON dom

“olume Options

Recent Yolumes.

Certered

Ignore Fie Orisntation

Label Map

Single File

X

Name: (701 -SAG 3POINT PLAN

|V

National Alliance for Medical Image Computing
htto://na-mic.org© 2010, ARR




I~ Mark calibration fiducials

Wodk: Pt

_@
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¥ Help =
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e e e g s e
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the mouse wheel s | sovomean |3
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fv Review calibration results

1 —Numerical results
displayed (axes
angle, distance)

2 —The segmented
fiducials are shown
in the 3D viewer
window.
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[B] [B] | oo Proste N

Refine calibration ;..

results =
EE——

s

If either the numerical results or the displayed marker

Load volume |
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inaccurate (large axes distance, axes angle different from 37 _ s s 3 A
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calibration can be refined: e T8 K
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Se gmentati@re sults: D E = ||=
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E —Reset calibration: removes calibration markers .
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Target planning and
needle insertion
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fv Load targeting image
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f'? Prepare target planning

1 —Select the targeting

volume: “801 -T2 AXIAL” [*~ ™ ™

2 —Click “Show coverage”
and browse through the —
slices to verify that the
device can reach all the
desired target areas
(displayed as a blue

overlay)
3 —Click on the label layer |
opacity icon and move the A
. . o
slider to adjust coverage
. . Postion (4,7, 2 | I [ =
area display opacity N - ~
. . EET
4 _CIICk the eye IConS to “* Manipulate 30 View
show/hide a slice in the - BEeE
. N 21 110N 2
3D viewer
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f? Define

targets

Perform the following steps
for each target:

1 —Select the needle type

2 —Navigate to desired
slice in any of three
views, and pick a target
by clicking

3 -Target and its targeting
parameters populated in 3
the list (double-click on
any of the position value
to enter a specific R/A/S
coordinate value)

4 -Target point is displayed
in the 3D view

Mo Prstitan — [v] [
.
N

Targeting “Werificat]
* Wizard
2 /3. Targeting
Set target points.
Load volume | Showy coverage
Targeting Yolume: 801 -T2 AXIAL

Add target by image click NEEd'qWFE Biopsy =B (-13mm cvershoot

I@Illl=ei’iezllll O & %~ %-

L
Al B
Delete selected target

Postion (4, ¥, 7 | \ [ i
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fv Needle insertion

1 —Click on a target in the target list

2 —Targeting parameters are shown
below the target list

3 —The target and needle trajectory is

displayed in all the slice views and 1

in the 3D view

4 —3D view and targeting parameters
are displayed in the secondary
(procedure room) monitor

1 - |
- L
[ — 7 -
|
Postion (X, Y, It 138 42854 70457
B2
Depth: 111 an
Device rotation: 45.7 deg
Needle angle: 298 deg
TNeedle type: Biopsy
R-138,A429 8705 G

* Meripusie Sice Views

EEODODEERERE EEr (=]

* Meripuste 30 View 3

RN (515 = | e

The robot is motorized, one has to manually
set the displayed targeting parameters on
the robot manipulator and insert the needle.
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Verification
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fv Load verification image

1 —Click on the
“Verification” button to
move to the
verification workflow
step

1 —Click on the “Load
volume” button

2 —Select the image
folder in the folder tree

3 —Click on “Parse
directory”

4 -Select the verification
image:

“1101-Needle AXx”

5 -Click “Apply”
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laa Verify target visually

1 —Select the verification @E EEE
image (where the _
needle is visible) [

2 —Click on the target in | mesmms—mrw=—
the target list that
corresponds to the
needle in the image

3 —Three orthogonal 2 II—------
slices are shown in AL — | e
the slice viewers, f.;_ '
reformatted to be e
aligned with the oot g o o, | _
planned needle ‘HDV III—\
trajectory

1 ez I
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f'%‘ Verify a target quantitatively

To quantitatively evaluate |a@ - o BEEEEEEEEE SE E - 1 -6
the targeting error: & - | — S
1 —Click on “Verify Al
targe.t | s [
2,3 —Click on the

centerline of the |
needle at two different |« l e E
positions (anywhere = ]

along the needle, as |2 |5 E =T 1 @ e S
far as possible from
eaCh Other) i;!mwga||c.w.ﬂ,gaVgrmcaﬁm| o

4 -The distance of the St ol N

needle centerline from  |-uusow. l
the target point is EEDOEESE e

displayed in the target = %

ist T
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f'? Evaluate patient motion

1 —Click on “Targeting”
2 —Re-select the targeting

image to show it in the
slice viewers

3 —Select the “Red slice
only layout” to see a
maximized view of the
axial slice

4 —Select the latest
acquired image to be in
the foreground

5 —Use the slider to fade
between the targeting
and the latest image to
see if there was any

significant patient motion |

Load volume
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2.2 207 E45 Seed
89 381 | 705 Seed
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of

‘Dfﬁ[ T (E]

“ Manipulste 3D View

p%; E Gy
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/ v Conclusion

3D Slicer with ProstateNav allows planning,
performing, and evaluating MRI-guided prostate
Intervention.

* ProstateNav relies on Slicer core features for
volume, model, and fiducial visualization and
applies them to fulfill application-specific needs.

- Slicer core features and extensions can be used
to interactively explore, understand the data, and
troubleshoot the image-guided intervention
system (proved to work very well in preliminary
clinical testing).
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