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& o Learning Objective

This tutorial demonstrates how 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.




& Prerequisites

This tutorial assumes that you have already completed

the tutorial Data Loading and Visualization. Tutorials

for Slicer3 are available at:
http://www.slicer.org/slicerWiki/index.php/Slicer3.4:Training

Sample dataset can be downloaded from:
http://hdl.handle.net/1926/1619

The following image series are needed for this tutorial:
« Sag 3POINT PLAN (calibration image)
« T2 AXIAL (planning image)
* Needle Ax (needle insertion confirmation image)
« AX SEED CONFIRMATION (seed placement confirmation image)




MRI-quided prositate biopsy:
clinical background

[ |{MEE - 3pSicer

* Prostate cancer, most common cancer in men

e 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 |nS|de scanner:2

Fiaure 1.1: Prostate imaaes from ultrasound. CT. and MRI 4-



Systems overview

Closed MRI scanner

Targeting Robot

Farameiers Patient

Real-time
Tracking

Physician

Physician’'s
;_z__lnterfal:e Robot

‘Jmsiiiun
“ I MRI | MR Scannher

| /,'—*L\II mages Computer




& More information

Detailed information about the transrectal procedure:

[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




& = Clinical workflow

1. Acquire a calibration volume, calibrate/register robot to
MR coordinate system

2. Acquire targeting volume, pick/mark biopsy or seed
targets

3. Perform needle insertion
4. Acquire verification volume (with needle still in place)

5. Verify the needle position




Set up and calibration
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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”

[2 3D Slicer Version 3.5
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& - Select a robot device

Before starting the procedure the needle guidance

device has to be set up. IR = [ e SLIDIEIE
1 — Click on the “Active configuration” list and select g
“Create New ProstateNavManager” to create a new B
ProstateNavManager node. All the calibration, B e
planning, targeting, and verification information will :
be saved into this node. e
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 choose the “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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= [ 0ad callbration image

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”

I2 3D Slicer Version 3.5 Alpha
File Edt Yiew iwindow Help Feedback
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&« Mark calibration fiducials

I2 3p Slicer Version 3.5 Alpha

. Sicr er CEX
1 — Select a slice where v [ QN EE B D E)EE - [{H o
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S I I d e r ab Ove th e Active configuration
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* wizard
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“ Manipulate 30 View

T EEEE
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701 -54G 3POINT PLAN RAS: (45, -268.3, 546.7), By lUK: (574, -838, 6), By Out of Frame,

=]
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= Review calibration results

I2 3D Slicer Version 3.5 Alpha @

Howe —

File Edit Wiew Window Help Feedback
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@ 3DSlicer Hore
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—_
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. Rakat: TransRectalProstateRobot =
angle, distance)
Calibration Targeting ‘ ‘ Wefification
* Wizard

1 /3. Calibration

Select a calbration volume and click onthe calioration markers in th

2 — The segmented |

fi d u C i al S are S h OWn Callaration “oiume: 701 -SAG 3PCINT PLAN g
il rotetion angle [0 3

. . et Froper I Fetmat e e =
in the 3D viewer 2 | e ——— | ppr——
Segmentationiregistration Results F‘-’ | ” H rope YT
B[ E
WI n d OW Calibration results: =
- 1 Axes angle: 38.9 deg , Marker 1
Axes distance: 0.7 mun E 3
Tnitial rotation angle: 0.0 deg
Segmentation results: -]

[ Eclt marker positions  Re-seament | Reset calioration

“ Manipulste Slice Yiews

E@mOALIEE

“ Manipulate 30 View

701 -SAG 3POINT PLAN RAS: (1454, 2156, -3.2), By K (451, 257, 152), B Out of Frame,
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Refine calibration  es- -

@’ 3DSlicer r‘\ 3DSlicer
4 7
results )
If either the numerical results or the displayed marker _
segmentation indicates that the calibration might be o I
Inaccurate (large axes distance, axes angle different from 37 . :
deg, marker contours are uneven or incomplete), then N A
calibration can be refined: Ever— T o
A — Click on the small arrow next to “Fiducial Properties” to || == """ = 5
ShOW the Marker 2| Threshoid 2 [ _] | |9_
. Marker 3| Threshoid 3 [ _] ] |£T
B — segmentation parameters o] Tresrods [T F
Fiducial size: W/H/D = width/height/depth of the region around the clicked point where T ————
automatic marker detection is performed. —
Fiducial radius: only voxels that are closer to the axis than this radius will be included ||~ e en et
in the automatic marker detection region. Caibration reswls:
Threshold: marker segmentation threshold . Eﬁl;{w;'mfm
Enable automatic marker centerpoint detection: If enabled, then marker center will be Initial rotation angle: 0.0 deg |
automatically detected, near the clicked position, using the fiducial size, radius, and Segmentatiresults: [ E -
threshold parameters. If disabled then the clicked positions will be used as marker et merker postions|| e-cegrert | [rsetcattrti |
centerpoint positions. T -
C — Edit marker positions: enable this checkbox to set the EEDDEREE EErD
mouse mode so that clicks on the image places fiducial - ez ven
markers % E @ s
: . . ot | [@FE] 8] e !
) — Re-segment: click to re-run automatic marker detection -
algorithm after changing segmentation parameters
14-

E — Reset calibration: removes calibration markers



~3DSlicer

Target planning and
needle insertion
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- [ 0ad targeting image

File Edit View Window Help Feedback

1 — Click on the EE -
“Targeting” button to &
move to the planning :
and targeting workflow
step

1 — Click on the “Load
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T
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() 200910719_NIH_Calibration_PeterGuion_ 001 G.dsm S19KE  08/07/09 18:00:45
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23 ApthiPhiipsFroblem f0026.dom  519KB  DB/07/08 18,0047
. ) Cliicalt Specific Character Set 150_
4 - Select the targetin TN — Do

- () D ataHelen - Instance Creation Date 2009 =
. Manipulate Slice Yiews -1 T - 0 “ v
11 —
I l I lag e . - ‘ EI Path |c Medicalimages/APT-MRIZ00S0731_NH_Peter Guion-NamicUploadfapthriProstatelmages/Pt3920090408 HRSME01_T2_AXIALAODDT dom
“olume Options x
7 “ Manipulate 30 Yiew
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5 - Click “Apply”

I,
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& Prepare target planning

1 — Select the targeting B o
volume (801 — T2 AXIAL) B s

2 — Click “Show coverage” o
and browse through the T
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
slider to adjust coverage | wyr ———— .
area display opacity sefhEEEE sem=—
4 — Click the “eye” icons to ‘

Load volums
Targeting volume: 1 I

Addtarget by image click Mesde type | Generic <T> (Omm overshoot

nnnnnnnnnnnnnn e

Sl R

show/hide a slice in the |
3 D Vi ewer a01 -T2 AXIAL RAS: (12210, -54.6, 73.3), B WK: (159, 367, 11), Lk O Black, Bg: Out of Frams,
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& - Define targets

IZ 3D Slicer Version 3.5 Alpha

File Edit View Window Help Feedback

Perform the following EE

MMMMMM Plostre

—| LD E] e

steps for each target: [ wsice

—

L (3K

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

“ VWorkphase

_ I Targeting “erification

“ wizard

21 3. Targeting
Set target points

| Show coverage

Targeting Volume: 801 -T2 AXIAL

parameters populated | N —
in the list (double-click S = 2L

on any of the position
value to enter a
specific R/A/S
coordinate value)

4 - Target point is
displayed in the 3D

m ~n

Delete selected target

Positon (4, ¥, I | \ | =~

“ Manipulate Sice Views

EEOANEEER @ T

* Manipulate 30 iew

P
L
R
A

view
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&~ Needle insertion

1 — Click on a target in the target list

2 — Targeting parameters are shown | .
below the target list e

3 — The target and needle trajectory is | === | oo
displayed in all the slice views and  [zueme. oo :
in the 3D view

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

B2
Depth: 111 am

Device rotation: 45.7 deg
2 Needle angle: 298 deg

Teedle type: Biopsy

R-138 A 419 85705

* Misripuste Sice Views

EEEDEEEE cErm
* Miripusts 30 View

L EEeE =

(451,167 7). Bg WK {

d 1
L3
L
B0 -T2 AXIAL (368, 456, 1), By Out of Fram® f 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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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
iImage: “1101-Needle
AX”

5 - Click “Apply”

I2 3D Slicer Version 3.5 Alpha
File Edit Wew Window Help Feedback

& &)

@ 3DSlicer
w

¥ Help

=[]

[ A [] ) (] (9] [

¥ Configuration

“* Workphase

4 — 1 e
Hore — |% B0 -T2 AL — |H
[@]= ][]l 1 [59.985

2

“Werification Volume:

Laad volum

801

B1 2846 | -349 EA.75.
B2 138 -42.8.. | 7045,
B3 B.O35.. | -37.7. 74580
51 17.84.. | -29.2.. | GO.B4..
52 2220 | -20.7. B4.52
53 889 S350, | 70.47..

|Venfy’large1 | ‘C\earlarga verification ‘

Select a target, click on "Vernify
click on two points along the vi:

“* Manipulate Slice Yiews

L@

* Manipulate 3D Wiew

| EE
~

| Mame

+ ‘ |2 0701_SAG_3POINT_PLAN

Q- G-a e
31 bdedic =l =
:) B ) APT-MAI
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1) 20030724_PMHAPtMiPhantom
1) 20090731 _MIH_PeterGuion
B 13 20090731 _MIH_PeterGuion-NamicUploa
B ) AptMriProstatelmages
I Frzz
= Piaz
1) Prad
B [P
L) 20081120 Diag
O [ 20090409.HRS
[ 0701_SAG_3PDINT_PLAN
[ 080_T2_axaL
(3 1101 _Needle_tx
() 1201_&¥_SEED_COMFIRMATIO
1L Prd0
() png
[ _to_be_considered
() 20090731 _MIH_PeterGuion_original

|C5 0801_T2_AxIAL
(3 1101_Needle_Ax
£ 1201_&3_SEED_CONFIRMATION

¢ DICOM Intarmation x
Divide Subseties
EE Ptag_0 J
r MRl Prostate ERC
G— 707 540G 3POINT PLAN [18 files]
B TECT20 Tes]
5 11[!1 -H )
E (22 fileg]

E|

| P L g
Paithi IC Ihedicalmages/APT-MRI20090731_MIH_PeterGuion-ramiclploadiapthiriProstatelmagesP39/20090409 HRS
Volume Options ®
’V Certered Ignore File Crientation Lakel Map Single File Mame: (20090403

L=
Recert Yalumes:

6 [Fo 3=

T

801 -T2 AXIAL RAS: (-54.1, 753, 39.8), By LK: (532, -208, 11), By: Out of Frame,

Q
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&= Verly larget visually

I2 3 Slicer Version 3.5 Alpha

1 —_Select the verification [Z2™ ™=
image (where the B s
needle is visible) -

2 — Click on the target in |-
the target list that ——
corresponds to the

needle in the image

3 — Three orthogonal
slices are shown in
the slice viewers, .
reformatted to be | !
aligned with the =

p I ann Ed Nn eed I e Y st v T B e e T,
trajectory

¥ Help

64.52
7047

2220,
889

-207...
360,

“* Manipulate Slice Views

EEDDEEEE

* Manipulate 30 Yiew

[E/= 1T

| EEEE
St e gmlE -
[ EERE

1101 -Meedle Sx RAS: (38 2, 1527, -12.8), By Slice not shown,




s /erly a target quantitatively

[2 3D Slicer Version 3.5 Alpha
File Edt View Window Help Feedback

To quantitatively evaluate |z@ -
the targeting error:

1 — Click on “Verify
target”

2,3 — Click on the
centerline of the
needle at two different
positions (anywhere

e BREEEEIEPEE R E § - - [o

mmmmm —E0
: SIiE

-

—

[rogzs

along the needle, as = - T —
far as possible from =
each other) = | o)

4 — The distance of the Selec gt e o Yoty e bon e

needle centerline from |- wmsssere
the target point is mEEDEEEE
displayed in the target

list

1) ]

| BEEE®
A OD]e] -
D R

1101-heedle Ax R&S: (31,30, 17 13, By Slice not shown, | [%]
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& - Evaluate patient motion

1 i CIICk On “Targetlng” I3 3D slicer Version 3.5 Alpha

File Edit WYiew ‘Window Help Feedback

2 — Re-select the targeting |2 ™ = ~HHEEE L
image to show it in the
slice viewers = 1

3 — Select the “Red slice [ | e
only layout” to see a Se—

Set target points

maximized view of the |
”

. . Targeting Axme: 801 -T2 AxlaL

a.XI al S I I C e A target by image click  NesUEtYRE | Seed <S= (1. 5mm avershont, ;.

s
4 — Select the latest m i

(&)

\j

‘%

2
Bk

[#]~]]

=388 810 Biopsy

acquired image tobe in | & & &

-351 705 Seed

the foreground

5 — Use the slider to fade = f
between the targeting
and the latest image to
see if there was any S ——
significant patient K
motion 1 T2 ANAL RS (375,457,487 B2l (105, 3,11, Fa 751 45 Out o1 Frars
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B oo Conclusion

* End-to-end application for performing a MRI-guided
prostate intervention using 3D Slicer is presented

« Complete workflow is implemented in the ProstateNav
module, many advanced visualization and data
exploration functions are available (implemented in the
core and other plug-in modules)

* The NA-MIC Kkit's open-source environment allows quick
prototyping of clinical applications
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