Tutorial Syllabus

Surface Visualization (30 min.)
- Marching Cubes and its improvements
- Smoothing of surface visualizations
Direct Volume Visualization (30 min.)
- Ray casting and texture-based approaches
- Projection methods
3D Vessel Visualization (30 min.)
Virtual Endoscopy (30 min.)
Virtual and Augmented Reality (20 min.)
Medical Training and Surgical Planning (20 min.)
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Medical Training

* Increasing demand on (advanced) training in medicine

* Trend towards computer-aided learning and training systems
— Browsing- und presentation systems (z.B. VoxelMan)
— Interactive courses (z.B. Campus)
— Web-based platforms (z.B. webop)

— Surgical simulators (z.B. Lap Mentor)

Campus: web-based, interactive course, Webop: web platform for surgical Laparoscopy simulator Lap Mentor,
http://www.medicase.de/ education, http://www.webop.de/ http://www.simbionix.com
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LiverSurgeryTrainer (LST)

SOMIT-FUSION: ,,Schonendes Operieren mit innovativer Technik”

Teilprojekt: ,, Training computergestiitzer Operationsplanung in
der Leberchirurgie”

FUSION

Conception of the LiverSurgeryTrainer based on learning theory:

— Training of therapeutic decision making and planning for oncological
interventions and living donor liver donations

— Introduction to computer-aided surgery planning
— Publication of new therapeutic and planning strategies
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Didactical Background

Specific complex cognitive skills (Pilots, Physicians,...)
Learning modell for communication of instructional knowledge
Four-Component-Instruction Design-Model [merriénboer et al. 2002]

Properties of the model:
— Supportive information
» E.g., theoretical basics, case information
— Just-in-time information
» E.g., z.B. different levels of support
— Learning tasks
» E.g., extended right-sided resection
— Part-task practice
» E.g., resection of dummy objects
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e QOverview of all steps

Overview - Training Steps

Here you can see an overview over all steps, You can always return to this owel

2

” &

Start Case Select 1. Anamnesis 2. Examinations
Start screen of the First wou can select a case for your Here you get information about Here you get information about
LiverSurgery Trainer, traininig, the patient and herfhis anarmnesis., the exarminations of the patient,

3. Medical Imaging

".

4, Treatment Planning

5. Analyzing 6. Post OP

In this last step you get avalable
information of the real surgery and
the post-operative process,

After finishing your planning you
Can analyze the results, Several
expert recommendations are

avallable,

Miowe miake your therapy decision,
access the vessel anatomy and do
the therapy planning.

Here the original slice data and the
finding are presented, An expert
gives you information about
relevant slices,

« Prev. Step

ot s
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Resection Plane

* Examine vasculature and define resection plane in 2D

Treatment Planning - Resection
Here you can do the planning.

1116577 F
19520101

timepoint: 0
364,299,142 Grey,1
0.742,0.742,1.500
portalvenos 2.0 B31f

Switch Viewer Viewer Settings
+.. switch between slice data ... thange settings of structures
and 3d model, and windowing.

Radiologie AKH Celle
Sensation 10
CT

acquisition: 20061129

Switch Dataset

.o switch between arterial
and venous data,

© Help Show video

Resection - Step 1 of 4;

Draw resection lines foft mouse buttan an movetin the
dices, wou have not to draw in every sice. Then prass
"Generate Plane”, To revert the last drawn line press
"Undo Line".

Undo Line Generate Plane »

Mo yol will be led stepwize through the resection process,
There are four steps necessary to define a resection surface,
Please follow the instructions above.

You can "Cancel Resection” at any time of the process,
Click here to get more help!

E3 Cancel Resection
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Resection Result

* View the resection result in 3D and refine if necessary in 2D/3D

@) Treatment Planning - Resection © Help Show video

Here you can do the planning.

=
=]
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o

Resection - Step 4 of 4:

If necessary you can edit the surface by direct manipulation
{farraw-taad af the wiower hag ta he solected. o switch
Batwaan hand and avaw too! prass £5C o kevloard)
After that update the volurmes ("Refresh™ ), If you are
satisfied press “Finish"™,

& O D >

—¥olumes
Resection vVolurme inml: - 1851.8
_ Refresh
Rermnant Wolurme in mil: 1042.2
« 2D Planning Finish

Mo yol will be led stepwize through the resection process,
There are four steps necessary to define a resection surface,
Please follow the instructions above.

You can "Cancel Resection” at any time of the process,
Click here to get more help!

Switch Viewer Change Appearance
+. switch between slice data .. 0fF 3d model and structures, E Cancel Resection
and 3d model,
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Resection Assessment

Analysis - 3D

Here you can analyze your planning.

—Experts Recommendation

Show video

© Hep

—Your Strategy
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RODBE

:

el
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E

Change Appearance Analysis Options

... select planning strategies and
synchraonize viewers,

.. of 3d model and structures,

9 Change your o experts shown strategy in
the "Analysis Options”, To change visibility fcolor
of the structures go to "Change Appearance”,
Click here to get more heln!

e Compare the recommendation of an expert with your strategy

BVM 2011 - Vis & VR in Medicine — Medical Training & Surgical Planning

9 /26



Additional Information

e View media of the real surgery and the post-operative process

/7 Post-operative Information @ Hep

Show video

Here you get information of the real surgery and post-operative process,

= Available Information:

Pictures of the Tumor Resection: T Firding

Pathology

Pictures of the Surgery
Report for attending physician
Surgery Repart

Available Movies:

The list Available Information contains links to
information concerning the operative and
post-operative process, Select a list entry and the
Situs from the right side. A big tumor in the right lobe of the liver. Segments infarmation wil be shown on the left,

3 If there are Available Movies you can open it by
Iv-VIIl are completely taken by the tumor. clicking on the list entry and the movie wil be started

in a new window, You have three options to contral

the movie: start, break, stop,
Click here to get mare help!
[~

« Prev. Step Overview Next Step »
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Evaluation

Formative evaluation in spring 2007 [cordes2007]

Invitation of 32 surgeons world-wide

Supply of a DVD including extensive material for self-study

2 cases (tumor resection and living donor liver transplantation)
Online questionnaires for evaluation

Return rate: 13 questionnaires

Consistently positive feedback but wishes for:
— A more clearly arranged user interface
— Increased performance
— A simplified resection strategy for beginners

Summative evaluation is pending
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Surgical Planning
Part of treatment planning process

(Visualization) goals:
— Risk assessment
— Estimate size, location, regional distribution of pathologies
— Determine regional anatomy, e.g., rare variants
— Measurements, e.g., distances to risk structures

— Access planning, e.g., in thorax surgery
— Implant placement

— Integration of functional simulations

Success criterion for a planning system:
— Influence on treatment decisions, in particular on the surgical strategy
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NeckSurgeryPlanner (NSP)

e Support of ear nose throat (ENT) surgery

* Major application fields:
— Tumors in the throat, mouth, nose, and ear region
— Neck dissections (removal of pathologic lymph nodes)

e |ntegration of techniques for segmenting important structures,
e.g., the tumor, lymph nodes, blood vessels, muscles [cordes2006]

* |ntegration of dedicated visualization techniques, measurement
facilities [Tietjen2010], and automated animations [muhler2010]

e Supported by two DFG grants and one EXIST grant from BMBF
e Starting in 2004 and lasting 5 years in total

% Bundesministerium
2 fiir Bildung

Deutsche
DFG Forschungsgemeinschaft und Forschung
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In-depth Task Analysis

e Detailed analysis of the medical workflow at the ENT
department in Leipzig

e Methods:

— Interviews, observations, small questionnaires, video and audio
recording

— Long user stories (including motivation of the stakeholders)
— Verification of these stories with clinical users

e Results:
— Importance of panendoscopy and its documentation
— Integration of findings from panendoscopy with results from CT data
— Assessment of infiltrations of anatomic structures by a tumor
— Incorporation of measurement facilities
— Support documentation!
— Use of planning tools in tumorboard discussions
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Patient Anatomy
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Location of the Primary Tumory

An hedit Test Hife
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Quality of Visualizations

Different studies related to:
— Shininess,

— Textures,

— Illumination effects

Adapted to anatomic
structures, such as bones,
muscles, vessels
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Virtual Panendoscopy

e Attach photos

Foto1 03.06.2008

Hier kénnten Infos wie Aufnahmedatum, Art des Eingriffs,
Bemerkungen etc. stehen/hinzugefiigt werden
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Infiltrations

Sequences of simple visualizations for assessing infiltrations
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Infiltrations

Sequences of simple visualizations for assessing infiltrations
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Incorporation of Measurements

Computation of extents and minimal distances to directly support
tumor staging and therapeutic questions [Réssling2010]
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Tumor Staging and Documentation

TNM-Klassifikation TIN3M?

Tumor:  T1

Ausdehnung:41x35x19 mm
Volumen 17mll

- Infiltration Schildknorpel

Nodes: N3 [ |

Node 1 = 20mm
Node 2 = 18mm
Node 3 > 24mm

- Lymphknotenbefall nur linksseitig

Metastasen (?)[ |

W @ BVM 2011 - Vis & VR in Medicine — Medical Training & Surgical Planning 23 /26



Documentation

Schematic drawing of neck anatomy for (automatic) annotation

D Dornheim Tumor Therapy Manager - Ehl:l"“—g\pmgi\i’DF-Prclg\Derr;;a.ilm -_

Datei Benutzer Einstellungen Hilfe
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Evaluation

Planning:
* Documentation of 7 operations
* Planning first without, later with 3D-vizualization of relevant structures

Results [Fischer2009]:

* In 4/7 cases infiltration of risk structures was assessed differently
(e.g. 1x infiltration of the salivary gland was detected, 1x infiltration of
the salivary gland was excluded)

* Determined trust of surgeons (Level of Trust): 7/7 > 50%, average: 67%
* In 2/7 cases the surgical strategy was adapted

* Inall 7 cases the TNM-classification suggested by the system was
considered correct.
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