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Medical Imaging Unit (Bioengineering Department)

Imaging and quantification of kidney physiopathology




Hemodynamics and vascular disease
Hemodynamics involved in several vascular pathological processes

atherosclerosis
cerebral aneurysms
extra-cerebral aneurysms (AAA, ...)

intimal hyperplasia (grafts, bypasses, vascular access for HD, ...)

through the action of pressure, wall shear stress...
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Image-based computational hemodynamics




Image-based computational hemodynamics

Important to get the geometry right.

Streamlined tools needed for the generation of unstructured grids from images, for
the numerical approximation of Navier-Stokes equations (using finite elements, finite
volumes, ...).

At the present stage, large-scale studies are needed.
Robust characterization of geometry is the key for large-scale studies.

Data analysis on populations requires advanced post-processing.

Effort: providing a set of free widely available tools for

* image segmentation

* mesh generation

e analysis of vascular geometry
e CFD

* post-processing for CFD simulations
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The Vascular Modeling Toolkit
www.vmtk.org

Luca Antiga, Mario Negri Institute
David Steinman, University of Toronto

based on VTK, ITK
BSD license
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v e vmtk - the Vascular Modeling Toolkit

Download
Installation
Documentation
Tutorials
Scraenshots
Mailing list
Bug tracking
Subwversion
Site map

The Vascular Modeling Toolkit is a collection of libraries and tools for 3D reconstruction, geometric analysis, mesh
generation and surface data analysis for image-based modeling of blood vessels.,
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http://vmtk.sourceforge.net
http://vmtk.sourceforge.net

The Vascular Modeling Toolkit
www.vmtk.org

Features:

* Level-set and deformable model segmentation

e Smart branch initialization and small-vessel level-set segmentation

* Image processing and vessel enhancement

* Surface processing (decimation, smoothing, healing, capping, ...)

* Surface remeshing

* Volume meshing (Tetgen)

* Centerline computation

* Geometric analysis of vessels, shapes, bifurcations

e CFD pre-processing (flow extensions, boundary layers)

* Finite element framework for surface mapping and CFD post-processing

* Surface mapping and patching for population studies


http://vmtk.sourceforge.net
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vmtk Slicer integration

3DSlicer

Home Sourceforge project page

vmtk vmtk - Vascular Modeling Toolkit

Owverview

The v LAT MODEIING Tttt e o s ot o ISt chn .t Bk k2 AN sk b St Abod o mlimln st mnonkommlins

N & Vastular Madeling ana& % 3D Shicer Version 3.0 Beta
L and surface data analysi

Download Fie  Ear We  Mndrw Help Fesdack

Installation

Documentation 1= [' | e R | |h L=l |(1] 1B (@] [ 9] (@] [l [-l [’l =] = [ﬂ LA B ot |
o
Tutorials
Screenshots ’ii’ Slice
Mailing list
S " Help & Acknowiedgement
repository
* Mods
Lerwifr] Soginenit Pawaivter Trer Ameter L]
links
gt o
VTK -
Insight . « ==
CMake
. LirswiSir| Bagyimerst Dugtl |
Python g x
Mier e
- -
contacts L —
Luca ntiga Honsface | Threaholds| Pl | Fasibiarching | ColidirgFromis | ksindl - E i —
David A. Steinman T W o i Bé@ﬁ ud . nhd
1552701 [@) -
=
sy
Dld revisions News & Lovelbat
Backlinks e —
Rarant rhannac ' -
CesdescistveContours | Curves | Threshold
Ay

= Marpwiste ics Wews

ERpDEER @ [®]

= Manicuists 30 Vs

Lewel Set Sagmen

f-? NA-MIC
National Alliance for Medical Image Computing




Summary of past and ongoing projects

vmtk Slicer integration

* automated generation of command line modules for non-interactive vmtk tasks (done)
* vmtk C++ code in Slicer as a library (done)
* interactive Slicer modules for segmentation, etc. (with Daniel Haehn) (in progress)

* vmtk Slicer as a NITRC project (to do)

Engineering core:

* Python interface and modules (with Dan Blezek) (done)

* Reference system issues for orientation-unaware command-line modules

f? NA-MIC

National Alliance for Medical Image Computing




With Roberto Foroni, University of Verona:

Ongoing projects

Pre-operative planning and intra-operative visualization platform for
minimally-invasive neurosurgery

* Registration, segmentation,
vessel extraction

* Integrated visualization
* Slicer layout customization

* Workflows
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Ongoing projects

Mario Negri Institute:
Image quantification in autosomal dominant polycystic kidney disease (ADPKD)

* ADPKD: responsible for the majority of ESRD among hereditary kidney
diseases, currently no treatment available

* currently at the Mario Negri Institute: 3 clinical trials on treatment with
imaging endpoints (MR and CT)

ADPKD (PKD2 mutation)
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Ong et al, Kidney Int 2005



Ongoing projects

Mario Negri Institute:

* Slicer as a platform for image quantification in autosomal dominant polycystic
kidney disease (ADPKD)

* Image analysis methodology has been developed (ITK)

* A complete set of Slicer modules will be created
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