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SonoWand®

Application field
Neurosurgery

Motivation
Extract intraoperatively the location of the tumor

Aim
1) Improve orientation ability of surgeon
2) Resection of tumors from the brain
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Existing Systems - SonoWand®

ey

3

Developed by MISON

Clinical testing since 1997

Using passive optical trackers

Applying rigid registration

[MISON]
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Universitary Medicine Berlin,
Zuse Institute Berlin

Application field
Liver Surgery

Motivation

Precise implementation of preoperative resection plan to the
patient in the OR
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Universitary Medicine Berlin,
Zuse Institute Berlin

Alm
Resection of tumors from the liver
Completely resect lesions with a security margin
Resect as little healthy parenchyma as possible
Improve orientation ability of surgeon

Obstacle

Organ deformation between preoperative image data and
patient in OR
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Comparison of the two Systems

SonoWand® Approach of Charité Berlin,
Zuse Institute Berlin

Tracking based on Passive Markers + 3D US | Passive Markers + 3D US

Preoperative data CT/MRI CT/MRI

Intraoperative Rigid registration NON - rigid registration
Registration

Both systems show position of surgical instruments in relation to
Intraoperative ultrasound volume
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Preoperative Approach

Segmentation from MR/CT data
Liver parenchyma
Hepatic veins
Portal veins
Tumor

Portal veins and hepatic veins imaged in two different
acquisitions, because their contrast maximum is reached at
different times after contrast agent application
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Preoperative Approach

Tumor is segmented with interactive tools

Segmentation of parenchyma with method based on a 3D
deformable model approach using a-priori statistical information
about shape of liver

- —
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Preoperative Approach -
Segmentation

Segmenting vessels from CT/MR data by a region growing
algorithm and manual post-processing

TEASER [Mie Sato, 2000 IEEE] algorithm extracts the center
lines and the skeleton structure of the vessels automatically

- —
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TEASER algorithm

Fully extracted aorta skeleton with centerlines

[Paper Teaser 2000]
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Preoperative Approach —
Planning and Transfer

Resection proposal is automatically computed by planning
software based on segmented structures

Transferring the preoperative models + the resection proposals
to the ultrasound navigation system

B Remaining vessels

Resected vessels

[Paper presented]
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US Navigation System

3D Ultrasound device Voluson 730D from Kretztechnik/GE

Based on a 3D probe containing a
2D ultrasound transducer

Advantages

Fast

Inexpensive

Easy Integration into the OR
[Kretztechnik]

Limitation
Image quality » difficulties to
delineate tumor and vessels
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Intraoperative Approach — 3D

US

Calibration procedure based on commercial
3D ultrasound phantom (CIRS, model 055)

Model 055

Used techniques
Simultaneous B-Mode
Powerdoppler

- —
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Intraoperative Approach - Tracking

[Polaris]

Position of the ultrasound probe is measured by a passive tracker
on it ( Polaris tracking system)

Data is transferred in high quality to the navigation system via a
DICOM interface

Tracked surgical instruments can be navigated in relation to
Intraoperative data
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Intraoperative Approach —
Preparing data for Registration

Intraoperative pre-processing starts with reformatting of the 3D
US data to Cartesian coordinates

Vessel center lines are extracted (like from preoperative data)
from PD US volume

—
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Intraoperative Approach -
Registration

Step 1

Coarse rigid registration of center lines via 3-4 manually
selected paired landmarks near main branching of portal vein

[Paper presented]
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Intraoperative Approach -
Registration

Step 2

Aim
Corresponding vessel center lines’ points of reference and
model data are determined

Obstacle
Branching topology of vessels

Nearest point of model does not correspond anatomically to
reference center lines

Method used
Automatic ICP-like rigid registration

- —
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Registration
|ICP-like rigid registration

Definitions

Direction: Difference vector between two neighbored points on
vessel

R: given radius
S closest segment
Vessel segment: part of the center lines between two branching

points \

Sj: vessel segment |

M: points on the model e G
Si
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Registration
ICP-like rigid registration

For each point M, Sji$’sought for th closest point Cito M, that is inside
a given search radius

2. All potential corresponding segments Si are sorted by increasing
distance of M to C;

3. Search all Sjto determine S¢

Determining: angular difference of vessel direction at M and Cjis
below a given threshold

Increased robustness: averaged directions of 5 neighbored points

4. If no corresponding segments can be found with R = 10 mm and
maximal angle difference 30 degrees

no correspondence is introduced for model point M
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Intraoperative Approach -
Registration

Step 3

No further improvements

rigid transformation in ICP iteration is replaced by B-Spline
transformation

Non-rigid transformations modeled by multilevel B-Splines are
iIncorporated into the ICP-like registration

- —
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Intraoperative Approach —
Registration B-Splines

B-Spline approximation of displacement vectors between
corresponding points can be determined directly and fast
without need of an optimization algorithm

B-Splines are defined by a uniformly control grid

via control grid spacing: controlling smoothness of resulting
deformations

finer grids lead to smoother deformations
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Computing

Start with non-rigid ICP iterations with coarse multilevel B-Splines
and refine them if no further improvements can be achieved

< «— Non-rigid

[Paper presented]
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Intraoperative Visualization

Direct US navigation 2 US image planes

top view

perpendicular slice
Planes chosen according to position of tip of surgical instrument
Planes can be frozen instrument is shown in relation to the planes
Registered preoperative models of vessels, tumor, liver surface and
resection plan can be rendered as different colored intersection

lines into the ultrasound planes.

The current position of surgical instrument + one or both ultrasound planes in
relation to preoperative models are visualized in extra viewer

Representing corresponding CT/MR slices to US planes
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Test Results

Procedure for 3 different patients

preoperative CT/ MR data acquired during breathhold

patient 1 and 3 got preoperative T1-weighted Flash 3D VIBE
MR-sequences with 2,5 mm slice thickness

Patient 2 a single slice spiral CT with 2 mm reconstructed slice
thickness

3D B-mode and Powerdoppler ultrasound
simultaneously acquired transcutaneously for patient 1

Intraoperatively for patient 2 and 3 using a 3.5 MHz
abdominal 3D probe
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Test Results

Procedure for 3 different patients

Original resolution of powerdoppler scans was
0,2 mm in scan line direction,
0.5-0.7 degrees in the scan plane
0.9 degrees between consecutive scan planes.

Scanning volume ~ 2 liters
usually more than half of the liver is imaged

Original data resampled isotropically to 1 mm Cartesian
coordinates
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Test Results

Time-consumption

Manual selection of 3-4 landmarks near portal vein trunk for pre-
registration 1-2 minutes

automatic procedures without interactive segmentation of PD-
US data + manual pre-registration 1-2 minutes

Registration lasts less than 15 minutes accelerated by improved
segmentation step

— G =
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Test Results - Correctness and
Accuracy

Evaluating the correct assignment of pre and intraoperative
portal veins

measuring deviations of structures, which were not involved Iin
correspondence determination (hepatic veins)

Vessel center lines’ segments were manually assigned,
afterwards compared with assignments of the algorithm 2
wrong assignments
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Test Results

RMS difference of 5.6, 5.7 and 3.4 mm has been computed between
rigidly and non-rigidly registered portal vein center line points

«— Non-rigid
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Test Results

Intersections of preoperative models with US data of patient 2 and 3

[Paper presented]
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Test Results — Maximum
Deviation

6-9 mm of vessels
12-15 mm for the tumor

16-20 mm for liver surface
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Test Results Reproducibility
of results

50 different starting positions for each patient
Simulating different manual pre-registrations

RMS error of all points on model center lines between disturbed
and undisturbed starting position was below 0.3 mm RMS error

4% failure with RMS errors between 1.7 and 8.3 mm
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Conclusion

Use of portal vein center lines as features for non-rigid
registration approach worked well

Accuracy in surrounding of vessels, which were involved in
corresponding determination is high

The accuracy decreases with increasing distance to those
vessels

Inaccuracies at liver surface are caused by deformations and
not by the segmentation or skeletonization process

Used only portal veins, because hepatic veins occur in another
time period of contrast agent application

CAMP | Department of Computer Science | Technis che Universitdt Minchen | 18 January 2006
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Outlook

Integrate hepatic veins

Incorporate liver surface

=> improving accuracy for structures lying further away from
vessels; some parts could be identified in US images, other

parts by range scanner

By streamlining registration and procedure a reduction of
Interaction time for intraoperative vessel segmentation could be
achieved

=> intraoperative non-rigid registration of the liver possible in
less than 5 minutes
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Thank you
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TEASER algorithm

TEASER: Tree-structure extraction algorithm for accurate and
robust skeletons

Aim
Fully automatic finding skeleton

Based on the CEASAR algorithm [l. Bitter, Visualization 2000]

Using Dijikstra algorithm for finding the shortest path through the
volume

Edges represent neighbor relations between voxels

Weights are exact Euclidian distances between voxels that
correspond to graph vertices at both ends of the edge
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TEASER

Skeleton Definition

Skeleton should be a tree, composed of simple voxel paths

(without any 2D manifolds)

Skeleton should never leave the inside of segmented shape
Situated as far from the boundary as possible

Avoid too much winding, because skeleton should be as short
as possible
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TEASER - algorithm

Step 1: Read binary segmented voxels inside the object

Input is a binary mask

Mask labels voxels belonging to shape’s interior and boundary
as ,inside”

Constraint: structure should be a single connected component

- —
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TEASER - algorithm

Step 2: Crop volume to only the object

Minimize number of voxels
Enclosing just the bounding box of voxels labeled as ,inside*
Typically reduces volume size by 30% - 50%

- —
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TEASER - algorithm

Step 3: Compute the distance from boundary field

Euclidian distance between an inside voxel and object
boundary is recorded at each voxel

Algorithm of Saito an Toriwaki
Running time linear in number of voxels

......

=e o oa

=R - - -
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(a) (b)

Figure 2. (a) Explicit DBF values (rounded to
integers). (b) Aorta DBF visualized through a
rainbow color map.
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TEASER - algorithm

Step 4: Compute the distance from any voxel field

Distance from any inside voxel field with anisotropically
correct Euclidian distance as weights in implicit graph

Farthest voxel is one of the extremal points of the shape
can be used as root for skeleton tree

- —
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TEASER - algorithm

Step 5: Compute the penalized distance from root voxel field

Repeating search for farthest voxel from the root field
discovering the other extremal voxels

Extending the volume-data-to-graph mapping to incorporate
penalties for coming to close to the boundary

Penalty is assign to a voxel with penalty function
Enhence implicit graph by adding more edges and vertices

- —
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TEASER - algorithm

Step 6: Find farthest voxel PDRF voxel labeled as “inside”

Find voxel labeled as ,inside®, which has largest PDRF value
starting voxel

- —
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TEASER - algorithm

Step 7: Extract the minimum cost path from that voxel to the root

Starting with chosen voxel in step 6

Finding global minimum path between extreme point voxel
and the root voxel that is optimally centered; follows maximal
values of distance to boundary field

Path becomes a branch of discrete skeleton tree

CAMP | Department of Computer Science | Technis che Universitdt Minchen | 18 January 2006
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TEASER - algorithm

Step 8: Label all voxels near the path as “used to be inside”

After extraction of minimum cost path a adaptive sphere is rolled
down the path

Adaptive: radius r is computed for each voxel v
r(v) = DBF(v)*scale + const

Label all ,inside” voxels and within radius r(v) to become ,used
to be inside* voxels

Finding blood vessels scale = 1.1 and const = 10
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TEASER - algorithm

Step 9: Repeat the last three steps until no inside voxels remain

Repeat farthest voxel, minimum cost path and labeling

Repeat last three steps until labeling procedure converts all
Inside voxels into ,used to be inside” voxels

Path terminates only if a voxel is reached that is already part of
the skeleton
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References

SonoWand®
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Powerdoppler

Using the Doppler effect for graphically presentating the blood
movement. It registers the apparent change in frequency or
wavelength of a wave that is perceived by an observer moving
relative to the source of the waves
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B-Mode
B-Mode (B flr englisch brightness modulation) ist eine

andere Darstellung der Information des Amplituden-
Modus bei der die Echointensitat in eine Helligkeit
umgesetzt wird. Durch mechanisches Bewegen der
Sonde Uberstreicht der Messstrahl eine Flache in einer
Ebene ungefahr senkrecht zur Korperoberflache. Die
Amplitude eines Echos moduliert den Grauwert eines
Bildpunktes auf dem Bildschirm.

I |
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Region Growing Algorithmus

Hierbei wird ein Ausgangspunkt (,Saatpunkt®) in ein zu segmentierendes
Gebiet gesetzt. Die so markierte Region wachst solange, bis der Algorithmus
auf eine Kante

im Bild stof3t. Eine Kante ist definiert als eine Nachbarschaft von
Punkten, die einen hohen Grauwertgradienten aufweist. Problematisch ist,
dass die Kanten zwischen den unterschiedlichen Regionen nicht immer
deutlich sind und sogar Lucken aufweisen konnen. Der Algorithmus lauft durch
diese Stellen hindurch und ftllt weitere Gebiete, die nicht mehr zu dem
speziellen Objekt gehoren. Trotz der lokalen Initiierung besteht also die Gefahr
des Ausfliel3ens. Eine Erhdhung der Schwellwerte ermaoglicht zwar eine
Erkennung schwacher Ubergange, fuhrt aber auch zu

Ubersegmentierung. Die Bilder mussen vor der Segmentierung

mit dem Region-Growing Verfahren oft zur Rauschunterdrickung mit
einem Gaul3filter geglattet werden. Dies fuhrt aber dazu, dass auch die
gesuchten Kanten nicht mehr so genau lokalisiert werden kdnnen.
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Distance from any voxel field
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