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Description

Evaluation framework that allows a standardized and objective
quantitative comparison of carotid artery lumen segmentation
and stenosis grading algorithms.
This framework has been introduced at the MICCAI 2009
workshop 3D Segmentation in the Clinic: A Grand
Challenge III , and we compare the results of eight teams that
participated.
Results show that automated segmentation of the vessel lumen
is possible with a precision that is comparable to manual
annotation.
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Description

Computed Tomography Angiography (CTA).
We focus on the carotid bifurcation, where the Common
Carotid Artery (CCA) splits into the External Carotid Artery
(ECA) and Internal Carotid Artery (ICA).
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Evaluation Framework

Publicly accessible data repository.
Set of standardized evaluation measures.
Online evaluation system.
Web: http://cls2009.bigr.nl.
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Lumen segmentation

The exact region where lumen must be segmented is defined
around the bifurcation slice, as the first (caudal to cranial)
slice where the lumen of the carotid artery appears as two
separate lumens.
Bifurcation slice is not revealed to the participants, who must
ensure that their segmentation at least includes this region.
The lumen segmentation must be represented as a partial
volume segmentation (image where each voxel value represents
the occupancy of the voxel by the vessel lumen)
A value of 0 means no lumen present, and a value of 1 means
fully occupied with lumen.
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Stenosis grading

Two stenosis grades must be determined for each ICA: an
area-based and a diameter-based stenosis grade.
We define the diameter of a cross-section as the shortest
straight line that divides the contour in two equally-sized areas.

Maite Termenon (GIC) Sesión de Seguimiento 2012 March 2 11 / 33



Introduction
Evaluation Framework

MICCAI workshop

Lumen segmentation and stenosis grading
CTA data
Reference standard
Evaluation measures and ranking

Two Categories

We distinguish two categories for the lumen segmentation and
the stenosis grading task:

fully automatic methods.

semi-automatic methods where 3 initialization points may be

used. To eliminate dependency on these initialization points,

they are incorporated in the available data repository. The

three points are located within the carotid artery proximal and

distal to the defined ROI.
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CTA data

56 CTA datasets from 3 different medical centers: Erasmus
MC (Rotterdam, The Netherlands), Hôpital Louis Pradel
(Bron, France) and Hadassah Hebrew University Medical
Centre (Jerusalem, Israel).
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Datasets for training and testing

15 of the 56 datasets are made available for training.
The reference standard for these training datasets is also
available for download.
The training datasets were chosen such that they were equally
distributed over the 5 stenosis categories.
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Reference standard

Reference standard was created by averaging 3 manual
segmentations of the lumen in the CTA datasets.
This section describes:

manual annotation process,

creation of a partial volume representation from each

observers’ annotations,

averaging of the observers’ segmentations to obtain the

reference standard.
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Manual Annotations

3 different observers annotated the carotid lumen boundary
and graded the stenosis in the ICA for each dataset.
Manual annotations for the lumen segmentation and stenosis
grading were performed with a custom made tool, based on
MeVisLab (MeVis Research, Bremen, Germany).
Procedure:

1 Bifurcation point was identified and manually selected.

2 Positions along the centerlines for both the ICA and ECA were

clicked, starting in the CCA.

3 Resampled centerlines were used to generate Curved Multi

Planar Reformatted images (CMPRs).

4 Cross-sectional contours orthogonal to the centerline were

created at 1 mm intervals along the centerline.
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Manual Annotations
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Observers’ contours processing

Contours of each observer were separately processed to obtain
the partial volume (pv) segmentations.

1 Contours (for ICA and ECA) were converted to pv

segmentations.

2 Signed distance maps (for ICA and ECA) were generated from

the pv segmentations.

3 The ICA and ECA signed distance maps were combined,

resulting in a signed distance map for the complete bifurcation.

4 The pv segmentations of the ICA and ECA were also combined

by taking the voxel-wise maximum to obtain the pv

segmentation of the bifurcation. (This pv segmentation is used

to rate the observer in the same way as the contestants’

segmentations.)
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Observers’ contours processing
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Combining observers’ lumen segmentations

The 3 segmentations of the observers were used to generate
the data of the reference standard:

bifurcation slice number: computed by averaging the locations.

This slice, and the bounding boxes of the contours, were used

to determine the ROI for the evaluation.

evaluation ROI: bounding box of the contours, ex- tended with

15 mm both in x- and in y-direction.

lumen segmentation: contains three representations: a signed

distance map, a surface representation and a pv segmentation.

It also contains the mask for the distal part of the ECA.
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Stenosis values

The ICA and CCA contours were used for stenosis grading.
Graphs of the contour area and diameter along the centerline
were created, based on the corrected cross-sectional contours.
The stenosis grade was determined using the values from these
graphs.
The 3 observer values for the stenosis were averaged to obtain
the reference standard stenosis values.
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Initialisation points

3 initialization points for the semi-automatic methods were
annotated by one of the observers.
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Lumen segmentation
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Stenosis grading

Stenosis grading error: absolute difference between the
reference standard value and the value determined by a
participant.
Stenosis errors are not communicated per dataset, but only per
ensemble (training or testing).
Final ranking is determined by averaging the (hidden) errors
per dataset and stenosis grade (diameter and area).
We developed a simple standard stenosis grading algorithm
and applied it to all segmentation results.
The algorithm takes the partial volume lumen segmentation of
the participants as input and determines the desired stenosis
measure.
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For the lumen segmentation, 8 teams participated in the
category for semi-automatic methods and one team submitted
results of a fully automatic method.
Only 3 teams submitted results for the stenosis grading, none
of these methods were fully automatic.
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Cuisenari:
fully automated method that segments the carotid bifurcation

and the vessels from the aortic arch to the circle of Willis

(COW), and the external branch and the vertebral arteries.

Centerline of each vessel is extracted using a local adaptive

fast marching algorithm that is both seeded and constrained by

an anatomical model.

These constraints are adapted to the individual patient using

both registration of the brain and segmentation of the brain

and spine.

Seeds are automatically placed in the COW and the lower part

of the neck.

Vessel lumen is segmented using 3D active objects initialized

as a tube around the centerline.
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Gülsün and Tek:
It uses graph-cuts optimization technique together with

centerline models for segmenting the carotid arteries.

It first detects the centerline representations between user

placed seed points ( based on a minimal path detection

method which operates on a medialness map).

Lumen of carotid arteries is then extracted by a graph-cut

optimization technique using the detected centerlines as input.
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