
Statistical shape model of vessel centerline for endovascular paths
comparison in mechanical thrombectomy
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Abstract— Endovascular interventions are experiencing an
important development. Despite many advantages of this
type of intervention, catheter navigation is still a cause of
difficulties or failure. Mechanical thrombectomy is one of
these interventions where navigation difficulties are related to
the ability to navigate the aortic arch and access the carotid.
These difficulties are due to the selection of adequate catheters
and guides for a specific anatomy and to the technical gesture
to operate. The objective of this work is to propose a method
to find similar endovascular navigation paths from pre-existing
patients to support intervention in mechanical thrombectomy.
For each patient, iso-centerlines of the aortic arch and
supra-aortic trunks are extracted from pre-operative magnetic
resonance angiography volume. A statistical shape model
is computed from these vascular structure iso-centerlines.
Euclidean distance between vectors of statistical shape model
modes is used to compare endovascular navigation paths. A
set of 6 patient cases was used to compute the statistical shape
model. For validation, an additional set of 5 patient cases was
considered to generate new iso-centerlines.
Retrieval of closest iso-centerlines were correct in more than
95% of cases with the proposed method while this percentage
goes down to 43% with Euclidean distance between 3D points
of iso-centerlines.

Clinical relevance—The presented method allows physicians
to retrieve past navigation paths similar to a new one. Used in
planning, this could allow to anticipate navigation difficulties
in mechanical thrombectomy.

I. INTRODUCTION

Stroke care is of global importance as nearly 800 000
strokes occur in the United States and 1 million in the
European Union each year [1]. Mechanical thrombectomy
is an endovascular intervention to treat ischemic stroke
with great efficacy [2] [3]. For these reasons, mechanical
thrombectomy is an intense area of research [4] and in-
novation [5] [6] [7]. Despite many advantages, catheters
navigation can be difficult or impossible upon complex
anatomical configurations [8] that leads to intervention fail-
ure. The difficulties of navigation reside in the choice of
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adequate catheters and guides to select and in the technical
gesture to perform [9]. The crossing of the bifurcation from
aortich arch to carotid depends from good combination of
diagnostic catheter, delivery catheter and guidewire adapted
to specific endovascular tortuosity, curvature and torsion. As
consequences, navigation difficulties could be apprehended
in planning by retrieving similar vascular anatomies leading
to similar navigation paths from pre-existing patients who
had a mechanical thrombectomy.

Computation of centerlines is a well explored area, in
particular for vessel centerlines [10]. Characterization of
vascular structures geometries using vessel centerlines has
already been reported for liver surgical planning [11] [12] or
cerebral aneurysm [13]. Many geometrical properties that are
linked to catheter navigation difficulties such as tortuosity,
curvature and torsion can be computed from centerlines [13].
Otherwise, statistical shape model (SSM) can be used to
capture the morphological variability of a population. This
approach is gaining popularity in the biomedical field for
diagnosis [14], for decision support process [15] or for data
generation [16] [17]. Study of morphological variability of
abdominal vascular structures using SSM of centerlines has
recently been reported in [18].

The goal of our paper is to propose a simple descriptor
of navigation path, based on SSM of vessel centerlines,
allowing retrieval of similar paths for planning. This paper is
organized as follows: the section II presents the data that are
used and presents the proposed method to describe patient’s
anatomy. Section III presents the results. Finally, Section IV
summarizes the conclusions of the research.

II. METHODS

The global approach is given in Fig. 1. First, 3D vol-
umes of vessels are segmented from pre-operative images
obtained by magnetic resonance angiography (MRA). Then
iso-centerlines are extracted to compute an SSM using sin-
gular value decomposition (SVD). For new centerlines, their
projection on the SSM gives modes coefficients that are used
to compare endovascular paths between them. Finally data
are generated for evaluation.

A. Data

For mechanical thrombectomy interventions, pre-operative
images can be either MRA or CTA. The routinely used
type of images mainly differ from one country to another,
in France the standard is to use MRA [19]. The presented
study was performed on a set of MRA that consists of
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Fig. 1. Overview of the proposed method. From the MRA pre-operative images (a), 3D volumes of vessels (b) are extracted using level set segmentation.
From these volumes, centerlines (c) are extracted using the Vascular Modeling ToolKit then the centerlines are resampled, translated and rotated to describe
iso-centerlines (d). From the global set of extracted iso-centerlines (e), a first set of 6 centerlines (f) is used to compute an SSM using SVD (g) and a
second set of 5 iso-centerlines (h) is used to generate new centerlines (i). These generated centerlines are then projected on the first SSM to get its modes
coeffcients (j). Tests are finally realized (k).

11 patients from an observational study for which the data
were collected retrospectively at Hopital Fondation Adolphe
de Rothschild (Paris, France) from patients who underwent
mechanical thrombectomy procedures. Data collection and
informed consent form were approved by the local ethics
committee. Patients provided written informed consent for
the anonymous processing of their data. These 11 patients
were aged from 46 to 93 years old with a mean of 76 years
old and a standard deviation of 14 years, 8 were female and
3 were male.

B. Segmentation, centerlines extraction and statistical shape
model

Regions of endovascular structures were extracted from
MRA using level set segmentation [20]. They represent
the vasculatures from aortich arch to carotid including the
difficult bifurcation (PBif ) to cross using catheters. From
these regions, centerlines, featuring vessel geometrical prop-
erties such as tortuosity, curvature and torsion (that are
linked to endovascular navigation difficulties), are extracted
as weighted shortest paths lying on medial axes using
the Vascular Modeling ToolKit (VMTK) [20]. Centerlines
are then resampled, translated and rotated to describe iso-
centerlines. The resampling interval is chosen such that there
are 100 equally distributed points between two anatomical
points (the bifurcations PHigh and PBif ) then only points
close to the difficult passage are kept: 30 points below and

10 above PBif (Fig. 2). A translation is applied so that PBif

is at the center of the coordinate system (O,~x, ~y, ~z) and a
rotation of center O around ~z-axis is applied such that the
lowest point of centerline PLow lies in the plane y = 0 (Fig.
3) as described in [18].

Fig. 2. The resampling interval is chosen such that there are 100 points
between PHigh and PBif . Only 40 points close to PBif are kept on
resampled centerlines to describe the iso-centerlines: 30 points below PBif

and 10 above.

The centerline of a patient i is represented by the vector
Li. The vector length is equal to 120 that is three times (3D
coordinates) the number of points of the iso-centerline (40
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Fig. 3. Iso-centerlines from the set of 11 patients from two different
planes. The visualisation in the YZ-plane (a) shows the alignment of the
centerlines at PBif and the visualisation in the XZ-plane (b) shows that
PBif and PLow points lies in the XZ-plane.

points). Using SVD, the matrix composed of the different
vectors Li noted X can be written as:LT

1

...
LT
m

 = X = UΣV T (1)

where columns of V are the principal directions and
columns of UΣ are the principal components (or modes).

The descriptor of iso-centerlines is defined as the vector
containing the second, third, fourth and fifth standardized
modes from the SSM and the distance metric is defined as
the Euclidean distance between these vectors.

C. Data generation

In order to evaluate retrieval performance of closest
iso-centerlines of the proposed method, different classes
of iso-centerlines with similar shapes are required. For
this reason, the 11 iso-centerlines are split into two sets:
the set 1 (6 patients) in order to compute the SSM from
the described method and the set 2 (5 patients) in order
to generate new iso-centerlines for validation. Using one
iso-centerline from set 2, small variations of this centerline
allow to generate new centerlines with a quasi-similar shape.
These generated quasi-similar iso-centerlines form a group.
Using every iso-centerlines from set 2, it allows to generate
5 groups of 5 quasi-similar iso-centerlines and the presence
of five distinguishable groups is visually verified. The
groups formed by generated quasi-similar iso-centerlines
serve as ground truth. The validation consist in assessing
that, given one iso-centerline from one group, the proposed
method will retrieve as the four closest iso-centerlines the
ones from the same group. Two methods of centerlines
generation are used for validation of the proposed method.

a) Method 1: the set 2 of 5 iso-centerlines is used to
generate quasi-similar iso-centerlines using weighted arith-
metic mean (fig. 4). This first method allows to easily
generate new quasi-similar iso-centerlines. Nevertheless, iso-
centerlines generated with similar shapes are also spatially
close.

Fig. 4. Generated centerlines with w1 set to 5, 4, 3 and 2.5: 5 groups of
5 quasi-similar generated CL for each value of w1.

For one iso-centerline i from set 2, another iso-centerline j
from set 2 is randomly selected to compute a new centerline
whose kth point can be written as:

(x
i(j)
k , y

i(j)
k , z

i(j)
k ) =

w1(xik, y
i
k, z

i
k) + w2(xjk, y

j
k, z

j
k)

w1 + w2
(2)

with w1 the weight associated to the centerline i (from set
2) and w2 the weight associated to the another centerline
j (from set 2). This operation is repeated 5 times to get
5 quasi-similar iso-centerlines and is applied to every
iso-centerlines of set 2 to get the 5 groups of 5 quasi-similar
iso-centerlines. The weight w1 is higher than the weight
w2 such that generated iso-centerlines are close to each
other within a group. The value of w2 was set to 1 and
the value of w1 was set to 5, 4, 3 and 2.5 to get generated
groups with different degrees of similarity as shown in fig. 4.

b) Method 2: a set of 5 iso-centerlines (set 2) is used to
generate quasi-similar iso-centerlines using an SSM (fig. 5).
This second method allows to generate iso-centerlines with
similar shapes without being spatially close.

An SSM is computed using the 5 iso-centerlines from
set 2. One iso-centerline from this set is projected on the
SSM to get its modes then each mode coefficient is modified
by randomly (following the uniform law) varying its value
by ± ∆%. This operation is repeated 5 times to get 5
quasi-similar iso-centerlines and is applied to every iso-
centerline of set 2 to get the 5 groups of 5 quasi-similar
iso-centerlines. Centerlines can then be reconstructed using
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Fig. 5. Generated centerlines with ∆ set to 10%, 20%, 30% and 40%: 5
groups of 5 quasi-similar generated CL for each value of ∆.

its modes knowing the principal directions from the SSM.
From one centerline i, the coefficient k of the jth generated
centerline obtention can be written as:

α
i(j)
k = αi

k(1 + δ
i(j)
k ) (3)

with α
i(j)
k the kth mode coefficient of the jth generated

centerline from the ith centerline, αi
k the kth mode coeffi-

cient of the the ith centerline and δ
i(j)
k a random number

generated from uniform distribution in the range [−∆,+∆].
The value of ∆ was set to 10%, 20%, 30% and 40% to
get generated groups with different degrees of similarity as
shown in fig. 5.

III. RESULTS

In this section, results of closest iso-centerlines retrieval
using the proposed method are presented.

Given a set of 25 generated iso-centerlines (5 groups of
5 quasi-similar iso-centerlines generated from set 2), one
iso-centerline from each group is selected and the proposed
distance metric (distance between vectors of modes of the
SSM computed with iso-centerlines from set 1) is used
with each of them to retrieve the four closest iso-centerlines
among the set of 25 iso-centerlines. Given one iso-centerline,
retrieved iso-centerlines from the same group are considered
as correctly retrieved cases. For each value of w1 (first
method of iso-centerlines generation), the presented results
are the average of 10 retrieval test with one randomly
selected iso-centerline for each group. For each value of
∆ (second method of iso-centerlines generation), the results
are the average of 10 retrieval test with 10 different sets of
25 generated iso-centerlines with one randomly selected iso-
centerline for each group. As shown in the Fig. 6 and Fig.7

(one figure per method used to generate new iso-centerlines),
the proposed method gives high percentage of correctly
retrieved cases (> 95%) while the Euclidean distance is only
efficient when iso-centerlines are spatially very close to each
other (high values of w1 and small values of ∆).

Fig. 6. Percentage of retrieved cases from the same group (correctly
classified) using the proposed distance metric (SSM based) compared to
a naive distance metric (Euclidian distance between iso-centerlines) on
centerlines generated with method 1 (from w1 = 5 to w1 = 2.5).

Fig. 7. Percentage of retrieved cases from the same group (correctly
classified) using the proposed distance metric (SSM based) compared to
a naive distance metric (Euclidian distance between iso-centerlines) on
centerlines generated with method 2 (from ∆=10% to ∆=40%).

The results show that the proposed descriptor is able
to retrieve similar endovascular paths represented by iso-
centerlines (from aortich arch to carotide) to a specific one.

IV. CONCLUSION
We proposed a method for endovascular paths comparison

in mechanical thrombectomy. A statistical shape model of
vessel centerline from aortich arch to carotid was computed.
Modes of SSM were used to compare endovascular paths.
Results showed that retrieval of closest cases were correct
in more than 95% of cases. For the purpose of planning,
this could assist physicians to retrieve endovascular paths
from patients already treated to anticipate catheterization
difficulties.

ACKNOWLEDGMENT
This work was partially supported by the French National

Research Agency (ANR) through DEEP project (grant n°
ANR-18-CE19-0027-01) and in the framework of the In-
vestissement d’Avenir Program through Labex CAMI (ANR-
11-LABX-0004).

1768



REFERENCES

[1] Emelia Benjamin, Michael Blaha, Stephanie Chiuve, Mary Cushman,
Sandeep Das, Rajat Deo, Sarah de Ferranti, James Floyd, Myriam
Fornage, Cathleen Gillespie, Carmen Isasi, Monik Jiménez, Lori
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Bourcier, Sébastien Soize, Jérome Berge, Olivier Naggara, Hubert
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