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INTRODUCTION

Endovascular interventions are complex minimally in-
vasive procedures involving precise steering of percuta-
neously inserted catheters and guide-wires through the
vasculature. Fluoroscopy is still the commonly chosen
imaging modality for intra-operative visual guidance, de-
spite the introduction of various image guidance ap-
proaches attempting to mitigate radiation exposure and
facilitate 3D visual feedback. Fluoroscopy is an X-ray
based modality, limited to two-dimensional views of the
imaged scene. Better knowledge on the intra-operative
3D structure of blood vessels would thus be highly ad-
vantageous, potentially contributing to a decrease in the
complexity of endovascular interventions [1].

The SCEM framework has been proposed to fuse In-
travascular Ultrasound (IVUS) imaging and Electromag-
netic (EM) pose sensing for intra-operative vessel recon-
struction. Yet, this approach still relies on pre-operative
data [2], [3]. A previous work [4] proposed to construct
a real-time intra-operative 3D local approximation of the
main vessel (MV) geometry around the catheter tip. IVUS
imaging and EM pose sensing were used together with an
Unscented Kalman Filter (UKF) to estimate the best fitting
local cylinder. This information could be used to robustly
steer the catheter tip towards the lumen’s center.

In this work, an approach to reconstruct the entire 3D
vessel based only on IVUS and EM sensing is intro-
duced. The 3D local cylinder model from [4] is used
as basic input to generate a local reconstruction. Global
reconstruction is then achieved by merging multiple local
reconstructed meshes. The proposed strategy is evaluated
in a simulation environment with synthetic IVUS and EM
data.

MATERIALS AND METHODS

The proposed 3D vessel reconstruction strategy iterates
over three main phases, as illustrated in Fig. 1: i) defining
a local primitive shape from the estimated 3D MV cylinder
model, ii) mapping the primitive shape vertices to a point
cloud of IVUS measurements around the cylinder model,
and iii) merging the (mapped) local reconstructed mesh to
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Fig. 1: Illustration of the main vessel cylinder model (green) and
the reconstructed global mesh (dark red). The proposed method
is based on a local primitive shape created from a 3D main vessel
model estimated recursively and it only further depends on IVUS
and EM data.

the global mesh reconstructed from the previous iterations.

Local primitive shape: The primitive shape is created
as a lateral surface mesh of the MV local cylinder with
two triangular elements per cylinder slice sector. The user
defines the number of sectors 𝑀 and slices 𝑁 per primitive
cylinder shape. A slice sector is thus characterized by two
variables: a radial angle 𝜃 = 2𝜋/M and a slice height 𝑠 = h/N.
The term ℎ is the (fixed) height of the local cylinder model,
as described in [4].
Primitive shape mapping: Once created, the local primi-
tive shape is mapped to the IVUS measurements point cloud
surrounding the lumen model, following 10 steps (Fig. 2):

1) generation of a 3D grid in the local coordinate
frame {𝑐𝑦𝑙} of the cylinder model using 𝜃 as the radial
discretization parameter and 𝑠 for axial slicing;

2) transformation of the IVUS measurement point cloud
to the current cylinder model frame {𝑐𝑦𝑙};

3) assignment of each IVUS measurement to the corre-
sponding grid cell based on its cylindrical coordinates;

4) computation of the average Euclidean distances be-
tween each triangular element of the primitive shape
and the relevant IVUS points: the fitting distances;

5) removal of IVUS measurement outliers if their fitting
distances are not within the distribution minimum and
maximum;

6) re-computation of the average fitting distances per
triangular element;

7) setting the travel distance of triangular elements with
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Fig. 2: Workflow of the proposed local-to-global 3D vessel reconstruction strategy (inside black box) with only IVUS contours (in red),
EM poses and 3D local cylinders (in green) as inputs. Local and global reconstruction illustrations are shown in light blue and dark
blue, respectively. Note that, for simplicity, reconstruction results are depicted as cylinders.

no associated IVUS points as the average fitting
distances of the adjacent triangles;

8) computation of primitive shape vertex displacements
𝑑 by averaging the fitting distances of the adjacent
triangles;

9) translation of each vertex of the local cylinder mesh
by 𝑑 along its radial direction;

10) repeat steps 3 to 8 until the mean distance between the
IVUS point cloud and the morphed cylinder falls below
a user-defined threshold or the number of iterations is
higher than a pre-defined maximum value.

The output of the aforementioned sequence is the local
MV reconstruction mesh L𝑁 .
Global reconstruction: The global 3D lumen reconstruc-
tion mesh is recursively built up by merging the locally
reconstructed cylinder mesh L𝑁 with the (global mesh)
result of the previous iterations G𝑁−1:

G𝑁 = (G𝑁−1 ∩ L𝑁 ) ∪ L𝑁 (1)

where (G𝑁−1 ∩ L𝑁 ) removes any overlapping slices of the
past global and the current local reconstruction results.

EXPERIMENTS AND RESULTS
An experiment was carried out in a simulation environ-

ment in which a virtual catheter was advanced inside a
patient-specific aortic model along its arch (Fig. 1). This
model was derived from segmented CT scans of a patient’s
aorta (with a radius of approximately 16 mm).

During catheter navigation, synthetic IVUS and EM mea-
surements were generated. For more realistic conditions,
zero mean Gaussian noise with a standard deviation of
0.3 mm and 0.5◦ was added to the translation and rotation
components of the catheter EM data. Similarly, zero mean
Gaussian noise with a standard deviation of 1 mm was added
to the IVUS data. The IVUS probe, the EM sensor and the
catheter tip were assumed to be aligned by construction.
From these, a 3D cylinder model representing the local
lumen geometry was recursively estimated [4]. The IVUS,
EM and 3D cylinder model data were then used as the inputs
of the proposed lumen reconstruction approach.

The algorithm performance was evaluated by computing
the fitting errors between the reconstructed and ground-
truth meshes at each simulation step. These errors corre-
spond to the distance between the vertices of the recon-
structed and the ground-truth vessel meshes. The errors
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Fig. 3: Fitting errors (values in colorbars) representations and
distributions of the patient-specific aortic model reconstruction.

distribution and the fitting errors colormap for the entire
simulation length, including the median and interquartile
range (IQR) values, are shown in Fig. 3. Overall, a median
of 0.40 mm and an IQR of 0.11 mm were obtained. The
processing time for one iteration was about 27 ms.

DISCUSSION AND CONCLUSIONS
The proposed method aims at achieving reliable 3D

vessel reconstruction from only IVUS and EM data. The
obtained low median (0.40 mm) and IQR (0.11 mm) in Fig. 3
demonstrate the potential for achieving a zero-radiation
global 3D lumen reconstruction which can be used for
endovascular navigation and does not depend on a pre-
operative geometry. Future work is planned to validate
the proposed algorithm in vitro with real IVUS and EM
data, and in more realistic clinical conditions to mimic
physiological processes.
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