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Abstract However, this imaging modality has severe
Treatment of coronary lesions by percutaneous shortcomings that are partially dependent on the
transluminal angioplasty is performed from 2D imaged vascular system. Indeed, besides the fact
observations acquired according to an optimal view, angiography exposes patient to radiation and exploits
i.e. a point of view showing the segment including an iodinated contrast agent to opacify the vessel
the stenosis in its most extended and unobstructedlumen, it also produces 2D images that may
dimension over a given perimeter around the lesion misrepresent the true anatomic characteristics of the
In clinical routine, the research of this view vessel lumen. Thus image interpretation is impaired
generally involves a large number of acquisitions by the effect of vessel foreshortening and overlap
with repeated injections of contrast agent. In this and requires some experience from the medical
paper, we present an automatic method to determinepractitioner. This phenomenon can lead to erroneous
this optimal view. We consider that a dynamic assessment of lesion characteristics (stenosis severity
sequence of 3D coronary tree is available either underestimation, inaccurate  lesion  length
from pre-segmented CT data or by reconstruction of measurement), hence the choice of an inappropriate
the 3D coronary trefrom the projections acquired stent. To overcome tBe difficulties, physicians

at each phase of the cardiac leydVe proceed by  multiply the incidence to find the optimal views
volume projection ito the detector plane in all ~ which will show the lesion clearly while minimizing
possible gantry orientations. The optimal viewing vessel overlap and foreshortening of vessel segments
angle is the one that minimizes the degree of in areas of interest. We are interested the
segment foreshortening and overlap with adjacent rotational X-ray angiography, which applies a 180

segments in projection space. degree rotation around the patient to acquire a
sequence of 80 to 150 projections in the space of 4 to
Keys word 5 heartbeats and during a single injection of contrast

Rotational X-ray Angiography, Percutaneous However, this new technique requires the
Transluminal Coronary Angiop|asty1 Opt|ma| View, development of tools to assist the C&rlelOngt durlng

3D Coronary Tree the diagnostic stage but also during interventional
coronary procedures so as to minimize imaging
1. INTRODUCTION inaccuracy related to the 2D nature of the

observations, and increase the precision and safety of
the interventional gesture. These tools relate to:

the 3D reconstruction of the coronary tree,

the characterization of the lesion,

~ its spatial and temporal resolutions are higher ~ the determination of the optimal view, .
than those of other imaging systems (CTA and ~ the guidance of a catheter in a dynamic
MRA for instance), environment. : :

_ Only Angiography is capable of image In this paper,we focus on the third point: the

guidance during percutaneous revascularization INtérvention is always performed under X-ray
procedures observation according to an optimal view. This view

minimizes the degree of foreshortening of the

X-ray angiography plays a prominent role in the
treatment of cardiovascular diseases [1]. Two
reasons can be stated: -



segment of interest (the one that contains the CT or MRA data[2-3] or by reconstruction of the
stenosis to be treated) and its overlap with adjacent 3D coronary tredrom the projections acquired at
segments. We propose herein, a method to each phase of the cardiac cycle [4-8] and proceed
automatically calculate i optimal view by taking along the following stages to compute the optimum
into account the dynamic component of the coronary angular position of the C-arm:

structure. - interactive selection of the vascular segment of
interest in the 3D+T space,
2. MATERIALS - spatio-temporal matching of vascular branches

over the 3D+T sequence (see section 3.2.),

The imaging apparatus consists of an X-ray source ~ Simulation of volume projection in a given 2D
and a flat panel detector at opposite ends of the C- plan and in a clinically relevant gantry

arm gantry (Figure )1 This C-arm machine rotates orientation, _

around the patient. Parameters defining the C-arm - computation of the foreshortening degree for the

geometry are: segment of interest and its overlapping rate with

- the primary angle 6 which represents a rotation adjacent segments, for each relevant gantry
of the Carm along an arc from patient’s left to orientation and cardiac phase (see section 3-3_-),
right sides (from Left Anterior Oblic (LAO) to ~ — selection of the best angles and result displaying
Right Anterior Oblic (RAO) view), for validation by the cardiologist (see section

- the secondary anglep, which describes a 3.3.3and 4).

rotation of the gantry along an arc from the

patient’s head to feet (Cranio (CRAN)- Caudal /K,}\’ /L_,& > .
(CAUD)), > G, n 5 E
Ny S,

- the distance of the source to the isocenter R h el T4

(Source to Object Distance (SOD)), , F
- the source to detector distance (Source to Image /K«)\ p ¥ H /\(:
Distance (SID)). I s by VB4 e ka \L\tg

rmm Figure 2: 3D coronary tree at different phade®f the cardiac
cycle [2].

detector

3.1.Notations

isocenter

Let T the duration of a cardiac cycle aid the

, X number of phases (or instants of the cardiac cycle).
i \( Each volume of the dynamic sequence is associated
Y with a phasé of the cardiac cyclék € [1,K]). For
Figure 1: rotational system acquisition [1] each phaskg, the 3D coronary tree is represented by
a set of segment§, with ¢ € [1,Q], Q being the
number of vascular segments (a segment being
delimited by two bifurcation points or a bifurcation

acquisition system and with respect to the patent point and an endpoint). The set of segments form a

H k
position. We perform a cone beam projection and 9raph and for each S_egmé*é‘t a centerlindg and a
only the coordinates of the projected points, vqumqu" are associated. A centerline is composed

belonging either to the centerline of the vessel of of N points andl{q‘,n is related to the location of the
interest or the 3D mesh of the coronary tree, are usedp™ point on the centerlinl#f,, with n € [1, N].
to determine the projection matrix.

The research of the best view is carried out by
simulating the 2D projections of the 3D coronary
tree for all pairs of angle®), ¢) compatible with the

3.2.Spatio-temporal matchin
3. METHODS Sp P g

The motion of the heart is non-linear and generates

We consider that a dynamic sequence of 3D gignificant distortion of the coronary arteries. The
coronary tree is available eithigom pre-segmented matching aims at locating the position of the



selected segment (the one of interest) in each et al. consider the case of the bifurcation where

volume. This information is then exploited in the
research of the best view in order to ensuretthiat
view remains optimal over time and cardiac motion.
To perform this matching, we apply the Dynamic
Time Warping (DTW) which makes use df
dynamic programming algorithm to evaluate the
degree of similarity between two sequences of
points (of any length) [9]A sequence is given by

lesions often locate, for which the optimal view has
also to provide an optimal angular spacing between
vascular segments attached to the bifurcation point
This optimal viewing angle is calculated based on the
minimization of foreshortening and vessel overlap

This work is close to Bi and Garc¢saworks [10-11].
Two criteria are considered. The first one relates to
the degree of foreshortening & 3D vascular

the central axis point location of a vascular segment segment after projection tmthe 2D plane. The
SZI‘. The matching score between two sequences of second one expresses the amount of vascular

points L% and LY’ is obtained by the measure of all
pairwise distances between points If, and L3,
and the distance matrix computation.Oist (n,m)
defines the pairwise distance between int
I& , and I, of each sequence, then the pairing cost
at location(n,m)of the matrix D, ,, is given by :

Dg,p(n,m) = Dist (n,m) +
min ( Dpq(n-1, m), B 4(n,m-1), B 4(n-1,m-1) )(1)

with D, ,,(1,1) =0 and D, ,(n,m) = +oo
andn € [1,N] and m € [1, M]

The best match between the two sequeligdlen
obtained by finding the least cost path through the
distance matrix when applying a backtracking
process fronD, ,, (N, M) to D ,, (1,1).

The search for the segment of inter&§t(selected

in a volumeV *) over time (i.e. in the other volumes)
is performed by considering a set of centerlib(gs

located in a close neighborhood of the line segment

of interestL¥, in each of the other volumes. The

pairing, associated with the minimal distance score
D,,(N,M), defines the segments to retain in the
considered volume

3.3. Criteria for the sdection of the

optimal view

segment that overlap with the segment of interest in
2D space. These parameters are computed for each
volume of the dynamic sequence and for each
clinically relevant gantry orientation. They are then
combined to buildanoptimal view map.

3.3.1. Rate of foreshortening

The rate of foreshorteningfor a given segment is
computed from the centerlineBor a given gantry
orientation (6, ¢), this rate is given by the ratio
between the length of tt#D centerline generated by
the forward projection of the 3D centerlib onto

the detector plane and the maximum length of this
2D line computed for all the directions of
projections.

f(6005,L)
_ Zrl\l’=1 <P9i.(l’j (l](;,n) - Pai:‘ﬂj (llt;,n—l)>
max YN_; <P9.<p (l';,n) — Py (lg,n—1)

(2)
)

Pgi,(pj is the forward projection of the centerline
according the pair of angl€s;, ¢;).

3.3.2. Rateof overlap

The overlapping rat@ between the projection of the
selected segment;and the other part of the

Only a few methods have been proposed in the coronary treeVZ is computed by considering the

literature to determine automatically this optimal
view [10-12]. Garcia et al. [10] determine optimal
viewing regions in a static case by considering
vascular segments only. In [11], a patient-
independent acquisition trajectory is computed to
minimize vessel foreshortening and overlap for
multiple coronary vessel segments. In [12], Kitslaar

superimposition othese two surfaces, represented
by triangular meshes (using Delaunay triangulation).
It is given by dividing the sum of the triangle areas
that intersect in the two meshes, by the total area of
the selected segment mesh:



0 (9_’(p.,Vk) maximum number of resulting optimal views to be
v _k displayed for checking by the cardiologisthe
N (A [Pgi,(pj (Vq")] A [Pei,rp, (Vq )]) angular resolution is°1

3)
A [Pgw’,- (qu)]

A represents the area of the projection of a segment.

3.3.3. Selection of optimal view

The determination of the optimal view map is
performed by combining the two above criteria. The Phase n (in percent: (n-1)x20)
rate of foreshortening is first computed for all oy 1
considered pairs of angl€®, ¢) and each cardiac
phasek. Thus for each couple of angles, we o0 Figure 3 : Input data: superposition of extracted central
the median value over the computédrates of  °f vascular bra”Cigejisglg;ézeisi‘?gﬁpecg' The volume se
foreshortening and applied a threshadlnl select '

gantry orientations for which the median rate is

lower than 10%. The overlapping rate is afterward /A«‘,_h A g Ml Mea
calculated for each cardiac phase and for each ./ Y ( K-/ il | f i
retained orientation. A threshold is again applied to N I g m U e T o
only keep the pairs of angle whose median rate y A
- / i L Fher
(extracted over th& phases) is lower than 20%. We (-" K{ /\ A Kﬁ ( \‘4\?}1 /k‘?\
finally compute the average of the foreshortening P, Th o P " i B & ‘-"\z\_, .
~ 5 ~ = 3 9

and overlap values for the set of retained Figure 4: Matching of a vascular segment of interest (green) at

orientations. ‘The optjmal view _is‘ given by the pair the t phase with other phases of the 3D left coronary
of angles which provides the minélrmean value of centerlines (in red, the result of the matching between the
the two criteria. segment at phasgand all the vascular segments at the other

phases of the cardiac cycle).

4. RESULTS Clinically relevant gantry orientations range from
) ) . 90° LAO to 90° RAO for the primary angle and
We evaluated the algorlthm_ using a dynamlc from 30° CRAN to 30°CAUD for the secondary
sequence of 10 volumes acquired on a 64-slice GE gpgje. |n addition, the ratio between SID and SOD is
LightSpeed CT coronary angiography system. For yseq to compute the matrix of projection. Three
each volume, central axis for each main vascular co|or coded map are built (Foreshortening, Overlap
branch was preliminary extracted and the local radii gpq Optimal View maps) where each npixel
estimated by using a geometrical moment-based rgpresents a coefficient between 0 and 100 for a
tracking scheme (Figures 23t[2-3]. projection and a given gantry orientation

) ] ) (LAO/RAOQO defining the y-axis and CRAN/CAUD
A program with a graphical user interface (GUI) efining the x-axis in the chart) (Figure 5). In each
allows the user to load these data, i.e. the 3D mah the dark line delineates the suiaiojection
coronary tree at _d|fferent times _of th_e cardiac cycle grientations according to applied criteritn the
and their centerlines. The cardiologist can observe Optimal View Map (Figure 5c), the region in dark
each volume over the sequence and then pye color and delimited by a dark line, is associated
interactively select the vascular segment of interest. \yith a score lower than 6%. It gathers, in that
The matching process allows finding this segment in example, 127 gantry orientations. Figure 6 displays

the other volumes (the resul displayed in red 1o optimal view over the dynamic sequence i.e.
color on the 3D trees in Figure 4 for the selected \yhen considering the cardiac motion.

segment and the considered sequence). The angular
range (primary and secondary anyjisthen set, for
the computation of the optimal viewas the
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Figure 5: a) Foreshortening map: median value of the
foreshortening rate over time according to the secondary and
primary angles. b) Overlap map. c) Optimal view map: The
dark lines indicate the boundaries of the region that contains
suitable projection orientation. The score is given between 0

and 50%.

Figure 6 Projection of the 3D coronary tree according to the
optimal gantry orientationd, ¢) = (-87°, 27°) when the selected
segment is the one in red caldedian rate of foreshortening =

0.6%, Median rate of overlap = 1%6

5. DISCUSSION - CONCLUSION

The proposed algorithm is used to calculate a set of
optimal views taking into account the dynamic
component of the coronary structure. This is an
automatic process that only requires two parameters:
the angular range for both primary and secondary
argles of the C-arm and the number of optimal
views to be proposed to the cardiologist. This article
presents here preliminary results. Under progress
work aims to improve the temporal tracking of
vascular branches over time by considering multi-
parametric criteria for the cost function (intensity,
curvature, etc.). Another aspect of this work relates
to the bifurcation lesions which are associated with a
high risk of procedural complications. The objective
is to determine the view providing both the least
amount of foreshortening and vessel overlap and
high angular spacing between vascular segments
running to the bifurcation (80° to 90°). An extensive
evaluation will be also realized in collaboration with
the interventional cardiologist to evaluate the
contribution of this process in the revascularization
procedure.
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