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ABSTRACT

Vulnerable coronary plaques are associated with a significant risk for rupture, and the abil-
ity to detect their characteristic features is of extreme importance, as timely detection of
rupture-prone plaques could lead to the appropriate initiation of adequate therapeutic mea-
sures and prevent the evolution to an acute coronary event. The most common features of
vulnerability in coronary plaques are represented by the presence of low density atheroma,
a thin fibrous cap, spotty calcifications, and positive remodeling. However, there is still a
huge amount of information to be learned about the role of local forces, represented by
the shear stress, on the plaque vulnerability. This clinical update aims to present the most
recent advances in the field of knowledge regarding the relation between shear stress and
plague vulnerability, starting from the hypothesis that shear stress significantly correlates
with the CT features of plaque vulnerability and can represent a new marker of vulnerability
in coronary artery plaques.
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Recently, noninvasive diagnostic methods, especially the computed tomography
(CT) angiography, have received an increasingly important role in the preven-
tion of cardiac diseases. The role of CT is even more crucial in the determination
of CT-based plaque-vulnerability factors. The most important CT vulnerability
markers at this time are the volume of low density atheroma, the plaque burden,
the thin fibrous cap, and the positive remodeling.!-*

So the main question today remains: is it possible to define a new vulnerabil-
ity marker based on the CT images, and, more importantly, would it be possible
for shear stress to become that new vulnerability marker?

It is known that shear stress plays an important role in the development of
atherosclerosis,>-7 through complex processes that are more and more better
known with the help of computer fluid dynamics.8-12

There were also several successful attempts of finding the correlation between
shear stress and other vulnerability factors, defined by the use of invasive imag-
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ing devices, such as optical coherence tomography (OCT),
intravascular ultrasound (IVUS), and angiography.!3-16

However, to our best knowledge, no study has demon-
strated so far a correlation between CT reconstruction-
based shear stress values and plaque vulnerability.

SHEAR STRESS DETERMINATION USING
COMPUTATIONAL MODELING

After the visual assessment, which represents the basis
of the classification, the first step is the CT image-based
plaque analysis, resulting in determination of the percent-
age of the different plaque components, which can be:
dense calcium, fibrous, fibrous fatty, necrotic core volume,
and undefined volume.

The next step is the 3D reconstruction, based on the
data provided by the post-processing software (the di-
ameter values of the manually selected vascular segment,
which, besides the lesion itself, also included a few cm of
the proximal and distal parts), being mainly limited on the
affected region of the coronary artery, which represents
one of the main limitations of this technique.!718

Another limitation of the technique is that it is based on
a less realistic approach of the reconstruction of only part
of the affected coronary artery (basically, circle-shaped
forms put on top of each other), thus the fluid dynamics
simulation being also less realistic.

SHEAR STRESS AND PLAQUE VULNERABILITY

It has been demonstrated that vulnerable plaques are as-
sociated with a lower shear stress at the site of the le-
sion, a high shear stress being considered rather a pro-
tective factor against plaque development. However,
plaque rupture occurs at the site of the plaque which
exhibits an increased shear stress. This proves that high
shear stress acting on the thin fibrous cap of the vulner-
able plaque could determine the rupture of the plaque
at this level. Therefore, a careful interpretation of data
related to shear stress should take into consideration not
only the value of shear stress, but also the location of its
action. Vulnerability markers easily identified with the
help of current imaging techniques include the presence
of a necrotic core or a low density atheroma, positive
remodeling (which actually results from exposure and
adaptation to modifications of the shear stress and pari-
etal stress acting at the site of the plaque), the presence
of spotty calcifications, and the plaque volume or plaque
burden. All these features have been proved to be associ-
ated with modifications in shear stress; however, the ex-
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act interrelation between them has not been elucidated
so far. It is not clear in this moment if a decreased shear
stress leads directly to an increased expression of local
vulnerability markers, or both of them are the result of
an exacerbation of systemic inflammation in a vulner-
able patient.

Limitations of the computational determination of
shear stress

The most important limitation of this technique is
represented by the reconstruction method. A more real-
istic approach — the 3D reconstruction of the coronary
artery tree — would most probably give better shear
stress results, especially proximally from the plaque, the
fluid dynamics simulation also being more accurate in
that case.

The other setback is that, generally, in the case of hemo-
dynamic simulations, the blood is considered a Newtonian
fluid, which is, obviously, not the case in reality. Being a
non-Newtonian fluid also implies that its viscosity values
are affected by a number of different factors, such as blood
flow velocity and the hematocrit value, which are not in-
cluded in the simulation.

On the other hand, when the reconstruction is limited
to the plaque-affected region of the artery, it is obvious
that the proximal values of the shear stress are less reliable;
however, the distal values are more suggestive and signifi-
cant. A 3D reconstruction method would significantly im-
prove the reliability of this technique for shear stress cal-
culation.

FUTURE DEVELOPMENTS OF
COMPUTATIONAL FLUID DYNAMICS
FOR SHEAR STRESS ASSESSMENT

The next step for advancing this technique is planned to
be the more realistic 3D reconstruction of the coronary
tree, which will enable a better approximation of the shear
stress values along the plaque, and also proximally and dis-
tally from it. In our team, we will also try to use the vis-
cosity-modifying factors in the hemodynamic simulations,
most importantly the hematocrit value and the blood flow
velocity.

Another further development could be the fusion of
CT images with other images (angiography, OCT, IVUS),
which would allow a more accurate reconstruction of the
coronary tree.
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