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The importance of experimental models
in interventional cardiology. An illustration
in coronary bifurcation stenting

Francois Derimay"?, Gilles Rioufol"?, Gérard Finet"?

"Department of Interventional Cardiology, Cardiovascular Hospital, Hospices Civils de Lyon, France
’INSERM U1060, CarMeN Laboratory, Université de Lyon, Groupement Hospitalier Est, Bron, France

This editorial

lﬁ accompanies the
article on page 899

“All models are wrong,
but some are useful.”

[George Box (1919-2013),
“Robustness in the Strategy of
Scientific Model Building”,

in Robustness in Statistics (1979)] #L&

Following Vassilev et al. [1], experimental
models are increasingly advocated to assess ex-
pected mechanical benefit when developing new
techniques in interventional cardiology. This ex-
perimental and clinical study reports an innova-
tive technique of percutaneous management of
coronary bifurcations, proximal optimization with
kissing balloon inflation (POKI): a hybrid strategy
of proximal optimization technique (POT) and kiss-
ing balloon inflation (KBI). It was designed to take
into account the various specificities of bifurcations
and notably their fractal geometry, deriving from
the law of conservation of flow, which underlies
a significant difference between up- and down-
-stream main vessel diameter [2]. The preliminary
angiographic results for POKI seemed favorable.
The research strategy, moving from theoretical
concept to experimental validation, exemplifies
scientific method.

In coronary bifurcations, experimental models
to address the clinical issue of bifurcation manage-

ment were introduced in the 1990s. Ormiston et
al. [3] reported the first rudimentary bench model
analyzing the mechanical consequences of stent
post-dilatation in a bifurcation. Subsequently, the
interplay of in-vitro and in-vivo studies greatly
enhanced knowledge of the anatomic specificities
of bifurcations and percutaneous treatment. Bench
tests clearly showed the mechanical benefit of the
POT sequence [4], first proposed intuitively by
Darremont and previously assessed only visually
in angiography. POT enables perfect global stent
apposition while limiting the metal obstruction in
the side-branch ostium [4]. POT thus became the
cornerstone of percutaneous bifurcation manage-
ment, whether complex or not. Likewise, a numeric
simulation demonstrated the mechanical benefit
of rewiring toward the side branch via the most
distal cell: i) balloon opening of the side-branch
ostium struts while limiting metal obstruction in
the carina, and 1ii) covering the pro-atheromatous
zone lateral to the ostium [5]. In the other direc-
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tion, experimental models enriched clinical find-
ings such as coronary imaging quantification and
characterization of the fractal nature of epicardial
coronary bifurcations, determining the relative di-
ameters of the 3 vessels [2], which is fundamental
to the design of coronary bifurcation bench tests.

Although experimental studies, both bench
tests and numerical simulations, have clearly
improved management of coronary bifurcations,
implementation of models that fail to respect
bifurcation physiology can mask the mechanical
consequences of certain techniques. Thus, the clas-
sical KBI, which was long the sole percutaneous
technique for bifurcations, never actually showed
any clinical benefit in provisional stenting [6]. KBI
can reduce side-branch restenosis, but at the cost
of increased proximal mother-vessel restenosis [6].
This clinically adverse outcome could have been
expected: proximal juxtaposition of the balloons
in KBI obviously incurs a mechanical risk, with
40% overstretch [4]. The bench model initially
used to validate KBI [3] by no means matched
coronary physiology: it was in plexiglass, which
greatly differs from the biomechanical properties
of even the most pathological coronary arter-
ies, with a Young’s modulus of 3,100 10* kPa vs.
500 kPa for a normal artery or 1,500 kPa for a fibrous
artery. Moreover, the models did not respect the
fractal geometry of bifurcations, but had identical
proximal and distal main vessel diameters. Thus,
no observation or quantification of any deformation,
malapposition or overstretch was possible. In con-
trast, using a model closer to actual physiology [4],
although still imperfect, could have unraveled the
drawbacks of KBI and its disappointing clinical
results could have been partially anticipated [6]:
while KBI does limit side-branch metal obstruc-
tion, balloon juxtapositioning leads both to > 30%
elliptic overstretch [4], inducing restenosis [7], and
to proximal stent malappositioning [4]. This nega-
tive mechanical effect was subsequently confirmed
in-vivo on intracoronary imaging [8].

Bench tests and numerical models seek to
mimic the anatomic and functional reality of coro-
nary bifurcations. The quality of the design is
thus essential in order to optimally approximate
the real-life physiological data before attempting
any clinical translation. In the case of coronary
bifurcations, recommendations summarizing the
basic points are needed before setting up an ex-
perimental model [9]. Respecting fractal geometry
and the distributive properties of bifurcations with

a model close to real arterial physiology is now
indispensable. Likewise, our quantification tools
have to be carefully chosen, with resolution 5 to 10
times greater than the parameter to be measured.
Presently, it is OCT, with a resolution of 13 um,
which best meets this metrological requirement
[10]. Coronary angiography, with an image based
on projection and summation and a resolution of
180 um, is insufficiently precise and gives am-
biguous images. Exploration of the novel POKI
technique in a model closer to physiological reality
should be undertaken before moving on to large-
scale clinical study.

What is needed, is to proceed rigorously and
methodically with the requirement that any new the-
oretical concept should first undergo experimental
validation on bench test and/or numerical simulation
before being implemented on a large-scale clinical
registry or in randomized controlled trials.
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