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Abstract

In this review we present the modern tendencies in the field of the tissue-engineered implants for pediatric cardiac surgery.

Introduction

Currently, two approaches to create the tissue-engineered
cardiovascular implants (CVI) exist-growing in the bioreactor by
filling the bioresorbable polymer scaffold with auto-or alloCells,
and implantation of the bioresorbable scaffold. Both of them
consist of similar logical sequence:

[. The creation of bioresorbable scaffold (the method of
electro spinning is usually used).

I1. Cellular filling of the scaffold.

II1. Structural self-organization under the
influence of external and internal conditions into a viable
graft similar to the replaced element in anatomical and
functional respect.

The first approach is attractive for the possibility of
obtaining a fully formed, ready-made transplant with a close
to natural microarchitecture. The following conditions are
necessary: a sufficiently high rate of resorption of the scaffold
with simultaneous structural self-organization of the tissue
and the acquisition of anatomical and functional characteristics
identical to the replaced element. However, it is currently
unsuitable for widespread use in clinical settings due to
significant technological difficulties, short storage times for
such transplants, and a number of side effects that may occur
when using an alloCell resource. To focus on the autologous cell
resource in daily clinical practice is impossible. That is why the
work in this direction never came out outside of the experiment.
Therefore, in modern conditions, the potential for realizing
the direction associated with the creation of implantable,

bioresorbable in situ scaffolds is much higher. This approach
provides the technological and standardization required in any
production, including biotechnology. Ready-made scaffolds can
be stored sterile for a sufficiently long period, which is very
important for clinical practice. An important aspect is also that
in this approach only the autocells are always used to “grow” an
organ or tissue in situ [1].

The development of tissue engineering: from

experiment to practice

Thefirsttissue-engineered construction-apolycaprolactone/
polyglycolic acid scaffold seeded with autologic vein cells - was
implanted in pulmonary artery position to a human in 1999
by Shinoka [2]. The program of clinical implication of tissue-
engineered right-sided conduits for congenital heart diseases
repair was introduced in Nationwide Children’s Hospital
(Columbus, OH) in the USA in 2011. Studies, which have been
performed under the tissue-engineering program supervised
by Shinoka & Breuer [2,3] allow to identify some consistent
patterns determining modern trends of cardiovascular tissue-
engineering development [3].

On the one hand, it has been proven that implanted
polymeric scaffolds are replaced by a living, self-renewing tissue,
and therefore have a growth potential, which is important for
pediatric cardiac surgery. On the other hand, it was revealed that
cells filling the scaffold in vitro before the implantation, leave
it during the first days after their persistence in the recipient,
and the main cellular filling is performed at the expense of
cells which penetrate the scaffold from the blood flow. The
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inflammation reaction and the specific signaling, accompanying
it, play an important role in this case [3].

In this connection an alternative approach of the creation
of tissue-engineered construction has been intensified. It
is to change the surface of the scaffolds (so-called “scaffold
functionalization”) providing a cellular filling of the scaffold in
situ. This approach allows to avoid the traumatic procedure of
obtaining autogenic cellular material, and also the cell culturing
in vitro - the expensive procedure carrying a large number
of risks. The conception of functionalization is based on the
creation of conditions for adhesion of cells from the blood flow to
the scaffold, emphasizing endothelial cells and their precursors.
According to researchers’ opinion, such adhesion has to be
provided by antibodies (for example, anti-CD34 or anti-CD133),
derivatives of fibronectin (RGD- and REDV-peptides), laminin
(YIGRS-peptide), heparin or growth factors (VEGF, TGF, etc.) [4].

But all these molecules, except antibodies, do not have
any selectivity and might attract different types of other
cells to the scaffold, moreover it is impossible to forecast a
further differentiation of these cells. Thus, a differentiation
of endothelial cells to mesenchymal was obtained while
using TGFb1 [5], when SDFla was used-the precursors of
smooth muscle cells fill the scaffold [6]. Even in case of using
of seemed to be selective anti-CD34 antibodies, a massive
neointimal hyperplasia was obtained as complication. In vivo
cell seeding with anti-CD34 antibodies successfully accelerates
endothelialization, but stimulates intimal hyperplasia in

porcine arteriovenous expanded polytetrafluoroethylene
grafts [7]. Currently, one of the most effective approach is the
functionalization of scaffolds with RGD-peptide which allows to
enhance reendothelization in situ by recruiting of EPC [8]. Based
on this method, Xeltis company (Switzerland-Netherlands) has
created non-valved cavopulmonary conduit, first implantation
of which was performed in 2013 “A.N. Bakoulev Scientific Center

for Cardiovascular Surgery” [9].

Nowadays, first clinical implantations of valved conduits
have been already performed, and preclinical testing of valves for
aortic implantation has been started. The company characterizes
the last product as more complex due to the implanted scaffold
must withstand high hemodynamic loads at the stage of
resorption and cellular filling. An important innovative direction
of the Netherland’s department of company is the development
of tissue-engineered transcatheter implant for pulmonary valve
replacement named Life Valve [10]. Xeltis Company has achieved
such significant success by the virtue of the cooperation with
two large European universities - University of Technology
(Eindhoven, The Netherlands) and University Zirich, (Ziirich,
Switzerland), where extensive tissue-engineering programs are
carried out, and also with leading surgeons in Switzerland and
Germany.

Analysis of the evolutionary development of the problem
shows that further progress in the tissue-engineering will

be related to the translational researches which use the last
achievements of chemistry of polymers and molecular biology.
For example, the original study of Chinese researchers, published
in 2015, have not received an impression in world literature
yet, justifies the possibility of RNA aptamers using for selective
homing of CD133+ endotheliocytes precursors on the tissue-
engineered matrix [11]. Searching for polymers is directed to the
synthesis of supramolecular compounds providing a controlled
resorption, customized porosity in each layer of construction
with the perspective to the formation of similar natural tissue
layers, and mimicry of the biochemical properties of replaced
tissue [12].

At the present stage of the development of this branch
of science, a great interest is the study of the possibility of
combining advantages of regenerative technologies and
minimally-invasive transcatheter implantation of CVS elements.
This approach has been intensively developed in recent years,
as evidenced by the publication of the previously mentioned
combined group of researchers from universities of Zurich and
Eindhoven [13,14], and also researchers from Munich’s Ludwig
Maximilians University and Technical University [15], and
University of Aachen [16].

Conclusion

Future development of the tissue engineering, regardless of
the chosen direction, is not possible, until the following problems
have to be solved:

A.  Selection from awiderange ofalready existing polymers
or synthesis of new polymers to create the scaffolds that meet
the following characteristics: biocompatibility; the predicted
rate of resorption, not associated with the individual
variability of the recipient environment and providing an
optimal time balance “polymer resorption - cellular filling
and tissue self-organization”; adequate elastic-strength
properties and porosity of the implant throughout the entire
period of cellular filling and remodeling;

B. Improvement of the electrospinning devices and
methods, which allow fine-tuning the nanostructure of
different scaffold layers and obtaining the scaffolds of
complex shape (for example, heart valves, valved conduits,
fragments of the valved venous wall);

C. Search for optimal cellular attractants for selective
filling of the different scaffold layers by cells with the aim
of obtaining the tissue-engineered structure, that is similar
to natural, providing controlled differentiation of cells and
increasing cell mass to form adequate tissue structure de
novo.
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