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Feasibility of In-body Tissue Architecture (IBTA) in Pediatric Cardiovascular
Surgery: Development of Regenerative Autologous Tissues with Growth Potential
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In-body tissue architecture (IBTA), based on an encapsulation reaction, can produce autologous implantable
tissues with desired shape, thickness, and robustness by simply embedding designed molds into subcutaneous
pouches for 2 months. Tubular vascular grafts (biotubes), sheet-like patches (biosheets), or valved conduits
(biovalves) have been developed for cardiovascular implants. Upon implantation, vascular, myocardial, or val-
vular tissues were regenerated within several months with high reliability. IBTA first demonstrated evidence of
growth potential of biotubes when implanted using a beagle juvenile model. In this review article, we provide an
overview of our recent IBTA-based work for pediatric cardiovascular surgery.
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Assembled Mold

el
Photos of the mold and its parts for a bio-
valve

(B) The mold for the preparation of a biovalve (con-
duit-type) was assembled with 4 plastic parts (A),
all of which were rapid-prototyped by a 3D printer.
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Fig. 2 Photos of biotubes and their mold

(A) Biotubes with several diameters of 0.6, 2, 4, or
6mm. (B) The assembled new mold for the prepa-
ration of biotubes. (C) Biotubes with wall thick-

Fig. 3
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Implantation of biotubes in beagle peripheral vessels

A) Biotubes (diameter 2mm, length T0mm) were implanted into beagle femoral arteries. B) Angiography performed
after 4 weeks of implantation revealed a perfect patency rate. C) After implantation, there was little adhesion with sur-
rounding connective tissues and no aneurysm or stenosis. D-F) No intimal hyperplasia, thrombosis, or fibrin clot was
formed. G-K) a-SMA-positive cells migrated in the neointima, and CD31-positive monolayered cells covered the luminal
surface. Elastin fiber was slightly formed in addition to the original collagen fiber.
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Fig. 4 Photos of a biosheets and a biovalve before and after implantation

(A) Thin- and thick-wall biosheets. (B) Biovalve with thick conduit wall with diameter of 25mm. (C, D) The biovalve was
implanted into a goat as a pulmonary valve. The biovalves showed smooth movement of the leaflets with little regurgi-

tation.
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Fig. 5 Mechanical properties of a biosheet

Load changes in goat biosheet (thickness, 0.46
+0.04mm), goat pericardium (thickness, 0.30%
0.05mm), and goat aortic valve leaflet (thickness,
0.38+0.02mm) under continuous elongation.
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Fig. 6 Growth of a biotube

angiography

(A) Strategy for the evaluation of growth potential in biotubes. First, biotubes were pre-prepared in adult beagles. Then,
allogenic biotubes were implanted into 3-month-old juvenile beagles, which can undergo anesthetic procedures. By
using allogenic implantation, we can eliminate the time for preparation of biotubes and can secure the observation
period for as long as possible. After implantation, we performed follow up angiograms for up to 12 months to evaluate
the changing vascular size. Growth of biotubes immediately (B, C) and 1 year (D, E) after implantation. The biotube was

expanded and elongated after implantation.

(Fig. 6A).
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Sheet-like tissues called biosheets were used for dura mater, cornea, trachea, and repair materials, for skin, myocardial,
abdominal wall, and hernia applications. Tubular-shaped tissues, called biotubes, were used for vascular applications
on the carotid artery, pulmonary artery, aortic stent graft, shunt graft, ultrasmall vessels, and peripheral vessels. Valvu-
lar-shaped tissues, called biovalves, were used for heart applications, including aortic, pulmonary, mitral, and tricuspid

valves, with or without stents.
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