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Abstract

OBJECTIVES: We herein report on development of a composite (synthetic and biological) tracheal scaffold with vascularized autolo-
gous connective tissue in the omentum, followed by in situ tissue engineering of the composite scaffold with the pedicled omentum.
In this preliminary report, we focus on development and evaluation of the vascularized autologous connective tissue in the
omentum.

METHODS: In animal experiment 1, a polypropylene framework as a synthetic component was placed in the omental sac for 3 weeks and
another was placed in the pouch of Douglas as a control in five beagle dogs. In animal experiment 2, a polypropylene framework placed in
the omental sac for 3 weeks was compared with a polypropylene framework coated with porcine atelocollagen, which was also placed in
the omental sac in another five dogs, to investigate whether the coating of porcine atelocollagen contributes to development of more vas-
cularized connective tissue. Macroscopic, radiological and histological evaluations were performed for developed autologous connective
tissue on the frameworks, with a focus on its thickness and capillary vessels.

RESULTS: In animal experiment 1, the polypropylene framework in the omentum developed a composite tracheal scaffold with homoge-
neous and significantly thicker (2.6 £ 0.5 vs 1.2 + 0.4 mm, P <0.0001) connective tissue in which more capillary vessels per 10-power field
of view (3.5+2.2 vs 020, P=0.015) were identified, compared with the contro} in the pouch of Douglas. In animal experiment 2, the
omentum developed significantly thicker connective tissue on the polypropylene framework coated with porcine atelocollagen (3.6 +0.7
vs 2.2 + 0.4 mm, P <0.0001) in which not significantly more capillary vessels were identified (3.5+ 2.2 vs 5.0 £ 2.7, P= 0.12), compared with
the framework that was not coated.

CONCLUSIONS: Placement of the polypropylene framework in the omental sac resulted in development of homogeneous and vascular-
ized autologous connective tissue on the polypropylene framework for a composite tracheal scaffold. The framework coated with porcine
atelocollagen did not show an additional benefit in inducing vascularization. This preliminary report will be followed by the long-term eva-
luations of in situ tissue engineering of the composite tracheal scaffold.

Keywords: Trachea * Omentum + Prosthesis

INTRODUCTION

A variety of artificial tracheas have been designed and assessed for
inter-position, but so far none has proved satisfactory for clinical
use [1]. The first human case for a circumferential airway replace-
ment was performed by Macchiarini et al. in 2008 using a decellu-
larized human tracheal allograft that was cellularized with
epithelial cells and mesenchymal stem cell-derived chondrocytes
by in vitro tissue engineering [2]. However, a non-circumferential
(only a cartilaginous portion of a trachea) replacement for invad-
ing thyroid malignancy was performed by Omori et al. in 2002,
using a polypropylene mesh framework coated with porcine

atelocollagen and in situ tissue engineering [3], which was original-
ly developed in our laboratory.

For a successful airway replacement, a scaffold, which can be a
biological (allograft/homograft), synthetic or composite [4], requi-
res epithelial cellularization by in vitro [2, 5], in situ [6] or heterotro-
pic [7] tissue engineering, which can be promoted by bioactive
molecules [8].

We developed an airway scaffold that is a polypropylene frame-
work (as a synthetic component) coated with porcine atelocolla-
gen (as a biological component) for in situ tissue engineering in
tracheobronchial replacements [9, 10]. Our previous attempts to
replace circumferentially the airway with this type of prosthesis in

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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canine models revealed that its durability extends past 5 years,
whereas long-term observations showed incomplete epithelializa-
tion on the prosthesis and anastomotic stenosis [9, 10]; similar
findings were also noted in the first human circumferential airway
replacement in the follow-up [11].

To improve incomplete epithelialization and anastomotic sten-
osis, we applied a pedicled omentum in tracheobronchial recon-
struction procedures; however, the omental transposition
procedure alone has not been sufficient to resolve incomplete
epithelialization and anastomotic stenosis [9, 10, 12].

In this study, we report and evaluate the development of a com-
posite (synthetic and biological) tracheal prosthesis with vascularized
autologous connective tissue developed by the ome-ntum. In situ
tissue engineering of the composite scaffold with the pedicled
omentum (Fig. 1) will be evaluated and described in our next report.

MATERIALS AND METHODS
Polypropylene framework for a tracheal scaffold

A polypropylene mesh framework was made using a method
described in a previous report [10]. The framework is a 0.8-mm-
thick polypropylene mesh (Marlex mesh; CR Bard, Inc,, Billerica,
MA, USA) cylinder that is 25 mm long and has an internal diam-
eter of 20 mm, which is reinforced with four rings of polypropyl-
ene monofilament string (1 mm in diameter). This cylindrical
mesh framework was exposed to a corona discharge at 9 kV for 5
min to render its surface hydrophilic (Fig. 2A); this was used in
animal experiment 1. In animal experiment 2, the polypropylene
framework was coated with a 5-mm-thick porcine atelocollagen
layer with a pore size ranging from 100 to 500 x 107 m (Fig. 28).

Figure 1: In situ tissue engineering of a composite tracheal scaffold, placed with a pedicled omentum through a substernal route. (A) Pedicled omental flap containing
a composite and vascularized tracheal scaffold, (B) anastomosed with a native trachea (the proximal anastomosis is circled).

Figure 2: The polypropylene frameworks and their intra-abdominal placements. (A) A polypropylene framework prior to placement; (B) a polypropylene framework
coated with porcine atelocollagen prior to placement; (C) a polypropylene framework (indicated by an arrow) placed in the omentum in animal experiment 1; (D) a
polypropylene framework placed in the pouch of Douglas as a control in animal experiment 1; (E) a polypropylene framework (a solid arrow) and a polypropylene
framework coated with porcine atelocollagen (a dotted arrow) placed in the omentum in animal experiment 2; (F) an illustration of animal experiment 2.
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