EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Functional tissue-engineered human heart valves for systemic
applications

Citation for published version (APA):

Driessen - Mol, A., Bouten, C. V. C., Rutten, M. C. M., Driessen, N. J. B., Hoerstrup, S. P., & Baaijens, F. P. T.
(2005). Functional tissue-engineered human heart valves for systemic applications. Poster session presented at
Mate Poster Award 2005 : 10th Annual Poster Contest.

Document status and date:
Published: 01/01/2005

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/en/publications/e8cec787-2b3f-4dae-a11f-e4751df153fa

TU/e
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! Eindhoven University of Technology, Department of Biomedical Engineering; 2 Clinic for Cardiovascular Surgery, University Hospital Ziirich, Switzerland

Introduction

The capacity of growth and regeneration of tissue-
engineered (TE) heart valves may overcome the limitations of
contemporary heart valve prostheses. So far, the proof of
principle has only been demonstrated in low pressure
applications in lambs [1,2], leaving the demanding
challenge to engineer valves from human cells suitable for
systemic application.

Methods

Stented trileaflet heart valve scaffolds are fabricated from
PGA/P4HB. The scaffolds are seeded with human saphenous
vein cells using fibrin as a cell carrier [3] and placed in
custom-built bioreactors systems, referred to as the
Diastolic Pulse Duplicator (DPD; Fig. 1).

Figure 1 Photograph of six DPDs in use simultaneously (a) and a
schematic drawing of its components (b).

The valves are conditioned by mimicking solely the diastolic
phase of the cardiac cycle [4]. Tissue composition, strength,
and functionality are analyzed after four weeks of culture.

Results
The stented heart valves are intact after culture (Fig. 2) and
show dense and homogeneous tissue formation throughout
the full thickness of the leaflet (Fig. 3). The tissue consists
for a large part of collagen, the load-bearing protein in
tissues (Fig. 3 and 4).

Figure 2 Photographs
of TE valves after 4
weeks of culture: (a)
view from aortic side,
and (b) view from
ventricular side.

Anisotropic behavior is observed with larger stiffness in the
circumferential direction compared to the radial direction.
This anisotropic behavior is considered to contribute to the
functionality of the leaflets to a large extent. The mechanical
properties of the TE human heart valves show high
resemblance to native human aortic valve leaflets, with
minimal contribution of the initial scaffold (Fig. 5).

Figure 3 7issue composition throughout the thickness of a leaflet.
(@) H&E staining for general tissue morphology, and (b) Masson
Trichrome staining for collagen (100X magnification).
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Figure 4 Tissue composition Figure 5 Mechanical behavior of
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The TE human valves show proper opening and closing
behavior when exposed to physiologic aortic valve flow
conditions (Fig. 6). Coaptation is, however, minimal and
prolapse (*) of the leaflets is observed after several hours of
testing.

Figure 6 Opening and closing behavior of a TE human heart valve
when exposed to human aortic valve flow conditions.

Discussion

Tissue-engineered human heart valves, seeded using fibrin
as a cell carrier and conditioned in the DPD, show excellent
tissue properties with large amounts of collagen present
throughout the full thickness of the leaflets. Mechanical
properties approximate those of native human aortic valve
leaflets. This study demonstrates the feasibility of tissue
engineering human heart valves suitable for systemic
application.
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