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Introduction
The traditional in vitro approach of tissue engineering for

the treatment of heart valve diseases implies the culture of

a heart-valve-shaped scaffold inside a bioreactor. To make

the process faster and more economically attractive an

innovative in situ approach has been developed, that

might allow the generation of autologous tissue directly

within the patient, using the body as a bioreactor [1].

In vitro testing
A novel bioreactor able to mimic both the diastolic and

systolic phases of the heart cycle has been developed by

us and produced by Hemolab (the Netherlands) to enable

valve culture under physiological conditions. The “flow

bioreactor” mimics the environments of both the aortic and

pulmonary valve through the setting of few parameters:

• afterload impedance

• medium viscosity

A pulsatile pump (Fig 1a, A) driven by pneumatic-air

injects medium in the culture chamber (Fig 1a, B), which

encloses a tissue-engineered heart valve. The heart valve

leaflets thus open and the fluid flow exits the culture

chamber from the top. Thereafter, it is collected in the

outer mantle and then in the medium collector at the base

of the bioreactor. When the full port ball valve is closed

(Fig 1b, C) the flow is blocked and the bioreactor can be

used as a diastolic pulse duplicator system [2, 3]: in this

case a strain-based load is applied to the leaflets.

Fig 1 Flow bioreactor drawings. Closed valve configuration (a) and

open valve configuration (b).

Venous valves
To allow for a reduction of required cell numbers and to

enable studying cell recruitment in a valve geometry, a

miniaturized bioreactor system will be developed. The

valves cultured in this miniaturized bioreactor will be of a

smaller diameter and could substitute venous valves.

Venous valves are composed of two thin leaflets of

collagen covered by a monolayer of endothelium (Fig 2.a).

Their function is to prevent backflow, so they can be found

especially in the lower limbs, where venous pressure is

low and the propelling force has to fight against the

resistance of vessels and the pull of gravity (Fig 2.b).

Fig 2 Histological section of a venous valve (a). Functioning of a

venous valve: with open leaflets allows the blood to circulate, with

closed leaflets prevents backflow (b).

Venous valves are subjected to low flows and pressures

and are normally bi-leaflet (while both aortic and

pulmonary valves are tri-leaflet). Apart from that, they are

quite similar to heart valves and they might serve as

promising model for cell recruitment studies.

Outlook
The flow bioreactor will provide the opportunity to study

tissue formation and remodeling capacity of preseeded

heart valves under physiological conditions. Once a

miniaturized bioreactor will be developed, it will be used as

an in vitro model for the evaluation of the cell recruitment

on a bioactive scaffold. In addition, this miniaturized

system will allow the extension of its use to the venous

valves, thereby opening a novel application field.
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