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ABSTRACT OF THE DISCLOSURE 
There are disclosed tubular, sheet and strip form pros 

theses on a basis of biological tissue for use in the replace 
ment, repair and strengthening of various living organs 
such as the vasculature, esophagus, bronchus, intestine, 
ureter, liver, kidney, etc. and a process for making and 
using the same. The prosthesis itself comprises a unitary 
structure of alternating layers of natural tissue and col 
lagen fibres. The same is manufactured by applying a strip, 
sheet or tube of biological material onto a substantially 
rigid support, coating the exposed surface with a binder 
paste, as for example, a collagen fibre paste, or bringing 
about the swelling of the exposed surface, thereafter ap 
plying a second layer of natural material and repeating the 
procedure until the desired wall thickness is obtained. 
The multi-layer prosthesis is then dried and removed from 
the underlying support. 

The invention described herein relates to tubular, strip 
and sheet form prostheses on a basis of biological tissue 
and to methods for manufacturing and using the same. 
More particularly this invention relates to a multi-layer 
prosthesis on a basis of biological tissue. 
The prostheses of the invention are suitable for use as 

vascular, esophagus, bronchus, intestinal, ureter and car 
diac valve prostheses and as other corrective parts of 
various organs such as liver. 

It is already known to prepare tubes and fabrics from 
polytetrafluoroethylene or polyester fibers, either by weav 
ing or knitting or by a combined weaving and knitting 
process and to use the same to replace diseased blood 
vessels or parts of the heart. At first, clinical results with 
these prostheses were satisfactory and highly promising, 
but deterioration set in after some considerable time (Ma 
teria Medica Nordmark 16, 1964), page 245 and "Der 
Internist' 6 1965. H. 5, page 216). Among the other 
disadvantages which were observed, for example, was 
that natural tissue did not grow into the synthetic fibre 
fabric. To overcome this disadvantage it has been pro 
posed to make the synthetic fibre fabrics in a more open 
mesh, but this impaired other properties of the prostheses, 
for example, the strength thereof. A further disadvantage 
associated with the known synthetic fibre prostheses is 
the difficulty encountered in suturing the same into posi 
tion because the synthetic fiber prostheses tear easily and 
the holes thus formed do not close. 
The present invention overcomes the difficulties above 

mentioned and provides a prosthetic device for use in the 
replacement, repair and strengthening of living organs 
superior in effectiveness to anything previously known. 
One of the objects of the invention is the provision of a 

prosthesis that is created from biological tissue which does 
not undergo deterioration after installation even after 
prolonged periods. 
Another object is the provision of a prosthesis that is 

created from biological tissue that will allow for and 
facilitate tissue growth and organ regeneration at the 
site of installation. 
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A further object is the provision of a prosthesis that is 

created from biological tissue which can be simply and 
effectively installed using the conventional techniques. 

Still a further object of the invention is the provision 
of a method by which such a prosthesis on a basis of bio 
logical tissue can be formed. 
The manner in which these and other objects of this 

invention are obtained will become apparent from the 
detailed description and the following drawings in which: 

FIG. 1 is a longitudinal central section through an 
embodiment of a prosthesis in accordance with the inven 
tion; 

FIG. 2 is a diagrammatic view illustrating the method 
of forming the prosthesis of FIG. 1; and 

FIGS. 3 and 4 are diagrammatic perspective views 
illustrating two somewhat different forms of the pros 
theses embodying the invention. 
According to the invention there is provided a pros 

thesis in tubular, sheet or strip form which comprises at 
least two layers of biological tissue intimately joined and 
dried. More specifically the prosthesis comprises alternat 
ing layers of biological tissue and collagen fibers intimate 
ly joined and dried. 
According to the present invention, the biological pros 

theses are manufactured by placing over, i.e., applying 
onto the surface of a firm support a piece of tubular, sheet 
or strip form biological tissue, causing the exposed surface 
thereof to swell so as to produce thereon an adhesive or 
glue like effect and/or the exposed surface is coated with 
a binder or bonding agent as for example a collagen 
fiber paste, a second piece of biological tissue is then 
applied to the first and the procedure repeated until a 
multi-layered structure of the desired wall thickness is 
obtained. The prosthesis is then dried and removed from 
the support. 
As natural tissue for use in the manufacture of the 

prostheses of the invention there are suitable in particular 
the submucosa, which can be obtained in pure form from 
the small intestine of sheep, goats and other animals, 
and the so-called "goldbeater's skin,' which is made up 
of the serosa taken from the intestines of cattle. The sub 
mucosa, which is obtained in the form of a fine, but high 
strength tube, is composed of diagonally disposed collagen 
fibres. The mucosa and muscular tissue still adhering to 
the submucosa can easily be removed by the process as 
conventionally used in the manufacture of catgut. 
As the strength of a single layer of submucoca is far 

too inadequate, the same having a thickness of only 
about 15u, it is advantageous to use a number of layers 
cemented together with a binder, as for example, a 
collagen fibre paste. The collagen fibre paste may be 
prepared, for example, by the process described in Ger 
man patent specification No. 659,490. Furthermore, this 
layer of collagen fibres ensures that any holes, tears, 
and the like made in the tissue during the manufacture 
thereof, during the operation for installing the same, or 
a later time, will close easily. This can prevent hemor 
rhage, which hitherto has been highly dangerous. The 
collagen fibre paste has a further advantage in that thera 
peutic substances may be incorporated therein. Thus, for 
example, heparin may be added to inhibit the clotting 
of blood, cartilage powder or chondroitin sulfate included 
to stimulate the formation of new collagen fibres for the 
vascular intima, as well as other therapeutic substances. 

It is also possible to cause the individual layers of 
tissue to swell and to bond them together in the swollen 
state. Organic acids, especially dilute lactic acid, have 
been found to be particularly suitable for swelling the 
single layers. The use of highly dilute solutions of lactic 
acid is preferred in this connection as the same has the 
advantage that no acidic end products are formed. 

In carrying out the process of the invention it is 
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possible to use, for example, a tubular core or a plate 
made of glass or a synthetic material as the firm, more 
or less rigid support. Instances of synthetic materials 
include polyolefins as for example polyethylene or poly 
propylene etc. However, any inert fairly firm material 
may be employed. Prior to use, it is advantageous to treat 
the surface or surfaces of the support with a lubricant, 
as for example, glycerol or a silicone oil. A thoroughly 
cleansed tubular or flat piece of biological tissue, for 
example, submucosa or serosa tissue, which may have 
been subjected to bleaching with hydrogen peroxide, is 
then placed onto the support. The tissue is then coated 
with a binder paste, preferably a collagen fibre paste, 
and, if necessary, the paste is allowed to dry slightly. 
Another piece of tissue is then applied, and the process 
is repeated until the desired thickness is obtained. The 
finished prosthesis may contain, for example, about eight 
layers of tissue. The number of layers is generally deter 
mined by the thickness of the composite layers and by 
the ultimate use. 
The prosthesis made by the process of the invention 

may be subjected to a hardening process to prevent pre 
mature absorption by the body tissues. As hardening 
agents there may be used physiologically acceptable 
vegetable or synthetic substances or, as for example, 
aldehydes. Instances of aldehydes that are suitable for 
this purpose are formaldehyde, glutardialdehyde and 
aldehydes of higher polyhydroxy compounds. The con 
centration of the hardening agent may be varied to pro 
duce the rate of absorption required. 
The hardening process is preferably carried out after 

the final layer of tissue has been applied. However, it 
is possible to harden the single layers of tissue before 
they are applied. By adopting this latter procedure, the 
single layers of tissue may be hardened to varying degrees, 
thereby producing a prosthesis in which the single layers 
have different rates of absorption. For example, when 
using a tubular core as a support, the innermost layers 
may be hardened to a considerable degree to produce a 
tough, resistant core, and the outside layers may be only 
slightly hardened to ensure a specific rate of absorption. 

After removal of the support and, if necessary, after 
the tube has been cut open, fascia prostheses are obtained 
which are generally known as "patches' and which may 
be used to close defects in the tympanic membrane and 
the heart wall, for hollow-walled organs or as heart 
valves. 

Furthermore, collagen patches in sheet form are also 
used to repair damage to parenchymatous soft tissue, 
for example, in the liver, kidney, spleen and pancreas. 
This can be effected in the following manner: 
A so-called mattress suture is made, i.e., a large atrail 

matic needle threaded with a soft suture is passed through 
the parenchymatous tissue on one side of the wound and 
out of the other side. The needle is then passed through 
a stiffened and perforated collagen patch from under 
neath. The needle is then passed back through an adjacent 
perforation in the collagen patch at an appropriate 
distance from the point at which it emerged, through 
the organ and out the other side. The length of the suture 
should be such that a second perforated collagen patch 
may be threaded onto the two ends. When the needle 
has been removed, the two ends of the suture are knotted 
together over the collagen patch. 

Strips for surgical purposes, as for example, for Secur 
ing a movable kidney or for use in surgery of the incon 
tinentia vesicae, may also be cut from sheets, i.e., 
membranes of the same material. 
Tubular, flat or fluted prostheses may also be made by 

the process of the invention in addition to membranes and 
strips. The tubular prostheses may be of uniform diameter 
throughout their length or their diameter may be widened 
or narrowed conically. 

Referring to the drawing a tube made of synthetic ma 
terial as, for example, a tube made of polyethylene or 
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4 
polypropylene and which has been provided with a 
plurality of threads 2 is thoroughly cleaned and, if neces 
sary, treated with a silicone oil. A tube of tissue 3, 
preferably submucosa, which has been thoroughly 
cleansed and, if necessary, bleached with hydrogen per 
oxide, is drawn over the polyethylene tube 1, allowed 
to dry slightly, if necessary, and then a synthetic filament 
4 is wound round the tubular tissue corresponding to 
the depressions of the thread and the tissue is dried. 
The filament may then be removed. The submucosa 3 
is thus provided with a thread 2' and is of a standardized 
size. The tissue is then coated with a binder paste, pref 
erably a collagen fibre paste, the paste is allowed to 
dry slightly, and then another tube of tissue is drawn 
over the first one. A synthetic filament is wound round 
it as before and the tissue is dried. This procedure may 
be repeated until the desired thickness of wall is obtained. 
The multiple layers of tissue are firmly cemented to 
gether by the binder. When the single layers of tissue 
are to be united by swelling it is possible either first 
to SWell the single layers of tissue and to draw them 
onto the tube or core in the swollen state or to swell 
them on the core. To free the tube formed by these 
layers of tissue from the supporting tube or core, warm 
air is passed through the tube or core in this case a 
plastic tube, to soften it slightly, whereupon both ends 
of the tube are pulled until it stretches and detaches 
from the tissue at the beginning of the thread section. 
It can then be pulled out of the submucosa tube in 
the form of a plastic filament without the submucosa 
tube adhering to it or being damaged. Prostheses suit 
able for various purposes may be produced by varying 
the pitch of the thread, the depth of the thread and the 
number of turns. 
The threaded tube of tissue so obtained has the 

necessary strength, density and elasticity required of 
vascular prostheses, and it can be sutured and is punc 
ture-proof. The thread with which it is provided pre 
vents it from kinking when it is moved after implantation 
in the host, thereby permitting an unhindered flow of 
blood. It is also extensible. 
On the other hand, if a smooth tubular prosthesis 

is required, that is to say, without any thread or fluting, 
for example, as used for prosthetic repair of the cystic 
duct, the ureter, the esophagus or, in special cases, blood 
vessels, the same procedure as with the screw-threaded 
plastic tube may be followed, but without winding a fila 
ment round the tissue or allowing it to conform to the 
shape of the thread. The elastic tube of tissue is drawn 
Over the plastic tube and held taut over it by tying 
the tissue tube at both ends and allowing it to conform 
to the outer circumference of the plastic tube without 
complementing the shape of the thread. Alternatively, a 
Smooth plastic tube may be used as a support, for the 
layers of tissue. 

Prostheses, for example, for the esophagus, trachea 
and intestine, can be made by the process described 
above, with due regard to anatomical requirements, di 
ameter and thickness of wall. The strength of such 
prostheses can be considerably increased by placing layers 
of Synthetic or natural tissue or even metallic clasps 
or spirals between the layers making up the actual pros 
thesis. The synthetic tissue used may be made, for exam 
ple, from polyamide or polyester fibres. The natural 
tissue may be, for example, biological tissue, for exam 
ple, Serosa tissue, or material made from natural fibres. 
The Serosa tissue may be wound round the prosthesis 
diagonally, first from left to right and then from right 
to left. If necessary, these layers of tissue may be pre 
treated, as for example, by stretching. 

It is also possible to bond the layers of tissue by 
SWelling the tubular or flat pieces in an acidic or alkaline 
medium. In this process the upper layers of collagen 
fibers are slightly hydrolyzed and converted into tropocol 
lagen which, on drying, has a glue-like adhesive effect. 
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The process has a negative effect on the physical prop 
erties of the collagen fibre and neutralization is general 
ly necessary afterwards, followed by washing out of 
the salts formed during neutralization. 

Sterilization of the prostheses so obtained may be 
effected by gamma-radiation, which process also reduces 
the antigenic properties of the collagen. 

In FIGS. 3 and 4 there are shown two somewhat differ 
ent forms of the prostheses in accordance with the inven 
tion. In FIG. 3 the embodiment comprising alternating 
layers of biological tissue 7 bonded together with a bond 
ing agent 8 is shown and in FIG. 4 the embodiment 
wherein the bonding is effected by swelling the layers 7 
is set out. 
The prostheses in accordance with the invention has 

been subjected to trial and has been observed and evalu 
ated as a suitability, production of toxic symptoms, de 
composition, detachment, secondary reactions such as 
abnormal tissue growth, etc. The trials consisted in surgi 
cal implantation of the prostheses in otherwise normal 
animals, i.e., the requirement for the prostheses was 
surgically induced, observation of the thusly treated 
animals during the recovery period and for varying 
periods thereafter. During this time, numerous test pro 
cedures were carried out, the same including chemical, 
X-ray, electrocardiographic, etc., procedures. At the end 
of various predetermined time intervals certain of the 
animals were sacrificed and any of the animal's possibly 
involved organs examined both microscopically and 
macroscopically. In every instance, the results of proce 
dures and tests in both the living and sacrificed animals 
established the safety and suitability of the prosthetic 
devices for replacement and repair of damaged organs. 
It is to be noted that as experimental animals, there 
were employed cats, dogs and monkeys. 
The device has been surgically implanted in human 

subjects, in each case where the subject's condition was 
indicative of such treatment. Almost all of the subjects 
are still under observation and to date there have not 
been observed any untoward results or happenings di 
rectly associated with the use of the herein disclosed pros 
thetic devices. 
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What is claimed is: 
1. A tubular prosthetic device on a basis of biological 

tissue comprising at least two superimposed layers con 
sisting of tubes of natural tissue applied in their natural 
tubular form prepared from the submucous layers of in 
testines of mammals, and said layers being bonded to 
gether by means of collagen fibers. 

2. A prosthetic device according to claim 1 wherein 
said collagen fibres consist of a collagen fiber paste. 

3. A prosthetic device according to claim 1 wherein 
at least one of said layers is a prehardened layer which 
has been prehardened by contacting the same with a 
hardening agent. 

4. A prosthetic device according to claim 3 wherein 
said hardening agent is an aldehyde. 

5. A hardened prosthetic device according to claim 1 
wherein said prosthetic device has been hardened by 
treatment thereof with a hardening agent, 
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