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Areal implant with ultrasonically detectable elements

The invention relates to an areal implant with a flexible basic
structure on a polymer basis.

Areal implants with a flexible basic structure on a polymer
basis, which are manufactured for example in the form of meshes
or tapes, are widespread. They are used for example in a surgi-
cal procedure in order to support or strengtheu an orgam or
tissue or to promote the healing process. Often, such an implant
must remain permanently or at least for some time in a patient's
body. In this case, the basic structure contains non-absorbable
polymer or slowly-absorbable polymer.

Over time, the inserted implant can shift, shrink or fold. This
can cause the patient problems. This can be diagnostically re-
corded only with difficulty if at all with imaging processes, as
conventicnal areal implants are relatively fine, in order to
guarantee a sufficient flexibility, and only a short time after
the procedure tissue has grown through them to the extent that
they can hardly, if at all, be recognized any longer using cus-
tomary and widespread diagnostic methods such as ultrasound or
x-rays so that no diagnostically usable pronouncements are pPos-
sible.

Thus, after the implantation of thin areal polymer meshes, (e.g.
for repairing inguinal or abdominal hernias) or tapes (which are
used e.g. in the bladder area), the implants are, admittedly,
initially shown well in the ultrasound as they afe surrounded by

JP 2004-510551 A 2004.4.8
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a liquid echo-poor beorder (seroma). However, the contrast sub-
sequently lessens (see also H.F. Weiser and M. Birth, Vizeral-
chirurgische Sonographie, p. 315-316, Springer Verlag 2000).
This can result in the cause of problems being only insuffi-
c¢iently recognized and a subsequent handling of the implant
being no longer possible, as this is only insufficiently, or not
at all, detectable with customary equipment.

In WO 98/19713, coating processes for medical devices (such as
e.g. catheters or syringes) are described which produce echo-
genic structures, i.e. those detectable in the ultrasound, on
the surface. The contrast in the ultrasound image is achieved by
boundary surfaces between gas and dense wmedia. The proposed
coatings are however not suitable for use with long-term im-
plants. Thus polyurethane coatings are sensitive to hydrolysis
and have toxic residual monomers (diisocyanates) and decompo-
sition products. There are many items in the literature which
refer to the critical properties of diisocyanates and the pre-
polymers prepared from them (e.g. Zissu et al., Contact Derma-
titis 39(5), 248-251 (Nov. 1998)), but also of the decomposition
products, such as aromatic diamines (e.g. Batich et al., J.
Biomed. Mater. Res. 23(A3 Suppl), 311-319 (Dec. 1983)). These
are discussed as the cause of delayed pain and allergic reac-
tions after implantation of polyurethanes. A further problem in
the case of the coatings disclosed in WO 98/19713 is the mecha-
nical stability on the implant. Precisely in the case of the
smooth polymers often used in implant meshes, such as polypropy-
lene, polytetraflucrethylene and polyvinylidene fluorxide, =a
simple dipping process can lead to a defective adhesion on the
implant; the thin echogenic £ilm would crumble over time, in
particulax on bending. The polyacrylic acid coatings also des-
cribed produce, through an entry of gas bubbles inte an aqueous
solution of polyacrylic acid, a foam which is deposited on the
medical apparatus. As these acrylates are soluble in watexr, it
is to be assumed that this formulation does not lead to a la-
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sting echo contrast as is required for long-term implants. Fur-
thermore, it is mentioned that this coating contains channels
which are however open-pored and therefore fill up relatively
easily and lose their contrast thereby. In addition, crater-
shaped indentations are disclosed which can at best however
evoke a brief sigmal amplification as these indentations are
wetted over time and gas bubbles situated in them dissolve.

In the case of commercially available ultrasound contrast agents
such ag e.g. 'Albunex" (trade name of Molecular Biosystems,
Inc.), the defective pressure stability is problematic. Even low
physiologically-oceccurring pressures (Vuille et al., J. Am. Soc.
Echocardiogr. 7(4), 347-354 (July-Bug. 1994); A. Braymann, J.
Acoust. Soc. Am. 99(4Ptl), 2403-2408 (1996)) or toc great a
pressure, such as can occur in the case of tco-rapid an injec-
tion or a small cannula, can damage the contrast agent so
greatly (Somme et al., Int. J. Cardiac Imaging 11(1), 47-53
(1995)) that only little or no activity remains. Gottlieb et al.
(J. Ultrasound in Medicine, 14(2), 109-116 (1995)) observed in
a videodensiometric in-vitro model a pressure dependency of the
destruction of *Albunex" at physiological pressures of 10 - 180
mn Hg and point to the' need for an ultrasound contrast agent
sufficiently stable at physiological pressures.

Therefore, ultrasound contrast agents such as "Albunex" are not
suitable for use as long-term implant meshes despite the propo-
sal in WO 98/19713 to use "Albunex® as gas-containing starting
material for echogenic coatings. Because of the high pressure
sensitivity, even a slight coughing of the implant carrier could
destroy the echogenicity of the implant. There is also an enzy-
matic sensitivity.

In WO 95/01165, physiologically acceptable organic aerogels and
pyrolyzed aerogels (i.e. carbon aerogels) for medical purposes
are described. However, due to the materials, none of the embo-
diments appears suitable for use with a long-term implant. Thus

JP 2004-510551 A 2004.4.8
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ythe adducts mentioned made from resorcin, melamine or resorcinol
with formaldehyde as well as the carbon aerogels are not custo-
mary implant materials. Furthermoré, no suitable sealing is
discleosed which prevents such an aerogel, when used as ultra-
sound contrast agent from quickly losing its gas content after
an implantation, nor are there references to a coating on, or

attachment to flat, flexible polymer implants.

US 5,081,997 describes a number of possibilities of axrranging
sound-reflecting materials, such as e.g. glass particles with a
diameter of 5 um, on medical products such as e.g. a catheter.
Hollow particles are also mentioned. In addition to these sound-
reflecting materialg, gases can be contained in a matrix. Howe-
ver, there are no reéferences to uses with areal long-term im-
plants.

In US 5,327,891, it is shown how the detectability of a catheter
in the ultrasound can be improved using microbubbles.

WO 00/09187 discloses composites made of plastic and particu-
larly heavy nanoparticles (density at least 5 g/cmz) which im-
prove the detectability of a medical device (e.g. a biopsy need-
le) in the ultrasound. For a use with areal long-term implants,
however, such relatively heavy particles are less suitable.

In recent vyears, there have been numercus approaches to the
manufacture of ultrasound contrast agents for intravenous use.
This essentially involves stabilized microbubbles which are
produced e.g. by shaking porous sugar microparticles ("Echo-
vist", Schering AG) which can also contain a fatty acid ("Le-
vovist”, Schering AG; Chapter 7 in B.B. Goldberg, "Ultrasound
Contrast Agents", Martin Dunits Itd, 1997), or slightly cross-
linked, gas-filled protein microcapsules ("Albunex", Molecular
Biosystems, Inc.; "Optison", MBI). There are also numerous ap-
proaches to the manufacture of gas-filled resorbable polymer

JP 2004-510551 A 2004.4.8
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microparticles which are manufactured on the basis of polyac-
tides, polycaprolactones and other resorbable polymers.

However, none of the known products is capable in itself of
preducing a lasting ultrasound contrast over a prolonged period,
as the stabilizing bubbles either dissolve in the blood or tis-
sue or the pretein or pol‘ymer. shell decomposes as a result of
simple hydrolysis or enzymatic splitting. Thus,.polymer microp-
articles made from polybutylcyanocacrylates mentioned e.g. in EP
0 644 777 Bl are decomposed so rapidly in serum that after 4
hours the previously cloudy suspension is completely clear and
a metabolite is to be 100% detected. Such particles in this form
are not suitable for use with long-term implants.

Another problem is the preparation processes for the microcap-
sules which are based for the most part on oil-in-water proces-
ses or water-in-oil processes. In this case, a gas core must be
produced e.g. by freeze-drying, for which a not completely im-
pervious wall is required. However, water can also enter again
through this slightly porous wall; through the gas loss associa-
ted wiEh this, the ultrasound contrast aecreases.

The object of the invention is to provide an areal implant with
a flexible basic structure on a polymer basis which, after im-
plantation in a patient, can for some time or permanently be
detected reliably with diagnostic ultrasound processes.

This object is achieved by an areal implant with the features of
claim 1. Advantageous versions of the invention emerge from the

dependent claims. Claims 30 to 55 relate to processes for produ-
cing such implants and claim 56 relates to a process for manu-
facturing ultrasonically detectable elements, which are an es-
sential component of the implant.
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The areal implant according to the invention has a polymer-based
flexible basic structure and ultrasonically detectable elements.
These elements contain or produce gas. By a gas-producing ele-
ment is meant an element which releases a gas after insertion of
the implant in a patient's body or during an ultrasound examina-
tion, e.g. due to the temperature within the patient being hig-
her compared with room temperature or due to the ultrasound
field. The gas-containing character of the elements detectable
with ultrasound, which is therefore present at least during an
ultrasound examination, effects a good contrast in the ultra-
sound image, for which reason the implant according to the in-~
vention can reliably be made vigible with an ultrasound process.
The elements detectable with ultrasound are set up to be detec-
table for at least four weeks after implantation so that the
implant can be detected even some time after the procedure or
even permanently. As is described below in detail, there are
various possibilities for such long-term-stable echogenic ele-
ments. Although the word "elements" is plural here, a correspon-
ding implant which contains only one such element naturally
equally forms part of the imvention. In the following, instead
of "detectable with ultrasound" or "ultrasonically detectable",
the term "echogenic" is also used.

The implant is preferably set up for a permanent implantation,
but can alsc be resorbable. The ultrasonically detectable ele-
ments are therefore present in histocompatible form and are
biocompatible, i.e. if at all possible do mot give off toxic
substances even after a long time, and are preferably permanent-
ly conmected to the basic structure. The implant is preferably
flexible as a whole. The elements detectable with ultrasound
enable the implant to be made visible as required at any time
after the surgical procedure or upon insertion of the implant.

The invention enables areal, flexible long-term implants (e.g.
tapes or meshes) to be made detectable in the ultrasound, the
properties such as low weight, £lexibility, flexural strength,

JP 2004-510551 A 2004.4.8
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-7 -

elasticity or tensile strength of the implant being unchanged,
or only slightly changed, vis-2-vis a conventional implant. The
echegenic elements permit the implant to be recognized well with
diagnostic ultrasound procedures for the time of the implanta-
tion. An unequivocal recognition of the implant is possible; it
stands out sufficiently from the body's own structures, such as
e.g. fagciae. Furthermore, a sufficient mechanical stability of
the marking in the form of the echogenic elements and a secure
attachment to the flexible basic structure of the implant are
ensured.

For use as an implant, conditions such as the harmlessness of
the contents and of possible decomposition products can be ful-
filled. As essentially long-term implants are involved, the
echogenic properties are set so that the marking in the form of
the echogenic elements is matched to the respective requirement.
A non-resorbable or partially resorbable implant should therefo-
re have markings which are best to be detected for the duration
of the implantation or at least for the pericd of time in which,
experience shows, complications occcur. A regorbable implant, on
the other bhand, should contain markings which are best visible
for the period when the basic structure of the implant is pre-
sent and are then gquickly broken down or eliminated from the
body. The decomposition profile of the echogenic elements is
preferably matched, by suitable choice of material, to that of
the basic structure of the implant.

The implant according to the invention is detectable with con-
ventional, also older ultrasound equipment, but takes account of
new developments in instrument techmology in which e.g. particu-
lar resonance effe;ts, non-linear effects, stimulated acoustic
emission (see also Forsberg, "Physics of Ultrasound Contrast
Agents”, Chapter 2 in "Ultrasound Contrast Agents", B. Goldberg
(ed), Martin Dunitz Ltd 1997), Harmonic Imaging, Powerdoppler,
Pulse Inversion Harmonic Imaging (HDI 5000 from ATL), Siemens
Engemble Tissue Harmonic Imaging (Soncline Elegra, Soncline
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Omnia) or new trends in image processing, e.g. 3D processes or
the so-called SieScape° process, are used.

The echogenic elements can be arranged so that other diagnostic
procedures, such as x-ray or magnetic resonance examinations or
ultrasound examinations of structures lying behind them, are not
disturbed by excessive shading.

It is particularly advantageous if the ultrasonically detectable
elements are arranged in an areal patterm. This is because in
this case a shift of the implant or sections of the implant
(e.g. a folding round a cormer) can be easily recognized on the
ultrasound image. Even a shrinking or stretching can be observed
from the changed distances between the individual components of
the pattern. Furthermore, it is possible by means of the pattern
to mark particularly interesting areas of the implant for a
subsequent treatment, such as cutting, injection of an auxiliary
agent or tightening, under preferably minimally invasive condi-
tions and accompanied by ultrasound monitoring. A patternm is
also advantageous upon recognition of the implant if the implant
(or parts thereof) is later to be removed again. Not least, the
sonographic detectability of the implant during the implantation
is quite generally improved by a pattern.

The basic structure can contain non-resorbable polymer, resor-
bable polymer or mixtures of non-resorbable and resorbable poly-
mer. The basic structure thus preferably contains one or more
implantable polymers which are optiomally partially, completely
or not resorbable, or mixtures of such polymers.

Examples of histocompatible non-resorbable or very slowly re-
sorbable substances are polyalkenes (e.g. polypropylene or poly-
ethylene), fluorinated polyolefins (e.g. polytetrafluorcethylene
or polyvinylidene fluoride), polyamides, polyurethanes, polyiso-
prenes, polystyrenes, polysilicones, polycarbonates, polyarylet-
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her ketones (PEEKs), polymethacrylic acid esters, polyacrylic
acid esters, aromatic polyesters, polyimides as well as mixtures
and/or co-polymers of these substandes. There can be considered
as resorbable substances, for example, polyhydroxy acids (e.g.
polylactides, polyglycolides, polyhydroxybutyrates, polyhydroxy-
valeriates), polycaprolactones, polydioxanones, synthetic and
natural 6ligo— and polyaminoc acids, polyphosphazenes, polyanhy-
drides, polyorthoesters, polyphosphates, polyphosphonates, poly-
alcohols, polysaccharides, polyethers, resorbable glasses as
well as mixtures and/or co-polymers of such substances; prefera-
bly, the in vivo resorption duration is more than 30 days.

The flexible basic structure is preferably constructed as a
mesh, tape, film or perforated film and can be of conventional
type in principle. Preferably, it is thinmer than 1 mm. It is
conceivable that the shape of an implant to be used in a given
operation is cut to size from a larger piece of material before
the operation.

Echogenic elements which are particularly clearly visible in
ultrasound procedures contain encapsulated gases or compounds
which generate gas under physiological conditions and/or ultra-
sound. Particularly suitable are non-toxic and chemically stable
elements or chemical compounds with these properties as end

products.

Preferably, the echogenic elements have a structural material
(i.e. a material from which the echogenic elements are essen-
tially manufactured apart from the gas or the gas-generating
substance), which corresponds to the materials of the basic
structure. The echogenic elements can thus likewigse be non-re-
soxbable, partially resorbable or completely resorbable.

In the case of non-resorbable implants, biccompatible, closed-
cell foams or syntactic foams in the form of linear structures

JP 2004-510551 A 2004.4.8
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(preferably threads) or pre-shaped bodies are preferably atta-
ched to the implant either subsequently or during the manufac-
ture of the flexible basic structure. By syntactic foams are
meant polymer materials the gas-filled closed cells of which are
produced by hollow balls as filler in the matrix.

Through an arrangement in the form of patterns, such pre-shaped
bodies or threads can be attached to the basic structure so that
the implant is mot, or poorly, visible in areas in the ultra-
sound and containg areas with good visibility. These markings
permit an umequivocal recognition and differentiation of the
body's own structures.

Open-cell foams should be used only in the case of syntactic
foams and have an external pore diameter less than the particle
size. A borderline case is hydrogels which contain gas-filled
microparticles.

The materials of the threads and pre-shaped bodies are prefe-
rably -foamed polyolefins for which there is no fear of hydro-~
lﬁ(tic decomposition of the main chain even in the case of long-
term implantation (e.g. polypropylene, polyethylene, polyvinyli-
dene fluoride, polytetralfuoroethylene). There are numerous
processes for preparing foams, mostly from the 1260s or earlier
(see also "Foamed Plaétics" in Ullmann's Encyclopedia of Indu-
strial Chemistry Vol. All, p 435 £f, 5™ edition 1988).

However, suitable metal foams, e.g. made from sinteved-together
thin-walled gas-filled titanium or steel microcapsules as produ-
ced at the Georgia Institute of Technology by Dr. Cochran's
working group, or glass foams, can alsc be used.

For example gases, such as nitrogen, oxygen, CO,, perfluorocal-
kanes, fluorinated alkanes, SF,, rare gases or also alkanes or
cyloalkanes which are physiologically harmless in small doses,
can be incorporated into the polymer using direct gassing pro-
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cesses during extrusion. But this can also take place under
supercritical conditions such as e.g. in the so-called MuCell™
process (Trexel Inc.). It is advantageous to use gases which
have only a low permeability in the polymer and dissolve oniy a
little in blood or plasma, e.g. perfluorcalkanes in polypropyle-

ne.

A further possibility is expansion with swelling agents (blowing
agents) as described in the current literature. Toxicologically
problematic substances such as azo compounds should be used only
when these or their decomposition products are sufficiently
encapsulated. More suitable are substances such as baking
powder, water or easily decarboxylizable substances such as e.g.
malonic acid and its esters.

By means of such processes, echogenic pre-shaped bodies or elge
threads or knitted products can be applied in different patterns
to the basic structure of the implant. The advantage of a pat-
tern-form arrangement is the distinguishability of the body's

own structures.

The gases can however also be included permanently in pre-shaped
bodies or threads by means of an encapsulation of hollow glass
bodies (e.g. “Scotchlité", trade name of 3M, of "Q-Cel", trade
name of the PQ Corp.), expanded silicates (e.g. "Perlite Hollow
Spheres”, trade name of The Schundler Company), glass foams or
gas-filled polymer capsules (e.g. "Plastic Microspheres" of the
PQ Corp), aerogels or hollow threads (e.g. "Hollofil", trade
name of DuPont). The encapsulation can be carried out e.g. by
means of spray-coating, solvent evaporation, compounding or
extrusion. '

A further possibility consists of encapsulating carbon nanopipes
in a pre-shaped body or thread. Poncharal et. al. (Science 283,
1513-1516 (March 3, 1999) showed that carbon manopipes can dis-
play a very sharp electromechanical resonance in the region of

JP 2004-510551 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

(40)

WO 02/30482 PCT/EP01/10086

-~ 12 -

saveral MHz. By means of novel ultrasound analysis procedures,
this resonance sharpness of the basic freguency, but also of the
harmonic frequencies, should be ekploitable to separate the
implant very much better from the response signal of the sur-
rounding tissue.

In particular in the case of polymers with hydrolyzable side
chains, such as polyacrylic acid esters or polymethacrylic acid
esters, the use of stable hollow bodies in the pre-shaped bodies
or threads may ke advisable as otherwise a loss of contrast
through the loss of gas upon hydrolysis and expansion can re-
sult. An additiomnal hydrolysis-stable cross-linking of the poly-
mers may be advisable in order that the gas-filled glasses or
polymer particles do not stray from a marking in a pattern.

Pre-shaped bodies can e.g. be prepared from the polymerization
of methyl methacrylate in poly (methylacrylate, \methyl methacry-
late} veacted with hollow glass bodies with a suitable starter
system (e.g. benzoyl peroxide and N,N'-dimethyl-p-toluidine}.
Such monomer-polymer systems have been used since the 1960s in
bone cements, and are therefore also to be regarded as long-term
biocompatible. To achieve good processing properties, the vis-
cous properties can also be set with pigments, such as aerosil.

A further possibility is to encapsulate echogenic gas-filled
microcapsules (e.g. ultrasound contrast agents). These should
have a sufficient pressure, temperature and storage stability.
The inclusion of the contrast agents can be carried out, e.g.
via introduction into tubes or tubular films. It can be useful
to add acids, bases or buffer systems which repress the hydro-
lysis of the contrast agents; furthermore, gels can prevent
enzymes from approaching the contrast agents. Preferably, ho-
wever, ultrasound contrast agents should be prepared which are
stable over a long period of time, best of all non-resorbable.
Limitations such as are essential e.g. for parenteral use, name-
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ly that the particles must be vessel-accessible and thus should
have a diameter of less than 10 im, do not apply here.

The incorporation of gas-filled, echogenic structures into hy-
drogels also has the advantage that hydrogel objects of
themselves offer a certain distinguishability of the seroma-free
implant such as is present in the body after a while. These
objects can appear seroma-like in the ultrasound image. Biocom-
patible natural and/or synthetic polymers can be considered as
materials for these hydrogels, depending on application. Ioni-
cally or chemically cross-linked polyamino acids, synthetic
polyelectrolytes and partially, non- or fully hydrolyzed poly-
acryliec, polymethacrylic or polycyanacrylic esters can be named.
Furthermore, hydrogels which contain polyethylene glycols
(PEGs), polyvinyl alcchols (PVAs), polyvinylpyrrolidones (PVPs)
or mono-, oligo- or polysaccharides, can be named.

The position of the implant in the body can thus be established
via the pattern-form arrangement and shape of such echogenic
elements without the diagnosis of a genuine seroma or an inflam-
mation wrongly being positively or negatively distorted. Thus,
in addition to gas-filled objects, £luid-filled objects can also
be advantageous.

The encapsulation of echogenic, gas-filled microcapsules also
has the advantage that they not only generate a certain positive
contrast through their back-scatter but alsc through size and
wall thickness, the resonance frequency of this scattering can
be set at the diagnostically customary range (0.5 to 20 MHz),
which leads to an amplified echosignal at the excitation fre-
quency. In addition, non~linear effects, such as e.g. in the
case of harmonic imaging, can be used. Furthermore, colour-doub-
ler effects which e.g. are called "stimulated acoustic emission®
(Blomley et al., Ultrasound in Medicine and Biclogy 25(9), 1341-
52 (November 1999)), of these particles can be used.
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The echogenic microcapsules can be constructed so that they are
stable in the human body for approximately four weeks to several
years. Thus, echogenic microparticlés e.g. of long-chained cya-
noacrylates (hexyl, heptyl, octyl, nonyl,.) or methacrylic acid
esters can be prepared. Mixed particles consisting of non-resor-
bable and resorbable polymers can also be used.

In the case of slowly resorbable polymer implants, such as some
pelylactides, polylactide glycolides, polycaprolactones or poly-
dioxanones and other polyesters (&, &, &,.0 polyhydroxy acids
such as e.g. polyhydroxybutyric acid, polyhydroxyvaleric acid),
polyether esters and polyamides and their mixtures and copoly-
mers, the gases can be incorporated as with the non-resorbable
polymers. However, non-resorbable carriers are excluded. Inste-
ad, decomposable glass capsules or resorbable echogenic polymer
microcapsules are preferably used for the preparation of syn-
tactic foams or predominantly closed-cell foams, as already
described, prepared from the materials of the flexible basic
structure.

As the decomposition of resorbable polymers can also depend,
apart from the chemical composition and the chain length, on
factors such as size, porosity and the general conditions in the
tissue (e.g. substance transport), the echogenic regions should
be matched in their decomposition and resorption properties to
the actual implant. An influence can be exerted in addition with
additional coatings with resorbable substances (such as e.g.
fats, waxes, polymers, inorganic minerals), compounded polymer
additives (such as e.g. oxidic, carbonated pigments, carboxylic
acids, anhydrides) or compounded polymers which influence the

expansion and decomposition behaviouz.

In one version of a process for preparing an implant according
to the invention, echogenic microcapsules are used as starting
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particles for the preparation of bubbles in the implant. The
starting particles can be completely or partially retained as
such after the preparation or after the implantation. It is
however also conceivable that they change and are already no
longer present on completion of the preparation or only some
time after the implantation.

As the particularly echogenic microparticles (microcapsules)
often have a certain sensitivity to strong pressures (e.g.
greater than 0.5 bar) and sometimes also to increased tempera-
ture, it is important in these cases to select particularly
gentle preparation processes for echogenic linear structures
(e.g. filaments, threads) and pre-shaped bodies. For this, the
following possibilities are listed as examples.

a) 2-phase encapsulation process using interfacial polymeriza-
tion. Gas-filled microparticles are dispersed in an adqueous
phase, the pH of which is set at a sufficiently basic value or
which is buffered. In addition, one cof the monomers (e.g. a
diamine component) is dissolved in the agueous phase, and the
second monomer (e.g. a carboxylic acid dichloride) is dissolved
in the lighter organic phase, which should be a non-dissclver
for the microcapsules.

Because of their density, the echogenic wmicrocapsules float in
the direction of the phase interfaces. With a suitable pull-off,
a thread in which the microcapsules are enclosed can be obtai-
ned.

This principle can also be transferred to other systems, such as
e.g. other polyadditions, polycondensations or polymerizations.
Equally suitable are other systems which can couple in aqueous
systems to amines, thiols or alcchols and have at least two
functional reactive groups from the groups: aldehydes, alcchols,
semiacetals, anhydrides, acid halides, crth0pyridy1 digulfides,

JP 2004-510551 A 2004.4.8
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vinyl sulfones, epoxides, maleic acid imides, succimidyl esters,
p-nitrophenyl carbonates, oxycarbonyimidazoles, benzotriazol
carbonates, amines. '

The location-stability of the microcapsules can be further in-
creased by fimctional groups on the surface, for example, glass
microcapsules can be surface-modified via reactiom with 1,1,1-
trialkoxysilyl amines or 1,1,l-trialkoxysilyl epoxides, a better
and covalent incorporation inte a filament matrix thereby being
achievable. A similar procedure is also possible with surface-
modified gas-filled polymermicrocapsules.

b} Solvent precipitatiom. A further possibility is to prepare an
echogenic thread via a solvent precipitation and in so doing
encapsulate the contrast agent. A suitable choice of solvent isg
important, especially in the case of semsitive polymer micro-
capsules. The solvent must not attack the capsule material.

A pH precipitation is advisable in particular for polyamides
(e.g. nylon) or some proteins which are not soluble at neutral
pH. This can be used'e‘.g. in the case of gas-filled polybutyl-
cyanoacrylate microcapsules such as described in WO 93/25242.
Thus nylon can be dissolved in acid and the particles can be
suspended in it and precipitated using a suitable precipitation
bath.

c) Solvent evaporation. Echogenic pre-shaped bodies orx threads
can furthermore be prepared using a suspension of echogenic
microparticles in a polymer solution. After the removal of the
solvent via evaporation, the microparticles are enclosed. In
this case also, the solvents should be selected so that damage
to the particles by the solvent is very largely avoided for the
time of thread and pre-shaped body manufacture.

d) Induced encapsulatiom. It is also possible to allow threads

or pre-shaped bodies which are not soluble, but capable of ex-
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pansion, under the prevailing conditioms (e.g. solvent, pH,
temperature) which are already either located on the basic
structure of the implant or are subsequently applied to it to
expand. The echogenic particles are applied to the implant,
diffuse into it and are enclosed by returning the thread or pre-
shaped body material to the initial state (e.g. removal of the
swelling agent, pH change, temperature change) .

e) Extrusion of filaments. As sometimes considerable pressures
can occur in the case of single extruders or twin-screw extru-
ders, those proposed by the manufacturer with sufficient pres-
sure stability should be used in the case of glass hollow par-
ticles. The particle size to be used should be adjusted to the
nozzle size.

£f) Room-temperature encapsulation in hydrogel. Polymer microcap-
sules can be very gently encapsulated into hydrophilic polymer
gels, as described below in Example 14, with low solvent content
or solvent-free, such as e.g. prepared from hydroxyethyl metha-
crylate (HEMA), PEG acrylate, PEG methacrylates and their bi-
functional derivatives. The polymerization preferably takes
place under UV, optionally accelerated with sensitizing substan-
ces, such as dialkoxyphenyl acetophenones or in the presence of
low-temperature initiators which allow a gentle processing both
for the flexible basic structure of the implant and for the
microcapsules.

To prepare resorbable pre-shaped bodies from hydrogel-containing
resorbable echogenic microcapsules, monomers or prepolymers are
preferably used such as are used in FocalSeal® {CAS no. 202935-
43-1). In genmeral, however, all hydrophilic resorbable bisacry-
lates or methacrylates are suitable for the preparation of hy-
drogels of the type: A-B-C-B-A with A = methacrylate, acrylate
or vinyl ether, B = polylactide, peolyglycolide, poly-2-hydroxy-
butyrate, poly-2-hydroxyvaleriate, polytrimethylene carbonate ox
their co-polymers, and C = a hydrophilic chain such as e.g.
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polyethylene glycol (PEG), polyvinyl alcohol (PVA) or polyvinyl
pyrrolidone (BVP).

A further, particularly preferred possibility is to prepare
echogenic polylactide microparticles in the presence of a pro-
tein via a spraying process. This is described below in Example
20 on the basis of Example 2 of DE 198 13 174 Al. Thus, for
example, polyactide coglycolide particles (95/5}) prepared in the
presence of albumin, in which the gas core is produced using the
spraying process and not, as is customary, via a subsequent
drying, can be resuspended in water after preparation and wetted
by the addition of a dialdehyde such as e.g. glutaraldehyde.
This can be carried out in a suitable mould which optiomnally
also contains recesses and into which the basic structure of the
implant, for example a mesh, is placed. As the pre-shaped bodies
mamufactured in this manner are themselves flexible and as a
rule are anchored to the mesh over several stitches and the mesh
is finally enclosed in the pre-shaped bedy, the implant with
pre-shaped body has a sufficient stability such as is not achie-
ved with many coating processes.

Depending on the intended use, it is advantageous if the implant
according to the invention has at least one biologically active
ingredient which can optionally be released locally after the
implantation. Substances which can be counsidered for such an
active ingredient are for example natural active ingredients,
synthetic active ingredients, antibiotics, chemotherapeutics,
cytostatics, metastasis inhibitors, antidiabetics, antimycotics,
gynaecological agents, urological agents, antiallergics, sexual
hormones, sexual hormone inhibitors, haemostyptics, hormones,
peptide hormomes, antidepressants, antihistamines, naked DNA,
plasmid DNA, cationic DNA complexes, RNA, cell constituents,
vaccines, cells occurring nmaturally in the body orxr genetically

meodified cells. The active ingredient can e.g. be present in
encapsulated form or in adsorbed form, in particular on the
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basic structure or on ultrascnically detectable elements (e.g.
pre-shaped bedies), vspecial active-ingredient carriers also
being conceivable. With such active ingredients, the diagnosis
can be improved according to the application or a therapeutic
effect can be achieved (e.g. better wound healing, inflammation
inhibition) .

In magnetic resonance tomography, areal polymer implants are
normally visible. However, in particular in the case of light
meshes which have a lower unit weight than polypropylene meshes
customary in the trade, limitations can arise from the fact that
very few protons of the implant material are present beside
water and fatty protons of the body. To obtain a sufficient
signal-to-noise ratio, in these cases, long measurement times,
during which the patient must keep the respective body part
still or, in the case of abdominal examinations, hold his bre-
ath, are necessary. In addition, if these implants are in the
form of thin mesh strips, a typical scan depth of 6 mm can also
already cause problems in recording the exact position and loca-
tion of the implant.

In this case, the implants according to the invention have the
advantage that, depending on the intended position in the body,
fat-rich pre-shaped bodies can be attached to the implant for
e.g. muscle implants or hydrous pre-shaped bodies for implants
in a fatty enviromment. In addition, the hydrous pre-shaped
bodies can also contain, as well as water, magnetic resonance
contrast agents customary in the trade, such as e.g. "Endorem®
(Guerbert), Gadolinium DTPA (Aldrich) or "Magnevist" (Schering) .

Such pre-shaped bodies or also linear structures can be designed
for example by applying polyethylene tubes filled with magmetic
resonance contrast agent and having an internal diameter of 0.28
mm and an external diameter of 0.61 mm to a mesh. When measuring

e.g. in a condensed-milk phantom (condensed milk plus gelatine)
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with a T2*-weighted gradient echo mode, both the contrast agent
core and the polymer shell of the tube are clearly visible. In
addition, the described ultrasonically detectable elements can
be applied separately. It is also possible to react a suitable
ultrasound contrast agent in aqueous phase with aqueous magnetic
resonance contrast agent and to pour the mixture into a tube to
thus form a pre-shaped body. Alternatively, these contrast
agents can be applied to the implant in a sufficiently cross-
linked gel from which the contrast agent cannot diffuse out.
Furthermore, the encapsulated fluorocalkanes detectable in the
ultrasound are also suitable to achieve a magnetic resonance
contrast.

For implants according to the invention constructed in this way,
a particularly specialized magnetic resonance system such as
described in Paley et al. (Eur. Radiol. 7, 1431-1432 (1997)) is
not necessary. Equipment customary in the trade is sufficient
and the radiologist achieves good results with settings as al-
ready pre-set in the equipment for example for meniscus examina-
tions. A special coating as described by Paley et al. (superpa-
ramagnetic ferric oxide enclosed in a polystyrene £ilm) is like-
wise not nmecessary with the pre-shaped bodies or linear structu-
res mentioned above.

It is also conceivable to provide on an areal implant exclusi-
vely elements which are set up for detectability in magnetic
resonance and do not improve the visibility of the implant in
the ultrasound. Such elements can e.g. be constructed as a tube
filled with magnetic resomance contrast agent, as described

above.

In the following, the invention is explained using embodiments.
Further possibilities for the implant according to the imvention
and processes for preparing it emerge directly from the claims.
The drawings show in ) .
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Figure 8
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a schematic top view of the implant prepared according
ta example 2,

an ultrasound view of the implant according to example
2 after implantation in a pig's stomach,

an ultrasound view of a marked filament according to

exanmple 3,

a cross-section through a pre«éhaped body of the im-
plant prepared according to example 7,

a section from the filament prepared according to ex-
ample 8, seen in side view,

a schematic representation of the patterm draft of the
fabric prepared according to example 2,

a schematic top view of the implant prepared according
to example 10 and

a schematic top view of the implant prepared according

to example 15.

Circular pre-shaped bodies made from integral
foam on pelypropylene meshes

3 foam pieces (3M Foam Medical Tapes no. 1773, 30 mil; closed-
cell polyethylene foam 0.87 mm thick) were attached at a distan-

ce of 3.5

cm from each other in the middle to a polypropylene

mesh customary in the trade measuring 1.1 cm * 45 cm, as used in

a so-called TVT system of the manufacturer Medscand Medical 2B.

The round

foam pieces were punched out beforehand (diameter 0.5

cm) . Attachment was by ultrasound welding from the mesh side.
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A cut approximately 2 cm deep was made over the whole width,
approximately 4 cm from the edge, in a piece of pig's stomach.
The mesh strip was coated with contact gel and inserted. Soun-
ding was carried out from the side with a Toshiba ultrasound
apparatus with a sound head of 3.75 MHz. While the mesh was
scarcely or only very weakly recognizable, the pre-chaped bodies
were clearly recognizable and above all clearly distinguishable
from other structures.

A mesh piece which was kept beforehand for 3 months in phosphate
buffer of pH=7.0 at 38°C also showed a comparable contrast.

Example 2: Amnular oval pre-shaped body made from integral
foam on peolypropylene mesh

A foam piece (3M Foam Medical Tapes no. 1773, 40 mil; closed-
cell polyethylene foam 1.02 wm thick) was attached in the middle
to a polypropylene mesh customary in the trade measuring 1.1 cm
* 45 cm, as used in a so-called TVT system of the manufacturer
Medscand Medical AR. The foam piece was cut out as an oval befo-
rehand (length 1.3 cm, width 0.8 cm) and provided with a central
perforation (diameter 0.3 cm). Attachment was carried out by
ultrasound welding from the mesh side.

Figure 1 shows a schematic top view of the implant. Im it, the
polypropylene mesh which serves as a flexible basic structure is
numbered 1 and the echogenic pre-shaped body made from polyethy-
lene foam 2.

A cut approximately 2 cm deep was made over the overall width,
approximately 4 cm from the edge in a piece of pig's stomach.
The mesh strip was coated with contact gel and inserted. Soun-
ding was carried out from the side with a Toshiba ultrasound
apparatus with a sound head of 3.75 MHz. While the mesh was
scarcely or only very weakly recognizable, the foam was clearly

JP 2004-510551 A 2004.4.8
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visible and above all clearly disting—uishable‘ from other struc-
tures. Figure 2 shows an ultrasound view of the implant inserted
into the pig's stomach. '

Example 3: Sealed hollow threads on polypropylene threads

Hollow polyimide microfibres were wound onto -a 0.3 wm thick
polypropylene filament at 5 om intervals to a width of approxi-
mately 1.3 em (internal diameter 0.1 wmm, wall thickness 13 um,
manufacturer MicroLumen) so that a double winding resulted.
These regions were fixed with "Histoacryl® (B. Braun Surgical
GmbH) and then sealed with paraffin wax (melting point 73-80°C).
These marked filaments can also be incorporated into meshes as
stationary threads in the crochet galloon technique.

Whereas the polypropylene filament was hardly visible in the
ultrasound, the markings were clearly recognizable. Figure 3
shows an ultrasound view of the marked filament.

Example 4: Glass hollow bodies on polypropylene mesh

A mixture of approximately equal volumes of glass hollow bodies
(Scotchlite” K1, 3M) and paraffin wax was manufactured and homo-
genized by welting and stirring. The warm mixture was poured
into a cool glass mould. The solidified film (symtactic foam)
had a height of approximately 1 mm. Strips approximately 2 mm
wide and 0.8 cm long were cut with a scalpel. These were laid
onto a 45 cm long and 1.1 cm wide polypropylene mesh. Small
pieces were taken from these strips, shaped to a small ball and
pressed onto the mesh. The marking had a length of approximately
2 mm, a width of approximately 1 mm and a height of approximate-
ly 0.7 mm. The marking was then reacted with some drops of a 2%
polycarbonate solution ("Makrolon”, Bayer AG) in chloroform.
After the removal of the solvent by evaporation, the marking was
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incorporated in the polymer film and could not be removed from
the mesh by vigorous mechanical rubbing. In this way, markings
were applied at a distance of 1.5 cm from centre to centre.

The markings showed a clear contrast in the B image and red- and
blue-coded pixels in the colour-doibler image (UMS ultrasound
equipment from ATL) .

Example 5: Encapsulated hollow threads on polypropylene mesh

The procedure was as in example 4 with the difference that,
instead of hollow glass balls, cut hollow threads were used
(Hollofil', type no. 4H, DuPont).

These markings showed a clear contrast in the B image, but no
colour doubler effects whatsoever.

Example 6: Welded hollow polyethylene pre-shaped bodies on
composite mesh

Polyethylene tube pieces closed at the ends were welded with
ultrasound, 5 cm from each other, to a non-resorbable, experi-
mental woven product made from polypropylene (Proleneu, Ethicon)
and a mixture of polyvinylidene fluoride and polyhexafluoropro-
pylene (Pronova , Ethicon). The woven product (mesh) was prepared
on a Raschelina RD3MT3/420SN type crochet galloon machine. The
mesh is a large-pored open mesh made from polypropylene yarns
with additional coloured broché threads made from a "Pronova"
monofilament of 0.15 mm diameter. The welding to the mesh was
carried out from the mesh side at the flattened tube ends.

The sealed tube pieces were manufactured as follows:
A polyethylene tube piece approximately 3 cm long (xef.
800/1000/420/100, Sims Portex) was held for several seconds on
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both sides at 120°C in a compression press without additional
pressure. The flatted and melted ends were cut to size to a
length of approximately 3 mm each. The gas-filled core piece had

a length of 7 mm and a core diameter of 1.57 mm.

Example 7: Heat-sealed hollow polyethylene pre-shaped bodies
on composite mesh .

Polyethylene tube pieces closed at the ends were welded with
ultrasound 2 ecm from each other, to a non-resorbable, experimen-
tal woven product made from polypropylene and Pronova (see ex-
ample 6). The mesh was prepared on a Raschelina RD3MT3/420SN
type crochet galloon machine. The mesh is large-pored open mesh
made from polypropylenme yarns with additiomal coloured broché
threads made from Pronova # 5-0 monofilament. The welding to the
mesh was carried out from the mesh side at the flattemed tube
ends.

The sealed tube pieces were manufactured as follows:

A polyethylene tube piece approximately 3 cm long (xef.
800/1000/420/100, Sims Portex) was kept for several seconds on
both sides at 120°C in a compression press without additional
pressure. The flattened and melted ends were cut to size to a
length of approximately 2 mm each. The gas-filled core piece had
a length of 3 mm and a core diameter of ©.28 mm.

Figure 4 shows a cross-section through the echogenic pre-shaped
body which is formed by a tube piece 10 closed at both ends. The
cutting plane lies in the region of the gas-filled core 12.

Example 8: Echogenic propylene filaments with pressure-sen-
sitive glass hollow bodies
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A mixture of polypropyeleme gramules containing 1 wt.-% glass
hollow bodies (Scotchlite” K1, 3M) was prepared. This mixture was
melted and mixed vigorously with a glass rod. A thread approxi-
mately 1 m long was pulled out with the glass rod. This had a

- microscopic thickness of 0.15 wm. Under the microscape, the

intact glass hollow bodies (glass microcapsules) were very cle-
arly recognizable in the filament.

Figure 5 shows a section frO}Il the filament 20 in side view. A
section of the glass hollow body 22 is only partially surrounded
by polypropylene and projects, the remaining section is on the
other hand completely encapsulated.

In the water bath, the filament showed a clearly greater con-
trast in the ultrasound than a thread of comparable thickness
made from polypropylene.

Example 9: Fabric with echogenic film strips

A part of the cured composite from example 8 consisting of 1%
Scotchlite” K1 (3M) and polypropylene (Ethicon Inc.) was kept in
a heating press for a period of 30 minutes between backing paper
at 180°C. The resultant film was then subjected for 2 minutes to
an external pressure of 3 bar and kept once more for 15 minutes
at 180°C without external pressure. The composite f£ilm subse-
quently had a thickness of 0.58 mm. Strips with a width of 3 mm
were punched out with a punching mould.

The film strips were woven out as weft threads in a dobby loom
as effect threads in a combined weave. Polypropylene yvarns of 60
den were used for the warp and weft threads in the backing fa-
bric. A plain weave was selected for the backing fabric and the
echogenic film strip described above was inserted twice as a
rep-weave weft thread after every tenth weft insertion in the
plain weave. A
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Figure 6 shows the structure of the fabric in schematic form,
the backing fabric (flexible basic structure) being numbered 30
and an echogenic film stxrip 32.

Example 10: Implant mesh with echogenic filaments which con-
. tain gas-filled microcapsules

A mixture of 2.5 wt.-% glass hollow bodies (scotchlite’ sK 38,
3M) and the polymer polypropylene (basic material for Proleme’,
Ethicon Inc.) was extruded at 230°C in a Haake extruder with
melt pump and multi-bore nozzle. Filaments 0.2 mm thick were
obtained.

These echogenic threads were processed on a Raschelina
RD3MT3/4208N type crochet galloon machine together with polypro-
pylene yarns. The polypropylene yarns served as core threads and
the echogenic threads were worked in as broché threads during

the manufacturing process.

Figure 7 shows a section from the woven product with the core
threads 40 made from polypropylene and the echogenic broché
threads 42. The ultrascnically detectable elements, namely the
broché threads 42, are thus worked into the f£flexible basic
structure of the-implant as a structural component in this ex-
ample, forming the implant mesh together with the core threads
40,

Example 11: Echogenic pre-shaped bodies made from polyethyle-
ne

Pre-shaped bodies with a core length of 1.5 mm and a core diame-
ter of approximately 0.58 mm were manufactured from a polyethy-
lene tube (ref. 800/110/100, Sims Portex, internal diameter 0.28
mm, external diameter 0.61 mm) with the help of a brass stencil.
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To this end, the stencil was first manufactured by pressing
zirconium dioxide balls with 1.5 mm diameter (Mihlmeier Mahl-
technik) between two brass sheets approximately 0.75 cm apart in
a compression press at approximately 5 bar pressure. After the
balls were removed, their impressions were found in a line om
the two sheets with a maximum diameter of 1.5 mm and a depth of
approximately 0.75 mm.

A tube piece (ref. 800/110/100, Sims Portex, internal diameter
0.28 mm, exterpal diameter 0.61 wm) was laid onto one of the
sheets and fixed to the right of the impressions with some Sel-
lotape (Beiersdorf AG). The compression press was heated to
120°C, then the sheet with affixed tube piece and some backing
paper kept under pressure of 1 bar for a few seconds. After
removal, a film of approximately 0.28 mm thickness and approxi-
mately 1.5 mm width was removed which had gas-filled elements
with a length of approximately 1.5 mm and height and width of
approximately 0.6 mm in intervals of 0.75 cm.’

These pre-shaped bodies were pressed vigorously with the fingers
in a water bath without gas escaping or water entering. The gas-
filled pre-shaped bodies weve cut to fit the film pieces and
sewn in parallel-arranged lockstitches using star-shaped top-

stitching.

Example 12: Pre-shaped bodies made from polyethylene tube
with gas-filled microcapsules made from glass on
polypropylene mesh

A cold mixture of 20 g surfactamt (’Pluromic F127", ”Lutrol

F127", BASF) with 2.5 g glass hollow bodies (Scotchlite® X1, 3M)
in 75 g water was prepared. This was enclosed in Portex poly-
ethylene tubes using knots 1.5 cm apart. The projecting ends
beside the knots were thermally sealed at approximately 120°C to
a polypropylene mesh serving as a flexible basic structure. The
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distance between the pre-shaped bodies (centre to centre) was
2.5 cm.

Example 13: Stabilized gas-filled microcapsules on polypropy-~
lene mesh

Echogenic, decomposable microparticles were prepared according
to example 9 of EP 0 644 777 Bl without diluting these in sodium
chloride and Cetomakrogol. The microparticles were diluted 1 to
10 after preparation in cold, acidified surfactant solution
(*Pluronic F127", BASF; 20%) and poured into a polyethylene tube
(9ims Portex, 0.28 mm internal diameter, 0.61 mm external diame-
ter, ref. 800/110/100) into which some I>an;=u:::"yl0 threads (Ethicon
GmbH) of a length of 0.5 cm had already been drawn beforehand.
Panacryle ig a resorbable suture material and decomposes slowly
into the components lactic acid and glycolic acid. The tube ends
were then knotted at intervals of approximately 1 cm and the
tube ends thermally sealed on the other side of the knots to a
mesh made from polypropylene.

The mesh was kept in a phosphate buffer at pH=7 for 6 months at
38°C in the thermostat. Even after this time, the echogenic
marking in the form of the filled tube were still clearly re-
cognizable in the B image and the colour doubler (red and blue
coding) of an ultrasound apparatus.

Example 14: Polypropylene tape, enclosed in sectioms im hy-
drogel, with long-term stable polymer microcapsu-
les

In this example, thexe is described the preparation of long-
term-stable, echogenic microcapsules and their gentle encapsula-
tion at room temperature in a biocompatible, long-term-stable
hydrogel, which is firmly anchored to an implant tape.
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Echogenic microparticles were prepared as in example 13, only
the monomer was exchanged for octyleyancacrylate (Dermabondo,
Ethicon) and the pH value was kept ‘at neutral (no pH setting)
with a reaction time of 2 hours. Even after approximately 4
months' storage at room temperature, the suspension still showed
a comparatively high level of floating material, as at the be-
gimning of the storage.

A monomer/solvent mixture was prepared by adding 20 ml hydroxy-
ethyl methacrylate (HEMA, Opthalmic Grade, Polysciences LTD),
110 mg 2,2 dimethoxy-2-phenylacetophencone (Aldrich, 24650-42-8),
10 ml isopropamol and 0.5 ml ethylene glycol dimethacrylate
(Polysciences LTD) to 60 ml polyethylene glycol 300. After a
period of time, a clear solution formed.

A mwould was made from beeswax in an aluminium bowl. To do this,
beeswax was melted in the aluminium bowl. Three metal rods with
a diameter of 5 mm were inserted into the mould. After cooling,
the rods were removed. Recesses of approximately 5 wm depth
resulted. A polypropylene tape (mesh) as used for the commercial
product "TVI® was then laid over the three recesses and fixed in
the wax with 2 needles.

Then 50 ml of the prepared monomer solution was reacted with 1
ml floating material of the polyoctylcyancacrylate suspension
stored in neutral for 4 months and briefly dispersed with a
magnetic stirrer. The monomer/particle mixture was poured into
the mould and irradiated for half an hour with a UV polymeriza-
tion lamp (Polysciences, catalogue no. 24001) at a distance of
approx. 15 cm.

After careful removal of the tape from the mould, it was seen
that the tape was enclosed on both sides in a gel pre-shaped
body which consisted of a foot measuring approx. 5 cm* 1.5 cm *
3 mm. The tape lay approximately in the middle of the 3 mm thick
gel sheet. Cylindrical caps approximately 5 mm high and approxi-
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mately 5 mm in diameter were situated at a distance of approxi-
mately 1.5 cm from each other, dictated by the mould. Intact
microparticles were recognizable in the gel bedy under a light
microscope.

The tape with the gel marking was then washed for several days
with distilled water, the water being changed daily.

Example 15: *Papacryl” film with gaseous dinclusions on
* panacryl” tape

Gas-containing pre-shaped bodies in the form of films were ap-
plied to a slowly resorbable "Panacryl” tape (Ethicon), manufac-
tured on a Tascheline RD3MT3/420SN type crochet galloon machine
from 80 den multifilament threads with a width of just 2 cm.
" Panacryl® (Ethicon} is a polylactide coglycolide in the ratio
95/5. ’

For this, the tape was laid onto a PTFE-coated sheet. In the
middle of the tape, at distance of approximately 1.5 cm from
each other, drops of a 5% solution of 95/5 polylactide coglyco-
lide as also used in Panacryl' (Ethicon GmbH) are added in each
case to chloroform. The sheet was heated for several minutes to
70°C. Round film pleces formed with numerous bubble-shaped in-
clusions in the tape with approx. 5 mm diameter. The f£ilament
pieces of the tape were enclosed by the film on both sides. In
the centre of the film, the tape had dissolved. Despite this,
the gas-containing film pieces were so firmly anchored to the
tape that they could not be removed mechanically by rubbing.

Figure 8 shows a top view of a gection of the tape 50 with the
gas-containing film pieces 52.
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Exami)le 16: Preparation of gas-filled films made from poly-
carbonates as pre-shaped bodies

A 10% solution of polycarbonate (”"Makrolon”’, Bayer AG) in chlo-
roform was prepared. On a brass sheet (approx. 1 em thick), the
1-mm-high polymer solution was applied with a slider with a 1-
mm-deep indentation. The thus-coated sheet was laid for several
minutes on a heating plate (100°C) and cold air was passed over
it from time to time. A polymer film formed with numerous gas
inclusions of approximately 0.1 to 3 mm diameter. The bubbles
lay close together and in one layer.

Round objects with a diameter of 4 mm were punched out and these
were heat-sealed with polypropylene meshes in the ultrasound.

Example 17: Preparation of film-like pre-shaped bodies from
echogenic microparticles and silicone

A silicone educt mixture of 10 parts component A ("Essil 244
A2", Axson} énd'l part component B (’Essil 244 B*, Axson) was
applied thinly with a brush transversely onto a polypropylene
mesh strip with a width of approximately 1 cm. Strips were pro-
duced with approximately 1 cm width and at a distance of appro-
ximately 2.5 cm from each other, which filled the meshes.

In a second step, some substance was taken with a thin glass rod
from the floating material of the echogenic microparticle mixtu-
re from example 13, which had formed after approximately 1 week
and had a sclid, creamy consistency, and spread onto the indivi-
dual silicone strips. Some more silicone starter mixture was
then added to these strips with the cobtained microparticle mar-
kings of approximately 0.5 cm diameter. After ovexnight curing,
flexible rubber-like film strips had formed which contained, in
the centre, bubbles measuring approximately 0.05 mm to 1 mm. In

addition, microscopic inclusions with a diameter of approx. 50
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um were observed which contained microparticles measuring 1 to
2 pm.

Example 18: Preparation of film-like pre-shaped bodies with
echogenic microparticles

The microparticle suspension prepared in example 13 was resus-~
pended by vigorous shaking and diluted 1 to 20 in water. The

"silicone starter mixture from example 17 was then painted onto

a PTFE-coated metal sheet, reacted with 1 ml of the diluted
microcapsule suspension, this was painted over its whole surface
(approx. 8 cm * 8 cm) and coated again with starter mixture. The
resulting £ilm was kept overnight at room temperature. Bubbles
0.05 te 1 mm in size formed, distributed evenly over the £ilm.

Example 19: Preparation of slowly resorbable pre-shaped bo-

dies with resorbable echogenic microparticles

Butyleyancacrylate (Sichel GmbH) was added dropwise into an
aluminium bowl with a flat base so that a liquid film of appro-
ximately 3 em * 3 cm formed. Approximately 6 drops of the undi-
luted acid suspension from example 13 was then added and the
mixture was left to stand overnight. The next morning, a homoge-
nously cloudy film had formed with a clear border of approxima-
tely 1 to 2 mm. At the points where the microcapsule drops had
been located, areas of thicker, cloudier film were observed. The
film had a thickness of approximately 0.75 mm and in the region
of the thicker areas a thickness of approximately 2 mm. Under
the microscope, microcapsules were to be recognized in the whole
film. In contrast to examples 17 and 18, almost no macroscopi-
cally visible bubbles had formed.
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Example 20: Preparation of slowly resorbable pre-shaped bo-
dies with resorbable echogenic microparticles and
attachment to a partially resorbable composite
mesh

Gas-filled microcapsules were prepared on the basis of De 198 13
174 Al, example 2, but from a copolymer made from 95 parts poly-
lactide and 5 parts glycolide (Pamacryl’, Ethicén Inc).

A mould was prepared from the same polymer by adding polymer
granules toc a brass sheet which every second millimetre contai-
ned square raised areas measuring 1 wm * 1 mm and 0.5 mm height.
A level sheet was laid on and the polymer granules were melted
on, exerting light manual pressure, above 200°C. The mould was
quenched under water and the £ilm removed. The film had a thick-
ness of 1 mm with equidistant recesses of 0.5 wm. The powder
obtained in the first step from the microcapsules was introduced
into the recesses with a brush. A second film made from the same
polymer with a thickness of 50 pm was expanded in chloroform and
glued to the first film under slight pressure. A perforator was
used to punch out pre-shaped bodies in the shape of round film
pieces with a diameter of approximately 6 wm.

The film pieces were laid out 3 om apart in a PTFE-coated trough
and covered with an implant wmesh customary in the trade
(" Vypro”, Ethicon CmbH) made from polypropylene yarn and a copo-
lymer of glycolide and lactide in the ratio %0 to 10 (vicryl",
Ethicon). A 10% (wt.-%) solutiom of polycarbonate (*Makrolom”,
Bayer AG) in chloroform was then dropped onto the film pieces,
so that the film pieces did mnot dissolve and were comnected to
the mesh via the polycarbonate £ilm.

Example 21: Preparation of a slowly resorbable film with gas
inclusions and comnection of pre-shaped bodies
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manufactured therefrow to a partially resorbable

mesh
A 5% (wt.-%) solution in chlorcform was prepared from a polylac-
tide coglycolide 95/5 (Pa:aacrylm, Ethicon Inc.). 50 ml of this
solution was shaken vigorously by hand for several minutes and
then stirred with an IKA "Ultraturrax’ stirrer at 5000 revolu-
tions pér minute. The bubble-containing, wviscous solution was
poured intc a PTFE-cocated mould (fill level approx. 1 mm) and
kept for 1.5 hours at approximately 50°C heating-plate tempera-
ture. A very flexible film approximately 0.25 mm thick formed in
which bubbles were enclosed, evenly distributed in for the most
part a single layer (the majority with a diameter of 0.5 to 1
mm} . However, bubbles smaller than 0.1 mm and also some with a
diameter of 5 mm were also observed under the microscope.

Round pieces with a diameter of 5 mm were punched out. These
were laid 2.5 cm apart onto a sheet coated with PTFE. A 4 cm *
11.5 cm composite mesh comprising a 90/10 polyglycolide colacti-
de and polypropylene ("Vypro", Ethicon GmbH) was laid onto these
film pieces. The mesh was coated with the 5% polylactide cogly-
colide solution with a paintbrush in the region of the £film
pieces and a second punched-out £ilm piece was placed onto each
as a counterpiece. The film pieces were briefly pressed together
manually. The film pieces did not dissolve, rather they merely
stuck together.

The gas-filled pre-shaped bodies manufactured in this way had a
diameter of approx. 6 mm and a thickness of approx. 0.5 mm and
were so firmly anchored to the mesh that they could not be remc-
ved from the mesh by manual bending, pulling apart or rubbing.

Example 22: Preparation of a slowly resorbable film with
resorbable echogenic microcapsules on a slowly
resorbable tape '
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The procedure was as in example 15, except that the formatiom of
the film involved a different emulsion. For this, an emulsion
consisting of approx. 2 ml sepango” (sorbitan moncoleates, Sigma),
5 ml 5% solution of polylactide-coglycolide which is also used
in Panac:tyl" (Bthicon GmbH) in chloroform and approximately 0.5
ml suspension from example 13 was prepared by simple manual
shaking. The f£ilm formation took place analogously to example 15
on the tape at 40°C.

Example 23: Pre-shaped bodies made from syntactic foam on
polypropylené tape

Digks with a diameter of 0.5 cm were punched out from the compo-
site film prepared in example 8. These were heat-sealed 1.5 cm
apart in a row from the mesh side with ultrasound onto a mesh-
like polypropylene tape customary in the trade ("TVI®-tape”,
Medscand Medical AB).

The disks could not be removed from the tape by mechanical me-
ans. Nor could a perceptible change in elasticity or flexural
strength be ascertained hetween the region marked with the disks

and the unmarked region.

Example 24: Pre-shaped bodies which additionally contain
magnetic resomance contrast agents on polypropy-
lene tape

A polyethylene pre-shaped body partiaily filled with magnetic
resonance contrast agent was prepared. For this, am approximate-
ly 3-cm long polyethylene tube piece (ref. 800/110/100, Sims
Portex, internal diameter 0.28 wm, extermal diameter 0.61 mm)
was kept for several seconds on one side at 120°C in a compres-
sion press without additiomal pressure. Some magnetic resonance
contrast agent (Endcremw, Guerbert) was then poured in to a
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height of approx. 5 mm. The second tube side was then thermally
sealed. The flattened and melted ends were cut to size to a
length of approximately 5 mm each. The core piece filled with
gas and magnetic resomance conmtrast agent had a length of ap-
proximately 1 cm.

The pre-shaped body was sealed with ultrasound from the wmesh
side onto a polypropylene mesh piece.

The mesh marked with the pre-shaped body was enclosed in a con-
denged-milk/gelatine phantom (6 g gelatine in 200 ml 7% conden~
sed milk) and measured with a "Vista MRT® magnetic resonance
apparatus (1 tesla). The tube piece was clearly recognizable in
a T2*-weighted gradient echo sequence, as used Ffor meniscus
examinations.
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Claims

Areal. implant, with a flexible basic structure on a polymer
basis (1; 30, 32; 40, 42; 50) and with ultrasomically de-
tectable elements (2; 10; 20; 32; 42; 52), which contain or
produce gas and which are set up for detectability for at
least four weeks after implantation.

Implant according to claim 1, characterized in that the
elements (52) detectable in ultrasound are arranged in an
areal pattern.

Implant according to claim 1 or 2, characterized in that
the basic structure (1; 30; 40) containg non-resorbable
polymer.

Implant according to claim 3, characterized in that the
basic structure (1; 30; 40) contains at least one of the
substances selected from the following group: polyalkenes,
polypropylene, polyethylene, partially halogenated polyocle-
fing, wholly halogenated polyolefins, fluorinated polyole-
fins, polytetrafluorethylene, polyvinylidene fluoride,
polyisoprenes, polystyrenes, polysilicones, polycarbonates,
polyarylether ketones, polymethacrylic acid esters, poly-
acrylic acid esters, polyimides, copolymers of polymeriza-
ble substances thereof.

Implant according to ome of claims 1 to 4, characterized in
that the basic structure (50) contains resorbable polymer.

Implant according to claim 5, characterized in that the
basic structure (50} contains at least one of the substan-
ces selected from the following group: polyhydroxy acids,
polylactides, polyglycolides, polyhydroxy butyrates, poly-
hydroxy valeriates, polycaprolactones, polydioxanones,
synthetic and natural oligo- and polyamino acids, poly-
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phosphazenes, polyanhydrides, polyorthoesters, polyphospha-
tes, polyphosphonates, polyalcohels, polysaccharides, poly-
ethers, polyamides, aliphatic polyesters, aromatic polye-
sters, copolymers of polymerizable substances thereof,
resorbable glasses.

Implant according to one of claims 1 to 6, characterized in
that the basic structure has one of the forms-selected from
the following group: meshes (1), tapes (50), films, perfo-
rated films, felts, fleeces, open-pored foam films.

Implant according to one of claims 1 to 7, characterized in
that the elements (2) detectable in ultrasound contain at
least one of the substances selected from the following
group: physiclogically acceptable gases; low-boiling-point
liquids which are present in gaseous form at 38°C; low-
boiling-point liquids which vaporize in the ultrasound
field.

Implant according to claim 8, characterized in that the
eleménts (2; 10; 20; 32; 42; 52) detectable in ultrasound
contain at least one of the substances selected from the
following group: non-, partially and perfluorinated n-,
iso-, mneo~ and cycloalkanes, fluorobromoalkanes, sulfur
hexafluoride, hydrogen, nitrogen, oxygen, air, carbon di-
oxide, helium, neon, argon, xeumon, krypton.

Implant according to one of claims 1 to 9, characterized in
that the elements (2; 10; 20; 32; 42) detectable in ultra-
sound contain a non-resorbable structural material.

Implant according to claim 10, characterized in that the
structural material of the elements (2; 10; 20; 32; 42)
detectable in ultrasound contains at least one of the sub-
stances selected from the following group: polyalkenes,
polypropylene, polyethylene, partially halegenated polyole-
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fins, wholly balogenated polycolefins, fluorinated polyole-
fins, polytetrafluorethylene, polyvinylidene fluoride,
polyisoprenes, polystyrenes, poiysilicones, polycarbonates,
polyarylether ketones, polymethacrylic acid esters, poly-
acrylic acid esters, polyimides, hydrophilic cross-linked
polymers, silicones, copolymers of polymerizable substances
thereof, ceramics, glasses, metals, carbon.

Implant according to ome of claims 1 to 11, characterized
in that the elements (52) detectable in ultrasound contain
a resorbable structural material.

Implant according to claim 12, characterized in that the
structural material of the elements (52) detectable in
ultrasound contains at least one of the substances selected
from the following group: polyhydroxy acids, polylactides,
polyglycolides, polyhydroxybutyrates, polyhydroxyvaleria-
tes, polycaprolactones, polydioxanones, synthetic and natu-
ral oligo- and polyamino acids, polyphosphazenes, polyanhy-
drides, polyorthoesters, polyphosphates, polyphosphonates,
polyaleohols, polysaccharides, polyethers, polyamides,
aliphatic polyesters, aromatic polyesters, matural polyami-
no acids, synthetic polyamino acids, genetically produced
polyamine acids, collagen, rhcollagen, silk, pseudopolyami-
no acids, polycyancacrylates, polyethylene glycols, polyvi-
nyl alcohels, derivatized cellulose, fats, waxes, fatty
acids, fatty acid esters, polyphosphate esters, copolymers
of polymerizable substances thereof, resorbable glasses.

Tmplant according to one of claims 1 to 13, characterized
in that at least part of the ultrasonically detectable
elements iz formed as pre-shaped bodies (2; 10; 52) with
respaective length, width and height in the range from 0.1
mm to 50 mm.
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Implant according te claim 14, characterized in that  at
least ome pre-shaped body has one of the shapes selected
from the following group: riﬁgs (2), disks, platelets,
buttons, flat ellipses, hemispheres, solid spheres, beads,
cylinders, cubes, blocks, cones, rods, sleeves, tubes (10),
pipes, films (52). )

Implant according to ome of claims 1 to 15, characterized
in that at least part of the ultrasomically detectable
elements is designed as linear structures (20; 32; 42).

Implant according to claim 16, characterized in that at
least one linear structure is of a type selected from the
following group: tapes, cords, threads (20; 40), twines,
knotted filaments, f£ilm tapes (32), covering twines.

Implant according to ome of claims 1 to 17, characterized
in that at least part of the ultrasomically detectable
elements is comnected to the kasic structure in at least
one of the ways selected from the following group: melting
on, welding (2; 10), application from solutien (52),
gluing, kmnotting, attachment to a holding device connected
to the basic structure, incorporation into the basic struc-
ture using textile techniques (32; 42).

Implant according to ome of claimg 1 to 18, characterized
in that at least part of the ultrasonically detectable
elements has a symbol detectable in ultrasound, which is
preferably provided repeatedly at uniform intervals.

Implant according to claim 18, characterized in that the
symbol is designed in ome of the forms selected from the
following group: sewn from linear structures, embroidered
from linear structures, embossed from f£ilm, composed of

several objects.
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Implant according to one of claims 1 to 20, characterized
in that at least part of the elements (2} detectable in
ultrasound has a structure with a mono-to-multi-cell inte-
gral foam, the intermal walls of which are dry or wetted by
a liquid.

Implant according to one of claims 1 to 21, characterized
in that at least part of the elements (20; 32; 42} detecta-
ble in ultrasound contains a matrix into which gas-filled
microcapsules (22) are embedded.

Implant according to claim 22, characterized in thaﬁ. the
microcapsules are present in at least one of the ways se-
lected from the following group: microcapsules surrounded
by liquid which are embedded in polymer; microcapsules
surrounded by liquid which are embedded in fat; microcapsu-
les surrounded by liguid which are embedded in an organo-
gel; microcapsules surrounded by liquid which are embedded
in a glass; microcapsules (22) which are embedded in a
hydrophobic polymer; microcapsules which are embedded in a
hydrophiliec gel; microcapsules which are embedded in a
cross~linked polymer; microcapsules which are embedded in
a polymer gel; microcapsules which are embedded in an open-
pored polymer foam, the diameter of the microcapsules gene-
rally being greater than the pore diameter of the outer
foam pores.

Implant according to one of claims 1 to 23, characterized
in that at least part of the ultrasonically detectable
elements has a structure with a composite which contains
hollow threads in a polymer matrix.

Implant according to ome of claims 1 to 24, characterized
in that at least part of the ultrasomnically detectable
elements has a structure with open-pored pre-shaped bodies
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or limear structures which are surrounded by a gas-tight

envelope.

Implant according to omne of claims 1 to 25, characterized
in that at least part of the ultrasonically detectable
elements is composed at least partially of gas-filled mi-
croparticles, the microparticles being surface-fused, i.e.
preferably thermally surface-filmed, ionically crosslinked
and/or chemically crosslinked.

Implant according to one of claims 1 to 26, characterized
in that at least part of the elements (52) detectable in
ultrasound comprises a structure with blister films.

Implant accoxding to one of claims 1 to 27, characterized
in that the implant is also detectable in magnetic rescnan-
ce tomography.

Implant according to claim 28, characterized by pre-shaped
bodies or linear structures which favour a magnetic reso-
nance contrast, the pre-shaped bodies or linear structures
preferably comprising tubes filled with water, magnetic
resonance contrast agents and/or fat.

Implant according to one of claims 1 to 29, characterized
by at least one biologically active ingredient which prefe-
rably comprises at least one of the substances selected
from the following group: natural ingredients, synthetic
ingredients, antibiotics, chemotherapeutics, cytostatics,
metastasis inhibitors, antidiabetics, antimycotics, gynae-
cological agents, urological agents, anti-allergic agents,
sexual hormones, sexual hormone inhikitors, haemostyptics,
hormones, peptide hormones, antidepressants, anti-histami-~
nes, naked DNA, plasmid DNA, cationic DNA complexes, RNA,
cell comstituemts, vaccinmes, cells occurring naturally in

the body, genetically modified cells.
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Implant according to claim 30, characterized in that the
active ingredient is pﬁ:esent in at least one of the forms
selected from the following groﬁp: in encapsulated form, in
adsorbed form, im the basic structure, at the basic strue-
ture, in ultrasonically detectable elements, at ultrasoni-
cally detectable elements.

Process for producing an implant according to claim 1, cha-
racterized in that, during preparation of the ultrasonical-
ly detectable elements, structural material of the ultraso-
nically detectable elements is extruded and, in doing so,
a gas is introduced into the structural material by direct
gassing or under supercritical conditions, the gas prefera-
bly containing at least one of the substances selected from
the following group: air, carbon dioxide, nitrogen, mixtu-
res of nitrogen and carbon dioxide; sulfur hexafluoride;
inert gases; alkanes, partially fluorinated alkanes, per-
fluoroalkanes, bromofluorocalkanes in linear, branched,
cyclic form; physiologically acceptable nitrogen oxides
such as NO.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, structural material of the
ultrasonically detectable elements 1s expanded with the
addition of a chemical or physical blowing agent, the blo-
wing agent preferably containing at least one of the sub-
stances selected from the following group: water; non-,
partially and perfluorinated n-, iso-, neo- and cycloalka-
nes; hydrogen phospbate/hydrogen carbonate/starch mixtures;
ammonium nitrite; calcium carbonate; ammonium carbonate;
mixtures of carbenate and solid acids; readily gas-elimina-
ting monomers, oligomers and polymers, im particular maleic
acid as well as its esters and anhydrides, oxocarboxylic
acids, aceto acetic acid and its derivatives, d-ketopropio-
nic acid, acetondicarboxylic acid, tartaric acid as well as
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the esters and salts thereof, oxalates, Diels-Alder adduct
analogs from dienmes with carbon dioxide or nitrogen, 3,6-
dihydro-2H-pyran-2-on [26677-08-7], homo and copelymers of
itaconic acid and the esters thereof, copolymers of azobi-
siscbutyric acid with diols, ethylene glycol, diethylene
glycel, triethylene glycol, tetraethylene glycol, oligoe-
thylene glycol, polyethylene glycol, propanediol, butane-
dicl, hexanediol; azo compounds, in particular azodicarbo-
namide and modified azodicarbonamide; hydrazine derxivati-
ves, in particular 4,4'-oxybis[benzol]sulfonhydrazide,
diphenylsulfon-3,3'-disulfonhydrazide, diphenylene oxide-
4,4-disulfonhydrazide, trihydrazinotriazine; semicarbazi-
des, in particular p-toluylenesulfonyl semicarbazide; te-
trazoles, in particular S5-phenyltetrazole; benzooxazines,
in particular isatoic acid anhydride.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, an open-pored foam is gassed
and then closed by thermal filming at the surface, gases
with a poor blood and polymer solubility preferably being
used, in particular at least one of the gases selected from
the following group: perfluoromethane, perfluorcethane,
perfluoropropanes, perflucrobutanes, perflucropentanes.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, an open-pored foam is gassed
and then sealed by coating with a biccompatible soft
powder, the powdexr preferably containing at least one of
the substances selected from the following group: fats,
waxes, readily-melting polymers, and a thermal £ilming
preferably then being carried out.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation‘ of the ultraso-
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nically detectable elements, an open-pored foam is gassed
and sealed with a coating material dissolved in a solvent,
the solvent then being evapora’éed.

Process for producing an implant according to claim 1, cha-
racterized in that, during the manufacture of the ultraso-
nically detectable elements, an open-pored foam is gassed
and then sealed w;lth a monomer ceating, the coating then
being polymerized or cross-linked.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, a syntactic foam is extruded,
preferably made of polypropylene, gas-filled glass hollow
balls preferably being embedded in the syntactic foam.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements‘, a polymer is precipitated from
a solvent in the presence of gas-containing or gas-produ-
cing microcapsules.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, an interfacial polymerization
with gas-containing or gas-producing microcapsules is car-

ried out.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, in the presence of gas-contai-
ning or gas-producing microcapsules a polymerization or
polyaddition or polycondensation of at least one hydrophi-
lic monomer or polymer and a chemical cross-linker is car-

ried out.
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Process according to claim 41, characterized in that the

hydrogel obtained upon the polymerization or polyadditiom
or polycondensation contains at’ least one of the substances
selected from the following group: polymerized hydroxyethyl
methacrylate (HEMA); polymerized hydroxypropyl methacrylate
(HPMA) ; polymerized a-methacryloyl-e-methoxy polyethylene
glycol; polymerized pelyethylene glycol-bisacrylate; resor-
bable prepolymers of type A-B-C-B-A with A = acryl or me-
thacryl groups, B = hydrolytically splittable and contai-
ning polymers of lactide, glycolide, 2-hydroxybutyric acid,
2-hydroxyvaleriac acid, trimethylene carbonate, polyorthoe-
sters, polyanhydrides, polyphosphates, polyphosphazenes
and/or polyamides and/or copolymers thereof, and C = hydro-
philic polymers, in particular polyethylene glycol (PEG),
polyvinyl alecchel (PVA), polyvinyl pyrrolidone (PVP), poly-
N-isoprolyacrylamnide (PNiPAAM) .

Process for producing an implant according te claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, a hollow thread or a thin tube
is thermally sealed at least at both ends.

Process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, a hollow thread or a thin tube
is sealed by ultrasound at least at both ends and prefera-
bly then coated with a sealing made from wax and/or poly-
mer.

Process according to claim 43 or 44, characterized in that,
before the sealing, an agent is poured into the hollow
thread or thin tube which releases a gas upon the introduc-
tion of humidity, the agent preferably containing one of
the following substances: baking powder, benzoic acid/cax-
bonate mixtures, carbides, metal hydrides.

JP 2004-510551 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

1a

15

20

25

30

35

(76)

WO 02/30482 PCT/EP01/10086

46.

47.

48.

49.

5Q.

51.

~ 48 -

Process according to claim 43 or 44, characterized in that,
before the sealing, a suspension of gas-containing or gas-
producing microcapsules is poured into the hollow thread or
thin tube.

Process according to claim 46, characterized in that decom-
position inhibitors for the microcapsules are additionally
poured into the hollow thread or thin tube before the sea-
ling, the decomposition inhibitors preferably containing at
least one of the following substances: buffers, acids,
bases, polymers which set the pH value by decomposition or
solvation, esterase inhibitors, protease inhibitors, dex-
tranase inhibitors, mixed-function oxidase inhibitors,
cryoprotectors or enzymes which favour the decomposition of
enzymes which break down microcapsules, competitively de-~
composable polymers not detectable in ultrasound.

Process according to claim 43 or 44, characterized in that,
before the sealing, a suspension of gas-containing or gas-
producing microcapsules in dry form is poured into the
heollow thread or thin tube.

Process according to claim 43 or 44, characterized in that,
before the sealing, an emulsion which vaporizes under dia-
gnostic ultrasound is poured into the hollow thread or thin
tube.

Process for producing an implant according to claim 1, cha-
racterized in that, for the gentle preparation of the ul-
trasonically detectable elements, gas-filled microparticles
are encapsulated in a hydrogel below 50°C in the presence
of hydrophilic mono- or bifunctional monomers and/or poly-
mers.

Process for producing an implant according ‘to claim 1, cha-
racterized in that, for the gemtle preparation of the ul-
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trasonically detectable elements, gas-filled microparticles
are encapsulated below 50°C in the presence of a dialdehyde
and a polyamine or protein.

Process according to claim 50 or 51, characterized in that
the encapsulation is carried out directly on the implant.

Process according to ‘claim 50 or 51, charatterized in that
the encapsulation is carried out in the form of pre-shaped
hodies or linear structures, in particular threads, and the
pre-shaped bodies or linear structures are attached to the
flexible basic structure of the implant after the encapsu-
lation.

process for producing an implant according to claim 1, cha-
racterized in that, during the preparation of the ultraso-
nically detectable elements, gas-filled microcapsules or
their suspensions are used as preliminary steps to the in-
situ gemeration of bubbles in pre-shaped bodies or linear
structures, in particular threads.

Procesgss for producing an implant according to claim 1, cha-
racterized in that echogenic microcapsules are used as

precursors for gemerating bubbles in the implant.

Process for producing ultrasonically detectable elements,
characterized by the steps, resulting from one of claims 32
to 55, during the preparation of ultrasonically detectable
elements.
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