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DESCRIPTION

[0001] The invention relates to the fields of medicine, physics and biotechnology.

[0002] In order to precisely locate a medical device such as for instance a needle or catheter
Inside a patient, ultrasound imaging i1s commonly used. Ultrasound imaging relies on the
different ways In which sound waves are reflected from interfaces between substances.
Ultrasound waves, with frequencies above the audible range of normal human hearing,
typically from 20 kHz up to several gigahertz, are reflected in areas of density differences. In
practice, a transducer Is used that emits ultrasound waves, where after some of the reflected
sound waves are detected by the transducer which turns the vibrations into electrical pulses.
These electrical pulses are processed and transformed into digital images.

[0003] The use of ultrasound imaging for medical devices is well known In the art. In order to
enhance the quality of ultrasound images of medical devices, the surface of such a device Is
typically grooved or otherwise roughened, or an ultrasound coating is applied to at least part of
the surface of the device. For Iinstance, US patents 5,289,831 and 5,081,997 describe
echogenic medical devices having a surface with partially spherical indentations, or having a
surface that is coated with spherically-shaped particles, which scatter an ultrasound signal.
International patent application WO 00/51136 describes the use of gas bubbles or metal
particles for enhancing an ultrasound signal. The use of an echogenic material containing
cavities or gas bubbles is also described in European patent application EP 0624342, whereas
International patent applications WO 98/18387 and WO 00/66004 describe medical
Instruments with bubble generating means, which produce bubbles that are visible with
ultrasound. Additionally, US patent application 2004/0077948 discloses an echogenic surface
having structures entrapping gas, the entrapped gas causing the device to be ultrasonically
visible.

[0004] US patent application 2005/0074406 describes an ultrasound coating containing
membranes encapsulating a gas-filled core.

[0005] European patent application EP 1118337 and US patent 6,506,156 use an echogenic
layer Including a polymeric matrix with a plurality of void spaces, or glass microsphere
particles, or both. US patent application 2009/0318746 describes lubricious echogenic coatings
containing polymeric gas/liquid containing microparticles.

[0006] The use of roughened surfaces In order to enhance ultrasound visibility, however,
Involves an increased risk of discomfort for the patient since a roughened surface typically
requires more force to move the device inside the patient's body and gives only a limited
ultrasound visability enhancement. The use of gas bubbles for improving ultrasound visibility
has the disadvantage that it 1s difficult to control the concentration and size of the formed
bubbles, leading to variations between coatings so that it is more difficult to obtain an optimized
ultrasound imaging coating.
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[0007] The use of echogenic particles is, therefore, preferred.

[0008] WO 2012/148265 discloses a coating for improving the ultrasound visibility of a device,
sald coating 1Is made of a matrix material and of a plurality of gas-filled microparticles having a
diameter in the range of 0.5 to 100 microns, e.g. 20 microns. The microparticles are In the
form of a hollow centre surrounded by a wall, wherein a gas Is present within the hollow centre.

The density of the microparticles on the substrate is between 10° and 1 particles/mm?,

preferably between 104 and 400 particles/mm?.

[0009] Although various alternatives for ultrasound imaging with microparticles are available, it
IS advantageous to optimize the visibility (i.e. the accuracy) of the obtained ultrasound images.
It 1Is an object of the present invention to provide such optimized coatings for ultrasound
detection.

[0010] The present invention provides the insight that an ultrasound image Is optimized If at
least 60% of the echogenic microparticles on a medical device have a diameter of between 10
and 45 um and the density of the echogenic microparticles on the surface of the device iIs

between 45 and 450 particles/mm?. This is for instance apparent from the Examples: when
particles with a diameter of between 10 and 45 um are used, densities of between 45 and 450

particles/mm? provide a good visibility of the coated object, whereas lower or higher densities
typically result in an image with an undesired deviation of the object size. Hence, the visibility of

the object is best when densities of between 45 and 450 particles/mm? are used. In one
preferred embodiment, a medical device I1s coated with echogenic particles wherein at least
60% of the echogenic microparticles on a medical device have a diameter of between 22 and
45 um and the density of the echogenic microparticles on the surface of the device is between

45 and 450 particles/mm? or, preferably, between 60 and 450 particles/mm?.

[0011] As used herein, the visibility of an object as measured with ultrasound waves (also
called the ultrasound visibility of an object) is defined as the accuracy with which the exact
location of said object can be determined. Hence, visibility 1s proportional to the detall, or
sharpness, of the obtained ultrasound image; the more detailed (sharper) the image, the better
the user can locate the object, hence the better the visibility of the object is. Interestingly, within

the tested density ranges of between 0-1800 microspheres/mm?, roughly corresponding to a
surface packing of between 0.1 and 100% (a surface packing of 100% meaning that the
highest possible hexagonal packing of spherical particles in a plane I1s achieved), it appears
that objects with a surface density, and hence a reflectivity, above an optimal value lead to an
overestimation of the object size under ultrasound. Hence, a higher reflectivity of ultrasound
waves does not always result in a better visibility of a medical object. Contrary, the inventors
have found that there Is an optimal particle density, depending on the particle size. If the
density becomes too high, the reflectivity will increase but the ability of a user to determine the
exact location of a device will decrease because the ultrasound image will provide an
overestimation of the object's size. The boundaries between the object and the environment
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become more vague, thereby decreasing the visibility of the object.

[0012] Without wishing to be bound by any theory, it is believed that as the number of particles
on the surface increases, more ultrasound waves are scattered and returned to the transducer
resulting In an increase of reflectivity. At low particle densities, this increase In reflectivity
Increases the contrast-to-noise ratio of the signal of the coated device on the ultrasound
machines screen, when compared to the signal of the surrounding medium, and it also
Increases the sharpness of the image, resulting in an improved ultrasound image on a screen.
However, when the number of particles increases beyond an optimum point, the scattering is
further increased but the ultrasound image of the device becomes larger and less defined,
leading to a less defined or less sharp image on the screen. This results iIn an overestimation
of the size of the device, the appearance of ultrasound artefacts and a less defined ultrasound
Image for a user. The result of this 1s a suboptimal image of the device and, hence, a
decreased visibility.

[0013] This insight of the present invention is In contrast with the general teaching in the art.
For instance, Couture et al (Ultrasound in Medicine and Biology, Vol. 32, No. 8, pp. 1247-1255,
2006) describes two mathematical models to predict the signal enhancement, or reflectivity, of
microparticles on a surface. In the so-called layer model, the ultrasound particles are viewed
as a continuous film covering the surface, with thickness corresponding to the particle
diameter. According to this model, the reflectivity depends only on the film thickness (particle
size) and not the particle density. In the second mathematical model proposed in Couture et al,
at low surface concentration the response to ultrasound radiation is modelled as the sum of the
Individual impulse response of all the particles, with all phases accounted for. From equation
(5) on page 1249 of Couture et al it Is clear that according to this model the reflectivity Is
proportional to the surface density of the ultrasound particles. Experimental data subsequently
demonstrate that this Is indeed the case for confluence fractions (surface packing) of up to

200% (which would roughly involve a particle density of up to 70.000 particles/mm? when the 5
um particles of Couture et al are used). For practical reasons, such high particle densities are
normally not used on medical devices because it would become problematic to bind such high
amounts of particles to a surface. Hence, Couture et al only Investigates the ultrasound
reflectivity of echogenic particles and teaches a linear relationship between reflectivity and

particle density up to 70.000 particles/mm#4. What is not realized in Couture et al, however, is
the insight of the present invention that the amount of reflectivity of the ultrasound particles
does not always correlate to the visibility of the device In a patient. The present invention
provides the insight that too much reflectivity actually decreases the visibility. According to the
iInvention, If the reflectivity i1s too high, then signal broadening and artefacts begin to appear
and the ultrasound image seen by the user becomes less detailed (less sharp). In this case the
user will overestimate the size of the device and loose accuracy. The present invention
therefore provides coated medical devices with an improved ultrasound visibility. The
diameters and the densities of the echogenic particles are adjusted in order to obtain an
ultrasound image with improved visibility, meaning that the user 1s capable of accurately
determining the position of the device inside a body.
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[0014] Accordingly, the Invention provides a medical device comprising a coating for
ultrasound detection, said coating comprising microparticles that are visible with ultrasound,
wherein the microparticles are solid, and wherein the diameter of at least 60% of said
microparticles on said medical device is between 10 and 45 um and wherein the density of said

microparticles on the surface of said medical device is between 45 and 450 particles/mm=<.
Preferably, at least 65% of saild microparticles on said medical device have a diameter of
between 10 and 45 um. More preferably, at least /0%, or at least 75%, of said microparticles
on said medical device have a diameter of between 10 and 45 um. More preferably, at least
80%, or at least 85%, or at least 90% of said microparticles on said medical device have a
diameter of between 10 and 45 uym. Most preferably, at least 95% of said microparticles on
sald medical device have a diameter of between 10 and 45 um. By using a high proportion of
particles with a diameter between 10 and 45 um, and a surface density of between 45 and 450

particles/mm?, an optimal visibility of the medical device is obtained. In one particularly
preferred embodiment, a medical device Is provided that comprises a coating for ultrasound
detection, wherein said coating comprises microparticles that are visible with ultrasound and
wherein the diameter of at least 60% (preferably of at least 65%, 70%, 75%, 80%, 85%, 90% or
95%) of said microparticles on said medical device Is between 22 and 45 ym and wherein the
density of said microparticles on the surface of said medical device is between 45 and 450

particles/mm?. In another preferred embodiment, said density is between 60 and 450

particles/mm?=.

[0015] In one embodiment, the diameter size of at least 60% of the Individual particles is
randomly distributed between 10 and 45 um. In another embodiment, the diameter size of at
least 60% of the Individual particles is randomly distributed between 22 and 45 uym. It is also
possible to use a mixture of particles with a higher proportion of particles with a diameter size
between a more narrow sub-range. For instance, one preferred embodiment provides a
medical device according to the present invention, wherein the diameter of at least 60% of said
microparticles on said medical device I1s between 22 and 27 um. In such case, a particle

density of between 150 and 450 particles/mm# provides an optimal visibility of the medical
device and is, therefore, preferred. Even more preferably, said particle density is between 150

and 300 particles/mm? for optimal visibility.

[0016] One embodiment therefore provides a medical device comprising a coating for
ultrasound detection, said coating comprising microparticles that are visible with ultrasound,
wherein the diameter of at least 60% of said microparticles on said medical device Is between
22 and 27 um and wherein the density of said microparticles on the surface of said medical

device is between 150 and 450 particles/mm?, preferably between 150 and 300 particles/mm?Z.
Preferably, at least 65%, more preferably at least 70%, more preferably at least 75%, more
preferably at least 80%, more preferably at least 85%, more preferably at least 90%, more

preferably at least 95% of said microparticles on said medical device have a diameter between
22 and 27 um.
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[0017] In yet another embodiment, a medical device Is coated with ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device Is between

27 and 32 um. In this case, a particle density of between 70 and 450 particles/mm? is
particularly preferred because a combination of a particle size of between 27 and 32 um and a

density of between 70 and 450 particles/mm? improves the visibility of a medical device inside

a body. Even more preferably, said particle density is between 80 and 300 particles/mm? for
optimal visibility.

[0018] Further provided is therefore a medical device comprising a coating for ultrasound
detection, said coating comprising microparticles that are visible with ultrasound, wherein the
diameter of at least 60% of said microparticles on said medical device Is between 27 and 32
um and wherein the density of said microparticles on the surface of said medical device Is

between 70 and 450 particles/mm?, preferably between 80 and 300 particles/mm?. Preferably,
at least 65%, more preferably at least 70%, more preferably at least /5%, more preferably at

least 80%, more preferably at least 85%, more preferably at least 90%, more preferably at
least 95% of said microparticles on said medical device have a diameter between 27 and 32
um.

[0019] In yet another embodiment, a medical device Is coated with ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device is between

32 and 38 pm. In this case, a particle density of between 45 and 225 particles/mm? is
particularly preferred because a combination of a particle size of between 32 and 38 um and a

density of between 45 and 225 particles/mm? improves the visibility of a medical device inside
a body. Further provided is therefore a medical device comprising a coating for ultrasound
detection, said coating comprising microparticles that are visible with ultrasound, wherein the
diameter of at least 60% of said microparticles on said medical device Is between 32 and 38
um and wherein the density of said microparticles on the surface of saild medical device Is

between 45 and 225 particles/mm?. Again, it is preferred that at least 65%, more preferably at
least /0%, more preferably at least /5%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 95% of said microparticles
on said medical device have a diameter between 27 and 32 uym. By using a high proportion of
particles with the recited diameters and the recited surface densities, an optimal visibility of the
medical device Is obtained.

[0020] In yet another embodiment, a medical device Is coated with ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device is between

38 and 45 pym. In this case, a particle density of between 45 and 150 particles/mm? is
particularly preferred because a combination of a particle size of between 38 and 45 um and a

density of between 45 and 150 particles/mm? improves the visibility of the device.

[0021] Further provided i1s therefore a medical device comprising a coating for ultrasound
detection, said coating comprising microparticles that are visible with ultrasound, wherein the
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diameter of at least 60% of said microparticles on said medical device Is between 38 and 45
um and wherein the density of said microparticles on the surface of saild medical device Is

between 45 and 150 particless/mm<. Preferably, at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80%, more preferably at least 85%,
more preferably at least 90%, more preferably at least 95% of said microparticles on said
medical device have a diameter between 38 and 45 um.

[0022] The Insight of the present invention Is In contrast with prior art teachings such as US
patents 5,289,831 and 5,081,997, which suggest that any amount of particles will provide a
good Iimage. US patents 5,081,997 (column 6) and 5,289,831 (column /) teach that glass
microspheres with an outer diameter of about 5 microns is one acceptable option. Further, a
general size range of 1-50 microns Is given. US patent application 2009/0318746 discloses a
preferred size range for echogenic particles of 0.1-30 um. Furthermore, European patent
application EP 1118337 and US patent 6,506,156 describe general size ranges of 20-200 um
and 50-150 uym. Hence, according to the prior art, the size of the echogenic particles is not
very critical. Furthermore, no correlation is made between the sizes of the particles and optimal
particle densities, as provided by the present invention. It iIs this insight about the specific
combinations of particle sizes and particle densities that improves the visibility of ultrasound
Images of medical devices in a body. The optimal density ranges and particle sizes as provided
by the present invention are not disclosed nor suggested in the prior art.

[0023] A medical device according to the present invention can be coated with various kinds of
microparticles that are visible with ultrasound. Such microparticles are known Iin the art.
Suitable microparticles are for instance made from a material selected from the group
consisting of polymers, ceramics, glasses, silicates, organic materials, metals and any
combination thereof. Solid microparticles are used.

[0024] In one preferred embodiment, said echogenic microparticles are echogenic
microspheres. In one embodiment, said microparticles are present on the surface of a medical
device as a monolayer because this reduces the thickness and roughness of the surface, as
compared to double layers and multilayers. A less roughened surface typically requires less
force to move the device inside a patient's body. A thinner coating affects the properties of the
medical device less.

[0025] The echogenic microparticles with a diameter between 10 and 45 um or between 22
and 45 uym are used. This means that at least 60%, preferably at least 65%, preferably at least
0%, preferably at least 75%, preferably at least 80%, preferably at least 85%, preferably at
least 90% and most preferably at least 95% of the particles have a diameter between 10 and
45 um or between 22 and 45 uym. Hence, some variations are tolerated, as long as the majority
of the particles have a diameter within the recited diameter range. Echogenic microparticles
with a diameter between 10 and 45 um are used for coating medical devices, because
significantly smaller particles have a lower ultrasound scattering capacity so that echogenicity
IS often not sufficiently enhanced and the contrast-to-noise ratio Is often too low, whereas
significantly larger particles often result in a highly increased scattering effect and therefore an
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overestimation of the size of the medical device. Furthermore, with particles with a diameter of
45 or less, a coated medical device Is typically sufficiently smooth to avoid discomfort for a
subject, which would be due to resistance that is experienced when moving a device with a
rough surface inside a subject's body.

[0026] A medical device Is defined herein as any kind of device that can be used in an animal
or human body. Said medical device can preferably be inserted or implanted in said bodly.
Preferably such medical device Is an instrument used In surgery, treatment and/or diagnosis.
surgical instruments are well known In the art. Non-limiting examples of medical devices
Include cathethers, needles, stents, cannulas, tracheotomes, endoscopes, dilators, tubes,
Introducers, markers, stylets, snares, angioplasty devices, trocars and forcepses. A medical
device according to the present invention is, therefore, preferably selected from the group
consisting of cathethers, needles, stents, cannulas, tracheotomes, endoscopes, dilators, tubes,
Introducers, markers, stylets, snares, angioplasty devices, fiducials, trocars and forcepses.

[0027] As used herein, a coating for ultrasound detection comprises any coating that Is
tolerated by a human or animal body and that comprises microparticles that can be visualized,
due to scattering of ultrasound waves. Typically, such coating comprises biocompatible
materials that are non-toxic, hypoallergenic and stable.

[0028] An ultrasound wave (also called "an ultrasound signal” or "ultrasound”) is defined as a
sound pressure wave with a frequency above the audible range of normal human hearing.
Typically, ultrasound waves have a frequency above 20 kHz. For imaging of medical devices,
ultrasound waves with a frequency between 2 MHz and S0MHz are preferably used.

[0029] As used herein, the term "ultrasound Image” means any kind of visualization of an
object using ultrasound waves. Typically, reflected ultrasound waves are converted Into
electrical pulses which are processed and transformed into digital images. Such images are
embraced by the term ultrasound image.

[0030] A microparticle I1s defined herein as a particle with a size below 1000 um (preferably
equal to or higher than 1 ym and lower than 1000 um). Microparticles can have any shape,
such as a regular shape (for instance spherical, oval or cubical) or an irregular shape.

[0031] A microsphere Is defined herein as an essentially spherical particle with a diameter
lower than 1000 um, preferably lower than 500 um. The term "essentially spherical” reflects the
fact that the particles need not be perfectly spherical as long as the distances between the
centre and any point at the surface do not differ more than 50%, more preferably no more than
30%, from each other in at least 70%, preferably at least 80%, most preferably at least 90% of
the particles.

[0032] A monolayer, also called a single layer, 1s defined herein as a one-particle thick layer of
particles on the surface of a device, meaning that there iIs on average no more than one
particle on an axis perpendicular to the surface of the device. Some variations in thickness of
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the layer are tolerated, as long as at least 70%, preferably at least 80%, most preferably at
least 90% of the surface of a device is coated with a single layer of particles.

[0033] A double layer is defined herein as a two-particle thick layer of particles on the surface
of a device, meaning that there Is on average no more than two particles on an axis
perpendicular to the surface of the device. Again, some variations In thickness of the layer are
tolerated, as long as at least /0%, preferably at least 80%, most preferably at least 90% of the
surface of a device Is coated with a double layer of particles.

[0034] Echogenic microparticles are defined herein as microparticles that are able to reflect an
ultrasound wave.

[0035] A diameter of a microparticle according to the invention Is defined herein as the
maximal size of said particle. Said particle does not need to be exactly spherical although, In
practice, essentially spherical particles are preferred.

[0036] A microparticle with a diameter between a given range Is defined herein as a
microparticle which has a diameter which lies within the recited range, including the lower and
upper value of said range. For instance, a microparticle with a diameter between 10 and 45 um
may have a diameter of 10 um, a diameter of 45 ym, or a diameter with a value anywhere
within this range.

[0037] A silicate Is defined herein as any compound comprising SIO» and/or SiIO4 groupings, or

any salt derived from the silicic acids or from silica.

[0038] As used herein, the term "glass” refers to a solid material that exhibits a glass transition
when heated towards the liquid state. Preferably, silica glass is used, which is a SIO5 containing

glass. Typically, soda-lime-silica glass 1s used, which iIs the most prevalent type of glass. It
comprises SIO,, sodium carbonate, calcium oxide, magnesium oxide and/or aluminium oxide.

Other types of glasses can be used, such as for instance quartz, sodium borosilicate or other
borosilicate glasses, lead oxide, and/or aluminosilicate.

[0039] The term "plastic” refers to organic polymers of high molecular mass. Non-limiting
examples of plastics Include poly(ether sulfone)s, polyisocyanates, polyurethanes,
polytetrafluoroethylene, polymers or copolymers of N-vinyl-pyrrolidone (e.g. copolymers with
butylacrylate), poly-(4-vinyl pyridine), polyacrylamide (e.g. poly(N-isopropylacrylamide)s),
poly(amido-amine)s, poly(ethylene imine)s, block copolymers of ethylene oxide and propylene
oxide (e.g. a poly(ethylene oxide-block-propylene oxide) or poly(ethylene oxide-block-
propylene oxide-block-ethylene oxide)), block copolymers of styrene (e.g. a poly(styrene-block-
Isobutylene-block-styrene) or poly(hydroxystyrene-block-isobutylene-block-hydroxystyrene)),
polydialkylsiloxanes, polysaccharides, polystyrenes, polyacrylates, polyalkylacrylates (e.g. a
polymethylmethacrylate or a poly(2-hydroxyethylmethacrylate)), polyalkanes (e.qg.
polyethylene, polypropylene and polybutadiene), poly(ether ketone)s (e.g. poly(ether ketone)
or poly(ether ether ketone)), polyesters (e.g. poly(ethylene terephthalate), polyglycolides,
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poly(trimethylene terephthalate) or poly(ethylene naphthalate), poly(lactic acid),
polycapralatone, poly(butylene terephthalate), polyamides (e.g. nylon-6,6, nylon-6, a
polyphthalamide or a polyaramide), and one or more combinations of the above.

[0040] As used herein, the term "surface coverage" refers to the percentage of a surface that
IS covered by echogenic microparticles. The surface coverage Is typically determined by
dividing the added-up dimensions of microparticle-covered surface parts by the total dimension
of the surface as a whole.

[0041] The term "surface density" Is defined herein as the amount of particles per square
millimeter of the surface of a device. In common practice, some non-significant variation
between the actual density of a coated object and an indicated density value is typically
allowed. For instance, a 5-10% difference is typically considered non-significant.

[0042] The term “reflectivity” as used herein typically refers to the fraction or amount of
ultrasound waves returned from a surface or interface, e.g. to be received by an ultrasound
transducer.

[0043] The term "contrast-to-noise ratio” (CNR) Is defined herein as the difference between
the reflection of a (the) echogenic particle(s) as described herein and the reflection of the
surrounding tissue (background reflection). Methods for calculating CNRs are for instance
disclosed in Song et al (Applied Optics, Vol. 43, No. 5 (2004); 1053-1062) and in Baldelli et al
(Eur. Radiol. 19 (2009); 2275-2285)

[0044] In one preferred aspect a medical device Is provided that comprises a coating for
ultrasound detection, said coating comprising solid microparticles that are visible with
ultrasound, wherein the diameter of at least 60% of the microparticles on said medical device is
between 38 and 45 ym and wherein the density of said microparticles on the surface of said

medical device is lower than 150 particles/mm?. The present inventors have found that
ultrasound images obtained with medical devices that are coated with echogenic particles with

a density that is higher than 150 particles/mm?, wherein the diameter of at least 60% of the
microparticles on said medical device Is between 38 and 45 um, are less accurate, because of
the overestimation of the size of the device and the appearance of artefacts. This is for
Instance shown In Example 5 and Figure 9: the right image is obtained with a coated device
whereby the diameter of at least 60% of the microparticles on said medical device I1s between
38 and 45 ym and the density of echogenic microparticles on the surface of said device Is

about 250 particles/mm?, the middle image is obtained with a coated device with the same kind
and size of particles whereby the density of echogenic microparticles on the surface of said

device is about 180 particles/mm? and the left image is obtained with a coated device with the
same kind and size of particles whereby the density of echogenic microparticles on the surface

of said device is about 130 particles/mm?Z. It is clear that the right image of Figure 9 has a
lower detall (sharpness), so that it i1s for instance more difficult for a surgeon to exactly locate
the end or tip of such device. Moreover, a cloud can be seen at the left end of the device,
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which lowers the quality and accuracy of the obtained image even more. Furthermore, a
comparison between the left image of Figure 9 (coating with a density of echogenic particles of

about 130 particlessmm?4) and the middle image of Figure 9 (coating with a density of

echogenic particles of about 180 particles/mm<) shows that the detail (sharpness) and, hence,
the visibility of the left image of Figure 9 is better than the detail (sharpness) of the middle
Image of Figure 9.

[0045] Again, contrary to expectations, the present invention provides the insight that the
presence of more echogenic microparticles, resulting in more reflectivity, does not always
Increase the visibility of a device. On the contrary, visibility i1s decreased If densities above an
optimum value are used.

[0046] In one embodiment, a medical device according to the present invention comprises a
plastic surface. Non-limiting examples are plastics selected from the group consisting of
polyurethane, polyvinyl chloride and silicones, and PEBAX. Alternatively, a medical device
according to the present invention comprises a metal surface, such as for instance stainless
steel, Nitinol, chromium, gold, or Platinum.

[0047] As stated before, suitable microparticles for a medical device according to the invention
are for instance made from a material selected from the group consisting of polymers,
ceramics, glasses, silicates, organic materials, metals and any combination thereof. Preferably,
glass or silicate microparticles are used. In one particularly preferred embodiment, said
microparticles are echogenic microspheres. Said microparticles are solid microparticles.

[0048] In principle, any coating capable of applying microparticles to a medical device and that
IS suitable for in vivo use Is suitable for a medical device according to the present invention.
Such coating 1s preferably non-toxic, hypo-allergenic and stable. A medical device according to
the invention preferably comprises a coating which comprises a matrix material selected from
the group of polymers, preferably wherein the polymer is selected from the group consisting of
a poly(ether sulfone); a polyisocyanate; a polyurethane; a polytetrafluoroethylene; a polymer or
copolymer of N-vinyl-pyrrolidone such as a copolymer with butylacrylate; a poly(4-vinyl
pyridine); a polyacrylamide such as poly(N-isopropylacrylamide); a poly(amido-amine); a
poly(ethylene imine); a block copolymer of ethylene oxide and propylene oxide such as a
poly(ethylene oxide-block-propylene oxide) or a poly(ethylene oxide-block-propylene oxide-
block-ethylene oxide); a block copolymer or styrene such as poly(styrene-block-isobutylene-
block-styrene) or poly(hydroxystyrene-block-isobutylene-block-hydroxystyrene); a
polydialkylsiloxane; a polysaccharide; a polystyrene, a polyacrylate, a polyalkane such as
polyethylene, polypropylene or polybutadiene, a poly(ether ketone) such as poly(ether ketone),
poly(ether ether ketone), polyesters such as poly(ethylene terephthalate), polyglycolide,
poly(trimethylene  terephthalate), poly(ethylene naphthalate), poly(lactice acid),
polycapralatone, poly(butylene terephthalate), polyamides such as nylon-6,6, nylon-6,
polyphthalamides or polyaramides, a polyalkylmethacrylate such as a polymethylmethacrylate,
a poly(2-hydroxyethylmethacrylate), and combinations thereof, preferably selected from
poly(ether sulfones), polyurethanes, polyacrylates, polymethacrylates, polyamindes,
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polycarbonates, and combinations thereof.

[0049] In one embodiment a medical device according to the invention comprises a plastic
tube. Such device for instance comprises a catheter.

[0050] Further provided are methods for preparing a medical device according to the present
Invention. Methods for preparing echogenic coatings and for applying these coatings on
medical devices are well known In the art. A medical device Is for instance coated with the

microparticles by dip coating, spray coating, pad printing, roller coating, printing, painting or
Inkjet printing.

[0051] Reference is for instance made to US patents 5,289,831, 5,921,933, and 6,506,156, to
International patent application WO 2007/089761 and to Ultrasound in Medicine and Biology,
Vol. 32, No. 8, pp. 1247-1255, 2006, which describe methods for preparing echogenic particles
and coatings. Such coating is preferably biocompatible, non-toxic, hypo-allergenic and stable.
A medical device according to the invention preferably comprises a coating which comprises a
matrix material listed herein before, comprising echogenic microparticles according to the
present invention.

[0052] According to the Invention, there 1s provided a method for preparing a medical device
comprising a coating for ultrasound detection, said coating comprising solid microparticles that
are visible with ultrasound, wherein diameter of at least 60% of said microparticles on said
medical device Is between 10 and 45 um and wherein the density of said microparticles on the

surface of said medical device is between 45 and 450 particles/mm?, the method comprising:

e providing a medical device, and

o coating said device with solid microparticles that are visible with ultrasound, such that the
diameter of at least 60% of said microparticles on said medical device is between 10 and
45 um and the density of said microparticles on the surface of said medical device Is

between 45 and 450 particles/mm?.

[0053] At least 60%, more preferably at least 65%, more preferably 75%, more preferably at
least 80%, more preferably at least 85%, more preferably at least 90%, more preferably at
least 95% of said microparticles on said medical device have a diameter between 10 and 45
um.

[0054] Also provided Is a method for preparing a medical device comprising a coating for
ultrasound detection, said coating comprising solid microparticles that are visible with
ultrasound, wherein diameter of at least 60% of said microparticles on said medical device Is
between 22 and 45 ym and wherein the density of said microparticles on the surface of said

medical device is between 45 and 450 particles/mm#<, the method comprising:
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e providing a medical device, and

o coating said device with solid microparticles that are visible with ultrasound, such that the
diameter of at least 60% of said microparticles on said medical device is between 22 and
45 um and the density of said microparticles on the surface of said medical device Is

between 45 and 450 particles/mm?Z. In one preferred embodiment, said device is coated
with microparticles that are visible with ultrasound, such that the diameter of at least 60%
of said microparticles on said medical device Is between 22 and 45 ym and the density
of said microparticles on the surface of said medical device I1s between 60 and 450

particles/mm?.

[0055] Preferably, at least 60%, more preferably at least 65%, more preferably 75%, more
preferably at least 80%, more preferably at least 85%, more preferably at least 90%, more
preferably at least 95% of said microparticles on said medical device have a diameter between
22 and 45 um.

[0056] In one embodiment, the diameter size of at least 60% of the Individual particles Is
randomly distributed between 10 and 45 um. In another embodiment, the diameter size of at
least 60% of the individual particles Is randomly distributed between 22 and 45 um. It Is also
possible to use a mixture of particles with a higher proportion of particles with a diameter size
between a more narrow sub-range. For instance, one preferred embodiment provides a
medical device according to the present invention, wherein the diameter of at least 60% of said
microparticles on said medical device Is between 22 and 27 um. In such case, a particle

density of between 150 and 450 particlessmm? provides a particularly good visibility of the
medical device and iIs, therefore, preferred. Even more preferred I1s a particle density of

between 150 and 300 particles/mm?<.

[0057] One embodiment therefore provides a method for preparing a medical device
comprising a coating for ultrasound detection, said coating comprising solid microparticles that
are visible with ultrasound, wherein the diameter of at least 60% of said microparticles on said
medical device Is between 22 and 27 um and wherein the density of said microparticles on the

surface of said medical device is between 150 and 450 particles/mm?, preferably between 150

and 300 particles/mm?, the method comprising:

o providing a medical device, and

o coating said device with solid microparticles that are visible with ultrasound, such that the
diameter of at least 60% of said microparticles on said medical device is between 22 and
2/ um and the density of said microparticles on the surface of said medical device Is

between 150 and 450 particles/mm?, preferably between 150 and 300 particles/mm?Z.
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[0058] Preferably, at least 65%, more preferably at least 70%, more preferably at least 75%,
more preferably at least 80%, more preferably at least 85%, more preferably at least 90%,

more preferably at least 95% of said microparticles on said medical device have a diameter
between 22 and 27 um.

[0059] In yet another embodiment, a medical device Is coated with solid ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device Is between

27 and 32 um. In this case, a particle density of between 70 and 450 particles/mm? is
particularly preferred because a combination of a particle size of between 27 and 32 um and a

density of between 70 and 450 particles/mm< improves the visibility of a device inside a body.

Even more preferably, said particle density is between 80 and 300 particles/mm? for optimal
visibility.

[0060] Further provided is therefore a method for preparing a medical device comprising a
coating for ultrasound detection, said coating comprising solid microparticles that are visible
with ultrasound, wherein the diameter of at least 60% of said microparticles on said medical
device Is between 27 and 32 um and wherein the density of said microparticles on the surface

of said medical device is between 70 and 450 particles/smm?, preferably between 80 and 300

particles/mm?, the method comprising:

o providing a medical device, and

o coating said device with solid microparticles that are visible with ultrasound, such that the
diameter of at least 60% of said microparticles on said medical device is between 27 and
32 um and the density of said microparticles on the surface of said medical device Is

between 70 and 450 particles/mm?, preferably between 80 and 300 particles/mm?<.
Preferably, at least 65%, more preferably at least 70%, more preferably at least 75%,
more preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 95% of said microparticles on said medical device have a
diameter between 27 and 32 um.

[0061] In yet another embodiment, a medical device is coated with solid ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device is between

32 and 38 um. In this case, a particle density of between 45 and 225 particles/mm? is
particularly preferred because a combination of a particle size of between 32 and 38 um and a

density of between 45 and 225 particles/mm? improves the visibility of a medical device inside
a body. Further provided is therefore a method for preparing a medical device comprising a
coating for ultrasound detection, said coating comprising solid microparticles that are visible
with ultrasound, wherein the diameter of at least 60% of said microparticles on said medical
device Is between 32 and 38 um and wherein the density of said microparticles on the surface

of said medical device is between 45 and 225 particles/mm?, the method comprising:
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e providing a medical device, and

o coating said device with solid microparticles that are visible with ultrasound, such that the
diameter of at least 60% of said microparticles on said medical device is between 32 and
38 um and the density of said microparticles on the surface of said medical device Is

between 45 and 225 particles/mm?<. Preferably, at least 65%, more preferably at least
10%, more preferably at least 75%, more preferably at least 80%, more preferably at
least 85%, more preferably at least 90%, more preferably at least 95% of said
microparticles on said medical device have a diameter between 32 and 38 um.

[0062] In yet another embodiment, a medical device is coated with solid ultrasound particles
wherein the diameter of at least 60% of said microparticles on said medical device is between

38 and 45 pym. In this case, a particle density of between 45 and 150 particles/mm? is
particularly preferred because a combination of a particle size of between 38 and 45 um and a

density of between 45 and 150 particles/mm? improves the visibility of the device even more.

[0063] Further provided Is therefore a method for preparing a medical device comprising a
coating for ultrasound detection, said coating comprising solid microparticles that are visible
with ultrasound, wherein the diameter of at least 60% of said microparticles on said medical
device Is between 38 and 45 um and wherein the density of said microparticles on the surface

of said medical device is between 45 and 150 particles/mm?, the method comprising:

e providing a medical device, and
o coating said device with solid microparticles that are visible with ultrasound, such that the

diameter of at least 60% of said microparticles on said medical device is between 38 and
45 um and the density of said microparticles on the surface of said medical device Is

between 45 and 150 particles/mm?Z.

[0064] Preferably, at least 65%, more preferably at least 70%, more preferably at least 75%,
more preferably at least 80%, more preferably at least 85%, more preferably at least 90%,
more preferably at least 95% of said microparticles on said medical device have a diameter
between 38 and 45 um.

[0065] The invention Is further illustrated by the following examples. These examples are not
limiting the invention in any way, but merely serve to clarify the invention.

Brief description of the drawings

[0066]
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Figure 1: Plot of the CNR against the microsphere density on the surface for different
microsphere sizes.

Figure 2: for microspheres with a diameter between 22 and 27 um, the CNR is plotted against
the microsphere density, along with the US estimation error on the secondary y-axis.

Figure 3: for microspheres with a diameter between 27 and 32 um, the CNR is plotted against
the microsphere density, along with the US estimation error on the secondary y-axis.

Figure 4: for microspheres with a diameter between 32 and 38 um, the CNR Is plotted against
the microsphere density, along with the US estimation error on the secondary y-axis.

Figure 5: for microspheres with a diameter between 38 and 45 um, the CNR Is plotted against
the microsphere density, along with the US estimation error on the secondary y-axis.

Figure 6: for microspheres with a diameter between 45 and 53 um, the CNR Is plotted against
the microsphere density, along with the US estimation error on the secondary y-axis.

Figure 7: CNR values for glass and plastic surfaces coated with solid glass microspheres with
a diameter ranging from 38 to 45 um.

Figure 8: CNR values for glass slides coated with solid glass microparticles and hollow glass
microparticles.

Figure 9: Influence of the microsphere density on the surface. A microparticle density of lower

than 250 particles/mm? on the surface of a medical device provides better ultrasound images
than higher densities.

Left image: hollow glass microspheres, surface density = about 130 particles/mm?

Left image: hollow glass microspheres, surface density = about 180 particles/mm?

Left image: hollow glass microspheres, surface density = about 250 particles/mm? Of note, the
left part of each image shows a blank consisting of a chicken breast without tube; the right part
of each image shows the results with a chicken breast with a coated tube.

Figure 10: Ultrasound images taken in a phantom gel of glass slides on which marker bands
(width 1 cm) were applied of Sono-Coat comprising different concentrations of microspheres

(size range 38-45 um).

Figure 11: US estimation error plotted against the microsphere density on glass and plastic
surfaces coated with microspheres with a diameter between 27-32 um.

Examples

Example 1
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[0067] Commercially available solid glass microspheres (from Cospheric) with diameters
ranging from 10 to 22 uym, 22 to 27 ym, 27 to 32 um, 32 to 38 um, 38 to 45 ym and 45 to 53
um, all with a density of 2.5 g/mL, were mixed through a polyurethane coating matrix. The
microspheres were added In different amounts In order to prepare mixtures containing 0.5 to
75.0 vol. % microspheres in the coating matrix. Subsequently, either 30 or 60 um thick coating
films were drawn on both glass and PEBAX 6233 slides as substrates using a film applicator.

The density of microspheres was determined to vary from 2 to 1831 particles/mm?<.

[0068] The coated substrates were measured by ultrasound using a 33 mm linear array probe
operating In brighthess-mode (B-mode) at 6 MHz. The substrates were placed under an
approximate angle of 45 degrees inside a commercially available ultrasound phantom which
acted as the medium.

[0069] From the recorded images the contrast-to-noise ratio (CNR) was determined by
comparing the average pixel intensity and standard deviation of the coated objects to the
values obtained for the surrounding medium, according to:

CNR = l:,ROI o P’medium

Proj/=average pixel intensity of region of interest
Pmedium=average pixel intesity of medium
Oro/~Standard deviation in region of interest

Omedium=Standard deviation in medium

[0070] The determined CNRs were plotted against the microsphere density in particles/mm?
(Figure 1).

[0071] As can be seen In Figure 1, the CNR approaches a value of approximately 3.5 with an
Increasing amount of microspheres on the surface. For the microspheres ranging from 10 to
22 um, the maximum attainable CNR was approximately 2.5. Higher CNR values could not be
obtained due to the fact that the complete surface is covered with glass microspheres. Adding
a second layer of microspheres on top did not result in an increase of the CNR. Therefore,
particles with a diameter between 22 and 45 um are more preferred.

Example 2
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[0072] Commercially available solid glass microspheres with diameters ranging from 10 to 22
um, 22 to 27 ym, 27 to 32 um, 32 to 38 um, 38 to 45 um and 45 to 53 um, all with a density of
2.5 g/mL, were mixed through a polyurethane coating matrix. The microspheres were added In
different amounts in order to prepare mixtures containing 1.0 to 75.0 vol. % microspheres In
the coating matrix. Subsequently, either 30 or 60 um thick marker bands of coating were drawn
on glass slides using a film applicator. These marker bands were applied by masking the area
which was required to be uncoated. The width of the marker bands was measured.

[0073] The coated substrates were measured by ultrasound using a 33 mm linear array probe
operating In brightness-mode (B-mode) at 6 MHz. The substrates were placed under an
approximate angle of 45 degrees inside a commercially available ultrasound phantom which
acted as the medium.

[0074] From the recorded images, the width of the marker bands as visible under ultrasound
was determined. The under or overestimation of the width of the marker band under

ultrasound is expressed as:

Lyc — L
Us a.ctual'>< 100%

US estimation error =
sactual

where
Lus=the width of the ultrasound signal stemming from the marker band

L octua=the actual width of the marker band

[0075] In principle, a US estimation error of below 10% is considered acceptable. Preferably,
sald US estimation error is between 0 and about 5%.

[0076] In Figure 2, for microspheres with a diameter between 22 and 27 ym, the CNR iIs
plotted against the microsphere density, along with the US estimation error on the secondary y-
axis. As can be seen In Figure 2, the optimum range for these microspheres is lying between

150 and 450 particles/mm?. Less microspheres on the surface leads to an underestimation of
the width of the marker band, whereas above the upper limit overestimation of the width
occurs. The most optimal range for these microspheres iIs lying between 150 and 300

particles/mm?=.
[0077] In this fashion the optimum microsphere density for each size range was established.

[0078] In Figure 3, for microspheres with a diameter between 27 and 32 um, the CNR Is
plotted against the microsphere density, along with the US estimation error on the secondary y-
axis. As can be seen In Figure 3, the optimum range for these microspheres is lying between

70 and 450 particles/mm?. Less microspheres on the surface leads to an underestimation of
the width of the marker band, whereas above the upper Iimit overestimation of the width
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occurs. A particular optimal range for these microspheres Is lying between 80 and 300

particles/mm?.

[0079] In Figure 4, for microspheres with a diameter between 32 and 38 um, the CNR Is
plotted against the microsphere density, along with the US estimation error on the secondary y-
axis. As can be seen In Figure 4, the optimum range for these microspheres is lying between

45 and 225 particles/mmZ?. Less microspheres on the surface leads to an underestimation of
the width of the marker band, whereas above the upper Iimit overestimation of the width
OCCurs.

[0080] In Figure 5, for microspheres with a diameter between 38 and 45 um, the CNR is
plotted against the microsphere density, along with the US estimation error on the secondary y-
axis. As can be seen In Figure 5, the optimum range for these microspheres is lying between

45 and 150 particles/mm?. Less microspheres on the surface leads to an underestimation of
the width of the marker band, whereas above the upper Iimit overestimation of the width
OCCurs.

[0081] For microspheres with diameters between 45 and 53 pm, on the other hand, no
optimum particle density was found because overestimation of the width of the marker band is
manifested over the complete range of particle density (Figure 6).

Example 3

[0082] Solid glass microspheres with a diameter ranging from 38 to 45 ym, as described
above, with a density of 2.5 g/mL, were mixed through a polyurethane coating matrix.
Subsequently, glass slides and plastic (PEBAX 6233) were coated with these particles In
different densities. The coated substrates were measured by ultrasound using a 33 mm linear
array probe operating in brightness-mode (B-mode) at 6 MHz. The substrates were placed
under an approximate angle of 45 degrees Inside a commercially available ultrasound
phantom which acted as the medium. From the recorded images the contrast-to-noise ratio
(CNR) was determined in the same way as described in Example 1, and the determined CNRs
were plotted against the microsphere concentration (Figure 7).

[0083] As can be seen In Figure 7, the CNR values for glass and plastic coated with the same
amount of particles are comparable. This demonstrates that the material of the used surfaces
does not significantly affect the CNRs.

Example 4

[0084] Example 1 was repeated with the solid glass microspheres with a diameter ranging
from 22 to 27 um, as described above, and with hollow glass microspheres with diameter
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ranging from 25 to 27 um and densities of 0.14 g/mL and 0.46 g/mL. Glass slides were coated
with these particles in different densities. The coated substrates were measured by ultrasound
using a 33 mm linear array probe operating in brightness-mode (B-mode) at 6 MHz. The
substrates were placed under an approximate angle of 45 degrees Inside a commercially
avallable ultrasound phantom which acted as the medium. From the recorded images the
contrast-to-noise ratio (CNR) was determined in the same way as described in Example 1, and
the determined CNRs were plotted against the microsphere concentration (Figure 8).

[0085] As can be seen In Figure 8, the CNR values for the solid and hollow particles are
comparable, meaning that solid particles are suitable for improving the visibility of a medical
device according to the present invention.

Example § (not according to the invention)

[0086] Commercially available air-filled glass microspheres (from Cospheric) with diameters
between 38 and 45 um and a density of 0.46 g/mL were mixed through a coating matrix, Labo
coat, which I1s commercially available from Labo Groep (Tilburg, The Netherlands). The
microspheres were added In different amounts in order to prepare mixtures containing 2.0, 3.0
and 4.0 wt. % microspheres In the coating matrix. The coating was applied by dip coating on
polyurethane tubes, resulting In coated tubes with a microsphere density of about 130

particles/mm?# (left image of Figure 9), about 180 particles/mm< (middle image of Figure 9),

and about 250 particles/mm# (right image of Figure 9), respectively.

[0087] The coated tubes were tested by ultrasound with a chicken breast as medium to record
the images in.

[0088] Studying the different tubes with ultrasound showed that for higher amounts of
microparticles on the surface the surface of the tube starts to appear as rough, whereas at
lower amounts the surface appears to be smooth (see Figure 9). At lower amounts the visibility
(sharpness of the image) improves.

Example 6

[0089] Solid glass microspheres with a diameter ranging from 38 to 45 um, as described
above In Example 1, were mixed through a polyurethane coating matrix. The microspheres
were added In different amounts in order to prepare mixtures containing 1.0 to 75.0 vol. %
microspheres In the coating matrix. Subsequently, either 30 or 60 um thick marker bands of
coating were drawn on glass slides using a film applicator. These marker bands were applied
by masking the area which was required to be uncoated. The width of the marker bands was
measured.
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[0090] The coated substrates were measured by ultrasound using a 33 mm linear array probe
operating In brightness-mode (B-mode) at 6 MHz. The substrates were placed under an

approximate angle of 45 degrees inside a commercially available ultrasound phantom which
acted as the medium.

[0091] Figure 10 shows ultrasound images taken in a phantom gel of glass slides on which
marker bands (width 1 cm) were applied of Sono-Coat comprising the microspheres (size

range 38-45 um) in a concentration of 38 particles/mm? , 125 particles/mm? , and 346
particles/mm?Z. It is clear that the middle image, which is within the density range of 45-150
particles/mm? according to the invention, provides the best visibility combined with an accurate

measurement of the width of the marker band. The lower image (density of 346 particles/mm?
) IS more vague and overestimation of the marker band width occurs, whereas the upper
Image 1s also more vague, appears as a dotted line and underestimates the width of the
marker band.

Example 7

[0092] The same kind of experiment as Example 2 was repeated. The same kind of 2/-32 um
microspheres were used. These microspheres were coated on glass slides as well as on
plastic (PEBAX) surfaces. In Figure 11, the US estimation error i1s plotted against the
microsphere density. From Figure 11 it i1s clear that the optimum microsphere density range Is
the same for both the coated glass and the coated plastic surfaces. Like In Figure 3, the

optimum range for these microspheres is between 70 and 450 particles/mm?. Hence, the
visibility i1s dependent upon the scattering effect of the coating, not the surface itself.
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PATENTKRAV

1. Medicinsk indretning omfattende en coating til ultralyddetektion, hvilken coating om-
fatter mikropartikler, der er synlige med ultralyd, hvor mikropartiklerne er faste, og hvor

diameteren af mindst 60% af mikropartiklerne pa den medicinske indretning er mellem
10 og 45 um, og hvor densiteten af mikropartiklerne pa overfladen af den medicinske

indretning er mellem 45 og 450 partikler/mm?.

2. Medicinsk indretning ifelge krav 1, hvor diameteren af mindst 60% af mikropartik-
lerne pa den medicinske indretning er mellem 22 og 45 um, og hvor densiteten af

mikropartiklerne pa overfladen af den medicinske indretning er mellem 45 og 450 par-

tikler/mm=.

3. Medicinsk indretning ifelge krav 1 eller 2, hvor diameteren af mindst 60% af mikro-
partiklerne pa den medicinske indretning er mellem 22 og 27 um, og hvor densiteten af

mikropartiklerne pa overfladen af den medicinske indretning er mellem 150 og 450 par-

tikler/mm?.

4. Medicinsk indretning ifglge krav 1 eller 2, hvor diameteren af mindst 60% af mikro-
partiklerne pa den medicinske indretning er mellem 27 og 32 um, og hvor densiteten af

mikropartiklerne pa overfladen af den medicinske indretning er mellem 70 og 450 par-

tikler/mm?.

5. Medicinsk indretning ifglge krav 1 eller 2, hvor diameteren af mindst 60% af mikro-
partiklerne pa den medicinske indretning er mellem 32 og 38 um, og hvor densiteten af

mikropartiklerne pa overfladen af den medicinske indretning er mellem 45 og 225 par-

tikler/mm?.

6. Medicinsk indretning ifelge krav 1 eller 2, hvor diameteren af mindst 60% af mikro-
partiklerne pa den medicinske indretning er mellem 38 og 45 um, og hvor densiteten af

mikropartiklerne pa overfladen af den medicinske indretning er mellem 45 og 150 par-

tikler/mm=.

/. Medicinsk indretning ifalge et hvilket som helst af kravene 1-6, hvor mikropartiklerne

er fremstillet af et materiale valgt fra gruppen bestaende af polymerer, keramik, glas,
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silikater, organiske materialer, metaller og en hvilken som helst kombination deraf.

3. Medicinsk indretning ifalge et hvilket som helst af kravene 1-7, hvor mikropartiklerne

omfatter glas eller silikat.

9. Medicinsk indretning ifelge et hvilket som helst af kravene 1-8, hvor coatingen omfat-
ter et matrixmateriale valgt fra gruppen af polymerer, fortrinsvis hvor polymeren er valgt
fra gruppen bestaende af en poly(ethersulfon); et polyisocyanat; en polyurethan; en po-
lytetrafluorethylen; en polymer eller copolymer af N-vinyl-pyrrolidon, sasom en copoly-
mer med butylacrylat; en poly(4-vinylpyridin); et polyacrylamid, sasom poly(N-isopro-
pylacrylamid); en poly(amido-amin); en poly(ethylenimin); en polymer eller blokcopoly-
mer af ethylenoxid og propylenoxid, sasom et poly(ethylenoxid-blok-propylenoxid) eller
et poly(ethylenoxid-blok-propylenoxid-blok-ethylenoxid); en blokcopolymer eller styren,
sasom poly(styren-blok-isobutylen-blok-styren) eller poly(hydroxystyren-blok-isobuty-
len-blok-hydroxystyren); en polydialkylsiloxan; et polysaccharid; en polystyren, et poly-
acrylat; en polyalkan, sasom polyethylen, polypropylen og polybutadien; en poly(ether-
keton), sasom poly(etherketon) eller poly(etheretherketon); en polyester, sasom poly-
(ethylenterephthalat), polyglycolid, poly(trimethylenterephthalat), poly(ethylenaphtha-
lat), poly(meelkesyre), polycapralaton, poly(butylenterephthalat); polyamider, sasom ny-
lon-6,6, nylon-6, polyphthalamider og polyaramider; et polyalkylmethacrylat, sasom et
polymethylmethacrylat og et poly(2-hydroxyethylmethacrylat); og kombinationer deraf,
fortrinsvis valgt blandt poly(ethersulfoner), polyurethaner, polyacrylater, polymethacry-

later, polyamider, polyisocyanater og kombinationer deraf.

10. Medicinsk indretning ifglge et hvilket som helst af kravene 1-9, hvor indretningen er
valgt fra gruppen bestaende af katetre, nale, stenter, kanyler, trakeotomer, endosko-
per, dilatatorer, rar, indferere, markarer, styletter, snarer, angioplastiindretninger, fidu-

cials, trokarer og taenger.

11. Fremgangsmade til fremstilling af en medicinsk indretning ifelge et hvilket som

helst af kravene 1-10, hvilken fremgangsmade omfatter:

- tilvejebringelse af en medicinsk indretning, og
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- coating af denne Indretning med faste mikropartikler, der er synlige med ultra-

lyd, saledes at diameteren af mindst 60% af mikropartiklerne pa den medicin-
ske indretning er mellem 10 og 45 um, og densiteten af mikropartiklerne pa

overfladen af den medicinske indretning er mellem 45 og 450 partikler/mm?.

5 12. Fremgangsmade ifalge krav 11, hvor indretningen er coatet med mikropartikler, der

er synlige med ultralyd, saledes at diameteren af mindst 60% af mikropartiklerne pa

den medicinske indretning er mellem 22 og 45 um, og densiteten af mikropartiklerne pa

overfladen af den medicinske indretning er mellem 45 og 450 partikler/mm?.



DK/EP 2914310 T3

DRAWINGS

v TR LA - L () o L

TR
; N AN PR g oy
g K7 4V " &:_fj. ' i 3’"*5,- S
. L A S N . v R 4% s P
'y - R 4% Fop T i S 4
R AR TR X A

E s 7 5 S a i

ol
s
'd'.l,'-'.'

........ . s s sE s s wses s me ® s ms s s a s mesEes % s wmsessees 5 mEsesE mag oo ooee & s awss v“c‘cc
....................................................................................................................... Ce TS Mo

U .:_l

P

- -..
e -

LA TR

FEA
| J

X : : : PTRS

: : : L e
B
£

e
Lol

Sy
(PR
: r"b'
.................................................................................................. T LT A Vorge -
.. . oL . e . ) . . . . . . . - . o . . . . . . . . . e o . . . - “.’_',,'
. . .
'A("t'
."f".
-5

N

Figure 1

Vo

A

..................................................................................

R

- . : i - B {/{'5’« e e i e . L .
..................... J.»g’r,j.cﬁ"{/* .'.._.:‘;'3.;-;f.':7"/:’£{: ’6‘5"“ .,

- . e

e e



DK/EP 2914310 T3

W
A

N
N ‘.'\' -

RERIERNE
P

B} Hri IR G

- _ - . : N RN et R
RFFR C A, ALA e . --{-»f'n A F _‘.::,..‘-- Co0,

at sl Ay < AT, o N .
" ] Loy e S e : ’ - T
. L .
: ........ 4--.....4‘--.:....,‘ ..... o aatsa ses .’..:..‘4‘ ........ 48 aaaa - Asasaaaa Pl e asaassssnanaanas Y e aainiaaa 4We s aasaaaas- Asasaaaa At enaa A aaassssaaanaaasisnnasaaaa ';{/z
. ' '."l( ]
r ST
: : Lo
1 ) . . - .
) 1 .
l' ) '.
1 ) '.
: [ "
' ] ¢
' [ .
) 1 .
) ) .
1 ]

._:.ff:

oo . ‘?’ ..... TV o - I EEEEE """'53::..-1'.-,;

' ' - L} : . v ' . ".‘f‘.‘l

. ; N
s ; : '
g - '.
. : .:
. X ;
1] ] .:
‘ " :
. : '
' ] .
] [ ': '{_,.
' ' h -y
. ' i,r o
' N ol
. ’ o¥.
. . ) .
rrrrrrrrrrrrrrrrrr roen ,rvvl"rrr'#'! e e ey rreerr e rrr-rrey . rrrerigncrrrrweri s rrrrrrrs s rrrrr =0 Cer ey . rrrrren crrrrre e e el e e v ey ‘:l_'):
; '!:' : . : L e
- : ; : § ke
] ] . . h -
: ' . . l.
8 ] .:
Lo ; . A :
. - :
,;/: ' e ;
. . r ] .
1 ] .
l. ] l.
1] ] '.
1 ..' ] :‘: .,(
1 . ]
' S O ! ro
! . ' ' . .".
.............................................................. I R I R LR CE I _‘..‘_}"_
: A
. g L 4]
] ] ! .
1 ] s .
: . 3
1 1 .
)
= ' ' |'
. 1 1 .
Gy : : :-
ﬁ}} ] ]

in
S

- i}, ' oo el
‘ :.7"'/5! . :‘-a.b
WS :
% : : ':
TIITI ' ' 4
::f .’:. ‘ ) '
) 5 |
?‘:,ﬁ : 5 L
:# :.E E : .l.?,:-;:

. e
Y Pt rerenet oo beerres Ceeemrren o P e e &% iy s et e re e e s et re e e e raet s renee s ;?{.,.
<. : Ol
o 2 Lot
RRLd ; ; : o
';’FEE. : ;
g ‘ i ' :
'.‘n } (5' {_. 2
v . . .. L | .
e e e i
_ : : Rt ;
", ] [ : ; ”>
7 ' ¥ : N
J P SR R R B R 6 B R R A e B R R R R R R R R B R R R e R R R T R R R B B R R e R o : "'::,’
'5.' . , ' " ': IlJ'
g - - %
S, : ! :
2 3 : -:
R ! ! :
. ] L}
. . .-'_s' ' ¢
! R
» '
) '
) '
: Rl
. L
e e e e e e e e e e e e e e e g e e S
. - e A R L TR R T S R LR R PP R R P EE PR ER PEEF TP o
; ; g/
) )

' '

1 )

1 1

) ) .

1 ] .:

' ' :

' ] ¢

' ' :

: : \ ek

: . '{?f
.............................. L T T T T T T T T T T S T T T T T O T T T R T N .{/“,‘

' . St

: X ) v:fﬂ'

' ' ¢ g,

] ] .

) ] .

' ' . :

1 ) !‘ . . '.

: : e M :

' ' :

' ' :

) ) .

1 ) 'l W

: ! e

: : L - : : L e

' ' Bt A R . v gl

[ [ - ' . . " "":"

) ) -

T

Ly

RN
A

::;:}:Z :

EQ

e . ; : g;;. o e R :
. L . . : s B O . . A cot
Li.u: o : - . . : : L : : i . . - R N A Ty

e R

ol e " el i . LY T
‘C “ -~ } .. .-"f :"J?."! . '_ﬂ‘
* - - ce gl e . .
s - St S X D Cad 1
4 - o .~ - .
'

s .

ol ) | . xee-, S o )

P

R Y 9



DK/EP 2914310 T3

’.
)
*.,;."..-

RRR LN

A

) ih','
R
.‘

!

v
-

{%} HAGHD SRR

<\
': .
-we
- \'\.
NES
-t

T
J.
N
™ :
- :.\‘1-. :

»
.
~
N
. \‘..
o )
'
A
w

*
s e g N L R I R P P Ao PR R
R Tl T R iy T R T T R B e e T T R R T T T T T R R I R PR I O T -
. ‘-,.‘
. - %
‘ : L
. .-
' ]
! .
¢ .
» .
' .
- .
> .
. .-
e -
r -
B
. -
Ld r -.
r r "
r ,
B ’
- -
-
’ - .« .
K P

; : : . . o,
v - : ) : sy
llllllllllllllllll P rr s e rrrrr e e rr b sr R e "::O DL L R 70-:' c" L L I L L I L L L L L I 4 r.r L] r r.r L -.r e - l.l rer e - '." .' rrvy oo ’.l e r.r e ‘.'r,‘.f .
. " Fas-
B |
53 :
T ‘ : e i
.................. L
..... s . ¢ : : P
& :;;,’.-
s 3 Sz '
- " * . >
- Q-‘; . . :
fa gy T .
-5 : o :
g ? ' :
v hr'ss : e :
o, : = : :
Yaiore ; - N . ;
) . Lot :,}» ":. . o .:
N M.‘ - v Py
42::": ............................. g e e e [ isme® wuwuefey aapeess Bescanis . . f:‘-‘ ¥
s X s A0 - N X . -
a‘% ’v{' : VS T
e 'f 7
- = e . R
“ : AAR Sy
: goRat
o : e
R : ' %
g : i
. - .: o
-.. ‘;.‘ .j’:’ :: . ... II/‘. -
BT a ) e : -
= T 7% < : -
{ﬁ: ............................................................................. ::':.........................---.-...-.,..................: .................... "«'é:. _vé
7 : 9 N &
4 ,.". : .M’ ’
pa . . : %c
: : Sk
- .? 7%

: ".;_.r. - e : : : ey ' ’}'jj "
o ; -y o : L ; : S T
: ----------------- , -------------- -{,’:4 L L ,: ----------------- A : /j/" .............. ................ ................. . ) "'.‘.- o
¥ :r o : : : ' A

.................................................................................................................................................

gure 3

Doy T v A £, 2 L Py T iy
o KR Y 4 R U e PO .({." ‘ A
"“:"“J . .'i‘q 7 -‘:"J‘ ’d‘.’ p{ )“-{ , ﬁ’:.. "{ kg ‘.*-- ) L o 0'_!:. .
,
A

IO e e

. n . .. : ’ L e
1 .y g s G TN Sy v
A tac ] . E Ak y AL v Ay o

a~ .

LY IS K TS



DK/EP 2914310 T3

......
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Roumlnsd 50«

X ﬁﬂﬂ

%

7
’
. ‘.::-l.'-.

5106 G1isEAUOD

s . .
- . . '
. . .
v - . .- -
v . . -
. . .
. - . . . v
. H + . .t . . ¢ S u .
. . v - "o . o’ . * o A -
, - . . . » -
. . . . ’
v . * . B T R S T TSRS ”. N R T Lt e IR -” B T T I I BT P S TR ¢ I ) " .
-. . \'- L] . . . - . . - . . . .. . . . . . . . . - L - . . . . . .. . . e . - . . . . - . . . . . . . - - . "- o -..
. . o . : ' e . N . .,
‘. . . ) . + : . . Rt :
0 X . . o . X T '
. : S B ...” ' - S . . “
' I ' . . .
S . N . . . . >
. o > ' ¢ - . . . S »
P ' . .
. N g
. >
4 .
'
>
~

sassydsosnu wil gg-ze



DK/EP 2914310 T3

iy Aysusp supydsooIl

aor ese  oce sz 00 05 o o8 u

. .
. - ' .
' .
. - ' .
. L] e L4
. - ' .
. - . - .
. . .
. - . - .
. - ' .
' - . d . »
' : - . * ' . . N . \ . N g
' .- . . » . . oy
..... St e s eass st i eseneaescieeesseeeti s eeecaaeate s eee,eeanec s s seeneasescieseaagsse: s, s eseaemaacs s ameteat o cecmemceac s mEemEs cps s eemmemseasieaeesEestccceaeagss et meeaseaccsceaeesesatepeeasaaiiiieaceasaat saneseaass s eimcpemctmms smmcmmmstmc: s eseesoes
' . At r et . . . A
' - . . ' N
' . * : - ' ¢ ‘ ; - PR
' - . . . . .
. - D . .
. . = - - = .

e : : . : ; : : N
: N - : . . . : ; N
TR E - m . : : ; ”. : JE
. R ; . : : : : . '
e * ' . - * - . - ‘ . g « s s
T o i . oo o S o . L . S . : |y ﬂwmi#

. : : X . : : .

' - . | »

' - . ) . >

o

WpED

4 -

ﬁmhmmﬂwf ﬂfﬁh ﬂ C e ﬁwn?./ gm

qgﬁ 7

FH0U B ISRQUNT

5

3
%
ﬁ
YR SBI0U OF JRRIHOD

.

4

o5 e

o
A M
g3
(X
C

7

- . »
= . - . . 2 ’
. - . . .
' 3 - . . »
. - . - . <
' . - . . »
' - . . . »
- . - A . .
. . - N . ¢ . .
- .. . . . . L ~ . ..
. . s . . . « .. .e . . . . . . . N e . . . . . - . . . . . . . . . . . . Y . . . . . . . . . . . . . * .
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr R I L L I R R R I R e R L L B T T T T T T T T S T S N S S O S T T T T S S T R N e e 0 .
. - . « e e -, . ... .. 0
. . - - . 0 . . o3
. - . . . h
' . " l-- - . - * -- - . . --
. . . 0 .
. - . \
. - . - v
. - . .
' - . . »
. -~ .
: . - . - »
: . = . - . . .

@fmww TR ...... ....... ........ ISR ....... mg./ww
saseyasoiw wil Gy-ge G SInbiy



DK/EP 2914310 T3

o)
R

« pifm.
g

.'I

‘oAl
ﬂ:’;l’a

e .. .l. -n. o - ~4v..w f N - - ‘. s . . . o a . . . .
NRE) Y SN AN AL R N e 0wl et e
CAnR N A - N W\, 3 L LN I " 1 A
pattemelin A 2 B AN A et P R RN T
vy e » & . - .
LI - - f l'
" AV Mo no ot o ot :
fn ...wqo. $ N.”.N..-...\.__. e L= ol
LN ..lf4 /.-, Y N W.J.... ", ..c..l/’ \ -.- - e 0T
S Tl M « Moot N ..
~ . Nt N
TRTRAA T L%
-.“ ettt e ottt e e e . s B 0 e . L, wt e
i . . -ttt e e et -teta By tete e etetet ettt ettt ettt et e e e e e e TRy . .
’ N v T T TR e e e 0 SoteNeterte etete o an e eterltl L, Tetete Ll ot Ve et ettt ot e e . . . . . ’
A R TR T L S LD tetetetetate L A L s B e P e e o s e e e ..f..)li.'u o 0}. .
". - ’ ” R R L L L T P T, et e ettt e et -.“no y n M”f
” . : : EROCEEN N
” ) ) .
’ - '
’ . -. :
> . . .
» d . -
.. : . . . .
» L P : - : . :
A R R R ” ......................... S . . . .
» L . e . o o w " .
. . . . .~ .. B e 0% o o8 e s o 400080 ¢ eeseces : ! ST R I
N T e R R I 1 SN AR S ' N Y
; : : =R RS s e e NN Y
“ . ” “. ) RS LI >
. . ' . )
’ ' . )
, o . .
: : “ “
S . ' '
............................................ i LIIEIIIIILIININI i e : .
. A L L LA L EEE PR PRS- NS R A S AR S L NS LEEE SR TR, LLIliii R T R R R R R IR A T
: : L T T T T T e e e e e e e e e s T e e e e e eSS O L e L .. - . . 4 LY .f
u , __ : SIS R )
! . o .(o v
' ” .” . -
: ; : : X
A . ; : ﬂf.f
» '
-' * . ’
, : ;
’ . .
. .
e e i i \ ; w5
N I I T T T ' -l !
: . SR e T L . X u..n/ SN
: 2 : bW
o . ' . .
v . . .- L .
’ . . Lt f
: , . RN
[ ! ! :
o . » v
’ ' . !
> ” . .-’l{.- ...
vv .......................................... . .................................. “ }.r....ul ”
» i = . ! " v
.r . X . J.'f M A L R ) ® ® ® ® et e ®® e e.mes . - .o --------------------- . . ..‘If -‘-‘.,-(A!l
. . 3 T R R TP PP e N
n : u= . . : ./_u-....f.ow . J_.»..,
. : . Lo |
: : N SRR :
. . J-. 5 “ 4. . .
” .” .“#J’\ "# . '
1 . g -f.r ' .
\. T N S T . . .
: ! ”, i .-......."'-....".'-.......'--."'-'-..-.'-,.............-.-.. . . . . . 0 . . .
= . » L L LN IR P Y ] P T T T T . PR PR S B e
> . . y ” . ’c ECR l...l. N
» ” s . . ' . : .
C ; S i ’
. : >
: : R :
, S |
> .~ » '
’ ’v)-”rv-. -.M . '
C . - . . :
” jan . f/}f.'..fu ' ...
. R e B R T S LS TR et trrree ... R L R L L \ RN ey, e ... T TR l‘ . . “ .z
oy . R R L NN FUICICICNCI I fff.ﬂe- I L LTI I T e e a L
». - : nee . S e 3 : AR AR ............r.... e P S A e e e O fJ.l_ "J‘J J‘..-o
: : ' e n e s R LI . . « e e S bt et U0 e . . L)
. . q.% e SN ..-..U#.“-.rf.
, ” o " ) f..'v
» I . “ ”
. p ) . !
. X . :
” ; B : w
> . o : !
a0 I e e .v ” ..
T R N I I T T O Y v . H : .”
. e S S AR R L . C e s ... e s e .. ‘.‘. .-‘.‘J.J -
. L R L R T T T I T S I [ S . ’ -
.- L S S *° e s = = SRR R L L e e e . .f HQQI.J .ﬂl .“
et W

" N o G W v -
T ...;.rl.lv“ ﬂ. ”lﬂ an e 4’ Jv ' MU(J.;A.. n.” R ” o) Y .Ull.” . sa,.ll.a L TN N .
M b G U - I OIS B I LT S N T S SR, SR P
e =TSR e entowat Wl Ly .f..:r..r (SN .HQ. f]m. /ol "
. ' .. - “. - N . . . A .
N . I oL . .. - -’.’ .a.o.% . "i!v.

-

R



DK/EP 2914310 T3

ey s5eiG

L2 XVE3d ©

..........

..............................................................................................................................................................................................................................................

o o

2

7

ek

A

RN

4 ™ % e
. N Y l-
) ’ "

L By



DK/EP 2914310 T3

5 Ey

: s . . . . ., g =

-.....rv»r.rpors....-.roo»»»v..x.--»»uv.rr-..-»r-.rrro»»s..-.rrror-».v...-.or»».uur....-.».»r‘ro!..r...urrpors»-..-.-oo».‘vur...-».»-»trrp....r»ururo.»su...<rro-»t»vc....-»»u»rrr......<r»tr|.or»~...'-r.o.r»»v»....-»»»vuu.r..--.»v»r.rpo.ss.-.uoroopcy W
. .»1.

.

. A ’

0
0 - s
0

v
v

Ky

rr g e

.
L
rrrr e e

R
. 'r

v

.

R

[ S S S S B S T S S S O S S S Y

rr e r e

P S N S T O S S T O S S S S S T S S O L S T T T T T T S S O N S S S S S S T T S T L T S O O O S S T T T S O S S S N
0 . . .

cer P PP P

AUEE

. ;l"’//;::;

CL I B

. . ..
cerr e rr e

P )
v

..

mw._“@mwru(muﬁﬂ | MN;WW &

v

e et DR e e L T R I R R R D R R R R Y Fer o e L T T R R R R T B R e e

fp1°0) mojRy VoD (757 ¢

v
L R
L

LI N

'féf:“‘
o

! - "' .. .4 « ' ' oa . = “ at . LYY .\
. . . -1 . . . . . . . . e
i : y M- o . ’ - N -
. . : . . B J . s B - -
. o e et g ' A ' ' . DM : s > .-v . LN
HE A . . . L . . - . - . . .

v .
rrr e ror'e

Wr e rrrr e
rr v e e P

r

L

LC L

v
,’;f
1-

2
R

;
. Uy .
" . .
o : L
= - - '.
. .
' .
ate
. . .l-. .
“ S . l'
' .
. .
' . K
N
. \] ' . .
. /. . -~
' .
!'- . .
' ) .
' AN .
. .
* . .-
a - -
' .
' .
' .
' .
. .
' : . X
. - . - -
. . Al h . - .
. . - -~ . .-.
—

g AN



DK/EP 2914310 T3

-

*

RN
AN »

2

e d

+*
- -

-“a .
»d Y

a4
P e
NS

LA
PRSP 5'e" s

-
-

-h T

.
ro tr vl apn
v

O S A e S

b4

vt AP sde
4=

AN

PN
T 4+44 N9 Frne

L
'ruv
-

. ¢
- . .
A o Qv vO

4
cew
Vei'ed e

v

R LN

e e . ' taatat
VialgTara bt R N

N
.

letaly ey w'e 4 Watw e

6 9INIT



DK/EP 2914310 T3

Figare 10




DK/EP 2914310 T3

r
LS
,.-' . _o_J_o,

.
Sordd '4’4(’1
,p‘:.': rrn
Ly N X4

e N
et A A 2
pamaT -, mm
e hee
442 A
o ik
. o
e e
.' - L
Yy vl
4 .- 4
T e
v e e
222 7er.

e

PP S e e e e e R .{f""‘a

. . -
. - . -
v -
v - v L}
. .
.
.
v - v L4
. r
N - . )
.' - r
v
. .
.
. .
.
. - "
v
. e - v
e . ' .
. ’ .
- e - r
. .
. .
. v
‘e - r
v - ’
‘r - r
Ld - - r

,_\._
N

NV
b
>

TR

rerrri e rrrrr e rrrrrr i crrr e crrrrrrrcrrrrrrrisrrrrrrr s prrrrrcprrrrri e rrr s cterrr i rrrirri s rirrrrrcirrrrrrirrrprrr o reerrrrcprrrrrritirrTrra g e

.‘\'

Y Y YR, YY YT Yy Yy Yoy

DI R Fatat 0o el

R N e R I B R N I B )
Y Y Y YYYCC Y Y Yy Yy

L]
&
-y
S P S R TR R e
DN

\ . -
) -'\ >

o
X
>

Ty B g RS Pu R RT) S upu s flPecncciciecaaciiancaalicioncaifotiiatalatinnndiontes SRR A g L R A
Y : : 2 : A T
f‘" K - ) . -
7 : : ' - :
. . ' : ‘i AR .
Ul : : e 7% :
Wy ' ' = '
J‘ﬁ'. ' : : ' ‘ : :
"J - . - .
e, ' . d .
Srmr - : : : ‘ :
% : _ : :
o St ; - ; :
P : Z : : :
5 X : : X . £ay
e > - ’ : - ]
s s : , i
‘ : ............ . , . ' . ' . e : . e e e ate e e e e e te e e e e e . . ' ‘.. ‘/
e ‘ ; : .
s . : : : : :
s . - : . :
Y . : ' . :
przol . : ': : ;
g % : : 1: : : ‘
e : : : : : :
f:f:d_ ' . : : : : :
LAY : i : : : .
. & ., - ; ’ : ’
; - : k ; : )
Ts . : : : :
€ *"'ﬁ-? : : i : .
N : : - - -
v - - : . W
3 - e ws - . e I
e T g g e R R R R A e Ty 2 - M P e R e
. - : v . . » v
L . . : d qg?'.,"_
. - : - . gy
. : - ) : Joe
i : . g ?
v - . : . s‘ v i
. - ' ' ="
: : : L Ta
o T R T L ruh mames  wfwmwe s smmmetemmmEnE  wEsEwy mumeswis S i et mEmeD e N S S ST . g
" . - - - ; . Setan &
: : . : ; A
4 - . : : . .
. - ' ‘ . .
v . : ’ : :
P : . ;
- : “ <8 X .
: _ 2 )
: . : .-
- - - - N {_-_nl
: i . : - 0"‘0..
.. .- . . . ’"
2 : ; A ! :
L : ' ' r 4 :
’ - P Y Y s P Y Y r YT r i v v Tr Y Yl i rv Y Y Y YANNI S P YYYYAISCPIYYYYIYISCPFYYTIYIII ISP YYTYIY I rvy v v v e Yl rvy vy v FYYYYYl s vvyeveaircrvvvrvva rrvrrricr vy vviacrvvrvv v rvvrvrricrvvrrrrievevy .;‘__!-)
D Emead ey s SR . e e R s
. e e . e R RE ey
' . ’u:o_."‘. .:'c_-'-: . .'a_.-': "-.p. ‘e .'_a‘- Te _,-_: Faeud
. - . ~ . - - .- .. . . ~"‘ . . "
ool s ey L e B s e
T o Tt At e et el Ed
".’;:‘f.'- .:l:/:“; - :',;.'.;i -’r,«,‘v s p :';‘o,v: z’f';;
v . R A Rl L~ . S ol
T ) . P :

$5gh I AHIPIGH G



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS

