wO 2009/036244 A1 |00 00 OO0 0 0 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

)OO 0 OO0 00 0 O

(10) International Publication Number

WO 2009/036244 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 March 2009 (19.03.2009)

(51) International Patent Classification: (74) Agents: WILES, Terry et a.; Popovich, Wiles &
A61F 2/04 (2006.01) O'Connell, P.A., 650 Third Avenue South, Suite 600,

(21) International Application Number: Minnegpolis, MN 55402 (US).

PCT/US2008/076126  (81) Designated States (unless otherwise indicated, for every

(22) International Filing Date: kind d national protection available): AE, AG, AL, AM,
12 September 2008 (12.09.2008) AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW,BY,BZ, CA,

CH, CN, CO, CR, CU, Cz, DE, DK, DM, DO, DZ, EC, EE,

(25) Filing Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(26) Publication Language: English IL,IN,1S,JP,KE, KG,KM, KN, KP,KR,KZ,LA,LC, LK,

LR, LS LT,LU,LY,MA, MD, ME, MG, MK, MN, MW,

(30) Priority Data: MX, MY,MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

60/971,729 12 September 2007 (12.09.2007) US RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
(71) Applicant (for all designated Sates except US): EN- TM, TN, TR, TT,TZ, UA, UG, US,UZ, VC, VN, ZA, ZM,
DOMETABOLIC SOLUTIONS, INC. [US/US]; 10813 W

Mgjor Avenue North, Brooklyn Park, MN 55443 (US). (84) Designated States (unless otherwise indicated, for every

(72) Inventors; and kind d regional protection available): ARIPO (BW, GH,
(75) Inventorg/Applicants (for US only): BLAESER, David GM, KE, LS, MW, MZ, NA, SD, SL, Sz, TZ, UG, ZM,
[US/US]; 10813 Major AvenueNorth, Brooklyn Park, MN ZW), Eurasian (AM, AZ, BY,KG, KZ, MD, RU, TJ, TM),
55443 (US). SPENCER, Dale [US/US]; 503 North Fern- European (AT,BE, BG, CH, CY,CZ, DE, DK, EE, ES, FI,
dale, Wayzata, MN 55391 (US). FR, GB, GR, HR, HU, IE, IS, IT,LT,LU, LV,MC, MT, NL,

[ Continued on next page]

(54) Title: DEVICES AND METHODS FOR TREATMENT OF OBESITY

(57) Abstract: A device for isolating
tissue in the digestive tract including
a biocompatible portion having a
surface sized to cover the tissue to be
isolated and also includes a plurality
of micro-anchors attached to the
biocompatible portion and extending
from the surface, the micro-anchors
sized to penetrate the mucosa of the
tissue. A method for isolating tissue in
the digestive tract in which anisolation
element is delivered to a desired
location in the digestive system;
the isolation element having fixed
thereto a plurality of micro-anchors.
The method also includes attaching
the isolation element to tissue at
the desired location by causing the
micro-anchors to penetrate the mucosa
of the tissue.




WO 2009/036244 A1 | NININI) DA 0T R0 1000000

NO, PL, PT, RO, SE, S, SK, TR), OAPI (BF,BJ, CF,CG, — before the expiration d the time limitfor amending the
Cl, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). claims and to be republished in the event d receipt d
Published: amendments

—  with international search report



WO 2009/036244 PCT/US2008/076126

DEVICESAND METHODS FOR TREATMENT OF OBESITY

This application claims the benefit of U.S. Provisional Application No.
60/971,729, filed September 12, 2007, entitled "Devices and Methods for
Treatment of Obesity"”, the contents of which are hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

The present invention relates to devices and methods for attachment of adevice
within apatient's digestive tract. In particular, the present invention relates to
devices and methods for treatment of obesity and/or its comorbidities, such as
diabetes.

According to the Center for Disease Control (CDC), sixty six percent of the
United States population is overweight, and thirty two percent are obese,
presenting an overwhelming health problem. From an economic standpoint, it
is estimated that more than 100 billion dollars are spent on obesity and treating
its major co-morbidities. This does not even consider the psychological and
socia costs of this epidemic problem. In the opinion of many health care
experts, obesity isthe largest health problem facing westernized societies and is
considered an epidemic. From amedical standpoint, obesity isthe primary risk
factor for type 2 diabetes and obstructive sleep apnea. It increases the chances
for heart disease, pulmonary disease, infertility, osteoarthritis, cholecystitis and
several major cancers, including breast and colon. Despite these alarming

facts, treatment options for obesity remain limited.

Treatment options include dietary modification, very low calorie liquid diet,
pharmaceutical agents, counseling, exercise programs and surgery. Diet and

exercise plans fail since most individuals do not have the discipline to adhere to
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such plans. When diet and exercise fail many try dietary supplements and
drugs or other ingestible preparations promoted as being capable of suppressing
appetite or inducing satiety. In general, these techniques for treating
compulsive overeating/obesity have tended to produce only atemporary effect.
The individual usually becomes discouraged and/or depressed after the initial
rate of weight loss plateaus and further weight loss becomes harder to achieve.
The individual then typically reverts to the previous behavior of compulsive

overeating.

Surgical procedures that restrict the size of the stomach and/or bypass parts of
the intestine are the only remedies that provide lasting weight loss for the
majority of morbidly obese individuals. Surgical procedures for morbid
obesity are becoming more common based on long-term successful weight loss

result.

Bariatric surgery is atreatment for morbid obesity that involves alteration of a
patient's digestive tract to encourage weight loss and to help maintain normal
weight. Known bariatric surgery procedures includejejuno-ileal bypass,
jegjuno-colic shunt, biliopancreatic diversion, gastric bypass, Roux-en-Y gastric
bypass, gastroplasty, gastric banding, vertical banded gastroplasty, and silastic
ring gastroplasty. A more complete history of bariatric surgery can be found in
U.S. Patent Application Publication No. 2004/0092892 Al Apparatus and
Methods for Treatment of Morbid Obesity and also on the website of the
American Society for Bariatric Surgery at http://www.ashs.org.

The surgeries which create malabsorption, such asthe by-pass operation,
although effective in weight reduction, involve permanent modification of the
Gl tract and have arisk of short and long term complication and even death.
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The most common weight loss operation in the United States isthe Gastric
Bypass. These procedures reduce the size of the stomach plus shorten the
effective-length of intestine available for nutrient absorption. With gastric
bypass many investigators have reported weight loss results that exceed 70% of
excess weight. However, this efficacy does not come without complication.

The accepted mortality of the procedure is 1in 200.

Medical sleeve devices for placement in apatient's stomach are described by
Rockey in U.S. Pat. Nos. 4,501,264, 4,641,653 and 4,763,653. The medical
sleeve described in these patents are said to reduce the surface area available
for absorption in the stomach. Other sleeve devices for placement in apatient's
intestines are described in U.S. Pat. No. 4,134,405 (Smit), U.S. Pat. No.
4,315,509 (Smit), U.S. Pat. No. 5,306,300 (Berry), and U.S. Pat. No. 5,820,584
(Crabb). The sleeve devices described in these patents are said to be placed at

the lower end of the stomach.

Other less invasive techniques for restricting absorption have been suggested.
They include bariatric sleeve devices such asthose disclosed in US Patent
Application Publication Nos. 2004/0092892 to Kagan, et al. and 2004/0107004
to Levine, et d. In these techniques, sleeves are passed through the duodenum
so that chyme are passed through the sleeve and do not interact with the
absorptive walls of the intestine. The sleeve of the '004 application includes a
stent in the pylorus. Another example is Meade et a., U.S. Patent Application
Ser. No. 10/339,786. Other devices to reduce absorption in the small intestines
have been proposed (See U.S. Pat. No. 5,820,584 (Crabb), U.S. Pat. No.
5,306,300 (Berry) and U.S. Pat. No. 4,315,509 (Smit)).

In U.S. Patent Application US 2003/0040804, Stack et al. describe a satiation
device to aid in weight loss by controlling feelings of hunger. The patent

application describes an antral tube that expands into the antrum of the stomach
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to create afeeling of satiation. In U.S. Patent Application US 2003/0040808,
Stack et al. describe a satiation device for inducing weight loss in apatient that
includes atubular prosthesis positionable such that an opening at its proximal
end receives masticated food from the esophagus, and such that the masticated
food passes through the pouch and into the stomach via an opening in its distal

end.

SUMMARY OF THE INVENTION

Insertion of foreign bodies into the digestive tract isdifficult. There are strong
muscular contractions called peristalsis that drive food down the digestive tract.
These forces will make devices difficult to anchor. Thus they will migrate and
kink and cause intestinal obstruction. The current invention overcomes this
problem by providing an implant that is very compliant or flexible and by
distributing the force that the implant is subjected to at the attachment point

over arelatively large area.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is attached to the mucosal side of awall of the

digestive tract.

There isprovided in accordance with one aspect of the present invention, a
method of attaching adevice to the mucosal side of awall of the digestive tract
wherein the attachment means employs nano-technology to achieve adherence
of the implant to the wall of the digestive tract. Thisisachieved by
incorporating into the implant nanofibers, such asthose developed by NanoSys
Inc. to create aso called "gecko" effect. This technology isdescribed in detail
in U.S. Patent Application Publication No. US 2005/0221072, the contents of

which are incorporated by reference herein in their entirety.
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There isprovided in accordance with one aspect of the present invention, a
method of attaching an isolation element to the mucosal side of awall of the
digestive tract using an attachment means which employs micro-technology to
achieve adherence of the implant to the wall of the digestive tract. A plurality
of miniature elements which function as "micro-anchors" are incorporated into
the isolation element. These micro-anchors penetrate and engage the tissues
that make up the wall of the digestive tract.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is generally configured of athin walled cylindrical
tube. This isolation element can be made of a multitude of appropriately
chosen materials such as silicone or polyurethane. Theisolation element is
flexible or compliant so that it will not restrict the natural movements of the

elements of the digestive tract.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is generally configured of athin walled strip of
material. This configuration will achieve the affect of allowing contact of
ingested food to some portions, circumferentially, of the digestive tract and not
allow it in other locations. This configuration and others discussed herein are
made possible by sealing all or part of the isolation element to the wall of the
digestive tract. This allows isolation of discrete portions of the wall of the

digestive tract.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is generally configured of a series of thin walled
cylindrical tubes. At least two of these isolation elements are placed in the
digestive tract and spaced afinite distance from one another i.e. there isafinite
space between the distal end of one isolation element and the proximal end of
the next isolation element. It should be appreciated that this configuration can
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be repeated as many times as needed. This configuration will achieve the
affect of allowing contact of ingested food to some portions of the digestive

tract and not allow it in other locations.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is generally configured of athin walled cylindrical
tube. This isolation element can be configured with portions of the tube having
cutouts or windows. These cutouts will achieve the affect of allowing contact
of ingested food to some portions of the digestive tract and not allow it in other
locations. This type of configuration is made possible by effectively sealing
the isolation tube to the wall of the digestive tract around the openings in the
isolation element, thus allowing exposure of the wall only at the location of the

openings.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is generally configured of thin walled patch. This
patch would not extend circumferentialy. It should be appreciated that the
patch could be configured to be irregularly shaped. It should be appreciated
that this configuration can be repeated as many times as needed throughout the
digestive tract. This configuration will achieve the affect of allowing contact
of ingested food to some portions of the digestive tract and not allow it in other

locations.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is attached to the digestive tract wall at a discrete
location about the proximal end of the isolation element.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is attached to the digestive tract wall along the entire
length of the isolation element.
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There isprovided in accordance with one aspect of the present invention, an
isolation element which is attached to the digestive tract wall along the entire
length of the isolation element, but not encircling the isolation element, thus

leaving longitudinal potions of the isolation element unattached to the tissue.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is attached to the digestive tract wall at discrete

locations along the length of the isolation element.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is made of amateria that is bioabsorbable or
biodegradable. Such adevice would have the affect of dissolving over time

leaving the patient with arelatively natural digestive system.

There isprovided in accordance with one aspect of the present invention, an
isolation element which has incorporated into the internal surface elements that
create the effect of making the surface lubricous. Nanotechnologies such as
those created by NanoSys Inc. or hydrophilic coatings such as ahydrogel could
be employed to ensure unobstructed flow of ingested foods.

There isprovided in accordance with one aspect of the present invention, an
isolation element which is made up entirely of nanostructures such as nano-
spheres or particles. These nano- spheres are attached to the wall of the
digestive system selectively. The nano-spheres would create abarrier that
would limit contact of ingested food with the tissue in the location of the
attached nanotechnology. The nano-spheres are incorporated into adissolvable
material and are delivered by placing the material in contact with the tissue in

the digestive system that isto be isolated from food contact. The dissolvable
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material dissolves leaving behind the nano-spheres which remains attached to

the tissue.

The invention further includes the methods by which the various isolation
elements are delivered and attached to the tissue of the digestive system which
isto beisolated.

In one aspect the present invention isamethod of isolating tissue in the
digestive tract. The method includes delivering an isolation element to a
desired location in the digestive system, the isolation element having fixed
thereto aplurality of micro-anchors. The method also includes attaching the
isolation element to tissue at the desired location by causing the micro-anchors

to penetrate the mucosa of the tissue.

The method of isolating tissue in the digestive tract may include the isolation
element having aplurality of spaced apart cylindrical tubes. The plurality of
cylindrical tubes may have alength in the range of about 2 to 8 cm and/or may
be spaced apart by a distance in the range of about 1to 4 cm. The plurality of
cylindrical tubes may further include aproximal tube having proximal and
distal ends and adistal tube having proximal and distal ends. The isolation
element may be delivered such that the distal end of the proximal tubeis
located in the pyloric canal, or the isolation element may be delivered such that
the proximal end of the distal tube islocated adjacent and distal to the pyloric
valve, or further the isolation element may be delivered such that the proximal
end of the distal tube islocatedjust distal of the orifice of the common bile
duct.

The isolation element of the method of isolating tissue in the digestive tract
may include at least one longitudinal strip of material or may include at |east
one patch of material. The at least one patch of material may have an irregular
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shape or may be sized to cover an area of tissue about 1to 5 square

centimeters.

The method of isolating tissue in the digestive tract may include that the
isolation element isacylindrical tube that may further be provided with cutouts

or open portions.

The method may include the micro-anchors being positioned about a proximal
end of the isolation element or may include the micro-anchors being positioned
a discrete locations along the length of the isolation element. The method may
include the microanchors having alength in the range of about 0.013 to 0.254
cm (0.005 to 0.100 inches). The method may include that the micro-anchors
have atransverse cross-sectional dimension in the range of about 0.003 to
0.038 cm (0.001 to 0.015 inches). The plurality of micro-anchors of the
method may include about 500 to 3000 micro-anchors per sgquare inch and/or
the micro-anchors of the method may be made of stainless steel, Nitinol, or a
polymer material. The micro-anchors may include protruding scales, the scales
having tips that are oriented in adirection substantially opposite to the direction
of tips of the micro-anchors. The micro-anchors may be U-shaped having first

and second ends oriented in the same direction.

The isolation element of the method of isolating tissue in the digestive tract
may be made of silicone or polyurethane and/or may be bioabsorbable or
biodegradable. The isolation element of the method may include an interna
surface and wherein the internal surface islubricious or may include aproximal
end and adistal end and wherein the isolation element is delivered such that the
proximal end islocated in the esophagus and the distal end islocated in the
small intestine. The isolation element may have aproximal end and adista
end and wherein the isolation element is delivered such that the proximal endis

located in the esophagus and the distal end islocated in the pyloric canal. The
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isolation element of the method may have aproxima end and adistal end and
wherein the isolation element isdelivered such that both the proximal and
distal ends are located in the small intestines. The isolation element may have
aproximal end and adistal end and wherein the isolation element is delivered
such that the proximal end islocated distal of the pyloric valve and the distal
end islocated in thejgunum or ileum. The isolation element of the method
may have aproximal end and adistal end and wherein the isolation element is
delivered such that the proximal end islocated distal of the orifice of the
common bile duct. The wall of the isolation element of the method may have a
wall thickness of between about 0.013 and 0.038 cm (0.0005 to 0.015 inches).
The length of the isolation element may have alength in the range of about 60
to 600 cm.

The step of attaching the isolation element to tissue in the method of isolating
tissue in the digestive tract may include expanding aballoon to place the

isolation element into contact with the tissue.

In another aspect the present invention is amethod of isolating tissue in the
digestive tract. The method includes delivering aplurality of nanostructures to
adesired location in the digestive system. The method also includes attaching

the nanostructures to tissue at the desired location.

The nanostructures of the method of isolating tissue in the digestive tract may
have nano-spheres. The nanostructures of the method may have a sizein the
range of about 5 to 750 nanometers and/or may have adensity in the range of
about 1to 1000 nanostructures per square micrometer. The nanostructures may
have a surface that is hydrophobic. The method of isolating tissue in the
digestive tract may include incorporating the nanostructures into a dissolvable
material and wherein the step of delivering aplurality of nanostructures to a

desired location in the digestive system comprises placing the dissolvable

10
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material into contact with the tissue in the digestive system that isto be isolated

and the dissolvable material may be sugar.

In another aspect this invention is adevice for isolating tissue in the digestive
system from food traveling through the digestive system. The device includes
abiocompatible portion having a surface sized to cover the tissue to be isolated
and also includes aplurality of micro-anchors attached to the biocompatible
portion and extending from the surface, the micro-anchors sized to penetrate

the mucosa of the tissue.

The device of isolating tissue in the digestive tract may include the
biocompatible portion having aplurality of spaced apart cylindrical tubes. The
plurality of cylindrical tubes may have alength in the range of about 2 to 8 cm
and/or may be spaced apart by adistance in the range of about 1to 4 cm. The
plurality of cylindrical tubes may further include aproximal tube having

proximal and distal ends and adistal tube having proximal and distal ends.

The biocompatible portion of the device of isolating tissue in the digestive tract
may include at least one longitudinal strip of material or may include at |east
one patch of material. The at least one patch of material may have an irregular
shape or may be sized to cover an area of tissue about 1to 5 square

centimeters.

The device of isolating tissue in the digestive tract may include that the
biocompatible portion isacylindrical tube that may further be provided with

cutouts or open portions.
The device may include the micro-anchors being positioned about a proximal

end of the biocompatible portion or may include the micro-anchors being

positioned at discrete locations along the length of the biocompatible portion.

11
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The device may include micro-anchors having alength in the range of about
0.013 to 0.254 cm (0.005 to 0.100 inches). The device may include that the
micro-anchors have atransverse cross-sectional dimension in the range of
about 0.003 to 0.038 cm (0.001 to 0.015 inches). The plurality of micro-
anchors of the device may include about 500 to 3000 micro-anchors per square
inch and/or the micro-anchors of the device may be made of stainless stedl,
Nitinol, or apolymer material. The micro-anchors may include protruding
scales, the scales having tips that are oriented in adirection substantially
opposite to the direction of tips of the micro-anchors. The micro-anchors may

be U-shaped having first and second ends oriented in the same direction.

The biocompatible portion of the device of isolating tissue in the digestive tract
may be made of silicone or polyurethane and/or may be bioabsorbable or
biodegradable. The biocompatible portion of the method may include an
internal surface and wherein the interna surface islubricious. The wall of the
biocompatible portion of the device may have awall thickness of between
about 0.013 and 0.038 cm (0.0005 to 0.015 inches). The length of the

biocompatible portion may have alength in the range of about 60 to 600 cm.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1shows anisolation element in two parts; one part with the proximal end
in the esophagus and the other part with the proximal end distal of the pylorus.

FIG. 2 shows an isolation element in two parts; one part with the proximal end
in the esophagus and the other part with the proximal end distal of the orifice of

the common bile duct and pancreatic duct.

FIG. 3 shows another embodiment of an isolation element with the proximal

end in the esophagus and the distal end in the small intestines.

12
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FIG. 4A shows aportion of afurther embodiment of an isolation element with

longitudinal strips

FIG. 4B shows aportion of another embodiment of isolation elements

configured asirregularly shaped patches.

FIG. 4C shows aportion of afurther embodiment of an isolation element

configured in a series of finitely spaced segments.

FIG. 4D shows aportion of another embodiment of an isolation element

configured with cutouts.

FIG. 5A shows aportion of an isolation element attached to tissue in the

digestive system.

FIG. 5B shows across section of aportion of the isolation element of FIG. 5A.

FIG. 5C shows an enlarged portion of the cross section of FIG. 5B

FIG. 5D shows an enlarged portion of the micro-anchors of FIG. 5C.

FIG. 5E shows an alternative embodiment of the micro-anchors.

FIG. 5F shows the micro-anchor of FIG. 5E connected to the isolation e ement.

FIG. 5G is an enlarged view of amicro-anchor of FIG. 5C.

FIG. 5H shows another embodiment of the micro-anchors.

13
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FIG. 6A shows aportion of an isolation element carrier deployed in the

digestive system.

FIG. 6B isapartial cross section of FIG. 6A.

FIG. 6C isan enlarged view of aportion of the cross section of FIG. 6B.

FIG. 6D shows the cross section of FIG. 6C after the carrier element has
dissolved.

FIG. 7A isacross sectiona view of adelivery catheter having aballoon

expandable distal portion.

FIG. 7B shows the delivery catheter of FIG. 7A with the balloon expandable
distal portion expanded.

FIG. 7C shows adelivery system which includes the catheter of FIG. 7A within
an outer sheath.

FIG. 7D shows the delivery system of FIG. 7C with the balloon expandable
portion extending from the distal end of the sheath.

FIG. 7TE isaview similar to FIG. 7D with the balloon expandable portion
expanded.

14
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides methods and devices for attaching an implant
within the digestive tract. Although described primarily in the context of
supporting an isolation element, the technology of the present invention can be
utilized to support avariety of devices which may be positioned within the
digestive tract or in any vessel, conduit or other location within ahuman body
where it is desirable to attach adevice or substance to tissue and where such
attachment can not be feasibly accomplished using traditional techniques such
as suturing, stapling or gluing. For example, this technology could be
employed to support avariety of diagnostic devices, such aspH detectors or
pressure sensors. It could be utilized to position valves or constricted openings
designed to treat Gastroesophagea Reflux Disease (GERD). It could be
employed to position leads of electrical stimulation and/or pacing devices. The
device could be used in portions of the digestive tract to isolate a defect or
disease condition, such as an ulceration, or other gastrointestinal anomaly.

Notwithstanding the foregoing, the present invention will be described
primarily in the context of an isolation element for reducing nutrient absorption
in the digestive tract and treating metabolic disorders, such as Type Il diabetes.
FIGS. 1to 4 show various embodiments of isolation elements which can be
used for the purpose of isolating tissue or selected portions of tissue in the
digestive system from coming into contact with ingested food. FIGS. 5A to 5H
show embodiments of attachment mechanisms which are used to attach the
isolation elements to tissue in the digestive system. FIGS. 6A to 6D show an
alternative means to isolate tissue in the digestive system comprising attaching
to the tissue or targeted portions of the tissue aplurality of nanostructures such
as nano-spheres which prevent the tissue from contacting ingested food. FIGS.
7A to 7E show adelivery system which can be used to deliver and deploy the

various isolation elements disclosed herein within the digestive system.

15
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FIG. 1 shows an isolation element 103 implanted within apatient. The
proxima end 103ais shown in the esophagus 100 and the distal end 103b is
shown in pyloric canal of the stomach 101. The isolation element 103 can have
afixed diameter opening equal to, larger or smaller than the fully open
diameter at the native esophagus. It should be appreciated that the proximal
end 103acould be located anywhere along the length of the esophagus and that
the distal end 103b could be located in the stomach, near the pyloric valve, or
through the pyloric valve and into the duodenum 102. Also shown isan
isolation element 104 implanted in apatients small intestines. The proximal
end 104ais shown in the duodenum 102 just distal of the pyloric valve. The
distal end (not shown) extends down the small intestines and may end in the
duodenum, jejunum or ileum. The isolation element 104 can have afixed
diameter opening equal to, larger or smaller than the fully open diameter at the
native duodenum. Isolation elements 103 and 104 can be used individually, or

together as a system depending on the needs of the patient.

The isolation element may be made from a suitable biocompatible material
which ischemically resistant. Examples of suitable materials include
polyurethane (Dow Pelathane) or silicone (Dow Silatstic). The wall thickness
should be between .0005 and .015 inches (.0013 to .038 cm). The diameter of
the isolation element is selected to be compatible with the location of its use.
For example, if the proximal portion of the isolation element isin the
esophagus then the diameter may be between about 15-30mm. If the proximal
portion isin the duodenum the diameter may be between about 10-25 mm. The
length of the isolation element is also selected to be appropriate for its intended
application. For example, the length may be selected to be in the range from
about 60 to 600 cm. The isolation element may be made from biocompatible
material that isbiodegradable. For example, polymers such as Polyester based
on polylactide (PLA), polyglycolide (PGA), polycaprolactone (PCL), and

16
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their copolymers have been extensively employed as biomaterials which can
biodegrade over time. Newer classes of biodegradable polymers such as

tyrosine polyarylates could also be used.

FIG. 2 shows isolation elements 103 and 104 implanted within a patient in an
alternative manner. In this embodiment isolation element 103 isimplanted
within the patient in amanner and location similar to that described in
connection with FIG. 1. However, isolation element 104 isimplanted in a
more distal location in the patient's small intestines. In this embodiment the
proximal end 104ais shown in the duodenum 102 just distal of the orifice of
the common bile duct and pancreatic duct 105. The distal end (not shown)
extends down the small intestines and may end in the duodenum, jejunum or
ileum. The isolation element 104 can have afixed diameter opening equal to,

larger or smaller than the fully open diameter at the native duodenum.

FIG. 3 shows an embodiment which uses a single isolation element 203 as an
aternative to the use of multiple isolation elements such asthose shown in
FIGS. 1and 2. The proximal end 203a of the isolation element is shown
implanted in the esophagus 100. The distal end (not shown) extends down the
small intestines and may end in the duodenum, jejunum or ileum. The isolation
element 203 can have afixed diameter opening equal to, larger or smaller than
the fully open diameter at the native esophagus. It should be appreciated that
the proximal end 203a could be located anywhere along the length of the
esophagus. The use of asingle isolation element simplifies the delivery and
deployment of the isolation element since the physician only has to deploy one
device instead of two. Further, it isbelieved that the delivery and deployment
of a single device in the esophagus will be less challenging than delivering and
deploying multiple devices including at least one more distally into the

duodenum.
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FIGS. 4A, 4B, 4C and 4D show alternative embodiments of the invention
which may be used to selectively isolate portions of the digestive system. The
portions of the digestive system that are not isolated continue to function in a

norma manner.

FIG. 4A shows a segment of an isolation element 105. The proximal portion
105ais shown as a continuous, relatively cylindrical element. Strips of
material 105b extend distally. These strips are secured to the mucosal side of
the wall of the digestive system using the attachment mechanism described
hereafter in connection with FIGS. 5A to 5H. They provide abarrier to
effectively isolate the tissue, in the region that they are secured, from anything
traveling through digestive system. The strips may be secured to the tissue

over the entire surface of the strip or on the edges of the strips.

FIG. 4B shows isolation elements 106 attached at selected locations within the
digestive system. One or more such isolation elements may be employed to
selectively isolate portions of the digestive system. Isolation elements 106 may
be secured to the tissue over the entire surface of the element or at the edges of
the element. The isolation elements 106 may beirregularly shaped patches.
Each may have the same shape or they may be of different shape. The number
and size of the isolation elements used in aparticular procedure are varied
depending on the needs of the patient. If itisdesired to isolate a significant
amount of tissue more and/or larger isolation elements are used as compared to
a situation where less of the digestive system tissue must be isolated. For
example, an isolation element 106 may be sized to cover and isolate an area
from about 1to 5 square cm. However, the size could be greater or less

depending on the circumstances.

FIG. 4C shows isolation elements 107 and 108 attached at selected |ocations

within adigestive system. Although the entire surface of the isolation elements
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is shown as a continuous, relatively cylindrical element, windows or cutouts as
described in connection with FIG. 4D could be provided if desired. Isolation
elements 107 and 108 may be secured to the tissue over the entire surface of
the element or at the edges of the element. Isolation element 108 is shown a
discrete distance away from element 107. This has the effect of isolating
portions of the tissue of the digestive system while leaving other portions
exposed. It should be appreciated that this pattern could be repeated by using
two or more isolation elements to isolate as much digestive system tissue as
desired. The diameter of the isolation elements is selected to be compatible
with the location within the digestive system where they are to be deployed.
The length of the isolation elements may be in the range of about 2 to 8 cm.
The spacing between isolation elements may be in the range of about 1to 4 cm

depending on how much tissue is desired to be isolated.

FIG. 4D shows an isolation element 109. Windows or cutouts 110 are shown.
These windows have the effect of exposing discrete areas of the digestive
system wall tissues. The areas along the length of the isolation element that are
not in the vicinity of awindow 110 will be isolated from anything passing
through the digestive system. This can be achieved by securing the isolation
element to the tissue around the edges of the windows 110. It should be
appreciated that the pattern of windows, the size of the windows, and the

number of windows can be varied to create the desired effect.

FIG. 5A shows aportion of an isolation element 112 and aportion of the
digestive system 111. Isolation element 112 is meant to represent any of the
various embodiments of isolation elements previously described for the
purpose of showing how these isolation elements may be attached to the

interior wall of the digestive system 111.
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FIG. 5B shows a cross-sectional portion along line A-A of FIG. 5A. The
isolation element 112 is shown adjacent to the mucosal side of the wall 111 of

the digestive system.

FIG. 5C shows an enlarged portion of the cross section of FIG. 5B. The
isolation element 112 isshown adjacent to the mucosal side of the wall 111 of
the digestive system. Miniature elements or micro-anchors 113 are shown
attached to isolation element 112. These micro-anchors fix the isolation
element to the tissue. The micro-anchors are about .005 to .100 inches (.013 to
254 cm) in length and have atransverse cross-sectional dimension no greater
than about .001 to .015 inches (.006 to .038 cm). A plurality of micro-anchors
are distributed over arelatively large area of the isolation element. This has the
effect of distributing the holding force of the isolation element to the tissue,
while maintaining aflexible compliant system. For example, the isolation
elements may include between about 500 and 3000 micro-anchors per sguare
inch if the entire surface of the isolation element isto be attached to the tissue.
The micro-anchors may be made from suitable biocompatible materials
including, for example, stainless steel, Nitinol, or a suitable polymer such as
Polyester.

FIG. 5D shows aportion of the micro-anchors 113. Optimally the leading edge
114, that first penetrates the tissue, has arelatively sharp tip. Protruding scale
like features 115 are positioned along the sides or circumference of the micro-
anchors and have tips that are oriented in adirection substantially opposite to
that of the tip of the micro-anchor. These features engage the tissue and resist
movement of the micro-anchor out of the tissue. There isaplurality of these
features on each micro-anchor. For example there may be about 3 to 20 of the
features per micro-anchor or 3 to 60 of the features in the case of an
embodiment with multiple overlapping features such as shown in FIG. 5H.

These features protrude from the surface of the anchor from .0005 to .005
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inches (.0013 to .013 cm). This has the effect of distributing and increasing the
holding force along and around the micro-anchor by engaging the tissue in

many locations.

FIG. 5G isan enlarged view of micro-anchor 113 and shows the manner in
which micro-anchor 113 is attached to the isolation element. Specifically,
scale like features 118 are positioned adjacent the end of the micro-anchor
opposite tip 114. Features 118 have tips which are oriented in the same
direction astip 114 and opposite the direction of the tips of features 115. This
configuration alows the tip 114 of the micro-anchors to be driven through the
wall of theisolation element. Tips 118 prevent the micro-anchors from being
drawn all the way through the isolation element and effectively fix the micro-
anchors to the isolation element. When attached the micro-anchors 113 may be
substantially perpendicular to the isolation element and parallel to each other or
they may be attached at an angle. Asshown in FIG. 5H scale like features 115

may optionally be positioned in an overlapping configuration.

Another manner of attaching the micro-anchors to the isolation element is
shown in FIGS. 5E and 5F. FIG. 5E shows a double ended micro-anchor 113a
having a sharp tip at both ends. The double ended micro-anchor isbent or
folded in half to form aU shape. The tips of the folded anchor are driven
through the wall of the isolation element until the bottom of the U shaped
portion engages the wall of the isolation element as shown in FIG. 5F. Thus,
both ends of the double ended micro-anchor comprising proximal and distal
portions extend from the isolation element and are locked in place by the
engagement of the intermediate U shaped portion with the wall of the isolation
element. The proximal and distal portions may be parallel to each other in this

configuration or angled.

21



WO 2009/036244 PCT/US2008/076126

The various embodiments of the micro-anchors have alength which allows
them to penetrate and be embedded in the mucosa in order to securely attach
the isolation elements. Alternatively, they may have alength which allows

them to penetrate into the submucosa or muscular layers.

FIG. 6A shows aportion of an isolation element carrier 116 and aportion of
the digestive system 111. Isolation carrier element 116 isused to assist in the
delivery of an aternative embodiment of an isolation element within the
digestive system. FIG. 6B shows a cross-sectional portion of FIG. 6A aong
line A-A which illustrates the isolation element carrier 116 positioned against

the tissue of digestive tract 111.

FIG. 6C shows an enlarged portion of the cross section of FIG. 6B. The carrier
element 116 isareadily dissolvable material, such as sugar, which hasinit or
on the surface of it the isolation element 117. Theisolation element 117 isa
nano-technology comprising nanostructures such as nano-spheres, which will
adhere to the tissue of the digestive tract in gecko like fashion due to
Vanderwalls forces. Thereisprovided in accordance with one aspect of the
present invention, an isolation element which ismade up entirely of a
nanostructure. Nanostructures may have avariety of shapes and may comprise
nanoparticles, nanotubes, nanofibers, nanodots, nanotetarapods, nanospheres,
etc. The size of the nanostructures may be in the range of about 5 nanometers
to 750 nanometers. The density of the nanostructures typically ranges from
between about 1to 1000 nanostructures per square micrometer. Itiswell
understood to those familiar to this field that nanostructure surfaces can be
engineered to produce avariety of characteristics. A nanostructure surface can
be engineered to be hydrophobic or treated to be superhydrophobic, excluding
water completely. In this embodiment the surface of the nanostructure that is
in contact with the wall of the digestive tract is engineered to have the

characteristics of adry adhesivei.e. the so called "gecko effect”. This would
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have the effect of adhering the nanostructure to the wall of the digestive tract.
The surface of the nanostructure facing away from the wall of the digestive
tract i.e. the surface exposed to fluids and ingested materials would be
engineered to be hydrophobic. This would have the effect of restricting
solutions/ ingested materials from contacting the underlying tissue, in effect
creating abarrier.

The nanostructure isincorporated into adissolvable material and is delivered
by placing the material in contact with the tissue in the digestive system that is
to beisolated from food contact. The dissolvable material dissolves leaving
behind the nanostructure which remains attached to the tissue. The carrier
element 116 delivers the isolation elements to the desired location in the
digestive tract and then optimally dissolves with in seconds to minutes of
exposure to the digestive system environment. The areas of the digestive tract
that have the isolation elements adhered to them will be isolated from anything
traveling through the digestive tract. FIG. 6D shows the section of FIG. 6C

after the carrier element 116 has dissolved.

The various embodiments of the isolation elements disclosed herein may be
delivered and deployed within the digestive system in any conventional
manner. For example, the isolation elements can be delivered using a delivery
system as shownin FIGS. 7A to 7E. The delivery system includes a catheter
200 which has adistal balloon expandable portion 202. The catheter 200
includes a central lumen 204 and an inflation lumen 206. The balloon
expandable portion is shown in adeflated configuration in FIG. 7A and in an
inflated configuration in FIG. 7B. The balloon expandable portion is sized to
have an inflated diameter which is sufficient to enable it to be used to deliver
and deploy the isolation elements disclosed herein within the digestive system.
For example, the inflated diameter of the balloon expandable portion may bein

the range of about 10 to 30 mm. The longitudinal length of the balloon
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expandable portion is selected to be appropriate for the isolation element which
isto be deployed. Since the isolation elements disclosed herein have awide
range of sizes the length of the balloon expandable portion will be in the range
of about 10 mmto 30 cm. The isolation elements are mounted for delivery
over the balloon expandable portion of the catheter while the balloon is
deflated. The catheter isintroduced into the digestive system through the
esophagus and positioned at adesired location. The balloon expandable
portion isthen inflated to cause the isolation element or elements to contact the
tissue of the digestive system at the desired location. Once the isolation
element or elements are properly attached to the tissue the balloon expandable

portion is deflated and the catheter iswithdrawn from the patient.

Asshownin FIG. 7C the delivery system may optionally include a sheath 208
to further ensure that the balloon expandable portion remains contracted and to
protect the isolation elements from being dislodged during delivery. The
sheath ispulled back to expose the isolation element when in the correct
location in the anatomy as shown in FIG. 7D. Once the sheath is pulled back
the balloon expandable portion is expanded as shown in FIG. 7E to deploy and

fix the isolation element or elements to the tissue of the digestive system.

To fix smaller pieces in place during deployment such asthe isolation elements
106 of FIG. 4B awax or temporary glue may be employed to hold them to the
balloon expandable portion until the balloon expandable portion is expanded
and they are attached to the tissue. Alternatively, the plurality of isolation
elements may be held together and mounted on the balloon expandable portion
by acylindrical mesh or weblike structure made of threads which may be
biodegradable.

In one embodiment for delivering an isolation element the isolation element

might berolled up, length wise from the distal end to the proximal end. During
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the deployment process the isolation element is exposed by pulling back on the
sheath. The balloon isthen expanded to press aproximal portion of the
isolation element against the tissue to anchor it. A fluid isthen injected into the
central lumen of the catheter. The fluid flows through the isolation element.
The fluid pressure has the affect of unrolling the remaining distal portion of the
isolation element. Asthe isolation element unrolls the unattached portion
travels distally down the digestive tract. Once unrolled the isolation element
remains unrolled and generally in a configuration that conforms to the
anatomy. Asan dternative to using fluid to unroll the isolation element ablunt
ended flexible rod may beused. Therod isinserted and advanced through the
central lumen past the distal end of the catheter to unroll the isolation element.
It should be understood that in these embodiments for delivery of the isolation
element, it is not necessary to use the central lumen of the delivery catheter to
deliver or direct fluid or the blunt ended flexible rod through the isolation
element in order to unroll it. Specificaly, after the proximal portion has been
anchored the balloon may be deflated and the catheter withdrawn. After the
balloon is deflated and/or after the catheter iswithdrawn either fluid or ablunt
ended flexible rod may be introduced through the isolation element to unroll

the unattached portion of the isolation element.

The isolation elements comprising nanostructures such as nano-spheres or
nano-particles are delivered and deployed in a similar manner. A readily
dissolvable material, such as sugar, can be configured to form atube. This tube
can be coated with nano-particles. The coated tube, as described above, can be
implanted with aballoon delivery system. Specifically, the tube is mounted on
the balloon expandable portion and delivered to adesired location in the
digestive system. The sheath isthen withdrawn and the balloon expandable
portion is expanded to cause the nano-spheres to contact the tissue. Oncein
place the digestible material dissolves and the nano-particles are left behind

forming abarrier between ingested materials and the wall of the digestive tract.
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What isclaimed is;

1 A method of isolating tissue in the digestive tract comprising:
delivering an isolation element to adesired location in the digestive
system, the isolation element having fixed thereto a plurality of micro-anchors;
and
attaching the isolation element to tissue at the desired location by

causing the micro-anchors to penetrate the mucosa of the tissue.

2. The method of claim 1wherein the isolation element comprises a

cylindrical tube.

3. The method of claim 1wherein the isolation element comprises a

plurality of spaced apart cylindrical tubes.

4. The method of claim 3 wherein the isolation element comprises a
proximal tube having proximal and distal ends and adistal tube having
proximal and distal ends.

5. The method of claim 4 wherein the isolation e ement isdelivered such

that the distal end of the proximal tube islocated in the pyloric canal.

6. The method of claim 4 wherein the isolation element is delivered such
that the proximal end of the distal tube islocated distal to the pyloric valve.

7. The method of claim 4 wherein the isolation e ement isdelivered such

that the proximal end of the distal tube islocated distal of the orifice of the

common bile duct.
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8. The method of claim 1 wherein the isolation element comprises at least

one longitudinal strip of material.

9. The method of claim 1 wherein the isolation element comprises at least

one patch of material.

10.  The method of claim 9 wherein the patch of material has an irregular

shape.

11. The method of claim 9 wherein the at least one patch is sized to cover an

area of tissue about 1to 5 square centimeters.

12.  The method of claim 2 wherein the cylindrical tube isprovided with

cutouts or open portions.

13.  The method of claim 1wherein the micro-anchors are positioned about a

proximal end of the isolation element.

14.  The method of claim 1wherein the micro-anchors are positioned at

discrete locations aong the length of the isolation element.

15.  The method of claim 1wherein the isolation element comprises silicone

or polyurethane.

16. The method of clam 1wherein the isolation element is bioabsorbable or
biodegradable.

17.  The method of claim 1 wherein the isolation element includes an

internal surface and wherein the internal surface islubricious.
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18.  The method of claim 1wherein the isolation element has aproximal end
and adistal end and wherein the isolation element isdelivered such that the
proximal end islocated in the esophagus and the distal end islocated in the

small intestine.

19.  The method of claim 1wherein the isolation element has aproximal end
and adistal end and wherein the isolation element isdelivered such that the
proximal end islocated in the esophagus and the distal end islocated in the

pyloric canal.

20.  The method of claim 1 wherein the isolation element has aproximal end
and adistal end and wherein the isolation element isdelivered such that both

the proximal and distal ends are located in the small intestines.

21.  The method of claim 1wherein the isolation element has aproximal end
and adistal end and wherein the isolation element isdelivered such that the
proximal end islocated distal of the pyloric valve and the distal end islocated

in thejgunum or ileum.
22. The method of claim 1wherein the isolation element has aproximal end
and adistal end and wherein the isolation element isdelivered such that the

proximal end islocated distal of the orifice of the common bile duct.

23.  The method of claim 1wherein the isolation element comprises awall

having awall thickness of between about .0005 and .015 inches.

24.  The method of claim 1wherein the isolation element has alength in the

range of about 60 to 600 cm.
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25.  The method of claim 3 wherein the plurality of cylindrical tubes have a

length in the range of about 2 to 8 cm.

26.  The method of claim 3 wherein the plurality of cylindrical tubes are
spaced apart by a distance in the range of about 1to 4 cm.

27.  The method of claim 1wherein the micro-anchors have alength in the

range of about .005 to .100 inches.

28. The method of claim 1wherein the micro-anchors have atransverse

cross-sectional dimension in the range of about .001 to .015 inches.

29.  The method of claim 1wherein the plurality of micro-anchors comprise

about 500 to 3000 micro-anchors per sguare inch.

30. The method of claim 1wherein the micro-anchors comprise stainless

steel, Nitinol, or apolymer material.

31. The method of claim 1wherein the micro-anchors comprise protruding
scales, the scales having tips that are oriented in adirection substantially

opposite to the direction of tips of the micro-anchors.

32.  The method of claim 1wherein the micro-anchors are U-shaped having

first and second ends oriented in the same direction.
33.  The method of claim 1wherein the step of attaching the isolation

element to tissue comprises expanding aballoon to place the isolation element

into contact with the tissue.
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34. A method of isolating tissue in the digestive tract comprising:
delivering aplurality of nanostructures to adesired location in the
digestive system; and
attaching the nanostructures to tissue at the desired location.

35.  The method of clam 34 wherein the nanostructures comprise nano-

spheres.

36. The method of claim 34 further comprising incorporating the
nanostructures into a dissolvable material and wherein the step of delivering a
plurality of nanostructures to adesired location in the digestive system
comprises placing the dissolvable material into contact with the tissue in the
digestive system that isto be isolated.

37.  The method of clam 36 wherein the dissolvable material comprises

sugar.

38. The method of clam 34 wherein the nanostructures have a size in the

range of about 5 to 750 nanometers.

39. The method of claim 34 wherein the nanostructures have a density in the

range of about 1to 1000 nanostructures per square micrometer.

40. The method of clam 34 wherein the nanostructures have a surface

which ishydrophobic.

41. A device for isolating tissue in the digestive system from food traveling
through the digestive system comprising:

abiocompatible portion having a surface sized to cover the tissue to be
isolated; and
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aplurality of micro-anchors attached to the biocompatible portion and
extending from the surface, the micro-anchors sized to penetrate the mucosa of

the tissue.

42.  Thedevice of clam 41 wherein the biocompatible portion comprises a

cylindrical tube.

43.  Thedevice of clam 41 wherein the biocompatible portion comprises a

plurality of spaced apart cylindrical tubes.
44.  The device of claim 43 wherein the biocompatible portion comprises a
proximal tube having proximal and distal ends and a distal tube having

proximal and distal ends.

45.  The device of clam 41 wherein the biocompatible portion comprises at

least one longitudinal strip of material.

46.  The device of clam 41 wherein the biocompatible portion comprises at
least one patch of material.

47.  The device of claim 46 wherein the patch of material has an irregular

shape.

48.  The device of claim 46 wherein the at |east one patch is sized to cover

an area of tissue about 1to 5 square centimeters.

49.  Thedevice of claim 42 wherein the cylindrical tube isprovided with

cutouts or open portions.
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50.  The device of claim 41 wherein the micro-anchors are positioned about

aproximal end of the biocompatible portion.

51. Thedevice of claim 41 wherein the micro-anchors are positioned at

discrete locations along the length of the biocompatible portion.

52.  The device of claim 41 wherein the biocompatible portion comprises

silicone or polyurethane.

53.  The device of claim 41 wherein the biocompatible portion is
bioabsorbable or biodegradable.

54.  The device of claim 41 wherein the biocompatible portion includes an

internal surface and wherein the internal surface islubricious.

55.  The device of claim 41 wherein the biocompatible portion comprises a
wall having awall thickness of between about .0005 and .015 inches.

56.  The device of claim 41 wherein the biocompatible portion has alength

in the range of about 60 to 600 cm.

57.  The device of claim 43 wherein the plurality of cylindrical tubes have a

length in the range of about 2 to 8 cm.

58.  The device of claim 43 wherein the plurality of cylindrical tubes are

spaced apart by adistance in the range of about 1to 4 cm.

59.  The device of claim 41 wherein the micro-anchors have alength in the
range of about .005 to .100 inches.
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60. The device of claim 41 wherein the micro-anchors have atransverse

cross-sectional dimension in the range of about .001 to .015 inches.

61. The device of clam 41 wherein the plurality of micro-anchors comprise

about 500 to 3000 micro-anchors per square inch.

62.  The device of clam 41 wherein the micro-anchors comprise stainless

steel, Nitinol, or apolymer material.
63.  The device of clam 41 wherein the micro-anchors comprise protruding
scales, the scales having tips that are oriented in adirection substantially

opposite to adirection of tips of the micro-anchors.

64. The device of clam 41 wherein the micro-anchors are U-shaped having

first and second ends oriented in the same direction.
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Group |- Claims 1-33 and 4 1 64 are directed to stainless steel/Nitinol/polymer micro-anchors implantable in the digestive tract for
controlling obesity These are shown best in Applicants' Fig 5C-5G

Group Il - Claims 34-40 are directed to ingestible "isolation elements made entirely of nanospheres" (Applicants' specification pg 9. para
5) for controlling obesity These are shown best in Applicants' Fig 6C and 6D

The inventions listed as Groups | - Il do not relate to a single general inventive concept under PCT Rule 13 1 because, under PCT Rule
13 2, they lack the same or corresponding special technical features for the following reasons

The.invantive concept in GrouD | is the micro-anchor The inventive concept In GrouD Il is the inaestible microsohere Neither arouo

1 || Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims

2 |__| Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees

3 I__Il Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos

4 }X{ No required additional search fees were timely paid by the applicant Consequently, this international search report is
" restricted to the invention first mentioned in the claims, it is covered by claims Nos

1-33 and 41-64

Remark on Protest |__| The additional search feeswere accompanied by the applicant's protest and, where applicable, the
—— Payment of aprotest fee
Il The additional search feeswere accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation

|_J No protest accompanied the payment of additional search fees

Form PCT/1SA/, 10 (continuation of first sheet (2)) (April 2007)
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