wo 2013/158586 A 1[I N0F V00000 A Y O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

24 October 2013 (24.10.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/158586 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
AG61F 2/04 (2013.01) A61B 17/12 (2006.01)
AG61F 2/02 (2006.01)

International Application Number:
PCT/US2013/036691

International Filing Date:
16 April 2013 (16.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/686,902 16 April 2012 (16.04.2012) US
13/863,459 16 April 2013 (16.04.2013) US

Applicant: GT UROLOGICAL, LLC [US/USJ; 1313 -
5th Street Se, Minneapolis, MN 55414 (US).

Inventors: ANDERSON, David, W.; 8316 Cherokee
Drive N., Brooklyn Park, MN 55428 (US). ESAREY,
Bernard, J.; 3665 Nantucket Place, Apt. A, Vermilion,
OH 44089 (US).

Agent: WONG, Bryan, A.; Hamre, Schumann, Mueller &
Larson, P.C., P.O. Box 2902, Minneapolis, MN 55402
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

Title: HYDRAULIC URETHRAL OCCLUSIVE DEVICE

(57) Abstract: A totally implantable method for occluding the urethra or bladder neck utilizing an occlusive cuff connected to a con-
trol mechanism via a conduit tube. The occlusive cuff is reversibly changed from an activated (occlusive condition) to a de-activated
(non-occlusive) condition by depressing a deactivation button contained within a resilient, elastomeric sheath surrounding the con -
trol mechanism. The occlusive condition is once again obtained by depressing an activation button also situated within the resilient
sheath. In the occlusive condition, a preset tension is applied to a tlexible diaphragm through a tensioning suture by a constant force
spring contained within the control mechanism. This tension is translated into an occlusive pressure applied to the urethra or bladder
neck sufficient to prevent urinary leakage.



WO 2013/158586 PCT/US2013/036691

HYDRAULIC URETHRAL OCCLUSIVE DEVICE

[0001] This invention was made with government support under SBIR Grant
Number R43 DK092007-01 awarded by the National Institutes of Health. The

government has certain rights in the invention.
FIELD

[0002] The disclosure herein relates to embodiments of a hydraulic urethral
occlusive devices (HUOD) that are entirely inserted or surgically implanted within the
body for controlling the lack of urinary or bowel restraint. These devices are
commonly referred to as “artificial sphincters” which are installed within the body to

aid or replace the body’s natural sphincter.

BACKGROUND

[0003] One such device by American Medical Systems, Inc. is the AUS 800, which
is a totally implantable hydraulic sphincter implanted in both males and females
experiencing urinary incontinence and has been on the market for over 35 years. The
AUS 800 and its predecessors are described in U.S. Patent numbers 3,863,622;
4,222.377; 4,412,530; and 4,878,889. The AUS 800 consists of a silicone pressure
regulating balloon implanted in the prevesical space, a silicone control pump
implanted in the scrotum or labia, and a silicone urethral occlusive cuff wrapped
around the bulbous urethra in males or bladder neck in females. Each component is
filled with saline or radiopaque contrast media. Tubing, emanating from each
component, is routed between incisions and appropriate connections are made. The
device is deactivated for a period of approximately 6 weeks to allow tissue healing to
proceed and urethral edema to subside. At activation, the control pump is squeezed
sharply to unseat a poppet and open operational fluid flow paths. The patient is taught
to operate the device by squeezing the control pump through the scrotal or labial skin.
This action transfers fluid from the cuff to the pressure regulating balloon. The
balloon forces the fluid through a fluid restrictor and back into cuff to reestablish an
occlusive urethral pressure within 3-5 minutes. The AUS 800 is complicated to

implant, is prone to fluid leakage, and causes urethral atrophy and erosion. Despite
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these draw backs, the AMS 800 is the only commercially available artificial urinary

sphincter.

[0004] Another such type of mechanical artificial urinary sphincter, the Timm-AUS,
is described in US Patent numbers 5,704,893 and 6,074,341, both of which are
entitled VESSEL OCCLUSIVE APPARATUS AND METHOD. The Timm-AUS is
a one piece device not requiring saline filling or intra-operative assembly. Depression
of a deactivation button through the scrotal skin causes a urethral occlusive sheath to
expand and remove occlusive pressure from the urethra to allow normal urination.
Depression of an activation button allows the occlusive sheath to contract and reapply
urethral pressure to prevent urethral leakage. Human implantation experience with
the Timm-AUS was hindered by formation of a tough, fibrous capsule surrounding

the device which prevented expansion of the Occlusive Sheath.

[0005] Another mechanical method of occluding the urethra is demonstrated by US
patent 8,007,429 A1 entitled VESSEL OCCLUSIVE DEVICE AND METHOD FOR
OCCLUDING A VESSEL. In this patent, depression of an activation button allows a
constant force spring to apply tension to a compressible tape wrapped
circumferentially about the urethra. In so doing, urinary leakage is prevented.
Depressing a deactivation button removes spring tension and urethral compression to

allow unobstructed urinary voiding.

[0006] A hybrid mechanical/hydraulic artificial urethral sphincter is described in US
patent application publication 2010/0211175 A1 SURGICAL IMPLANT, IN
PARTICULAR ARTIFICIAL SPHINCTER WITH ADJUSTED PRESSURE. This
patent application publication describes a helical spring biased piston which maintains
hydraulic pressure within an inflatable cuff circumferentially disposed about the
urethral circumference. Depression of a secondary hydraulic bladder forces fluid
from the piston into a third holding bladder to remove hydraulic pressure from the
urecthra. The pressurized fluid within this third bladder is then slowly discharged back
into the piston through a fluid restrictor to re-establish hydraulic pressure about the
urethra. Pressurized fluid may be locked out of the hydraulic cuff to remove pressure

for a prolonged period as might be required immediately following implantation and



WO 2013/158586 PCT/US2013/036691

during sleep when urinary leakage is not as problematic. Lockout is accomplished by
depressing a lockout button. Returning the device to its normal function is

accomplished by depressing the lockout button on its opposite side.

[0007] As evidenced by clinical experience with the above devices, it is difficult to
teach the patient to identify and then operate the small lockout valve which is encased
within and masked by scrotal tissues. Additionally, cuff refilling through the fluid
restrictor takes 3 to 5 minutes. This allows ample time for the patient to believe that
his bladder is empty and leave the commode. Residual urine within the bladder may

then leak through the uncompressed urethra to wet the patient’s clothing.
SUMMARY

[0008] A hydraulic urethral occlusive device (HUOD) is described herein that is an
implantable artificial urinary sphincter intended to provide the incontinent patient
protection against urine leakage and “at will” control over his/her voiding function.
The HUOD is intended to address the drawbacks of the state of the art by providing

several features described herein and illustrated in the drawings.
DRAWINGS

[0009] These and other features, aspects, and advantages of the hydraulic urethral
occlusive device will become better understood when the following detailed

description is read with reference to the accompanying drawing, wherein:

[0010] Fig. 1 is a perspective view of a hydraulic urethral occlusive device
according to one embodiment, and shown with one embodiment of an occlusive cuff

not encircling a urethra.

[0011] Fig. 2 is a perspective view of the occlusive cuff alone from the hydraulic

urethral occlusive device of Fig. 1, shown in a flat condition.

[0012] Fig. 3 is perspective view of the occlusive cuff alone from the hydraulic

urethral occlusive device of Fig. 1, shown encircling a urethra.
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[0013] Fig. 4A is a side view of the occlusive cuff of alone from hydraulic urethral
occlusive device of Fig. 1, shown sized around a relatively smaller urethra. Fig. 4B is
a side view of the occlusive cuff of alone from hydraulic urethral occlusive device of

Fig. 1, shown sized around a relatively larger urethra.

[0014] Fig. 5A is frontal sectional view of a pressure compensator of the hydraulic
urethral occlusive device of Fig. 1, according to one embodiment, and shown in a
state when the hydraulic urethral occlusive device is off, unpressurized. Fig. 5B is a
lateral sectional view of the pressure compensator of Fig. SA in the state when the
hydraulic urethral occlusive device is off, unpressurized. Fig. 5C is frontal sectional
view of the pressure compensator of Fig. 5A, and shown in a state when the device is
on, pressurized. Fig. 5D is a lateral sectional view of the pressure compensator of

Fig. 5A in the state when the hydraulic urethral occlusive device is on, pressurized.

[0015] Fig. 6A is a side view of a control mechanism of the hydraulic urethral
occlusive device of Fig. 1, according to one embodiment, and shown in a state when
the hydraulic urethral occlusive device is activated. Fig. 6B is another side view of
the control mechanism of the hydraulic urethral occlusive device of Fig. 6A, and

shown in a state when the hydraulic urethral occlusive device is deactivated.

[0016] Fig. 7A is a side sectional view of the control mechanism of Fig. 6A, shown
in the activated state. Fig. 7B is a side sectional view of the control mechanism of
Fig. 6A, shown moving to the deactivated state. Fig. 7C is a side sectional view of

the control mechanism of Fig. 6A, shown in the deactivated state.

[0017] Fig. 8 is diagrammatic view of a hydraulic urethral occlusive device,
according to another embodiment, in which the control mechanism is an electro-

mechanical control mechanism

[0018] While the above-identified figures set forth particular embodiments of the
hydraulic urethral occlusive device, other embodiments are also contemplated, as
noted in the discussion. In all cases, this disclosure presents illustrated embodiments
of the hydraulic urethral occlusive device by way of representation but not limitation.

Numerous other modifications and embodiments can be devised by those skilled in
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the art which fall within the scope and spirit of the principles of the heat recovery

systems and methods described herein.
DETAILED DESCRIPTION

[0019] A hydraulic urethral occlusive device (HUOD) 1, as depicted for
implantation in males is illustrated in Fig. 1. The hydraulic urethral occlusive device
is a one-piece device implanted through a single perineal or peno-scrotal incision. An
inflatable hydraulic occlusive cuff 2 encircles the urethra and is permanently attached
via a flexible tube to the control mechanism 3 implanted in the scrotum. A pressure
compensator 4 is likewise permanently attached to the control mechanism 3 via a
flexible conduit 10 to allow placement in the subcutaneous tissues of the abdomen,
thigh or alternately in the pre-vesical space. The occlusive cuff 2 is implanted in an
uninflated, deactivated condition for approximately 6 weeks post-operatively to
facilitate healing and allow pain and edema to subside. Following this deactivation
period, the urologist activates the device by depressing an activation button 5 through
the intact scrotal skin. In so doing, the occlusive cuff 2 inflates to apply a preset
occlusive pressure within the range of 60-80 cm H,O to the urethra. The patient is
then free to depress a deactivation button 6 to evacuate hydraulic fluid from the
occlusive cuff 2 and allow unobstructed voiding. To re-establish urethral occlusive

pressure and continence, the patient pushes the activation button 5.

[0020] The control mechanism 3 is encapsulated by a silicone boot 7 which
incorporates a needle port or septum 8. All other HUOD components likewise can be
encapsulated by silicone rubber coverings to prevent hydraulic solution leakage and
the incursion of bodily fluids. The control mechanism 3 is in fluid communication
with the occlusive cuff 2 and the inner portion of the pressure compensator 4. The
inner portion of the pressure compensator 4 is further surrounded by an outer pressure
capacitor chamber containing a second and separate fluid volume. This chamber also
incorporates a needle puncture port or septum 9. Each separate fluid volume defined
by the above-mentioned structures may be filled by accessing each septum 8 and 9
with a hypodermic needle and infusing appropriate filling solutions. The pressure

compensator 4 and control mechanism 3 are joined by the flexible conduit 10.
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[0021] The first fluid volume contained within the control mechanism 3, occlusive
cuff 2, and the inner portion of the pressure compensator 4 is filled with normal saline
or radiopaque solutions intended to allow visualization of these otherwise, non-
radiopaque structures. The outer pressure capacitor chamber is filled with normal
saline only, so as not to obscure radiographic visualization of the inner portion of the

pressure compensator 4,

[0022] The occlusive cuff 2 may be adjusted to accommodate varying urethral
circumferences as might be found in the human population. The urethral
circumference may first be measured with a flexible measuring tape. The cuff 2 is
then wrapped around the urethra and locked into a detent corresponding to the

measured urethral circumference.

[0023] The hydraulic urethral occlusive device is also configurable for female
implantation through a transvaginal or abdominal incision. In this case, the occlusive
cuff 2 would encircle the bladder neck or mid-urethra. The control mechanism 3 for
female implantation would be miniaturized for implantation in the labia or abdominal
skin where it could be operated by manual depression activation and deactivation
buttons 5, 6, through the labial or abdominal tissue. The pressure compensator 4 may
be implanted in similar locations described for male implantation. The control
mechanism 3 may also be replaced with a motor driven servo which would alternately
apply or remove tension from the pressure compensator causing it to apply or remove
pressure from the cuff 2 (see e.g. embodiment of Fig. 8 further described below). The
addition of implantable pressure transducing elements and a closed-loop control
system would allow this device to respond in real-time to increases in bladder and, or
intra-abdominal pressures which may cause the patient to leak urine (see e.g.

embodiment of Fig. 8 further described below).
[0024] Advantages over the current state of the art can include, for example:
[0025] no intra-operative assembly required;

[0026] no tubing connectors which are prone to disconnection;
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[0027] allows post-implantation re-pressurization to allow degree of continence to

be incrementally improved;
[0028] single incision implantation with reduced surgical morbidity;

[0029] a “one size fits all” cuff design which eliminates the need for a hospital to

stock devices in a multitude of sizes which are then selected at the time of surgery;

[0030] greatly reduced operative time as evidenced by human implants with

predecessor device;

[0031] large buttons which are easily identifiable and operable by both physician

and patient without the need for a separate deactivation button; and

[0032] no time delay when changed from the deactivated to activated conditions to

reduce unexpected urinary leakage.

[0033] The hydraulic urethral occlusive device also has applications in the areas of
fecal incontinence, gastro-esophageal reflux disease (GERD), and gastric banding for
weight loss. Other disease states which may be served by occlusion or support of

tubular body passages may lend further usage to the HUOD concept.

[0034] As described above, the hydraulic urethral occlusive device is a totally
implantable artificial urinary sphincter intended to prevent urinary leakage in both
males and females. Men frequently become incontinent of urine following surgeries
to remove cancerous prostates. Women are often rendered incontinent due to the
pelvic trauma caused during childbirth and due to a laxity of the pelvic muscles
occurring due to aging. To a lesser degree, men and women are rendered incontinent
due to trauma, infection and birth defects. The American Medical Systems, Inc. AUS
800 is the only commercially available, totally implantable artificial urinary sphincter.
The complexity of its implantation is due to the requirement to intra-operatively fill
and assemble its three components. The AUS 800 often fails due wear in its
componentry which leads to fluid leakage and post-operative infections. Urethral

atrophy and erosion sometimes occur and are suspected to be due to the crenate shape
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of its occlusive cuff. The AUS 800 is available with a number of occlusive pressure

ranges with 61-70 cm H,O being the pressure most frequently selected.

[0035] Referring back to Fig. 1, the hydraulic urethral occlusive device 1 is a one-
pieced device not requiring assembly. The hydraulic urethral occlusive device 1 may
be filled with saline solution, or a combination of saline solution and radiopaque dyes
intended to aid in visualization of anatomical placement and functionality. The
hydraulic urethral occlusive device has the occlusive cuff 2 to surround the urethra or
bladder neck and has the control mechanism 3, which is implanted in the scrotum in
males and the labia or abdominal wall in females. The pressure compensator 4 is
joined to the control mechanism 3 by the conduit 10 through which tensioning cables
pass (see e.g. Figs 5A through 5D). The conduit 10 is flexible to accommodate bodily

movement by the human implant subject.
[0036] Occlusive Cuff

[0037] Further details of the occlusive cuff 2 are shown in Figs. 2-4. Fig. 2 shows
the occlusive cuff 2 in its flat condition prior to implantation and in its condition when
it could encircle a urcthra 13 in Figs. 3 and 4. The occlusive cuff has a thin-walled,
expandable pouch 11 to which is affixed a semi-flexible cuff backing strip 12 as
shown in Fig. 2. When encircling the urethra 13 (see e.g. Figs. 4A and 4B), the fluid-
tight expandable pouch 11 may be alternately expanded or deflated by infusion of a
suitable filling media such as isotonic saline or radiopaque contrast media. Inflation
occurs through a flexible input tube 14, such as indicated in Fig. 3. The occlusive
cuff 2 with the expandable pouch 11 inflated is also shown in Fig. 3. When the
expandable pouch 11 is inflated, the pressure exerted on the urethra 13 is sufficient to
prevent or minimize urinary leakage. Historical clinical evidence suggests that this
pressure should be in the range of 60-80 cm H,O to provide adequate leak resistance
without causing undue urethral atrophy or tissue erosion. When the expandable
pouch 11 is deflated, pressure is removed from the urethra 13 to allow normal,
unobstructed urinary drainage. The cuff backing strip 12 is positioned on the
expandable pouch 11 surface away from the urethral surface and acts to maximize

urethral occlusion efficiency by minimizing radial expansion of the expandable pouch
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11 away from the urethra 13. Sizing Detents 15 are positioned on the cuff backing
strip 12 to allow the occlusive cuff 2 to be sized to accommodate anatomical
variations in urethral circumferences as may occur in the human population as shown
in Figs. 4B and 4B. Clinical experience indicates that the range of urethral
circumferences in the human male population ranges from 3.5c¢m to 5.0 cm. Sizing
indicators 16 may be associated with the detents 15 to provide the surgeon with
urethral circumference information. When the occlusive cuff 2 is surgically wrapped
around the urethra 13, the free end of the occlusive cuff 2 is inserted through a
locking clip 17 and advanced to the detent 15 to provide a close fit between the

occlusive cuff 2 and urethra 13.

[0038] The expandable pouch 11 may be constructed using an inner substrate of
expanded polytetrafluoroethylene (ePTFE). The substrate may be in tubular form,
sealed at either end to form a leak-proof pouch. The flat width of the tubular
expandable pouch 11 may be within the range of 1 cm to 3 cm and ePTFE materials
with a wall thickness of 0.003”-0.005”" and an internodal distance (porosity) of 30u -
50u have been shown to have an appropriate flexibility. The substrate is rendered
leak-proof by application of a thin coat of silicone rubber applied by a dispersion dip
molding process. The ePTFE porosity range indicated above, allows deposition of
silicone dispersion into the porous interstices to create a bond between the silicone
outer layer and the ePTFE substrate. Wear and subsequent filling media leakage is
minimized by applying low coefficient of friction coatings to the opposing outer
silicone surfaces. These coatings include polytetrafluoroethylene (PTFE) particulate
over-sprays or NuSil MED 6670 or NuSil MED 6671 silicone dispersions. Wear
created by relative movement of opposing surfaces on the inner of the expandable
pouch 11 surfaces is minimized by the low coefficient of friction nature of the ePTFE

substrate.

[0039] Alternately, the expandable pouch 11 may be entirely manufactured from
silicone using a dispersion casting or molding method. To reduce the tendency of
wear induced holes in the expandable pouch 11, polytetrafluoroethylene (PTFE)
particulate over-sprays or NuSil MED 6670 or NuSil MED 6671 silicone dispersions

may be used as coatings on the inner and outer surfaces of the expandable pouch 11.
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[0040] Pressure Compensator

[0041] In Figs. SA to 5D, the pressure compensator 4 is a structure attached to the
control mechanism 3 via a flexible conduit tube 18, 10. A tension cord 19 travels
from the control mechanism 3 through the conduit tube 18 to the apex of the pressure
compensator diaphragm 20. The pressure compensator diaphragm 20 is a thin-walled,
bullet-shaped diaphragm which operates between an expanded and collapsed
condition. Tension applied to the tension cord 19 by the control mechanism 3
collapses the pressure compensator diaphragm 20, and pressurizes the filling media
contained within it (see e.g. Figs. 5B and 5C). This filling media volume is then
transferred to the occlusive cuff 2 which inflates to occlude the urethra. The pressure
generated within the pressure compensator diaphragm 20 is determined by its cross-

sectional area and the force applied to the tension cord 19 according to the equation:
[0042] Pressure = Force/Cross-sectional Area

[0043] When tension is released from the tension cord 19, the resilience of the
compressed urethral tissue forces filling media out of the occlusive cuff 2 and re-
expands the pressure compensator diaphragm 20 to the position shown in Figs. SA

and 5B.

[0044] The pressure compensator diaphragm 20 is contained within a semi-rigid
compensator shell 21 which prevents surrounding bodily tissue from collapsing
around and applying unintended pressure to the pressure compensator diaphragm 20.
A fluid volume 22 contained within the compensator shell 21 surrounds and is
separated from the filling media volume 23 contained within the pressure
compensator diaphragm 20. As the pressure compensator diaphragm 20 collapses and
filling media is transferred to the occlusive cuff 2, an equal volume of fluid is
transferred into the compensator shell 21. This fluid transfer prevents a vacuum from
forming within the compensator shell 21 which might prevent proper collapse of the
pressure compensator diaphragm 20. Fluid transfer to the compensator shell 21 is
facilitated by the collapse of a flexible compensator dome 24 on the outer surface of

the compensator shell 21 as shown in Figs. 5C and 5D. Expansion of the pressure

-10-
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compensator diaphragm 20 causes fluid transfer from the compensator shell 21 and
re-expansion of the compensator dome 24 as shown in Figs. 5A and 5B. At the time
of surgical implantation, the compensator shell 21 is filled with an isotonic filling

solution such as normal saline via a needle inserted into the septum 9.

[0045] The pressure compensator 4 components may all be manufactured from
silicone rubber. Wear between opposing surfaces of the pressure compensator
diaphragm 20 may be minimized using the low-coefficient of friction surface

treatment described above for the occlusive cuff 2.

[0046] Control Mechanism

[0047] Tension applied to the pressure compensator diaphragm 20 is supplied by a
control mechanism 3 implanted in the scrotum of the male or in the abdominal wall of
the female or in a miniaturized version within the labia of the female. Sce e.g. Figs.
6A to 7C. Depression of an activation button 25 (e.g. 5) on the control mechanism 3
through the intact skin causes a spring force to retract the pressure compensator
diaphragm 20 and apply a constant pressure to the urethra 13 which it encircles.
Depression of a deactivation button 26 (e.g. 6) also located on the control mechanism
3, releases the spring force from the pressure compensator diaphragm 20 and removes

pressure from the urethra 13.

[0048] Embodiments of various control mechanisms are described in great detail in
US Patent 8,007,429 B2 VESSEL OCCLUSIVE DEVICE AND METHOD FOR
OCCLUDING A VESSEL. One of these embodiments is further described in below.

[0049] Pulley 27 counter-rotation is accomplished when the user depresses the
deactivation button 26 exiting the control mechanism 3. A cable 28 wraps around the
small pulley 29 at one end and the radiused base of the deactivation button 26 at its
other end as shown in Figs. 6A and 6B. As the deactivation button 26 advances, the
distance the cable 28 is pulled, is magnified relative to the distance the deactivation

button 26 is depressed.

-11-
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[0050] When the deactivation button 26 is depressed to its full extent, a détente pin
30 contained within the deactivation button 26 engages a lever 31, which prevents the
deactivation button 26 from returning to its original extended position as shown in
Figure 7A-7C. The lever 31 is biased by a spring 32 captured between the lever 31
and a silicone rubber boot 7 (see e.g. Fig. 1) surrounding the control mechanism 3.
As the deactivation button 26 is depressed, the deactivation button dome 33 of the
flexible silicone boot 7 deforms with the force applied to it, but rebounds to its
original shape when the force is removed. In this way, the occlusive cuff 2 is held in
a condition which does not compress the urethra. Rebounding of the deactivation
button dome 33 prevents tissue capsule formation, which normally forms around

implanted devices over time, restricting movement of the deactivation button 26.

[0051] When the patient desires to return to a continent state with the urethra 13
compressed, the silicone boot 7 is depressed over the lever 31 as shown in Fig. 7C.
See e.g. arrow, activation button 25 in Fig. 7C. This disengages the lever 31 from the
détente pin 30, allowing the deactivation button 26 to return to an extended position

under the bias of a constant force spring 34 nested within the pulley 27.

[0052] Post-Implantation Refilling/Repressurization

[0053] From clinical history with other commercially available artificial urinary
sphincters (AUS), it is noted that post-implantation pressures applied to the urethra
are frequently inadequate to provide improved continence. In these cases, the only
recourse is for the patient to use other means to manage their incontinence, or to have
the implanted AUS removed and replaced with one of a higher pressure. Increased
risk of surgical mortality and morbidity exists with any additional surgical

intervention.

[0054] If patients implanted with the hydraulic urethral occlusive device continue to
leak urine, the device may be re-pressurized to a higher pressure to reduce this degree
of leakage. Re-pressurization is performed by accessing the needle port 8 with a
needle to allow fluid communication between the hydraulic urethral occlusive device

interior and a syringe attached to a pressure transducer. The pressure transducer is

-12-
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used to confirm the pressure infused into the hydraulic urethral occlusive device
interior by the syringe. Alternately, the needle may be attached to a bag of saline
which may then be elevated to provide a water column pressure equivalent to the
pressure desired within the hydraulic urethral occlusive device interior. This
procedure may be performed multiple times until the patient achieves the desired

degree of continence.

[0055] The pressure maintained in the device may be defined as Pressure =
Force/Cross-sectional Area as given above. The Cross-sectional Area is the fixed
value established by the pressure compensator diaphragm 20. However, the force
generated by the constant force spring 34 is not perfectly constant and increases
gradually with increased rotational displacement of the pulley 27 in which the
constant force spring 34 is contained. The incremental fluid volume infused into the
hydraulic urethral occlusive device interior during refilling/repressurization increases

this rotational displacement to incrementally increase the interior pressure.

[0056] Alternative Electro-Mechanical Control Mechanism

[0057] The mechanical control mechanism 3, described above, may be replaced by
a closed loop, electro-mechanical, servo-control system. This system also has
occlusive cuff 2 and pressure compensator diaphragm 20 as described above, a pulley
35, rotary actuator such as a motor 36, micro-processor based control mechanism 37,
power supply 38, and separate urethral 39 and abdominal 40 pressure sensing
elements. In this embodiment, the rotary actuator 36 turns the pulley 35 which, in
turn, takes up and applies load to the tension sutures 41 to pressurize the pressure
compensator diaphragm 20 and occlusive cuff 2 to occlude the urethra 13. See e.g.
Fig. 8. It is to be appreciated that a linear actuator such as a lead screw may be used

in place of a rotary actuator.

[0058] In its resting state, the pulley 35 is biased so that the pressure compensator
diaphragm 20 applies 0 to 20 cm H,0 pressure to the urethra 13. This pressure range
is adequate to prevent urinary leakage during normal, unstressful activities. Urethral

pressure is continuously or intermittently monitored by a urethral pressure sensing

13-



WO 2013/158586 PCT/US2013/036691

element 39 situated between the occlusive cuff 2 and the outer surface of the urethra
13. Abdominal or bladder pressure is monitored continuously or intermittently by a
pressure sensor 40 implanted within the abdominal cavity, within the abdominal wall,

within the bladder or within the bladder wall.

[0059] As bladder filling occurs, bladder pressure increases within the range of 20-
60. Sensing this pressure increase, the abdominal/bladder pressure sensor 40 signals
the control mechanism 37 to turn the motor 36 on and cause the pulley 35 to rotate
and affect a rise in urethral pressure. When the urethral pressure sensing element 39
detects that urethral pressure is 60-80 cm H,0, the motor 36 is turned off and the
pulley 35 held in position to prevent any further pressure increase or decrease. Once
the abdominal/bladder pressure reduces to 20 cm H,0 or less, the control mechanism
37 is again signaled to allow the rotary actuator 36 to reverse direction and reduce
tension on the traction sutures 41 until urethral pressures between 0 and 20 cm H,0

are achieved.

[0060] Stressful events such as coughing, sneezing, laughing, etc. can often cause
abdominal/bladder pressures spikes in excess of 60 cm H,0. Pressure rise times of 35
msec and elevated pressure durations of approximately 100 msec have been recorded.
Sensing these pressure levels, the control mechanism 37 causes the rotary actuator 36
to turn on and rotate the pulley 35 to affect a rise in urethral pressure of as much as
120 cm H>0. When abdominal/bladder pressure declines to 20 cm H»0 or less, the
control mechanism 37 allows the rotary actuator 36 to reverse direction and reduce
tension on the traction sutures 41 until urethral pressures between 0 and 20 cm H,0

are achieved.

[0061] When the user wishes to void urine, a switch on the control mechanism 37 is
manually activated through the skin. This action causes the pulley 35 to free-wheel,
reducing traction suture 41 tension until a 0 cm H,0 urethral pressure is achieved.

The user then voids urine through the unobstructed urethra 13. The user may then be
required to manually depress the switch again to return the device to its resting mode
or the device will be programmed to automatically return to its resting mode within 3-

5 minutes.
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[0062] While the embodiments have been described in terms of various specific
embodiments, those skilled in the art will recognize that the embodiments can be

practiced with modification within the spirit and scope of the claims.
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CLAIMS

1. An implantable occlusive device, comprising:

an occlusive cuff;

a control mechanism; and

a pressure compensator,

the control mechanism is in fluid communication with the occlusive cuff,
through attachment via a flexible tube,

the control mechanism is in fluid communication with an inner portion of the
pressure compensator, through attachment via a flexible conduit,

the control mechanism including an activation button and a deactivation
button, the activation button upon depression, hydraulically inflates with hydraulic
fluid the occlusive cuff to apply a preset occlusive pressure on the tubular body, the
deactivation button upon depression, hydraulically evacuates the hydraulic fluid from

the occlusive cuff to remove the preset occlusive pressure on the tubular body.

2. The device of claim 1, wherein the occlusive cuff is adjustable to encircle a
urethra.
3. The device of claim 2, wherein the occlusive cuff comprises an expandable

pouch affixed to a cuff backing strip, the expandable pouch is inflatable when the
hydraulic fluid enters the expandable pouch through the flexible tube so as to apply
the preset urethral pressure, and the expandable pouch is deflatable when the
hydraulic fluid evacuates from the expandable pouch through the flexible tube so as to

remove the preset urethral pressure.
4. The device of claim 1, wherein the occlusive cuff comprises sizing detents, a
free end, and a locking clip, the free end is insertable through the locking clip to lock

the occlusive cuff to one of the sizing detents.

5. The device of claim 1, wherein the control mechanism is encapsulated by a

silicone boot.
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6. The device of claim 1, wherein the control mechanism comprises a septum.

7. The device of claim 1, further comprising a tension cord that travels from the
control mechanism to a diaphragm defines a filling media volume inside the pressure
compensator, the diaphragm is configured to operate between an expanded condition
and a collapsed condition, the control mechanism configured to apply tension to the
tension cord to collapse the diaphragm and the filling media volume into the collapsed
condition, where the hydraulic fluid transfers to the occlusive cuff to inflate the
occlusive cuff, and the control mechanism configured to release tension from the
tension cord to evacuate the hydraulic fluid from the occlusive cuff, where the
hydraulic fluid transfers to the pressure compensator to expand the diaphragm and the

filling media volume to the expanded condition.

8. The device of claim 7, wherein the pressure compensator further comprises a
shell, a fluid volume contained within the shell and that surrounds and is separated
from the filling media volume, as the diaphragm is collapsed, fluid transfers into the

fluid volume, and as the diaphragm expands, fluid transfers out of the fluid volume.

9. The device of claim 8, wherein the pressure compensator further comprises a
dome, the dome is configured to allow fluid to transfer into the fluid volume when the
diaphragm collapses and allow fluid to transfer out of the fluid volume when the

diaphragm expands.

10. The device of claim 8, wherein the inner portion of the pressure compensator

contains a fluid different from a fluid in the fluid volume.

11. The device of claim 1, wherein the pressure compensator comprises a septum.

12. The device of claim 1, wherein the control mechanism includes an electro

mechanical control.
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13. The device of claim 1, wherein the control mechanism is configured to

incrementally increase occlusive pressure on the tubular body.

14. A method of tubular body occlusion, comprising:

collapsing a diaphragm inside a pressure compensator shell to transfer
hydraulic fluid to an occlusive cuff, the transfer of hydraulic fluid being via conduits
in fluid communication with a control mechanism;

pressurizing the occlusive cuff as a result of the transfer of hydraulic fluid
from the collapsing of the diaphragm inside the pressure compensator shell;

occluding a tubular body surrounded by the occlusive cuff as a result of
pressurizing of the occlusive cuff; and

during a desired state of non-occlusion, depressurizing the occlusive cuff to
transfer the hydraulic fluid from the occlusive cuff to the inside of the pressure
compensator to thereby expand the diaphragm, and during a desired state of
occlusion, repressurizing the occlusive cuff, by repeating the steps of collapsing,

pressurizing, and occluding.

15. The method of claim 14, wherein the control mechanism is a mechanical

control mechanism.

16. The method of claim 14, wherein the control mechanism is an electro

mechanical control mechanism.

17. The method of claim 14, further comprising incrementally increasing pressure

on the tubular body.

18-



17

/////////////////



27

Fig. 2



WO 2013/158586 PCT/US2013/036691

3/7

Fig. 4B

17

1
13 >

12
11



WO 2013/158586 PCT/US2013/036691

Fig. SA




S/7

Fig. 64

Fig. 6B

j

29 —

\28




WO 2013/158586 PCT/US2013/036691

6/7

Fig. 74

29

/\ 29

NS
[/

33 — J
31— 3
Fig. 7C
30 — 2 g =
o N
"“ill N 29

LT




WO 2013/158586 PCT/US2013/036691

717

Fig. 8

35

36

37




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/036691

A. CLASSIFICATION OF SUBJECT MATTER
A61F 2/04(2006.01)i, A61F 2/02(2006.01)i, A61B 17/12(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classitication system followed by classification symbols)
A61F 2/04; A61F 2/08; A61F 2/02; A61F 2/00; A61M 25/00; A61B 17/00; A61B 17/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: urethra, occlusive cuff, control mechanism, pressure compensator, fluid communication

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 8007429 B2 (ANDERSON, D. W. et al.) 30 August 2011 1-17
See abstract; column 5, lines 40-63; column 6, 23-24; column 8, lines 63-66;
column 9, lines 1-2; column 11, lines 20-43; column 13, lines 1-6; claim 12;
and figures 1, 2A, 2B, 10.

Y US 4994020 A (POLYAK, M.) 19 February 1991 1-17
See column 8, lines 55-63; column 9, lines 37-54; and figure 6.

A US 4222377 A (BURTON, J. H.) 16 September 1980 1-17
See column 5, lines 11-44; and figure 1.

A US 2010-0331825 Al (HAKKY, S. I. et al.) 30 December 2010 1-17
See abstract; paragraph [0077]; and figures 8A-B.

A US 2006-0264697 Al (TIMM, G. W. et al.) 23 November 2006 1-17
See abstract; paragraphs [0043]-[0045]; and figure 1.

|:| Further documents are listed in the continuation of Box C. g See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
19 August 2013 (19.08.2013) 19 August 2013 (19.08.2013)
Name and mailing address of the ISA/KR Authorized officer
Korean Intellectual Property Office
: 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, HAN In Ho
3 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3362

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/036691

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 8007429 B2 30/08/2011 EP 2170221 A2 07/04/2010
US 2009-0012351 Al 08/01/2009
WO 2009-006574 A2 08/01/2009

US 04994020 A 19/02/1991 EP 0409592 Al 23/01/1991
EP 0409592 Bl 18/05/1994
JP 3057448 A 12/03/1991
JP 6024550 BZ 06/04/1994

US 04222377 A 16/09/1980 None

US 2010-0331825 Al 30/12/2010 AU 2009-348455 Al 02/02/2012
CA 2766490 Al 29/12/2010
EP 2445569 Al 02/05/2012
JP 2012-533326 A 27/12/2012
KR 10-2012-0107151 A 28/09/2012
US 2012-143170 Al 07/06/2012
US 8137337 B2 20/03/2012
WO 2010-151272 Al 29/12/2010

US 2006-0264697 Al 23/11/2006 EP 1898848 Al 19/03/2008
EP 1898848 Bl 24/11/2010
US 8062205 B2 22/11/2011
WO 2006-124838 Al 23/11/2006

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

