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DEPLOYMENT ACTUATION SYSTEM FOR INTRAFALLOPIAN
CONTRACEPTION

ABSTRACT

Contraception methods, systems, and devices generally improve the ease, speed and
reliability with which a contraceptive device (12) can be deployed transcervically into an
ostium of a fallopian tube. The contraceptive device (12) may remain in a small profile
configuration while a sheath (14) is withdrawn proximally, and is thereafter expanded to a
large profile configuration engaging the surrounding tissues, by manipulating one or more
actuators ot a proximal handle (30) with a single hand. This leaves the other hand free to
manipulate a hysteroscope, minimizing the number of health care professional required to

deploy the contraceptive device (12).
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DEPLOYMENT ACTUATION SYSTEM
FOR INTRAFALLOPIAN CONTRACEPTION

CROSS REFERENCES TO RELATED APPLICATIONS
This application claims the benefit of priority from U.S. Patent Application

Serial No. 60/150,238 filed on August 23, 1999.
This application is related to application U.S. Patent

Application Serial No. 09/644,277, published as U.S. Patent 6,762,333, entitled

“Insertion/Deployment Catheter System jfor Intrafallopian Contraception”

, filed concurrently herewith.

BACKGROUND OF THE INVENTION
The present invention generally relates to medical devices, systems, and
methods. In a particular embodiment, the invention provides temporary or permanent

intrafallopian contraceptive devices, delivery systems, and non-surgical methods for their

deployment.
While the theoretical effectiveness of existing non-surgical contraceptive

techniques, including barrier methods and hormonal therapies, is well established, the
actual effectiveness of most known methods is disappointing. One reason for these
disappointing results is that many of the presently available methods for inhibiting

pregnancy without surgery depend upon significant user involvement. Non-compliance

typically results in quite high rates of failure, and overcoming user non-compliance to

improve overall efficacy has proven quite difficult.

One form of long term contraception which is less susceptible to user non-
compliance is the intrauterine device (IUD). [UDs have been found to have higher rates
of reliability, and are effective for a longer period of time, then most other commercially
available contraceptives. Unfortunately, IUDs are also associated with serious infectious
complications. For this reason, the use of IUDs within the United States has decreased
dramatically. Additionally, IUDs are subject to unplanned expulsion, and are removed

due to excessive pain or bleeding in a significant percentage of cases, further reducing

acceptance of the IUD as a method of inhibiting pregnancy.
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Commercially available options for permanent sterilization include
fallopian tube ligation and vasectomy. These methods are surgical and are not available
to many people in the world. It 1s common knowledge that fertilization occurs in the
fallopian tubes where the sperm and ovum meet. Tubal ligation avoids this by surgical
and complete occlusion of the fallopian tubes.

In work done 1n connection with the present invention, it has previously
been proposed to transcervically introduce a resilient coil into a fallopian tube so as to
inhibit conception. PCT Patent Application No. 99/15116, assigned to the present
assignee descnbes
devices which are transcervically inserted into a tubal ostium and mechanically anchored
within the fallopian tube. The described devices may promote a tissue ingrowth network
to provide long term conception and/or permanent sterilization without the need for
surgical procedures, and should avoid the risks of increased bleeding, pain, and infection
associated with intrauterine devices.

While the recently proposed intrafallopian contraceptive devices represent
a significant advancement in the art, still further improvements would be desirable. In
general, 1t would be desirable to provide improved non-surgical devices, systems, and
methods for inhibiting pregnancy. It would be beneficial if these improved techniques
icreased the ease, speed, and reliability with which these contraceptive devices could be
deployed. It would be further beneficial if these improved access and deployment
techniques could safely and effectively be performed without numerous assistants, and if
they did not require expensive medical equipment so that they could be implemented by
health care professionals 1n an outpatient clinic. Some or all of these advantages are

provided by the device described hereinbelow.

SUMMARY OF THE INVENTION
The present invention generally provides improved medical devices,
systems, and methods. The technmiques of the present invention are particularly useful for
improving the ease, speed, and reliability with which contraceptive devices can be

deployed transcervically into an ostium of a fallopian tube. The invention generally

provides 1ntrafallopian contraceptive systems having a handle adapted for manipulation
and actuation by a single hand of a healthcare provider. Typically, the handle includes at
least one actuator which can be manipulated by the same hand used to grip the handle. In

many embodiments, the healthcare provider can advance the contraceptive device into an
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ostium of a fallopian tube by manipulating the handle, can withdraw a sheath from around

the contraceptive device, can expand the contraceptive device from a small profile
configuration to a large profile configuration, and/or can detach the expanded
contraceptive device from the remaining components of the contraceptive system, 1deally
all with one hand. Advantagéously, this leaves the other hand free to grasp and
manipulate a hysteroscope, allowing the healthcare provider to orient the system toward
the tubal ostium and effect its deployment while optically viewing and verifying the
deployment, rather than relying on coordinating the efforts of two separate individuals to
access the target site and deploy the contraceptive device. Deployment may, alternatively,
be directed under a variety of imaging modalities, including ultrasound, fluoroscopy, or
possibly even with tactile-guidance. Mechanically coupling the various elongate
deployment components to a common proximal housing can also avoid confusion over
which component is to be moved, and which is to be maintained at a fixed position.
Hence, the 1nvention facilitates deployment of intrafallopian contraceptive devices in a
wide varniety of healthcare settings.

In a first aspect, the invention provides a contraceptive delivery system
comprising a contraceptive device expandable from a small profile configuration to a
large profile configuration. The contraceptive device in the small configuration 1s
insertable mto an ostium of a faIIOpian tube. A first elongate body has a proximal end
and a distal end with a receptacle disposed adjacent the distal end. The receptacle
releasably receives the contraceptive device. A proximal handle is disposed at the
proximal end of the first elongate body. The handle has a size and shape suitable for
gnpping with a single hand. At least one actuator is mounted on the handle. The actuator
1s moveable by the hand while the hand grips the handle so as to expand the contraceptive
device to the large profile configuration and affix the contraceptive device within the

ostium of the fallopian tube.

Preferably, the contraceptive delivery system will further include a sheath

having a lumen that slidably receives the receptacle so that movement of the at least one
actuator withdraws the sheath proximally from the contraceptive device. This

arrangement allows the healthcare provider to maintain the position of the contraceptive
device by holding the handle at a fixed position with the same hand that is used to move

the actuator. This leaves the other hand free to support the hysteroscope, which will often
be used to optically direct the deployment procedure.
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The system will often further include means for expanding the uncovered

contraceptive device after the sheath has been withdrawn. The expansion means will
often be coupled to the contraceptive device and will be operable by the actuator.
Separating at least a portion of the expansion and sheath withdrawal mechanisms can help
avold resilient expansion forces from acting against the sheath, which forces might
impede movement of sheath and make it difficult to hold the contraceptive device
accurately 1n position during deployment. While a variety of expansion means may be
provided (such as inflation balloons and fluid lumens for plastically deforming a stent-
like structure, or the like), the preferred expansion means comprises a second elongate
body which moves relative to the first elongate body to effect expansion of the
contraceptive device after the sheath is withdrawn. In the exemplary embodiment, the
first and second elongate bodies restrain a resilient outer helical coil of the contraceptive
device by maintaining a torque until the at least one actuator moves a second elongate
body.

In some embodiments, a first movement of a dual-function actuator
relative to the handle moves the sheath relative to the first elongate body without moving
the second elongate body relative to the first elongate body. A second movement of the

dual-function actuator after the first movement moves the second elongate body relative

to the first elongate body. Optionally, a latch may releasably restrain movement of the
second elongate body relative to the first elongate body. As the first elongate body will
often releasably hold the contraceptive device, this can keep the device at the target
location during at least a part of the deployment procedure. The first elongate body may
threadingly engage the contraceptive device, and may be decoupled from the
contraceptive device by rotating the handle or a decoupling actuator.

In another aspect, the invention provides a contraceptive delivery system
compnsing a contraceptive device which is exr~ndable from a small profile configuration
to a large profile configuration. The contracep. .¢ device in the small configuration is
insertable into an ostium of a fallopian tube. A first elongate body has a proximal end
and a distal end. A receptacle is disposed adjacent the distal end of the first elongate
body. The receptacle releasably receives the contraceptive device. A sheath has a lumen
which shidably receives at least a portion of the contraceptive device. A second elongate
body extends proximally from the contraceptive device to a proximal end. A handle is
disposed at the proximal end of the first elongate body. The handle has at least one

actuator, and a {irst movement of the at least one actuator withdraws the sheath
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proximally from the contraceptive device. A second movement of the least one actuator
moves the second elongate body relative to the first elongate body so as to expand the

contraceptive device to the large profile configuration.

In yet another aspect, the invention provides a medical device comprising
an elongate guiding structure 'having a proximal end and a distal end. The guiding
structure 1s laterally flexible and increases in tlexibility toward the distal end so that the
guiding structure 1s suitable for distally tracking a body lumen. A proximal handle is
affixed adjacent the proximal end of the guiding structure. The handle has a slot that
laterally receives the guiding structure adjacent the distal end. A detent is capable of
restraining the guiding structure within the slot to facilitate introducing the distal portion
into a lumen.

In a method aspect, the invention comprises inserting a contraceptive
device transcervically into an ostium of a fallopian tube by grnpping a handle with a hand
of a healthcare worker and moving the hand. The handle is coupled to the contraceptive
device by an elongate body. The inserted contraceptive device is expanded by moving an
actuator on the handle while the hand grips the handle. The expanded contraceptive
device 1s detached from the elongate body so that the contraceptive device inhibits

conception.

Generally, a hysteroscope is manipulated by another hand of the healthcare

worker to orient the contraceptive device toward the ostium while the healthcare worker
views an 1mage of the ostium with the hysteroscope. This allows the healthcare worker to

simultaneously manipulate these two components of the contraceptive delivery system,

avoiding complex coordination between two individuals.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the uterine and tubal anatomy for deployment of the

contraceptive devices of the present invention.

Fig. 1 A schematically illustrates method steps for an exemplary

contraceptive device deployment method.

F1g. 1B is a partial cut-away side view of a contraceptive system according

to the principles of the present invention.

Fig. 2 1s a side view of a removable core wire of the contraceptive system
of Fig. 1B.



10

15

25

30

CA 02689688 2010-01-05

Fig. 3 1s a contraceptive device of the contraceptive system of Fig. 1B, in

which an outer helical coil is in a large profile conf guration.
Fig. 3A 1s an end view of the contraceptive device of F 1g. 3.
Fig. 3B illustrates a contraceptive device having a tubular band for

smoothly disengaging a release pin of a release catheter.

F1g. 4 1s a side cross-section of a distal end of a delivery catheter of the
contraceptive system of Fig. 1B.

Fig. 4A 1s an axial cross-sectional view of the delivery catheter of Fig. 4.

Fig. 5 is a side cross-sectional view of an outer sheath of the delivery

system of Fig. 1B.

Figs SA-5F illustrate sheaths having posttioning surfaces for axially

positioning the contraceptive device relative to the tubal ostium.

Fig. 6 1s a partial cut-away view showing engagement between the outer

helical coil of the contraceptive device and the release catheter so as to maintain the

wind-down torque on the outer helical coil.

Fig. 7 1s a perspective view of the proximal handle of the contraceptive

system of Fig. 1B.

Figs. 8A and 8B illustrate a syringe-like handle for use with the
contraceptive system of Fig. 1B.

Figs. 9A and 9B illustrate a further alternative pistol grip handle for use

with the contraceptive system of Fj g. 1B.

Fig. 10 1s a perspective view of a preferred proximal handle of the
contraceptive system of Fig. 1B having a thumb wheel, latch, and rotation knob for
exposing, expanding, and releasing the contraceptive device at the target location.

Fig. 11 is a perspective view of an alternative in-line slider handle for use

with the contraceptive system of Fig. 1B.

Figs. 11A through 11K schematically illustrate a method for deploying a

contraceptive device using the system of Fig. 1B.

Figs. 12A and 12B are side and axial end views schematically illustrating
the use of an indentation in the handle to facilitate introducing the guidewire-like distal
end of the contraceptive delivery System into a lumen, such as the working Jumen of a

hysteroscope.

Fig. 13 illustrates an alternative deployment method using an alternative

lmaging system.
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Figs. 14A and 14B illustrate a deployment system having a sleeve

disposed around the outer sheath, and use of the sleeve to inhibit inadvertent movement
of the contraceptive device when the outer sheath is retracted.

Fig. 15 schematically illustrates a side view of alternative distal
components for a contraceptive system.
Fig. 16 illustrates an alternative coupling structure at a proximal end of an

outer helical coil used in the alternative contraceptive system of Fig. 10.

Fig. 17 schematically illustrates a contraceptive system having a separate
positioning catheter slidably disposed over the sheath, the positioning catheter having a
positioning surface to assist in axially positioning of the contraceptive device.

Fig. 18 illustrates a method for using the positioning surface of a sheath or
positioning catheter to assist in axially positioning of the contraceptive device.

Fig. 19 schematically illustrates a side view of a contraceptive system,
showing axially coupling of the positioning catheter to the contraceptive device.

Fig. 20 schematically illustrates a lateral cross-section of an alternative

outer sheath of the delivery system of Fig. 1B.

Fig. 21 schematically illustrates an alternative proximal handle of the

contraceptive system.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

The present invention provides a contraceptive device, system, and method
which can be used to inhibit pregnancy, typically for the long-term inhibition of
pregnancy, and often providing permanent contraception or sterilization. By introducing
at least a portion of these contraceptive devices into an ostium of a fallopian tube, the
risks of unplanned expulsion, pelvic pain, and infectious complications may be
significantly reduced. Although the present invention may be included within a group of
contraceptive techniques generally referred to as fallopian tube occlusion methods, the
invention need not be advanced fully into the fallopian tube, and in some embodiments,
need not fully block the tubal lumen to effectively disrupt fertilization. As described in
co-pending International Patent Application No. 99/15116, assigned to the present
assignee, contraception
may optionally be provided by fully occluding the tubal lumen, and/or by sufficiently
disrupting the fertilization process without total occlusion. In some embodiments,

including a bioactive material such as copper may enhance the devices effectiveness.
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As used herein, a structure is mserted “within a tubal ostium™ whenever

the structure 1s advanced from the uterus into (and optionally beyond) the tubal ostium

into the uterotubal junction and/or the fallopian tubes.

Refernng now to Fig. 1, access to uterus U will generally be gained
through cervix C. From within uterus U, fallopian tubes F are accessed via tubal
ostiums O.

Fallopian tubes F generally include three segments between ostium O and
the fimbnia FIM. Beginning adjacent uterus U, the intramural segment INT of fallopian
tubes F are surrounded by the muscular uterine tissues. Beginning at uterotubal
junction UTJ, fallopian tubes F extend beyond the uterine tissues and within the
peritoneal cavity along an i1sthmic segment ISC, and then along an ampullary
segment AMP.

In general, the 1deal placement for the intrafallopian contraceptive devices
of the present invention is spanning the intramural INT to isthmic ISC portion of the
fallopian tube. Where a radially expandable attachment mechanism such as an outer coil
1s included on the intrafallopian contraceptive device, that expandable or anchoring
structure will preferably span the uterotubal junction UTJ. It should be noted that the
uterotubal junction UTJ may be defined as the plane where the fallopian tube meets the
peritoneal cavity. It should also be noted that the narrowest portion of the fallopian tube
need not necessarily be disposed in the isthmic segment ISC, particularly once the
contraceptive fallopian device (often having a radially expandable anchoring structure) is
deployed theremn. In fact, work in connection with the present invention has shown that
the ettectively narrowest portion of the tube may be at or adjacent the uterotubal junction
UTJ.

Refernng now to Fig. 1A, an overview of an exemplary method 2 for
deploying and using the contraceptive devices of the present invention is helpful to
understand the selection of structures used in those devices. It should be understood that
not all steps need be performed in every deployment. Nonetheless, reviewing the
exemplary deployment method 2 will help to understand the structures described
hereinbelow.

Identification of the anatomy and target location 3 allows the operator to
determine the preferred placement of the contraceptive device within the ostium, and also
to determune If any special circumstances are present for a particular device placement

procedure. Anatomy and target location identification can be facilitated using a variety of

3
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known visualization modes, including hysteroscopy, sonography (ultrasound),
fluoroscopy, and the like. Hence, an exemplary contraceptive device may be adapted to
delivery using more than one imaging modality.

The exemplary contraceptive device will also preferably be able to
accommodate a wide variety of anatornies. Two factors contribute to the importance of
this vaniability: First, a wide variation may be observed between tubal anatomies of
diffening patients. Secondly, it can be quite difficult to determine and identify the specific
tubal anatomy of a particular patient. As a result, the préférred contraceptive device may
incorporate safeguards allowing sufficiently accurate placement (with tolerance for
normal operator error), as well as for the variance in the length and diameter of the
various segments of the fallopian tube.

Exemplary deployment method 2 in Fig. 1A will also include positioning
ot the device at the target location 4. Once again, a wide variety of techniques might be
used to assist a healthcare professional in positioning the device in the correct location,
including visualization techniques, providing high-contrast markers (such as radiopaque
markers, echogenic markers, or the like), providing tactile indication of the placement
position by including physical stops or “bumpers” (which may be adapted to engage
reference tissues in such a tactile way as to send a signal to the healthcare professional),
or the like. Device positioning can be significantly facilitated by providing an appropriate
device and/or deployment system design having the proper flexibility, navigation
characteristics, friction reduction surfaces, small delivery profile, coatings, and the like.
Once again, device positioning 4 will preferably compensate for anatomical variations,
operator error, and difficulties in visualization so as to help promote accurate placement.

In the exemplary deployment method 2, the device is deployed and/or
expanded at the target location in the step indicated by reference numeral 5. Optionally,
the device and/or deployment system may allow visualization and/or confirmation of
device expansion while expansion takes place.

Generally, the contraceptive device will be detached from its deployment
system at the target location in step 6. Once again, it is helpful to provide visualization
and/or confirmation of detachment, which may be provided visually, via ultrasound,
tluoroscopy, or the like. It should be understood that a wide variety of detachment
mechamsms might be used to decouple the device from the deployment system.

In the exemplary method, it should be possible to confirm the position of

the device at the target location 7. Confirmation may be provided, once again, by

9
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visualizing at least a portion of the device after detachment, often using the same
visualization modality used during placement. In addition to optical visualization
techmques, this may be provided by including radiopaque markers for fluoroscopic
placement confirmation, sonographic markers for ultrasound placement confirmation, or
the like. Optionally, speciﬁc.marker locations may be provided along the contraceptive

device 2, for example, to indicate the specific locations of proximal and/or distal ends of

the device.

Exemplary method 2 further includes a step 9 for anchoring and stability

of the device at the target location. Aspects of this step include accommodating
visualization of the device so as to monitor 1t’s stability. Anchoring of the device at the
target location may include anchornng on an acute basis (such as using an expanded
helical coil that can adjust and adapt to vanations in the tubal lumen, an expanded stent-
like structure, expanded braid, or the like) and long-term (such as may be provided by
Including a fiber mesh or lattice which incites a tissue reaction such as ingrowth, thereby
providing fibrous tissues which affix the device in place within the fallopian tube).
Similarly, stability will preferably be provided for both a short-term and a long-term,
typically by designing a device with the proper resiliency and shape to accommodate
physiological movement without shifting. The device will preferably be wear-profile

balanced to provide sufficient anchoring without inducing pain or losing its stability due

to erosion for the life of the patient.

The final step indicated on the exemplary method 2 of Fig. 1A is efficacy.
This may be provided by incorporating a lumen/space filling design that sufficiently alters
the function and architecture of the fallopian tube so as to inhibit conception. This may
include the use of polyester fibers to incite the desired tissue reaction.

In general, the devices of the present invention may be adapted to incite a
reaction tissue response in the fallopian tube through the presence polyester fibers, or the
like. Ideally, this reaction can be classified as a highly localized, benign tissue reaction.
The reaction results in the incorporation of the contraceptive device into the tubal lumen
tissues, so that the device is firmly embedded into the surrounding tissue structure. This
reaction can typically be characterized by the proliferation of smooth musclie cells and
associated fibrosis. Additionally, the tubal lumen will generally exhibit an absence of the
normal tubal architecture which 1s generally necessary for conception. The tubal lumen
may also be obstructed, occluded, and/or functionally occluded by the presence of the

device and associated fibrosis sufficiently to inhibit conception. The reaction is a benign

10
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one, and there appears to be no change 1n a-natomy or structure of the outer tubal wall
beyond approximately 5 to 10 mm radially outwardly from the outer coil of the device.
Sumnilarly, normal tubal architecture will often be visible about 5 mm axially beyond the
device (typically distal of the device, as the device often extends into the uterus), again

indicating a very localized reaction.

Referring now to Fig. 1B, an exemplary contraceptive system 10 generally

includes a contraceptive device 12, a sheath 14 partially surrounding the contraceptive
device, a release catheter 16, and a core shaft 18. Contraceptive device 12 generally has a
proximal portion 20 adjacent a proximal end 22 (disposed within sheath 14), and a distal
portion 24 adjacent a distal end 26 (which are exposed beyond the distal end of

sheath 14). Distal portion 24 generally functions as a distal guidewire while system 10 1s
advanced within the tubal ostium. Proximal portion 20 includes a radially expandable
structure which can be expanded after sheath 14 1s withdrawn so as to affix the

contraceptive device 1n the deployed position.

Sheath 14 1s generally a tubular structure having a distal end 28 and
extending proximally to a proximal handle 30. Sheath 14 will generally have a length in
a range from about 25 to about 50 cm, and will typically have an outer diameter in a
range from about 0.020 to about 0.060 inches, the exemplary sheath having a length of
about 39.5 cm and an outer diameter of about 0.04 inches. The inner diameter of
sheath 14 may be in a range from about 0.02 inches to about 0.05 inches, with the
exemplary sheath having an inner diameter of about 0.33 inches.

Release catheter 16 generally comprises a tube having a distal end 34
which releasably engages contraceptive device 12, and a proximal end coupled to housing
30 via actuator 33.

In the exemplary embodiment, core shaft 18 comprises a resilient tapering
structure extending from within distal portion 24 of contraceptive device 12 proximally to
handle 30. Core shaft 18 threadably engages contraceptive device 12 proximally of distal
end 28 of sheath 14. In the exemplary embodiment, core shaft 18 and release catheter 16
transmit a wind-down torque onto an expandable structure of the contraceptive device so
as to maintain the expandable structure in the small profile configuration. Hence,
releasing core shaft 18 relative to release catheter 16 allows the expandable structure to be
activated independently of movement of the surrounding sheath.

Handle 30 includes a housing 31 having a size and shape suitable for

gnpping with a single hand. A thumb wheel actuator 33 performs two actuation

11



10

15

20

23

30

CA 02689688 2010-01-05

functions: first, rotation of the thumb wheel relative to housing 31 draws sheath 14
proximally by engagement between pinion 35 (attached to the thumb wheel) and rack 37
(attached to sheath 14). During this initial movement, release catheter 16 is restrained
relative to housing 31 by latch 39. Once the proximal end of rack 37 engages a
cooperating surface attached to release catheter 16, latch 39 can be actuated to allow
release catheter 16 to move relative to the housing as the thumb wheel 33 1s again turned
In the direction shown. In some embodiments, spring 51 may be compressed by rotation
of the thumb wheel prior to actuation of latch 39, so that actuation of the latch shides the
release catheter so as to disengage the release catheter from contraceptive device 12. In
this embodiment, a proximal end of core shaft 18 1s affixed to the housing so that the core
shaft 1s rotated by rotating the entire housing.

Components of housing 31 and actuators 33, 39, will generally comprise
polymers, metals, or the like. The actuator mechanism may include molded and/or
machined parts, and may be permanently attached to sheath 14, release catheter 16, core
shaft 18, and the like so that the remaining components of the delivery system 10 are
disposed of once contraceptive device 12 has been deployed. Altematively, it may be
possible to provide stérilizable, reusable, and/or responsible delivery system components
1f desired.

In the exemplary émbodiment, housing 31 has an overall length 1n a range
from about 2 to about 8 inches, 1deally having a length of about 7.5 inches. The
exemplary embodiment of rack 37 has a length of about 5.5 cm and a total travel stroke of
about 4.0 cm. Release catheter 16 has a stroke of about 1 ¢m, and movement of the
release catheter relative to core shaft 18 1s inhibited prior to actuation of latch 39.
Unthréading of core shaft 18 from device 12 will typically be complete 1n about 10
rotations or less, ideally being unthreaded with from about one quarter to about 2 full
rotations of the handle (or other rotational mechanism).

While exemplary contraceptive device 12 makes use of a radially
expandable helical coil to help restrain the structure during tissue ingrowth, a wide vanety
of mechanical and other restraint mechamisms might be included. For example,
alternative mechanical anchors might be attached to the device, such as resilient coils
biased to form bends, loops, and/or other secondary shapes having enhanced cross-
sections, slotted tubes, Malecot-type structures, radially expandable braids, stent-like

devices, and the like. The mechanical structures may be resilient, plastically deformable,

12
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or the like, and suitable structures are described in more detail 1n, for example, PCT

Publication No. WO 99/15116.
Still further device-restraint techniques might be employed, including

thermal, chemical, adhesive, and the like. These techniques can be used to avoid
expulsion by increasing friction between the device and the surrounding tissues, by

imposing limited tissue damage to promote scar tissue formation, and/or by promoting

tissue mgrowth mto the device. Thermal techniques may include, for example,
transmission of electrical or laser energy along contraceptive system 10. Resistive
heating of contraceptive device 10 might be effected by applying an electrical potential
across the device with conductors extending along sheath 14 and release catheter 16, laser
energy along an optical wave giide attached to core wire 18, or the like. Monopolar
tissue desiccation might be effected via a large return electrode patch by energizing core
wire 18 with radiofrequency energy, or an adhesive and/or caustic agent (such as a
cyanoacrylate or silver nitrate) might be introduced via any of the lumens of the delivery
system, via a dedicated lumen or structure, or the like. Biodegradable plugs and the like
might also be included, and the retained structure may optionally comprise copper or
other bioactive agents to help inhibit conception.

Tissue reaction to the retained conﬁaceptive device 12 can help to provide
long term contraception and/or sterilization. To promote conception inhibiting tissue
reaction, device 12 will often include a tissue reaction matenial, the material often
comprising fibers. The fibers may comprise a polyester, such as Dacron® polyesters, silk,
nylon, or the like. The fibers may be in the form of a weave, a knit, a braid, a felt, or the
like, or may comprise stands attached to the device body.

The components of contraceptive system 10 can be further understood
with reference to Figs. 2 through 5, in which these components are illustrated
individually. Beginning with Fig. 2, core shaft 18 tapers to a gradually increasing
diameter proximally of distal end 40 so as to provide increasing support of distal
portion 24, proximal portion 20, and the catheter structures proximal of contraceptive
device 12. This increasing support (and the associated increase in column strength)
enhances the pushability of the contraceptive system while accessing the target
deployment site. Threads 42 threadingly engage a co1l of the contraceptive device, and
are generally formed by affixing a cotl with separated windings to a central core wire at a

bond 44. A tube 43 may also be affixed at bond 44 to prevent binding and/or jumping of
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the cooperating threads, the tube 1deally cor;lpris'mg stainless steel, platinum, or the like.
In the exemplary device, core shaft 18 comprises a high strength metallic structure.

The exemplary contraceptive device 12 is illustrated in more detail n
Fig. 3. Contraceptive device 12 includes a primary coil 50 which extends from a distal
ball tip 52 to proximal threads 54, which may conveniently be formed by separating the
proximal windings of the primary coil. The expandable structure, here in the form of a
helical outer coil 56, has a proximal end bent to form a wind-down attachment 58, and
has a distal end affixed to coil 50 at cotl bond 60. Fiber 62 extends between the mner and
outer coils, and 1s also disposed within primary coil 50 so as to promote tissue ingrowth
throughout the cross-section of contraceptive device 12. The arrangement of coil
attachment 58 and position of fiber 62 can be seen 1n the axial view of Fig. 3A. By
making use of a contraceptive device having a distal portion 24 which can act as a
guidewire, no open lumen need be provided through the center of the contraceptive
device (for example, for a separate guidewire), and multiple access/deployment steps (for
example, accessing the target location with a guidewire, advancing a catheter over the
guidewire, removing the guidewire from the positioned catheter, and then advancing the
contraceptive device) can be avoided. While the exemplary system uses threads to couple
the core wire (or other deployment shaft) to the contraceptive device, a variety of

alternative detachable connections might be used, including cooperating keys/slots,

connectors, or the like.

In the exemplary embodiment, coil 50 1s formed of a high strength resilient
material, 1deally comprising stainless steel wire having a diameter of about 0.005 inches,
and wound to form a coil having an outer diameter of about 0.022 inches. Ball tip 52
preferably has a cross-section which is larger than the cross-section of coil 50, the ball tip
generally having a diameter 1n a range from about 0.020 inches to about 0.050 inches, the
exemplary ball tip having a diameter of 0.027 inches.

Helical coil 56 comprises a highly elastic high strength metal which is
biased to expand from the low profile configuration illustrated in Fig. 1 to the larger
profile configuration illustrated in Fig. 3 when released within the target site. In the
exemplary embodiment, outer coil 56 comprises a ribbon of a superelastic shape memory
alloy, and has a thickness of about 0.001 inches and a width of about 0.015 inches, with
the nbbon being biased to form a helical coil having an outer diameter of about 0.080
inches and a length of about 3.5 cm when not otherwise restrained. Quter coil 56 is

preferably fixed to primary coil 50 by a bond 60 of solder. Bond 60 will preferably be
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separated from ball tip 52 by a distance 1n a range from about 0.3 cm to about 1.0 cm.
Advantageously, bond 60 may be aligned with the distal end 28 of sheath 14 so as to help
present an atraumatic increase in diameter between distal portion 24 of contraceptive

device 12 and the sheathed proximal portion 20 prior to deployment.

Fiber 62 may éomprise a polyester, or the like. The fiber may be loosely

woven or matted strands, with at least one end of the fibers affixed to primary coil 50 or
outer coil 56.

Generally, the expandable structure will at least help hold contraceptive
device 12 1n place until tissue ingrowth occurs sufficiently so as to permanently retain the
contraceptive device. Hence, the expandable structure will often benefit from a relatively
high friction outer surface. Such an outer surface might make 1t difficult to advance the
contraceptive device into position i1f the device 1s advanced without sheath 14.

Work 1n connection with the present invention has shown that resiliently
expandable structures which have sufficient strength to reliably hold the contraceptive
device within the ostium of the fallopian tube may 1mpose significant frictional forces
against a surrounding sheath. These frictional forces can significantly complicate the
accurate delivery of contraceptive device. Hence, outer coil 56 i1s preferably maintained
in a small profile configuration within sheath 14 by applying a wind-down torque
between core wire 18 and release catheter 16. The core wire can transfer the wind-down
torque to outer coil 16 through cooperating threads 42, 54, with the direction of the wind-
down torque preferably being arranged so that the wind-down torque discourages
decoupling of the threads. In other words, rotation of core wire 18 relative to

contraceptive device 12 in a direction opposed to the wind-down torque 1s used to detach

core wire 18 from contraceptive device 12.

A shight vaniation upon the wind-down attachment is 1llustrated in Fig. 3B.
An alternative contraceptive device 12a includes a small tube or band 59 soldered within

a small diameter proximal section of the outer coil 56. Band 59 can have a relatively
large interface area with coil 56 to facilitate bonding. Use of the band helps avoid stress
concentrations, and also presents a smooth inner lumen which may inhibit bihding of the
release catheter. Band 59 may comprise stainless or platinum, ideally having an inner
diameter of about 0.023 inches and an outer diameter, with a thickness of the surrounding
outer cotl and solder bond, of about 0.030 inches. A similar band 59° may be disposed
within threads 54 of coil 50 to provide a radiopaque marker, and to inhibit thread jump.

Band 59’ may be similar in structure to band 59, but shorter in length. Still further
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alternative attachment mechanisms are possible. For example, a mass or knob may be
formed at the proximal end of outer coil 56 from a simple ball of solder, coil material,
bend, or the like. This mass may be slidably receivable within slot of the delivery
catheter.

The distal structure of release catheter 16 is shown in Figs. 4 and 4A. The
wind-down torque 1s releasably transferred between outer coil 56 and release catheter 16
by cooperation between bend 58 and pin 66 at the distal end 34 of the release catheter 16.
Release catheter 16 generally includes a tubular body 68 formed of rigid polymers such as
polyimide. Pin 66 is disposed within a lumen of tubular body 68, and is supported within
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the tubular body by a helical support coil 70 and adhesive 72. Interestingly, the tubular
body dimensions may be driven by the wind-down torque transferred proximally by
release catheter 16.

The structure of sheath 14 1s 1llustrated in more detail in Fig. 5. Distal
end 28 (see Fig. SA) of sheath 14 will preferably be rounded, with the distal end ideally

cooperating with coil bond 60 of contraceptive device 12 so as to avoid friction and

facilitate distal navigation of delivery system 16 through the uterotubal junction and into

the fallopian tube. The rounded distal end 28 may optionally be rounded along both the
imner and outer diameter of sheath 14, or may primarily be rounded along the outer
diameter so as to taper inwardly distally.

Sheath 14 will preferably have a multi-layer structure, with the layers
compnsing (beginning at the outside) a hydrophilic coating 76 to reduce friction during
tracking and navigation. Such hydrophilic coatings become quite slippery when exposed

to fluid. Below hydrophilic coating 76 is a structural layer of a polymer 78 such as
Tecotlex™ along the proximal portion of sheath 14, and a reinforcing braid 80 of a metal,
1deally of stainless steel, is disposed within a layer of polyimide below polymer layer 78.
Along the more distal portion of sheath 14, metal braid 82 is disposed within polymer
layer 78 of Tecoflex™, or the like, and the polyimide layer is absent so as to provide

enhanced flexibility. The inner lumen of sheath 14 is defined by a low friction polymer

coating 84, the low friction polymer ideally comprising a PTFE such as Teflon®.
Exemplary sheaths 14 may be commercially available from a variety of vendors. Suitable

structures may be described in more detail in published PCT patent application WO
08/57589,
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As schematically illustrated— in Figs. SA through F, altemative
sheaths 14A, B, and C, include bumpers 57, 57', and 57", respectively. Bumper 57 has an
outer surface extending radially from the outer surface of the underlying sheath.
Although 'bumper 57 may optionally provide a tactile indication that the sheath 14A 1s
advancing distally beyond thé target deployment position, 1t does not necessarily prevent
the sheath from advancing so that the bumper can enter into the tubal osttum. Bumper 57
may also provide a visible marker that hinders pushing of the sheath so that the bumper
moves past the ostium. Optionally, bumper 57 may comprise a colored adhesive, or may

comprise a clear adhesive with a colored band of matenal disposed undemeath.

Alternative bumpers 57’ and 57" may comprise polymer or metallic
structures, ideally comprising a polyethylene or a super-elastic, shape-memory alloy.
These radially expandable bumper structures can be collapsed for delivery through a
working lumen of a hysteroscope, and can then expand to impede advancement of the

sheath by engaging the uterine tissue adjacent to the tubal ostium.

Refernng now to Fig. 6, the sliding engagement between pin 66 of release
catheter 16 and bend 58 of outer coil 56 1s more clearly illustrated. Fig. 6 also shows how
the wind-down torque imposed on the outer coil by the core shait 18 and release
catheter 16 help maintain the outer coil in a small profile configuration within sheath 14,
allowing the sheath to be withdrawn easily. The wind-down torque can be released by
sliding release catheter 16 so that pin 66 slides free of bend 58. Optionally, the release

catheter may first be allowed to rotate relative to the core shaft to reduce the engagement

forces between bend 58 and pin 66.

Referring now to Fig. 7, thumb wheel 33 and latch 39 are conveniently
located for actuation by a thumb of a surgeon, nurse, or other healthcare professional
while the healthcare professional grips handle 30 with the remaining fingers of the hand.
This allows the healthcare professional to perform several of the deployment steps with a
single hand. In general, movement of overall housing 31 is used to advance contraceptive
device 12 distally into the tubal ostium, and to navigate the contraceptive delivery system
within the uterotubal junction and fallopian tube. Once the contraceptive device 1s
positioned, thumb wheel 33 withdraws sheath 14 from over the contraceptive device,
while housing 31 continues to rotationally and axially couple the proximal ends of the

release catheter 16 and core shaft 18, thereby maintaining the wind-down torque on the
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contraceptive device so as to restrain the contraceptive device in its small diameter

configuration.

Once the proximal portion of the contraceptive device 1s exposed, latch 39
can be depressed and thumb wheel 33 can again be turned proximally to disengage pin 66
of release catheter 16 from the wound-down outer coil of the contraceptive device,
thereby radially expanding the contraceptive device. Advantageously, prior to expansion,
it may be possible to withdraw the contraceptive device proximally back into the sheath
14 and/or shightly reposition the contraceptive device within the tubal ostium 1f desired.

Once the contraceptive device has been both exposed and expanded,
handle 30 is rotated as illustrated to threadingly disengage core shaft 18 from the
contraceptive device 12. Hence, handle 30 allows the healthcare professional to position
the contraceptive device, expose the contraceptive device, actuate the contraceptive
device so as to affix the device to the surrounding tissue, and decouple the contraceptive
device from the remaining components of the delivery system with a single hand.

As can be understood with reference to Figs. 8A through 11, a wide
variety of alternative one-handed release handles might be used with the contraceptive
dehivery system of Fig. 1B. Referring now to Figs. 8A and B, an axial motion ““T” handle
30a uses a syringe-type axial pull motion to pull sheath 30 back with the fingers of a hand
towards a palm of the hand (which is generally held at a fixed position). This effects
axial motion of sheath 14 to withdraw the sheath from over the contraceptive device,
followed by axial motion of release catheter 16 to allow the contraceptive device to
expand. Optionally, a knob 41 may be affixed to the proximal end of core shaft 18, so
that rotation of knob 41 threadingly disengages the core wire from the expanded
¢ontraceptive device. Knob 41 may include a releasable latch coupling the knob to the
housing to prevent rotation of the core shaft and maintain the wind-down torque until
release 1s desired. Advantageously, axial motion handle 30a allows for multiple hand
sizes and varnous hand positions, and presents a form which is familiar to doctors.

Figs. 9A and B 1illustrate a still further altemative pistol grip handle 30b for
effecting one-handed deployment of the contraceptive device. In this embodiment, a
trigger actuator 43 moves sheath 14 and release catheter 16 via a bead chain 45 and a
bead chain drive wheel and gear arrangement. After actuation of the tngger actuator 43
with, for example, and index finger of the hand, a latch button (not shbwn) may be

depressed and knob 41 rotated by a thumb of the hand to decouple the contraceptive

device trom core shaft 18.
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Referring now to Fig. 10, a preferred one-handed release handle 30c

includes a thumb wheel 33 which, when turned relative to the surrounding housing,
initially causes movement of sheath 14 relative to core shaft 18 as will be described 1n
detail herein below. Once the contraceptive device has been uncovered, depressing safety
latch 39 allows the thumb wheel to again be rotated so as to move release catheter 16
relative to the core shaft to allow the contraceptive device to expand. These movements
of thumb wheel 33 can easily be performed while maintaining the housing of preterred
handle 30c at a fixed location, thereby avoiding movement to the contraceptive device.
Once deployment has exposed and expanded the contraceptive device at the target
location, knob 41 may be rotated, again while holding the remaining handle at a fixed
location. The intemal mechanism providing these movements 1s 1llustrated n Figs. 11D,
11E, 11F, and 11H.

Still further alternative one-handed release handles may be provided,
including an in-line shder handle 30d having a thumb slide 47 for sequential movement of
the sheath 14 and then release catheter 16 relative to core shaft 18, as shown in Fig. 10. A
knob 41 may be allowed to rotate relative to the housing by depressing a latch 39, or the
entire housing may be rotated to detach the engagement threads, as described above.

An exemplary method for use of contraceptive system 10 can be
understood with reference to Figs. 11A through 11K. Preferably, a healthcare worker will
manipulate contraceptive delivery system 10 with a first hand H1 while supporting an
imaging and/or access device such as a fluoroscopy catheter, sonography catheter, or
hysteroscope S with a second hand H2. This allows the healthcare professional to
personally control the onentation of distal advancement of the contraceptive system and
its movement and deployment while viewing the procedure through the scope S (shown
here schematically by eye E). While scope S is illustrated here as a simple optical device,
it should be understood that a variety of scope structures are encompassed by the system
and method of the present invention, including rigid optical scopes, scopes having a
coherent fiber optic bundles, scopes which include charge-couple devices (CCD’s) for
displaying an image of the procedure in a monttor, and the like). Exemplary
hysteroscopes for use with the present invention are commercially available from Richard
Wolf of Chicago, Illinois under model name 5 MM OVAL SCOPE.

Reterming now to Fig. 11B, system 10 1s introduced transcervically through
uterus U, generally under optical direction. Using hysteroscope S the physician directs

the distal end of the system toward ostium O of fallopian tube F. Uterus U may be
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imigated and/or distended using scope S and/or a separate irmigation or gas msufflation

system. Once ostium O 1s located and the scope S 1s oriented toward the ostium,
system 10 1s advanced distally through the working lumen of the scope and into the
ostium using distal portion 24 of the contraceptive device as a guidewire, while the
remainder of the contraceptivé device remains covered by sheath 14.

The outer hydrophilic coating of sheath 14 minimizes friction while
advancing system 10, and the sheath also provides structural column strength to the
system. The distal ball tip of distal portion 24 aids tracking and navigation through
fallopian tube F, while the primary coil structure flexes laterally to track the tortuous
bends often found within the fallopian tube. In the exemplary embodiment, core wire 18
extends into distal portion 24 to enhance column strength of the distal portion beyond
sheath 14, but does not extend to the ball tip. Hence, the stiffness of distal portion 24
increases proximally, further enhancing the distal portion’s ability to track the lumen.

In the exemplary embodiment, sheath 14 includes a visual marker 98
which can be seen from the scope of hysteroscope S. Marker 98 will preferably be
positioned partially within ostium O and partially within uterus U, thereby indicating that
contraceptive device 12 1s disposed at the target position, as the sheath, core shaft, and
contraceptive device are releasably locked together during advancement and positioning
an opening (as the sheath, core shaft, and contraceptive device are releasably locked
together during advancement and positioning). As described above, marker 98 may
comprise a bumper, a structure which extends radially from the sheath to provide a tactile
positioning indication.

Preterred positioning of contraceptive device 12 is illustrated in Fig. 11C.
Preferably, device 12 extends across the uterotubal junction UTJ, with the device ideally
extending both proximally and distally of the uterotubal junction. The intermural section
INT (see Fig. 1) typically has a length 1n a range from about 1 to about 2 cm, and outer
coil 56 will preferably extend proximally beyond ostium O mto uterus U by a distance in
a range from about .2 to about 1.2 cm. Outer coil 56 will préferably extend distally of the
itermural section INT and/or uterotubal junction UTJ by a distance of at least about
.6 cm. As the uterotubal junction UTJ 1s adjacent muscular tissues which are often higher
i strength than the delicate tubal tissues of the more distal sections of fallopian tube F,
the narrowest portion of the fallopian tube (particularly after deployment of device 12)
will often be found adjacent the uterotubal junction. Extending the expandable structure

both distally and proximally of this narrowing can provide anchoring against proximal
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and distal movement of the device, thcrebyﬁavoiding movement of contraceptive
device 12 from the target position while tissue ingrowth takes place. Advantageously,
positioning accuracy with a range of about 1 cm may be provided by limiting marker 98
to a 1 cm length. This provides a sufﬁcient positional tolerance for ease of use while
helping to ensure reliable, well-anchored deployments.

Referring now to Figs. 11C, 11D, and 1B, positioned contraceptive device
12 1s deployed by first withdrawing sheath 14 from over the expandable structure. Using
the embodiment of Fig. 10, thumb wheel 33 1s rotated proximally by thumb TH to draw
sheath 14 proximally from over the contraceptive device. Handle 30 1s held in a fixed
position, while the thumb wheel is rotated, so that core shaft 18 maintains contraceptive
device 12 at the target location within the tubal ostium. Once rack 37 engages the
corresponding proximal structure of release catheter 16, further movement of sheath 14
and thumb wheel 33 will be impeded until latch 39 1s depressed, as can be understood
with reference to Fig. 11B. At this time, device 12 has been positioned at the target
location, and sheath 14 has been withdrawn proximally allowing the proximal portion of
the contraceptive device to be viewed from Scope so as to venify initial positioning.

Referring now to Figs. 11F, 11G, and 11H latch 39 1s depressed so as to
allow the proximal structure of release catheter 16 to be moved axially by rack 37. After
latch 39 1s depressed, thumb wheel 33 can again be rotated so as to draw both sheath 14
and release catheter 16 proximally relative to core shaft 18. As seen 1in Fig. 11H and
described above with reference to Fig. 6, this rotationally decouples the outer coil of the
contraceptive device from the release catheter 16, allowing the release catheter to expand.

While the dual action thumb wheel and safety latch mechanism 1llustrated
in Figs. 11F and 11G 1s preferred, a vanety of alternative uncovering/expansion
mechamsms may be employed. For example, referring again to Fig. 1B, spring 51
hinders rotation of thumb wheel 33 until latch 39 is depressed. Optionally, spring 51 may
store sufficient energy to move release catheter 16 relative to core shaft 18 when latch 39
Is actuated, or spring 51 may be entirely absent so that latch 39 allows the thumb wheel to

expand the expansible structure by moving both sheath 14 and release catheter 16 relative

to the core shaft 18.

Once core shaft 14 has been withdrawn from over the expandable structure
and release catheter 16 has been disengaged from the exposed expandable structure
resiliently expands and affixes contraceptive device in place, handle 30 may be rotated to

disengage the contraceptive device 12 from the remaining components of delivery system
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10. Referning once again to Figs. 11F and 11@, shding proximal structure 16a attached to

proximal end of release catheter 16 proximally allows a proximal structure 18a of core
shaft 18 to rotate. More specifically, splines on the proximal structure of the release
catheter are moved axially beyond cooperating splines on the proximal structure of the

core shaft. The core shatt prdximal structure 18a 1s rotationally coupled to knob 41, so

that the cooperating splines prevent rotation of the knob prior to the deployment’s stroke
of the release catheter, but thereafier allow the knob to be rotated so as to facilitate

decoupling of core shaft 18 from the contraceptive device.

Referrning now to Figs. 111, 11J, and 11K, once the proximal structures of
the release catheter and core shaft 16a and 18a have moved so that knob 41 1s free to
rotate, the operator rotates the knob using thumb TH and/or the fingers of the hand
holding release handle 30C. As described above, the direction of rotation of the core
shaft for disengagement will be generally opposed to that imposed by the wind-down
torque, so that the wind-down torque helps maintain threaded engagement. Once core
shaft 18 is unthreaded from contraceptive device 12, handle 30, sheath 14, release
catheter 16, and core shaft 18 may be withdrawn proximally 1nto and/or through the scope
S. Scope S may be remain within uterus U and another delivery system may be 1nserted
into the scope for deployment of a contraceptive device in the ostium of the opposed
fallopian tube. After deployment of both contraceptive device in the two fallopian tubes,
and after the scope 1s used to visually verify both deployments have been successtul, the
scope is withdrawn transcervically from the uterus, as illustrated 1n Fig. 11K.

Referring now to Figs. 12A and B, a slotted handle 30d preferably includes
a slot 100 which laterally receives sheath 14 when the distal portion of delivery system 10
1s bent as shown. As can be seen most clearly in the view along the distal axis of the
delivery system shown in Fig. 12B, slot 100 fittingly receives sheath 14 adjacent the

distal end of the delivery system. Detents 102 extend from the housing into slot 100 and
restrain sheath 14 within slot 100 against the resilient straightening forces from the

sheath, from release catheter 16, and from core shaft 18.

The elongate components of delivery system 10 which extend distally
from handle 30d to the distal end of distal portion 24 present an elongate guiding
structure with a lateral flexibility which increases distally toward the distal end. By

releasably securing this self-guiding structure within slot 100, the guiding structure can be
easily inserted into a working lumen W of hysteroscope S using handle 30d. This avoids

having a long flexible guidewire-like structure extending in cantilever a considerable
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distance from the handle, or having the dead weight of the handle flopping uncontrollably
while the delivery system 1s grasped adjacent the distal end of sheath 14 to insert distal
portion 24 into the working lumen. Such a structure will have a wide variety of
applications for guidewires and guidewire-like structures having proximal handles for

facilitating insertion of their distal ends into lumens of vascular access catheters, insertion

sheaths, monorail catheter lumens, and the like.

Referring now to Fig. 13, a vanety of alternative deployment methods
might be used to deploy the contraceptive system 10. For example, using a simple
cervical catheter 102, deployment might be directed sonographically, fluorscopically,
under magnetic resonance imaging, and possibly even solely from tactile information. In
the alternative exemplary method illustrated in Fig. 13, a balloon 104 of cervical
catheter 102 is inflated via inflation port 106. This' allows the uterus U to be distended by
introduction of distention media through a utenne catheter 108 inserted through the
working lumen of cervical catheter 102. Preferably, anatomy and target location
identification, device positioning, deployment, detachment, and position confirmation (as
outlined in method 2 with reference to Fig. 1 A) 1s performed under the guidance of
ultrasound and/or fluoroscopic imaging. Relevant uterine catheter manipulation

structures and methods are descnibed 1n U.S. Patent Nos. 5,346,498; and 5,389,100 .

As described above, the delivery systems of the present invention will
often hold the contraceptive device 1n a fixed position while the contraceptive device is
uncoVered, expanded, and/or released. When moving, for example, outer sheath 14 so as
to expose the proximal portion of the contraceptive device, friction between the outer
sheath and the surrounding hysteroscope (or other introducing structure, surrounding
tissue, or the like) may cause inadvertent movement of the contraceptive device. To
avold such inadvertent movement, an outer sleeve may be slidably disposed around outer
sheath 14. The sleeve provides a sliding interface between the sheath and surrounding
structures. By axially coupling the sleeve and core shaft 18, friction between the sleeve
and surrounding structures may inhibit movement of the contraceptive device.

Referring now to Figs. 14A and 14B, a sleeve 112 is slidably disposed
around at lease a proximal portion of sheath 14, Sleeve 112 is axially restrained relative
to core shaft 18 by axially connecting the proximal end of the sleeve to housing 110 of

handle 30c¢’, optionally using a rotatable connector 114 (to allow the sleeve to rotate
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relative to the housing). Sleeve 112 will often have a distal end disposed proximally of

contraceptive device 12.

As can be seen in Fig. 14B, sleeve 112 will often advance into a sealing
introducer structure such as a nipple value V of hysteroscope S. Sleeve 112 may also
extend at least through the bend where a working lumen WL of the hysteroscope joins the
main shaft of the scope. Sleeve 112 allows independent movement of sheath 14 despite
frictional engagement between the sleeve and nipple valve V, and between the sleeve and
working lumen WL. Rotatable connector 114 allows free rotation of handle 30c¢” (and
core shaft 18) during disengagement of the core shaft from the contraceptive device.

Referring now to Figs. 15 and 16, an alternative contraceptive system 150
includes a contraceptive device 152 having many of the components described above, but
having an alternative wind-down outer coil connector 154 disposed at a proximal end of
outer coll 56. An alternative release catheter 158 having a corresponding connector 160
for engagement with connector 154 of contraceptive device 152 again allows a wind-
down torque to be releasably maintained, as described above. In this embodiment, wind-
down connector 160 of release catheter 158 comprises an opening which receives a
protrusion 162 extending radially from a tubular band of connector 154. These
alternative connectors, as well as further alternative threaded connectors 170, 172 for
releasable engagement between the primary coil and core wire, are more fully described
In an application entitled “Insertion/Deployment Catheter System for Intrafallopian
Contraception” 4 which 1s filed concurrently
herewith. One or more of these connector structures will preferably provide a high
contrast image under at least one known medical imaging modality. Such markers can
help positioning of contraceptive device 150, and/or verification of disengagement
between corresponding connectors (particularly when each of the engaging connectors in
a connector pair provides a high imaging contrast).

Referring now to Figs. 17 and 18, positioning surface 57 may optionally be
affixed to sheath 14 to help axially position contraceptive device 152 across intermural
region INT, as described above. Engagement between radially protruding positioning

surface 57 and the uterine tissue surrounding ostium O facilitates initial axial positioning

by taking advantage of the axial coupling of sheath 14 to the contraceptive device.
However, sheath 14 will often be withdrawn proximally into scope S early-on during
deployment, and it is often desirable to maintain the axial position of the contraceptive

device at least until proximal coil 56 begins to expand radially.
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As schematically illustrated in Fig. 17, by affixing axial positioning
surface 57 (which may optionally comprise any of the altemnative positioning surface
configurations described hereinabove, or still further alternative structures) at a distal end
of a separate positioning catheter 184 shdably disposed over sheath 14, the axial
positioning provided by the pbsitioning surface may be maintained dunng and/or after
withdrawal of sheath 14.

Referring now to Figs. 17 and 19, a proximal portion 186 of positioning
catheter 184 may be axially coupled to a distal portion of handle 30. This arrangement 1s
fairly easy to manufacture, and effectively axially couples contraceptive device 152 to
positioning surface 57 via handle 30. Alternatively, positioning catheter 184 may be
axially coupled to the release catheter within sheath 14, or to any of the other axially
elongate delivery system components extending distally from the handle.

Note that if positioning surface 57 extends distally of the proximal end of
outer coil 56, 1t is possible that the proximal portion of the outer coil will expand partially
in the positioning catheter, particularly where the positioning catheter is affixed axially to
handle 30 and handle 30 is affixed axially to the core wire. Axial coupling of the
positioning catheter to the release catheter (rather than the core wire) may alibw at least
partial withdrawal of the positioning catheter prior to expansion of the outer coil. In some
embodiments, a distal portion of positioning catheter 184, positioning surface 57, and/or a
proximal portion of outer coil 56 may be adapted so as to facilitate proximal withdrawal
of the positioning catheter after the outer coil has expanded, such as by limiting a
drameter of a proximal portion of the outer coil, providing a low friction surface along an
imner Jumen of the release catheter and/or along the outer surface of the proxumal portion
of the outer coil, or the like. Fortunately, the relatively high friction outer surface of the
distal portion of outer coil 56 within the ostium of the fallopian tube will help inhibit axial
movement of the contraceptive device after sheath 14 1s withdrawn proximally.

Referring now to Fig. 20, an alternative outer sheath 214 may be used 1n
place of outer sheath 14 in the system of Fig. 1B. Sheath 214 has a proximal portion 216
with a relatively stiff, thicker-walled tubular structure, such as a PeBax® polymer tube
having an outer diameter of about 0.062”, and an inner diameter of about 0.042”. A distal
portion of sheath 14 includes an inner tube 218 of a low friction polymer and an outer
tube 220 of a polymer, (such as carbothane™ 73 A) with at least one ribbon coil 222
therebetween. Inner tube 218 may comprise a PTFE (such as a Teflon® material) with an

inner diameter of about 0.034” and a wall thickness of about 0.001” with the outer
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diameter etched, and a length of about 5.0 cim, while there are preferably two
counterwound ribbon coils 222 of a superelastic or shape memory alloy, such as nickel
tfitanium (optionally with chromium) of about 0.007” by about 0.010” with a pitch of
about 0.015” and a length of about 4.0 cm. Inner tube 218 might alternatively comprise

5 ETFE, gamma stable PTFE, FEP, or the like, while ribbon coils 222 may compnse a
stainless steel or other medical grade materials. An inner diameter of the distal portion
may be about 0.034”, with the distal outer diameter of sheath 214 being about 0.041”. An
intermediate outer tube 224 may comprise a polyurethane having a durometer of about
55. A length of outer tube 220 may be about 1.0 cm, a length of intermediate tube 224

10 may be about 5 mm, and a length of proximal portion 216 may be about 40 cm.

Referring now to Fig. 21, a still further alternative proximal handle 230
includes many of the axial movement components of handle 30c, as described above.
Rather than providing a rotatable knob 41, detachment of the contraceptive device from
the core wire 18 of the delivery system may be effected by rotation of handle 230 about

15  the axis of the corewire. Still further options are possible, including the detachment of a
distal portion of'the corewire from the proximal portion, so that the distal portion remains
within the contraceptive device after deployment.

While the exemplary embodiment of the present invention has been
described in some detail, for clanty of understanding and by way of example, a vanety of

20  adaptations, cha'nges, and modifications will be obvious to those who are skilled in the

art. Hence, the scope of the present mnvention is Iimited solely by the independent claims.
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CLAIMS:

1. A contraceptive delivery system comprising: a contraceptive device insertable into an
ostium of a fallopian tube; a sheath having a proximal end, a distal end and a lumen
therethrough, the lumen forming a receptacle at the distal end, the receptacle configured to
releasably receive the contraceptive device; a first elongate body having a proximal end and
a distal end releasably attachable to the contraceptive device, the distal end disposed within
the lumen of the sheath and adjacent to the receptacle; a proximal handle connected with the
proximal end of the sheath, the handle having a size and shape suitable for gripping with a
single hand; and an at least one actuator mounted on the handle, wherein movement of the at
least one actuator by the hand while the hand grips the handle moves the proximal end of the
sheath proximally relative to the handle exposing the contraceptive device and atfixing the

contraceptive device within the ostium of the fallopian tube.
2. The contraceptive delivery system of claim 1, further comprising an anchoring structure.

3. The contraceptive delivery system of claim 1, further comprising conductors extending

along the sheath and along the first elongate body to provide resistive heating of the

contraceptive device.

4. The contraceptive delivery system of claim 1, further comprising a means for energizing

the first elongate body with radiofrequency energy to provide a large return electrode path.

>. A contraceptive delivery system comprising: a contraceptive device insertable into an
ostium of a fallopian tube; a deployment shaft having a proximal end and a distal end
releasably coupled to the contraceptive device; a proximal handle connected with the -
proximal end of the deployment shaft, the handle having a size and shape suitable for
gripping with a single hand; an at least one actuator mounted on the handle, wherein
movement of the at least one actuator by the hand while the hand grips the handle releases
the contraceptive device from the distal end of the deployment shaft; and conductors
extending along the deployment shaft to provide energy to at least a portion of the fallopian

tube.
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6. The contraceptive delivery system of claim 5, wherein the deployment shaft additionally

comprises a core shatt.

7. The contraceptive delivery system of claim 5, wherein the deployment shaft comprises a

release catheter.

8. The contraceptive delivery system of claim 5, wherein the distal end of the deployment

shaft is releasably coupled to the contraceptive device by threads.

9. The contraceptive delivery system of claim 5, wherein the conductors extending along the

deployment shaft provide resistive heating.

10. The contraceptive delivery system of claim 5, wherein the conductors provide

radiofrequency energy.

11. Use of the contraceptive delivery system of any one of claims 1 to 10 for preventing

pregnancy 1n a subject.
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