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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 December 2018 (13.12.2018)

(10) International Publication Number

WO 2018/224687 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

International Patent Classification:

A61B 17/00 (2006.01) A61M 1/00 (2006.01)
A61B 17/064 (2006.01) A61B 17/068 (2006.01)
International Application Number:
PCT/EP2018/065246

International Filing Date:

08 June 2018 (08.06.2018)
Filing Language: English
Publication Language: English
Priority Data:
62/517,553 09 June 2017 (09.06.2017) Us
171953425 06 October 2017 (06.10.2017)  EP
171975287 20 October 2017 (20.10.2017)  EP
17209834.5 21 December 2017 (21.12.2017) EP
18170943.7 04 May 2018 (04.05.2018) EP

Applicant: SIGNUM SURGICAL LIMITED [IE/E];
New Docks, The Docks, Galway, (IE).

Inventors: BAMBURY, Eoin; 81 Drisin, Ballymoneen
Road, Galway, (IE). ZILVERSMIT, Moshe; 864 Apri-
cot Avenue, Apartment G, Campbell,, California 95008
(US). SCHALLER, Michael; 107 Oakwood Drive, Red-
wood City,, California 94061 (US). EARLY, Scott; 1309

74

62y

(84)

Marshall Street, Apt. 208, Redwood City,, California 94063
(US). O'SULLIVAN, Ciaran; Baile Liam, Spiddal, Coun-
ty Galway, (IE).

Agent: O'BRIEN, John et al.; John A. O'Brien & As-
sociates, Unit 4, The Courtyard Business Centre, Orchard
Lane, Blackrock, County Dublin, A94 NVO7 (IE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,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, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, 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, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: AN IMPLANT FOR CLOSING AN OPENING IN TISSUE

wo 20187224687 A1 I 0E 00000 O

(57) Abstract: An implant (801) for closing an opening in tissue such as a fistula or a
sinus comprises a coil having a substantially uniform outer diameter. The coil forms an
internal passage having a diameter that tapers from a distal end to a proximal end. The
implant (801) may be delivered using a non-tapered driver coil (820).

820
/

t t
815 . / !

[Continued on next page]



WO 2018/224687 A1 || NI A0 0 0 0

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, 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))



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
1

“An Implant for Closing an Opening in Tissue”

Introduction
The invention relates to a device and a system for the treatment of a range of applications

including treatment of a sinus or a fistula such as a perianal fistula.

A perianal fistula is an artificial tunnel that, in the majority of cases, develops from an infection
that begins within a blocked anal gland. If the infection cannot be cleared from the anal gland an
abscess forms and the infection burrows though the sphincteric muscles and exits at the buttocks
integument. Patients experience pain associated with the tract and associated abscesses and
suffer faecal and blood discharge from the fistula tract. Perianal fistulas may also result from
gastro-intestinal diseases such as Crohn’s disease, ulcerative colitis, colorectal cancers and their

associated treatment and complications due to rectal fissures and trauma.

The global incidence of perianal fistula is 2 per 10,000 population. Over 100,000 fistula
procedures are performed between the United States and Western Europe each year. Thirty
percent of the procedures performed are reoperations due to treatment failure contributing to a

significant preventable cost to the healthcare systems.

Given the inadequate treatment options and poor surgical outcomes there is a defined clinical

need for a more effective perianal treatment device.

There is currently no single “gold standard” technique that a surgeon can perform to effectively
cure a perianal fistula and not render the patient incontinent. A common fistula treatment is a
fistulotomy procedure. A fistulotomy involves the dissection of the sphincteric muscles and the
laying open of the fistula tract. Fistulotomies have a relatively high cure rate, however, this

procedure results in a high risk of faecal incontinence.

From a patient’s point of view, many are happy to assume the risk of incontinence in order to
resolve the painful fistula tract. However, this is obviously not an ideal treatment pathway and

for many patient population groups the secondary outcome is far from acceptable.

Another commonly used fistula treatment methodology is the use of a seton. Setons are used as

a sphincter sparing technique and is simply a suture or vascular strap that is passed through the
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tract of the fistula and the rectum and tied in a loop. The seton maintains tract patency allowing
the infection in the fistula tract to drain, help the tract constrict in length and may cure the tract.
If the tract is not cured by the seton the physician can perform a fistulotomy. This approach of
trying to preserve the sphincter with setons has been used for over 2500 years and is still the

preferred method used by surgeons today.

In an effort to provide a non-destructive perianal fistula treatment various glues and plugs have
been developed and introduced to colorectal surgeons in the past 20 years. However, these
techniques are not very successful and their use is not widespread. Such glues which are injected
into the fistula tract generally become brittle and are not able to occlude the tract for a long
enough period to fully heal, faeces re-enter the tract resulting in abscess formation and
refistulisation. Physicians often attempt to treat perianal fistulas with glues and plugs even
though there may only be a 10 percent chance of effectiveness because it is a sphincter sparing

technique and they can always resort to a seton and eventual fistulotomy if all fails.

Attempts have also been made to use plugs to occlude perianal fistula tracts. For example,
US2005/004926A describes a plug-like fistula closure device with an attached flexible
application string which also serves to evacuate liquids out of a fistula. However, generally the
plugs fail because they become extruded from the tract, allowing faeces to enter the tract

resulting in reinfection, abscess formation and refistulisation.

There is therefore a need for an improved method and device for the treatment of perianal

fistulas.

More generally, there is a need for an improved method and device for treatment of a sinus or a

fistula.

Statements of Invention

According to the invention there is provided an implant for closing an opening in tissue, such as
a fistula or a sinus, the implant comprising a coil having an outer diameter that is substantially
uniform along the length of the coil and an inner diameter that is tapered between the ends of the

coil.
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In one embodiment the coil comprises an engagement feature for engagement with a delivery

device.

The coil may comprise an outer rail. In some embodiments the rail comprises first and second
arms that extend outwardly of the coil, the arms being adapted to receive portion of a driver coil
therebetween. The first arm and the second arm may comprise a plurality of spaced-apart
segments which are spaced-apart along the implant coil. The segments of the first arm may be

offset from the segments of the second arm.

In one embodiment at least some of the rail segments comprise an anti-rewind feature such as a

barb.

In some cases the coil comprises a proximal driver end and a distal tissue insertion end and the

inner diameter of the coil tapers inwardly from the distal end of the coil.

The implant may taper from an internal diameter of from 1 to 6mm to an internal diameter of

from 0.5 to 2mm and the pitch of the coil may be from 2mm to 4mm.

In one embodiment the implant comprises an interlock feature for releasably interlocking with an

interlock feature of a delivery device.

The invention also provides a delivery device for delivery of an implant into tissue, the delivery
device comprising a coil having a proximal end and a distal end wherein the coil comprises a

distal tip section which is adapted for piercing tissue and/or for compression of tissue.

In one embodiment the coil is a straight helix having a constant pitch. The inner diameter of the
driver coil may be from 4mm to 6mm, the outer diameter of the driver coil may be from 6mm to
8mm, the wall thickness of the driver coil may be from 0.5mm to Imm, and the pitch of the

driver coil is from 2mm to 4mm.

In some embodiments the driver coil comprises a plurality of coil struts and the height of a strut

may be from 0.5mm to 2mm, the driver coil may comprise from 2 to 5 turns such as 2.75 turns.



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
4

A delivery device as claimed in any of claims 62 to 69 wherein the delivery coil comprises a
plurality of turns and wherein the delivery coil comprises at least portion of a turn greater than

the number of turns of an implant to be embedded by the delivery device.

In one case the driver coil comprises an engagement feature for engagement with an implant

engagement feature.

In one case the driver coil comprises an interlock feature for releasably interlocking with an

interlock feature of an implant.

Also provided is a delivery system comprising delivery device of the invention and a driver shaft

for the delivery device, the driver shaft and the delivery device may be integral.

In some embodiments, in a first configuration, an engagement feature of the driver coil is
engaged with an engagement feature of the implant, and in a second configuration, the
engagement feature of the driver coil is disengaged from the engagement feature of the implant,

in the first configuration the driver coil may be engaged with an external track of the implant.

In some embodiments, in a first configuration, an interlock feature of the driver coil is engaged
with an interlock feature of the implant, and in a released configuration, the interlock feature of
the driver coil is disengaged from the interlock feature of the implant, in the first configuration

the driver coil may be engaged with an external track of the implant.

In some embodiments, in a delivery configuration, the distal end of the driver coil extends

distally beyond the distal end of the implant.

According to the invention there is provided an implant comprising a shaft having a proximal
end and a distal end wherein the shaft has a substantially uniform outer diameter and wherein the

shaft forms an internal passage having a tapered diameter.

The tapered diameter of the internal passage in one case increases towards a distal end of the

shaft.

In one case the internal passage of the shaft is formed by a helical coil.
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In some cases a cross section of a distal section of the shaft is tapered towards the distal end of

the shaft.

The shaft may comprise an external track for interfacing with a driver. In some cases the track

comprises a channel, a rail or a helical track.

In some cases the shaft comprises an external and/or an internal anti-rewind feature. The anti-

rewind feature may comprise a barb.

In some cases the shaft comprises an interlock feature for interlocking the implant to a driver.

The invention also provides a delivery device for delivery of an implant into tissue comprising a
coil having a proximal end and a distal end wherein the coil comprises a distal tip section which

is adapted for piercing tissue and/or for compression of tissue.

In one case the distal tip section is angled towards the distal most tip of the coil.

The distal tip section may extend radially outwardly of the main body of the coil.

In some cases the delivery device comprises a plurality of coil sections. A distal coil section
may be tapered. The tapered diameter of the distal coil section may increase towards a distal end

of the delivery device.

In some cases the coil sections comprise a distal coil section for receiving an implant and a
proximal coil section. The proximal coil section may have at least one dimension which is
different than a corresponding dimension of the proximal coil section. An outer diameter of the

proximal coil section may be less than an outer diameter of the distal coil section.

In some cases delivery device comprises two elements which are independently movable relative

to each other. In one case the elements are independently rotatable relative to each other.

The delivery device elements may comprise a first element having an implant housing region
and a second element for engaging a proximal end of an implant, the first element being movable

proximally relative to the second element.

In one embodiment the delivery device coil is a straight helix of constant pitch.
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The first element may be a straight helix of constant pitch.

In some cases the delivery device comprises an overtube for the coil.

The overtube may comprise a distal end with formations which are configured for engagement
with tissue. Needles may extend or are extendable distally from the distal end of the overtube.
In some cases the needles are movable relative to the overtube from an extended configuration in

which the needles extend distally of the distal end of the overtube to a retracted configuration.

The invention also provides a system comprising an implant of the invention and a delivery

device of the invention.

In a first configuration, a portion of the driver coil may be engaged with a portion of the implant,
and in a second configuration, the portion of the drive coil is disengaged from the portion of the
implant. In one case in the first configuration, the driver coil is engaged with the external track

of the implant.

There may be a releasable interlock between the driver coil and the implant.

In some cases in a delivery configuration, the distal end of the driver coil extends distally beyond

the distal end of the implant.

In one case the driver coil and an external track of the implant have differing geometrics.

The pitch of the driver coil may be different than the pitch of the implant track.

In one case the pitch of the driver coil is offset from the pitch of the implant track.

In some cases the devices and methods of the invention may be used to treat a perianal fistula.
However, the devices and methods may be used in a range of applications including treatment of
a sinus or a fistula more generally. Examples include treatment of the following:

- Rectovaginal fistulas

- Entrocutaneous fistulas

- Enteroenteral fistula

- Gastric fistula

- Muscle, integument, fascia or other tissue defects
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- Pilonidal or other sinus
- Bodily vessel
- Fluid lumen

- Repair of anatomical defects or damage

The invention also provides a method for treating a fistula comprising the steps of:-
providing an implant;
inserting the implant into the bulk tissue of the sphincteric muscle complex adjacent to
the fistula; and

using the implant to draw tissue surrounding the fistula inwardly.

The method may further comprise:-

activating the implant to draw tissue surrounding the tract inwardly.

The method may comprise anchoring the implant in the tissue.

In some cases the implant is anchored prior to activation of the implant.

The implant may comprise an anti-rewind feature that may be selected from one or more of:
a positive feature such as a barb, arrowhead or fishhook-like feature;
a negative feature such as a trough, a slot or a groove, and

a surface feature such as surface roughening.

In one embodiment the device comprises a tapered portion which is configured for insertion into
bulk tissue surrounding a fistula and a driver interface portion which is configured for

engagement with a driver for rotation of the coil to draw tissue surrounding a fistula inwardly.

The invention also provides a drainage seton having an anchoring feature for anchoring the seton
in situ. In some cases the anchoring feature is provided at a compression zone or region of the

seton.

In some embodiments the anchoring feature comprises a step or projection on the seton, such as

one or more of a knot, a barb or a quill.
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In some cases at least a portion of the outer surface of the driver coil is lubricious.

There may be engagement features on the driver coil and/or the implant coil for temporarily

locking the driver coil to the implant coil for delivery of the implant coil.

The invention also provides a fistula treatment system comprising a fistula treatment device of
the invention and a tissue stabilising device for stabilising the mucosal tissue for delivery of the

implant.

In some embodiments the stabilising device comprises a hollow element attached to the delivery
mechanism and surrounding the implant prior to delivery. The hollow element may be biased by

spring loading or otherwise to apply pressure to the mucosal surface.

In one embodiment a leading surface of the hollow element that interfaces to the mucosal surface

interacts with the mucosal surface to prevent rotation and/or twisting of the mucosal lining.

The hollow element may comprise features such as needles for penetration into the mucosal

surface.

The invention also provides a method for treating a fistula comprising the steps of:-
providing an implant of the invention;
inserting the implant into the bulk tissue of the sphincteric muscle complex adjacent to
the fistula; and

rotating the implant to draw tissue surrounding the fistula inwardly.

In some embodiments the method comprises:-
providing a drainage seton;
embedding the seton in the sphincter muscle complex; and
leading the seton so that the distal end of the seton protrudes through the external opening

of a fistula tract.

In some cases, after insertion of the implant coil, the delivery device is released from the coil.

The method may further comprise:-

providing a drainage seton;
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attaching the seton to the coil; and

leading the seton externally of the fistula.

The method may comprise:-
providing a drainage seton;
embedding the seton in the sphincter muscle complex; and
leading the seton so that the distal end of the seton protrudes through the external opening

of a fistula tract.

In some cases the shape of the coil in cross section is selected from one or more of round, oval,

triangular, multifaced and ribbon.

In one embodiment at least a portion of the coil is bioabsorbable.

In one case the fistula treatment device further comprises a drainage seton.

The seton may extend from the coil.

In one case the seton is hollow.

In one case the seton is solid.

In one embodiment the seton has a plurality of peripheral holes.

The shape of seton in cross section in some cases is selected from one or more of round, oval,

star and cross.

In one embodiment the seton comprises multiple elements. The elements of the seton may be

braided.

In one case at least a portion of the seton is bioabsorbable.

In one case the seton is of differential bioabsorption. In one embodiment a proximal portion of

the seton is bioabsorbable, for example, to facilitate removal of a remainder of the seton. In
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another embodiment a distal portion of the seton is bioabsorbable to facilitate closure of the

eternal opening of the fistula prior to full absorption of the seton.

In one embodiment at least a portion of the coil is bioabsorbable and at least a portion of the

seton is configured to bioabsorb in advance of bioabsorption of the coil.

The invention also provides a fistula treatment system comprising a fistula treatment device and

a driver implement for rotation of the coil to draw tissue surrounding a fistula inwardly.

In one case the driver implement comprises a driver coil which is configured for engagement

with the driver interface of the implant coil.

In one case the driver coil is hollow and the corresponding driver interface portion of the implant

coil is solid.

In another case the driver coil is solid and the corresponding driver interface portion of the

implant coil is hollow.

The invention also provides a fistula treatment device comprising an implant as defined which is
configured for insertion into bulk tissue surrounding a fistula and being rotatable to draw tissue

surrounding the fistula inwardly and a drainage seton extending from the implant.

In one embodiment the seton is of differential bioabsorption.

In one case a proximal portion of the seton is bioabsorbable to facilitate removal of a remainder

of the seton.

The tapered coil is preferably configured for insertion at the site of the internal opening of a
fistula and being rotatable to draw bulk tissue, including sphincteric muscle, surrounding the

fistula inwardly.

In one case the coil has a leading end and a trailing end, the coil decreasing in lateral extent

between the leading and trailing ends. The leading end may include a pointed tissue insertion

tip.
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In one embodiment the device comprises a seton attachment feature.

The attachment feature may be selected from one or more of:-
a protrusion such as a ball-shape;
a hook;
a cleat;
a butt joint; or

a bond such as a thermal and/or adhesive bond.

In one embodiment the implant has a recess or hole for reception of a seton. The seton may be
bonded or fixed to the recess or hole, for example by adhesive and/or thermal bonding, and/or

crimping.

In another embodiment the device comprises a delivery mechanism attachment feature.

The method may comprise:-
providing a drainage seton;
attaching the seton to the coil; and

leading the seton externally of the fistula.

The method may comprise:-
providing a drainage seton;
embedding the seton in the sphincter muscle complex; and
leading the seton so that the distal end of the seton protrudes through the external opening

of a fistula tract.

The perianal fistula treatment device has the advantages of:
o effective healing of the fistula tract;
e preservation of continence; and

e improved healing time.
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The device preserves the patient’s continence by protecting the sphincteric muscles from
division. The device is securely anchored into the fistula tract, effectively sealing the tract and

preventing faecal matter from entering the internal opening during the healing process.

The device allows any remaining abscess materials to drain from the tract during the healing
process. The device may be integrated into the tissue over the healing process, and may be

ultimately absorbed as the tract is healed.

The invention removes variability due to surgeon skill by providing a standardised technique for

treating perianal fistulas.

The method for treating a fistula may include any or all of the following steps:
using seton for location / tension / mucosal wall apposition prior to delivering;
using a delivery mechanism to deliver a closure device to repair a defect in the bulk
tissue of the sphincteric muscle complex;
delivering a closure device below the surface of the mucosal lining of the rectum at the
dentate line into bulk tissue to allow remodelling of the mucosal lining over the site of
delivery; and
embedding a seton in the sphincter muscle complex with the distal end protruding
through the external opening of a fistula tract in order to allow drainage and healing of a

fistula tract.

The method may include compressing fistula tissue via the implant, the compressing may
include progressively compressing fistula tissue such that a compression force imparted to fistula
tissue via the distal end of the implant may be less than a compression force imparted to fistula

tissue via the proximal end of the implant.

The method may further include compressing fistula tissue so as to close the internal opening

while maintaining the external opening open.

Facilitating drainage through the external opening may include positioning a drainage member in
the fistula tract. At least a portion of the drainage member may extend from a location within the

fistula tract and through the external opening.
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A seton is used as a drainage mechanism to palliatively treat a perianal fistula. A drainage
member or drain may be regarded as a single ended seton. The terms seton, drain, or drainage

member are use interchangeably.

At least one of the implant or the drainage member may be bioabsorbable.

Both of the implant and the drainage member may be bioabsorbable, and a rate of absorption of

the implant may be faster than a rate of absorption of the drainage member.

Both of the implant and the drainage member may be bioabsorbable, and a rate of absorption of

the drainage member may be faster than a rate of absorption of the implant.

A method of closing an opening in tissue may include:
delivering an implant of the invention into tissue such that a plurality of helical loops of
the implant may pass through tissue surrounding the opening and may compress the
tissue radially inwardly; and
fixing a drain element relative to the implant such that after the implant is delivered the
drain element may extend from within the opening to a location outside of the opening,
the drain element may be configured to facilitate fluid drainage from the opening along

the drain element.
The method may further include drawing tissue around the opening radially inwardly toward a
center of the implant, a first region of tissue may be drawn radially inwardly to a greater extent
than at least a second region of tissue.
The method may further include sealing closed only one end of the opening.
The invention also provides a kit for closure of an opening in human tissue may comprise:

an implant of the invention; and

a longitudinally extending drain member.

At least one of the implant or the drain member may be bioabsorbable.
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Both of the implant and the drain member may be bioabsorbable, and a rate of absorption of the

implant may be faster than a rate of absorption of the drain member.

Both of the implant and the drain member may be bioabsorbable, and a rate of absorption of the

drain member may be faster than a rate of absorption of the implant.

The invention also provides a delivery device for delivery of an implant into tissue, the delivery
device comprising a coil having a proximal end and a distal end wherein the coil comprises a

distal tip section which is adapted for piercing tissue and/or for compression of tissue.

In one case the coil is a straight helix having a constant pitch.

The inner diameter of the driver coil is from 4mm to 6mm, the outer diameter of the driver coil is
from 6mm to 8mm, the wall thickness of the driver coil is from 0.5mm to 1mm, and the pitch of

the driver coil is from 2mm to 4mm.

The driver coil may comprise a plurality of coil struts and the height of a strut is from 0.5mm to

2mm.

In one case the driver coil comprises from 2 to 5 turns such as 2.75 turns.

In some cases the delivery device comprises an engagement feature for engagement with an

implant engagement feature.

The delivery device may comprise an interlock feature for releasably interlocking with an

interlock feature of an implant.

The delivery coil may comprise a plurality of turns and wherein the delivery coil comprises at
least portion of a turn greater than the number of turns of an implant to be embedded by the

delivery device.

The invention also provides an implant delivery device comprising an implant delivery coil and a

drive shaft for the delivery coil, the drive shaft being movable form a retracted implant loaded
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configuration to an extended implant delivery configuration wherein the shaft is rotatable in a
delivery direction for movement between the loaded and delivery configurations. In one case the
shaft is prevented from rotation in an opposite direction to the delivery direction between the

loaded and delivery configurations.

The shaft may be movable from a delivery configuration to a disengaged retracted configuration.
The shaft may be rotatable in a direction opposite to the delivery direction for movement from
the delivery configuration to the disengaged retracted configuration. The delivery direction may

be a clockwise direction and the disengaged direction is a counter clockwise direction.

In one case on movement between the delivery configuration to the disengaged retracted

configuration the shaft is free to rotate in a counter-clockwise direction.

The may comprise a housing for the delivery device and the driver shaft. The housing may
comprise a grip portion and a tube extending from a distal end of the grip portion. The tube or a
section thereof may be malleable or flexible. The tube may comprise a distal bend. In some
cases the bend extends at an angle of from 30 to 60 (such as 45) degrees with respect to a

longitudinal axis of the tube.

In some cases the system further comprises a rotary handle for rotating the shaft.

In one case the system further comprises a releasable lock to prevent rotation of the shaft.

In some cases the system comprises a mounting element for mounting a drain to the driver shaft.
The mounting element may be movable with the shaft. The mounting element may be movable
from a loading configuration for mounting a drain to the mounting element to a retracted

configuration.

In some cases at least a portion of the drive shaft is flexible.
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Brief Description of the Drawings

The invention will be more clearly understood from the following description of some

embodiments thereof, given by way of example only, with reference to the accompanying

drawings, in which:

Fig. 1 is a perspective view of a delivery device according to the invention;

Fig. 2 is a perspective view of the delivery device with an implant of the invention;

Fig. 3 is another view of an implant and a delivery device;

Figs. 4(a) to (c) are a series of images of the delivery device and implant, in use;

Fig. 5 is a perspective, partially cut-away view of the delivery device and implant;

Fig. 6 is a view of a fistula with the implant of the invention, in situ;

Figs. 7 and § are perspective views of another implant and delivery device with an interlock

feature between the implant and the delivery device;

Figs. 9(a) to (c) are a series of images showing a guide in the form of loops though which a

driver coil extends;

Fig. 10 is a perspective view of an implant according to the invention;

Figs. 11 and 12 are perspective views of a tissue stabilisation device of the invention;

Figs. 13 and 14 are isometric views of an implant driver coil according to the invention;

Figs. 15 and 16 are isometric views of an implant according to the invention;

Figs. 17 to 23 illustrate the engagement of the implant with the drive coil;
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Fig. 24 is an isometric view of another implant and Fig. 25 is an isometric view of another

driver coil according to the invention;

Figs. 26 and 27 illustrate an implant with a tapered rail and the corresponding driver coil;

Figs. 28 and 29 illustrate an implant with an I-section rail and the corresponding driver coil;

Figs. 30 to 33 are a series of images that illustrate the engagement of another implant and

driver coil;

Figs. 34 and 35 are cross sectional views of various shapes of rail;

Figs. 36 and 37 are isometric and plan views of another implant with a segmented rail;

Figs. 38 and 39 are isometric and plan views of another implant with a segmented rail;

Figs. 40 to 43 illustrate implant coils with troughs of different shapes;

Fig. 44 is an enlarged view of a distal tip of driver coil;

Figs. 45 and 46 are views of a driver coil with a “concord” shaped distal tip;

Fig. 47 is an image of another driver coil and integral drive shaft;

Figs. 48 to 50 are images of another implant and associated driver coil;

Fig. 51 is an isometric view of another implant coil with barbs;

Figs. 52 and 53 are views of another implant with barbs and an associated driver coil;

Figs. 54 and 55 are isometric views of an implant with a tapered distal tip;

Fig. 56 is a perspective view of another implant with a mounting feature for reviewing a

drain or seton;
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Fig. 57 is a view of the implant of Fig. 56 with the drain attached;

Figs. 58 and 59 are views of another implant and a drain;

Figs. 60 and 61 are views of a further implant and a drain;

Figs. 62a and 62b are views of another implant and a drain;

Figs. 62c is a view of another attachment feature and a drain;

Fig. 62d is a view of a further attachment feature and a drain;

Figs. 63 to 68 are views of various delivery devices;

Figs. 69 to 72 are views showing the creation of various mucosal slits;

Fig. 73 is a perspective view of another drain of the invention;

Fig. 74 is a diagram of a fistula tract with a growth enhancement medium in place and an

internal opening of the tract closed by an implant;

Fig. 75 is a diagram similar to Fig. 74 with an external opening of the tract closed by an

implant;

Fig. 76 is a diagram similar to Fig. 74 with a first implant closing an internal opening and a

second implant closing an eternal opening of the fistula tract;

Fig. 77 is a diagram of a fistula tract with a growth enhancement medium extending into

tissue surrounding the tract and an internal opening of the tract closed by an implant;

Fig. 78 is a diagram similar to Fig. 77 with an external opening of the tract closed by an

implant;
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Fig. 79 is a diagram similar to Fig. 77 with a first implant closing an internal opening and a

second implant closing an external opening of the fistula tract;
Fig. 80 is a diagram of a fistula tract with a growth enhancement medium in the tract and
extending into tissue surrounding the tract and an internal opening of the tract closed by an

implant;

Fig. 81 is a diagram similar to Fig. 80 with an external opening of the tract closed by an

implant;

Fig. 82 is a diagram similar to Fig. 80 with a first implant closing an internal opening and a

second implant closing an external opening of the fistula tract;

Figs. 83 to 86 are isometric views of an implant according to the invention in different

orientations;

Fig. 87 is an enlarged cross sectional view of portion of an implant illustrating external

barbs;

Fig. 88 is an enlarged cross sectional view of portion of an implant illustrating internal

barbs;

Fig. 89 is a longitudinal cross sectional view of the implant;

Fig. 90 is an isometric view of a driver coil of the invention;

Fig. 91 is an exploded view of the driver coil;

Fig. 92 is an isometric view of the driver coil with an implant positioned within;

Fig. 93 is another view of the driver coil and implant illustrating particularly a feathered

distal end of the implant;

Fig. 94 is a plan view of the implant mounted in the driver coil;
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Fig. 95 is a longitudinal cross sectional view of the driver coil and implant of Fig. 88;

Figs. 96 shows the implant and an associated drain passing though it;

Figs. 97 and 98 are end views showing the implant in use closing a tissue opening;

Figs. 99(a) to 99(e) illustrate the closure of a tissue opening using the implant of the

invention;

Figs. 100(a) to 100(d) are partial cross sectional views illustrating the closure of a perianal

fistula using the delivery coil and implant of the invention;

Fig. 101 is an elevational view of a delivery device of the invention;

Fig. 102 is a cross sectional view of a handle end of the delivery device;

Fig. 103 is an enlarged view of part of the handle end of the delivery device;

Figs. 104 and 105 are cross sectional views of part of the delivery device in different

configurations of use;

Fig. 106 is an enlarged view of a ratchet and pawl system used in the delivery device;

Figs. 107 and 108 are cross sectional views of a distal end of the delivery device with a

mounting element for a drain in different configurations;

Figs. 109 and 110 illustrate the use of the mounting element attached to a drain;

Fig. 111 illustrates the driver coil supporting the implant in a retracted configuration;

Fig. 112 is an enlarged view of a detail of the delivery device;
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Figs. 113 to 116 illustrate the delivery device and the implant in different configurations of

use;

Figs. 117(a) and 117(b) illustrate shaft parts of the delivery device with a suture capture

5 device in different positions of use;

Fig. 118 is an exploded view of the shaft parts of Fig. 117(a);

Figs. 119 and 120 are enlarged views of a pawl and ratchet detail of the delivery device with

10 the pawl in different positions of use;

Fig. 121 is an enlarged view of a handle end of the delivery device;

Figs. 122 to 127 are views of elements of the handle end of the delivery device; and

15
Figs. 128 to 130 show the deployment of the implant.
Detailed Description
The following aspects are described in detail with reference to some of the drawings:
20 1. Straight sided delivery mechanism and variations
2. Corresponding implant geometry and features
3. Interlocking feature
4. Driver mechanism variation
5. Belt loop embodiment
25 6. Tissue stabilisation.

In the invention the delivery mechanism affects the initial gathering and compression of tissue.

1. Straight sided delivery mechanism

30 A coiled delivery mechanism is used for delivering an implant into tissue. In one case,
illustrated in Fig. 1, the delivery coil 101 is a straight helix of constant pitch. The delivery
mechanism fully supports the full length of the implant 105 (i.e. the implant is housed within the

delivery coil). The delivery coil forms a piercing sharp tip 102 at its distal end.
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The delivery coil 101 acts to gather the first (largest / distal) loop of tissue 103 as illustrated in

Fig. 2 and leads this tissue into a compression zone 104 of the implant.

The delivery coil may consist of a number of distal coil loops 110 (Fig. 1) which are of
appropriate dimensions to interface to an implant track 106 (Fig. 10). An engagement surface
108 (Fig. 1) may be provided to interface to the implant proximal surface 109 (Fig. 10). A
further coil 107 (Fig. 1), or plurality of coils, may be provided proximal to the implant to allow
for controlled depth of delivery of the implant into tissue. This coil may be of differing cross

sectional area, or shape, to the implant engagement coils 110.

The delivery coil may be attached to a delivery tube 111. The delivery coil may also formed by
a cut (e.g. laser cut) in this delivery tube 111. The delivery tube 111 is preferentially a hollow

tube. It may also be formed form a solid rod in alternative embodiments.

The driver coil tip 102 may be so shaped as to advantageously penetrate the tissue during
delivery. The tip 102 may be angled down towards the tissue surface to facilitate piercing,
radially outwards to facilitate gathering of tissue for compression and/or to accommodate larger

tissue openings, or a combination of both.

The driver coil may have a larger distal diameter than subsequent (more proximal) coils (i.e.
tapered coil with larger distal end). A larger diameter allows for gathering of greater bulk of
tissue for compression. The larger diameter can also disengage from the implant track due to the

straight nature of the outside diameter of the implant.

2. Corresponding Implant geometry and features

The following implant features are unique to the straight sided delivery mechanism.

The implant 105 is comprised of an internal tapered aspect 104 with an external straight (non-

tapered) outside diameter which contains a track 106 that interfaces with the driver coil 101.

The internal tapered section 104 allows for tissue compression and retention of compression post

removal of the driver coil as illustrated in Fig. 4.
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The track 106 on the external diameter of the implant 105 facilitates an interface to the driver
coil 101. The depth of this track may be undersized to allow for a friction interface keeping the

implant in place until delivery.

As illustrated for example in Fig. 10, the cross-section of the distal end of the implant 113 is
‘feathered’ or sloped to interface to the driver coil allowing a seamless transition from the driver
coil to the implant internal taper during delivery. This geometry reduces the torque required for

delivery and prevents tissue fouling on the implant distal edge during delivery.

Anti-rewind features, or barbs, may be positioned on the implant externally 114 or internally
115. These features may be beneficial in the disengagement of the driver coil during delivery of

the implant into tissue. They also serve to prevent migration of the implant post implantation.

The driver coil 101 and implant engagement track 106 may have differing pitch to create a
varying ‘shelf” feature 116 along the length of the implant. This varying geometry may be
beneficial for stabilising (locking) the implant within the driver coil. Additional this varying
feature may be beneficial in providing a stronger surface for the implant / driver coil interaction

during dynamic delivery or disengagement and retraction.

In a similar manner the driver coil pitch and implant track pitch may be offset either proximally

or distally to allow for a corresponding thicker ‘shelf’ surface.

There may be anti-rewind features such as barbs on the inner surface of the implant.

3. Interlocking feature

An interlocking feature such as feature 117, illustrated in Fig. 8, may be provided to secure the

implant to the driver mechanism until delivery at the appropriate location.

The lock feature may consist of any of the following:
- Negative feature on implant surface and corresponding mating positive feature on
driver coil
- Negative feature on driver coil and corresponding mating positive feature on implant

surface
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- Alternative embodiments that allow frictional disengagement of the driver coil and
the implant after delivery to the appropriate location in tissue
- Alternative embodiments that allow active disengagement of the driver coil and the

implant after delivery to the appropriate location in tissue

4, Driver mechanism variation

The implant driver may be constructed of two independent rotatable tubes made into coils.
Referring to Fig. 5, an outer most driver coil 118 may be configured in a way that it constrains
the implant along the outside surface of the implant. The distal most portion of the outer driver
coil 120 extends beyond the implant to act as the leading edge to facilitate the puncture of tissue

and gathering of tissue to be lead into the compression zone of the implant 104.

An inner tube coil 119 may be used to maintain the implant’s initial position acting as a backstop
preventing the implant from moving proximally. This inner coil may have a locking mechanism
to maintain the retention of the implant on the driver mechanism 121 until the desired time of

release.

During delivery, the implant 105 is constrained by the two driver elements until the delivery to
the appropriate location is complete. The outer driver coil 118 is then retracted by reversal
(preferentially in an anti-clockwise manner). After the outer coil is free from the implant the

inner driver coil 119 is retracted by reversal (preferentially in an anti-clockwise manner.

In an alternative embodiment a driver coil may act as a guide that is first delivered into tissue
and acts as a guide for an implant that may be subsequently advanced over it. In this

embodiment, a straight coiled driver element with a sharp tip is driven into the target tissue.

Once the driver coil resides at the specified depth a rigid (or semi rigid) implant may be
advanced over the driver coil. The implant is advanced by a proximal “pusher” element which
may be located internally to the driver coil. Upon driver retraction the implant is held in place
by a proximal pusher element. The pusher element may be coiled in shape. The pusher element

is retracted subsequent to the retraction of the driver coil.

5. Belt loop embodiment
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The implant may include ‘loops’ such as loops 201 illustrated in Fig. 9 to retain the driver coil

202. The driver coil passes through these loops on external surface of the implant 203.

The loops may incorporate anti-rewind features such as barbs 204.

The driver coil in this embodiment may preferentially be circular in cross section.

In one embodiment the implant 203 forms a sharp tip 205 for tissue piercing during delivery.

In another embodiment the driver coil 202 may be advance distally to the implant and form a

sharp tip for tissue piercing during delivery.

The driver coil may be rewound through the loops post-delivery of the implant at the appropriate

location.

6. Tissue stabilisation

A stabiliser system may comprise a series of needles 301 as illustrated in Figs. 11 and 12 which
may be placed radially around the outside (or inside or inside and outside) of the distal end of a
delivery over tube 302 (member). The needles 301 penetrate through the mucosa and a depth

into the underlying tissue to stabilize these tissues during the delivery of the implant.

The needles 301 may be stored during device placement as illustrated by 303, and upon

localization deployed from their resting place in the distal overtube 302 (crown/ rook).

After implantation is complete the needles 301 maybe retracted.

Retractable needles are not necessary but will provide safety from accidental needle sticks to the
patient and surgeon, prevent needle damage, and facilitate a lower device profile to ease

insertion to the target surgical site.

There may be a plurality of needles.
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There may be a surface stabilisation mechanism 304 used in conjunction with the needles to
prevent the movement or binding of the proximal layer of tissue (e.g. mucosal layer in the case

of perianal fistula) during implant delivery.

The driver coil may be driven by manual, automatic, powered (e.g. spring loaded, trigger or

wheel activated, electrical, pneumatic or other) means.

Preferentially the driver coil is driven a number of turns clockwise to deliver the implant to the
appropriate depth in the tissue location and is subsequently reversed in an anti-clockwise

direction to disengage from the implant and be removed from the tissue.

Figs. 13 and 14 illustrate a driver coil 400 with an elongated driver coil pitch with uniform inner
and outer diameter. The pitch is important to prevent tissue gripping between the struts of the
driver coil. If the driver coil struts are too close to each other the tissue becomes bound and may
cause damage, mechanical deformation to the coil and/or change the direction of coil travel
(unpredictable off kilter delivery). These instances increase the amount of torque required to
drive the coil into the tissue body and increase the torque required to retract the driver from the
tissue body, increasing the coil driver requirements of delivery. Deformation of the coil driver
also causes binding/locking of the un-deployed implant and may lock the implant in place
permanently, an undesired result. The elongated pitch facilitates a straight coil delivery,

ensuring the device is delivered into the desired targeted tissue.

Typical preferred driver coil details are:
Height: 13 mm
Pitch: 3.75 mm
Number of turns: 2.75
Wall thickness: 0.5 to 1.1 mm

The strut height of the coil driver is important. If the height is narrow the coil driver may buckle
and/or easily track off center. The coil driver strut height is preferably uniform for the entire
length of the coil driver. This ensures that the weakest point of the driver coil is at the very back
of the delivery coil construct. With the implant in place and the locking features the overall
implant/coil driver system is a singly strong unit with all components working together to

support each component (implant and driver).
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A locking feature may be desirable to keep the implant and driver coil locked together during
transportation, unpacking for use, and throughout the implant delivery process until the desired

implant depth is reached.

Referring for example to Figs. 15 to 23 in one embodiment the proximal end of an implant 405
has a rigid yet flexible armature 410 that flexes inwardly and latches over a detent feature 411 on
the proximal end of the driver coil 412, locking the implant 405 in place during the implant
loading process (at time of manufacture, or may be loaded at the time of the procedure). After
the implant delivery step, the driver coil 412 is rotated in the counter clockwise direction. The
force of flexion of the flexible armature 410 over the driver coil detent feature 411 is less than
the force to maintain the implant in place. The driver coil is then rotated away proximally from

the implant which remains embedded in the tissue.

The proximal driver coil locking feature may be square in profile, rounded in profile, or tapered

in profile.

The implant flexible armature may include a ramp feature that facilitates disengagement from the

driver coil.

In another embodiment the implant is locked to the driver coil using a distal cap. The cap
securely covers the distal end of the delivery system. The cap may have an internal feature that
abuts against the distal tip of the implant that keeps the implant secured in place until the cap is

to be removed at the moment the device is ready for use.

In all cases the driver coil may have a mounting feature such as the proximal step 420 for

mounting a delivery system.

Referring for example to Figs. 24 and 25 the implant may have an outer rail (positive protrusion
430 from the outer diameter of the implant) along the outside diameter of the implant. The rail
430 acts as a guide when the implant is stowed in the driver coil to aid in the retention of the
implant during delivery. The rail 430 also acts as a support (hoop strength) to maintain the shape
of the implant once implanted and tissue compressive forces are acting radially outward on the

compressive inward implant, to maintain tissue tract closure. The rail adds strength to the
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implant so that during the coil driver retraction the implant maintains its shape, this facilitates

1:1 shape match to the driver coil.

The driver coil may have a negative feature or trough 440 that accepts the implant rail 430. This
serves as a guide for the implant for loading the implant and maintains the stowed configuration
of the implant so that the implant does not lose its position during the implantation process. A

negative feature on the inner diameter of the driver coil may be more readily manufactured.

Referring for example to Figs. 26 and 27 in another embodiment an implant 450 tapers to a rail

451 on the outside diameter and rides in a driver coil trough 452.

Referring for example to Figs. 28 and 29 in another embodiment an implant 460 has the shape of
an [-beam in cross section providing a recess or trough 461 negative feature on the implant. The
“I-beam” design provides stiffness to the implant to maintain shape post deployment as the

implant compresses the tissue tract closed.

The I-beam rail adds strength to the implant so that during the coil driver retraction the implant

maintains its shape, this allows for 1:1 shape to the driver coil.

The “I-beam” trough 461 rides along a positive rail feature 462 on the inner diameter of a driver
coil 463. The positive rail 463 of the driver coil retains the implant 460 in the stowed position,
provides a guide for loading the implant and supports the implant during delivery so that it will

not become disengaged from the driver coil earlier than desired.

Referring for example to Figs. 30 to 33 in one embodiment an implant 470 has a top and bottom
feature 471, 472 that may also incorporate a barb. These features 471, 472 straddle the driver

coil strut 473. One advantage of this embodiment is that it is relative easy to manufacture.

The feature 471 may be described as an internal barb and the feature 472 may be described as an
external barb. The internal barbs may be configured to be positioned proximal to the succeeding
coils of the driver coil preventing proximal movement of the implant relative to the driver coil.
The external barbs may be configured to be positioned distal to the succeeding coils of the driver

coil preventing distal movement of the implant relative to the driver coil. The external barbs



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
29

have the added function of extending radially past the driver coil enabling engagement in tissue
during CCW rotation. Both the internal and external barbs are shaped to have a leading edge
that allows CW rotation into tissue and presents a flat surface creating anti-rewind force on CCW

rotation.

Referring for example to Figs. 34 and 35 the positive rail feature of the implant may be tapered
such that the most distal portion 480 (outer most diameter) is shorter than the adjacent base to the
outer diameter of the implant. This may be readily manufactured and reduces the amount of
contact with the negative trough feature of the driver coil. The distal end of the rail may be
domed having a radius that reduces the contact angle with the surface of the negative trough of

the driver coil and thereby, reducing the friction between the two elements.

The positive rail feature on the implant may comprise a plurality of spaced-apart segments.

Referring for example to Figs. 36 and 37 the positive rail feature of the implant may be made up
of a series of independent dome shaped segments 490 to reduce the amount of friction between

the implant and driver coil.

Referring for example to Figs. 38 and 39 the positive rail feature of the implant may be made up
of a series of individual rail segments 495 to reduce the amount of friction between the implant

and driver coil.

Referring for example to Figs. 40 to 43 the negative or trough feature of the driver coil is
matched to the profile of the rail of the implant. Figs. 40 and 41 illustrate a rectilinear shape.

Fig. 42 illustrates a tapered profile. Fig. 43 illustrates a curvilinear / rounded profile.
The implant can be moulded with a non-smooth surface finish to create small raised features that
when they contact the smooth surface of the driver coil, friction is minimized to aide in the

separation of the implant from the driver coil.

The implant may be coated with a hydrophobic coating (such as PTFE or parylene) so that when

in contact with the moist tissue it can more easily separate from the deriver coil.

The driver coil may be electro-polished to enhance the surface smoothness.
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The driver coil may be coated with a lubricous layer to reduce the friction between the driver coil

and implant to aide in the separation.

The driver coil may be coated with a hydrophobic coating so that when in contact with moist

tissue the implant and driver coil more easily separate from each other.

The implant is delivered submucosally. The length of driver coil and implant configuration is
preferably in the range from 10mm to 20mm so that the driver coil/implant does not reach and/or
penetrate through so much tissue that it may disrupt anatomical features that are not involved in
the fistula tract closure procedure. Such anatomical features may include but not limited to the

vagina or prostate among other local vascular branches.

Referring for example to Fig. 44 the driver coil distal tip 500 can have at least two or any

number of facets 501 to form a sharp tip suitable for piercing tissue.

Referring for example to Figs. 45 and 46 the distal tip of the driver coil may have a shaped tip to
aid in the initial engagement of tissue to gain purchase and guide the drive coil the rest of the
way. A flat facing engagement tip would require downward force on the tissue to make the
initial puncture and begin driving the coil into the tissue. With a shaped tip, just by rotating the
driver coil into the tissue the tip will begin to penetrate the surface of the tissue and self-drive

into the tissue.

Referring for example to Fig. 47 the driver coil and driver shaft element may be constructed
from a single piece of material in which the most distal tip 510 is manufactured in the shape of
the driver coil. Proximal to the driver coil portion 511 may be a length configured to be non-
torqueable (1:1 rotational motion) to enable free range of motion at a flexible/steerable joint in
the drive/handle system. Proximal to the flexible section 511 may be a rigid section 512 that

couples to the drive shaft’s motion delivery system.

The driver coil may be attached to a drive shaft in any suitable manner.
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In one case the driver coil is welded onto a drive shaft. The driver coil may be bonded onto a
drive shaft. The driver coil may be screwed onto a drive shaft. The driver coil may be press fit

onto a drive shaft.

Referring to Figs. 48 to 50 in one embodiment a driver coil 520 has a slit 521 at the distal tip 522
and the implant distal tip has a horizontal “I-beam” like feature 525. When the implant is placed
in the driver coil the “I-beam” feature 525 slots into the driver coil distal slit 521 and locks in
place. The lock is undone by rotating the driver coil counter clockwise with a force that is less

than the force required to maintain the tissue fixation of the implant.

The distal lock configuration enables the implant and driver coil to remain locked together at the
distal tip. It is not possible for tissue to work its way between the driver coil/implant interface

and separate the two components or get caught in-between.

The clockwise forward driving motion of the locked components aids in keeping the driver coil

and implant locked together.

The implant pitch can be elongated to aid in implantation by prevention of tissue gripping
between the struts of the implant whilst maintaining the necessary strength at the proximal end to
provide the compressive hoop forces required to compress the tissue tract closed. If the implant
struts are too close to each other the tissue becomes bound and may cause damage, mechanical
deformation to the implant and/or change the direction of the implant’s path of travel
(unpredictable off kilter delivery). These instances increase the amount of torque required to
drive the implant into the tissue body and increase the torque required to retract the driver from
the tissue body, increasing the coil driver requirements of delivery/retraction. Deformation of
the implant also causes binding/locking of the un-deployed implant to the driver coil and may
lock the implant in place permanently, an undesired result. The elongated pitch facilitates a

straight implant delivery, ensuring the implant is delivered into the desired targeted tissue.
The implant may have a series of barbs along its body to aid in retention at the intended delivery
site. The barbs also provide a locking feature in the anti-clockwise (or vice versa) direction so

that the driver coil can be removed. One such configuration is illustrated in Fig. 51.

One or and additional location for the placement of the barbs may be between the implant struts.
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The extent to which the barbs extend between the struts is limited to prevent tissue bunching.

The barbs may extend radially from the outer edge of the implant or the barbs may extend

inwardly from the inner diameter of the implant.

Referring for example to Figs. 52 and 53 the barbs may extend between the struts and then
extend radially outward from the outer edge of the implant. Another embodiment may have the
barbs extend between the struts and inwardly. In another embodiment the barbs may extend

downwardly and radially both outwardly and inwardly.

Another embodiment relies on a rough surface finish on the overall implant surface to create a
high friction. When implanted in tissue, the surface friction of the implant is greater than the

force required to withdraw the driver coil.

Referring for example to Figs. 54 and 55 the distal tip 550 of the implant may be tapered to
reduce the overall thickness of the implant’s distal leading edge and to allow for a gradual
“dilation” of tissue as the implant is driven into the tissue. Too large of a transition from the
bare driver coil onto the implant may rip the tissue and not form the tract that the implant will
reside implanted in. Too large of step from driver coil to implant surface increases the force

required driving the device into the tissue.

The implant may be placed a distance proximally from the distal tip of the driver coil. The
greater the distance the implant is placed proximal the larger the initial tissue capture will be
made by the driver coil. This is advantageous to increase the size of the tissue defect to be

closed by the implant.

Referring for example to Figs. 56 and 57 in one embodiment a bioabsorbable drain 600 may be
attached to the implant at the proximal surface 601. The implant may have a preformed hole 602

in which drain is inserted and heat staked, press fit into, crimped into, or glued in place.

Referring for example to Figs. 58 and 59 in one embodiment the implant may have an eyelet 610

at the proximal end to attach the bioabsorbable drain 611.
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Referring for example to Figs. 60 and 61 in one embodiment a proximal coil member 620
incorporating an eyelet 621 extends inwards of the implant to maintain an concentric axial
direction of the drain 622 through the implant such that when tension is pulled on the drain the

implant is not driven off center.

Referring for example to Figs. 62a and 62b in one embodiment a “toggle hook™ 630 is provided
the proximal end of the implant and provides a purchase to attach the drain to the implant. The

proximal end of the suture may have a “dead man anchor” that catches on the toggle hook 630.

Referring for example to Figs. 62c and 62d in one embodiment the drain may be attached to a
rod or series of rods that have a larger distance then the inner diameter of the implant proximal

end.

In one embodiment the proximal end of the implant may have a “cleat” that the drain may be tied

to or may provide as a catchment for a dead man anchor or grapple hook feature.

Referring for example to Fig. 63 the delivery system may have a handle 640 with a hand/finger
activation member 641 and a shaft 642 may have a distal tip 643 for receiving the implant. The
handle allows the user to securely grip the device during the procedure. The handle also
incorporates a release mechanism that activates the implant delivery either through a single

motion or multiple motions of activation.

Referring for example to Fig. 64 a trigger 650 may be pulled once to activate the implant drive
system or it may be pulled a multiple of times. There may be a safety feature (button, latch,
switch) that prevents the driver system from pre mature activation. Pulling the trigger 650
activates the delivery of the implant and upon completion the trigger 650 activates the driver coil

retraction motion. A switch may be provided between delivery and retraction.

Fig. 65 illustrates another delivery system with a T-shaped handle. The operation is similar to

the delivery device of Fig. 64.

Referring for example to Fig. 66 in one embodiment the delivery system shaft 660 is pre-shaped
to ensure optimal access to the treatment site in the rectum. To facilitate the usefulness of the

device in the various surgical positions the patient may be placed in, the shaft may be rotatable to
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allow the user to position the device in an ergonomic fashion. For example when the patient is
placed in the jack knife position and the surgeon is looking onto the rectum, the device facilitates
ergonomic access and delivery at and below the transverse line (from 3-9 on a clock face). In the
rotational shaft embodiment, the shaft handle is fixed and the shaft is rotatable at least 180
degrees so that the operator may rotate the drive shaft while maintaining an ergonomic hand

position on the delivery system handle.

In the fixed T-Handle and shaft configuration, the handle is permanently fixed to a pre-bent
shaft.

In some embodiments the entire handle and shaft assembly may be rotated so that the angled
shaft is in apposition with the target tissue site. This handle design does not have preferential of

orientation. This is illustrated in Fig. 67.

In one embodiment the driver shaft is steerable so that the operator can maintain a constant hand
position on the handle and the control the distal tip to align to the appropriate treatment site. The
shaft may be controlled by remote control, manually controlled pull wires, microfluidics and

hydraulics, battery powered or wired powered motor(s), or magnetic activation.

In one embodiment the shaft may be malleable such that the operator may modify the shape of
the driver shaft to best accommodate the anatomy of the patient to best deliver the implant at the

treatment site.

Referring for example to Fig. 68 in one embodiment the drive shaft may be made of a
transparent material or may be transparent just at the portion 670 containing the driver coil and

implant so that the operator may observe the distal operation of the device.

In some instances it may be advantageous to create a mucosal slit at the treatment site to uncover
the sphincter muscle surface. The release of the mucosal layer prevents the tissue bunching and
gripping onto the driver coil during implant delivery and the driver coil removal. Enabling a

more repeatable function of the delivery system.

Prior to creating the mucosal slit, antibiotic prophylaxis treatment may be advised.
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The mucosal slit may be created by electrocautery or by conventional scalpel.

Referring for example to Fig. 69 the mucosal slit may be made at just the point of the leading

edge of the driver coil to minimize over mucosal involvement.

Referring for example to Figs. 70 and 71 the mucosal slit may be made to run a partial length or

the entire length of the tissue defect.

The mucosal slit may be made at minimum the length to accept the distal tip of the driver coil or

as long as the user expert feels is necessary.

The mucosal slit may be created in a manner that it runs vertically through or adjacent to [Fig.

72] the tissue defect.

The mucosal slit may be created in a manner that it runs horizontally through or adjacent to the

tissue defect.

The mucosal slit may be created in a manner that it runs diagonally through or adjacent to the

tissue defect.

It may be necessary post implant delivery and driver coil retraction to close the mucosal slit.

This can be achieved in any number or combination of ways/methods.

Any one of the below methods of closing the mucosal slit may be applied post implant delivery
and driver coil retraction, at any moment during the delivery process, or prior to the delivery

process (implant delivered and driver coil removed).

A stitch may be placed along the mucosal slit to appose the two side of the slit together.

In an additional embodiment, the suture may provide a pain relief and antibacterial treatment to

the mucosal wall. The mucosal wall is dense in capillary’s and an ideal place for therapeutic

particle/molecules/drug delivery.
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In one method a patch that is capable to adhere to the mucosal wall maybe placed in a manner
that it bridges the site of the planned mucosal slit prior to the mucosal slit creation to prevent
extensive tissue splitting. The patch has an elastic property that allows the material to return to

the steady state and appose the slit ends together post procedure.

In an additional method a patch may be placed across the mucosal slit post implantation

procedure in a manner that it apposes the edges of the slit together.

In an additional embodiment, the patch may provide a pain relief and antibacterial treatment to
the mucosal wall. The mucosal wall is dense in capillaries and an ideal place for therapeutic

particle/molecules/drug delivery.

In one method the compression forces of the implant is capable of apposing the mucosal.

It may not be necessary to close the mucosal slit.

Antibiotic prophylaxis treatment may be advised.

Bleeding is controlled by surgical technique. = Compression, injection of adrenaline,

electrocautery instrumentation.

A bioabsorbable drain is attached or may be connected to the implant. The drain maintains tract
patency throughout the healing process so that no portion of the tract heals prior to the external
opening healing. This prevents any remaining foreign material or infected bodies from
remaining in the tract and forming an infected sinus. The drain allows any material in the tract to

be extruded outwardly through the external tract opening.

The drain may be attached or maintained in a position proximal to the proximal end of the
implant throughout shipping, the implantation process, and during the healing process such that

the drain may not be removed from the device or the tissue tract.

Referring for example to Fig. 73 in one embodiment the drain has a bioabsorbable disk structure
on the proximal end that is larger than the proximal inner diameter of the implant. The disk

prevents the drain from being removed prematurely through the external tract opening. The
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drain may be tied to the disk, heat staked to the disk, thermoformed from the same extrusion of
the drain material “bump” process, glued, or knotted in such a way the drain cannot be removed

from the disk.

In one embodiment the drain has a series of knots tied along the proximal length. With at least
one knot larger than the proximal inner diameter of the implant to keep the drain from being
removed through the external tract opening. A series of knots distal to the most proximal hoop
of the implant may serve as method to prevent the drain from moving towards the internal

opening of the tract.

The drain may be secured to the outer skin of the buttocks using a skin adhesive bandage capable
of withstanding daily patient activates for a course of at least 4 weeks, such has walking sitting,
scooching, wiping, washing with water and/or typical human cleaning solutions, and pulling at

the bandage.

A method to clean the entire length of the tissue tract prior to internal opening tract closure may
be desirable to remove granulation tissue, foreign material, infected material, and to disrupt the

epithelized tract lining if one exits.

One method of cleaning the tract is to run a rigid brush though the fistula tract in which the brush
bristles are numerous, rigid and provide radial force against the wall of tract to capture material

and at the same time “scuff” the walls of the tract.

Another method of cleaning the tract is by removing the tract and any comprised tissue by means
of partial or full fistulectomy. Another method of cleaning the tract is by means of laser or RF

ablation or by mechanical removal of tissue by means of curette

The tract may be flushed with sterile water, saline, hydrogen peroxide to aid in cleaning the tract
through dilution and bacterial agents. Flushing may be carried out by abutting a syringe against
the external, internal or both tissue tract openings. Flushing may also be carried out by attaching
a micro catheter to a syringe and inserting the distal end of the micro catheter into the external,

internal or both tissue tract openings.
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In some embodiments the implant and/or drain combination may be coated with, seeded,

constructed (entirely or partially) of a growth enhancement medium and/or a therapeutic agent.

The implant may be used for closing the internal and/or external opening in order to retain a

growth enhancement medium or material, or therapeutic agent in place during healing.

Growth factors may include, but are not limited to: Stem cells (e.g. adipose-derived
mesenchymal stem cells or other mesenchymal stromal stem cells), extra cellular matrix material
or slurry, a combination of stem cells and extracellular matrix or slurry, tissue growth factors,
blood plug, collagen matrix, endothelial cells, altered/engineered endothelial cells, blood serum,
glues, growth factor, pre-clotted blood plug, culture or media supplement comprising a cell and

extra cellular matrix material and medium for encouraging growth enhancement.

The implant may be used to aid in the therapeutic administration of regenerative materials (such
as listed above) to repair or enhance weakened or damaged tissues in humans or animals such as
subcutaneous tissue, organs, and joints. In one case the implant is used in the treatment of

perianal fistula.

To enhance and facilitate the healing of perianal fistulas, or other soft tissue wounds, it may be
desirable to seed the area of the fistula with tissue growth materials such as stem cells (e.g.
adipose-derived mesenchymal stem cells or other mesenchymal stromal stem cells), extra
cellular matrix material or slurry, a combination of stem cells and extracellular matrix or slurry,
tissue growth factors, blood plug, collagen matrix, endothelial cells, altered/engineered
endothelial cells, blood serum, glues, growth factor, pre-clotted blood plug, culture or media
supplement comprising a cell and extra cellular matrix material and medium for encouraging

growth enhancement.

In one embodiment the implant may be fully or partially constructed from an appropriate growth
enhancement medium or material, or therapeutic agent. The implant may be placed at the
internal opening of the fistula tract, or at the external opening or both. A drain may or may not
be used in conjunction with any configuration of the implant and may be either comprise a
bioabsorbable material (e.g. a PLGA construct), or non-bio-absorbable material (e.g. nylon), or
alternatively may be fully or partially constructed from an appropriate growth enhancement

medium or material, or therapeutic agent.
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In the case where the implant is located at the internal opening of the fistula tract, a drain may

extend through the tract and exit at the external opening of the fistula tract.

In the case where the implant is located at the external opening of the fistula tract, a drain may

extend through the tract and exit at the internal opening of the fistula tract.

In the case of an implant is used at both the internal and external opening, a drain may be

captured between the two implants and contained in the tract of the fistula tract.

In another embodiment the implant or drain may be constructed from a suitable bio-absorbable
material and doped or seeded or coated with growth enhancement medium or material, or

therapeutic agent such as described.

The implant may be used as a tract closure mechanism at either the internal opening or external
opening or both for the purpose of maintaining the growth enhancement medium or material, or

therapeutic agent in place during healing.

One method of delivering and retaining a growth enhancement medium or material, or
therapeutic agent such as; stem cells (e.g. adipose-derived mesenchymal stem cells or other
mesenchymal stromal stem cells), extra cellular matrix material or slurry, a combination of stem
cells and extracellular matrix or slurry, tissue growth factors, blood plug, collagen matrix,
endothelial cells, altered/engineered endothelial cells, blood serum, glues, growth factor, pre-
clotted blood plug, culture or media supplement comprising a cell and extra cellular matrix
material and medium for encouraging growth enhancement, is by first injecting the material into

the internal opening or the external opening or both openings of the fistula tract.

In Figs. 74 and 75 the reference numerals refer to the following:
700  fistula tract
701  internal opening
702  external opening
703  dentate line
704 external sphincter muscle

705  internal sphincter muscle
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710  growth enhancing medium
720  implant at internal opening

725 drain

730  implant at external opening

When the desired material has been placed in the tract, the fistula may be closed at the internal
opening using an implant device as shown in Fig. 74. The implant provides an optimized tract
closure compared to surgical advancement flap or other closure techniques. The implant offers a
repeatable and secure closure that can withstand anatomical pressures, ensuring that the material
is not able to migrate out of, or be expunged through, the fistula tract internal opening.
Alternatively, the implant may be used to close the external opening as shown in Fig. 75. In
some cases an implant is used to close both the internal and external openings of the fistula tract

as illustrated in Fig. 76. A drain may or may not be used in conjunction with any of these cases.

Another method of delivering and retaining a growth enhancement medium or material, or
therapeutic agent is by first injecting the material along and around the length of the fistula tract.
Once the desired material has been placed in the tissue surrounding tract and/or in the tissue
comprising the wall of the fistula tract, the tract may be closed at the internal opening with an
implant device as shown in Fig. 77. The implant provides a repeatable and secure closure that
can withstand anatomical pressures, ensuring the material is not able to migrate out of, or be
expunged through, the fistula tract internal opening. The implant may also be used to close the
external opening as shown in Fig. 78. The implant may be used to close both the internal and
external openings of the fistula tract as shown in Fig. 79. A drain may or may not be used in

conjunction with any of these cases.

A further method of delivering and retaining a growth enhancement medium or material, or
therapeutic agent is by injecting the material both internally to the fistula tract and along and
around the length of the tract. Once the desired material has been delivered, the tract may be
closed at the internal opening with an implant device as shown in Fig. 80. The implant offers a
repeatable and secure closure that can withstand anatomical pressures, ensuring the material is
not able to migrate out of, or be expunged through, the fistula tract internal opening.
Alternatively, an implant may also be used to close the external opening as shown in Fig. §1. In

addition the implant may be used to close both the internal and external openings of the fistula
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tract as shown in Fig. 82. A drain may or may not be used in conjunction with any of these

cases.

Referring for example to Figs. 83 and 92 to 96, there is illustrated an implant 801 for closing an
opening in tissue such as a sinus or a fistula, for example, a perianal fistula. The implant 801
comprises a coil having an outer diameter that is substantially uniform along the length of the
coil and an inner diameter that is tapered between the ends of the coil. The coil has a distal
tissue insertion end 802 and a proximal driver end 803 and an internal passageway 804 in the
coil tapers from a wide diameter opening 805 at the distal end 802 to a narrow diameter opening
806 at the proximal end 803 as most clearly shown in Fig. 86. The implant typically tapers from
an internal diameter at the distal end of from 1 to 6mm to an internal diameter of from 0.5mm to

2mm at the proximal end. The pitch of the coil of the implant is typically from 2mm to 4mm.

The implant coil has an engagement feature which in this case is towards the proximal end of the
implant and in this particular case comprises a shoulder §10. The engagement shoulder is
configured for engagement with a corresponding engagement feature of a driver coil as described
in more detail below. The implant also has an interlock feature which in this case comprises a

recess or channel 811 which is releasably interlocked with a corresponding feature of a driver.

The implant coil comprises an outer rail that is formed by first and second arms 815, 8§16 that
extend outwardly of the coil. The arms are adapted to receive a portion of a driver coil
therebetween. The first arm and the second arm comprise a plurality of spaced-apart segments,
815, 816 respectively, that are spaced-apart along the implant coil. It will be noted that the
segments of the first arm 815 are offset from the segments of the second arm 816. At least some
of the rail segments 815, 816 comprise an anti-rewind feature (such as a barb) which is
configured to facilitate penetration of tissue but will act to prevent re-wind of the implant coil

from the tissue.

The implant coil 801 may be used in association with a delivery device for delivery of the
implant into tissue. One particular delivery or driver coil 820 is illustrated particularly in Fig.
87. Figs. 92 to 95 illustrate an implant coil 801 mounted to the driver coil 820. The driver coil
820 has a distal tip section 821 which is adapted from piercing tissue and/or for compression of
tissue. A proximal end 822 of the delivery device is adapted for mounting to a handle for turning

by a user or may comprise a shaft which may be power driven.
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The driver coil is a straight helix having a constant pitch. In this case, neither the inner nor the
outer of the driver coil are tapered. The inner diameter of the driver coil is configured to receive
the implant coil and is typically from 4mm to 6mm. The outer diameter is typically from 6mm
to 8mm and the wall thickness is from 0.5mm to Imm. The pitch is typically from 2mm to
4mm. The driver coil comprises coil struts 825 and the height of the struts is typically from

0.5mm to 2mm. The driver coil may comprise from 2 to 5 turns, such as 2.75 turns.

When the implant coil is mounted in the driver coil the struts 825 of the driver coil are embraced
between the rail arms 815, 816 of the implant coil so that the arms 815, 816 of the implant coil
travel on the track provided by the struts 825 of the driver coil.

The driver coil 820 comprises an engagement feature 827 for releasably engaging with an
implant 801. When the driver coil is rotated in a clockwise direction, the engagement projection
827 engages with a corresponding shoulder 810 of the implant coil 801. On rotation of the
driver coil in the opposite direction, the driver coil 8§20 is moved independently of the implant

coil 801 to facilitate removal of the driver coil and leaving the implant coil in situ.

In this case there is also a releasable interlock between the driver coil and the implant. The
interlock comprises the recess or channel 8§11 in the implant coil and a corresponding projection

828 of the driver coil. In some cases such an interlock is not essential.

In one case the delivery coil 820 is attached to a delivery tube 830. The delivery tube 830 may
incorporate the engagement feature 827 which engages with the proximal end of the implant 801.
The delivery tube may also incorporate the interlock feature such as the projection 828 which
engages with an interlock feature of the implant 801 such as the recess or channel 811. Fig. 91
illustrates the delivery coil 820 separated from the delivery tube 830. The may be attached in

any suitable manner. In some cases the delivery coil 8§20 and tube 8§30 may be monolithic.

It will be noted that in the delivery configuration illustrated in Figs. 89 and 90 the distal end of
the driver coil extends distally beyond the distal end of the implant. In the invention the distal

end of the delivery coil 820 effects the initial gathering and compression of tissue.
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The delivery coil fully supports the full length of the implant 801 (i.e. the implant 801 is housed
within the delivery coil 820). The delivery coil forms a piercing sharp tip 821 at its distal end.

The distal tip 821 of the delivery coil 820 acts to gather the first (largest / distal) loop of tissue

and leads this tissue into the tapered compression zone of the implant.

In some embodiments the distal end of the implant is shaped so as to lead to a feathered edge.
One such feathered edge 819 is illustrated in Fig. 93. The feathered edge 819 tapers distally to
join flush with the internal diameter of the driver coil. This feature facilitates the distal section
of the driver coil primarily gathering tissue and leading the tissue into the compression zone of

the internal taper of the implant during delivery.

The delivery coil 820 may consist of a number of distal coil loops which are of appropriate
dimensions to interface to the implant track. The delivery or driver may comprise a further coil,
or plurality of coils proximal to the implant and/or proximal to the shoulder 827, to allow for
controlled depth of delivery of the implant into tissue. This additional coil may be of differing

cross sectional area, or shape, to the implant engagement coil.

The delivery coil 820 may be attached to a delivery tube. The delivery coil may also formed by
a cut (e.g. laser cut) in a delivery tube. The delivery tube is preferentially a hollow tube. It may

also be formed form a solid rod in alternative embodiments.

The driver coil tip 821 may be so shaped as to advantageously penetrate the tissue during
delivery. The tip 821 may be angled down towards the tissue surface to facilitate piercing,
radially outwards to facilitate gathering of tissue for compression and/or to accommodate larger

tissue openings, or a combination of both.

The driver coil may have a larger distal diameter than subsequent (more proximal) coils (i.e.
tapered coil with larger distal end). A larger diameter allows for gathering of greater bulk of
tissue for compression. The larger diameter can also disengage from the implant track due to the

straight nature of the outside diameter of the implant.
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The internal tapered section of the implant 801 facilitates tissue compression and retention of

compression post removal of the driver coil.

The arms 815, 816 on the external diameter of the implant 801 facilitates a track which provides
an interface to the driver coil 8§20. The depth of this track may be undersized to allow for a

friction interface keeping the implant in place until delivery.

The cross-section of the distal end of the implant 801 may be ‘feathered’ or sloped to interface to
the driver coil allowing a seamless transition from the driver coil to the implant internal taper
during delivery. This geometry reduces the torque required for delivery and prevents tissue
fouling on the implant distal edge during delivery. The feathered feature 819 is particularly

visible in Fig. 93.

Anti-rewind features, or barbs, may be positioned on the implant externally and/or internally.
These features may be beneficial in the disengagement of the driver coil during delivery of the
implant into tissue. They also serve to prevent migration of the implant post implantation. Any

or all of the arms 815, 816 may be adapted as an anti-rewind feature.

The driver coil 820 and implant engagement track provided by arms 815, 816 may have differing
pitch to create a varying ‘shelf’ feature along the length of the implant. This varying geometry
may be beneficial for stabilising (locking) the implant within the driver coil. Additionally this
varying feature may be beneficial in providing a stronger surface for the implant / driver coil

interaction during dynamic delivery or disengagement and retraction.

In a similar manner the driver coil pitch and implant track pitch may be offset either proximally

or distally to allow for a corresponding thicker ‘shelf’ surface.

There may be anti-rewind features such as barbs on the inner surface of the implant.

Referring in particular for example to Figs. 87 and 88 the implant may have anti-rewind features
which in this case are in the form of barbs. In this case the implant has both internal barbs and
external barbs. The features or arms 815, may be described as external barbs. Features 8§17 may
be described as internal barbs. In some cases the implant has a plurality (such as four) external

barbs and a plurality (such as four) internal barbs.
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The internal barbs may be configured to be positioned proximal to the succeeding coils of the
driver coil preventing proximal movement of the implant relative to the driver coil. The external
barbs may be configured to be positioned distal to the succeeding coils of the driver coil
preventing distal movement of the implant relative to the driver coil. The external barbs have the
added function of extending radially past the driver coil enabling engagement in tissue during
CCW rotation. Both the internal and external barbs are shaped to have a leading edge that
allows CW rotation into tissue and presents a flat surface creating anti-rewind force on CCW

rotation.

One configuration of internal and external barbs are illustrated in the implant cross sectional

views.

Fig. 87 is a cross sectional view that particularly illustrates the external barbs 815.

Fig. 88 is a cross sectional view that particularly illustrates the internal barbs 817.

An interlocking feature may be provided to secure the implant to the driver mechanism until

delivery at the appropriate location.

The lock feature may consist of any of the following:

- Negative feature on implant surface and corresponding mating positive feature on
driver coil

- Negative feature on driver coil and corresponding mating positive feature on implant
surface

- Alternative embodiments that allow frictional disengagement of the driver coil and
the implant after delivery to the appropriate location in tissue

- Alternative embodiments that allow active disengagement of the driver coil and the

implant after delivery to the appropriate location in tissue.

A stabiliser system may comprise a series of needles which may be placed radially around the
outside (or inside or inside and outside) of the distal end of a delivery over tube (member). The
needles penetrate through the mucosa and a depth into the underlying tissue to stabilize these

tissues during the delivery of the implant.
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The needles may be stored during device placement and upon localization deployed from their

resting place in the distal overtube (crown/ rook).

After implantation is complete the needles maybe retracted.

Retractable needles are not necessary but will provide safety from accidental needle sticks to the
patient and surgeon, prevent needle damage, and facilitate a lower device profile to ease
insertion to the target surgical site. There may be a plurality of needles. There may be a surface
stabilisation mechanism used in conjunction with the needles to prevent the movement or
binding of the proximal layer of tissue (e.g. mucosal layer in the case of perianal fistula) during

implant delivery.

The driver coil may be driven by manual, automatic, powered (e.g. spring loaded, trigger or
wheel activated, electrical, pneumatic or other) means. In one embodiment the driver coil is
driven by a manual linear actuation, e.g. trigger pull or similar, which is translated to rotational
motion via an elongated pitch threaded shaft. In addition the manually operated linear motion
may be translated to both rotational and linear forward motion of the driver coil via a worm

thread gearbox element or similar.

Preferentially the driver coil is driven a number of turns clockwise to deliver the implant to the
appropriate depth in the tissue location and is subsequently reversed in an anti-clockwise

direction to disengage from the implant and be removed from the tissue.

In addition to treatment of perianal fistulas the methods and devices of the invention may be
used in the treatment of a range of conditions including:

- Rectovaginal fistulas

- Enterocutaneous fistulas

- Enteroenteral fistula

- Gastric fistula

- Muscle, integument, fascia or other tissue defects

- Pilonidal or other sinus

- Bodily vessel

- Fluid lumen
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- Repair of anatomical defects or damage

The device is capable of one or more of the following:
® accommodating varied fistula tract physiology;
¢ occluding and sealing the internal opening of the tract;
e preventing faccal matter re-infecting the tract;
e preserving sphincteric function;
® enhancing fistula tract healing; and

e facilitating drainage during healing.

Referring for example to Figs. 97, 98, 99(a) to 99(e) and 100(a) to 100(d) the driver mechanism
delivers the coil through the mucosal lining of the rectum via rotatory or other means for the

example of a perianal fistula.

The distal tip of the driver punctures through the mucosal lining surface and engages initially
with the internal sphincter muscle surrounding the internal opening of the fistula tract resulting

in initial gathering and compression of tissue.

The implant coil is completely delivered through and past the mucosal surface and into the
sphincter complex consisting of the internal and external sphincter muscles. The delivery
mechanism interface located distally on the delivery mechanism member detaches from the

tapered coil and the delivery mechanism is removed from the surgical field.

The mechanism of action of the delivery of the tapered coil results in sphincter muscle complex

tissue being drawn into the centre of the coil construct.

The complete delivery of the coil results in closure of the internal opening of the fistula tract by
gathering of and compression of sphincter muscle tissue. This mechanism as described allows
both the sphincter muscle tissue to knit together, and the mucosal surface to remodel to cover the
site of delivery over a period of time, eventually resulting in complete resolution of the sphincter

muscle defect associated with the internal opening of the fistula tract.
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Alternatively a mucosal slit may be employed to access the sphincter muscle directly and the

implant may be delivered as previously described.

The implant comprises a shaft with a substantially uniform outer diameter and a tapered inner
diameter. The leading end of the implant is the largest coil and initially surrounds the tissue
defect with appropriate margin. As the implant is advanced the leading end provides a large
surface area to effectively anchor the implant. Each subsequent coil provides (adds to) the
anchoring and compression function. The smallest coil towards the trailing end provides the
highest amount of tissue compression. As the implant is turned into the tissue each coil further
compresses the captured tissue toward the center of the tissue defect, thus effectively completely
compressing the surrounding tissue inwardly. The close approximation of tissue allows for the
tissue to heal together. This compression provides an effective seal against the pressures
generated in the rectum and prevents entering of passing faeces into the fistula tract thus
preventing re-infection. The smaller diameters of the implant coils retain the captured tissue
from separating and prevents the breakdown of the healing process or foreign material from
entering the tissue defect. This is a major advantage over sutures and suture based surgical

techniques such as the advancement flap (dermal flap) and the LIFT procedures.

The compression ensures close approximation of tissue throughout the center of the implant. At
the most proximal surface the close approximation of tissue provides support to the healing
mucosal lining of the rectum over the implant and tissue defect. Thus the healing tissue is fully
supported by the implant during the healing process and is capable of surviving pressures of
150mmHg and upwards, such as up to 200mmHg or greater which can be generated in the

rectum.

The implant may be used in association with a drain or seton 830 which is illustrated in Fig. 91.

It will be appreciated that the implant device with or without an attached drain (or seton), may be
used to close fistula openings that may commonly occur in other areas of the body, such as:
biliary (created during gallbladder surgery, connecting bile ducts to the surface of the skin),
cervical (either an abnormal opening into the cervix or in the neck), craniosinus (between the
space inside the skull and a nasal sinus), enterovaginal (between the bowel and vagina), faecal or
anal (the faeces is discharged through an opening other than the anus), gastric (from the stomach

to the surface of the skin), metroperitoneal (between the uterus and peritoneal cavity), umbilical



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
49

(between the navel and gut). These fistulas may be:- blind also known as a sinus (open on one
end only, but connects to two structures); complete (has both external and internal openings);
horseshoe (connecting the anus to the surface of the skin after going around the rectum); or
incomplete (a tube from the skin that is closed on the inside and does not connect to any internal

structure).

It will be appreciated that the tapered coil may be of any suitable shape in transverse cross
section. For example, the coil may be round, oval, triangular, multifaced or ribbon-like. In some

cases the coil may be hollow.

The coil may be intended for subsequent removal or may be bioabsorbable.

Typical materials for the coil include

- Bioabsorbable magnesium (including MgFe and other magnesium alloys) would be a
material of choice because it offers the strength of stainless steel and similar metals, yet
is bioabsorbable. MgFe alloys are well studied and have been used in medical products.

- PLA ) and PLGA (poly(lactic-co-glycolic acid) ) are bioabsorbable polymers and would
be a material of choice as they are commonly used bioabsorbable materials and have
been well studied and used in medical products for over 70 years.

- The coil may also be constructed from other common materials used for suture

applications.

A bioabsorbable tapered coil would be beneficial to treatment of perianal fistulas due to the

body’s natural tendency to reject foreign materials.

The drain (or seton) may be used as a guidance and positioning mechanism and once the device
is implanted serves as a means of fistula tract drainage. The drain may be constructed of
bioabsorbable materials, tissue healing enchantment properties, infection control agents and be

constructed of part or composite of these materials.

After the fistula tract preparation, the drain is attached using standard surgical technique to the
existing surgical probe, suture, or drain already in place in the fistula tract. Once the drain is

attached, the system is pulled through the fistula tract proximally (towards the physician) until
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the coil device is adjacent to the tissue wall (rectal wall). The drain ensures that the outer
leading coil is centred around the outside of the fistula tract. Tension may be applied to the drain
as the coil is advanced into the tissue to aid in advancement and to maintain a centred position

around the fistula tract.

The drain (or seton) is attached to the central portion of the coil. With the coil knitting together
the sphincteric muscle and closing the fistula tract’s internal opening the drain maintains the
proximal portion of the fistula tract’s patency to facilitate drainage of any abscess, pus, and new
accumulation of bodily fluids to prevent infection occurrence. The drain (or seton) prevents the
tract from closing in on itself proximal of any fluid accumulation and acts as a conduit allowing
material drainage between the wall of the tract and the outer wall of the drain. The drain (or
seton) may also have a central lumen with tangential drainage holes entering from the external
wall of the drain. The drain (or seton) may be constructed with a multi surface external wall to
create channels and optimize the fluid drainage and prevent the fistula tract wall from occluding

drainage around the drain (or seton).

The drain (or seton) is constructed of materials that are strong enough to allow for surgical
placement in the fistula tract. The drain may be constructed of materials that are non-absorbable
and meant to be removed at a later time. Alternatively, the drain may be made of materials that
bioabsorb throughout and upon completion of the fistula tract healing processes (examples
include magnesium, PLA, PLGA). The drain may be constructed of or include anti-infection
agents to prevent infection of the fistula tract (silver ions, antibacterial agents). The drain may
be constructed of materials that aid in tissue growth (stem cell, collagen matrix). The drain may

be constructed of part or all elements as described.

The drain (or seton) may be of any suitable shape in cross section such as round, oval, cross
shape, star or braid. In all cases the drain may be hollow to further enhance drainage. The drain
may have peripheral holes to provide for increased drainage effectivity. The holes allow
additional surfaces of drainage, by increasing drainage surface area/channels the fluid drains
more quickly and reduces the chance that any of the channels will become occluded and prevent

fluid drainage at the same moment in time.

As noted above, one or other or both of the coil and drain (or seton) may comprise bioabsorbable

materials.
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Typical materials for the coil include:
¢ Bioabsorbable magnesium (including MgFe and other magnesium alloys) is one material
of choice because it offers the strength of stainless steel and similar metals, yet is

bioabsorbable. MgFe alloys are well studied and have been used in medical products.

Synthetic bioabsorbable materials may include PLA and PLGA (poly (lactic-co-glycolic acid))
(PLGA, PCL, Polyorthoesters, Poly(dioxanone), Poly(anhydrides), Poly(trimethylene
carbonate), Polyphosphazenes), and or natural bioabsorbable materials may include fibrin,
collagen, chitosan, gelatin, Hyaluronan are bioabsorbable polymers and would be a material of
choice as they are commonly used bioabsorbable materials and have been well studied and used

in medical products for over 70 years.

For example, companies such as Ethicon market a number of such products with different
absorption rates such as http://www.ethicon.com/healthcare-professionals/products/. Absorbable
polymer materials are also available from medical material companies such as Zeus, see

http://www.zeusinc.com/advanced-products/absorv-bioabsorbables.

Typical materials for the drain (or seton) include:

¢ Bioabsorbable magnesium (including MgFe and other magnesium alloys) is one material
of choice because it offers the strength of stainless steel and similar metals, yet is
bioabsorbable. MgFe alloys are well studied and have been used in medical products.

® Synthetic bioabsorbable materials may include PLA and PLGA (poly(lactic-co-glycolic
acid)) (PLGA, PCL, Polyorthoesters, Poly(dioxanone), Poly(anhydrides),
Poly(trimethylene carbonate), Polyphosphazenes), and or natural bioabsorbable materials
may include fibrin, collagen, chitosan, gelatin, Hyaluronan are bioabsorbable polymers
and would be a material of choice as they are commonly used bioabsorbable materials

and have been well studied and used in medical products for over 70 years.

In one case both the coil and the drain (or seton) are bioabsorbable, and the drain degrades prior
to the degradation of the coil. This may be achieved in a number of different ways, such as the

drain being of a different bioabsorbable material to the coil.
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For example, the coil implant may be constructed of PLLLA which degrades slowly, typically
within 18 to 36 months depending on formulation, cross section, and surface modifications, and
the drain may be constructed of PLGA (85L/15G) which typically degrades “faster” in 1 to 2

months depending on formulation, cross section, and surface modifications.

Another method of altering the time of degradation (degradation (absorption) properties) is by
providing a reduced cross sectional area, more porosity, less crystallinity, more reactive
hydrolytic groups in the backbone, more hydrophilic end groups, and/or more hydrophilic
backbone.

In one case, the drain (or seton) substantially maintains its structure for five weeks post-surgical
implantation. This is variable depending upon the healing time of the patient, with full healing
usually occurring within a 5 to 10 week period. By way of example, the coil implant may
remain for a period of at least 10 weeks after healing and may degrade over a 6 to 18 month time

period from the date of implantation.

Advantageously, the closure mechanism of the device is maintained during the entire healing
process. In some cases the coil remains in situ to withstand rectal pressures and maintain closure

of internal tract opening for at least 10 weeks to prevent re-opening of the tract.

The coil implant may remain in place longer to allow full healing of the internal opening of the
fistula tract. The drain may degrade at a faster rate compared to the coil implant so long as the
drain is in place for a long enough time for all remaining abscess and infection, to drain from the
fistula tract and any side branches. It is advantageous that the drain absorbs faster than the coil
so that the patient does not have any visually remnant feature of the device or thoughts of fistula.
The drain is not needed for as long a period as the coil implant, with the drain absorbing faster
than the implant, the patient will not have to return to the surgeon for removal during the internal

opening healing process.

Also, the implant remains in place for a long enough period of time (e.g. greater than 1 week) to
allow remodelling of the defect in the mucosa and formation of a mucosal layer. This mucosal
layer acts as a bacterial seal preventing reinfection of the tract from entering of fasces. The re-
formation of the musical layer in conjunction with the sphincter muscle closure mechanism

prevents fasces entering the tract.
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The implant coil and draining drain (or seton) may be doped or loaded with healing and
antimicrobial agents (such as stem cell, silver ions, silver particles, antibiotics, antibacterial

agents and the like).

The drain (or seton) may be of differential bioabsorption wherein the drain is absorbed at a

different rate along its length.

The drain (or seton) may be of differential bioabsorption wherein the distal portion of the drain
absorbs more quickly than the proximal portion. This differential absorption of the drain results
in the drain remaining attached to the coil via the proximate portion until fully absorbed.
Advantageously, this allows for the external opening to close and remove the chance of the drain

being pulled out through the external opening.

The drain (or seton) may also be of differential bioabsorption wherein the proximal portion of
the drain absorbs more quickly — in this case the anchoring mechanism of the closure device with
relation to the drain could be broken at an earlier time than the full drain absorption allowing the

drain to be removed (by the patient or doctor or naturally fall out) through the external opening.

In both differential absorption embodiments, the entire drain (or seton) would have to remain in

place for sufficient drainage during the healing time of the tract (e.g. 2 to 10 weeks).

The bioabsorbable materials used in the construction of the implant coil, or drainage drain (or

seton), or both, can be both natural or synthetic polymers such as those listed below.

Natural polymers

= Fibrin

Collagen

Chitosan

Gelatin

Hyaluronan

Synthetic polymers
* PLA, PGA, PLGA, PCL, Polyorthoesters
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Poly(dioxanone)

Poly(anhydrides)

Poly(trimethylene carbonate)

Polyphosphazenes

The selection of the material used can be made whilst taking the following factors into account.

Factors that accelerate polymer degradation:
* More hydrophilic backbone
* More hydrophilic end groups
* More reactive hydrolytic groups in the backbone
» Less crystallinity
* More porosity

=  Smaller device size

The delivery system has the following advantages:

® Ability to follow the tract of the implant coil allowing deep delivery to the sphincter
muscle complex allowing for greater anchoring and sphincter muscle apposition at the
muscle defect

* Ability to disengage and retract in a spiral nature, reversing through the same tract as
delivery preventing further damage to the tissue

® Prevents the mucosa of the rectum being pulled down towards the sphincter muscle
complex

¢ Enables the implant to be delivered through and past the anoderm resulting in lower pain
due to interference with the nerve endings of the anoderm

e Prevention of bacterial tracking by delivering deep sub mucosally.

These delivery mechanisms may be coupled to a manually operated, trigger operated user

interface or similar.

In current techniques for treating a fistula a surgeon identifies the external opening of the fistula

tract and carefully inserts a probe through the external opening, through the fistula tract and
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through the internal opening of the fistula. The probe is then extended back through the rectum
and a localisation drain (or seton) or suture is attached to the end of the probe which is then
drawn back through the rectum and the fistula tract until it exits through the external opening of

the fistula tract. The localisation drain (or seton) loop is then tied off.

The implant and delivery system of the invention is compatible with this known current
technique. In the invention the probe or the localisation drain may be used to guide the leading

end of the implant coil and/or the drainage drain.

The implant body in some cases is in the form of an “open” tapered coil body in which the distal
edge (leading edge, into the muscle) is of a larger diameter than the proximal edge (trailing edge,
rectum surface), the proximal portion is of smaller diameter than the distal portion. The coil is of
open form, therefore there is no inward protrusion at either the proximal nor distal end of the
body. The open form factor enables the implant to be driven into the tissue body to a pre-

determined depth (depending on the taper which results in progressive tissue compression).

The open coil design allows for the mucosal layer to heal over the top of the implant, and the
implant supports the healing of the mucosal layer, by preventing the pressure from opening the
tract, and compromise freshly healed mucosa layer. With the implant below the mucosa it does
not interfere with external rectal surface and interact with faeces that may drag the implant out of
its purchase or lend to tract infection along its body. Thus, the implant is suitable for
submucosal delivery which facilitates the formation of a continuous mucosal surface over the

site of implantation.

The implant in some cases has anti-movement (anti-rewind) features to prevent the rotational
movement of the implant in the counter-clockwise motion. Typically, the implant is driven into
the tissue body in a clockwise motion consistent with the usual direction of driving fixation
medical devices. However, it will be appreciated that the implant may also be driven into the
tissue in the counter clock-wise direction. The anti-rewind features facilitate the forward driving
motion into the tissue body in a clock-wise motion to be effortless during delivery but provide
resistance to prevent the implant from working itself out or unwinding during the course of
natural wound healing and normal physiological forces experienced day to day of the patient’s

life.
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The anti-rewind features may include one or more of:

Positive feature such as a barb, fishhook, arrowhead or the like. Such positive barb type

features may be added in the X, Y, or Z plane to enhance the fixation of the implant;

Negative features such as trough features along the body of the implant, such trough
features may be one or more of a square trough, a lead in trough, and/or a square back

trough;

V-Lock type, quills may be incorporated along the body of the implant. The quills may
be shaped to facilitate ease of entry into tissue but does not allow the implant to move in
the opposite direction. The quill may lay fat upon insertion and then become exposed if
moved in the opposite direction. A multiple of such quills increases the surface area

(friction) of the implant body and prevents the implant from re-winding;

Surface modification/surface area enhancing. The surface of the implant body may be
modified to increase the surface area to increase the friction interaction between the
implant and the tissue it is implanted in.
e  Surface roughening mechanical:
May include sandblasting, micro stamping (impression on material)
e  Surface treatment chemical:
May include soaking (being exposed to) in a chemical agent that roughens the
implant body surface
May include chemical photo etching
¢  Surface treatment in manufacturing process:
The tooling of a moulded implant design may have positive features that
when the implant is removed from the mould, rough features are left on the
body of the implant

e Surface “pillar” like gecko feet (Setae) Biomimicry

The driver coil surface may be constructed so as to have a lubricious nature (e.g. by means of a

coating or surface treatment or other) in order to minimise the torque requirement associated



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
57

with the tissue friction during delivery of the implant coil and during retraction of the delivery

coil.

The coiled section of the delivery coil may include features to temporarily lock or fasten to the
implant prior to and during implant delivery. This provides a positive interface between the
implant and the delivery mechanism, to prevent premature implant detachment and related

delivery issues.

When the implant has been delivered to the correct location and depth the delivery mechanism

detaches / disengages from the implant and is removed from the anatomy.

The driver coil may have an interface to the implant which allows positive (interlocking) when
the driver coil is turned in a clockwise direction and negative (i.e. disengagement) interaction
when the driver coil is turned in an anti-clockwise direction (or vice versa). Thus when the
implant has been delivered to the tissue by means of a clockwise driver coil motion, the driver
coil may then turn in an anti-clockwise direction, disengage from the implant, and exit (or ‘back

out’) from the tissue.

The implant may be attached to the delivery coil by a mechanism that prevents the implant
becoming dislodged from the delivery coil prior to complete delivery. Thus, the implant coil is

prevented from prematurely detaching from delivery coil.

The internal support structure of the implant coil may have a positive feature (peak) that locks
into a negative (valley) feature on the implant. There may be several features of this type to

enhance the locking grip.

The inverse of this arrangement may also be implemented in which a positive feature is provided

on the implant and a negative feature is a part of the driving mechanism.

Alternatively or additionally, the implant may be attached to the internal opening of the implant
driver by friction / interference fit / surface roughness. The driver col may be hollow and accept

a solid implant or the driver may be solid and inserted into the hollow portion of the implant.
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The cross section of the driver coil may be a channel or slot rather than closed circular. A coil
with such a cross section may be more easily manufacturable. It may also allow the

incorporation of internal (to the driver coil) locking features to interface with the implant.

The implant is interfaced to the driving mechanism such as a driver coil. In one case the
interface comprises a flare or step or shoulder that abuts against the driving mechanism. Such a
flare provides the push point of the implant and transfer of force to drive the implant into the

tissue body.

The flare may also act as a barb or anti-rewind feature allowing only one way (e.g. clockwise)
motion which in one case is forward motion (clockwise motion driven into the tissue body) and

prevents the implant from moving in a backwards motion (unwinding/counter clockwise).

Such a barb feature may be achieved by having the flare surface area greater than the driving coil

interface surface area.

The flare may be positioned anywhere along the implant body that is optimal for the implant
driving force, driver attachment coupling, and/or anti motion control (anti-rewind can be

clockwise or anti clockwise).

It will be appreciated that as an alternative to such locking features on the implant coil similar

features may be provided on the engagement surfaces of the delivery coil.

The implant is in some cases in the form of a coiled body structure. The distal end of the implant
is the largest coil, and the distal end initially surrounds the tissue defect with appropriate margin.
As the implant is advanced the distal portion provides a large surface area to effectively anchor
the implant (each subsequent coil provides (adds to) the anchoring and compression function).
The smallest proximal coil provides the highest amount of tissue compression. As the implant is
turned into the tissue each coil further compresses the captured tissue toward the centre of the
tissue defect, thus effectively completely compressing the surrounding tissue inwardly. The
close approximation of tissue allows for the tissue to heal together. This compression provides
an effective seal against the pressures generated in the rectum and prevents entering of passing
faeces into the fistula tract thus preventing re-infection. The smaller diameters of the implant

coils retain the captured tissue from separating and prevents the breakdown of the healing
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process or foreign material from entering the tissue defect. This is the advantage over sutures
and suture based surgical techniques such as the advancement flap (dermal flap) and the LIFT

procedures.

The compression ensures close approximation of tissue throughout the centre of the implant. At
the most proximal surface the close approximation of tissue provides support to the healing
mucosal lining of the rectum over the implant and tissue defect. Thus the healing tissue is fully
supported by the implant during the healing process and is capable of surviving pressures of

150mmHg and upwards of 200mmHg which are generated in the rectum.

Preferably, the coil is delivered submucosal (at a predetermined depth) below the surface of the
mucosa. This ensures there is a full mucosal seal at the rectal mucosa surface to provide for a
bacterial seal barrier. With the implant just below the surface the tissue is draw inwards for

complete compression and supports the mucosa healing process.

As the implant is turned into the tissue the compression becomes greater along the depth of the
coil (progressive compression) and the length of the tract captured internal of the implant is
compressed completely, the close approximation of tissue aids in the healing process.

The implant and delivery system is compatible with current surgical technique.

Upon completion of the surgeon preparing the tissue tract, the device drain is attached to the

rectal end of the fistula probe or drain/suture that was used to localize the tract.

The probe/drain is pulled toward the surgeon through the fistula tract out of the external opening
until the large distal portion of the implant is abutted against the rectal wall. The implant coil is
aligned to be concentric to the internal tract opening.

The device drain is tied to the fistula probe or localization drain (or seton).

In one embodiment the drain runs distal of the implant and through the length of the handle and

may be anchored in the proximal portion of the drive shaft or handle.
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At the interface of the implant and driver a cutting mechanism (such as a snip, guillotine or the
like) may be provided to automatically cut the drainage drain once the implant is delivered. The
handle/delivery system may then be readily removed from the surgical field.

The invention also provides an implant and a driver element such as a coil with a locking feature.
The implant and driver may be locked together during insertion until the desired implant depth
has been reached.

The locking feature may comprise an element at the proximal end of the implant that is engaged
by the driver coil during insertion and released when the implant is delivered. The release may
be an automatic release. The implant may be locked to the delivery by a distal cap.

In some embodiments a positive feature or rail is provided on the external of the implant for
engagement in a corresponding recess in the delivery element such as a coil. The rail may be of
I-shape in cross section.

The rail may comprise a plurality of segments spaced-apart along the implant.

The implant may have laterally projecting features that embrace a driver coil strut therebetween.

The rail feature may be tapered.

The distal tip of the driver element may be shaped for initial engagement with tissue. The driver

coil may have a distal slit for engagement with a rail of the implant.

Also provided is an implant with a feature for mounting a drain or seton to the implant.

In some embodiments the implant tapers from an internal diameter of from 1 to 6mm at a distal

end to an internal diameter of from 0.5 to 2mm at a proximal end.

In some embodiments the pitch of the coil of the implant is from 2mm to 4mm.
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The implant may comprise a locking feature for locking with a delivery device. The locking
feature may be releasable. In some cases the locking feature is releasable automatically. The

locking feature may comprise a flexible armature.

In some embodiments the implant comprises an outer rail. The rail may be of I-shape in cross

section.

In some cases the rail comprises a plurality of segments.

In some embodiments an outer surface of the rail is not smooth over at least portion of the length

thereof.

The implant may be at least partially coated with a hydrophilic coating.

In some cases the inner diameter of the driver coil is from 4mm to 6mm.

In some cases the outer diameter of the driver coil is from 6mm to 8mm.

The wall thickness of the driver coil may be from 0.5mm to Imm.

In some cases the pitch of the driver coil is from 2mm to 4mm.

In some embodiment the driver coil comprises a plurality of coil struts and the height of a strut is

from 0.5mm to 2mm.

The driver coil in some cases comprises from 2 to 5 turns such as 2.75 turns.

In some cases the driver coil comprises a trough for reception of a rail.

The driver coil may be coated with a lubricious material.

In some embodiments the driver coil comprises a hydrophilic coating.

A distal tip of the driver coil may comprise a plurality of facets to form a sharp tip.

The delivery device in some cases comprises a locking feature for locking with an implant.

The invention also provides a delivery system comprising a delivery device of the invention and

a driver shaft for the delivery device.
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In some cases the driver shaft and the delivery device are integral.

The driver shaft and the delivery device in some cases are monolithic.

In some embodiments the driver shaft comprises at least one bend.

The driver shaft may be at least partially flexible and/or malleable.

The invention also provides a system comprising an implant of the invention and a delivery

device of the invention.

The system as in some cases further comprises a drain.

The implant may comprise a mounting feature for mounting the drain to the implant.

The invention also provides a drain (or seton) such as a drainage drain comprising a plurality of

peripheral holes or pores.

The invention also provides a method for treating a defect comprising:-
creating a mucosal slit to expose tissue surrounding a defect;
inserting an implant coil into the exposed tissue; and

rotating the implant to draw tissue inwardly.

In some cases the defect is a fistula.

In some embodiments the defect is a perianal fistula and the mucosal slit is created to expose the

sphincter muscle surface.

The invention further provides a method for treating a defect comprising a tract, the method
comprising:-

introducing a growth enhancement medium into the tract,

inserting an implant into tissue adjacent to the tract, and

rotating the implant to draw tissue inwardly to substantially close an opening of the tract.
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The tract may comprise a first opening such as an internal opening and a second opening such as
an external opening and the method comprises using the implant to close at least one of the first

and second openings.

The method may comprise closing the first opening with a first implant.

The method may comprise closing the second opening with a second implant.

In some embodiments the method comprises injecting a growth enhancement medium into the

tract.

In some cases the method comprises injecting a growth enhancement medium into tissue

surrounding the tract.

The method may comprise the step of leading a drain through the tract. The drain may be led
through a first opening in the tract. Alternatively or additionally the drain is led through a

second opening in the tract.

In another aspect the invention provides an implant comprising a growth enhancing medium.
The implant may have a coating which comprises a growth enhancing medium. In some cases

the implant is at least partially constructed from a growth enhancing medium.

In a further aspect the invention provides a drain such as a drainage drain which comprises a

growth enhancing medium.

The drain may have a coating which comprises a growth enhancing medium.

The drain may be at least partially constructed from a growth enhancing medium.

In another embodiment the drain (or seton) is locked to the handle/driver mechanism during

implantation (delivery of implant) to maintain traction. Once the implant is fully implanted the

handle is decoupled (automatically or manually) from the drain (or seton). The excess drain
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material may be trimmed at the external surface of the closed tissue tract site at the surface of the

rectum.

A drain (or seton) is held in a fixed position along the length of the tissue tract due to the
compression at the internal opening. The implant opening compresses the tissue opening around
(onto) the drain, locking it into place. The drain may have a specialty designed / located
compression zone and may have corresponding features to facilitate the anchoring of the drain in

this zone.

The drain is fixed in place due to the compression forces of the internal tissue tract being

compressed inwardly by the radial forces applied by the implant.

To further enhance fixation of the drain and prevent the drain from moving out of the tract
distally or proximally the drain may be constructed with locking features such as a knot 831
along the entire length, partial length, and defined/predetermined compression zone at the site of

the implant tissue compression, or any combination of these.

Knots may be implemented along the length of the drain or at a specific location such as that of

the implant compression zone.

Spheres, cylinders, triangles and other multifaceted shapes may be provided such as by moulded
over along the length of the drain or at a specific location such as that of the implant

COl’an'CSSiOl’l zone.

To enhance the anchoring of the drain barbs may be incorporated along the length of a drain or at
a specific location such as that of the implant compression zone. The barbs may face in both the

external and internal opening directions to prevent motion in either direction.

To enhance the anchoring of the drain (or seton) quills may be incorporated along the length of
the drain or at a specific location such as that of the implant compression zone. The quills may

face in both the external and internal opening direction to prevent motion in either direction.

The drain may be constructed to act purely as a drain and/or as a scaffold to enhance tissue

healing.
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To provide enhanced drainage, the drain (or seton) may have a plurality of peripheral holes and
may include (pores). The shape of the drain in cross section may be selected from one or more

of round, oval, star and cross. The drain is constructed to be bioabsorbable.

An example of potential materials include: PLA and PLGA (poly(lactic-co-glycolic acid))
(PLGA, PCL, Polyorthoesters, Poly(dioxanone), Poly(anhydrides), Poly(trimethylene
carbonate), Polyphosphazenes), and or natural bioabsorbable materials may include fibrin,
collagen, chitosan, gelatin, Hyaluronan are bioabsorbable polymers and would be a material of

choice as they are commonly used bioabsorbable materials.

The shape is designed to enhance the drainage of the residual tract. The shape may also act as a

scaffold to improve/enhance the healing of the tract.

The plurality of peripheral holes / pores enhance drainage of the tract to prevent the drain/drain

from blockage.

To enhance scaffolding, the plurality of peripheral holes / pores may serve as a structure of a

scaffold that enhances tissue integration and improves wound healing of the tract.

A variety of materials may be used as a tissue scaffold that enhance and improve tissue wound
healing. Many of these materials are bioabsorbable polymers or natural tissue materials. An
example of potential materials include: PLA and PLGA (poly(lactic-co-glycolic acid)) (PLGA,
PCL, Polyorthoesters, Poly(dioxanone), Poly(anhydrides), Poly(trimethylene carbonate),
Polyphosphazenes), and or natural bioabsorbable materials may include fibrin, collagen,
chitosan, gelatin, Hyaluronan are bioabsorbable polymers and would be a material of choice as

they are commonly used bioabsorbable materials.

The invention also provides a mechanism to stabilise the tissue during the delivery of the implant
to prevent bunching and twisting of the mucosal layer during delivery of the implant. By
preventing such tissue interaction, the delivery forces may be reduced and a more reliable and

repeatable depth of delivery may be achieved.
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One mechanism of stabilising the mucosal tissue is achieved by utilising a hollow overtube. The
overtube interfaces onto the surface of the mucosal lining and may stabilise the tissue prior to
and during the delivery of the implant using one or more of the following mechanisms:

- Pressure — the trumpet may be spring loaded or otherwise to apply pressure to the
mucosal surface. The pressure may be manual force from the user’s application of the
delivery mechanism while abutting to the mucosal surface

- Spike type features. The surface of the trumpet that interfaces to the mucosal surface
may contain features that penetrate into the mucosal surface and hence prevent rotation or
twisting of the mucosal lining. These features may be in the form of:

o Needles

o Microneedles

o Micro-spikes

o Castellated features (similar to the features of a rook in a chess set)
- The features may be incorporated into the trumpet by means of:

o Overmoulding

o Injection moulding

o Press fit
- Surface treatment

o Rubberised surface

o Surface modification

o Surface roughening (sand blasting etc.).

The implant may be doped or loaded with healing and antimicrobial agents (such as stem cell,

silver ions, silver particles, antibiotics, antibacterial agents and the like).

The driver coil and/or implant system described herein may be useful for closing various types of
tissue defects, including a perianal fistula, other types of fistula in other locations in a body, or a

sinus. The devices described may be used for joining tissues together.

The driver coil and implant system described may be useful for closing various types of tissues
defects, other types of fistula in other locations in a body, other sinuses, or joining tissues
together. Examples of suitable applications include, but are not limited to: treatment of

esophageal varices, recto-vaginal fistula repair, treatment of diverticulitis, tightening of
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sphincteric junctions: e.g. tightening of gastro esophageal junction for treatment of gastro
esophageal reflux disease, tightening of anorectal sphincter for treatment of faecal incontinence,
tightening of pyloric sphincter for treatment of obesity of other gastro intestinal conditions.
Other applications may include; repair of patent foramen ovale (PFO) or atrial septal defect, left
atrial appendage closure, closure of fallopian tube for sterilisation, vas deferens blockage for
male sterilisation, tissue repair due to trauma e.g. puncture trauma due to piercing, post-surgery

trocar site closure, apposition of tissue for treatment of obesity during bariatric surgery.

The majority of perianal fistula have an internal opening less than Imm in diameter.

In the case of perianal fistula we have found that a driver coil ID of 4mm to 6mm ensures that
adequate tissue margin surrounding the internal opening is captured so that the implant will not
pierce through the fistula tract and that the implant has an adequate amount of tissue to compress

against the tract lumen to provide a secure tract closure.

We have found that the driver coil OD is preferably in a range of 6mm to 8mm so that only a
small amount of extra tissue is involved in the procedure. In this way the device avoids

unnecessarily disrupting healthy tissue.

We have found that the wall thickness of the driver coil is preferably 0.5mm to 1mm. If the wall
of the driver coil is too thick the puncture defect is larger than needed and will increase the
amount of driver force required to deliver the implant into the tissue. A larger wall thickness

may also rip the tissue instead of creating a uniform tract that the implant will reside in.

We have also found that the driver coil pitch is preferably between 2mm to 4mm. If the pitch is
too long the coils become too elongated and will not form a “hoop” around the tissue tract and
will not be able to compress the tract closed. If the pitch is too short tissue will become caught
between the driver coil struts, which may result in deformation, binding, and/or un-straighten the

direction of the driver coil travel.

The strut height is preferably in the range 0.5mm to 2mm.

The implant ID preferably has a distal range from 1 to 6mm and a proximal range from 0.5 to

2mm.
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The pitch of the implant will mimic the driver pitch.

Referring for example to Figs. 101 to 127 there is illustrated a delivery device for an implant

such as the implant described above.

The delivery device comprises a driver coil 900 and a drive shaft 901 for the driver coil 900.
The driver coil 900 engages an implant 902. The driver shaft 901 is movable from a retracted
loaded configuration to an extended delivery configuration. The shaft 901 in this case is
rotatable in a delivery direction for movement between the loaded and delivery configurations.
While the shaft 901 is being moved for delivery of the implant, the shaft 901 is prevented from

rotation in a direction which is opposite to the delivery direction.

When the implant 902 has been delivered, the shaft 901 is movable from a delivery configuration
to a retracted configuration in which it is disengaged from the implant 902. In some cases the
delivery direction is a clockwise direction and the disengaged direction is a counter clockwise
direction. On movement between the loaded configuration and the delivery configuration, the
shaft 901 travels a first distance and on movement between the delivery configuration to the
disengaged retracted configuration, the shaft travels a second distance greater than the first and is
is free to rotate in a counter-clockwise direction. This allows tissue to be released from the

driver coil 900 as the driver coil 900 is being retracted.

The delivery device comprises a housing 910 for the delivery coil and the drive shaft 901. The
housing 910 comprises a grip portion 911 and a tube 912 extending from a distal end of the grip
portion 911. The tube 912 comprises a distal bend 913 to assist in directing the implant for
delivery at the site of interest. At least a portion 915 of the drive shaft 901 may be flexible to

account for the outer tube bend.

The delivery device comprises a distal overtube 914 which has distally projecting tissue.
Stabilisation features 917 which in this case are provided by surface features such as

castellations at the distal end of the overtube 914.

The delivery coil 900 and the implant 902 are constrained on-axis with the overtube 914 to

prevent non-concentric delivery relative to the fistula tract. Referring to Fig. 111, it will be



10

15

20

25

30

WO 2018/224687 PCT/EP2018/065246
69

noted that the driver coil 900 is supported by an on-axis shoulder 961 so that the driver coil 900,
and hence the implant 902, engages perpendicular to tissue during movement from the retracted

configuration to the delivery configuration.

The delivery device also comprises a rotary knob 915 for manually rotating the shaft 901. There
is a releasable lock 916 to prevent undesirable rotation of the shaft 901 prior to appropriate
location and orientation at the tissue site of interest (e.g. accidental delivery of the implant when

removing from packaging)..

The delivery device also comprises a mounting element 920 comprising a distal loop 921 for
mounting a drain 925 to the lock element 916. The mounting element 920 is movable with the
shaft from a loading configuration for mounting a drain 925 to the mounting element 920 to a

retracted configuration.

In one case the device shaft 901 has a proximal extension 960 which extends towards the rotary
knob 914. The extension 960 is joined to the drive shaft 901 by a collar 970. Referring in
particular to Fig. 112, a cross pin 965 extending through the collar 970 is used to connect
proximal extension 960 to drive shaft 901. The drive shaft 901, collar 970 and cross pin 965
may be of metal and the proximal extension 960 may be of plastic. The cross pin 965 has a

through hole 966 to allow the drain mounting element 920 to pass therethrough.

Functionally the implant is delivered as follows:

Step 1: A suitable length of drain material 925 (e.g. Size 2/0 absorbable suture) is looped
through the suture capture loop 921 and either tied off, or looped though to provide a
double strand drain 925. This drain 925 is then attached to the seton, brush, probe or
similar, that is in place occupying the fistula tract. The device is led into place by
retraction of the drain 925 through the external opening as previously described.

Step 2:Once the device is in place (with the implant and driver coil positioned concentrically
around the fistula Internal opening), the lock 916 is disengaged by pulling the lock
component 916 towards the rotary handle 915.

Step 3:The rotary handle 915 is now turned in a clockwise (‘CW’) rotation to deliver the implant
902. The rotary handle 915 is rotated until it bottoms out and is not capable of further
rotation. It will be noted that the rotary handle 915 may not be rotated in a counter

clockwise (‘CCW’) direction until the implant 902 has been fully delivered and the
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ratchet mechanism consisting of pawl gear 940 and of radial ratchets 945 has been
disengaged.

Step 4: The rotary handle 915 is rotated in a CCW direction to disengage the implant 902 from
the delivery coil 900 and remove the delivery coil 900 from the tissue. The rotary handle
915 may be turned as many turns in a CCW direction as necessary to disengage the
delivery coil 900 from the tissue.

Step 5:The delivery mechanism is pulled away from the tissue, leading the drain 925 through the
fistula internal opening. The drain 925 is then cut from the delivery handle and a knot is
tied. The drain 925 is pulled through the external opening until the knot is snug against
the implant 902 — lodging the drain 925 in place.

The following aspects of the delivery mechanism are particularly important:

1. Rotational to on-axis linear movement
The handle 915 turns on a screw thread 930, the pitch of which is identical to the pitch of the coil
of the implant 902. Hence, by turning the handle 915 the implant 902 is both rotated and driven

forward by the delivery coil 900 into tissue.

2. Pre-delivery lock
A lock 916 is provided to prevent inadvertent delivery (rotation of the handle).

The lock 916 is keyed to the rotational shaft at via slot 990 of the rotational shaft and cross bar
element 991 of the lock 916 (Fig. 103). It will be noted that the rotational shaft is attached to the
delivery handle via male thread form 930 and corresponding female thread form 980. In the
locked state, the distal end of the lock 916 is engaged with the handle body preventing rotation
of the delivery handle. To unlock, the lock 916 is pulled back towards the handle 915,
disengaging the interference with the handle body. The delivery handle 915 is then free to

rotate.

The lock 916 has a second purpose, as the suture capture wire 920 is fastened to the lock
component 916. When the lock is retracted (by e.g. 20mm), the suture loop 921 is pulled
proximally to the implant. A bump feature 956 prevents inadvertent disengagement of the lock

via interference with shoulder 993 of handle 915. This bump feature 956 is overcome when the
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user applies force. The bump feature 956 snaps into a recess 955 when the lock is fully released

preventing reengagement of the lock

3. Premature retraction prevention

The handle 915 is prevented from being turned in a CCW direction prior to complete delivery of
the implant 902. When the handle 915 is turned in the CCW direction, the barbs of the implant
902 lock into tissue and release the implant from its delivery lock 997. If this happens prior to
complete delivery, the implant may be released from the delivery mechanism in a partially

delivered state.

To prevent this condition, a ratchet mechanism is employed to only allow CCW rotation after
full delivery of the implant. The ratchet mechanism (Fig. 106) consists of a pawl gear 940 which
is keyed to the rotational shaft 960 (for example by splines 975 that travel in corresponding
elongate grooves 976 in the pawl gear 940) and rotates on a set of radial ratchets 945. The pawl
940 rotates and moves linearly with the delivery shaft 901 until, just prior to complete delivery
of the implant 902, it interfaces on a shoulder 946 which pushes it over bump 996 and off the
keyed area of the shaft. The pawl gear 940 is now free to spin on the shaft 901 and hence allows
CCW rotation.

Referring to Fig. 104, it will be noted that the pawl 940 is keyed to the shaft 901 as it rotates

clockwise. This prevents rotation in an anticlockwise direction.

Referring to Fig. 105, when the full distance of travel is reached, the pawl 940 is pushed off the

key by engagement with the shoulder 946, allowing anticlockwise rotation.

The pawl gear 940 is held in place by collar 978 and bump 996 after disengagement of the

ratchet mechanism post implant delivery.

4. Drain Capture / Mounting Element 920

A drain capture wire/mounting element 920 is provided to allow attachment of a suitable drain
925 (such as an off the shelf absorbable suture) prior to use. The drain capture wire 920 is pulled
into the outer tube by activation of the lock 916, so as the wire loop 921 and the suture knot are

pulled proximal to the implant 902 preventing fouling and preventing interference of the wire
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920 to the tissue during implant delivery. The drain capture element may comprise a loop, hook,

cleat, ball or diamond shape.

The capture wire 920 extends through the shaft 901, the shaft extension 960, and through a hole
995 in the lock cross bar element 991. The wire 920 is retained by the cross bar element 991 by
any suitable means such as an enlarged element or part of the wire 920 proximal of the hole 995

which prevents the proximal end from passing through the hole 995.

The drain may also be preassembled during manufacture of the system wherein the drain is tied

to the drain mounting element prior to use.

5. Post retraction ‘Free-Spin’

It was found in animal and cadaver testing, that in some cases, additional CCW turns of the
delivery device were needed in some cases to dislodge any tissue that may have become lodged
or captured on the delivery coil 900, e.g. while three clockwise turns are used to fully deliver the
implant 902, four turns or more in reverse may be required to fully disengage the driver coil 900

from the tissue.

A mechanism has been incorporated to facilitate the required additional CCW rotation. The
drive shaft thread 930 and the corresponding female thread forms 980 in the handle body are
designed to disengage from each other on full retraction. The handle, drive shaft, and driver coil

are now in a state of ‘free-spin” whereby infinite counter clockwise rotation is facilitated.

The delivery system of the invention may be used in other applications such as in the treatment
of a fistula other than a perianal fistula. Examples include rectovaginal fistulas, entrocutaneous
fistulas, enteroenteral fistula, gastric fistula. It may also be used in other applications such as,
bone anchor fixation (e.g. bone screws), suture fixation devices, bone pins, wound closure (e.g.
Muscle, integument, fascia or other tissue defects), stent delivery, pilonidal or other sinus
closure, closure of bodily vessel, fluid lumen or other repair of anatomical defects or damage,
delivery of coiled implants (e.g. neurological, bio-electrical), delivery of clot removal structures
or devices, traversing lumen blockages (e.g. chronic total occlusion of vessels), delivery of drug
delivery scaffolds or coils, maxillofacial applications (e.g. muscle tightening, delivery of
anchoring devices for cosmetic applications), delivery of devices for muscle tightening (e.g.

faecal incontinence), tendon or ligament reattachment.
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Modifications and additions can be made to the embodiments of the invention described herein
without departing from the scope of the invention. For example, while the embodiments
described herein refer to particular features, the invention includes embodiments having different
combinations of features. The invention also includes embodiments that do not include all of the

specific features described.

The invention is not limited to the embodiments hereinbefore described, which may be varied in

construction and detail.
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An implant for closing an opening in tissue such as a fistula or a sinus, the implant
comprising a coil having an outer diameter that is substantially uniform along the length

of the coil and an inner diameter that is tapered between the ends of the coil.

An implant as claimed in claim 1 wherein the coil comprises a proximal driver end and a
distal tissue insertion end and wherein the inner diameter of the coil tapers inwardly from

the distal end of the coil.

An implant as claimed in claim 1 or 2 wherein the coil comprises an engagement feature

for engagement with a delivery device.

An implant as claimed in any of claims 1 to 3 wherein the coil comprises a locking

feature for locking with a delivery device.

An implant as claimed in claim 4 wherein the locking feature is releasable.

An implant as claimed in claim 5 wherein the locking feature is releasable automatically.

An implant as claimed in any of claims 1 to 6 comprising an anti-rewind feature such as a

barb which is configured to engage with tissue.

An implant as claimed in claim 7 wherein the anti-rewind feature comprises an external

anti-rewind feature that projects radially outwardly of the outer diameter of the coil.

An implant as claimed in claim 7 or 8 wherein the anti-rewind feature comprises an
internal anti-rewind feature that projects radially inwardly of the inner diameter of the

coil.

An implant as claimed in any of claims 7 to 9 comprising a plurality of anti-rewind

features which are transversely or longitudinally spaced-apart.

An implant as claimed in any of claims 2 to 10 wherein the distal end of the coil

comprises a feathered edge.
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An implant as claimed in any of claims 1 to 11 wherein the coil comprises an outer rail.

An implant as claimed in claim 12 wherein the rail comprises first and second arms that
extend outwardly of the coil, the arms being adapted to receive portion of a driver

therebetween.

An implant as claimed in claim 13 wherein the first arm and the second arm comprise a

plurality of spaced-apart segments which are spaced-apart along the implant coil.

An implant as claimed in claim 14 wherein the segments of the first arm are offset from

the segments of the second arm.

An implant as claimed in claim 14 or 15 wherein at least some of the rail segments

comprise an anti-rewind feature such as a barb.

An implant as claimed in any of claims 1 to 16 wherein the implant tapers from an

internal diameter at a distal end of the coil of from 1mm to 6mm.

An implant as claimed in any of claims 1 to 17 wherein the implant tapers to an internal

diameter of from 0.5mm to 2mm at a proximal end of the coil.

An implant as claimed in any of claims 1 to 18 wherein the pitch of the coil is from 2mm

to 4mm.

An implant as claimed in any of claims 1 to 19 wherein the implant comprises a growth

enhancing medium.

An implant as claimed in claim 20 wherein the implant has a coating which comprises a

growth enhancing medium.

An implant as claimed in claim 20 wherein the implant is at least partially constructed

from a growth enhancing medium.

A system comprising an implant as claimed in any of claims 1 to 22 and a delivery device

which is configured for delivering the implant into tissue.
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A system as claimed in claim 23 wherein the delivery device comprises a delivery coil
having a proximal end and a distal end and wherein the coil comprises a distal tip section

which is adapted for piercing tissue and/or for compression of tissue.

A system as claimed in claim 24 wherein, in a delivery configuration, the distal end of

the driver coil extends distally beyond the distal end of the implant.

A system as claimed in claim 25 wherein the distal end of the driver coil is adapted to

gather tissue for compression in the inner taper of the proximal end of the implant.

A system as claimed in any of claims 23 to 26 wherein, in a first configuration, an
engagement feature of the driver coil is engaged with an engagement feature of the
implant, and in a second configuration, the engagement feature of the driver coil is

disengaged from the engagement feature of the implant.

A system as claimed in claim 27 wherein in the first configuration the driver coil is

engaged with an external track of the implant.

A system as claimed in any of claims 22 to 28 wherein, in a first configuration, an
interlock feature of the driver coil is engaged with an interlock feature of the implant, and
in a second configuration, the interlock feature of the driver coil is retracted from the

interlock feature of the implant.

A system as claimed in any of claims 23 to 29 wherein the driver coil is a straight helix

having a constant pitch.

A system as claimed in claim 30 wherein the inner diameter of the driver coil is from
4mm to 6mm, the outer diameter of the driver coil is from 6mm to 8mm, the wall
thickness of the driver coil is from 0.5mm to 1mm, and the pitch of the driver coil is from

2mm to 4mm.

A system as claimed in claim 30 or 31 wherein the driver coil comprises a plurality of

coil struts and the height of a strut is from 0.5mm to 2mm.

A system as claimed in any of claims 30 to 32 wherein the driver coil comprises from 2

to 5 turns, such as 2.75 turns.
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A system as claimed in any of claims 23 to 33 wherein, for embedding the implant, the
delivery device comprises a plurality of turns and the implant comprises a plurality of
turns and wherein the delivery device comprises at least portion of a turn greater than the

number of turns of the implant.

A system as claimed in any of claims 23 to 34 comprising an overtube for the delivery

coil.

A system as claimed in claim 35 wherein the overtube comprises a distal end with

formations which are configured for engagement with tissue.

A system as claimed in any of claims 35 or 36 wherein the delivery coil is constrained

within the overtube for axial alignment of the delivery coil within the overtube.

A system as claimed in any of claims 23 to 37 comprising a driver shaft for the driver

coil.

A system as claimed in claim 38 wherein the driver shaft and the driver coil are integral.

A system as claimed in claims 38 or 39 wherein the drive shaft is movable from a

retracted loaded configuration to an extended delivery configuration.

A system as claimed in claim 40 wherein the shaft is rotatable in a delivery direction for
movement between the loaded and delivery configurations and wherein the shaft is
prevented from rotation in an opposite direction to the delivery direction between the

loaded and delivery configurations.

A system as claimed in claim 40 or 41 wherein the shaft is movable from a delivery

configuration to a disengaged retracted configuration.

A system as claimed in claim 42 wherein the shaft is rotatable in a direction opposite to
the delivery direction for movement from the delivery configuration to the disengaged

retracted configuration.

A system as claimed in claim 42 or 43 wherein the delivery direction is a clockwise

direction and the disengaged direction is a counter clockwise direction.
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A system as claimed in any of claims 42 to 44 wherein, on movement between the
delivery configuration to the disengaged retracted configuration the shaft is free to rotate

in a counter-clockwise direction.

A system as claimed in any of claims 38 to 45 comprising a housing for the delivery

device and the driver shaft.

A system as claimed in claim 46 wherein the housing comprises a grip portion and a tube

extending from a distal end of the grip portion.

A system as claimed in claim 47 wherein the tube is malleable or flexible.

A system as claimed in claim 47 wherein the tube comprises a distal bend.

A system as claimed in claim 49 wherein the bend extends at an angle of from 40 to 60

degrees with respect to a longitudinal axis of the tube.

A system as claimed in any of claims 46 to 50 further comprising a rotary handle for

rotating the shaft.

A system as claimed in any of claims 46 to 51 further comprising a releasable lock to

prevent rotation of the shaft.

A system as claimed in any of claims 38 to 52 comprising a mounting element for

mounting a drain to the driver shaft.

A system as claimed in claim 53 wherein the mounting element is movable with the

shaft.

A system as claimed in claim 53 or 54 wherein the mounting element is movable from a
loading configuration for mounting a drain to the mounting element to a retracted

configuration.

A system as claimed in any of claims 38 to 55 wherein at least a portion of the drive shaft

is flexible.
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A system as claimed in any of claims 23 to 56 further comprising a drain.

A system as claimed in claim 57 wherein the implant comprises a mounting feature for

mounting the drain to the implant.

A system as claimed in claim 57 or 58 wherein the drain comprises a growth enhancing

medium.

A system as claimed in claim 59 wherein the drain has a coating which comprises a

growth enhancing medium.

A system as claimed in claim 59 wherein the drain is at least partially constructed from a

growth enhancing medium.

A delivery device for delivery of an implant into tissue, the delivery device comprising a
coil having a proximal end and a distal end wherein the coil comprises a distal tip section

which is adapted for piercing tissue and/or for compression of tissue.

A delivery device as claimed in claim 62 wherein the coil is a straight helix having a

constant pitch.

A delivery device as claimed in claim 62 or 63 wherein the inner diameter of the driver
coil is from 4mm to 6mm, the outer diameter of the driver coil is from 6mm to 8mm, the
wall thickness of the driver coil is from 0.5mm to Imm, and the pitch of the driver coil is

from 2mm to 4mm.

A delivery device as claimed in any of claims 62 to 64 wherein the driver coil comprises

a plurality of coil struts and the height of a strut is from 0.5mm to 2mm.

A delivery device as claimed in any of claims 62 to 65 wherein the driver coil comprises

from 2 to 5 turns.

A delivery device as claimed in any of claims 62 to 66 wherein the driver coil comprises

2.75 turns.
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A delivery device as claimed in any of claims 62 to 67 comprising an engagement feature

for engagement with an implant engagement feature.

A delivery device as claimed in any of claims 62 to 68 comprising an interlock feature

for releasably interlocking with an interlock feature of an implant.

A delivery device as claimed in any of claims 62 to 69 wherein the delivery coil
comprises a plurality of turns and wherein the delivery coil comprises at least portion of a
turn greater than the number of turns of an implant to be embedded by the delivery

device.

An implant delivery device comprising an implant delivery coil and a drive shaft for the
delivery coil, the drive shaft being movable form a retracted implant loaded configuration
to an extended implant delivery configuration wherein the shaft is rotatable in a delivery
direction for movement between the loaded and delivery configurations and wherein the
shaft is prevented from rotation in an opposite direction to the delivery direction between

the loaded and delivery configurations.

A system as claimed in claim 71 wherein the shaft is movable from a delivery

configuration to a disengaged retracted configuration.

A system as claimed in claim 72 wherein the shaft is rotatable in a direction opposite to
the delivery direction for movement from the delivery configuration to the disengaged

retracted configuration.

A system as claimed in claim 72 or 73 wherein the delivery direction is a clockwise

direction and the disengaged direction is a counter clockwise direction.

A system as claimed in any of claims 72 to 74 wherein, on movement between the
delivery configuration to the disengaged retracted configuration the shaft is free to rotate

in a counter-clockwise direction.

A system as claimed in any of claims 71 to 75 comprising a housing for the delivery

device and the driver shaft.
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A system as claimed in claim 76 wherein the housing comprises a grip portion and a tube

extending from a distal end of the grip portion.

A system as claimed in claim 77 wherein the tube is malleable or flexible.

A system as claimed in claim 77 wherein the tube comprises a distal bend.

A system as claimed in claim 79 wherein the bend extends at an angle of from 30 to 60

degrees with respect to a longitudinal axis of the tube.

A system as claimed in any of claims 71 to 80 further comprising a rotary handle for

rotating the shaft.

A system as claimed in any of claims 71 to 81 further comprising a releasable lock to

prevent rotation of the shaft.

A system as claimed in any of claims 71 to 82 comprising a mounting element for

mounting a drain to the driver shaft.

A system as claimed in claim 83 wherein the mounting element is movable with the

shaft.

A system as claimed in claim 83 or 84 wherein the mounting element is movable from a
loading configuration for mounting a drain to the mounting element to a retracted

configuration.

A system as claimed in any of claims 71 to 85 wherein at least a portion of the drive shaft

is flexible.
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