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(57) ABSTRACT

An apparatus for delivery of a device into a hollow organ
and a method of delivery are provided. The apparatus
includes an elongated tube having proximal and distal
openings and being configured for carrying the device on a
distal portion thereof. The apparatus further includes a
tubular cover for covering at least a portion of the device
when mounted on the elongated tube, the tubular cover
being radially elastic and axially non-elastic. The tubular
cover is retrievable into the elongated tube through the distal
opening, such that when the device is mounted on the
elongated tube and covered by the tubular cover, retrieval of
the tubular cover into the elongated tube uncovers the device
for delivery into the hollow organ.
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APPARATUS FOR DELIVERING A DEVICE
TO A HOLLOW ORGAN

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The resent invention relates to an apparatus for
delivering a device into a hollow organ. Embodiments of the
present invention relate to an apparatus for delivering and
deploying an intra-luminal sheath for bypassing an anasto-
mosis site in a colon.

[0002] Surgical intervention can require an operative
union of resected tissues or a bypass of non-resected dis-
eased tissue. Such union procedures, which are termed
anastomosis, can be performed via open or minimal invasive
surgery where the ligated ends are manually sutured or
stapled using a surgical stapler. While an anastomosis may
be end-to-end, it could also be performed side-to-side or
end-to-side depending on the required reconstruction or
bypass. Anastomosis can be performed on vascular struc-
tures, the gastrointestinal (GI) tract (including esophagus,
stomach, small bowel, large bowel, bile ducts, and pan-
creas), and the urinary tract (including ureters, urinary
bladder and urethra).

[0003] Surgical anastomosis is a common procedure, in
particular in the gastrointestinal (GI) tract. Virtually all
elective resections of gastrointestinal organs are followed by
anastomoses to restore continuity.

[0004] Although commonly performed, GI anastomosis
carry a relatively high risk of anastomotic leaks especially in
subjects that are immuno-compromised, such as subjects
undergoing chemotherapy. Such leaks must be identified in
a reasonable amount of time to allow for medical interven-
tion.

[0005] In order to address the problem of anastomotic
leaks, several internal sheaths which bypass the anastomotic
site have been devised. Such sheaths are typically delivered
via dedicated catheters and anchored above(upstream) the
anastomotic site thereby supporting the flow of material to
circumvent or bypass the anastomosis site.

[0006] Delivery of such devices to the anastomosis site
requires precise positioning and deployment as well as
effective anchoring without traumatizing the tissue.

[0007] While reducing the present invention to practice,
the present inventors have devised an apparatus which can
be used to deliver an intra-luminal sheath to the anastomosis
site without causing tissue trauma during delivery or anchor-
ing.

SUMMARY OF THE INVENTION

[0008] According to one aspect of the present invention
there is provided an apparatus for delivery of a device into
a hollow organ comprising: (a) an elongated tube having
proximal and distal openings and being configured for
carrying the device on a distal portion thereof; and (b) a
tubular cover for covering at least a portion of the device
when mounted on the elongated tube, the tubular cover
being radially elastic and axially non-elastic; the tubular
cover being retrievable into the elongated tube through the
distal opening, such that when the device is mounted on the
elongated tube and covered by the tubular cover, retrieval of
the tubular cover into the elongated tube uncovers the device
for delivery into the hollow organ.
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[0009] According to further features in preferred embodi-
ments of the invention described below, the apparatus fur-
ther comprises an additional elongated tube positioned
within the elongated tube and being attached to the tubular
cover structure, wherein the tubular cover is retrievable into
the elongated tube by pulling the additional elongated tube
against the elongated tube.

[0010] According to still further features in the described
preferred embodiments the elongated tube includes a hollow
nose cone forming the distal opening.

[0011] According to still further features in the described
preferred embodiments the tubular cover is fabricated from
an elastic material having non-elastic axial elements.
[0012] According to still further features in the described
preferred embodiments the elastic material is an elastic
polymer.

[0013] According to still further features in the described
preferred embodiments a proximal end of each of the
elongated tube and the additional elongated tube is attached
to a user-operable handle.

[0014] According to still further features in the described
preferred embodiments the device is mounted on a distal
portion of the elongated tube.

[0015] According to still further features in the described
preferred embodiments the apparatus further comprises a
fluid conduit for delivering friction-reducing composition to
a distal portion of the elongated tube.

[0016] According to still further features in the described
preferred embodiments the conduit is removably attached to
the elongated tube.

[0017] According to still further features in the described
preferred embodiments a distal opening of the fluid conduit
is positioned such that the friction-reducing composition is
delivered between the tubular cover and the device when the
device is mounted on the elongated tube.

[0018] According to still further features in the described
preferred embodiments the friction-reducing composition is
an oil or a water -based lubricant.

[0019] According to another aspect of the present inven-
tion there is provided a method of delivering a device into
a hollow organ comprising: (a) delivering into the hollow
organ an elongated tube having proximal and distal open-
ings, the elongated tube having the device mounted there-
upon and being at least partially covered by a tubular cover
being radially elastic and axially non-elastic; (b) retrieving
the tubular cover into the elongated tube through the distal
opening thereby uncovering the device; and (c) pulling the
elongated tube in a proximal direction to thereby deliver the
device to the hollow organ.

[0020] According to still further features in the described
preferred embodiments the tubular cover is attached to an
additional elongated tube positioned within the elongated
tube and further wherein (b) is effected by pulling the
additional elongated tube against the elongated tube.
[0021] According to still further features in the described
preferred embodiments the tubular cover is fabricated from
an elastic material having non-elastic axial elements.
[0022] According to still further features in the described
preferred embodiments the device is a tubular sleeve having
at least one toroidal balloon and further wherein the toroidal
balloon is inflated to anchor the tubular sleeve in the hollow
organ prior to, or following (c).
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[0023] According to still further features in the described
preferred embodiments the hollow organ is a colon and the
tubular sleeve is at least 200 mm in length.

[0024] According to still further features in the described
preferred embodiments the hollow organ is a colon and
further wherein (a) is effected by delivering the tubular
sleeve through the anal orifice.

[0025] According to still further features in the described
preferred embodiments at least one toroidal balloon is
inflated via an inflation conduit having an inflation port
positioned outside the body.

[0026] According to still further features in the described
preferred embodiments the method further comprising
delivering a friction-reducing composition to a distal portion
of the elongated tube prior to (b).

[0027] According to still further features in the described
preferred embodiments the delivering is effected via a fluid
conduit having a distal opening positioned at the distal
portion of the elongated tube.

[0028] According to still further features in the described
preferred embodiments a distal opening of the fluid conduit
is positioned such that the friction-reducing composition is
delivered between the tubular cover and the device.

[0029] According to still further features in the described
preferred embodiments the friction-reducing is an oil or a
water -based lubricant.

[0030] The present invention successfully addresses the
shortcomings of the presently known configurations by
providing a delivery apparatus that can be used to deliver a
device into a hollow organ.

[0031] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. In case of conflict, the
patent specification, including definitions, will control. In
addition, the materials, methods, and examples are illustra-
tive only and not intended to be limiting.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0032] The invention is herein described, by way of
example only, with reference to the accompanying drawings.
With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example
and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are pre-
sented in the cause of providing what is believed to be the
most useful and readily understood description of the prin-
ciples and conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental under-
standing of the invention, the description taken with the
drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.
[0033] In the drawings:

[0034] FIG. 1 illustrates the present delivery apparatus
with an intraluminal device mounted thereupon and covered
by a tubular cover.

[0035] FIG. 24 illustrates the delivery apparatus of FIG. 1
without the intraluminal device.
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[0036] FIG. 25 illustrates the tubular cover with attached/
integrated longitudinal struts.

[0037] FIG. 3 illustrates the delivery apparatus of FIG. 1
with the intraluminal device mounted thereupon and the
tubular cover partially withdrawn into the lumen of the
delivery apparatus through the distal opening of the elon-
gated (outer) tube.

[0038] FIG. 4 illustrates the delivery apparatus of FIG. 1
with the tubular cover drawn into the lumen through the
distal opening of the elongated (outer) tube.

[0039] FIG. 5 illustrates a fluid a conduit for delivering a
friction-reducing composition to the distal portion of the
delivery apparatus.

[0040] FIGS. 6a-/ illustrate delivery and deployment of
an intraluminal device in a colon using the delivery appa-
ratus of the present invention.

[0041] FIG. 7 illustrates a prototype of a delivery appa-
ratus which includes a longitudinally elastic tubular cover.
As is shown by this Figure, pulling of handle proximally
stretches the tubular cover longitudinally and prevents
release of the device from the delivery apparatus.

[0042] FIG. 8 illustrates a prototype system including a
delivery apparatus (A), a movement limiting band (B) and
anastomosis shield device (C).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] The present invention is of an apparatus which can
be used to deliver a device into a hollow organ. Specifically,
the present invention can be used to deliver a device for
bypassing an anastomosis site in a hollow organ such as a
colon.

[0044] The principles and operation of the present inven-
tion may be better understood with reference to the drawings
and accompanying descriptions.

[0045] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not limited in its application to the details set forth in the
following description or exemplified by the Examples. The
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein is for the purpose of description and should not be
regarded as limiting.

[0046] Leaks from anastomosis sites are a major compli-
cation of surgical union of hollow organ tissues. In fact, the
rate and clinical implications of anastomotic leakage in
colorectal and colo-anal anastomosis oftentimes necessitates
a loop stoma for fecal diversion.

[0047] To address this problem, anastomosis protection
devices for internally bypassing an anastomosis site have
been developed. Such protection devices employ internally
anchored sleeves (e.g. U.S. 20100010517, U.S.
20100010518) or externally clamped sleeves (e.g. U.S. Pat.
No. 3,435,823, U.S. 20050033226) for routing feces and
isolating it from the anastomosis site. Although bypass
devices provide a promising alternative to fecal diversion
procedures, they have yet to meet clinical acceptance largely
due to complications associated with sleeve-tissue anchor-
ing and sleeve placement and removal.

[0048] U.S. Pat. No. 8,690,817 to the present inventors
discloses a unique anastomosis bypass device that includes
several expandable toroidal balloons. The balloons stabilize
the device against the inner walls of the colon and provide
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sealing thereagainst, while an externally mounted band
(surrounding the colon) limits movement of the intraluminal
device within the colon.

[0049] Experiments conducted by the present inventors
have revealed that delivery of such an intraluminal device
can be limited by less than optimal device unsheathing and
deployment (see the Examples section for more detail).
[0050] In order to solve these problems and facilitate
smooth delivery and deployment of the intraluminal device,
the present inventors have devised a delivery apparatus
which can be used to deliver and deploy an intraluminal
device such as that described in US8690817.

[0051] Thus, according to one aspect there is provided an
apparatus for delivery of a device into a hollow organ.
[0052] As used herein, the phrase “hollow organ” refers to
any hollow tissue structure that serves as a conduit for
biological material. Examples include the GI tract, including
the esophagus, stomach and intestines, the urinary tract,
including the ureters, bladder and urethra, and the vascular
system including arteries, veins and the like. As used herein,
the phrase biological material includes, but is not limited to,
feces, urine, blood and the like.

[0053] The delivery apparatus of the present invention
includes an elongated tube (also referred to herein as “outer
tube”) having proximal and distal openings; the outer tube is
configured for carrying the deliverable device thereupon.
The delivery apparatus further includes a tubular cover for
covering at least a portion of the device when mounted on
the outer tube. The tubular cover is retrievable into the outer
tube through the distal opening, such that when the device
is mounted on the outer tube and covered by the tubular
cover, retrieval of the tubular cover into the outer tube
uncovers the device for delivery into the hollow organ.
[0054] As is further described in the Examples section
which follows, experiments conducted with various configu-
rations of a tubular cover have revealed that the friction
between the deliverable device and the tubular cover dis-
posed therearound prevents efficient uncovering of the
device due to longitudinal stretching of the tubular cover in
response to a pulling force. Such stretching resulted in a
reduction of the diameter of the tubular cover and an
increase in friction between the cover and delivered device
that prevented device release.

[0055] In order to overcome these problems, the tubular
cover of the present delivery apparatus was designed with
radial elasticity and axially rigidity (inelasticity).

[0056] The radial elasticity enables the tubular cover to
closely hug and apply compressive (packing) forces on the
deliverable device or a portion thereof, while the longitudi-
nal (axial) rigidity (non-elasticity) prevents longitudinal
stretching of the tubular cover when pulled into the outer
tube through the distal opening thereof.

[0057] The tubular cover is pulled into the outer tube by an
additional elongated tube (also referred to herein as “inner
tube”) which is disposed within the outer tube and is
attached to the distal portion of the tubular cover. Pulling of
the inner tube with respect to the outer tube pulls the tubular
cover in a distal direction into the distal opening of the outer
tube thereby uncovering the distal portion of the outer tube
(on which a deliverable device is mounted.

[0058] FIGS. 1-5 illustrate one embodiment of the present
apparatus which is referred to herein as apparatus 10.
[0059] Apparatus 10 includes an outer tube 12 that is
disposed over an inner tube 14 (not visible, indicated with
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dotted line). Outer tube 12 can be fabricated from PTFE,
Nylon, Pebax, or any other thermoplastic/elastic polymer
(with or without braid reinforcement), or a metal (e.g.
stainless steel or Nitinol). Outer tube 12 can be thin (wall
thickness of 0.5-1 mm or less) or slotted to allow flexibility
and yet provide pushability. The outer diameter (OD) of
outer tube 12 can be 3-7 mm while the inner diameter (ID)
can be 2-6 mm. Outer tube can be fabricated via extrusion
or any other suitable fabrication approach.

[0060] Inner tube 14 can be fabricated via, for example,
extrusion using the materials described above. Inner tube 14
can have an OD of 2-6 mm and an ID of 0.1-1 mm.
[0061] At least a distal portion 13 of outer tube 12 is
configured for carrying a deliverable device. Device 15
shown in FIGS. 1, 3 and 5 is configured for bypassing/
shielding colon anastomosis sites and is about 200-500 cm
in length. As such, device 15 is disposed over the length of
outer tube 12, with only a tissue-anchoring segment thereof
(having two toroidal anchoring balloons 19 shown in FIGS.
3 and 5) being covered by tubular cover 24. However,
shorter devices can be mounted over distal portion 13 and be
completely covered by tubular cover 24.

[0062] Apparatus includes handle 16 having two portions,
a proximal portion 20 which is connected to inner tube 14
and a distal portion 18 which is connected to outer tube 12.
Handle portion 18 and 20 can be fabricated via machining,
3D printing or molding using a variety of polymers and/or
alloys (e.g. POM-C, ABS, polycarbonate, stainless steel etc.)
Handle 16 can be 100-200 mm in length and 15-45 mm in
diameter.

[0063] Proximal portion 20 can be pulled against distal
portion 18 to thereby pull inner tube 14 with respect to outer
tube 12. Handle 16 includes a safety mechanism 26 (e.g. a
removable pin, a movable element, a ratchet mechanism or
the like) for preventing inadvertent pulling of portion 20
with respect to portion 18 when apparatus 10 is used.
[0064] Distal end 22 of inner tube 14 is connected to a
tubular cover 24 (FIG. 2a) which is configured for partially
or fully covering a deliverable device (partial covering is
shown with device 15 of FIG. 1). Pulling of portion 20 with
respect to portion 18 pulls distal end 22 of inner tube 14 in
a proximal direction and withdraws tubular cover 24 into
outer tube 12 through opening 26 (FIG. 3). Tubular cover 24
can be partially or completely pulled into outer tube 12
(partial withdrawal into outer tube 12 shown in FIG. 3). A
graduated scale 17 (FIGS. 3 and 4) disposed within handle
16 can become visible as portion 20 is pulled to indicate the
portion (in percent or mm) of tubular cover withdrawn into
outer tube 12.

[0065] Tubular cover 24 is a radially elastic, longitudinally
rigid tubular structure which is capable of elastically stretch-
ing radially to accommodate device 15 and apply a com-
pressive force thereupon.

[0066] Tubular cover 24 can be fabricated from nylon,
silicone, latex, rubber, polyurethane or the like with a radial
compliance of 10-100%. Fabrication can be effected using
common approaches such as dipping, blow molding, cast-
ing, extrusion or the like.

[0067] The longitudinal rigidity of tubular cover 24 is
provided by longitudinal reinforcement, e.g. axial elements,
such as struts 25 which are attached to, or integrated into
tubular cover 24 (FIG. 25). Struts 25 can be embedded into
tubular cover 24 during manufacturing (dipping, over mold-
ing) or joined thereto via gluing, sandwiching (dual layer) or
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the like. Struts 25 can be attached to distal connector 29 of
tubular cover 24 which is in turn connected to (glued/
welded) inner tube 14.

[0068] Any number of struts 25 can be provided in or on
tubular cover 24. For example, 4-8 struts spanning the length
of tubular cover 26 can be arranged around the circumfer-
ence thereof in symmetrical or non-symmetrical spacing.
Struts 25 can span the entire length of tubular cover 26 or a
portion thereof (e.g. 70-95%).

[0069] Struts 25 can be configured to provide longitudinal
rigidity only under pulling forces, since tubular cover 24 is
pulled to uncover the delivered device. As such, struts 25 can
be fabricated as strings (single filament of braided), or
ribbons from inelastic polymers such as nylon, PLA or
PEEK, or from natural materials such as silk or cotton. Struts
25 can also be fabricated from rigid materials such as, alloys
(stainless steel) and the like. The axial compliance of struts
25 is less than 20%, preferably less than 10%.

[0070] FIG. 4 illustrates apparatus 10 without device 15
and with tubular cover 24 partially withdrawn into outer
tube 12 showing distal portion 13 and nose cone 28. Nose
cone 28 is shaped to facilitate delivery of apparatus 10 into
the hollow organ and to enable easy retraction thereof. In
addition, nose cone 28 also facilitates collection of tubular
sheath (which slides thereupon) into outer tube 12. Nose
cone 28 is preferably fabricated from low friction materials
such as Teflon or Delrin. Nose cone 28 also functions as a
distal stop to prevent any distal movement of the device
carried on outer tube 12 during unsheathing of tubular cover
24.

[0071] FIG. 5 illustrates apparatus 10 with tubular cover
24 partially covering device 15 mounted on outer tube 12
and a conduit 30 disposed between handle 16 and distal
portion 13. Conduit 30 includes a proximal opening 32 and
distal opening 34. Conduit 30 can be used to deliver a
friction reducing compound to distal portion preferably
under tubular cover 24 within a space between tubular cover
24 and device 15. Such a friction reducing compound can be
water or oil-based and can include glycerin and hydroxy-
ethyl cellulose lubricants.

[0072] Delivery of the friction reducing compound can be
facilitated by a syringe or pump connected to proximal
opening 32 via, for example, a Luer lock mechanism. When
delivered under tubular cover 24, the friction reducing
compound can decrease friction caused by contact of inner
walls of tubular cover 24 and outer walls of device 15 to
thereby facilitate unsheathing of device 15 (via withdrawal
of tubular cover 24 into outer tube 12). Delivery of the
friction reducing compound can be effected prior to posi-
tioning of apparatus 10 carrying device 15 in the hollow
organ, or following such positioning and prior to pulling of
inner tube 14 with respect to outer tube 12.

[0073] Apparatus 10 can be used to deliver any intralu-
minal device into any hollow organ. One preferred device
deliverable by apparatus 10 is the anastomosis bypass device
described in U.S. Pat. No. 8,690,817 and generally shown in
FIGS. 1, 3 and 5.

[0074] Such a device is a tubular sleeve constructed from
silicone, PTFE, Dacron™ or latex or any other suitable
material and having dimensions in the range of 250-500 mm
length, 25-50 diameter and 0.05-1 mm wall thickness.
[0075] As is further described herein under, the movement
of the tubular sleeve within the hollow organ (specifically
downstream movement) is limited via an externally mounted
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movement-limiting element which is preferably configured
as a band loosely encircling the hollow organ.

[0076] The sleeve includes an upstream opening for
receiving the biological material transported through the
hollow organ and downstream opening which serves as an
exit point for the biological material.

[0077] The sleeve can include two distinct functional
portions. A first (distal) portion functions in stabilizing the
sleeve within the hollow organ and sealing it with respect to
the hollow organ inner walls, thus serving as the entry
portion for the biological material. The first portion is
preferably more rigid in nature and can be shaped to
facilitate movement of the biological material from the
hollow organ and into the sleeve. The first portion of the
sleeve is preferably constructed from silicone (Shore A
30-80), with a thickness of 0.1-0.6 mm and configured with
an external diameter of 30-60 mm, and a length of 25-100
mm. This portion can also include stabilizing struts and
inflatable external balloons for anchoring and stabilization.
Although the diameter of the first portion can increase
slightly under internal pressure exerted by passage of bio-
logical material, such increase is typically no more than
5-15% of the fully open diameter.

[0078] A second (proximal) portion of the sleeve can
function in directing the biological material moving through
the sleeve into a portion of the hollow organ downstream of
the anastomosis site and/or outside the body. As such, this
portion of the sleeve is designed to contain the biological
material while providing some accommodation for volume
and movement. The second portion of the sleeve can be
elastic and flimsy and is preferably constructed from a
silicone material (Shore A value of 5-40) and a thickness of
0.05-0.3 mm. Depending on the anastomosis location along
the colon the second portion of the sleeve can range in length
from 150-450 mm and 20-40 mm in diameter when fully
open. For example, when utilized in bypassing a low col-
orectal anastomosis, the second portion of the sleeve can be
150-350 mm in length when fully deployed.

[0079] The first portion is preferably contiguous with the
second portion and is thus fabricated as one unitary structure
or assembled from two irreversibly attached portions (using
for example, adhesives, mechanical fasteners and the like)
which are assembled prior to positioning.

[0080] The first portion can also include a mechanism for
further stabilizing the sleeve in the hollow organ and lim-
iting its movement against the externally mounted move-
ment-limiting element.

[0081] Such a mechanism can include an expandable
structure which can be used for increasing the external
diameter of the first portion following deployment.
Examples include, stent-like bands which are expanded
following deployment, compressed foam-like elements (dis-
posed as a ring or discrete ‘blocks’ around the outer circum-
ference of the first portion).

[0082] Expansion of such mechanisms can be effected by
releasing a constraining mechanism such as a sheath or a
pull-string. For example, a stent like band (cut out of a
Nitinol or stainless steel tube or braided from Nitinol or
stainless steel wire) initially shaped to about 50 mm outer
diameter (OD) is compressed into a sheath with 10 mm
internal diameter (ID); once released from the sheath, the
stent-like band will elastically expand to the original 50 mm
diameter.
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[0083] A presently preferred expandable structure
includes one or more (e.g. 2 or 3) inflatable structures
(balloons/bladders/sacs) disposed as a ring (e.g. toroidal
balloons) or a plurality of discrete inflatable structures
around the outer circumference of the first portion.

[0084] Inflation of such an inflatable structure can be
effected via an inflation conduit disposed within a sidewall
of'the sleeve. Depending on the anastomosis bypassed, such
conduit can run the length of the sleeve from the distal
opening to the inflatable structure(s), or it can traverse only
a portion of this length (e.g. 100-400 mm).

[0085] As is mentioned above, the system of the present
invention also includes a movement-limiting element for
limiting the movement of the sleeve and preventing the first
portion thereof from migrating past the anastomosis site (in
a direction of flow through the hollow organ).

[0086] The presently preferred configuration of a move-
ment-limiting element is a band encircling the outer surface
of the hollow organ. It will be appreciated that such a band
need not completely encircle the hollow organ; as such it can
be an open band covering, for example, about 270 degrees
of the circumference of the hollow organ.

[0087] A presently preferred configuration of the band is
configured such that no substantial radial force is applied to
the hollow organ when in use. Such a configuration negates
the possibility of tissue ischemia and necrosis especially
when the hollow organ is, for example, a colon which
distends when fecal matter passes there through.

[0088] A hollow organ such as a colon is designed to
radially expand in order to accommodate passage of feces
during peristalsis (about 3-4 times per day). Such expansion
can increase the diameter of a colon from 3 to 6 cm. A band
positioned in close contact with the outer wall of the colon
can apply inward pressure on the wall tissue when the colon
expands during passage of feces. Such pressure can lead to
tissue ischemia and necrosis and or to tissue erosion dues to
both compressive forces and axial forces and frictional
forces that result from axial movement of the colon with
respect to the band.

[0089] To solve this problem, the band of the present
invention can be configured to closely encircle the hollow
organ and elastically expand when the organ expands, or
alternatively and preferably the band can be configured with
a diameter slightly smaller than that of the expanded organ
(e.g. about 15-30% smaller), but larger than that of the
relaxed state of the hollow organ (e.g. about 15-30% larger).
In the case of colon anastomosis, the band can be fabricated
with an internal diameter of 30 -50 mm and a substantially
rigid (e.g. 10% compliance) internal circumflex. Since the
distal portion of the (internal) sleeve is relatively rigid (as
described above), it may limit organ radial expansion at the
site around and distally to the anastomosis and thus reduce
contact forces/pressures between the organ outer wall and
the band inner diameter.

[0090] The band limits movement of the sleeve (specifi-
cally the first portion of the sleeve) by functioning as a stop
for the first portion of the sleeve (e.g. a stop for the balloon
or balloon inflated around the first portion of the sleeve).
[0091] For example, a band having an internal diameter of
40mm would function as a movement stop for a sleeve
which includes a first portion having an external diameter of
50 mm and yet such a band would not apply compressive
forces to the outer colon wall.
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[0092] In order to limit migration of the sleeve down-
stream past the anastomosis site, the band is preferably
located at or above the anastomosis site. To prevent migra-
tion, the band is secured to the tissue at the desired site via
anchors, adhesive, sutures and the like. Such securement can
be to the outer wall of the hollow organ or to tissues adjacent
thereto. In the case of colorectal anastomosis, the band can
be located about 50-100 mm above (upstream) the anasto-
mosis and axially secured in place by threading the band
through the colon mesentery.

[0093] The band is delivered as a linear strip and closed to
a circle around the hollow organ using, for example, a latch,
a suture, a lasso suture around the band or other locking
mechanisms. Delivery of the band is preferably effected
through an incision in the abdominal wall. The diameter of
the band can be adjustable prior to or following positioning
using, for example, a ratchet concept in which the relatively
stiff outer rim of the band is tuned and locked to a diameter
that will allow the above defined gap between the colon and
the internal “relatively soft” inner band material or a Lasso
concept in which the diameter of the ring is limited (and
changed) by a “suture” going around the soft inner ring
material. In that concept shortening of the suture length will
decrees the ring OD.

[0094] According to another aspect of the present inven-
tion there is provided a method of delivering a device into
a hollow organ using apparatus 10.

[0095] Delivery of a device 15 into a hollow organ using
apparatus 10 is exemplified by FIGS. 6a-% which illustrate
delivery of an anastomosis bypass device into a colon.
[0096] Apparatus 10 with a mounted device is inserted
through the anus and advanced to the anastomosis site until
the distal end is located proximal to the external ring (FIG.
6a). A safety pin locking portion 20 to portion 18 is removed
and the handle is pulled proximally withdrawing the tubular
cover and exposing the device (FIGS. 6b-d). Starting with
the proximal balloon, each balloon of the device is inflated
with 15 ml of saline using a standard 20 ml syringe posi-
tioned outside the body (FIG. 6¢). Once the balloons are
inflated, apparatus 10 is completely withdrawn from the
colon/rectum via gentle pulling (FIGS. 6f-g) leaving the
device anchored in position in the colon (FIG. 64).

[0097] As used herein the term “about” refers to +10%.
[0098] Additional objects, advantages, and novel features
of the present invention will become apparent to one ordi-
narily skilled in the art upon examination of the following
examples, which are not intended to be limiting. Addition-
ally, each of the various embodiments and aspects of the
present invention as delineated hereinabove and as claimed
in the claims section below finds experimental support in the
following examples.

EXAMPLES

[0099] Reference is now made to the following examples,
which together with the above descriptions, illustrate the
invention in a non limiting fashion.

Example 1

Animal Testing

[0100] A delivery apparatus prototype constructed having
an elastic tubular cover was evaluated in pigs.

[0101] Uncovering the delivered device by pulling the
elastic cover into the elongated tube proved extremely
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difficult due to high frictional forces between the tubular
cover and device and colon. When the handle was pulled
proximally, the tubular cover stretched longitudinally (axi-
ally) and remained in position (FIG. 7 illustrates a deployed
delivery apparatus outside the body, stretched cover indi-
cated by arrow) preventing release of the device from the
delivery apparatus.

[0102] To traverse this limitation of an axially elastic
tubular cover, the present inventors fabricated an improved
prototype having a tubular cover which is radially elastic
and longitudinally inelastic. This improved prototype was
evaluated in 16 animal trials (pigs) and results showed that
the tubular cover was easily withdrawn into the elongated
outer tube of the apparatus to uncover the device and enable
delivery thereof.

Example 2

Human Testing

[0103] A prototype of the present delivery device was
tested in human subjects (FIG. 8). A single arm open label
study was conducted in order to evaluate safety, tolerability
and performance profile of the present delivery apparatus
and the intraluminal device delivered thereby (described in
U.S. Pat. No. 8,690,817) in patients undergoing colorectal
surgery.

[0104] The objectives of this study were to assess the
performance of the delivery apparatus and the device deliv-
ered thereby.

[0105] Methodology

[0106] A total of 14 subjects (7 males/7 females) were
enrolled and completed 30 days follow up to date. A single

subject (female) was excluded from the study due to failure
of leak test.

[0107] Subjects were scheduled for elective colorectal
surgery as per the site standards. The device was deployed
in the anastomosis site as follows.

[0108] Briefly, the external ring/band (B) was positioned
around the colon upstream of the anastomosis site during the
open part of the procedure when the resected bowel was
pulled out of the abdominal wall through a small incision.
The delivery apparatus (A) with a mounted device (C) was
inserted through the anus and advanced to the anastomosis
site until the distal end of the delivery apparatus was located
upstream of the external ring (B). The handle of the delivery
apparatus was unlocked and pulled proximally to withdraw
the tubular cover and expose the device. Starting with the
proximal balloon, each balloon of the device was inflated
with saline using a standard 20 ml syringe positioned outside
the body. Once the balloons were inflated, the delivery
apparatus was completely withdrawn from the colon/rectum
via gentle pulling leaving the device anchored in position in
the colon.

[0109] All variables concerning the procedure were col-
lected including duration of the entire procedure, additional
time for application of the device, inspection of the donuts,
and whether a diverting stoma had been created.

[0110] In 13 patients (7 men, 6 women) a low colorectal
resection was performed. The indication for treatment in all
patients was colon and rectal cancer. The average age of the
patients was 65 years (range, 51-83 y). Subjects’ BMI
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ranged from 20 to 32 with average of 27.9. Preoperative
neo-adjuvant chemo radiotherapy had been given to 6
patients.

[0111] Type of surgery was diverse and included 2 open
surgeries, 9 laparoscopic surgeries, 1 Robotic surgery con-
verted to open and 1 robotic converted to lap. In all cases,
delivery of the device was through the anal orifice.

[0112] The average duration of the surgical procedure was
231 minutes (range, 125-332 min). Application and deploy-
ment of the device added a median of 7 minutes to the
procedure (range 5-21 min). The median distance from the
anal verge to the anastomosis was 5 cm (range, 2-14).
[0113] In 6 of the procedures, a diverting stoma was
created in addition to the placement of the device. Device
removal was performed per protocol on day 9-11 post
procedure for 12 subjects. Early removal was performed in
one patient on day 4 (subject 03-02) due to leakage from the
anastomosis site.

[0114] Post-surgery activities included a daily evaluation
of subject’s clinical state and assessments/record of tem-
perature, passing flatus and bowel movements, concomitant
medications (with focus on laxative, antibiotics, parenteral
narcotics, or oral analgesic), food intake tolerability (liquid/
solid) and catheter use.

[0115] On Day 10 (z1), a rectal contrast enema was done
according to institution standard technique to determine
device positioning and integrity of the anastomosis, fol-
lowed by device removal.

[0116] Approximately 30 (£5) days post-surgery, subjects
returned to the clinic/hospital for a long-term follow-up
safety evaluation of adverse events, physical examination
(digestive system) and concomitant medications.

[0117] Results

[0118] Delivery was evaluated by the surgeon using feed-
back questionnaire. Answers were evaluated using a 5 point
scale, with 1=must improve, and S5=Excellent. Average
scores are detailed in the Table below.

TABLE 1

Surgeon Feedback - Device Usability

Average
score Definition

1 Learn-ability of the technique (compared 4.67 Intuitive/
to other systems) Memorable
2 Overall level of complexity of the device 4.17 Clear
(general)
3 Device ease of use 4.17  Fairly easy
4 Compatibility and adequacy of device design ~ 4.08  Good
to anatomy
5 Device external ring deployment 4.33  Good
6 Device internal sheath deployment 4.08  Good
(including positioning & balloons inflation)
7 Withdrawal of the delivery system after 4.25  Good
deployment
8 Fixation of external ring connecting tube 4.50  Excellent
9 Fixation of inflation tubes 4.33  Good
10 Removal of external ring 4.42  Good
11 Removal of internal sheath 4.33  Good
[0119] Overall device usability was found to be very good

(average score 4.3). The physicians found it to be simple,
clear and easy to use throughout all stages of deployment
and removal.

[0120] The application of the device can be performed
easily by any surgeon experienced in colorectal anastomoses
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procedures, with median application time of 7 minutes
(5-21) vs. stoma formation 15 minutes (10-30).

[0121] All subjects completed the study with no incidents
of death or major complications such as septic shock,
general peritonitis etc. Patients did not report major discom-
fort caused by the sheath. A minimal incontinence for loose
stool was observed as long as the sheath was in situ.
[0122] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination.

[0123] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims. All publications, patents and patent appli-
cations mentioned in this specification are herein incorpo-
rated in their entirety by reference into the specification, to
the same extent as if each individual publication, patent or
patent application was specifically and individually indi-
cated to be incorporated herein by reference. In addition,
citation or identification of any reference in this application
shall not be construed as an admission that such reference is
available as prior art to the present invention.

1. An apparatus for delivery of a device into a hollow
organ comprising:

(a) an elongated tube having proximal and distal openings
and being configured for carrying the device on a distal
portion thereof; and

(b) a tubular cover for covering at least a portion of the
device when mounted on said elongated tube, said
tubular cover being radially elastic and axially non-
elastic;

said tubular cover being retrievable into said elongated
tube through said distal opening, such that when the
device is mounted on said elongated tube and covered
by said tubular cover, retrieval of said tubular cover
into said elongated tube uncovers the device for deliv-
ery into the hollow organ.

2. The apparatus of claim 1, further comprising an addi-
tional elongated tube positioned within said elongated tube
and being attached to said tubular cover structure, wherein
said tubular cover is retrievable into said elongated tube by
pulling said additional elongated tube against said elongated
tube.

3. The apparatus of claim 1, wherein said elongated tube
includes a hollow nose cone forming said distal opening.

4. The apparatus of claim 2, wherein said tubular cover is
fabricated from an elastic material having non-elastic axial
elements.

5. The apparatus of claim 2, wherein said elastic material
is an elastic polymer.

6. The apparatus of claim 2, wherein a proximal end of
each of said elongated tube and said additional elongated
tube is attached to a user-operable handle.
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7. The apparatus of claim 1, wherein the device is
mounted on a distal portion of said elongated tube.

8. The apparatus of claim 1, further comprising a fluid
conduit for delivering friction-reducing composition to a
distal portion of said elongated tube.

9. The apparatus of claim 8, wherein said conduit is
removably attached to said elongated tube.

10. The apparatus of claim 8, wherein a distal opening of
said fluid conduit is positioned such that said friction-
reducing composition is delivered between said tubular
cover and the device when the device is mounted on said
elongated tube.

11. (canceled)

12. A method of delivering a device into a hollow organ
comprising:

(a) delivering into the hollow organ an elongated tube
having proximal and distal openings, said elongated
tube having the device mounted thereupon and being at
least partially covered by a tubular cover being radially
elastic and axially non-elastic;

(b) retrieving said tubular cover into said elongated tube
through said distal opening thereby uncovering said
device; and

(c) pulling said elongated tube in a proximal direction to
thereby deliver the device to the hollow organ.

13. The method of claim 12, wherein said tubular cover is
attached to an additional elongated tube positioned within
said elongated tube and further wherein (b) is effected by
pulling said additional elongated tube against said elongated
tube.

14. The method of claim 13, wherein said tubular cover is
fabricated from an elastic material having non-elastic axial
elements.

15. The method of claim 13, wherein the device is a
tubular sleeve having at least one toroidal balloon and
further wherein said toroidal balloon is inflated to anchor
said tubular sleeve in the hollow organ prior to, or following
©-

16. The method of claim 15, wherein the hollow organ is
a colon and said tubular sleeve is at least 200 mm in length.

17. The method of claim 15, wherein the hollow organ is
a colon and further wherein (a) is effected by delivering said
tubular sleeve through said anal orifice.

18. The method of claim 15, wherein said at least one
toroidal balloon is inflated via an inflation conduit having an
inflation port positioned outside the body.

19. The method of claim 13, further comprising delivering
a friction-reducing composition to a distal portion of said
elongated tube prior to (b).

20. The method of claim 19, wherein said delivering is
effected via a fluid conduit having a distal opening posi-
tioned at said distal portion of said elongated tube.

21. The method of claim 20, wherein a distal opening of
said fluid conduit is positioned such that said friction-
reducing composition is delivered between said tubular
cover and the device.

22. (canceled)



