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FIGURE 1

(57) Abstract: The device (10, 36, 38, 42, 68) applies a negative pressure to an endoluminal surface in the body of a patient to facil-
itate healing of a wound in the endoluminal surface. The device comprises a flexible porous element (14) with a peripheral outer face
(32) for contact with the wound, the outer face being defined between opposite proximal and distal ends of the porous element. A
suction tube (30) for being connected to a suction source externally of the patient's body is provided in fluid communication with the
porous element to apply a negative pressure to the wound via the outer face (32) of the porous element (14) upon operation of the
suction source. The porous element (14) has at least one through passageway (16) extending from its proximal end to its distal end
for passage of bodily substances of the patient through the porous element. The device can also include a drainage tube (22) for col-
lection and drainage of the bodily substances from the patient, wherein the drainage tube is received in the through passageway of
the porous element. The device is particularly suitable for assisted healing of anastomotic wounds but its use is not limited thereto.



10

15

20

25

30

WO 2012/071626 PCT/AU2011/001568

-1-

DEVICE FOR USE IN ENDOLUMINAL VACUUM THERAPY

FIELD OF THE INVENTION

The invention relates to a device for facilitating healing of a wound in an

endoluminal surface of a patient and a method for use of the device.

BACKGROUND OF THE INVENTION

Cancer remains one of the major modern day health issues and accounts for a
large proportion of health and hospital costs. For example, in excess of 106,000 new
cases of large bowel cancer are diagnosed each year in the United States alone. Of these,
about 65,230 cases are colon cancer while the remainder of patients have cancer of the
rectum. In the United States, approximately 49,920 people die from colorectal cancer
(CRC) yearly, with about 1 in 17 people developing CRC during some stage of their life.

Surgery is the mainstay of care for CRC. Radiotherapy (for rectal cancer) and/or
chemotherapy can also be administered. About 60% of rectal cancer patients have
surgery as well as both radiotherapy and chemotherapy. Surgery involves resection of
the affected region and rejoining of the bowel forming an anastomosis. Commonly, a
colostomy involving attaching the top end of the colon to an opening (known as a stoma)
made in the abdomen is performed to divert faccal matter away from the anastomosis to
a collection bag arranged externally of the patient’s body while the anastomosis is
healing. Connection of the lower end of the small intestine (the ileum) to the stoma is
known as an ileostomy. The colostomy or ileostomy is usually temporary requiring a
subsequent reversal operation to be performed.

A patient who has a rectal cancer, for example, may have a Lower Anterior
Resection (LAR). Of such patients in the United States, about 32% will undergo a
temporary diverting loop ileostomy. A patient that has an LAR but not an ileostomy has
a 10-30% risk of having an anastomotic leak which can be either symptomatic (10-15%)
or asymptomatic. However, patients that suffer anastomotic leakage not only then

require an ileostomy, an abscess can form at the site of the leakage which then requires
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drainage, involving a yet further operation complicating the healing process. If the
leakage is symptomatic the mortality rate is 6-22%.

The average time to surgical reversal of a colostomy or ileostomy is about 15 to
23 weeks. Immediately prior to the reversal, a contrast (e.g., barium) enema is
performed to ensure that the anastomosis has healed. A routine reversal is not without
its own risks, with the overall complication rate (e.g., wound infection etc) estimated at
about 19.8%. About 3% of patients suffer an anastomotic leak associated with the
reversal operation. Moreover, in the United States, the financial cost for the colostomy
or ileostomy and subsequent reversal can be US$10,000 to $15,000 or more per patient.

As such, not only is there significant morbidity and mortality associated with
anastomotic leakage arising from primary surgery for treatment of CRC, the risk of
leakage is compounded by subsequent diverting colostomy/ileostomy procedures and
reversal operations where performed, the latter treatments adding significantly to the
financial burden involved in obtaining treatment.

The application of sub-atmospheric pressure to acute or chronic wounds to
promote wound healing is known as negative pressure wound therapy (NPWT) or
vacuum assisted closure (VAC). VAC therapy involves creating a negative-pressure in
the local wound environment, drawing away bacteria, exudate, fluid and desiccated
tissue from the wound site. Besides improving localised conditions and reducing
ocdema for wound healing, the negative pressure may draw wound edges together and
increase the rate of healing by promoting blood flow and facilitating localised cell
migration and proliferation. Indeed, it is believed VAC therapy can increase the rate of
wound closure.

Conventionally, VAC therapy has been applied to wounds in the skin such as
burns, grafts, surgical incisions, diabetic ulcers, pressure ulcers, venous stasis ulcers and
wounds arising from trauma. These “wound VAC” devices comprise a pad of open-cell
sponge like material or a porous mat for being placed on the wound. A vacuum is
applied to the sponge via a drainage tube through which fluid and exudate from the
wound that is drawn into the sponge or mat is drained away. A drape can be laid over
the sponge or porous mat to facilitate sealing of the wound. Such devices are

commercially available and, for example, are described in United States Patent

Application No. 11/186,056, US 11/347,073, US 11/409,116, US 11/268,212,
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US 12/233,211, and International Patent Application WO 93/09727. In more recent
times, VAC devices comprising like porous sponges and mats have been used to drain
seromas and fluids from internal bodily spaces following surgery and to facilitate the
healing of wounds on outer surfaces of internal body organs and tissues, examples of
which are described in WO 03/028786, United States Patent No. 5,437,651 and patent
application US 11/646,918.

SUMMARY OF THE INVENTION

Broadly stated, the present invention relates to the provision and use of a vacuum
assisted closure (VAC) type device to facilitate the healing of a wound in an
endoluminal surface within the body of a patient. Whilst, in at least some forms, devices
embodied by the invention have application in the treatment of anastomotic wounds
resulting from surgery such as for colorectal cancer (CRC), the invention is not limited
thereto.

In particular, in an aspect of the invention there is provided a device for
applying a negative pressure to an endoluminal surface in the body of a patient to
facilitate healing of a wound in the endoluminal surface, comprising:

a flexible porous element with a peripheral outer face for contact with the
wound, the outer face being defined between opposite proximal and distal ends of the
porous element; and

a suction tube for being connected to a suction source externally of the patient’s
body and which is in fluid communication with the porous element to apply a negative
pressure to the wound via the outer face of the porous element upon operation of the
suction source, the porous element having at least one through passageway extending
from its proximal end to its distal end for passage of bodily substances of the patient
through the porous element, and at least one of the proximal and distal ends of the
porous element is otherwise adapted against egress of the bodily substances into the
porous element.

Typically, both the proximal and distal ends of the porous body are otherwise

adapted against egress of the bodily substances into the porous element.
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The porous element can be cylindrical with a single longitudinal said through
passage, the through passage being defined substantially centrally within the porous
element.

In other embodiments, the porous element is funnel shaped with a projecting
shaft for being inserted into a duct defined by the endoluminal surface, the through
passageway extending longitudinally through the shaft. Typically, the device further
comprises a drainage tube for drainage of the bodily substances that pass through the
porous element from the body of the patient.

Typically, the drainage tube is received in the through passageway of the porous
clement and the interior of that portion of the drainage tube within the porous element
is sealed from the surrounding porous element by the side wall of the drainage tube to
ensure the suction is applied to the peripheral outer face of the porous element via the
suction tube.

In at least some embodiments, the drainage tube projects from the proximal and
distal ends of the porous element, wherein the interior of the drainage tube is defined by
a peripheral side wall of the tube and a plurality of through openings are provided in the
side wall forward of the proximal end of the porous element for entry of the bodily
substances into the interior of the drainage tube. In at least some embodiments, a
plurality of further through openings may also, or alternatively, be provided in the side
wall of the drainage tube rearwardly of the distal end of the porous element.

A device embodied by the invention may also comprise an expandable element
arranged for expanding the porous element to press the outer face of the porous element
against the wound with expansion of the expandable element. In embodiments
provided with a drainage tube, the expandable element can be disposed between the
discharge tube and the porous element.

The expandable element can be an inflatable inner core of the porous element.
Alternatively, the expandable element can be fabricated from a resilient material biased
to an expanded normal resting state or, for example, comprise an expandable stent.

A device in accordance with the invention can also comprise a hollow locating
tube for receiving the porous element within the interior of the locating tube to facilitate
location of the porous element in position adjacent the endoluminal surface. In such
embodiments, the expandable element is in a compressed deflated or collapsed state

when the porous element is received within the locating tube, and expands (or is
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expanded) upon the tube being withdrawn from about the porous element, or the porous
element otherwise being ¢jected from the locating tube, to press the porous element
against the wound.

Typically, the porous element is formed from an absorbent material. The
absorbent material can, for instance, be a sponge.

In another aspect of the invention there is provided a method for facilitating
healing of a wound in an endoluminal surface in a body of a patient, comprising;:

providing a device for applying a negative pressure to the wound, the device
having a flexible porous element with a peripheral outer face for contact with the
wound, the outer face being defined between opposite proximal and distal ends of the
porous element, the porous element having at least one through passageway extending
from its proximal end to its distal end for passage of bodily substances of the patient
through the porous element, and at least one of the proximal and distal ends of the
porous element is otherwise adapted against egress of the bodily substances into the
porous element;

locating the device in position such that the peripheral outer face of the porous
element is in contact with the wound; and

applying a negative pressure to the endoluminal surface through the outer face
of the porous element via a suction tube in fluid communication with the porous
clement.

In another aspect of the invention there is provided a method for treating, or
reducing potential for, leakage from an anastomosis in an endoluminal surface in a
body of a patient, comprising:

providing a device for applying a negative pressure to the anastomosis, the
device having a flexible porous element with a peripheral outer face for contact with
the anastomosis, the outer face being defined between opposite proximal and distal
ends of the porous element, the porous element having at least one through passageway
extending from its proximal end to its distal end for passage of bodily substances of the
patient through the porous element, and at least one of the proximal and distal ends of
the porous element is otherwise adapted against egress of the bodily substances into the
porous element;

locating the device in position such that the porous element is in contact with

the anastomosis; and
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applying a negative pressure to the anastomosis through the outer face of the
porous element via a suction tube in fluid communication with the porous element.

Besides wounds arising from surgical resection, other wounds that may be
treated using a device embodied by the invention include those arising from diseases
and physiological conditions, ablation, radiotherapy, chemotherapy or other medical
treatments, and injuries due to accidents and trauma. Moreover, although at least some
embodiments are particularly suitable for use in facilitating healing of an anastomotic
or other wound in the endoluminal surface of the large bowel of the gastrointestinal
tract as described above, devices in accordance with the invention may have application
in other luminal structures such as those may be explored with an endoscope or similar
type of viewing device.

In particularly preferred embodiments, the device can be mounted on an
endoscope and located in position within the lumen with the use of the endoscope (or
other suitable insertion or viewing device). A guide wire can also be inserted along the
relevant lumen, a device embodied by the invention moved along the guide wire into
position, and the guide wire then withdrawn leaving the device behind within the
lumen. This can be done under e.g., ultrasound or fluoroscopic guidance. As the
porous clement of a device embodied by the invention is provided with a through
passageway as described above, bodily substances present within the lumen may be
diverted through the porous element essentially without reducing the suction applied to
the wound as a result of the porous element becoming clogged or fouled by them.
Moreover, in instances of surgery on the large bowel, as bodily substances (e.g., faccal
matter) can pass through the porous element via the through passageway while the
device is in position in use, the need for a diverting colostomy or ileostomy following
resection of tissue for treatment of CRC may also be reduced or avoided altogether. By
avoiding the need for a colostomy or ileostomy, not only may the significant financial
burden associated with patient treatment be lessened, patient psychological stress and
discomfort stemming from the need for the patient to wear a waste collection bag into
which bodily waste is received via the stoma is also avoided.

In addition, the use of a device as described herein may in one or more
embodiments of the invention increase the rate of healing of the wound in the

endoluminal surface of the patient. The risk of anastomotic leakage and associated
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morbidity and mortality may also be reduced in patients following surgery such as an
LAR on whom a diverting loop ileostomy is not performed.

Throughout this specification the word “comprise”, or variations such as
“comprises” or “comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like that has
been included in this specification is solely for the purpose of providing a context for the
invention. It is not to be taken as an admission that any or all of these matters form part
of the prior art base or were common general knowledge in the field relevant to the
invention as it existed in Australia or elsewhere before the priority date of this
application.

The features and advantages of the invention will become further apparent from
the following detailed description of embodiments thereof together with the
accompanying drawings. At least some like components of different embodiments of
devices of the invention are numbered the same for convenience in the following

description.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Figure 1 is a diagrammatic perspective view of a device embodied by the
invention;

Figure 2 is a diagrammatic partial side view of a the device of Fig. 1 in position
within a lumen in the body of a patient;

Figure 3 is a diagrammatic perspective view of another device embodied by the
invention;

Figure 4 is a diagrammatic perspective view of another device embodied by the
invention;

Figure 5 is a diagrammatic perspective view of yet another device embodied by
the invention;

Figure 6 is a diagrammatic view of a further device embodied by the invention

in position within a lumen in the body of a patient;
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Figure 7 is a diagrammatic view of a further device embodied by the invention in
position within the lumen in a body of a patient;

Figure 8 is a diagrammatic view of another device in accordance with the
invention;

Figure 9 illustrates the device of Fig. 8§ inserted in the pancreatic duct of a
pancreas sutured to the jejunum of the small intestine in a pancreatojejunostomy; and

Figure 10 illustrates a pancreas sutured to the jejumum of the small intestine in a

pancreatojejunostomy employing the “dunk technique”.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION

A device 10 embodied by the invention (termed an endoVac herein) is shown in
Fig. 1. The device comprises a porous element 12 in the form of a substantially
cylindrical biocompatible sponge 14 with a peripheral outer face for contact with an
endoluminal surface of a patient and having a central through passageway indicated by
the numeral 16 that extends from a proximal end 18 of the sponge to its opposite distal
end 20. A drainage tube 22 fabricated from a physiologically acceptable plastic material
is received in the through passageway of the sponge. The drainage tube allows for
passage of bodily substances through the sponge and drainage from the lumen of the
patient in use as further described below.

As can be seen, the drainage tube protrudes from the proximal end of the sponge
14 and terminates in an open end 24 for entry of the bodily substances into the tube.
Further openings 26 for entry of the bodily substances into the interior of the drainage
tube are provided in the side wall of the tube forward of the sponge. As also indicated in
Fig. 1, the drainage tube 22 extends from the distal end 20 of the sponge, and is of a
length sufficient to extend from the patient’s body. Additional openings 28 are provided
in the side wall of the tube for entry of bodily substances into the interior of the tube
rearwardly of the sponge. That portion of the drainage tube 22 within the sponge is
unperforated thereby sealing the interior of the drainage tube from the surrounding
sponge. The sponge is fixed to the drainage tube along its length so as to retain the

sponge in position whilst the device 10 is being inserted into position within the lumen.
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The sponge may be fixed to the tube by, for example, by the use of a suitable adhesive,
or sonic or heat welding.

A suction tube 30 for connection to a suction source arranged externally of the
patient’s body is in fluid communication with the sponge 14 for application of a negative
pressure to the sponge. Both the proximal and distal ends 18 and 20 of the sponge are
essentially impermeable to gases and fluids, and so are adapted against egress of the
bodily substances into the sponge under action of the suction applied to the sponge via
the suction tube.

To seal the proximal and distal ends of the sponge against entry of the bodily
substances, an occlusive barrier in the form of a ring of flexible plastic sheet material can
be affixed to the respective ends in any suitable manner such as by an appropriate
adhesive, heat or sonic welding, or other method. In this embodiment, the suction tube
is sealingly received in, or terminates about, an opening provided in the ring of plastic
sheeting affixed to the distal end of the sponge whereby the interior of the suction tube is
in fluid communication with the sponge. Alternatively, the sponge can be provided with
a flexible annular end cap formed from a suitable plastics material (e.g., a closed cell
foam) that sealingly receives the suction tube and is affixed to the distal end of the
sponge for application of the suction to the sponge via the suction tube. In such
embodiments, the suction tube can open into a circumferential open channel defined in
the underside of the annular cap wherein the open channel faces the distal end of the
sponge for more even circumferential distribution of the applied suction to the sponge.
Preferably, however, in other forms, the suction tube 30 extends into the sponge itself
and has through openings in the side wall of that portion of the suction tube within the
sponge. In still further embodiments, an essentially impermeable coating can be applied
to the respective end(s) of the sponge to seal the proximal and/or distal end(s) of the
sponge rather than employing sheet plastics material or end/caps for this purpose.

The interior of the drainage tube is separated from the sponge along the entire
length of the tube within the through passageway by the side wall of the tube. That is,
there are no through openings in the side wall of the drainage tube between the proximal
and distal ends of the sponge 14 ensuring the suction is applied to the peripheral face

However, and with reference to Fig. 2, the peripheral outer face 32 of the sponge
is in fluid communication with the suction tube through pores in the sponge, and is

pressed against the wound 29 in the surrounding endoluminal surface 31 defining the
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lumen 33 in which the device 10 is placed in use. When in position, suction from the
external suction source is thereby applied to wound and surrounding endoluminal
surface via the peripheral outer face of the sponge 14. This creates a localised area of
negative pressure about the wound, the suction drawing surface fluid and any exudate
that may be present away from the wound into the sponge.

Thus, besides providing suction to the sponge, the suction tube 30 acts as a
second drainage tube for fluids drawn through the sponge from the wound. Moreover,
by diverting bodily substances present in the lumen through the sponge via the through
passageway 16 and thereby separating those substances from fluids drawn into the
sponge from the wound, clogging and/or fouling of the sponge by the bodily
substance(s) in the lumen and associated loss of suction applied to the wound via the
suction tube may be reduced or avoided.

Other endoVAC devices embodied by the invention similar to that shown in
Fig. 1 are also provided but which have an expandable element 34 disposed in the
through passageway 16 of the sponge and more particularly, between the drainage tube
22 and the outer cylindrical layer of sponge 14. The expandable element is arranged to
expand the sponge to press the peripheral outer face 32 of the sponge into firm with
contact with the endoluminal surface, and can take various forms.

For instance, in the embodiment illustrated in Fig. 3, the expandable element 34
is in the form of a tubular insert fabricated from a resilient material (e.g., a foamed
plastics material) that is maintained in a compressed state about the drainage tube by a
hollow locating tube/sheath (not shown) in which the surrounding sponge 14 is received
whilst the device 10 is being located in position with the lumen adjacent the wound to be
treated. The resilient material is biased to a normally expanded resting condition, and
expands to that condition to press the sponge against the wound and surrounding
endoluminal surface upon the insertion tube or sheath being withdrawn from the sponge
once the device has been positioned within the lumen.

In another form, a further suction tube can be provided for applying
suction/negative pressure to the resilient insert to compress the insert without the need to
use a locating tube. In this embodiment, the peripheral surface of the resilient insert
facing the sponge is sealed from the sponge (e.g., by an impermeable coating). As with
the sponge 14, the proximal and distal ends of the insert are also sealed either by, for

example, an impermeable coating or barrier as described in relation to Fig. 1. As such,
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withdrawal of the negative pressure applied to the resilient insert via the further suction
tube allows the insert to expand to its normal resting condition and press the peripheral
outer face of the sponge against the endoluminal surface.

As a still further alternative, the expandable element 34 can take the form of an
inflatable insert such as a tubular balloon with an inflation tube for inflation of the
balloon to expand the peripheral outer face of the sponge into pressed contact with the
endoluminal surface as generally illustrated in Fig. 4. The inflation tube can, for
example, be connected to a hand operated pump externally of the patient’s body for
effecting inflation of the balloon to a predetermined pressure. To avoid over inflation,
the pump is provided with a pressure safety valve and/or in other forms, a pressure gauge
for indicating the pressure applied to the balloon. Once suitably inflated, a valve of the
pump is closed to retain the balloon in the inflated condition.

From the above it will be understood that the term “expandable element” as used
herein encompasses elements that can expanded from a compressed, collapsed or
deflated condition in use to press the peripheral outer surface of the sponge 14 against
the endoluminal surface. As such, the expandable element may normally exist in an
expanded condition. Further, it will be appreciated that collapsing or compressing the
sponge (with or without the use of a locating tube or sheath as described above) may
assist passage of the device along the relevant bodily lumen into position by minimising
frictional contact with the endoluminal surface.

Whilst the provision of a drainage tube 22 is desirable, it is not essential and
embodiments of devices of the invention can be provided without one as illustrated in
Fig. 5. In this embodiment, bodily substances present within the lumen may simply pass
through the through passageway 16 of the device 36 once the device is located in
position.

When provided, the drainage tube can be connected to a programmable or other
electric suction pump for drawing the relevant bodily substances through the device 10,
36 to assist drainage and sanitary collection of the substances from the patient for
monitoring and/or subsequent disposal. The external suction source connected to the
suction tube 30 may also be an electric pump although any suitable source of suction can
be utilised. In embodiments of a device of the invention that is provided with a suction
compressible resilient insert 34 as described above, that insert may be connected to the

same or different suction source as the sponge 14. Typically, the suction applied to the
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sponge 14 via the suction tube 30 will be in a range of from 11mm Hg to 140mm Hg and
most usually, in a range of from 50-100 mm Hg.

Various types of sponge 14 suitable for use in a device of the invention are
known, non-limiting examples of which may include open cell polyurethane and
polyvinyl alcohol foams with or without a reticulated cell structure. The pores of the
sponge may be in a range of from about 100 uM to about 1000 pM, more usually in a
range of from about 200 uM to 600 uM and generally, in a range of from about 400 uM
to 600 uM. Desirably, the foam employed is essentially non-adherent to the wound.
Alternatively, the device can be removed from the patient before any deleterious
adherence to the wound or tissue ingrowth into the sponge 14 occurs.

EndoVAC devices embodied by the invention have particular application in the
treatment of anastomotic wounds following surgery of the large bowel of the
gastrointestinal (GI) tract for removal of cancerous tissue and to provide clear tissue
margins in colorectal cancer (CRC) patients. Prior to the surgery (e.g., 24 hours
beforchand), the patient’s bowel is cleared of stool by the administration of laxatives
such as dipropylene glycol and/or anemas. For cancer of the cecum or ascending colon,
for example, a right hemicolectomy may be performed, whilst an extended
hemicolectomy may be performed for cancer of the transverse colon. In patients with
cancer of the descending or sigmoid colon, the surgery typically involves a left
hemicolectomy or sigmoidectomy. In each of these surgeries, an anastomotic wound is
formed by joining resected tissues and may be treated in accordance with the invention.

To facilitate healing of the wound, the endoVAC device of the invention is
inserted into position adjacent the wound in the large bowel via the anus. An endoscope
type viewing device such as a rigid or semi-flexible sigmoidoscope or colonoscope with
a slight curvature may be employed to locate the device in position. The endoVAC
device may be mounted on the end of the endoscope and/or otherwise be moved along
the lumen of the large bowel as the endoscope is inserted into the patient. When in
position adjacent the wound, the endoscope or other locating tool is withdrawn from the
patient, the sponge is expanded into pressed contact with the endoluminal surface of the
large bowel as needed as described above, and suction is applied to the sponge 14 via
connection of the sponge to the external sectional suction source by the suction tube 30.
A guide wire or tendon may also be inserted along the lumen, and a device embodied by

the invention then moved along the guide wire into position before the guide wire is
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removed. To assist positioning, the location of the device can be monitored by
ultrasound or, for example, a fluoroscopic technique employing a contrast agent by
another surgeon or medical attendant.

The endoVAC device will generally be maintained in position and negative
pressure applied to the anastomotic wound for 3 to 5 days while the wound heals.
During this time, faccal matter, mucus, and other fluid bodily substances in the large
bowel distally to the device can pass through the sponge via the through passageway 16
or drainage tube 22 when provided.

Besides the large bowel, an endoVAC device embodied by the invention may, for
example, be utilised to assist healing of fallopian tube, tracheal, bronchial, oesophagus,
esophagogastric, gastrojeuneal or pancreatojejunal wounds such as following
esophagectomy or bariatric surgery. Indeed, it will be understood that the endoluminal
surface can be any endoluminal surface amenable to treatment with a device as described
herein. Moreover, besides wounds resulting from resection of tissue, a device as
described herein has application to assisted healing of wounds resulting from, but not
limited to, trauma, radiotherapy, radiofrequency ablation, ethanol ablation, cryosurgery,
chemotherapy, polypectomies, and ulcers. Hence, the term “wound” as used herein is to
be taken in its broadest context to encompass wounds inflicted by surgery and medical
treatments, trauma caused by accidents, and wounds resulting from physiological
diseases or conditions (e.g., a fistula). Further, the term “bodily substances” as used
herein is to be taken to encompass air, gases, fluids, mucous and waste bodily products
(e.g., faccal matter) that may be present within the relevant lumen of the patient.

Employing a device in accordance with the invention may, in one or more
embodiments, allow for a colostomy or ileostomy associated with surgery of the large
bowel such as for CRC (e.g., Lower Anterior Resection (LAR)), and the risk of
anastomotic leakage connected with subsequent reversal of the colostomy or ileostomy,
to be avoided. Likewise, by facilitating the healing of anastomotic wound, the risk of
leakage and/or infection of the wound may be decreased. To further facilitate healing, in
at least some embodiments, the sponge or other porous element 12 may be impregnated
or coated with drugs or other therapeutic agents such as antibiotics for release at, or
application to, the wound site. For instance, a silver ion releasing antimicrobial coating
may be applied to the peripheral outer face of the sponge for application to the wound.

Moreover, by providing an occlusive barrier to the proximal and/or distal ends of the
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sponge 14 against the egress of gases, faccal matter and/or bodily fluids into the sponge
14 as described above, bacterial loading and “clogging” of the sponge 14 may be
minimised.

An endoVAC device embodied by the invention may also be used to assist the
healing of a fistula between e.g., the bowel and skin as generally illustrated in Fig. 6. In
this embodiment, the device 38 is of the type having an expandable element 34 to press
the surrounding sponge 14 into contact with the endoluminal surface of the bowel lumen
66 into which the fistula 64 opens. However, rather than the suction tube 30 applying
suction to the distal end of the sponge or otherwise entering the distal end of the sponge,
in this instance, the suction tube enters the device 38 through the side of the sponge and
protrudes from the subject’s body through the fistula. The suction tube can, for example,
fork within the sponge such that one fork of the suction tube extends distally along
within the sponge from the middle of the sponge and the other fork extends along within
the sponge in the opposite direction to distribute the applied suction along the length of
the sponge. The endoVAC device 38 can be inserted into position in the bowel through
the fistula, and suction applied to the endoluminal surface around the fistula to promote
healing. As healing of the fistula progresses and the tissue forming the opening of the
fistula into the bowel is remodelled, the device 38 can be replaced with another device
38 of a smaller size by removing the previous device through the fistula and reinserting
the smaller device in the same manner. Depending on the size of the fistula, this may be
repeated on or more times.

In another embodiment, an endoVAC device 68 can be located in position within
the bowel so as to cover the opening of a fistula 64 but wherein the suction tube 30
enters the bowel through a surgically made opening along from the fistula as illustrated
in Fig. 7.

A yet further endoVAC device 42 in accordance with the invention is shown in
Fig. 8. In this device the sponge 14 is funnel shaped wherein the drainage tube 22 and
the suction tube 30 enter the distal face 44 of the sponge, the distal face 44 of the sponge
being otherwise sealed against egress of gas and fluid into the sponge as described
above. As shown, that portion of the suction tube 30 within the sponge is provided with
a number of through openings along its side wall, and the outer diameter of the sponge
generally decreases in the distal to proximal direction of the sponge forming a projection

of the sponge in the form of a shaft 48 from which the drainage tube 22 extends. The
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shaft 48 of the sponge can be inserted into a resected end of duct such as the pancreatic
duct to assist healing in a pancreatojejunostomy in which the resected pancreas is
surgically sutured to the middle region of the small intestine between the duodenum and
ileum known as the jejunum. The pancreatic duct carries pancreatic juice from the
pancreas to the small intestine. Pancreatic juice is alkaline and contains enzymes which
act to break down fat, and so can cause significant damage outside of the intestine. The
“leakage rate” for pancreatojejunostomies is in the order of about 15%.

An example of a pancreatojejunostomy technique in which the exposed opening
of the pancreatic duct 50 in a resected end 52 of the pancreas generally indicated by the
numeral 54 is sutured to the mucosa of the jejunum by sutures 56 such that the duct
opens into the jejunum 58 through an opening surgically formed in the jejunum is
illustrated in Fig. 9. In the embodiment shown, the endoVAC device 42 is located
within the lumen of the jejunum and the projecting shaft 48 of the sponge 14 is inserted
into the open end of the pancreatic duct 50. The suction applied to the sponge via the
suction tube 30 may assist to not only facilitate healing of the resected end of the
pancreatic duct but also the suturing injury to the mucosa of the jejunum. The side wall
of the jejunum adjacent to the pancreatic duct would also be expected to approximate to
the funnel shape of the sponge, the suction applied to the sponge by the suction tube
assisting to retain the side wall of the jejunum against the sponge and the shaft 48 of the
sponge in position within the pancreatic duct. That is, the outer peripheral face of the
sponge and at least the endoluminal surface of the jejunum about the sponge would
change shape under the effect of the applied suction to conform to each other as
indicated by the double headed arrows.

In some embodiments, at least that portion of the drainage tube 22 within the
sponge extending longitudinally through the shaft can comprise an expandable stent
sealed from the surrounding through passageway of the sponge by an expandable sleeve
or layer of a suitable plastics material. Alternatively, for instance, the through
passageway of the sponge in which the stent is received may sealed from the stent in
some other manner. As shown in Fig. 8 and Fig. 9, the shaft 48 of the sponge tapers in
the distal to proximal direction. However, in other embodiments, the diameter of the
sponge’s shaft 48 may be essentially constant. Further, the proximal end of the shaft 48
may be sealed against egress of bodily fluids into the sponge although this is not

essential in all embodiments of this type as the exposed proximal end of the shaft 48
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when in position in the pancreatic or other duct and pressed against the surrounding
endoluminal surface of the duct will typically be of minimal thickness.

A further pancreatojejunostomy technique in which the entire resected end
portion of the pancreas is inserted into an opening 60 formed the side wall of the
jejunum 58 whereby the opening in the side wall is sutured to the pancreas by sutures 62
18 illustrated in Fig. 10. The shaft 48 of the endoVAC device 42 is again inserted into
the resected opening of the pancreatic duct 58 to assist healing of the duct and resected
face 52 of the pancreas, as well as the suturing injury to the pancreas and jejunum. As
in the embodiment illustrated in Fig. 9, contact of the funnel shaped main body of the
sponge 14 with the endoluminal surface of the jejunum and the resected face of the
pancreas 54 under the action of the suction applied to the sponge via the suction tube 30
further assists to retain the sponge in position.

The invention will be described further below by way of a non-limiting Example

of the use of an endoVAC device embodied by the invention.

EXAMPLE 1: Healing of rectal anastomotic leaks in a swine model.

A study was carried out to evaluate the use of a vacuum assisted closure
(endoVAC) device embodied by the invention to heal low rectal anastomoses in a swine
model. Low anterior resection has a leak rate from about 5-15% which carries
significant morbidity. A diverting ileostomy is often used for high risk anastomoses but
its creation and subsequent reversal carries additional morbidity and surgical risks.
Thus, a VAC device of the invention was employed as an alternative method to manage
rectal anastomic surgery.

After bowel preparation, 14 pigs underwent rectal resection with primary
anastomosis. A 2-cm defect was then created in the staple line. In the treatment (VAC)
group, the endoVAC device was inserted within the bowel and low continuous suction
(at a respective value in a range of from 5.5-140 mmHg) was applied for 5 days. The
control group had no device placed. During the study all pigs were kept NPO and
given total parenteral nutrition. After 5 days, the anastomoses were examined by lower
GI contrast fluoroscopy (BE), by gross necropsy, and histologically evaluated for

mucosal integrity, location and density of inflammation.
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The pigs were randomly assigned into the treatment (endoVAC) or control
groups. All 10 endoVAC treated pigs completed the 5 day course of endoVAC therapy.
Of these, 9 had complete closure of the 2 cm defect when evaluated by contrast
fluoroscopy (BE), and one had a contained anastomotic leak. The pig with the
contained leak was treated with 5.5 mmHg applied suction. Of the 4 control pigs, 3 had
anastomotic leaks (2 contained, 1 uncontained). The Chi-square value for
postoperative leakage was p = 0.0410. Three of the control pigs were euthanized prior
to completion of the experiment due to symptoms of sepsis. On histology, the
endoVAC group had minimal mucosal and serosal inflammation with early granulation
and scar tissue formation. The control group had extensive mucosal damage with
associated serositis.

The results show that the endoluminal vacuum therapy is well tolerated in swine.
Moreover, the endoVAC therapy was successful in closing anastomotic defects in 90%
of cases, and inhibition of leakage as evaluated by fluoroscopy reached statistical
significance in this study.

In another study employing the same animal model described above, a low rectal
anastomoses in a single pig was treated for 5 days with an endoVAC device that was not
provided with a drainage tube 22. That is, the endoVAC device simply comprised an
unsealed sponge without a longitudinal through passageway wherein suction was applied
to the sponge by a suction tube 30. However, the sponge became contaminated with
faecal matter and suction to the sponge was lost resulting in the anastomosis failing to
heal and a consequential uncontained leak from the anastomosis.

Whilst various embodiments have been described above, it will be understood
that numerous various and modifications can be made without departing from the
invention. For example, embodiments may be provided in which the expandable
clement 34 is a stent (e.g., a wire or other suitable stent) that is in a collapsed state when
the device is being located in position within the patient and is operably arranged to be
expanded to press the outer sponge 14 into contact with the wound and surrounding
endoluminal surface in use. The stent will normally be enclosed in an expandable plastic
or other covering sealing the stent from the sponge. Any suitable such stent can be
employed. Moreover, the internal diameter of the drainage tube 22 can be greater than
that of the particular embodiments shown in the accompanying figures which follow and

as such, the relative dimensions and proportions of an endoVAC device embodied by the
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invention can vary and are not limited to those of the currently exemplified
embodiments.
Accordingly, the above described embodiments are merely illustrative and not

restrictive.
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CLAIMS

1. A device for applying a negative pressure to an endoluminal surface in the body
of a patient to facilitate healing of a wound in the endoluminal surface, comprising:

a flexible porous element with a peripheral outer face for contact with the
wound, the outer face being defined between opposite proximal and distal ends of the
porous element; and

a suction tube for being connected to a suction source externally of the patient’s
body and which is in fluid communication with the porous element to apply a negative
pressure to the wound via the outer face of the porous element upon operation of the
suction source, the porous element having at least one through passageway extending
from its proximal end to its distal end for passage of bodily substances of the patient
through the porous element, and at least one of the proximal and distal ends of the
porous element is otherwise adapted against egress of the bodily substances into the
porous element.

2. A device according to claim 1 further comprising a drainage tube for collection
and drainage of the bodily substances from the patient, wherein the drainage tube is
received in the through passageway of the porous element.

3. A device according to claim 2 wherein the drainage tube projects from the
proximal and distal ends of the porous element, the interior of the drainage tube is
defined by a surrounding side wall of the tube and a plurality of through openings are
provided in the side wall forward of the proximal end of the porous element.

4. A device according to claim 3 wherein a plurality of further through openings
are provided in the side wall of the drainage tube rearwardly of the distal end of the
porous element.

5. A device according to any one of claims 1 to 4 wherein at least the proximal end
of the porous element is otherwise adapted against egress of the bodily substances into
the porous element.

6. A device according to claim 5 wherein the proximal and distal ends of the
porous element are otherwise adapted against egress of the bodily substances into the

porous element.
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7. A device according to any one of claims 1 to 6 wherein the porous element is
cylindrical with a single longitudinal said through passage, the through passage being
defined centrally within the porous element.

8. A device according to any one of claims 1 to 4 wherein the porous element is
funnel shaped with a projecting shaft for being inserted into a duct defined by the
endoluminal surface, the through passageway extending longitudinally through the
shaft.

9. A device according to claim 8 wherein the distal end of the porous element is
otherwise adapted against egress of the bodily substances into the porous element.

10. A device according to any one of claims 1 to 7 further comprising an
expandable element arranged for expanding the porous element to press the outer face

of the porous element against the wound.

11. A device according to claim 10 wherein the expandable element is an inflatable
Inner core.
12. A device according to claim 10 wherein the expandable element is fabricated

from a resilient material biased to an expanded normal resting state.

13. A device according to claim 12 further comprising a hollow locating tube for
locating the porous element in position adjacent the endoluminal surface, the
expandable element being received in the locating tube in a compressed state and
expandable to its resting state externally of the tube.

14. A device according to any one of claims 1 to 13 wherein the porous element is

formed from an absorbent material.

15. A device according to any one of claims 1 to 14 wherein the porous element is a
sponge.
16. A method for facilitating healing of a wound in an endoluminal surface in a

body of a patient, comprising:

providing a device for applying a negative pressure to the wound, the device
having a flexible porous element with a peripheral outer face for contact with the
wound, the outer face being defined between opposite proximal and distal ends of the
porous element, the porous element having at least one through passageway extending
from its proximal end to its distal end for passage of bodily substances of the patient

through the porous element, and at least one of the proximal and distal ends of the



10

15

20

25

30

WO 2012/071626 PCT/AU2011/001568

21-

porous element is otherwise adapted against egress of the bodily substances into the
porous element;

locating the device in position such that the porous element is in contact with
the wound; and

applying a negative pressure to the wound through the outer face of the porous
clement via a suction tube in fluid communication with the porous element.
17. A method according to claim 16 wherein the device further comprises a
drainage tube for collection and drainage of the bodily substances from the patient, and
the drainage tube is received in the through passageway of the porous element, and
wherein the bodily substances are drained from the subject through the drainage tube.
18. A method according to claim 17 wherein the bodily substances are drained from
the subject through the drainage tube under suction applied to the drainage tube.
19. A method according to any one of claims 16 to 18 wherein both the proximal
and distal ends of the porous element are otherwise adapted against egress of the bodily
substances into the porous element.
20. A method according to any one of claims 16 to 19 wherein the porous element
is cylindrical with a single longitudinal said through passage, the through passage being
defined centrally within the porous element.
21. A method according to any one of claims 16 to 19 wherein the porous element
is funnel shaped with a projecting shaft, and the shaft is inserted in a duct defining the
endoluminal surface, the through passageway of the porous element extending
longitudinally through the shaft.
22. A method according to any one of claims 16 to 20 wherein the device further
comprises an expandable element arranged for expanding the porous element to press
the outer face of the porous element against the wound, and the method further
comprises expanding the expandable element to press the outer face of the porous
element against the wound.
23. A method according to any one of claims 16 to 22 wherein the device is used to

reduce or prevent leakage from the wound.

24. A method according to claim 24 wherein the wound is an anastomosis resulting
from surgery.
25. A method according to any one of claims 16 to 24 wherein the wound is in an

endoluminal surface of the bowel of the patient.
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25. A method according to any one of claims 16 to 24 wherein the porous element
is formed from an absorbent material.
26. A method according to any one of claims 16 to 25 wherein the porous element
is a sponge.
27. A method for treating, or reducing potential for, leakage from an anastomosis in
an endoluminal surface in a body of a patient, comprising:

providing a device for applying a negative pressure to the anastomosis, the
device having a flexible porous element with a peripheral outer face for contact with
the anastomosis, the outer face being defined between opposite proximal and distal
ends of the porous element, the porous element having at least one through passageway
extending from its proximal end to its distal end for passage of bodily substances of the
patient through the porous element, and at least one of the proximal and distal ends of
the porous element is otherwise adapted against egress of the bodily substances into the
porous element;

locating the device in position such that the porous element is in contact with
the anastomosis; and

applying a negative pressure to the anastomosis through the outer face of the
porous element via a suction tube in fluid communication with the porous element.
28. A method according to claim 27 wherein both the proximal and distal ends of
the porous element are otherwise adapted against egress of the bodily substances into

the porous element.
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