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Blood vessel prosthesis and delivery apparatus

The invention relates to a prosthesis for a blood vessel, and a delivery apparatus for
delivering the prosthesis to the blood vessel, particularly, but not necessarily exclusively, for

use in the treatment of aneurysms or dissections of the blood vessel.

Aneurysms are permanent distensions of the wall of a blood vessel, e.g. an artery, which
disrupt the haemodynamics of the blood vessel. The aneurysm may halt the flow of blood at
certain regions of the blood vessel, increasing the risk of clot formation, which may in turn
cause cerebral embolism. Furthermore, a reduction in the structural wall integrity of the
blood vessel may occur, which can cause a reduction in the effectiveness of the blood
vessel and put a higher strain on the heart muscle, increasing the risk of heart failure or

vessel rupture.

Dissections are tears in the blood vessel's intima or delaminations of the collagen/elastin
wall architecture of the blood vessel. Dissections can result in a false lumen, i.e. inner
cavity, within the blood vessel. The false lumen may provide areas in which blood can pool,
increasing the risk of clot formation and subsequent cerebral embolism. Severe dissection
may even result in a breach of the blood vessel integrity and possible bleeding from the

blood vessel e.g. into the thoracic cavity, which may cause death in a short period of time.
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A branch region, particularly prone to aneurysms and dissections, is the region of the
ascending aorta where the aortic root meets the right and left coronary arteries, which feed
the heart muscle with oxygenated blood. The aortic root includes the aortic valve, at the
interface between the left ventricle and the aorta, which permits oxygenated blood to enter

the aorta. The ostia of the coronary arteries are located very close to the aortic valve.

Traditional treatment for dissections and aneury sms include surgical resection, removing the
offending tissue (depending on the extent of the damage to the blood vessel), or the
insertion of a tubular prosthesis or stent grant within the lumen of the blood vessel to remove
the mechanical loading on the dam aged blood vessel wall and to provide a
haemodynamically compatible conduit for the transport of blood. Prostheses are traditionally

made from Dacron ® or high density Polytetrafluoroethylene (PTFE).

Prostheses and stent grafts have been designed for positioning at bifurcation regions of
blood vessels, i.e. regions in which the blood vessel branches. For example, WO00042948,
W003082153, WO05122957 and U S5984955 disclose bifurcated prostheses/stent grafts for
positioning primarily at the iliac bifurcation of the aorta. The prostheses comprise a main
conduit, a first branch conduit and a second branch conduit. The main conduit is designed
to locate within the aorta and the first and second branch conduits are designed to locate

within respective iliac arteries.

Journal article: K. Inoue et al., Aortic Arch Reconstruction by Transluminally Placed
Endovascular Branched Stent Graft”, Circulation. 1999; 100 describes a stent graft which

includes conduits for aortic branches and a method of introduction.

Prostheses and stent grafts have been designed for locating at the aortic root, which

prostheses comprise artificial valves, for replacing or providing back-up for damaged aortic
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valves. Examples of such prostheses can be found in US6482228, US6790230 and

US200615536 3 and EP0592410.

According to a first aspect of the present invention, there is provided a prosthesis for locating
at a branch region of a blood vessel, the prosthesis comprising:

a main conduit having a tubular portion with first and second ends, and a first
projecting portion, the first projecting portion projecting from the first end of the tubular
portion, and

a first branch conduit, wherein the first branch conduit is connected to, and extends
from:

(a) the first projecting portion, or

(b) the tubular portion at a position adjacent the first projecting portion.

By positioning the prosthesis within the branch region of the blood vessel it can relieve the

mechanical loading on the blood vessel itself.

According to a second aspect of the present invention, there is provided a method of

delivering a prosthesis to a branch region of a blood vessel, the branch region having a main

blood vessel and one or more branch blood vessels, the method comprising the steps of:
providing a prosthesis comprising:

a main conduit having a tubular portion with first and second ends, and a first
projecting portion, the first projecting portion projecting from the first end of the tubular
portion, and

a first branch conduit, wherein the first branch conduit is connected to, and
extends from:

(a) the first projecting portion; or
(b) the tubular portion at a position adjacent the first projecting portion,

and



10

15

20

25

WO 2009/104000 PCT/GB2009/000485

delivering the prosthesis to the branch region of the blood vessel such that the main
conduit locates in the main blood vessel and the first branch conduit locates in one of the

branch blood vessels.

Preferably, the prosthesis of the first and/or second aspects of the invention comprises a
second projecting portion which projects from the first end of the main conduit, and a second
branch conduit connected to, and extending from: (a) the second projecting portion, or (b)
the tubular portion at a position adjacent the second projecting portion. A gap is provided
between the first and second projecting portions. The second branch conduit is for locating

in another of the branch blood ve ssels.

When the branch conduits are connected to the tubular portion, adjacent the projecting
portions, preferably the branch conduits are connected at a position no more than 1 cm,
more preferably no more than 0.5 cm, and most preferably no more than 0.2 cm from the

first end of the tubular portion.

The projecting portions may be connected to both the tubular portion and the projecting

portions.

Preferably, the prosthesis is for deploying at the branch region of the aortic root, where the
aorta meets the right and left coronary arteries, the main conduit, first branch conduit and
second branch conduit being for locating in the aorta, the right coronary artery and the left

coronary artery respectively.

By arranging the first and second branch portions to extend from the first and second
projecting portions, or a position on the main conduit adjacent the projecting portions,
interference between the prosthesis and the aortic valve may be prevented. In more detail,

with reference to Fig. 1, which depicts very generally the arrangement of an aortic root 10,
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the aortic valve 100 is located at the bottom of the ascending aorta adjacent the | eft and right
coronary arieries 101, 102. The valve 100 comprises three valve leaflets 103. Side edges
104 of each leaflet 103 are releasably engaged to side edges 104 of adjacent valve leaflets
103. The leaflets 103 are generally half-mooned shape, each forming a bowl-shaped cavity.
The leaflets 103 rise u p towards their side edges 104 so as to form three radially extending
ridges 105 where the adjacent side edges meet. The ridges 105 rise up from a central
region 106 of the valve 100, to commissural points 107 (i.e. points at which the side edges
join) positioned at the periphery of the valve 100. The arrangement of the aortic valve 100 is
such that the ridges 105 may extend to commissural points 107 higher than the ¢ oronary

ostia 108 provided in the walls of the aorta in a central region between the ridges 105.

It is preferable that, for use with a patient in which the ridges of the patient's aortic valve
extend higher than the coronary ostia, the branch conduits are connected to the projecting
portions. In these circumstances, if the first and second branch portions of the prosthesis
were instead arranged to conn ect to and extend from the tubular portion of the main conduit,
the tubular portion may be forced to extend lower than the ridges of the aortic valve, causing
interference between the main conduit and the aortic valve. This could cause damage to the
aortic valve and/or cause it to malfunction. However, in this aspect of the present invention,
the prosthesis is provided with projecting portions, which portions may project between the
ridges of the aortic valve, into the bowi-shaped cavities of the leaflets, thus negotiating the
ridges without interference. When there is more than one projecting portion, a gap provided

between adjacent projecting portions accommodates the ridges.

When, however, the prosthesis is for use with a patient in which the ridges of the patient’s
aortic valve do not extend higher than the coronary ostia, the branch conduits may be
connected to either the tubular portion or the projecting portions. If one or both branch
conduits is connected to the tubular portion, it is advantageous to have projecting portions

adjacent the connection points because it will provide additional structure to the main conduit
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on the projecting portion side of the branch conduits, the structure being arranged such that
it may not necessarily interfere with the aortic valve, as discussed above. By providing
additional structure, the branch con duits may be positioned in the coronary ostia more

securely.

Very generally, the projecting portions may be considered as extensions of the tubular
portion that do not extend around the entire circumference of the tubular portion, and can

therefore have gaps between them into which the ridges of the aortic valve may fit.

It is considered, neverthel ess, that the prosthesis of the present invention may be used for
branch regions of blood vessels other than the branch region at the aortic root, where a
different obstacle to the aortic valve must be navigated to allow the branch conduits to be

placed in branch blood vessels.

The projecting portions may each comprise wall material that is identical or different to the
wall material of the tubular portion of the main conduit. The walls of each projecting portion
may connect to rim or annular region at the first end of the tubular portion. Preferably, each
projecting portion connects to a region of the tubular wall portion which extends around less
than half, more preferably less than a third, of the circumference of the tubular wall portion.
Preferably, the projecting portions have rounded edges, in which case the projecting portions
may be considered as lobes. By having rounded edges, damage to blood vessels upon
contact with the projecting portions may be minimised, and the projecting portions may have
a configuration more appropriate for fitting within the bowl-shaped cavities provided by the

valve leaflets, between the ridges of the valve.

The projecting portions may project from the first end of the tubular wall portion of the main
conduit in the elongation direction of the tubular portion, the elongation direction being the

direction of extension of the tubular portion between its first and second ends. Alternatively,
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the projecting portions may project in a direction angled from the elongation direction of the
tubular portion. Preferably, the projecting portions project in a direction which is less than 90
degrees, more preferably less than 45 degrees from the elongation direction of the tubular

portion.,

Preferably, the prosthesis comprises a scaffold that supports wall material of the tubular
portion and may also support wall material of the projecting portions. The scaffold may
include one or more wire rings. The wire rings may follow a zigzagging path. The wire rings

may be z-stents or stents of another form.

There may be two, three or more wire rings (e.g. stents) or other scaffold members spaced

from one another along the prosthesis.

One or more additional scaffold members, for example tie bars, may be used to link adjacent
wire rings. These linking scaffold members may extend generally longitudinally along the
prosthesis between the wire rings. There may be one, two, three or more linking members

connection each adjacent pair of wire rings in the scaffold.

In some embodiments, the linking scaffold members are arranged asymmetrically around the
perimeter of the prosthesis. For instance, the linking members may be arranged towards
one side of the prosthesis so that they substantially prevent the wire rings from moving apart
from one another on th at side, whilst allowing the wire rings to move further from one
another on the opposite side, allowing the prosthesis to curve towards said one side. This
may be desirable, for example, to enable the prosthesis to adopt the curvature of the aorta

or other vessel in which it is to be deployed.

Where the scaffold comprises three or more wire rings, linking members linking respective

adjacent pairs of wire members are preferably not aligned with one another. The linking
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members connecting a first and second wire ring may, for example, be more closely spaced
around the perimeter of the prosthesis than those connecting the second wire ring to a third
wire ring. With appropriate selection of the relative positions of the linking members, for
example to leave a smaller or bigger arc of said opposite side of a portion of the prosthesis
between adjacent wire rings free of linking members the amount and direction of possible

curvature of the prosthesis can be controlled.

One of the wire rings may be located adjacent the first end of the tubular portion. The
zigzags of this wire ring may project from the tubular portion and s erve to define the outer

edges of the projecting portions.

The prosthesis may comprise a prosthetic valve, e.g. a prosthetic aortic valve. This may be
employed when, for example, the actual aortic valve is damaged. The prosthetic aortic valve
may have substantially the same configuration as the actual aortic valve, described above.
For example it may comprise three valve leaflets, side edges of each leaflet being rel easably
engaged to side edges of adjacent valve leaflets. The leaflets may be substantially half-
mooned shape, each forming a bowl-shaped cavity. The leaflets may rise up towards their
side edges so as to form three radially extending ridges where the adjacent side edges
meet. The ridges may rise up from a central region of the valve, to commissural points

positioned at the perip hery of the valve.

The artificial aortic valve may be provided adjacent the projecting portions of the main
conduit. Preferably, in these circumstances, the commissural points are connected to the

tubular portion of the main conduit between adjacent projecting portions.

Preferably, the tubular portion co mprises a circumferential sealing element on its outer side,
to prevent blood flowing between it, and the walls of the ascending aorta, in use. Preferably,

the sealing element is provided adjacent the first end of the tubular portion. The sealing
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element may locate, in use, at the sinotubular junction. Nevertheless, the sealing element

may be located anywhere between the first and second ends of the tubular portion.

Preferably, the prosthesis can be moved between expanded and contracted states. The
prosthesis may be placed in a contracted state during delivery to the branch region, so that it
is less likely to be obstructed during delivery. Then, once positioned at the branch region, it
may be expanded for use. Preferably, the prosthesis is arranged such that, when the
prosthesis is placed in a contracted state, the walls of the projecting portions partially or
entirely envelop the branch con duits connected or adjacent thereto. Accordingly, the
prosthesis may take a more compact and streamlined form, reducing the chances that the

branch conduits are impeded during delivery to the branch region.

Although the projecting portions of the prosthesis may be employed to minimise contact
between the prosthesis and the aortic valve, as discussed above, it is also conceived that,
when the prosthesis comprises a prosthetic aortic valve, the projecting portions may be
arranged such th at they press against the actual aortic valve, causing it to open. The
projecting portions may press one or more of the valve leaflets against the walls of the blood
vessel. By maintaining the actual aortic valve in an open position, potential complications
with having two valves working at the same time can be avoided. By employing projecting
portions to push the aortic valve open, appropriate parts of th e aortic valve to push, e.g.
central regions of the valve leaflets, can be targeted. Furthermore, the amount of material of
the main conduit may be minimised, allowing the prosthesis to take a more compact form in

its collapsed state.

According to a third aspect of the present invention, there is provided a prosthesis for
locating at the branch region of the aortic root where the aorta meets the right and left

coronary arteries, the prosthesis comprising:
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a main conduit for locating in the aorta, the main conduit having first and second
ends, the first end being for locating in the aortic root upstream of the second end;

a first branch conduit connected to the main conduit at a position located between
the first and second ends of the main conduit, the first branch conduit being for locating in
one of the left and right coronary arteries, and

a prosthetic aortic valve,

wherein the distance between the connection of the first branch conduit and the main
conduit, and the first end of the main conduit, is such that, when the first branch conduit is
located in one of the left and right coronary arteries, the first end of the main conduit extends
to a position at which it presses against the aortic valve, maintaining the aortic valve in an

open position.

According to a fourth aspect of the present invention, there is provided a method of
delivering a prosthesis to the branch region of the aortic root where the aorta meets the right
and left coronary arteries, the method comprising the steps of:
providing a prosthesis comprising:
a main conduit having first and second ends;
a first branch cond uit connected to the main conduit at a position located
between the first and second ends of the main conduit, and
a prosthetic aortic valve, and
delivering the prosthesis to the branch region and locating the main conduit in the
aorta and the first branch conduit in one of the left and right coronary arteries whereupon the
first end of the main conduit presses against the aortic valve, maintaining the aortic valve in

an open position.

As discussed above with respect to the first and second aspect of the invention, by
maintaining the aortic valve in an open position, possible complications with having two

valves working at the same time can be avoided.
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Preferably the prosthesis comprises a second branch conduit connected to the main conduit,

for locating in the other of the left and right coronary arteries.

Preferably, the distance between the connection position of the first branch conduit with the
main conduit and the first end of the main conduit is at least 1 cm, preferably between 1 cm

and 2 cm.

The main conduit may be cylindrical. It may have cylindrical walls between its first and
second ends. As an alternative, the main conduit may have a tubular portion and one or
more projecting portions, as discussed above with respect to the first aspect of the present

invention.

Preferably, in one or more of the above aspects of the present inven tion, the branch conduits
connect to a region of the walls of the projecting portions, main conduit or tubular portion that
is flexible and/or elastic. Preferably this wall region is more elastic than the rest of the main
conduit, e.g. the walls of the tubular portion. By connecting to flexible and/or elastic wall
regions, the branch conduits may be moved more easily relative to the prosthesis as a
whole, or relative to each other. This may provide the prosthesis with greater adaptability for

use at branch regions of blood vessels which have different anatomic configurations.

According to a fifth aspect of the present invention, there is provided a prosthesis for locating
at a branch region of a blood vessel, the prosthesis comprising:

a main conduit having walls extending between first and second end s of the main
conduit, and

one or more branch conduits;

wherein the walls of the main conduit comprise a first section and a second section,

the second section being more flexible and/or elastic than the first section, and
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wherein the one or more branch conduits are connected to, and extend from, the

second section.

According to a sixth aspect of the present invention, there is provided a method of delivering
a prosthesis to a branch region of a blood vessel, the branch region hav ing a main blood
vessel and one or more branch blood vessels, the method comprising the steps of:
providing a prosthesis comprising:
a main conduit having walls extending between first and second ends of the
main conduit, and
one or more branch conduits;
wherein the walls of the main conduit comprise a first section and a second
section, the second section being more flexible and/or elastic than the first section, and
wherein the one or more branch conduits are connected to, and extend from,
the second section; and
delivering the prosthesis to the branch region of the blood vessel such that the main
conduit locates in the main blood vessel and the first branch conduit locates in one of the

branch blood vessels.

In the fifth and sixth aspects, preferably the branch region is the branch region of the aortic

root where the aorta meets the left and right coronary arteries.

The main conduit may comprise wall material with scaffolding, as described above. So that
the second section is more flexible and/or elastic than the first section, it may be have no
scaffolding (e.g. no z-stents), or a reduced amount of scaffolding, to support it, than the first
section. Alternatively, or additionally, the properties of the wall material of the second
section (e.g. the thickness, weave and/or che mical properties of the material) may be such

that the second section is more flexible and/or elastic than the first section.
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The first and second sections may be circumferential wall sections of the main conduit. The
walls of the main conduit may comprise a third section, e.g. a third circumferential wall

section, the second section also being more flexible and/or elastic than the third section.

The second circumferential wall section may be provided intermediate the first and third
circumferential wall sections, the one or more branch conduits being connected to the

second circumferential wall section.

By arranging the branch conduits to connect to a more flexible and/or elastic part of the main
conduit, the branch conduits may be moved significantly relative to each other, or to the
prosthesis as a whole. This may provide the prosthe sis with greater adaptabi lity for use at

branch regions of blood vessels which have different anatomic configurations.

Preferably, the prosthesis of any one or more of the above aspects of the present invention
is delivered to the branch region percutaneously. Preferably, catheter apparatus is used to

deliver the prosthesis to the branch region.

The catheter apparatus may comprise a core catheter for pushing the prosthesis to the
branch region, and actuators to push the branch conduits into the respective branch blood
vessels. Preferably, the core catheter is connected to a push element at its distal end, for
engaging the prosthesis. The push element may have a flat distal surface for engaging the
prosthesis. Preferably, the actuators are moveably mounted, e.g. slidably mounted, to the

push element.

According to a seventh aspect of the present invention, there is provided a catheter
apparatus for delivering a prosthesis to a branch region of a blood vessel, the prosthesis
comprising a main conduit and one or more branch conduits, the catheter apparatus

comprising:
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a core catheter having a distal end and a proximal end;

a push element provided at the distal end of the core catheter for engaging and
pushing the prosthesis, and

one or more actuators for pushing the one or more branch conduits of the prosthesis;

wherein the actuators are moveably mounted to the push element.

Acéording to an eighth aspect of the present invention, there is provided a method of
delivering a prosthesis to a branch region of a blood vessel, the branch region having a main
blood vessel and one or more branch blood vessels, the method comprising the steps of:
providing a prosthesis comprising a main conduit and one or more branch conduits;
providing a core catheter having a distal end and a proximal end and a push element
at the distal end, wherein one or more actuators are moveably mounted to the push element;
moving the core catheter so that the push element pushes the prosthesis to the
branch region, and
moving the one or more actuators relative to the push element so that the actuators

push the one or more branch cond uits into the one or more branch blood vessels.

Preferably the prosthesis is a prosthesis as described above with respect to the first, third

and/or fifth aspects of the present invention.

Preferably the actuators are slidably mounted to the push element. In the above-described
aspects of the invention, the push element may comprise holes or bores, through which the
actuators can extend, in order to slidably mount the actuators to the push element. The
push element may have lateral regions that extend in a direction substantially perpendicular
to elongation direction of the core catheter, the holes being provided in the lateral regions of

the push element.
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Preferably, the actuators each comprise a balloon catheter. The balloon catheter may be

provided within an actuator sleeve.

Preferably, the catheter apparatus comprises a reinforced liner sleeve, the reinforced liner
sleeve being for locating over the core, push element and/or actuators, whilst the catheter
apparatus is moved toward the branch region. The liner sleeve may be reinforced with
braided material, or spirally oriented material, for example. The liner sleeve may permit the
catheter apparatus to take a compact and streamlined profile, and may prevent parts of the

catheter from kinking as it negotiates tight corners, e.g. the bend of the ascending aorta.

Examples embodying the present invention are now described with reference to the
accompanying drawings, in which:

Fig. 1 shows an exemplary arrangement of the aortic roof;

Figs. 2a and 2b show an oblique view and an end view respectively of a prosthesis
according to a first embodiment of the present invention;

Fig. 3 shows an oblique view of a prosthesis according to a second embodiment of
the present invention;

Figs. 4a and 4b show a side view and an end view respectively of a prosthesis
according to a third embodiment of the present invention;

Figs. 5a and 5b show a side view and an end view respectively of a prosthesis
according to a fourth embodiment of the present invention;

Figs. 6a and 6b show a side view and an end view respectively of a prosthesis
according to a fifth embodiment of the present invention;

Figs. 7a and 7b show a side view and an end view respectively of a prosthesis
according to a sixth embodiment of the present invention;

Fig. 8 shows a side view of a prosthesis according to a seventh embodiment of the

present invention;
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Figs. 9a and 9b show a side view and an end view respectively of a prosthesis
according to an eighth embodiment of the present inv ention in a contracted state, and Figs.
9c and 9d shows side and end enlarged views of the projecting portions of the prosthesis of
Figs. 9a and 9b;

Fig. 10 shows an oblique view of a prosthesis according to a ninth embodiment of the
present invention;

Figs. 11 to 14 show side views of apparatus for delivering a prosthesis to a branch
region of a blood vessel, according to an embodiment of the present invention;

Fig. 15 shows an image of a prosthesis in accordance with an embodiment of the
present invention in a straight configuration;

Fig. 16 shows an image of the prosthesis of fig. 15 with the branch conduits flexed to
a degree relative to the main conduit of the prosthesis;

Fig. 17 shows an image of the prosthesis of fig. 15 in a curved configuration;

Figs. 18a and 18b show, respectively, front view and a simplified side view of the
stent scaffold structure for the prosthesis of fig. 15;

Figs 18c and 18d illustrate the manner in which the stent scaffolding enables the
prosthesis to curve; and

Fig. 19 illustrates the prosthesis of fig. 15 in situ in the aortic root during depl oyment.

With reference to Figs. 2a and 2b, a prosthesis 1 according to a first aspect of the present
invention comprises a main conduit 10 having a tubular wall portion 11 with first and second
ends 12, 13, the tubular portion 11 extending between the first and second ends in the
elongation direction of the tubular portion 11, which direction is indicated by line A- -A in Fig.
2a. First and second openings 121, 131 are prov ided at the first and second ends 12, 13 of
the tubular wall portion respectively. The main conduit further comprises first, second and
third projecting p ortions 14, 15, 16 which are connected to the first end 12 of the tubular wall

portion 11. The third projecting portion 16 is not shown in Fig. 2a, but is shown in Fig. 2b.
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The main conduit 10 is moveable between a contracted state and an expanded state. The
main conduit 10 is shown in an expanded state only in Figs. 2a and 2b. The prosthesis may
be placed in a contracted position during delivery to the branch region, so that it is less likely
to be obstructed during delivery. Then, once positioned at the branch region, it may be

expanded for use.

The wall material of the tubular portion 11 may be silicone coated nylon textile, which
material is supported by a plurality of integral z-stents 112. The z-stents 112 may be sewn

into the material, for example.

The tubular portion 11 has a substantially circular rim 111 surrounding the first opening 121.
The first second and third projecting portions 14, 15, 16 are connected to the rim 111. Each

projecting portion is connected to just under one third of the rim 111 in this embodiment.

The projecting portions 14, 15, 16 in this embodiment are thin-walled lobe-shaped elements.
The prosthesis 1 comprises first and second branch conduits 17, 18, which are connected to
the first and second projecting portions 14, 15 respectively. The branch conduits 17, 18
comprise tubular walls, which are supported by an expandable stent 172, 182, which can be
expanded to anchor the branch conduits in respective branch blood vessels in use. The
branch conduits 17, 18 locate over respective openings 17\1, 181 in the first and second
projecting portions 14, 15 to permit fluid flow through the openings 171, 181 and into the

branch conduits 14, 15.

The prosthesis 1 is arranged to be located at the branch region of the aortic root, where the
aorta meets the right and left coronary arteries. When the prosthesis 1 is deployed, the main
conduit 10 is configured to be located in the ascending aorta, and the first and s econd
branch conduits 14, 15 are configured to be located in the right and [eft coronary arteries

respectively. By locating the first and second branch conduits 14, 15 on the projecting
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portions 14, 15, 16 the prosthesis 1 can extend to a position that is far enough down the
ascending aorta for insertion into the coronary arteries, without interfering with aortic valve
located at the aortic root, which could cause malfunction and/or damage of the valve.
Specifically, the projecting portions 14, 15, 16 are arranged to extend into the bowi-shaped
cavities provided by the half-moon shaped leaflets of the aortic valve (see Fig. 1), and the
gaps between the projecting portions are arrang ed to accommodate the ridges and
commissures situated between the leaflets, with little or no contact between the prosthesis 1
and the aortic valve. The gaps provided between the projecting portions are indicated

generally by arrows G in Fig. 2b.

The projecting portions 14, 15, 16 project at an angle of between 30-45 degrees from the
elongation direction A- -A of the main conduit. This permits the projecting portions to follow

more closely the contours of the aortic valve.

A prosthesis 2 according to a second embodiment of the present i nvention is shown in Fig.
3. The prosthesis 2 is similar to the prosthesis 1 described above with respect to the first

embodiment of the invention, except for the arrangement of the projecting portions.

In the second embodiment, projecting portions 21-26 are provi ded by cut-outs in the main
conduit 20, so that a lip 201 of the main conduit 20, adjacent the first end of the tubular
portion 27, follows a zigzagging path of a z-stent 202 sup porting walls of the main conduit
20. It can be considered that the ‘zigs’ of the path provide the projecting portion s 21-26 of
the prosthesis, and the ‘zags’ of the path provide the gaps G between the projecting
portions, or vice-versa. In this embodiment, the zigzagging path provides the prosthesis with
six projecting portions 21-26, the branc h conduits 28, 29 being connected to, and extending
from, two opposing projecting portions 21, 24. The first end of the tubular portion 27 is
indicated by dotted line B, with the projecting portions 21-26 projecting therefrom.

Nevertheless, the walls of the projecting portions 21-26 and the tubular portion 27 are one-
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piece. In this embodiment, the projecting portions 21-26 proj ect in the same direction as the

elongation direction of the tubular portion 27, as indicated by dotted line A’--A".

The prosthesis 2 according to the second embodiment is intended for use in the same
manner as described above with respect to the first embodiment. Although the projecting
portions 21-26 are not angled relative to the elongation direction of the main conduit as the
projecting portions 14, 15, 16 of the first embodiment, the projecting portions 21-26 may still
follow substantially the contours of the aortic valve, and the prosthesis 2 may be simpler to

manufacture than prosthesis 1 of the first embodiment of the present invention.

A prosthesis 3 according to a third em bodiment of the present invention is shown in Figs. 4a
and 4b. The prosthesis 3 is similar to the prosthesis 2 described above with respect to the
second embodiment of the invention. However, the zigzagging path of the lip 301 and z-
stent 302 provided at the first end 303 of the main conduit 30 has a lower frequency,
providing the prosthesis 3 with only three, rather than six, projecting portions 32, 33, 34, the
projecting portions projecting from the first end (indicated by dotted line B’) of the tubular
portion 31. By having only three projecting portions, 32, 33, 34, the projecting portions
conform more closely to the arrangement of the three leaflets of the aortic valve, and may
therefore provide a better fit. Two branch conduits 35, 36 are connected to, and extend

from, two of the projecting portions 32, 33.

In this embodiment, the prosthesis 3 is provided with a circumferential sealing element 37
which is intended to reduce or prevent fluid flow past the prosthesis, between the walls of the

main conduit 30 and the walls of the aorta.

A prosthesis 4 according to a fourth embodiment of the present invention is shown in Figs.

Saand 5b. The prosthesis 4 is similar to the prosthesis 3 of the third embodiment (Figs 4a
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and 4b), except that it comprises an artificial (prosthetic) valve 400, intended to replace, or

provide back up for, a damaged aortic valve.

The artificial valve 400 is located at the first end 41 of the main conduit 40 and is configured
similarly to an actual aortic valve. In this regard, the artificial valve comprises three leaflets
401, side edges 402 of each leaflet 401 being releasably engaged to adjacent side edges of
the other valve leaflets 401. The valve leaflets 401 are generally half-mooned shaped. The
upper surfaces of the valve leaflets 401, rise up towards the side edges 402 so as to form
three radially extending ridges 403. The ridges rise from a central region of the valve, to
commissural points 404 of the side edges 402 (i.e. points at which the side edges are fixed
together), at the periphery of the valve 400. The commissural points 404 are connected to
the first end of the tubular portion proximate the inner apices 411 of the zigzagging lip 412,
as seen in Fig. 5a, so that the ridge s 403 of the artificial valve 400 line up with the gaps G

provided between the projecting portions 42, 43.

A prosthesis 5 according to a fifth embodiment of the present invention is shown in Figs. 6a

and 6b. The prosthesis 5 is similar to the prosthesis of the fourth embodiment of the present
invention, except that the valve 500 is provided at the second end 52 of the main conduit 50,
rather than the first end 51. This ensures that there can be no interference between the

artificial valve and the aortic valve 500, in use.

Although not shown, the prosthetic valve could be alternatively located at any position

between the two ends of the main conduit of the prosthesis.

A prosthesis 6 according to a sixth embodiment of the present invention is shown in Figs. 7a
and 7b. The prosthesis 6 is the same as the prosthesis 3 of the third embodiment of the
invention (Figs. 4a and 4b), except for the wall material of the projecting portions 61, 62, 63

of the main conduit 60, and of the branch conduits 64, 65. In particular, walls of the first and
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second projecting portions 6 1, 62, 63 comprise an annular region 611, 621 to which the
respective branch conduits 64, 65 are attached, which annular regions 611, 621 are of wall
material that is more elastic and flexible than the wall material of the rest of the projecting
portions 61, 62, 63 and the tubular portion 66. The branch conduits 64, 65 comprise the

same wall material as the annular regions 6 11, 621, in this embodiment.

By arranging the branch conduits 64, 65 to connect to a more flexible and elastic region of
the walls of the main conduit 60, the branch conduits 64, 65 may be moved significantly
relative to each other and to the rest of the prosthesis. This provides the prosthesis 6 with
greater adaptabi lity for use at the branch region at the aortic root, which can have different
anatomic configurations; the positions of the coronary ostia may vary between patients, for
example. By having branch conduits 64, 65 that can move relative to each other, and the
rest of the prosthesis 6, identical prostheses 6 may be used for patients even if they have

coronary ostia in different positions, for example.

A prosthesis 7 according to a seventh embodiment of the present invention is shown in Fig.
8. The prosthesis 7 is the same as the prosthesis 6 of the sixth embodiment of the invention
(Figs. 7a and 7b), except that, rather than having annular wall regions that are flexible and/or
elastic, a larger wall region, indicated by reference 76, adjacent the first end 701 of the main
conduit 70, is more flexible than the rest of the main conduit 70. In particular, the wall
material of the projecting portions 71, 72, 73, branch conduits 74, 75, and an annular region
771 of the tubular portion 77, bet ween the seal 78 and the first end (indicated by dotted line
B”) of the tubular portion 77, is more flexible than remaining part of the tubular portion 77.
Differences in the wall material are represented by the different patterns in Fig 8. The
difference in the flexibility may be achieved by providing woven wall materials with different

weave profiles, for example.
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A prosthesis 8 according to an eighth embodiment of the present invention is shown in Figs.
9ato 9d. The configuration of the prosthesis is substantially the same as the prostheses of
the third, sixth and seventh embodiments, except that the wall material of the projecting
portions 81, 82, 83 is of sufficient flexibility that, when the main conduit 80 is placed in a
contracted state as shown in the Figs. 9a to 9d, the wall material of the projecting portions
81, 82 envelops the branch conduits 84, 85. Essentially, the branch conduits are folded into
a pleat of the projecting portions 81, 82, 83 when the main conduit 80 is placed in a
contracted state. The branch conduits 84, 85, folded into the projecting portions 81, 82, 83,

are represented us ing dotted lines in Fig 9c.

A prosthesis 9 according to a ninth embodiment of the present invention is shown in Fig. 10.
The prosthesis 9 comprises a main conduit 90, having a tubular portion 91, and two branch
conduits 92, 93. However, in this embodiment, no projecting portions are provided. The
branch conduits 92, 93 are connected to the tubular portion 91 instead. The walls of the
tubular portion 91 are s upported by a scaffold of z-stents 94. In particular, a first
circumferential wall section 911 at a first end 914 of the tubular portion is supported by an
integral z-stent, a third circumferential wall section 913 at the second end 915 of the tubular
portion is supported by two integral z-stents 94, and a second circumferential wall section
912, located between the first and third circumferential wall sections 911, 913, is
substantially unsupported; it has no integral z-stents. The branch conduits 93, 94 are
connected to the second circumferential wall section 912. The walls of the branch conduits

92, 93 also comprise integral z-stents 921, 931

The arrangement is such that the second circumferential wall section 912 has greater
flexibility than the first and third circumferential wall sections 911, 913, becaus e movement of
this section is not restricted by supporting z-stents. Accordingly, the branch conduits 92, 93,

connected to the second circumferential wall section 912, can move substantially relative to
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the first and third circumferential sections 911, 913, and/or each o ther, allowing the branch

conduits 92, 93 to be positioned in branch blood vessels having different relative positions.

Although not shown, the prosthesis 9 may comprise a prosthetic valve and projecting
portions, e.g. lobes, projecting from the first end 914 of the tubular portion. The lobes may
extend far enough from the end of the tubular portion such that, if the prosthesis is used at
the branch region of the aortic valve, and the first and second branch conduits are located in
the right and left coronary arteries, the lobes will push against the leaflets of the aortic valve,
and extend across the aortic valve, causing the leaflets to move apart, maintaining the aortic
valve in an open position. This avoids complications that could arise from the prosthetic
valve and the aortic valve functioning at the same time. The projecting portions may also

help ‘seat’ the prosthesis appropriately.

A delivery apparatus 1000 for delivering the prosthesis according to any one of the previous

embodiments is shown in Figs. 11 to 14.

The delivery apparatus 1000 comprises an assembly 1001 for delivering the prosthesis to a
blood vessel branch region, and a thin-walled PTFE inner sleeve 1002, arranged to locate
over the prosthesis (not shown), and the assembly 1001, during delivery to the branch
region. The inner sleeve 1002 places the main conduit of the prosthesis in a contracted

stated for delivery.

The assembly 1001 comprises a central pushing core 1003, preferably of polymer material,
which extends from its proximal end 1004 to its distal end 1005 in a forward direction of the
apparatus. A push element 1006, which is generally cuboid in this embodiment, is
connected to the distal end 1005 of the pushing core 1003 in order to engage and push the
prosthesis toward the branch region. The push element 1006 has a distal end surface 1007

for abutting the main conduit of the prosthesis. The distal end surface 1007 lies along a
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plane which is substantially perpendicular to the elongation direction of the pushing core

1003.

The push element 1006 is wider than the central pushing core 1004. It has side (lateral)
regions 1008 which extend beyond the central pushing core 1003 in a direction
perpendicular to the elongation direction of the pushing core 1003. In this embodiment, two
bores 1009 are provided in the side regions of the push element 1006, through w hich two
actuators 1010 are slidably mounted. The arrangement is such that the actuators 1010, e.g.
push rods, can be slid through the bores 1009 in a forward direction of the apparatus to
project from the distal end of the push element 1006. The actuators 1010 each comprise a
balloon catheter 1011 (see Fig. 13), which is held within a sleeve 1012. The actuators 1010
can be pushed forward from the push element 10086, to engage the branc h conduits of the
prosthesis and push them toward the branch blood vessels, e.g. the coronary arteries, in
order to locate them within the branch blood vessels. Then, balloons 1013 of the balloon
catheters 1010 can expand the branch conduits, so that they fit tightly within the coronary

arteries.

The apparatus further comprises a reinforced outer liner sleeve 1014 (see Fig. 14), which is
arranged to surround the inner sleeve, push assembly and prosthesis, during delivery to the
branch region. In this embodiment, the sleeve is reinforced with braided material. By
providing a reinforced outer sleeve such as this, the sleeve may be flexible, whilst resilient
against kinking, which is particularly advantageous when the branch region is at the aortic
root, and the delivery apparatus must navigate the tight bend of the aortic arch. Once the
delivery apparatus reaches the branc h region, the outer slee ve can be removed. Thereafter,
the main conduit of the prosthesis can be expanded by retracting the inner sleeve,
whereupon the main conduit can engage the sidewalls of the aorta, at the aortic root.
Subsequently, the actuators can be used to push the branch cond uits into the branch

regions of the blood vessels, as described above.
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Figs. 15 to 19 illustrate a prosthesis in accordance with a further embodiment of the
invention, similar to the prosthesis 3 of the third embodiment (figs. 4a and 4b). Figs. 15 to
17 show images of the prostheses captured from a 3-D computer model and fig. 19, also

captured from the computer model, shows the prosthesis in situ in the aortic root.

The main conduit 10’ can be clearly seen in these images, as well as one of three projecting
portions 15’ at the lower end of the main conduit 10’. Also seen are the two branch conduits

17’, 18’ that are connected to, and extend from, two of the projecting portions 15’.

Fig. 16 show how the branch conduits 17’, 18’ can be articulated relative to the side wall of
the main conduit by virtue of the flexibility of the portion of the main conduit to which they are
attached. As best seen in fig. 19, this allows them to conform to the geometry of the

coronary arteries within which they are deployed.

As illustrated in figs. 18 and 19, the main conduit 10’ itself is also able to assume a curved
configuration. The main conduit 10’ is constrained to curve in a specific direction and to a
specific extent by virtue of the construction of the stent scaffolding that supports it. The
basic form of this scaffolding is illustrated in figs. 18a to 18d. In this example, four stents
112", 1127 (e.g. Z-stents) provide circumferential support for the wall of the prosthesis. The
zig-zag form of the lowermost stent 112’ is wider than that of the other stents 112’ and

creates the basic form of the projections 15

The stents 112', 112" are connected to one another, spaced longitudinally along the
prosthesis, by tie bars 113. These tie bars are to one side of the prosthesis (e.g. the right-
hand side as seen in fig. 18c). As seen in the figures, this configuration of the tie bars 113
allows the prosthesis towards the side that has the tie bars 113, as the stents 112’, 112" are

free to spread apart from one another on the side of the prosthesis opposite the side with the
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tie bars 113. By appropriate selection of the positions on the tie bars 113 the extent and
direction of the possible curvature of the prosthes is can be dictated. In this example, as best
seen in fig. 18a, there are two tie bars 113 between each adjacent stent 112°, 112”. The tie

bars are spaced increasingly further apart from top to bottom.

While the invention has been described in conjunction with the exemplary embodiments
described above, many equivalent modifications and variations will be apparent to those
skilled in the art when given this disclosure. Accordingly, the exemplary embodiments of the
invention set forth above are considered to be illustrative and not limiting. Various changes
to the described embodiments may be made without departing from the spirit and scope of

the invention.



10

15

20

25

WO 2009/104000 PCT/GB2009/000485

27
Claims
1. A prosthesis for locating at a branch region of a blood vessel, the prosthesis
comprising:

a main conduit having a tubular portion with first and second ends, and a first
projecting portion projecting from the first end of the tubular portion, and

a first branch conduit, wherein the first branch conduit is connected to, and extends

from:;
(a) the first projecting portion; or
(b) the tubular portion at a position adjacent the first projecting portion.
2, The prosthesis according to claim 1, comprising a second projecting portion

projecting from the first end of the tubular portion, and a second branch conduit connected
to, and extending from:
(a) the second projecting portion; or

(b) the tubular portion at a position adjacent the second projecting portion.

3. The prosthesis according to claim 1 or 2, wherein the branch conduits are connected

to, and extend from, the projecting portions.

4, The prosthesis according to claim 1 or 2, wherein the branch conduits are connected

to, and extend from, the tubular portion.

5. The prosthesis according to any one of the preceding claims, arranged for deploying
at the branch region of the aortic root, where the aorta meets the right and left coronary
arteries, the main conduit and the branch co nduits being for locating in the aorta, and the
coronary arteries, respectively, whereupon the projecting portions project into the bowl-

shaped cavities of the leaflets of the aortic valve.



10

15

20

25

WO 2009/104000 PCT/GB2009/000485
28

6. The prosthesis according to any one of the preceding claims, wherein the projecting
portions extend from a rim or annular region extending around the circumference of the

tubular portion, at the first end of the tubular portion.

7. The prosthesis according to claim 6, wherein each projecting portion extends from

less than half of the circumference of the rim or annular region.

8. The prosthesis according to claim 6, wherein each projecting portion extends from

less than one third of the circumference the rim or annular region.

9. The prosthesis according to any one of the preceding claims, wherein each

projecting portion is a lobe.

10. The prosthesis according to any one of the preceding claims, wherein one or more of
the projecting portion s extend in a direction which is angled from the elongation direction of

the tubular portion.

11. The prosthesis according to any one of the preceding claims, wherein one or more of
the projecting portions extend in the same direction as the elongation direction of the tubular

portion.

12, The prosthesis according to any one of the preceding ¢ laims, wherein the main

conduit comprises one or more z-stents for supporting walls of the main conduit.

13. The prosthesis according to claim 12, wherein one of the z-stents is provided
adjacent the first end of the tubular portion and defines outer edges of the projecting

portions.
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14. The prosthesis according to any one of the preceding claims comprising a prosthetic

valve.

185. The prosthesis according to claim 14, wherein the valve comprises three valve
leaflets, side edges of each valve leaflet releasably engaging side edges of the adjacent

valve leaflets to form three radially extending ridges.

16. The prosthesis according to claim 15, wherein the side edges have commissural
points connected to the tubular portion, adjacent the first end of the tubular portion, and
between regions at which the projecting portions project from the first end of the tubular

portion.

17. The prosthesis according to any one of the preceding ¢ laims, comprising a

circumferential sealing element on the outer side of the tubular portion.
18. The prosthesis according to any one of the preceding ¢ laims, wherein at least one of
the branch conduits connects to a wall section of the projecting portion that is flexible and/or

elastic.

19. The prosthesis of claim 18, wherein the wall section is more flexible and/or elastic

than walls of the tubular portion.

20. The prosthesis of claim 19, wherein the wall section is annular.

21. The prosthesis according to claim 18, 19 or 20, wherein the wall section has a

different thickness, weave and/or chemical properties to walls of the tubular portion.
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22. The prosthesis of any one of claims 18 to 21, wherein the main conduit comprises
wall scaffolding, and the wall section receives less support from the scaffolding than the

walls of the tubular portion.

23. The prosthesis according to any one of the preceding ¢ laims, wherein the prosthesis

can be moved between a contracted and an expanded state.

24, The prosthesis according to claim 23, wherein the prosthesis is arranged such that,
when the prosthesis is placed in a contracted state, walls of the projecting portions envelop

the branch conduits connected or adjacent thereto.

25. A prosthesis for locating at a branch region of a blood vessel, the prosthesis
comprising:

a main conduit having walls extending between first and second ends of the main
conduit, and

one or more branch conduits;

wherein the walls of the main conduit comprise a first section and a second section, the
second section being more flexible and/or elastic than the first section, and

wherein the one or more branch conduits are connected to, and extend from, the

second section.

26. The prosthesis of claim 25, wherein the second section comprises wall material of
lower thickness, different weave and/or different chemical properties to wall material of the

first section.

27. The prosthesis of claim 25 or 26, wherein the main conduit comprises wall
scaffolding, and the second section receives less support from the scaffolding than the first

section,
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28. The prosthesis of claim 27, wherein the scaffolding is provided by one or more z-

stents integral to the walls.

29. The prosthesis of any one of claims 25 to 28, wherein the first and second sections

are first and second circumferential wall sections respectively.

30. The prosthesis of claim 29, comprising a third circumferential wall section, the
second circumferential wall section being more flexible and/or elastic than the first and third

circumferential wall sections.

31. A prosthesis for locating at the branch region of the aortic root where the aorta meets
the right and left coronary arteries, the prosthesis comprising

a main conduit for locating in the aorta, the main conduit having first and second
ends, the first end being for locating in the aortic root upstream of the second end, and

a first branch conduit connected to the main conduit at a position located between
the first and second ends of the main conduit, the first branch conduit being for locating in
one of the left and right coronary arteries, and

a prosthetic aortic valve,

wherein the distance between the connection position of the first branch conduit with
the main conduit and the first end of the main conduit is such that, when the first branch
conduit is located in one of the left and right coronary arteries, the first end of the main
conduit extends in the aortic root to a position at which it presses against the aortic valve,

maintaining the aortic valve in an open position.

32. The prosthesis according to claim 31, comprising a second branch conduit connected

to the main conduit, for locating in the other of the left and right coronary arteries.
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33. The prosthesis of claim 31 or 32, wherein the distance between the connection
position of the first branch conduit with the main conduit and the first end of the main conduit

is between 1 cm and 2 cm.

34. A catheter apparatus for delivering a prosthesis to a branch region of a blood vessel,
the prosthesis comprising a main conduit and one or more branch conduits, the catheter
apparatus comprising:

a core catheter having a distal end and a proximal end,;

a push element provided at the distal end of the core catheter for engaging and
pushing the prosthesis, and

one or more push actuators for pushing the one or more branch conduits of the
prosthesis,

wherein the actuators are slidably mounted to the push element.

35. The apparatus of claim 34, wherein the push element comprises lateral regions that

extend in a direction substantially perpendicular to the elongation direction of the core.

36. The apparatus of claim 35, wherein the actuators are slidably mounted within bores

provided in the lateral regions of the push element.

37. The apparatus of any one of claims 34 to 36, comprising a reinforced liner sleeve for
locating over the core catheter, push element and the prosthesis during delivery of the

prosthesis to the branch region.

38. The prosthesis according to any one of claims 1 to 33, comprising a scaffold that
supports wall material of the tubular portion, the scaffold including two or more wire rings
and linking scaffold members that link adjacent wire rings, the linking members being

arranged towards one side of the prosthesis and not on an opposite side.



PCT/GB2009/000485

WO 2009/104000

1/14

10

100
103
'%104
105
103

102

103

Fig. 1

101



WO 2009/104000 PCT/GB2009/000485

2/14




WO 2009/104000 PCT/GB2009/000485

3/14




WO 2009/104000 PCT/GB2009/000485

4/14

50

.

52

500

51

Fig. 6a
Fig. 6b
500

<
o
\\A )
<
S
\ 2 ]
o
gz |
<
o
F
[a0] Ko <
S
F inf £ 8
. 5
e
® ©
™
o
®

30
a7
| 301

303

32

31

Fig. 4a

Fig. 4b
35



WO 2009/104000 PCT/GB2009/000485

5/14

66

60

»

Fig. 7a

Fig. 7b

64



WO 2009/104000 PCT/GB2009/000485

6/14
;!
R
70
Fig. 8 77
78
B A 2 771
NINN
75
76
74 73
71 72

701



WO 2009/104000 PCT/GB2009/000485

7/14

Fig. 9b




WO 2009/104000 PCT/GB2009/000485

8/14

94 914



PCT/GB2009/000485

WO 2009/104000

9/14

SRR

001

A A oA A A AT ST

Pz 7z %
//%M%/%&? //,9///% N //// % 4
/ ]

P,

B

100t

s 5
€001 w
(11218

6001
GooL

S0

8001

£00%

<c00t

000}




PCT/GB2009/000485

WO 2009/104000

10/14

710 TE

€r b




WO 2009/104000 PCT/GB2009/000485

11/14

10’

17

10




WO 2009/104000 PCT/GB2009/000485

12/14

10’

113




WO 2009/104000 PCT/GB2009/000485

13/14

112" 112’ 112




WO 2009/104000 PCT/GB2009/000485

14/14

Fig. 19



"

INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2009/000485

A. LASSIFICATION OF SUBJECT MATTER

INV. F2/06 A61F2/24

B. FIELDS SEARCHED

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

A61F

Minimum documentation searched (dassification system followed by classification symbols),

Documentation searched other than minimum documentation 10 the extent that such documents are included in the fields searched

EPO-Internal

Electronic dala base consuited during the international search (name of data base and, where practical, search tenms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

page 1, line 2 - page 7,
" 1-3 )

line 25; figures

X WO -2006/047184 A (DOUGLAS MYLES [US]) 1-3,
: 4 May 2006 (2006-05-04) 6-13,
16-30,
34-38
Y 14,15,
. 31-33
paragraphs [0001] - [0105]; figures -1-22
Y WO 95/03754 A (SKALKEAS GRIGORIOS [GR]) 4,14,15,
9 February 1995 (1995-02-09) 31-33

-f=

m Further documents are listed in the continuation of Box C.

[G See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

°E" earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or olher special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
* later than the priority date claimed

-*T* later document publishéd after the internationai filing date
or priotity date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention -
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me't]us, such combination being obvious to a person skiiled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

27 May 2009

Date of mailing of the intemational search report

04/06/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Skorovs, Peteris

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2009/000485

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[US]) 26 July 2001 (2001-07-26)
paragraphs [0001] - [0084]; figures 1-17

Category* | Citation of document, with indication, where appropriate, of thg relevant passages Relevant to claim No.
X WO 2005/000168 A (UNIV SOUTH FLORIDA [USI; 31-33
: KNIGHT JOSEPH ALLEN [US])
6 January 2005 (2005-01-06)
Y ' 1-30
: page 1, line 10 - page .8, line 15; figures
1-5 :
X WO 99/33412 A (BAXTER INT [US]; NGUYEN 31-33
- THIEN NHON DIANA [US])
_ 8 July 1999 (1999-07-08)
Y 1-30
page 1, 1ine 10 - page 14, 1line 6; figures
1-5 - ‘
Y WO 01/52776 A (HEINEMAN MEDICAL RES INC - 1-33

Form PCT/ISA/210 (continuation of sacond sheet) (Aprﬂ 2005)

" page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

intemational application No

PCT/GB2009/000485
Patent document Publication Patent family Publication
cited in search report .date member(s) date -
WO 2006047184 A 04-05-2006 CA 2585357 Al 04-05-2006
' ' EP 1804723 A2 11-07-2007
US 2006089704 Al 27-04-2006
WO 9503754 A 09-02-1995 ~ AU 7236194 A - 28-02-1995
GR 93100328 A 31-03-1995
W0 2005000168 A 06-01-2005 NONE
WO 9933412 A 08-07-1999 AU . 728106 B2 04-01-2001
AU 1634599 A 19-07-1999
BR 9814491 A 10-10-2000
CA 2315718 Al 08-07-1999
DE 69834945 T2 19-10-2006
EP 1041942 Al 11-10-2000
JP 3775991 B2 17-05-2006
~JP 2001526932 T 25-12-2001
JP 2005230580 A 02-09-2005
us 6342070 Bl 29-01-2002
us - 6001126 A 14-12-1999
WO 0152776 A 26-07-2001 AU 2962101 A 31-07-2001
: _ EP 1253876 Al 06-11-2002
us "~ 6544285 B1

08-04-2003

Fomn PCT/1SA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

