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(57) Abstract

For connecting
the end of a first blood
vessel (6) to the side of a
second blood vessel, which
preferably has a greater
diameter than the first blood
vessel, use is made of a
sleeve (11, 11’) whose one
end portion (12, 127) is
expandable for the forming
of an annular end flange
(15, 15°). As a result,
the first blood vessel (6),
after being passed through
the sleeve (11, 11’) in the
direction of the expandable
end portion and folding
back at least over the
expandable end portion, is
formable into a collar, both
sides of which enclose the
annular end flange inside
the second blood vessel
and internally surround an
opening formed therein.
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ANASTOMOTIC FITTING

The present invention relates generally to the field
of vascular surgery and, more specifically, to a connect-
ing device for blood vessels, especially the aorta in by-
pass operations on the coronary vessels.

An increased flow resistance in the various coronary
vessels can jeopardise the oxygen supply to the cardiac
muscle. In some cases an expansion of the vascular lumen
is possible. If the flow of blood in a vessel is com-
pletely or practically completely blocked, the only thing
to be done is to bypass the blocked portion to prevent an
irreparable injury from arising. Such a bypass operation
is usually effected by connecting a new vessel after the
blocked point and connecting it to another blood vessel,
for instance the aorta, which may give a sufficient flow
of blood to the blood vessel after the blocked point.

Such a bypass operation normally requires the use of
a heart-lung machine, i.e. that the heart be temporarily
stopped, since the bypass operation when connecting, for
instance, the two vessels involved requires the heart to
be immovable. In consequence of the connecting technique
employed and the use of the heart-lung machine, the ope-
ration will be relatively time-consuming and not without
risk.

International Patent Application No. PCT/SE97/00804
discloses a branching device, which to a considerable
extent facilitates the connection of the new vessel to
the coronary vessel suffering from stenosis, but this
branching device is not suited for connection of the new
vessel to e.g. the aorta mainly owing to the difference
in size.

The object of the present invention therefore is to
provide a simple and reliable connection of the new ves-
sel to a blood vessel, for instance the aorta, which can

give a sufficient flow of blood to the constricted blood
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2
vessel via a branch after the constriction. Preferably
it should also be possible to design the connection in
a manner which makes it possible that the heart-lung
machine need not be used. Most preferably it should be
possible to carry out the operation by applying endo-
scopy.

According to the invention, this object is achieved
by the connecting device being given the features that
appear from the accompanying claim 1. Preferred embodi-
ments of the connecting device appear from the dependent
claims.

The inventive sleeve thus makes it possible to
create a collar from the end of a first blood vessel.

The collar can be made to extend around the inside of an
opening formed in the second blood vessel. As a result, a
relatively large overlapping can be achieved in the con-
necting area between the first and the second blood ves-
sel, which in turn permits a highly reliable connection
of the two vessels.

In the preferred embodiment, use is made of a bal-
loon for expanding the end portion of the sleeve and,
thus, for forming the collar. More precisely, the bal-
loon is equipped with an inlet tube, which can be passed
through the sleeve, such that the balloon itself will be
positioned adjacent to the expandable end portion in
order to accomplish, by inflation, the expansion thereof
and at the same time also form the collar from the first
blood vessel.

For fixing the position of the balloon during in-
flation thereof such that the resulting pressure acts
against the expandable end portion of the sleeve, the
inlet tube of the balloon suitably is made of a substan-
tially nonelastic material.

In the preferred embodiment of the inventive device,
the balloon besides has a nonelastic portion, which abuts
on the inlet tube and in extended state has a shape cor-
responding to the desired shape of the annular end flange
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and, thus, the collar. This ensures still more that the
expandable end portion of the sleeve is affected in the
correct manner for the shape of the annular flange to be
correct.

According to the invention, a locking ring is advan-
tageously used to fix the two blood vessels. The locking
ring can receive the sleeve and be displaced along this
to a position adjacent to the annular flange, mutually
overlapping portions of the first and the second vessel
being positioned therebetween. With the aid of suitable
fixing means, e.g. pins with barbs, which can be inte-
grated with the locking ring and directed axially rela-
tive to the sleeve, the first and the second blood vessel
portions, which overlap each other, can be interconnected
in a simple and reliable manner around the opening formed
in the second blood vessel.

The entire sleeve but preferably only its expandable
end portion can advantageously be made of a net-like
flexible material, but the end portion can alternatively
be formed by making a plurality of axial slots from the
one end of the sleeve.

The invention will now be described in more detail
with reference to the accompanying drawings, in which

Fig. 1 is a perspective view and shows a heart with
two schematically indicated bypasses of coronary vessels
each having a blocking,

Fig. 2 is a perspective view and shows one embodi-
ment of a device according to the invention, as well as
parts preferably associated therewith,

Figs 3 and 4 are perspective views for explaining
the method of mounting the embodiment of an inventive
device as shown in Fig. 2,

Fig. 5 is a perspective view of the inventive sleeve
with an end portion expanded into an annular flange,

Figs 6a-c illustrate schematically the procedure
when forming a flange on the inventive sleeve when this

is enclosed by a vessel, and
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Fig 7 1s a perspective view of an alternative embo-
diment of the sleeve in Fig. 5.

The heart 1 shown in Fig. 1 has two coronary vessels
2, 3 each having a blocking 4, 5 in the form of a steno-
sis or an occlusion. Fig. 1 illustrates schematically how
these blockings are bypassed by means of two vessels 6,
7 which can be taken from the patient himself. More spe-
cifically, one end of the vessel 6 is connected after the
blocking 4, seen in the normal direction of flow in the
vessel 2, and its other end is connected to the aorta 8,
such that a sufficient quantity of oxygen-rich blood will
be supplied to the already blocked coronary vessel 2
after the blocking 4 therein. The same applies to the
vessel 3.

For effecting the connection of the vessel 6 to
the coronary vessel 2, a branching device according to
International Patent Application No. PCT/SE97/00804 can
be used.

The connecting device according to the present in-
vention concerns the connection of the other end 9, 10
of the vessel 6 or 7 to a vessel, e.g. the aorta 8,
which thus should give a sufficient flow of blood to pro-

vide the coronary vessel 2, 3 after the blocked point 4,

5 with a sufficient supply of oxygen.

As shown in Fig. 2, the connecting device according
to the invention comprises a sleeve 11 of a metal or
plastic that is not rejected by body tissue. The sleeve
11 comprises an end portion 12 having a plurality of
axial slots 13 and axially directed, intermediate ribs
14. Except for the end portion 12, the sleeve 11 is rela-
tively rigid. The ribs 14 of the end portion 12 are also
relatively rigid, but flexible outwards from their axial
direction in Fig. 2 to a radial direction, as is best
seen in Fig. 5. In the outwardly-flexed state, the ribs
14 form an annular radial end flange 15, as is also best

seen in Fig. 5.
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An alternative to the sleeve 11 in Fig. 5 is shown
in Fig. 7. Instead of having the slots 13 and the ribs
14, the sleeve 11' in Fig. 7 is, at least at its end
12', made of a net-like flexible material, e.g. of stent
type, so as to give the flange 15' of the sleeve 11' the
appearance which is schematically shown in Fig. 7.

The connecting device further utilises a balloon 16,
a locking ring 17 and a locking sleeve 18. Fig. 2 also
shows part of the first blood vessel 6 adjacent to the
end 9 thereof. More precisely, the blood vessel 6 is
shown in the form it gets after being passed, end 9
first, through the sleeve 11 in the direction of the end
portion 12 of the sleeve and subsequently has been folded
back with its outer part over the sleeve 11.

The balloon 16 is made of an elastic material, but
has an inlet tube 19 which is essentially nonelastic. The
inlet tube 19 is adapted to be passed through the vessel
6, for instance after the vessel 6 has been arranged on
the sleeve 11 in the manner described above. The balloon
may also comprise an essentially nonelastic portion 20
adjacent to the inlet tube 19 for a purpose that will be
described below.

The locking ring 17 is an essentially planar ring
having a plurality of axially directed pins 21, which
project in the same direction from one flat side of the
ring. Each pin 21 has one or more barbs 22, which ensure
that the pin 21 remains once it has been passed through
a material, in this case the vessel 6 and the end flange
15, as will be described in more detail below.

The locking sleeve 18 serves to safely retain on the
sleeve 11 that part of the vessel 6 which has been folded
back over the sleeve 11 and past the end portion 12. More
specifically, the locking sleeve 18 is of such a design
that it can be opened and be moved inwards laterally over
that part of the vessel 6 which has been folded back over
the sleeve 11, and then be clamped, such that the inte-
riorly of the locking sleeve 18 positioned part of the
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6
vessel 6 is locked against the sleeve ll.wAlternatively,
the locking sleeve 18 can be integrally formed with the
locking ring 17.

A method for connecting the vessel 6 to the vessel 8
by means of an inventive device will be described below
with reference to Figs 3 and 4.

The end 9 of the vessel 6 is first passed through
the sleeve 11 and folded back over the end portion 12 and
somewhat past this. The folded-back part of the vessel 6
is fixed on the sleeve 11 by means of the locking sleeve
18. The inlet tube 19 of the balloon 16 is moved through
the vessel 6, and the locking ring 17 is moved inwards
over the vessel 6 from the end thereof which is opposite
to the balloon 16.

After an opening has been made in the wall of the
vessel 8B, the sleeve 11 with the vessel 6 pulled over and
ldcked by means of the locking ring 18 and with the bal-
loon 16 positioned within the sleeve 11 is moved so far
into the vessel 8 that the end portion 12 is positioned
completely inside the vessel 8. The balloon 16 is then
inflated via its inlet tube 19, the balloon 16 being in
such a position that the ribs 14 are bent outwards from
their axial direction to a more or less radial direction.
This deformation of the end portion 12 is permanent, and
thus the end flange 15 is formed. The fact that the inlet
tube 19 is not elastic makes it easy for the balloon 16
to affect the ribs 14 in the correct manner for the de-
sired outwards bending thereof. The desired shape of a
collar 23 formed from the vessel 6 around the end flange
15, i.e. the shape of the end flange 15, can be addi-
tionally guaranteed by the balloon portion 20 adjacent to
the inlet pipe 19 also being formed essentially nonelas-
tic.

When inflating the balloon 16, the shape of the
sleeve 11 changes from the shape shown in Fig. 3 to the

one in Fig. 4 (and also Fig. 5).
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The change of the shape is shown in more detail in
Figs 6a-c, where the sleeve 11 and the first vessel 6 are
shown in a longitudinal cross-section, but where the bal-
loon 16 is not included for the sake of clarity.

Fig. 6a shows the starting position, where the first
vessel 6 is passed through the sleeve 11 and is folded
back practically to the end of the sleeve 11 opposite the
end 12, and where the locking ring 18 fixes the folded-
back part of the first vessel 6 adjacent to the former
end.

Fig. 6b shows the position after the expansion of
the end portion 12 of the sleeve 11 has begun. The first
vessel 6 will, on the inside of the sleeve 11, essential-
ly abut on the inside of the end portion 12, while on
the outside of the sleeve 11 it will extend essentially
straight between the locking ring 18 and the free end of
the end portion 12. Since this free end is not fixed re-
lative to the first vessel 6, a relative movement will be
possible, which is a requirement to enable expansion of
the first vessel 6 without being damaged to a consider-
able extent.

Fig. 6c shows the final position of the expansion of
the end portion 12 of the sleeve 11. Also in this case,
the first vessel 6 follows the inside of the end portion
12 but does not enter the angle between the sleeve 11 and
the expanded end portion 12 on the outside of the sleeve
11. This clearance between the vessel 6 and the outside
of the sleeve 11 adjacent to the expanded end portion is
advantageous for the necessary seal against the second
vessel 8 since a pressure will thus be exerted on the in-
side of the edge of the opening formed in the vessel 8.

For the final fixing of the vessel 6 to the vessel
8, the locking ring 17 is moved down on the outside of
the sleeve 11 towards the end flange 15, while the pins
21 penetrate at least the wall of the vessel 8 and the
wall of that part of the vessel 6 which is folded back

over the end portion 12 and forms one layer of the col-
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lar 23. Because of the barbs 22, the desired locking is
achieved. The pins 21 can advantageously also be made to
penetrate the end flange 15 and the other layer of the
collar 23 and outwards into contact with the balloon le,
which, however, is so yieldable as not to be punctured by
the pins 21.

Once the vessel 6 is safely connected to the vessel
8, the pressure in the balloon 16 can finally be reliev-
ed, thereby making it possible to pull out the balloon
through the vessel 6 by means of the inlet tube 19.

The expert realises that several modifications of
the above-described embodiment of a connecting device are
conceivable within the scope of the invention as defined
in the appended claims. For example, the fan shape which
the ribs 14 of the end flange 15 have according to Fig. 5
can also be achieved without the slots 13 by folding the
material of the end portion 12 like a fan.
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CLAIMS

1. A device for connecting the end of a first blood
vessel (6) to the side of a second blood vessel (8),
which preferably has a greater diameter than the first
blood vessel, characterised by a sleeve (11,
11') whose one end portion (12, 12') 1is expandable for
the forming of an annular end flange (15, 15'), which is
adapted to be enclosed on both sides by said end of the
first blood vessel (6) for forming a collar (23) for
connecting the second blood vessel (8).

2. A device as claimed in claim 1, charac-
terised by aballoon (16), which is arranged adja-
cent to the expandable end portion (12, 12') and is
adapted to expand the end portion and form the collar
(23) during inflation of the balloon.

3. A device as claimed in claim 2, charac-

t erised in that the balloon (16) has an inlet tube
(19) of an essentially nonelastic material.

4. A device as claimed in claim 3, charac-
terised in that the balloon (16) has an essentially
nonelastic portion (20), which abuts on the inlet tube
(19) and in extended state has the shape which is desired
for the collar (23).

5. A device as claimed in any one of claims 1-4,
characterised in that the end portion (12,

12') of the sleeve (11, 11') is made of a permanently
deformable material.

6. A device as claimed in any one of claims 1-5,
characterised by a locking ring (17) having
a greater inner diameter than the outer diameter of the
sleeve (11, 11') and having axially directed fixing means
(21), said locking means being adapted to fix the collar
(23) to the inside of the wall of the second blood vessel
(8).
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7. A device as claimed in claim 6, charac-
terised in that the fixing means (21) comprise
pins provided with barbs (22).

8. A device as claimed in any one of claims 1-7,
characterised by a clamping means (18), which
is adapted to fix part of the first blood vessel (6) to
the outside of the sleeve (11, 11').

9. A device as claimed in any one of claims 1-8,
characterised in that the expandable end por-
tion (12') of the sleeve (11') is made of a net-like
material.

10. A device as claimed in claim 9, charac-
terised in that the sleeve (11, 11') is made of
a metallic material or some other flexible material.

11. A device as claimed in any one of claims i-8,
characterised 1in that the expandable end pcr-
tion (12, 12') of the sleeve (11, 11') is outwardly fold-
able in the form of a fan.
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