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(57) ABSTRACT 

A graft connector comprises a sleeve (10) and a collar (11). 
The sleeve (19 has an opening (12) in its circumferential 
surface and comprises a memory material. The collar (11) 
consists of a ?uid-tight material and is ?xed to the sleeve 
(10) before use of the graft connector. The collar has a 
shoulder portion (13) extending at least around the opening 
(12) and a neck portion (14) integral With the shoulder 
portion (13) and projecting radially from the opening (12). 
An introducer for the graft connector comprises tWo 
L-shaped elements (18, 19), and ?rst releasable means (20, 
21, 28-30) for locking the tWo L-shaped elements (18, 19) 
together so as to form a T-shaped element (26) having a stem 
(27) and tWo oppositely directed arms (24, 25). Removable 
means (31; 42; 46) are provided for temporarily reducing 
the diameter of the sleeve (10) during insertion into a blood 
vessel (2) and also for connecting the arms (24, 25) of the 
T-shaped element (26) along the sleeve (10) of the graft 
connector. The sleeve (10) is introduced into the blood 
vessel (2) through the longitudinal incision made therein by 
manipulation of the stem (27) of the T-shaped element (26). 
Then the tWo L-shaped elements (18, 19) are released from 
each other and from the sleeve (10) and ?nally they are 
retracted from the blood vessel 
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GRAFT CONNECTOR, AN INTRODUCER 
THEREFOR AND A METHOD OF MAKING A 

BRANCH CONNECTION 

[0001] This is a continuation of copending parent appli 
cation Ser. No. 09/777,716, ?led Feb. 7, 2001, Which is a 
continuation of PCT/SE00/01610 ?led Aug. 23, 2000; and a 
CIP of Ser. No. 09/192,895, ?led Nov. 17, 1998, Which 
issued as US. Pat. No. 6,210,430 on Apr. 3, 2001, Which 
application itself Was the national stage of International 
application PCT/SE97/00804, ?led May 16, 1996. 

[0002] The present invention relates generally to the ?eld 
of vascular surgery and, more speci?cally, to a branching 
device or a graft connector for blood vessels, especially for 
bypass operations on the coronary vessels. The invention is 
also related to an instrument for introducing the graft 
connector into a blood vessel and further to a combination 
of a graft connector and an introducer. Further, the invention 
relates to a method of making a branch connection to a blood 
vessel. 

[0003] An increased ?oW resistance in the various coro 
nary vessels can jeopardise the oxygen supply to the cardiac 
muscle. In some cases an expansion of vascular stenosis is 
possible. If the How of blood in a vessel is completely 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 suf?cient How of blood to the blood 
vessel after the blocked point. 

[0004] In practice, such a bypass operation requires the 
use of a heart-lung machine, ie 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 opera 
tion Will be relatively time-consuming and not completely 
Without risk. 

[0005] When larger vessels are involved, it is knoWn from 
eg US. Pat. No. 5,456,712 to provide a branch by blocking 
the vessel by means of balloons on each side of the intended 
branch point, Whereupon an incision is made in the blocked 
portion of the blood vessel. Then an expanded end of a 
vascular prosthesis is inserted through the incision and a 
stent is inserted through the one blocking balloon to a 
position inside the incision, Where ?nally the stent is 
expanded by means of a further balloon positioned inside the 
stent. For completely safe ?xing of the expanded end to the 
area around the incision in the vessel, some sort of suture is 
used, primarily for connecting the expanded end of the 
vascular prosthesis With the blood vessel around the incision 
therein. 

[0006] This prior-art technique implies that a blocking can 
be made on each side of the intended branch point, and that 
the stent can be inserted via the diseased vessel involved and 
through one of the blocking balloons. In practice, also a 
?xing of the expanded end of the vascular prosthesis relative 
to the vessel involved by means of some sort of suture is 
required. 

[0007] The technique according to Us. Pat. No. 5,456, 
712 is thus not suited for use in thin vessels, such as the 
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coronary vessels, or in other positions Where the described 
blocking by means of a balloon from the inside of the vessel 
is not possible. 

[0008] A more a simple and reliable bypass of the coro 
nary vessels Without necessitating temporary internal block 
ings is disclosed as a branching device in WO97/43961. This 
branching device has a sleeve, Which is radially extensible 
and has an opening in its circumferential surface, and a 
collar Which consists of a ?uid-tight material and is ?xed to 
the sleeve before the branching device is used and Which 
has, on the one hand, a shoulder portion extending at least 
around the opening in the circumferential surface of the 
sleeve and, on the other hand, a neck portion integral With 
the shoulder portion and projecting radially from the open 
ing in the circumferential surface of the sleeve. 

[0009] The opening in the circumferential surface of the 
sleeve is preferably arranged unsymmetrically relative to the 
ends of the sleeve. This confers an advantage since the 
necessary longitudinal incision in the blocked vessel need 
not be made longer than the distance from the neck portion 
to the nearest end of the sleeve, While the sleeve of the 
branching device can be retained safely in the vessel thanks 
to the sleeve obtaining a long part (seen from the neck 
portion), Which must thus ?rst be inserted into the opening 
in the vessel. 

[0010] After the insertion of the sleeve into the vessel in 
a reciprocating movement, the short part of the sleeve is 
positioned completely beyond the opening in the vessel, 
While the long part of the sleeve covers the main part of the 
opening in the vessel and besides can extend beyond this a 
distance of essentially the same length as the short part of the 
sleeve. Once the sleeve is correctly positioned in the vessel, 
its position is to be ?xed. This is possible according to 
WO97/43961 thanks to the sleeve being radially extensible 
by means of a balloon and retaining its extended shape, ie 
the shape of the sleeve is permanently deformable. This 
results in an expansion of the vessel, Which then clamps the 
sleeve in place and also clamps the shoulder portion of the 
collar against the sleeve. 

[0011] An object of the present invention is to further 
improve the branching device disclosed in WO97/43961 and 
especially improve and simplify the insertion of a graft 
connector into a blood vessel. 

[0012] This object is achieved by a graft connector having 
the features according to the accompanying claim 1, by an 
introducer having the features according to the accompany 
ing claim 16, and by a combination having the features 
according to the accompanying claim 23. Also, the object is 
achieved by a method having the features according to any 
one of the accompanying claims 24-26. 

[0013] Thus, the graft connector comprises a sleeve, 
Which has an opening in its circumferential surface and 
comprises a memory material, a collar Which consists of a 
?uid-tight material and is ?xed to the sleeve before use of 
the graft connector and Which has, on the one hand, a 
shoulder portion extending at least around the opening in the 
circumferential surface of the sleeve and, on the other hand, 
a neck portion integral With the shoulder portion and pro 
jecting radially from the opening in the circumferential 
surface of the sleeve, and removable means for temporarily 
reducing the diameter of the sleeve during insertion into a 
blood vessel. 
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[0014] The removable means may comprise a suture encir 
cling at least part of the sleeve and thereby reducing the 
diameter of the sleeve. 

[0015] Further, the graft connector may comprise edge 
means for cutting the suture once the sleeve is introduced 
into the blood vessel. 

[0016] Preferably, the edge means comprises a needle 
having an edged hole at a tip thereof, through Which hole the 
suture is extending. 

[0017] Further, the graft may comprise tWo L-shaped 
elements, ?rst releasable means for locking the tWo 
L-shaped elements together so as to form a T-shaped ele 
ment having a stem and tWo oppositely directed arms, and 
second releasable means for connecting the arms of the 
T-shaped element along the sleeve of the graft connector. 
Thereby, the sleeve may be introduced into the blood vessel 
through the longitudinal incision made therein by manipu 
lation of the stem of the T-shaped element and the tWo 
L-shaped elements may be released from each other and 
from the sleeve and then retracted from the blood vessel. 

[0018] The suture should encircle at least part of the sleeve 
and the arms of the T-shaped element, Which may have a 
longitudinal channel in Which the needle is positioned. 

[0019] The needle should be retractable from the longitu 
dinal channel of the T-shaped element. Also, a cap may 
enclose the free ends of the stem in its non-retracted posi 
tion. Further, the needle and the cap are locking the tWo 
L-shaped elements to each other. 

[0020] According to the present invention, an introducer is 
provided for a T-shaped graft connector, Which comprises a 
sleeve that is to be introduced into a blood vessel through a 
longitudinal incision made therein, the sleeve having an 
opening in its circumferential surface, and a collar adjoining 
the opening and extending radially therefrom and, When the 
sleeve is introduced into the blood vessel, extending out 
from the longitudinal incision made therein. 

[0021] This introducer comprises tWo L-shaped elements, 
?rst releasable means for locking the tWo L-shaped elements 
together so as to form a T-shaped element having a stem and 
tWo oppositely directed arms, and second releasable means 
for connecting the arms of the T-shaped element along the 
sleeve of the graft connector, Whereby the sleeve may be 
introduced into the blood vessel through the longitudinal 
incision made therein by manipulation of the stem of the 
T-shaped element and the tWo L-shaped elements may be 
released from each other and from the sleeve and then 
retracted from the blood vessel. 

[0022] In such an introducer, the second releasable means 
for connecting the sleeve of the graft connector in parallel 
With the arms of the T-shaped element may comprise a 
suture encircling at least part of the sleeve and the arms of 
the T-shaped element. 

[0023] Further, the second releasable means for connect 
ing the sleeve of the graft connector in parallel With the arms 
of the T-shaped element may comprise an edge for cutting 
the suture. 

[0024] More precisely, the second releasable means for 
connecting the sleeve of the graft connector in parallel With 
the arms of the T-shaped element may comprise a needle 
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having an edged hole at a tip thereof, through Which hole the 
suture is extending. The T-shaped element may have a 
longitudinal channel in Which the needle is positioned. 

[0025] Preferably, the needle is retractable from the lon 
gitudinal channel of the T-shaped element and has a cap 
enclosing the free ends of the stem in its non-retracted 
position. Also, the needle and the cap may lock the tWo 
L-shaped elements to each other. 

[0026] According to the invention, a method of connecting 
the above described T-shaped graft connector to a blood 
vessel comprises the steps of locking the T-shaped element 
to the sleeve, reducing the diameter of the sleeve, making a 
longitudinal incision in the blood vessel, inserting the sleeve 
through the incision into the blood vessel using the stem as 
a holder, the collar extending radially out of the incision in 
the blood vessel, releasing the sleeve from the T-shaped 
element to alloW the sleeve to expand Within the vessel, and 
removing the T-shaped element from the blood vessel. 

[0027] As an alternative, a method of making a branch 
connection to a blood vessel using the T-shaped graft 
connector and the T-shaped element comprises the steps of 

[0028] locking the T-shaped element to the sleeve 
such that the sleeve extends along the arms and the 
collar extends substantially along the stem, reducing 
the diameter of the sleeve, making a longitudinal 
incision in the blood vessel, inserting the sleeve 
through the incision into the blood vessel using the 
stem as a holder, the collar extending radially out of 
the incision in the blood vessel, releasing the sleeve 
from the T-shaped element to alloW the sleeve to 
expand Within the vessel, and 

[0029] removing the T-shaped element from the 
blood vessel. 

[0030] Preferably, the T-shaped graft connector and the 
T-shaped element are already releasably locked to each other 
When delivered for introduction into a blood vessel. Then the 
method for making a branch connection to a blood vessel 
comprises the steps of making a longitudinal incision in the 
blood vessel, inserting the sleeve and the arms of the 
T-shaped element through the incision into the blood vessel 
using the stem as a holder, the collar extending radially out 
of the incision in the blood vessel, releasing the sleeve from 
the T-shaped element to alloW the sleeve to expand Within 
the vessel, and removing the T-shaped element from the 
blood vessel. 

[0031] The locking of the T-shaped element to the sleeve 
may comprise at least partly encircling the sleeve and the 
arms With a suture, Which may be released from the 
T-shaped element by cutting. 

[0032] Alternatively, the locking of the T-shaped element 
to the sleeve may comprise inserting each one of the arms 
and an adjoining part of the sleeve into a tube made of a 
plastic ?lm, e.g. made from PTFE, and then shrinking the 
tube thereby also reducing the diameter of the sleeve, Which 
may be released from the T-shaped element by a longitudinal 
cut through the tube. 

[0033] As a further alternative, the locking of the T-shaped 
element to the sleeve may comprise making a tube of each 
one of the arms and a sheet of a plastic ?lm, said tube 
encircling an adjoining part of the sleeve, and reducing the 
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diameter of the sleeve. Here, the diameter of the tube may 
be reduced by shrinking of the plastic ?lm When the tube is 
made, Whereby the diameter of the sleeve is reduced, or the 
diameter of the sleeve may be reduced at the same time as 
the tube is made. 

[0034] The invention Will noW be described in more detail 
With reference to the accompanying drawings, in Which 

[0035] FIG. 1 is a perspective vieW and shoWs a heart With 
tWo schematically indicated bypasses of coronary vessels 
each having a blocking, 

[0036] FIG. 2 is a perspective vieW and shoWs, among 
other things, a feW parts included in one embodiment of a 
graft connector according to the invention, 

[0037] FIG. 3 shoWs the parts in FIG. 2 in an assembled 
state before insertion into a blocked vessel, 

[0038] FIG. 4 is a perspective vieW and shoWs the graft 
connector and separated elements of an embodiment of an 
introducer according to the present invention, 

[0039] FIG. 5 is a side vieW and shoWs the graft connector 
and the introducer in FIG. 4 in and assembled state before 
insertion into a blocked vessel, 

[0040] FIG. 6 is an end vieW of the graft connector and the 
introducer in FIG. 5, 

[0041] FIG. 7 is a cross-sectional vieW along the lines 
VII-VII in FIG. 6, and 

[0042] FIG. 8 a cross-sectional vieW through the tip of a 
needle and partly through arms shoWn in 4 and illustrates a 
?rst embodiment of means for connecting the introducer to 
the graft connector. 

[0043] FIG. 9 is as schematic vieW illustrating a second 
embodiment of means for connecting the introducer to the 
graft connector. 

[0044] FIG. 10 is as schematic vieW illustrating a third 
embodiment of means for connecting the introducer to the 
graft connector. 

[0045] The heart 1 shoWn in FIG. 1 has tWo coronary 
vessels 2, 3 each having a blocking 4, 5, ie a stenosis or an 
occlusion. FIG. 1 illustrates schematically hoW these block 
ings 4, 5 are bypassed by means of tWo grafts or vessels 6, 
7 Which can be taken from the patient himself. More 
speci?cally, one end of the vessel 6 is connected after the 
blocking 4, seen in the normal direction of How 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. 

[0046] For effecting the connection of the vessel 6 to the 
coronary vessel 2, the embodiment shoWn in FIGS. 2-8 of a 
graft connector or branching device according to the inven 
tion can be used. The main components of this branching 
device are a sleeve 10 and a collar 11 ?xed thereto. The 
sleeve 10 consists of a memory material that is not rejected 
by the body tissue. Its construction is such as to have a 
predetermined diameter, Which can be reduced by compres 
sion. When releasing the compression, the sleeve 10 Will 
automatically expand to its predetermined, larger diameter. 
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[0047] A suitable material for the sleeve 10 is in the form 
of a net that permits said compression and expansion. 

[0048] According to the invention, the sleeve 10 further 
has an axially elongate opening 12, Whose dimensions, When 
the sleeve 10 expands, may be distorted in a manner similar 
to the distortion of the actual sleeve 10, ie a shortening in 
the axial direction and an expansion in the circumferential 
direction. The opening 12 may thus obtain a decreased 
length in the axial direction of the sleeve 10, but an increased 
Width in the circumferential direction of the sleeve 10. 

[0049] The collar 11 consists of a ?uid-tight and prefer 
ably ?exible or even elastic material, Which of course must 
also be such as not to risk being rejected by the body tissue. 
More speci?cally, the collar 11 has a shoulder portion 13 and 
a neck portion 14. 

[0050] The shoulder portion 13 has a shape substantially 
conforming to the shape of the sleeve 10. It has such a siZe 
as to overlap the opening 12 and thus extend over the sleeve 
10 around the opening 12. The overlapping is also so great 
as to remain also in case of a certain change of the siZe of 
the opening 12, as Will be described beloW. The shoulder 
portion 13 can also completely encompass at least part of or 
the entire sleeve 10, in Which case the material of the 
shoulder portion 13 is so elastic as not to essentially coun 
teract neither a compression nor an expansion of the sleeve 
10, as Will be described beloW. Preferably, the shoulder 
portion 13 completely encompasses the entire sleeve 10, as 
shoWn in FIG. 2 

[0051] The neck portion 14 of the collar 11 is a direct 
extension of the shoulder portion 13 and essentially has the 
shape of a cylinder. The most important function of the neck 
portion 14 is to serve as connecting member for the graft or 
neW vessel 6. 

[0052] For the connection betWeen the neck portion 14 
and the vessel 6, a rigid supporting sleeve 15 and a clamping 
or locking sleeve 16 can be used according to the embodi 
ment illustrated in FIGS. 2 and 3 of the draWings. The end 
of the vessel 6 is adapted to be inserted into and through the 
supporting sleeve 15, and the outermost part of the vessel 6 
is then to be folded or pulled back over the outside of the 
supporting sleeve 15. This folding back of the end of the 
vessel 6 is shoWn in FIG. 2, but With the supporting sleeve 
15 separated from the vessel 6. For completion of the 
connection, the supporting sleeve 15 With the pulled-on 
vessel 6 is inserted into the open end of the neck portion 14. 
Then the clamping sleeve 16 is arranged and clamped 
around the neck portion 14, Which then together With the 
interiorly situated, folded-back part of the vessel 6 is pressed 
against the outside of the supporting sleeve 15. As a result, 
a ?xed and tight connection betWeen the neck portion 14 and 
the vessel 6 is achieved. 

[0053] The actual clamping sleeve 16 may be divisible so 
as to be laterally movable over the neck portion 14 before 
the clamping operation, Which suitably is effected by the 
clamping sleeve 16 having, at its ends that are free before 
clamping, hooks engaging each other and permitting an easy 
tightening of the clamping sleeve 16 around the neck portion 
14. 

[0054] For ?xing the sleeve 10 and the collar 11 relative to 
eg the blood vessel 2 in FIG. 1, the sleeve 10 is made from 
a memory material and removable means are used for 
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temporarily reducing the diameter of the sleeve 10 during 
insertion into the blood vessel 2. By releasing these remov 
able means, the sleeve 10 can be expanded in its place Within 
the blood vessel 2, such that the blood vessel 2 also is 
expanded and thus is pressed against the sleeve 10 for ?xing 
the position thereof in the blood vessel 2. At the same time 
the collar 11, more precisely the shoulder portion 13, Will be 
squeeZed betWeen the blood vessel 2 and the sleeve 10, such 
that the position of the collar 11 Will be safely ?xed relative 
to the blood vessel 2 and a ?uid-tight seal betWeen this and 
the collar 11 is obtained Without necessitating any suture. 

[0055] It is preferable to ?rst prepare the connection 
betWeen the collar 11 and the neW vessel 6. Subsequently, 
the sleeve 10 can in a reciprocating movement be inserted 
into, for instance, the vessel 2 through an opening formed 
therein by a longitudinal incision. Then the branching device 
is ?xed in the vessel 2 by release of the removable means, 
Whereby the sleeve 10 expands. 

[0056] For completion of the operation, the free end of the 
neW vessel 6 is to be connected to a blood vessel, for 
instance the aorta 8, Which can give a sufficient How of blood 
to the vessel 2 after the blocking 4. 

[0057] In an alternative method of carrying out a bypass 
operation by means of the graft connector according to the 
invention, the neW vessel 6 ?rst is connected to the blood 
vessel, eg the aorta, Which can give a sufficient How of 
blood, and is then connected to the vessel having a blocking. 

[0058] According to a further alternative, an arterial vessel 
originating from the aorta or some other artery, eg the 
internal mammary artery, capable of giving a suf?cient How 
of blood may be used as the neW vessel 6, thus requiring 
connection only at one end. 

[0059] It should be emphasised that in the methods 
described above, the collar 11 is even from the beginning 
?xed to the sleeve 10, and that the shoulder portion 13 
preferably encompasses the entire sleeve 10. 

[0060] FIG. 4 shoWs a T-shaped graft connector 17, ie 
the elements 10-14 of FIG. 2 in an assembled state. Further, 
elements 18-21 of an introducer or inserter are illustrated. 
These elements 18-21 include tWo L-shaped elements 18 
and 19, a tubular needle 20 and a cap 21. The L-shaped 
elements 18 and 19 each have a stem portion 22 and 23, 
respectively, and an arm 24 and 25, respectively. The arms 
24 and 25 are of different length, the arm 24 being longer 
than the arm 25. This difference in length corresponds to the 
asymmetric position of the opening 12 in the sleeve 10. 

[0061] The tWo L-shaped elements 18 and 19 may be 
assembled so as to form a T-shaped element 26 having a 
stem 27 formed by the tWo stem portions 22 and 23, as 
illustrated in FIGS. 5 and 6, and the arms 24 and 25 
extending in opposite directions. The tWo L-shaped ele 
ments 18 and 19 may be locked in the assembled state by 
means of the cap 21 and the needle 20. 

[0062] The locking effect of the cap 21 is obtained When 
the cap 21 is pushed doWn on the free end of the stem 27, 
thereby blocking the corresponding ends of the stem por 
tions 22 and 23 from moving aWay from each other. 

[0063] The locking effect of the needle 20 folloWs from 
the cross-sectional shape of the stem portions 22 and 23, as 
illustrated in FIG. 7. The stem portion 22 has a V-shaped 
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groove 28, and the stem portion 23 has a cross-sectional 
pro?le of a shape that is complementary to the cross 
sectional shape of the groove 28. A longitudinal channel 29 
of circular cross-sectional shape is formed partly in the stem 
portion 22 and partly in the stem portion 23 so that an edge 
30 of the stem portion 23 is locked in the inner corner of the 
groove 28, When the needle 20 is inserted into the channel 
29. 

[0064] In order to be able to insert the sleeve 10 into a 
blood vessel, in Which an opening of substantially the same 
length as the length D in FIG. 3 is made by an incision, the 
sleeve 10 has to be compressed temporarily during the 
insertion. According to the invention, this compression is 
obtained by removable means, such as a suture encircling at 
least part of the sleeve 10 as Well as the encompassing 
shoulder portion 13. In its compressed state, the sleeve 10 
can be introduced through the incised opening in the blood 
vessel by a reciprocating movement leaving the neck portion 
14 close to one end of the longitudinal opening in the blood 
vessel. 

[0065] According to the present invention, the introducer 
or inserter is preferably used for the above described intro 
ducing of the sleeve 10 into the blood vessel in Which a 
longitudinal incision has been made. More precisely, the 
L-shaped elements 18 and 19 are assembled as described 
above to form the T-shaped element 26 and then the sleeve 
10 is compressed and connected along the arms 24 and 25 
of the T-shaped element 26. This connection is made by 
second releasable means such that the arms 24 and 25 may 
be released from the sleeve 10 When the sleeve 10 is inserted 
into the blood vessel and correctly positioned therein. The 
compression of the sleeve 10 should preferably be sus 
pended substantially at the same time, such that the sleeve 
10 expands and assumes a ?xed position in the blood vessel. 

[0066] When the arms 24 and 25 are released from the 
sleeve 10, they may be released from each other. They are 
then easily removed from the blood vessel one at a time. 

[0067] The compression of the sleeve 10 and the encom 
passing shoulder portion 13 may be made by a suture 31, 
shoWn in FIG. 8. This suture 31 is Wound around the sleeve 
10 and the shoulder portion 13 so as to encircle at least part 
thereof and thereby reduce the diameter of the sleeve 10. 
Further, it is advantageous to use the same suture 31 for 
connecting the sleeve 10 to the arms 24 and 25, such that by 
cutting the suture 31 by means of an edge means the arms 
24 and 25 Will be released from the sleeve 10 and the 
memory material of the sleeve 10 Will be alloWed to expand 
the sleeve 10 to the predetermined diameter. 

[0068] The needle 20 is used for cutting the suture 31. 
More precisely, the suture 31 is guided through holes 32 and 
33 extending through the stem portions 22 and 23 close to 
the arms 24 and 25. The needle 20 has corresponding holes 
34 at its tip receiving the suture 31, Which extends, prefer 
ably tWice, betWeen the holes 32 and 33. The holes 34 are 
edged each having a sharp edge 35 such that When the needle 
20 is moved out from the channel 29 in the stem 27, the 
suture 31 Will be cut. The suture 31 Would also be cut by a 
tWisting movement of the needle 20 in the channel 29 in the 
stem 27. 

[0069] As shoWn in FIG. 8, the arms 24 and 25 each have 
a series of holes 36-39 and 40-41, respectively, distributed 
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lengthwise from the tip thereof. The holes 36, 37 and 40, 41 
are used to ensure that the suture 31 makes at least one turn 
around the sleeve 10 close to the tip of each one of the arms 
24 and 25, and consequently close to the ends of the sleeve 
10. More precisely, the suture 31 may folloW a path from the 
hole 32 to the hole 36 most close to the tip of the arm 24, 
doWn through this hole 36, around the compressed sleeve 10 
and in betWeen the arm 24 and the sleeve 10 to the hole 37 
neXt to the hole 36, up through this hole 37, around the 
compressed sleeve 10 and in betWeen the arm 24 and the 
sleeve 10 to the hole 38 neXt to the hole 37, up through this 
hole 38, around the compressed sleeve 10 and in betWeen the 
arm 24 and the sleeve 10 to the hole 39 neXt to the hole 38, 
up through this hole 39, around the compressed sleeve 10 
and back to and through the hole 32 in the stem portion 22. 
The suture 31 then passes through the hole 34 in the needle 
20 and the hole 33 in the stem portion 23 to the hole 40 close 
to the tip of the arm 25, doWn through this hole 40, around 
the compressed sleeve 10 and in betWeen the arm 25 and the 
sleeve 10 to the hole 41 neXt to the hole 40, up through this 
hole 40, around the compressed sleeve 10 and back to and 
through the hole 33 in the stem portion 23 and the hole 34 
in the needle 20. 

[0070] Thereby, the suture 31 forms an endless loop 
connecting the arms 24, 25 of the T-shaped element 26 to the 
sleeve 10 and also compressing the sleeve 10. 

[0071] It should be noted that the suture 31 may be guided 
along other paths through the holes 32, 33, 34, 36-39, 40 and 
41. Preferably, the suture 31 should not make a complete 
turn around both the sleeve 10 and the arm 24 or 25, since 
that may jeopardiZe a ?nal removal of the suture 31. 

[0072] The suture 31 represents a ?rst embodiment of 
removable means for temporarily reducing the diameter of 
the sleeve during insertion into a blood vessel. The suture 31 
also constitutes second releasable means for connecting the 
arms of the T-shaped element 26 along the sleeve 13 of the 
graft connector. Of course, separate sutures could be used as 
said removable means and said second releasable means. 

[0073] A second embodiment of said removable means 
and said second releasable means is illustrated in FIG. 9 and 
comprises a tube 42 made of a ?lm material, preferably a 
plastic ?lm, eg a PTFE-?lm. This tube 42 is pushed in over 
the arm 24 and an adjoining part of the sleeve 10 (as shoWn) 
and then is shrinked, Whereby the sleeve 10 is compressed 
(as is the encompassing shoulder portion 13) and also is 
connected to the arm 24. A corresponding tube (not shoWn) 
is used for connecting the arm 25 to an adjoining part of the 
sleeve 10 and compressing this part of the sleeve 10. In order 
to release the sleeve 10 from the arms 24, 25, the tube 42 has 
a strip 43, Which has a free end 44 and is folded back over 
the tube 42 along perforations 45. By pulling the strip 43 by 
its free end 44, the tube 42 is opened along the perforations 
45, such that the opened tube 42 may be removed. As a 
consequence of the opening, the sleeve 10 is released from 
the arms 24, 25 and is alloWed to eXpand. 

[0074] A third embodiment of said removable means and 
said second releasable means is illustrated in FIG. 10 and 
comprises a substantially rectangular ?lm sheet 46 Which is 
connected to the longitudinal edges of the arm 24 such that 
the arm 24 and the ?lm sheet 46 forms a tube enclosing the 
adjoing part of the sleeve 10 (as Well as the corresponding 
part of the encompassing shoulder portion 13). A corre 
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sponding ?lm sheet (not shoWn) is to be used for the arm 25 
and the adjoining part of the sleeve 10. The ?lm sheet 46 
may be shrinked so as to compress the adjoining part of the 
sleeve 10 and connect this part to the arm 24. 

[0075] Alternatively, an edge of the ?lm sheet 46 may be 
?Xed to one of the longitudinal edges of the arm 24. Then, 
the ?lm sheet 46 is Wrapped around the sleeve 10 and ?Xed 
to the other longitudinal edge of the arm 24. Preferably, the 
sleeve 10 is compressed at the same time, but alternatively 
the ?lm sheet 46 may be shrinked afterWards. 

[0076] The ?lm sheet 46 may be released from compress 
ing the sleeve 10 by means of a longitudinal perforation 47, 
the release being initiated by a pulling force being applied to 
the L-shaped element 18 When WithdraWing the arm 24 from 
Within the vessel, eg the coranary vessel 2. 

[0077] Alternatively, the ?lm sheet 46 could have a releas 
able connection to one of the longitudial edges of the arm 24. 

[0078] The eXpert realises that several modi?cations of the 
above-described embodiments of the graft connector and the 
introducer or inserter are conceivable Within the scope of the 
invention as de?ned in the appended claims. 

1. A graft connector kit, comprising 

a graft connector comprising 

a sleeve (10), Which has an opening (12) in its circum 
ferential surface and comprises a memory material, 
and 

a collar (11) Which consists of a ?uid-tight material and 
is ?Xed to the sleeve (10) before use of the graft 
connector and Which has, on the one hand, a shoulder 
portion (13) extending at least around the opening 
(12) in the circumferential surface of the sleeve (10) 
and, on the other hand, a neck portion (14) integral 
With the shoulder portion (13) and projecting radially 
from the opening (12) in the circumferential surface 
of the sleeve (10), and 

removable means (31; 42; 46) for temporarily reducing 
the diameter of the sleeve (10) during insertion into 
a blood vessel 

2. A graft connector kit as claimed in claim 1, Wherein the 
removable means (31; 42; 46) comprises a suture (31) 
encircling at least part of the sleeve (10) and thereby 
reducing the diameter of the sleeve (10). 

3. A graft connector kit as claimed in claim 2, further 
comprising edge means (20, 34, 35) for cutting the suture 
(31) once the sleeve (10) is introduced into the blood vessel 
(2), Whereby the memory material is alloWed to eXpand the 
sleeve (10). 

4. A graft connector kit as claimed in claim 3, Wherein the 
edge means (20, 34, 35) comprises a needle (20) having an 
edged hole (34, 35) at a tip thereof, through Which hole the 
suture (31) is extending. 

5. A graft connector kit as claimed in claim 4, further 
comprising tWo L-shaped elements (18, 19); 

?rst releasable means (20, 21, 28-30) for locking the tWo 
L-shaped elements (18, 19) together so as to form a 
T-shaped element (26) having a stem (27) and tWo 
oppositely directed arms (24, 25); and 
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second releasable means (31; 42; 46) for connecting the 
arms (24, 25) of the T-shaped element (26) along the 
sleeve (10) of the graft connector, 

Whereby the sleeve (10) may be introduced into the blood 
vessel (2) through the longitudinal incision made 
therein by manipulation of the stem (27) of the 
T-shaped element (26) and the tWo L-shaped elements 
(18, 19) may be released from each other and from the 
sleeve (10) and then retracted from the blood vessel 

6. A graft connector kit as claimed in claim 5, Wherein the 
suture (31) encircles at least part of the sleeve (10) and the 
arms (24, 25) of the T-shaped element (26). 

7. A graft connector kit as claimed in claim 5, Wherein the 
T-shaped element (26) has a longitudinal channel (29) in 
Which the needle (20) is positioned. 

8. A graft connector kit as claimed in claim 7, Wherein the 
needle (20) is retractable from the longitudinal channel (29) 
of the T-shaped element (26) and has a cap (21) enclosing 
the free ends of the stem (27) in its non-retracted position. 

9. A graft connector kit as claimed in claim 8, Wherein the 
needle (20) and the cap (21) is locking the tWo L-shaped 
elements (18, 19) to each other. 

10. A graft connector as claimed in claim 9, Wherein the 
opening (12) in the circumferential portion of the sleeve (10) 
is unsymmetrically positioned relative to the ends of the 
sleeve (10). 

11. A graft connector kit as claimed in claim 9, Wherein 
the sleeve (10) consists of a net-like material. 

12. A graft connector kit as claimed in claim 1, Wherein 
the sleeve (10) consists of a stent material. 

13. A graft connector kit as claimed in claim 1, Wherein 
the collar (11) consists of an elastic material. 

14. A graft connector kit as claimed in claim 1, Wherein 
the shoulder portion (13) of the collar (11) is attached to the 
outside of the sleeve (10). 

15. A graft connector kit as claimed in claim 14, Wherein 
the shoulder portion (13) fully encompasses at least part of 
the sleeve (10). 

16. In combination, a T-shaped graft connector compris 
ing 

a sleeve (10) that is to be introduced into a blood vessel 
(2) through a longitudinal incision made therein, the 
sleeve (10) having an opening (12) in its circumferen 
tial surface and a collar (11) adjoining the opening (12) 
and extending radially therefrom and, When the sleeve 
(10) is introduced into the blood vessel (2), extending 
out from the longitudinal incision made therein; 

and an introducer comprising 

tWo L-shaped elements (18, 19), 

?rst releasable means for (20, 21, 28-30) locking the 
tWo L-shaped elements (18, 19) together so as to 
form a T-shaped element (26) having a stem (27) and 
tWo oppositely directed arms (24, 25), and 

second releasable means (31; 42; 46) for connecting the 
arms (24, 25) of the T-shaped element (26) along the 
sleeve (10) of the graft connector, 

Whereby the sleeve (10) may be introduced into the blood 
vessel (2) through the longitudinal incision made 
therein by manipulation of the stem (27) of the 
T-shaped element (26) and the tWo L-shaped elements 
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(18, 19) may be released from each other and from the 

sleeve (10) and then retracted from the blood vessel 17. A method of connecting a T-shaped graft 

connector to a blood vessel (2), 

said T-shaped graft connector comprising a sleeve (10) 
that is to be introduced into the blood vessel (2), the 
sleeve (10) having an opening (12) in its circumferen 
tial surface and a collar (11) adjoining the opening (12) 
and extending radially therefrom, 

said method comprising the steps of 

locking a T-shaped element (26) having a stem (27) and 
tWo oppositely directed arms (24, 25) to the sleeve 
(10), the sleeve (10) extending along the arms (24, 
25) and the collar (11) extending substantially along 
the stem (27), 

reducing the diameter of the sleeve (10), 

making a longitudinal incision in the blood vessel (2), 

inserting the sleeve (10) through the incision into the 
blood vessel (2) using the stem (27) as a holder, the 
collar (11) extending radially out of the incision in 
the blood vessel (2), 

releasing the sleeve (10) from the T-shaped element 
(26) to alloW the sleeve (10) to expand Within the 
vessel (2), and 

removing the T-shaped element (26) from the blood 

vessel 18. A method of making a branch connection to a blood 

vessel, using 
a T-shaped graft connector (10-14) comprising a sleeve 

(10) that is to be introduced into the blood vessel (2), 
the sleeve (10) having an opening (12) in its circum 
ferential surface and a collar (11) adjoining the opening 
(12) and extending radially therefrom, and 

a T-shaped element (26) having a stem (27) and tWo 
oppositely directed arms (24, 25), 

said method comprising the steps of 

locking the T-shaped element (26) to the sleeve (10) 
such that the sleeve (10) extends along the arms (24, 
25) and the collar (11) extends substantially along 
the stem (27), 

reducing the diameter of the sleeve (10), 

making a longitudinal incision in the blood vessel (2), 

inserting the sleeve (10) through the incision into the 
blood vessel (2) using the stem (27) as a holder, the 
collar (11) extending radially out of the incision in 
the blood vessel (2), 

releasing the sleeve (10) from the T-shaped element 
(26) to alloW the sleeve (10) to expand Within the 
vessel (2), and 

removing the T-shaped element (26) from the blood 

vessel 19. A method of making a branch connection to a blood 

vessel, using 
a T-shaped graft connector (10-14) comprising a sleeve 

(10) made from a memory material, Which sleeve (10) 
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is to be introduced into the blood vessel (2), the sleeve 
(10) having an opening (12) in its circumferential 
surface and a collar (11) adjoining the opening (12) and 
extending radially therefrom, and 

a T-shaped element (26) having a stem (27) and tWo 
oppositely directed arms (24, 25), the diameter of the 
sleeve (10) being reduced by a releasable locking of the 
sleeve (10) along the arms (24, 25) of the T-shaped 
element (26), the collar (11) extending substantially 
along the stem (27) of the T-shaped element (26), 

said method comprising the steps of 

making a longitudinal incision in the blood vessel (2), 

inserting the sleeve (10) and the arms (24, 25) of the 
T-shaped element (26) through the incision into the 
blood vessel (2) using the stem (27) as a holder, the 
collar (11) extending radially out of the incision in 
the blood vessel (2), 

releasing the sleeve (10) from the T-shaped element 
(26) to alloW the sleeve (10) to expand Within the 
vessel (2), and 

removing the T-shaped element (26) from the blood 

vessel 20. A method as claimed in any one of claims 17-19, 

Wherein the locking of the T-shaped element (26) to the 
sleeve (10) comprises at least partly encircling the sleeve 
(10) and the arms (24, 25) With a suture (31). 
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21. A method as claimed in claim 20, Wherein the sleeve 
(10) is released from the T-shaped element (26) by cutting 
the suture (31). 

22. A method as claimed in any one of claims 17-19, 
Wherein the locking of the T-shaped element (26) to the 
sleeve (10) comprises inserting each one of the arms (24, 25) 
and an adjoining part of the sleeve (10) into a tube (42) made 
of a plastic ?lm and then shrinking the tube (42) thereby also 
reducing the diameter of the sleeve (10). 

23. Amethod as claimed in 22, Wherein the sleeve (10) is 
released from the T-shaped element (26) by a longitudinal 
cut through the tube (42). 

24. A method as claimed in any one of claims 17-19, 
Wherein the locking of the T-shaped element (26) to the 
sleeve (10) comprises making a tube of each one of the arms 
(24, 25) and a sheet (46) of a plastic ?lm, said tube encircling 
an adjoining part of the sleeve (10), and reducing the 
diameter of the sleeve (10). 

25. A method as claimed in claim 24, Wherein the diam 
eter of the tube is reduced by shrinking of the plastic ?lm 
(46) after the tube is made, Whereby the diameter of the 
sleeve (10) is reduced. 

26. A method as claimed in claim 25, Wherein the diam 
eter of the sleeve (10) is reduced at the same time as the tube 
is made. 


