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be part of an artificial graft used in replacing an aortic arch. The stabilization tool has a central shaft with a mounting element at a first
© end. A plurality of retractable arms have their distal ends affixed to a second end of the central shaft. The retractable arms are movable

00 between a nested position flanking the central shaft and a range of extended positions wherein proximal ends of the retractable arms are
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spaced away from the central shaft. A closing ring is slidable over the retractable arms from a deployed position adjacent the second
end of the central shaft to a retracted position spaced away from the second end to move the retractable arms.

TITLE
GREAT VESSEL GRAFT SUTURING AID

BACKGROUND OF THE INVENTION
In great vascular surgery, a patient's vessel (e.g., aortic arch) may be

replaced with a vascular graft made with fabric. Due to size variations or differences
in vessel diameters (e.g., between the distal end and the proximal end of the graft),

suturing at a large diameter of the graft can be challenging. Since the graft is

unpressurised and unsupported while suturing, it has been very difficult to achieve a
desired shape after suturing. Sometimes the sutured end is either too short (thereby
introducing stretch damage on the vessel) or too loose (thereby causing wrinkles
which may increase blood clotting). It is very important to be able to see the full
circular perimeter of the vascular graft in order to identify the best suture points and to
evenly distribute tension.

SUMMARY OF THE INVENTION
This invention provides a suitable circular- shaped support during suturing

while providing excellent position adjustability without impairing side access or
blocking the working space. Additionally, the holding mechanism has a closeable
(i.e., foldable) frame to make the holder very thin for removal after sewing. The

surgeon can leave a few stiches loose and then fold (i.e., collapse) the fixture in order
to remove the tool from the vascular graft.

The invention comprises a tool for a major vascular operation. The tool has
at least 3 foldable (i.e., retractable) supports attached to a main shaft which will

expand for a custom fit to the inside diameter of the vessel or vascular graft, creating a
stationary hold. A ring-shaped cover slides over and closes the foldable support in the
closed configuration. The ring may be pulled by a wire, string, or other linkages.
In one particular aspect of the invention, a stabilization tool comprises a

central shaft with a mounting element at a first end. A plurality of retractable arms
have their distal ends affixed to a second end of the central shaft. The retractable arms

are movable between a nested position flanking the central shaft and a range of

extended positions wherein proximal ends of the retractable arms are spaced away
from the central shaft. A closing ring is slidable over the retractable arms from a
deployed position adjacent the second end of the central shaft to a retracted position
spaced away from the second end to move the retractable arms.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates one type of procedure for anastomosing an aortic arch
graft.

Figure 2 illustrates another type of procedure for anastomosing an aortic
arch graft.

Figure 3 is a perspective view of a stabilization tool according to one
embodiment of the invention with retractable arms deployed to extended positions.
Figure 4 is a perspective view of the stabilization tool of Figure 3 with the
retractable arms retracted to nested positions.
Figure 5 is a perspective view of the stabilization tool of Figure 3 mounted
on a support arm.

Figure 6 is a perspective view of the stabilization tool mounted on a support
arm and disposed within a graft for holding the graft open during suturing.
Figure 7 is a perspective view showing the stabilization tool in greater
detail.

Figure 8 is another perspective view of the stabilization tool.
Figures 9 is a close-up view of one embodiment of the opening/closing
mechanism with the arms in an extended position.
Figure 10 is a perspective view of a central shaft with integral retractable
arms according to one preferred embodiment.

Figure 11 is a side view of a portion of the tool showing the arms in a
nested position even though the closing ring is not shown.
Figure 1 is a perspective view of the closing ring, control ring, and pushpull cable which can be combined with the portion of the tool shown in Figure 11.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The invention provides an assistant tool particularly adapted to be used in
vascular graft operation in order to secure visibility and working space for
anastomosis. By using this tool with a stabilizer support arm (e.g., the Hercules™

Stabilizer Arm available from Terumo Cardiovascular Systems of Ann Arbor,
Michigan), a surgeon can manipulate and secure an arch graft to a specific position for
good visibility and suture without additional human assistance.
Figures 1 and 2 illustrate suturing of a branched graft 10 to replace an aortic
arch. In Figure 1, graft 10 is being sutured to a descending aorta 11 via an extension

graft 12. In Figure 2, graft 10 is being sutured to an ascending aorta 13. These stages
of an aortic arch replacement and other types of vascular surgery can be performed
more effectively when a vessel to be sutured (either an artificial graft or a living
vessel) can be held open near to its natural condition during anastomosis.

Figures 3 and 4 are open and closed configurations of an "inside support
umbrella-frame" stabilization tool 15. At a distal end of tool 15, a plurality of
retractable arms 22 are movable to a nested position (Figure 4), a maximum extended
position (Figure 3), and a range of extended positions between them. At a proximal
end of tool 15, a central shaft ends with a ball 2 1 as a mounting element that is
adapted to be captured on a support arm using a conventional "quick connect"
mechanism. Figure 5 shows tool 15 mounted at the end of a support arm. For
illustration, tool 15 is shown with the arm is an extended position although they would
typically be retracted to the nested position prior to placement inside the vessel being
sutured. Figure 6 shows the supported tool 15 holding open graft 10.

Figures 7-9 show the open configuration of tool 15 in greater detail. A
main, central shaft 20 is bent or angled at an intermediate bend 25. Shaft 20 has

mounting ball 2 1 at the proximal end and a set of retractable spring arms 22 at the
distal end. There may be three or more arms 22, preferably there are four. Arms 22
are arranged to naturally spring outward in a maximum extended position as shown.

Proximal ends 32 of retractable arms 22 are spaced away from central shaft 20 when

in the extended positions. A closing ring 23 has an inside diameter configured to slide

over arms 22 in order to retract arms 22 into a closed configuration with each arm 22
at a nested position flanking shaft 20 (Figures 4 and 11). Closing ring 23 is connected
to a manual control ring 24 by push-pull cables or wires 26 that extend through fixed

eyelets 27 and a pair of aligned slots 29 in a hub 28.
Closing ring 23 is slidable over retractable arms 22 from a deployed

position adjacent the distal end of central shaft 20 to a retracted position spaced away
from the distal end. Control ring 24 slides along central shaft 20 under manual control
of a surgeon. Push-pull cables 26 connect control ring 24 and closing ring 23 so that
motion of control ring 24 is replicated by closing ring 23 to reconfigure retractable
arms 22 between the nested position and an extended position within the range of

extended positions. In order to provide bidirectional movement using control ring 24,
cables 26 should be sufficiently stiff to be able to push closing ring 23 from the

retracted position to the deployed position. Thus, cables 26 may preferably be
comprised of metallic wire (such as stainless steel) or a molded thermoplastic (such as
TPE or TPO). Alternatively, tool 15 could be reconfigured from the closed to open
position without relying on cables 26 by pulling directly on closing ring 23 since it
may be acceptable to deploy arms 22 prior to placement within the vessel.
Figure 10 shows the natural, undeflected position of retractable spring arms
22 in relation to central shaft 20. An end plate 35 joins shaft 20 to arms 22. Plate 35,

shaft 20, and arms 22 can all be part of an integrally molded unit (i.e., all formed of

the same plastic). Arms 22 can alternatively be made of metal (such as a spring grade
stainless steel), with arms 22 being insert molded into plate 35.
In the illustrated embodiment, manually pulling on control ring 24 in the

direction of ball 2 1 causes closing ring 23 to ride over arms 22, thereby forcing them
closed. The closed position is shown in Figure 11 with the rings and cables removed.

Rings 23 and 24 and cables 26 may be formed as a separate assembly as shown in

Figure 12.
The various components of tool 15 may be comprised of injection molded
parts using a biocompatible thermoplastic, metallic parts (e.g., stainless steel), or a

combination of plastic and metallic parts.

What is claimed is:

1.

A stabilization tool for suturing a vessel, comprising:

a central shaft having a mounting element at a first end;
a plurality of retractable arms having distal ends affixed to a second end of
the central shaft, wherein the retractable arms are movable between a nested position

flanking the central shaft and a range of extended positions wherein proximal ends of
the retractable arms are spaced away from the central shaft; and

a closing ring slidable over the retractable arms from a deployed position
adjacent the second end of the central shaft to a retracted position spaced away from
the second end.

2 . The stabilization tool of claim 1 further comprising:

a control ring mounted on the central shaft between the retractable arms and
the first end adapted to slide along the central shaft under manual control; and

a push-pull cable connecting the control ring and the closing ring so that
motion of the control ring is replicated by the closing ring to reconfigure the
retractable arms between the nested position and an extended position within the range
of extended positions.

3 . The stabilization tool of claim 2 wherein the central shaft includes an

intermediate bend between the retractable arms and the control ring.

4 . The stabilization tool of claim 3 further comprising:

a cable guide projecting from the central shaft at the intermediate bend for
slidably receiving the push-pull cable.

5 . The stabilization tool of claim 2 further comprising:

a second push-pull cable connecting the control ring and the closing ring
and placed symmetrically on an opposite side of the central shaft.

6 . The stabilization tool of claim 2 wherein the push-pull cable is

comprised of a metallic wire.

7 . The stabilization tool of claim 6 wherein the metallic wire is comprised

of stainless steel.

8 . The stabilization tool of claim 2 adapted to expand a vascular graft

having a predetermined inside diameter, and wherein the retractable arms are
configured to provide a maximum extended position defining a perimeter at the
proximal ends corresponding to the predetermined inside diameter.

9 . The stabilization tool of claim 8 wherein the predetermined inside

diameter is between about 25mm and about 35mm.

10. The stabilization tool of claim 8 wherein the predetermined inside

diameter is about 30mm.

11. The stabilization tool of claim 1 wherein the retractable arms are each
comprised of a resilient beam having a natural curved shape corresponding to a
maximum extended position.

12. The stabilization tool of claim 11 wherein the retractable arms are

comprised of spring grade stainless steel.

13. The stabilization tool of claim 11 wherein the retractable arms are

comprised of plastic.
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