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(57) Abrége/Abstract:

A clamping cannula (10) comprises a generally rigid layer (12) having a first end (14), and a generally flexible tube (18) generally
coaxlal with the rigid layer. The flexible tube extends axially in a first direction beyond the first end. The cannula also has a
generally rigid sleeve (22) movable between a cover position (Fig. 1), wherein the sleeve covers a first part of the flexible tube,
and an uncovered position (Fig. 2), whereln the sleeve does not cover the first part of a flexible tube to enable clamping of the
cannula.
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(57) Abstract

A clamping cannula (10) comprises a generally rigid layer (12) having a first end (14), and a generally flexible tube (18) generally
coaxial with the rigid layer. The flexible tube extends axially in a first direction beyond the first end. The cannula also has a generally

rigid sleeve (22) movable between a cover position (Fig. 1), wherein the sleeve covers a first part of the flexible tube, and an uncovered
position (Fig. 2), wherein the sleeve does not cover the first part of a flexible tube to enable clamping of the cannula.
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RIGID CLAMPABLE CANNULA

- Field of the Ihvention

The present invention is directed to a blood flow cannuia, and more particularly, to a

generally rigid clampable blood flow cannula.
Background of the Invention
Cannulas of the type of the present invention are utilized in conjunction with ventricle

assist devices to guide blood flow out of a person’s heart and into the ventricle assist device.

These ventricle assist devices are implanted into a patient’s heart to assist in pumping blood

to the body. One major disadvantage to prior art cannulas is that they require the use of a

heart lung machine in order to be installed into a patient’s heart so that the surgeon may work

‘I a bloodless field. A second disadvantage is that the patient’s heart must be immobilized

and then restarted after surgery. In addition, additional anticoagulants must be used due to
the usage of the heart lung machine. A third disadvantage to prior art cannulas is that they
are generally designed to be rigid structures to avoid kinking and collapsing, and thus they
cannot be clamped by a surgeon. '

Accordingly, there exists a need for a cannula which avoids the need for use of a heart

lung machine and heart immobilizing drugs during installation, kinking and inadvertent

closure as well as avoiding but can be clamped and return to its original position when the

clamp is removed.
Summary of the Invention
The present invention pertains to a generally rigid cannula which includes a

clampable portion that can be clamped when it is desired to block the flow of blood

therethrough. Because of this clamping feature, the present invention allows for the

- Implantation of a ventricle assist device in conjunction with the cannula without the need to

stop the patient’s heart and install a heart lung machine. Upon removal of the clamp, the
clampable portion returns to its original shape, thereby allowing the flow of blood to resume

through the cannula. The present invention also avoids inadvertent kinking.
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More particularly, the present invention is a clampable cannula cOmprising a

generally rigid section having a first end and a generally flexible s_ectidn generally coaxial

with the rigid section. The flexible section extends axially in a first direction beyond the first

end. The cannula also has a generally rigid sleeve moveable between a cover position,

wherein the sleeve covers a first part of the flexible section, and an uncovered position,

Another aspect of the present invention prowdes a method for implanting a cannula
and ventricle assist device 1nto the heart of a patient, the method comprising the steps of
clamping a ﬂex1ble section of the cannula; installing an end of a cannula into the heart;
connecting the ventricle assist device to the cannula; and unclamping the flexible section.

Other features and advantages of the present device will become apparent from the
followmg detailed description, with reference to the accompanying drawings and claims, Wthh

form a part of the specification.

Brief Description of The Drawings

In the accompanying drawings, which are incorporated in and constitute a part of this
specification, numerous embodiments of the device described are 1llustrated, and together
with the general description above, and the description below, exemphfy the device of the
present application.

Fig. 1 is a side cross-sectional view of the cannula of the present invention shown
with the sleevé in the cover position; '

Fig. 2 is a side cross-sectional view of the cannula of Fig. 1, shown with the sleeve in
the uncover position and being clamped with a clamp, with the unclamped shape of the
cannula shown in hidden lines;

Fig. 3 is a side cross-sectional view of an alternate embodiment of the cannula of the
present invention shown with the sleeve in the cover p'osition' '

Fig. 4 is a side cross- sectional view of the cannula of Fig. 3, shown with the sleeve in
the uncover position and being clamped with a clamp;

‘Fig. 5 is a side cross-sectional view of the sleeve shown in Fig. 3 with the sleeve bent

at an angle; and

Fig. 6 is a perspective view of the cannula shown with a ventricle assist device

installed thereon.
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Detailed Description of the Invention

Fig. 1 shows the cannula of the present invention, generally designated 10. The
cannula 10 has an inflow end 15 and an outﬂow end 13. The cannula 10 comprises a
generally rigid layer 12 having a first end 14 and a second end 16. The cannula 10 further

comprises a generally flexible tube 18 generally coaxial with the rigid layer 12. In the

 illustrated embodiment the flexible tube 18 extends from the first end 14 of the rigid layer to

the second end 16 of the rigid layer 12, and has an axially extendlng portion 20 extending
beyond the first end 14. However, it is not essential that the flexible tube 18 extend back to
the first end 16, merely as long as the tube 16 includes an axially extending portion 20. The
flexible tube 18 may be bonded to the rigid layer 12 with a biocompatible, or blood
compatible, adhesive. A cuff 32 is mounted toward the second end 16 of the rigid layer 12.
The cuff provides a surface for attaching the cannula 10 to the heart wall, shown in phantom
as 34. In a preferred embodiment, the cuff 32 is a fabric. such as polyester fabric, and the
cuff may be sewn to the heart wall 34. |

The flexible tube is preferably a flexible polymer, such as polyurethane. The flexible

‘tube 18 is also preferably coated with a biocompatible urethane, and/or blood compatible

urethane, on its inner surface (i.e. its blood-contacting surface). The blood compatible

coating may be located on top of the biocompatible coating. In an alternate embodiment, the

rigid layer 12 is somewhat flexible to be molded and bent to a desired configuration. The

form shown Iin Figs. 1 and 2, which includes bend 17, shows merely one of many possible

conﬁguratlon of the cannula 10. The rigid layer 12 may be made of any suitable material,
including titanium, titantum alloys, carbon fiber €poxy, and other materials. The rigid layer
12 1s preferably made of a biocompatible material. Furthermore, the rigid layer 12 has a
blood compatible coating on its blood contacting surfaces. The blood contacting surfaces of
the rigid layer 12 are those portions within the heart wall 34; that is, forward of the cuff 32.
The cannula 10 further includes a generally rigid sleeve 22 that is coaxial with the
rigid layer 12. The sleeve 22 is moveable between a cover position, as shown in Fig. 1, to an
uncovered position shown in Fig. 2. The sleeve 22 is retained in the cover position by a
fixation ring 28 having an external set of threads thereon. The sleeve 22 is preferably made
from a titanium alloy, as is the fixation ring 28. The sleeve 22 has a set of cooperating
threads which engage the fixation ring 28 to retain the sleeve 22 in the covered position.

Nearly any manner of retaining means for retaining the sleeve 22 in the cover position may
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be used without departing from the scope of the present Invention. A finishing ring 30 may
be located adjacent the first end 14 of the rigid layer 12 to provide a finished edge to the
outside of the cannula 10.

As shown in figure 6, outlet fitting 36 is disposed in the axially extending end 20 to
receive a threaded end of a tube 40 which delivers the blood to the ventricle assist device or
blood pump 50. The ventricle assist device 50 may comprise a centrifugal pump or other
pump which is known and readily apparent to those skilled in the art. The ventricle assist
device further comprises an outlet tube 60 which is connected to the artery of a patient, and
an electrical connector 70 for connection to a power source. The outlet fitting 36 (which is an
inlet fitting in relation to the ventricle assist device) is preferably made of a titanium alloy.
Clamp ring 38 retains the outlet fitting 36 in place, and is threaded to receive a corresponding
threaded tube. The fixation ring 28 also clamps down on the outlet ﬁtting 36 to provide a
tight seal therebetwéen. A wire cage 40 is provided at the inflow end 15 of the cannula 10 to
ensure the inﬂow end 15 remains in an open position, i.e., to ' prevent the ingre'ss of tissue into
the cannula due to the suction force of the ventricle assist device.

The clamping of the cannula 10 is as follows. As shown on Fig. 1, the sleeve 22 is in
the cover position and covers the axially extending end 20 of the flexible tube 18. In this
manner the cannula 10 is protected by the rigid layer 12 and the sleeve 22 Thus the cannula
10 avoids inadvertent closure due to pressure applied by internal organs, and also avoid
kinking. When it is desired to clamp the cannula, the sleeve 22 is uncoupled from the
fixation ring 28, and slid axially along the rigid layer 12 to the uncover position; as shown in
Fig. 2. This leaves thé axially extending end 20 of the flexible tube 18 exposed. A clamp 44,
as shown in Fig. 2, may then be placed over the axially extending end 20 to biock fluid flow
through the cannula 10. When it is desired to allow flow to resume through the cannula 10,
the clamp 44 is removed, and the tube 18 returns to its original form as shown in Fig. 1. The
tube may return to its original shape by either the natural tendency of the tube, or the pressure
of the blood in the cannula. The sleeve 22 may then be returned to the cover position and
attached to the fixation ring 28. Various means may be used for moving the sleeve between
the covered and uncovered position. For example, the sleeve 22 may be 2 split sleeve,
thereby allowmg it to be completely removed from the cannula 10.

It 1s to be further understood that several variations may be made without departing
from the scope of the mventlon For example, the sleeve 22 need not cover the entire axially

extending end 20 of the ﬂexxble tube, but preferably covers substantially all of the end 20

when in the closed position to provide protection to the end 20 from kinking or closure.
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Furthermore when in the uncovered position, the sleeve 22 may still cover a portion of the

ax1ally extendmg end 20. It is only required that enough of the axially extending end 20 be

‘uncovered so as to allow the clamp 44 to be placed thereon. Furthermore In an alternate

embodiment the flexible tube 18 does not extend to the second end 16 of the rigid layer 12,

‘and extends only to the first end 14.

Additionally, the radial orientation of the rigid layer 12 and the flexible tube 18 may
be reversed such that the flexible tube 18 is radially outward of the rigid layer 12. However,
care must be taken to ensure that the inner surface of the cannula 10 remains as blood
compatible as possible. It is also within the scope of the present Invention to have a cannula
havmg a generally rigid section and a generally flexible section. In this case, the r1g1d section
and flexible section are not necessarlly different layers, but may different materials, or the
same material havmg a dlfferent stiffness or rigidity. For example, the rigid section may be .
made from generally the same material as the flexible section, but the rigid section of the
cannula may be treated so as to have increased stiffness, or may have chemicals added to it to
make it stiffer. Altcmately, the flexible section may instead be treated in order to make it
more flexible, or both sections may be treated. In another embodiment, the flexible section
may consist of a flexible material, and the rigid section may be made of the same material,
but have a wire mesh, wire strands, or other stiffeners mcorporated in the material to add
stiffness to the rigid section.

As a further variation, the clampable portion of the cannula 10 may be located in the
middle of the cannula. In this embodiment the cannula 10 may have a rigid layer 12 having a
discontinuity or area of weakness formed therein, and the flexible tube 18 spans the
discontinuity or area of weakness. The flexible tube 18 may or may not extend the entire

length of the cannula. The rigid layer' 12 may thus has a first portion and a second portion

~separated by the discontinuity. In this embodiment the sleeve 22 is moveable from a covered

position, wherein it covers the exposed flexible tube 18, to an uncovered position, where the
flexible tube 18 is exposed and enabled to be clamped.

An alternate embodiment of the sleeve 22 of the present invention is shown 1in Figs. 3-
> as sleeve 22°. In this embodiment, the sleeve 22’ has a telescopic Shape and 1s comprised
of two or more portions, for example portions 22’a, 22°b and 22°c are illustrated in the
figures. The portions 22a,22b.22¢ are sized and conﬁgured such that they telesc:()pica,lly'
engage with a mating section. The telescopic shape allows the sleeve to be used with
cannulas that have limited axial lengths. The telescoping shape allows the sleeve to move

axially such that the three portions 22°a, 22°b, and 22°¢c radiélly overlap to expose part of the
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flexible tube 18 for clamping (Fig. 4). Each telescopic portion preferably has an inner
diameter sized to closely receive the flexible portion when in the closed position to eliminate
gaps between the sleeve and the flexible tube 18. It is also desired to have relatively thick
walls in the clampable portion of the cannula to increase the elasticity of the clampable
portion. This is done to ensure that the clampable portion returns to its fully open shape
when the clamp is removed, and also to ensure it remains in its fully open position when
blood is flowing therethrough. In particulaf, it 1s desirable to avoid closure of the cannula
due ’to pressure of adjacent internal organs,' kinking, and closure due to differential pressure
between the inside of the cannula and the surrounding environment. As shown' n Fig. 5, the
sleeve 22” has some flexibility to bend at an angle A to enable molding of the cannula in
destred position. The flexible tube is shown in Figs 3 and 4 as including a plurality of
grooves on its inner surface to increase the flexibility of the flexible tube 18.

The operation and installation of the cannula 10 may now be described as follows.
Prior to installation of the cannula in a patient during open heart surgery, the sleeve 22 of the
cannula 10 is moved from its covered position to the uncovered position in order to expose
the flexible tube 18. A clamp 44 or other equivalent device is then used to clamp or close off
the tube to prevent fluid flow therethough. The second end 16 of the cannula 10 may now be
inserted into the ventricle of the patient’s heart and the cuff 32 sewn to the adjacent heart
tissue. It is important to note that use of the heart lung machine and heart immobilizing
procedure is no longer needed due to the unique clamping feature of the invention, which
prevents blood from flowing out of the first end of the cannula 10. Prior art cannulas do not
provide for this unique clamping feature, so that a h'eart lung machine is neceSsary. The
surgeon may then verify whether any blood leakage has occurred around the vicinity of the

cutt 32 prior to installing the ventricle assist device.

Next, one end of an outflow cannula 60 is sutured to the artery of the patient, and then
the other end is connected to the ventricle assist device. Once the ventricle assist device has
been properly connected to the cannula and heart of the patient, the surgeon can release the
clamp to ensure the device is operating properly and that no blood leakage has occurred.
Once the clamp is removed, the sleeve 22 of the cannula 10 may be moved and secured into
the closed position. Should the device need future maintenance, it is important to note that
the clamping feature may be again utilized in order to replace the ventricle assist device

without the need for the heart lung machine and the drug therapy.

The preferred form of the cannula has been described above. However, with the

present disclosure in mind it is believed that obvious alterations to the preferred
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embodiments, to achieve comparable features and advantages, will become appareﬁt to those

of ordinary skill in the art.
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What is claimed is:
1. A clampable cannula comprising:
a generally rigid layer having a first end;
- a generally flexible tube generally coaxial with said rigid layer, said flexible
tube extending axially in a first direction beyond said first end; and '
a generally rigid sleeve movable between a cover position Wherein said 'sleeve
covers a first Apart of said flexible tube and an uncovered position wherein said sleeve does

not cover said first part of said flexible tube to enable clamping of said cannula.

2. The cannula of claim 1 wherein said flexible tube is located radially inwardly of

said rigid layer.

3. The cannula of claim 2 wherein said flexible tube extends in a second direction

from said first end, thereby extending inside said rigid layer.

4. The cannula of claim 3 wherein said flexible tube extends substantially the entire

length of said cannula.
5. The cannula of claim 1 wherein said flexible tube is coupled to said rigid layer.

6. The cannula of claim 1 wherein said sleeve is axially slidable along said rigid

layer.

7. The cannula of claim ! further comprising retainer means for securing said sleeve

1n said cover position.

8. The cannula of claim 7 wherein said retainer means includes cooperating threads

on said sleeve and on said flexible tube.
9. The cannula of claim 8 wherein said retainer means further includes a threaded
fixation ring coaxially mounted on said flexible tube, said fixation ring being located so as to

receive said threads on said sleeve when said sleeve is in said cover position.

10. The cannula of claim 1 wherein said sleeve is made from a titanium alloy.
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11. The cannula of claim 1 wherein said rigid layer is moldable.
12. The cannula of claim 1 wherein said flexible tube is polyurethane.
13. The cannula of claim 12 wherein said flexible tube has a biocompatible surface.

14. The cannula of claim 12 wherein said flexible tube has a blood compatible inner
surface.

I5. The cannula of claim 1 wherein said rigid layer is a titanium alloy.

16. The cannula of claim 1 further comprising a sealing ring on said first end of said
rlgld layer

I'7. The cannula of claim 16 wherein said sealing ring is made from a titanium alloy.

18. The cannula of claim 1 wherein said cannula has an inlet and outlet and whereln

said cannula further 1ncludes an outlet ﬁttmg on said outlet.

19. The cannula of claim 18 further comprising a wire cage coupled to said inlet.

'20. The cannula of claim 1 further comprising a flexible cuff adjacent said rigid layer

for attaching said cannula to soft tissue.

21. The cannula of claim 20 wherein said sleeve is formed of two or more portions

which telescopically engage each other.

22. The cannula of claim 1 wherein said rigid layer has a blood compatible coating

on its outer surface.

23. A clampable cannula comprising:

a generally rigid outer layer;
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a generally flexible tube generally coaxial with said rigid layer and radially inward of
said outer layer, said flexible tube having an underlay portion overlapping with said rigid
layer and an exposed portion extending axiallyhbeyond said rigid layer; and

a generally rigid sleeve comprised of two or more portions which telescopically
engage with each other and cooperate such that the sleeve is movable between a cover

position wherein said sleeve generally covers said exposed portion and an uncovered position

wherein said sleeve generally does not cover said exposed portion.

24. A clampable cannula comprising:
a generally rigid section having a discontinuity; and

a generally flexible section spanning said discontinuity such that said cannula may be

clamped at said generally flexible section.

25. The cannula of claim 24 further comprising a generally rigid sleeve movable
from a cover position wherein said sleeve generally covers said flexible section to an uncover

position wherein said sleeve generally does not cover said flexible section.

26. The cannula of claim 24 further comprising a sleeve movable from a cover

position wherein said flexible section is protected from closure to an uncover position

wherein said flexible section is able to be clamped.

27. The cannula of claim 25 wherein said sleeve is axially slidable along said rigid

section.

28. The cannula of claim 25 further comprising means for retaining said sleeve in

said cover position.

29. The cannula of claim 28 wherein said retaining means includes cooperating

threads on said sleeve and on said rigid section.

30. A method for implanting a cannula and ventricle assist device to the heart of a

patient, the method comprising the steps of :

moving a sleeve of the cannula into an uncovered position so that a flexible section of

said cannula is exposed;
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clamping the flexible section;
installing an end of a cannula into the heart;

connecting the ventricle assist device to the cannula; and

unclamping the flexible section.

31. A method for implanting a cannula and ventricle assist device to the heart of a patient,
the method comprising the steps of : ‘
-clamping a flexible section of the cannula;
installing an end of a cannula into the heart;
connecting the ventricle assist device to the cannula; and

unclamping the flexible section.

32.  The method of claim 31 further comprising the steps of moving the sleeve of the

cannula into a covered position so that the flexible section of said cannula is covered.

33. A ventricle assist device comprising:

a cannula having a génerally rigid outer layer; a generally flexible tube generally
coaxial with said rigid layer and radially inward of said outer layer, said flexible tube having
an underlay portion overlapping with said rigid layer and an exposed portion extending
axially beyond said rigid layer;

a blood pump and means for supplying power to said pump.

34.  The device of claim 33 wherein said cannula further comprises a generally rigid
sleeve movable between a cover position wherein said sleeve generally covers said exposed

portion and an uncovered position wherein said sleeve generally does not cover said exposed

portion.
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