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CANNULA

BACKGROUND

L. Related Technical Fields

[0001] Related technical fields include cannulas and clamping methods, and more
specifically, cannulas and clamping methods for perfusing one or more organs to monitor,
treat, sustain and/or restore the viability of the organ(s) and/or for transporting and/or storing
the organ(s).

I Related Art

[0002] Various devices have been developed that couple the anatomy of an organ
being perfused to a machine or other equipment. Such devices are typically referred to as
perfusion clamps or simply cannulas. Although the term cannula in general use has other
meanings, the term cannula is used generically throughout the specification to refer to a
clamp or other device that provides a connection through which a fluid flow may be
established.

[0003] A type of cannula as described in U.S. Pat. No. 5,728,115 to Westcott et al.,
which is hereby incorporated By reference, is shown in FIGS, 1-3. A clamping device
(cannula) 10 is used to couple the perfusion cannula to the renal aorta 34. The clamp 10
includes two longitudinal members 12 and 14 which pivot about a pin 16. The proximal end
of the member 12 includes an integral handle 18, while the proximal end of the member 14
includes an integral handle 20. The distal end of the member 12 includes an elongated,
hollow, annular, integral clamp head 24, while the distal end of the member 14 includes an
elongated, hollow, annular, integral clamp head 26. Clamp head 26 includes a nipple 28

attached thereto. Movement of the handles 18 and 20 toward one another forces the members
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12 and 14 to pivot about the pin 16, thereby forcing the clamp heads 24 and 26 of the
members 12 and 14 away from one another. A spring 22 is positioned between the handles
18 and 20 in order to bias the handles apart. This, in turn, tends to force the clamp heads 24
and 26 together. Therefore, the clamp heads 24 and 26 of the distal ends of the members 12
and 14 are engaged in a clamping relationship unless an external compressive force is applied
to the handles 18 and 20. A lumen 32 extends through the nipple 28.

[0004] In use, the clamp 10 is attached to the renal aorta 34 of a donor organ such as a
kidney 36 by opening the clamp 10, passing the distal end 38 of the renal aorta 34 through the
annular clamp head 24, holding the distal end 38 of the renal aorta 34 over the annular clamp
head 24, and releasing pressure on the handles of the clamp 10 in order to allow the clamp
head 26 to engage the distal end 38 of the renal aorta 34 against the annular clamp head 24.

A catheter 40 may then be attached to the nipple 28 in order to provide perfusion of liquid

through the lumen 32 and into the renal aorta 34

SUMMARY

[0005} The cannula shown in FIGS, 1-3 is not able to tune or adjust a force applied to
clamped tissue. The resulting force may be excessive, which could result in damage to the
tissue and subsequent loss of the tissue. In particular, excessive clamping force can result in
damage to an interior surface of a clamped vasculature. Such damage can result in dislodged
tissue or blood clots in a connected organ, which can damage the organ or result in a
complete loss of the organ. Alternatively, the clamping force could be too low, resulting in
leakage. The spring 22 does not allow for adjustment of a force applied by the cannula.
Instead, the force applied will be a result of the thickness of clamped tissue, a corresponding

displacement of spring 22, and a resultant force associated with that displacement. Similarly,
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if the tissue is relatively thin, the force applied may be too small to adequately secure the
tissue to prevent leaking during perfusion.

[0006] Exemplary implementa’sﬁoﬁs of the broad inventive principles described
herein provide a cannula having variable clamping force. Exemplary implementations
provide first and second clamping portions and a force applying portion. The force applying
portion is configured to be able to apply at least two different clamping forces across the first
clamping portion and the second clamping portion when the cannula is in a closed state.
Thus, an adjustable or tunable force can be applied to clamped tissue in order to avoid
damage to the tissue or to increase clamping force, as necessary.

[6007] Exemplary implementations provide a force applying portion including an
elastomeric material. The force applying portion stretches between the first clamping portion
and the second clamping portion to retain the cannula in the closed state. Use of such a force
applying portion allows for further tuning or adjustment of the force applied across the first
clamping portion and the second clamping portion.

[0008] Exemplary implementations provide a force applying portion including at least
three attachment points. The force applying portion is configured to apply at least two forces
by using different combinations of two of the at least three attachment points. Use of such a
force applying portion allows for further tuning or adjustment of the force applied across the
first clamping portion and the second clamping portion.

[0009] Exemplary implementations provide a method of cannulating a vasculature.
The method includes inserting the vasculature into a cannula; engaging at least one clamping
surface of the cannula with the vasculature; selecting a clamping force from at least two
clamping forces based upon the vasculature and an interaction between the vasculature and

the cannula; and applying the force. The clamping force can be selected by choosing one of a
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plurality of connecting points to connect and secure a variable force applying member to the
cannula. Suph exemplary implementations address problems as discussed above.

[0010] The cannula shown in FIGS. 1-3 also cannot remain open without force being
applied by a user, and is constructed to always tend towards a closed state. This is
problematic in that a user must constantly apply force to keep the cannula open, which will
occupy at least one of the users hands when ever the cannula is to be in an open state.

[0011] Exemplary implementations of the broad inventive principles described herein
provide a cannula with a first clamping portion with a first gear, a second clamping portion
with a second gear, and the first gear and the second gear are in meshing engagement.
Choice of gears allows the cannula to tend to stay open or closed, depending on a position
selected by a user. Gears can also be chosen to further tune the force applied by the force
applying portion.

[0012] Exemplary implementations include the first gear as a first elliptical gear and
the second gear as a second elliptical gear or only one of the first gear and the second gear as
an elliptical gear. Use of elliptical gears provides an inflection point urging the cannula into
an open state or a closed state depending on which side of the inflection point the gears are
rotated. The gears caﬁ be driven away from the inflection point when a major axis of the first
elliptical gear and a major axis of the second elliptical gear form a first angle less than 180°,
which could correspond to the cannula being in a closed state, or a second angle greater than
180°, which could correspond to the cannula being in a fully open state. Alternatively, the
first angle can be less than 135° and the second angle can be greater than 225°. .These
exemplary implementations provide for a cannula that does not always tend towards a closed
state.

[0013] Exemplary implementations provide a force applying portion that is moveable

from a force applying position to a standby position. The force applying portion does not
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apply any force across the first clamping portion and the second clamping portion when in
the standby position. These exemplary implementations provide for a cannula that does not
always tend towards a closed state.

[0014] Exemplary implementations provide the force applying portion to be lockable
in a force applying position and a standby position. These exemplary implementations
provide for a cannula that does not always tend towards a closed state. This is also
advantageous in that the force applying portion can be retained in a manner that will not be in
a user's way when not in a force applying position.

[0015] Exemplary implementations provide at least one of the first clamping portion
and the second clamping portion with a tubing connection. The first clamping portion and
the second clamping portion are configured to work in concert to hold vasculature in fluid
communication with the tubing connection when the cannula is in the closed state.
Preferably, the vasculature is held in sealed, leak free fluid communication with the tubing
connection when the cannula is in the closed state.

[0016] Exemplary implementations provide a connecting member connecting the first
clamping portion and the second clamping portion. The connecting member may connect to
the first clamping portion at a first rotational axis of the first elliptical gear and connect to the
second clamping portion at a second rotational axis of the second elliptical gear. The
connecting member may include a first material with a first stiffness, at least one of the first
clamping portion and the second clamping portion may include at least one second material
with a second stiffness, with the first stiffness being lower than the second stiffness. These
exemplary implementations provide for a cannula that does not always tend towards a closed

state as well as allowing further tuning of the force applied by the force applying portion



WO 2012/148687 PCT/US2012/033244

[0017] The cannula shown in FIGS. 1-3 is generally made of stainless steel or similar
materials that can be sterilized and reused. This results in a cannula that is too expensive to
procure and maintain.

[0018] Exemplary implementations of the broad inventive principles described herein
provide a cannula that is disposable. Such an exemplary implementation solves the problem
of the cannula shown in FIGS. 1-3 by reducing the procurement cost and eliminating cost
associated with reuse.

[0019] The cannula shown in FIGS. 1-3 includes serrations or knurls (in clamp head
24 and/or clamp head 26) for securing tissue, and the serrations or knurls are designed for
general purpose. Specific organs or tissues may require serrations or knurls that are specially
designed for that organ or tissue or else the serrations or knurls may result in damage to the
specific organs or tissues.

[0020] Exemplary implementations of the broad inventive principles described herein
provide at least one of the first clamping portion and the second clamping portion with
serrations and/or knurls configured to grasp a vasculature of a specific organ without
damaging the vasculature. At least one of the first clamping portion and the second clamping
portion may include an elastomeric material to operate in conjunction with and/or be
substituted for the serrations and/or knurls. This avoids the above-described problem.

[0021] Exemplary implementations provide a first clamping portion and a second
clamping portion that are plastic. Such an exemplary implementation addresses several of the
above-described problems in that cost is reduced and the plastic can be chosen for use with a
specific organ or tissue. This allows for choice of specific material properties that are

compatible with, or do not incur damage to, the organ or tissue.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Exemplary implementations ¢an be described with reference to the following
figures wherein:

[0023] FIGS. 1-3 illustrate a cannula of the prior art;

[0024] FIG. 4 illustrates a cannula in a closed state;

[0025] FIG. 5 illustrates a cannula in another closed state;

[0026] FIG. 6 illustrates a cannula in an open state; and

[0027] FIG. 7 illustrates an elliptical gear.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] Preservation of organs by machine perfusion has been accomplished at
hypothermic temperatures with or without computer control with crystailo%d perfusates and
, without oxygenation. See, for example, U.S. Pat. Nos. 5,149,321, 5,395,314, 5,584,804,
5,709,654 and 5,752,929 and U.S. Patent Application Ser. No. 08/484,601 to Klatz et al.,
which are hereby incorporated by reference.

[0029] Ideally organs would be procured in a manner that limits their warm ischemia
time to essentially zero. Unfortunately, in reality, many organs, especially from non-beating
heart donors, are procured after extended warm ischemia time periods (i.e. 45 minutes or
more). The machine perfusion of these organs at low temperature has demonstrated
significant improvement (Transpl Int 1996 Daemen). Numerous control circuits and
pumping configurations have been utilized to achieve this objective and to machine perfuse
organs in general. See, for example, U.S. Pat. Nos. 5,338,662 and 5,494,822 to Sadri; U.S.
Pat. No. 4,745,759 to Bauer et al.; U.S. Pat. Nos. 5,217,860 and 5,472,876 to Fahy et al.; U.S.

Pat. No. 5,051,352 to Martindale et al.; U.S. Pat. No. 3,995,444 to Clark et al.; U.S. Pat. No.
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4,629,686 to Gruenberg; U.S. Pat. Nos. 3,738,914 and 3,892,628 to Thome et al.; U.S. Pat.
Nos. 5,285,657 and 5,476,763 to Bacchi et al.; U.S. Pat. No. 5,157,930 to McGhee et al.; and
1.S. Pat. No. 5,141,847 to Sugimachi et al., which are hereby incorporated by reference.

[0030] The cannulas and clamping methods described herein may be used in
conjunction with apparatus and methods described in U.S, Pat. Nos. 6,014,864, 6,183,019,
6,241,945 and 6,485,450 to Owen, which are hereby incorporated by reference. While these
apparatus and methods are related to organ recovery and transplantation, the cannulas and
clamping methods described herein may also be used in various other medical procedures and
with various other medical equipment where clamping with fluid flow is desired. Thus, the
cannulas and clamping methods described herein are not limited to the applications described
below in conjunction with the exemplary embodiments.

[0031] FIG. 4 shows a perfusion clamping apparatus ot cannula 100 according to a
first exemplary implementation. The cannula 100 s capable of connecting one or more
arteries of an organ to a perfusion machine or system (not shown), for example, by
connection to tubing of the perfusion machine or system. All medical fluid contact surfaces
are preferably formed.of or coated with materials compatible with the medical fluid used,
preferably non-thrombogenic materials.

[0032] The medical fluid for perfusion may be any suitable medical fluid. For
example, it may be a simple crystalloid solution, or may be augmented with an appropriate
oxygen carrier. The oxygen carrier may, for example, be washed, stabilized red blood cells,
cross-linked hemoglobin, pegolated hemoglobin or fluorocarbon based emulsions. The
medical fluid may also contain antioxidants known to reduce peroxidation or free radical
damage in the physiological environment and specific agents known to aid in tissue

protection. Further, the medical fluid may also include blood or blood products.
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[0033] The cannula 100 is shown in FIG. 4 in a closed or clamping condition and in
FIG. 6 in an open condition. The cannula 100 comprises a first clamping portion 110, a
second clamping portion 120, a force applying portion 130, a first gear 140, a second gear
150, a tubing connection 170, and connecting member 180. While the relative terms "first"
and "second" are used to refer to the various portions as shown in the figures throughout this
application, it should be understood that the various portions are referred to as "first" and
"second" only to distinguish between similar structures in this description, and that the
relative terms "first" and "second" are not limiting.

[0034] The force applying portion 130 as shown in FIG. 4 is in a standby position.
The force applying portion 130 is fixed to the cannula by various attachment points 134 at a
hinge 210 and a first button 190. The standby position is advantageous because the force
applying portion 130 is kept out of a users way and locked until ready for use. InFIG. 3, the
force applying portion is shown in an intermediate state between the standby position and a
force applying position (not shown). In this intermediate state, the force applying member is
attached to the cannula 100 at the hinge 210. In the force applying position, the force

applying portion 130 is connected at the hinge 210 and a second button 200. In order to

apply force in the force applying position, one of the attachment points 134 is connected to
the second button 200 while the force applying portion remains connected at the hinge 210.

[0035] The force applying portion 130 is shown with an opening 220. As shown in
FIG. 5, the opening 220 allows the force applying portion to be anchored or fixed at one end
and to rotate over the tubing connection 170 and apply force equally on both sides of the
tubing connection 170 when in the force applying position. In the force applying position,
the force applying portion 130 wraps around or conforms to the shape of the cannula and

attaches to the second button 200. This results in a force being applied across the first
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clamping portion 110 and the second clamping portion 120 that tends to keep the cannulaina
closed state.

[0036] As shown in the exemplary implementation, three attachment points 134 can
be fastened to the second button 200. Although three such attachment points 134 are shown,
any number of attachment points (such as one, two, three, four, five, or more) fall within the
broad inventive principles described herein. By including multiple attachment points 134
that can be fastened to the second button 200, the force applied by the force applying portion
130 can be selected and varied when the cannula 100 is in a closed state. Alternatively, a
substantively same force can be applied to varying thicknesses of tissue if different
thicknesses of tissue are to be clamped.

[0037] In one exemplary implementation, the force applying portion 130 is made
from an elastomeric material 132, An elastomeric material 132 is advantageous in that it can
be tailored with specific material properties to suit the needs of a user. Some material
properties that may be important include bio compatibility and elasticity and compatibility
with various terminal sterilization modalities. This may apply to all of the materials in this
clamp. Elasticity can be chosen to tailor or fine tune the force applied by the force applying
portion 130.

[0038] The force applying portion 130 can also be implemented in other ways while
still meeting the broad inventive principles described herein. For example, the force applying
portion could attach to the second clamping portion 120 at a first location, wrap around the
first clamping portion 110, and attach to the second clamping portion 120 at a second
location. The force applying portion 130 can include multiple separate structures to attach at
multiple locations. The multiple separate structures can be chosen to tailor or fine tune the
force applied by the force applying portion 130. The force applying portion 130 can also be

one or more tension springs, which could be made from metal or other suitable materials.

10
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[0039] Both of the first button 190 and the second button 200 are exemplary. Other
structures could also be used, such as a hook, so long as attachment can be made with the
force applying portion 130,

[0040] FIG. 6 shows a cannula 100 in an open state. The first clamping portion 110
includes a first head portion 114 and the second clamping portion 120 includes a second head
portion 124. Each of the head portions is generally oval in shape. Other shapes will also
meet the broad inventive principles described herein. For example, each of the head portions
could be generally circular.

[0041] In the open state, a first clamping surface 112 and a second clamping surface
122 are visible. These clamping surfaces engage one another or a tissue disposed between
the clamping surfaces when the cannula is in a closed position. The clamping surfaces may
include one or more of serrations, knurls, and a soft, low durometer elastomer, to facilitate
grasping tissue. If an elastomer is included, the durometer is preferably between about
Shore-A 32 and about Shore-A 70.

[0042] The first head portion 114 is generally open on the side of the first clamping
surface 112. As can be seen in FIG. 4, the side opposite the first clamping surface 114
includes a tubing connection 170. The tubing connection 170 includes an internal fluid
passage to allow fluid communication with an internal space of the first head portion 114.

[0043] A second head portion 124 is open through a thickness to allow a tissue, such
as a vasculature, to pass through from a side opposite the second ¢lamping surface 122 and
engage the second clamping surface 122,

[0044] FIG. 4 shows a first gear 140 and a second gear 150 in meshing engagement.
One or both of the gears may be elliptical gears. The first gear 140 is attached to the first
head portion 114 by a first beam 116, The second gear 150 is attached to the second head

portion 124 by a second beam 126. The beams are shown with a generally T-shaped cross

11
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section, but any cross section can be chosen so long as it provides the appropriate mechanical
properties. Including gears and attachments as disclosed allows for additional control of the
clamping force.

[0045] The first gear 140 and the second gear 150 may be elliptical gears. With
elliptical gears, the major axis of the ellipse can be oriented to provide advantageous effects.
When the elliptical gears are in meshing engagement and the major axis of both elliptical
gears are aligned, the gears will be at an inflection point. Such an inflection point will result
in the gears tending to rotate away from the inflection point when an external force is applied.
As such, the gears can be aligned to take advantage of this tendeﬁcy. For example, if the
major axis of the first gear 140 is at an angle of approximately 45° to a long direction of the
first beam 116, and the second gear 150 is similarly positioned, the cannula 100 will tend
towards either a closed (clamped) state as shown in FIG. 4 or a fully open state as shown in
FIG. 6. A similar effect can be achieved if only one of the first gear 140 and the second gear
150 is an elliptical gear. FIG. 7 shows an example of an elliptical gear 160 with a major axis
162 and a minor axis 164.

[0046] A connecting member 180 attaches the first gear 140 and the second gear 150
at a first rotational axis 142 and a second rotational axis 152. If the gears are elliptical gears,
the connecting member 180 will stretch as the elliptical gears near the inflection point.
Similarly, if only one gear is elliptical, the connecting member will stretch as the elliptical
gear rotates toward a position where the major axis is perpendicular to the mating gear. The
amount of stretching, and therefore a force applied by the connecting member 180, will be
greatest at the inflection point. The force applied will tend to urge the cannula 100 into either
a closed or open state based upon which side of the inflection point the gears are oriented. In

order to facilitate stretching of the connecting member 180, the connecting member can be

12
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made from an elastic material with appropriate material properties to fine tune or tailor the
forces applied during use.

[0047] Portions of the cannula 100 can be made from any suitable materials, such as
metal or clear or opaque plastic, but plastic provides several advantages. Plastic parts are
usually less costly, and can therefore be made disposable. A disposable version of the
cannula 100 will not have the additional costs associated with reuse, such as sterilization,

[0048] Portions of the cannula 100 can be made from optically clear material. This
may be beneficial in that it can aid a clinician in positioning the vasculature and in detecting
air bubbles or the interior or intima of the vasculature.

[0049] Either of the first clamping surface 112 and the second clamping surface 122
can include serrations and/or knurls to facilitate securing the clamped tissue. If the serrations
or knurls are made from plastic, the plastic can be chosen with specific material properties to
prevent damage to clamped tissue. Additionally, the serrations or knurls can be specifically
tailored to the tissue to be clamped. Alternatively, the first clamping surface 112 and/or the
second clamping surface 122 may include an elastomeric material to work in conjunction
with and/or be substituted for the serrations and/or knurls.

[0050] While various features have been described in conjunction with the examples
outlined above, various alternatives, modifications, variations, and/or improvements of those
features and/or examples may be possible. Accordingly, the examples, as set forth above, are
intended to be illustrative. Various changes may be made without departing from the broad

spirit and scope of the underlying inventive principles.
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WHAT IS CLAIMED 1IS:

1. A cannula comprising:

a first clamping portion,

a second clamping portion; and

a force applying portion configured to apply at least two different clamping
forces across the first clamping portion and the second clamping portion when the cannula is
in a closed state.

2. The cannula according to claim 1, wherein the first clamping portion
comprises a first gear, the second clamping portion comprises a second gear, and the first
gear and the second gear are in meshing engagement.

3. The cannula according to claim 2, further comprising a connecting member
connecting o the first clamping portion at a first rotational axis of the first gear and
connecting to thé second clamping portion at a second rotational axis of the second gear.

4. The cannula according to either of claims 2 and 3, wheréin the first gear
comprises a first elliptical gear and the second gear comprises a second elliptical gear.

5. The cannula according to claim 4, wherein a major axis of the first elliptical
gear and a major axis of the second elliptical gear form a first angle less than 180° in the
closed state and form a second angle greater than 180° when the cannula is in a fully open
state.

6. The cannula according to claim 5, wherein the first angle is less than about
135° and the second angle is greater than about 225°.

7. The cannula according to any of claims 1-6, wherein at least one of the first
clamping portion and the second clamping portion further comprises a tubing connection and
the first clamping portion and the second clamping portion are configured to work together to
maintain vasculature in fluid communication with the tubing connection when the cannula is

in the closed state.

14
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8. The cannula according to any of claims 1-7, wherein:
the force applying portion comprises an elastomeric material; and
the force applying portion is configured to stretch between the first clamping
portion and the second clamping portion to retain the cannula in the closed state.

9. The cannula according to any of claims 1-8, wherein:

the force applying portion comprises at least three attachment points
attachable to the cannula; and

the force applying portion is configured to selectively apply one of the at least
two forces depending on which two of the at least three attachment points are attached to the
cannuia.

10.  The cannula according to any of claims 1-9, wherein the force applying
portion is moveable from a force applying position to a standby position and the force
applying portion does not apply any force across the first clamping portion and the second
clamping portion when in the standby position.

11.  The cannula according to claim 10, wherein the force applying portion is
conﬁgured to be releasably fixed in the force applying position and the standby position.

12. The cannula according to any of claims 1-11, further comprising a connecting
member connecting the first clamping portion and the second clamping portion.

13. The cannula according to claim 12, wherein:

the connecting member comprises a first material with a first stiffness;
at least one of the first clamping portion and the second clamping portion
comprise at least one second material with a second stiffness; and

the first stiffness is lower than the second stiffness.

15
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14. The cannula according to any of claims 1-13, wherein at least one of the first
clamping portion and the second clamping portion comprises a grasping surface configured to
grasp vasculature of a specific organ without damaging the vasculature.

15.  The cannula according to claim 14, wherein the grasping surface comprises at
least one of serrations, knurls, and an elastomeric material.

16.  The cannula according to any of claims 1-15, wherein the first clamping
portion and the second clamping portion comprise a plastics material.

17.  The cannula according to any of claims 1-8, wherein the force applying
portion is configured to selectively apply one of the at least two different clamping forces.

18.  The cannula according to any of claims 1-8, wherein the force applying
portion comprises:

an anchor attachment point; and

at least two force determining attachment points;

wherein; the force applying portion is configured to be attached to the cannula
by the anchor attachment point and one of the at least two force determining attachment
points,

19.  The cannula according to claim 18, wherein the one of the at least two force
determining attachment points is determinative of which of the at least two different
clamping forces is applied across the first clamping portion and the second clamping portion.

20. A cannula comprising:

a first clamping means for clamping vasculature of an organ;

a second clamping means for clamping the vasculature of the organ; and

a force apﬁiying means for applying at least two different clamping forces
across the first clamping means and the second clamping means when the cannula is in a

closed state.
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21 A method of cannulating vasculature, comprising:
inserting the vasculature into a cannula;
engaging at least one clamping surface of the cannula with the vasculature;
selecting a clamping force from at least two clamping forces based upon the
vasculature and an interaction between the vasculature and the cannula; and
applying the force.

22.  The method according to claim 21, wherein the clamping force is selected by
choosing one of a plurality of connecting points to connect and secure a force applying
portion to the cannula.

23.  The method according to either of claims 21 and 22, wherein the clamping
force is selected based upon a type of the vasculature.

24.  The method according to any of claims 21-23, wherein the clamping force is
selected based upon a condition of the vasculature.

25. The method according to any of claims 21-24, further comprising connecting
the cannula to an organ perfusion apparatus, and

wherein the vasculature is vasculature of an ex-vivo organ.
26, A cannula comprising:
a first clamping portion comprising a first gear;
a second clamping portion comprising a second gear in meshing engagement
with the first gear.

27. The cannula according to claim 26, further comprising a connecting member
connecting to the first clamping portion at a first rotational axis of the first gear and
connecting to the second clamping portion at a second rotational axis of the second gear.

28.  The cannula according to either of claims 26 and 27, wherein the first gear

comprises a first elliptical gear and the second gear comprises a second elliptical gear.
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29. The cannula according to claim 28, wherein a major axis of the first elliptical
gear and a major axis of the second elliptical gear form a first angle less than 180° in the
closed state and form a second angle greater than 180° when the cannula is in a fully open
state.

30.  The cannula according to either of claims 26 and 27, wherein one of the first
gear and the second gear is an elliptical gear.

31 A method of cannulating vasculature, comprising:

inserting the vasculature into a cannula;
engaging at least one clamping surface of the cannula with the vasculature by
rotating at least one gear.

32. The method according to claim 31, wherein the at least one gear is in meshing

engagement with a second gear.
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