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(54) Title: EXPANDABLE CANNULA
(57) Abstract

An expandable cannula (15) hav-
ing a plurality of wall surfaces (20)-(23),
(30)%-(33), (40)-(43), (50)-(53), the
wall surfaces being foldable together
one over another such that the cannula
assumes a first cross—sectional area,
and the wall surfaces being un—foldable
such that the cannula assumes a second
cross—sectional area, wherein the first
cross—sectional area is smaller than the
second cross—sectional area.
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EXPANDABLE CANNULA

CROSS-REFERENCES TO RELATED APPLICATIONS
The present application is a regular patent application of and claims the
benefit of priority from U.S. Patent Application Serial No. 60/113,651 filed December 23,
1998 (Attorney Docket No. 18608-001300), the full disclosure of which is incorporated

herein by reference.

TECHNICAL FIELD

The present invention relates to surgical cannulae.

SUMMARY OF THE INVENTION

The present invention provides an expandable surgical cannula which can
be inserted into a patient in an initially folded up state and then subsequently unfolded to
assume a larger diameter to provide an enlarged access portal for the insertion of surgical
instruments therethrough subsequent to cannula insertion into a patient’s body. In a
preferred aspect, the diameter of the cannula is increased in size by an obturator passing
therethrough.

In a preferred aspect, the present expandable cannula comprises a plurality
of generally planar longitudinally extending wall sections which are pivotally joined
together along their lengths to enclose a cannulated passageway, with at least some of the
wall sections being foldable one over another such that the cannula has a first cross
sectional area when the wall sections are folded one over another and such that the
cannula has a second cross sectional area when the wall sections are unfolded, wherein
the first cross sectional area is smaller than the second cross sectional area.

In optional preferred aspects, systems are provided for locking the cannula
into an open unfolded state such that the large diameter passageway therethrough is kept
open during surgery. |

In alternate preferred aspects, the present expandable cannula comprises a
plurality of separate overlapping generally planar, (or slightly curved), longitudinally

extending wall sections which are disposed within an elastic sheath, wherein the generally
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planar longitudinally extending wall sections are initially deployed overlapping one
another, with at least some of the wall sections disposed on top of adjacent wall sections
at one side, and beneath an opposite wall section, at on opposite side when the cannula is
unexpanded; and wherein at least some of the wall sections are positioned with their
longitudinally extending sides buttressing against one another around the circumference

of the cannula after the cannula has been expanded.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a cross-sectional view of a first embodiment of the present
cannula folded together in an unexpanded octagonal shape.

Fig. 1B is a cross-sectional view of the present cannula in a partially
unfolded shape.

Fig. 2A is a perspective view corresponding to Fig. 1A., showing a portion
of the length of the cannula.

Fig. 2B is a perspective view corresponding to Fig. 1B., showing a portion
of the length of the cannula.

Fig. 3 is a cross-sectional view of the first embodiment of the present
cannula unfolded to a fully expanded state.

Fig. 4 is a perspective view corresponding to Fig. 3., showing a portion of
the length of the cannula.

Fig. 5 is a perspective view of a portion of the length of the first
embodiment of the present cannula showing comparative dimensions of the cannula in a
folded together, unexpanded octagonal shape, and in an unfolded, fully expanded state,
with the obturator used for unfolding the cannula.

Fig. 6A illustrates systems for maintaining a cannula in a “locked open”
state, with an enlarged portion of the cannula shown folded up.

Fig. 6B illustrates systems for maintaining a cannula in a “locked open”
state, with an enlarged portion of the cannula shown unfolded.

Fig. 7A illustrates a top sectional view of a second embodiment of the
invention in an unexpanded position with the present cannula comprising a plurality of

separate longitudinally extending wall sections disposed overlapping one on top of the

other.
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Fig. 7B illustrates a top sectional view of the invention of Fig. 7A in an
expanded position with the plurality of separate longitudinally extending wall sections
disposed adjacent one another.

Fig. 8A illustrates a top sectional view of a third embodiment of the
invention in an unexpanded position.

Fig. 8B illustrates a top sectional view of the invention of Fig. 8A in a
partially expanded position.

Fig. 8C illustrates a top sectional view of the invention of Fig. 8A ina

fully expanded position.

BEST MODES OF CARRYING OUT THE INVENTION

Referring to attached Figs. 1 to 4, an expandable cannula 15 is provided.
Cannula 15 is preferably formed from a continuous extrusion of polymeric material with
the wall thickness of the polymeric extrusion varying around the circumference of the
cannula so as to provide longitudinally extending hinges formed between each of a
plurality of generally planar longitudinally extending wall sections. As such, cannula 15
is formed by a plurality of generally planar longitudinally extending wall sections which
are pivotally joined together, (and folded one over another), along their lengths to enclose
a cannulated passageway 60.

In an exemplary aspect, cannula 15 has sixteen generally planar wall
sections, (being wall sections 20, 21, 22, 23, 30, 31, 32, 33, 40, 41, 42, 43, 50, 51, 52,
and 53), which are pivotally joined together as shown. It is to be understood that more or
less than the presently illustrated sixteen side walls can be used in the present system,
keeping within the scope of the present invention.

When initially inserted into the patient, cannula 15 is folded together to
have a compact polygonal shape, (for example, the octagonal shape as is shown in Figs.
1A and 2A). Continuing with the present example, when folded together, eight outer wall
sections 20, 21, 30, 31, 50, 41, 50 and 51 will define an outer surface of cannula 15.

After insertion into the patient, cannula 15 is then expanded, (as shown in
Figs. 3 and 4) with wall sections 20, 21, 22, 23, 30, 31, 32, 33, 40, 41, 42, 43, 50, 51, 52,
and 53 unfolding to define a continuous outer surface which encloses the central

longitudinally extending passageway 60 therethrough.
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In this aspect of the invention, a plurality of longitudinally extending
hinges are formed between each of the adjacent wall sections. (For clarity, only hinges
24, 34, 44 and 54 are numbered). Hinges, (including hinges 24, 34, 44 and 54), may
preferably be formed by reducing the wall thickness of the polymer extrusion along these
locations such any bending occurs along the longitudinally extending hinges, with the
wall sections spanning between the hinges remaining generally planar. Being thicker than
the hinges, the wall sections will thus tend to remain planar, (or to remain slightly
curved), such that the cannula can initially be folded together before it is expanded.

Fig. 5 illustrates the expansion of cannula 15 from a “folded up” to an
“unfolded” state, as follows. Cannula 15 is initially folded together in an octagonal shape
(as illustrated by portion 15A of cannula 15). The insertion of an obturator 50 into the
longitudinally extending passageway 60 of cannula portion 15A is used to pry open
cannula 15 to the final fully expanded state (as illustrated by portion 15B of cannula 15).

As can be seen, cannula portion 15A corresponds to the unexpanded
position of the cannula as shown in Fig. 2A and cannula portion 15B corresponds to the
expanded position of the cannula as shown in Fig. 4.

As obturator 50 is inserted through passageway 60, its diameter D1,
(wiu'ch is larger that the width W1 of cannula 15 is its initial folded up state (15A), will
cause cannula 15 to expand to a final fully expanded state (15B), having a width W2. As
such, obturator 50 is preferably dimensioned as a cylinder having a diameter D1 being
greater than minimum diameter width W1 of folded up cannula portion 15A and less than
maximum diameter W2 of the fully expanded cannula portion 15B.

Subsequent to expansion of cannula 15 to the state illustrated by cannula
portion 15B, obturator 50 may then be withdrawn from central passageway 60 such that
an enlarged passageway is created having a larger cross sectional area from that of folded
up cannula portion 15A.

As cannula 15 expands from the unexpanded rectangular shape shown in
Figs. 1A and 2A to the fully expanded shape shown in Figs. 3 and 4, hinges 24, 34, 44
and 54 will move in directions D, as shown by the intermediate position of Figs. 1B and
2B, such that cannula 15 unfolds.

Obturator 50 preferably has an optional narrow end 52 which has a

diameter D2 sufficiently narrow to access passageway 60 when the cannula is
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unexpanded in the “folded up” state shown as cannula portion 15A. (i.e.: diameter D2 is
less than width W1).

Modification and variation of the present invention can be accomplished
without departing from the scope of the invention. For example, various numbers of wall
sections may be used for any of the cannula embodiments set forth herein. In addition, the
wall sections may be generally planar or slightly curved. Moreover, the obturator used to
open the cannula need not be cylindrical in shape. Rather, other shapes of the obturator
can be used, provided only that the obturator is sufficiently narrow to be received within
the narrow folded state of the cannula and sufficiently wide to cause the cannula to unfold
as it is inserted. Other systems such as a long balloon (not shown) received within
passageway 60 can be inflated to “open” cannula 15 from its initial folded up state to a
fully expanded (larger diameter) state.

In additional aspects of the invention, obturator 50 may be received within
a tubular sleeve (not shown), and the tubular sleeve may preferably be left behind within
cannula 15 to hold cannula 15 in a fully open and unfolded orientation after obturator 50
has been removed. In this aspect of the invention, the tubular sleeve is received over
obturator 50, and within cannula 15, and will remain in place to provide a cannulated
access after obturator 50 has been removed.

Figs. 6A and 6B illustrate systems for maintaining the cannula in a “locked
open” state. Referring first to Fig. 6A, an enlarged view of wall sections 31 and 33 is
shown, (positioned in the same orientation as shown in Fig. 1B). As cannula 15 is opened,
with wall sections 31 and 33 moving in directions R1, hinges 71 and 73 will articulator
around pins 72, 74 and 76, such that pin 74 moves radially outwardly toward hinge 34,
until hinge 73 abuts stop 75 as shown in Fig. 6B. As can be appreciated from viewing Fig.
6B, hinge 73 pushing against stop 75 will hold hinge 34 on cannula 15 in a “locked open”
position. In addition, the action of inserting an obturator through passageway 60 will
assist in pushing pin 74 toward hinge 34 such that wall sections 31 and 33 remain locked
open. As can be appreciated, a plurality of such locking system can be provided between
some or all of the adjacent wall sections 20, 21, 22, 23, 30, 31, 32, 33, 40, 41, 42, 43, 50,
51, 52, and 53 such that each of the hinged connections between the wall sections (e.g.:

hinges 24, 34, 44 and 54), can be kept open, supporting cannula 15 is a fully locked open

position.
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Figs. 7A and 7B show a second embodiment of the present invention in
which cannula 80 comprises a plurality of wall sections 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91 and 92, which may be either generally planar, or slightly curved as shown.

Wall sections 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91 and 92, are
preferably positioned to overlap one another, with at least some of the wall sections
disposed on top of adjacent wall sections at one side, and beneath an opposite wall section
when cannula 80 is unexpanded as shown in Fig. 7A. Wall sections 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91 and 92 are received within an elastic sheath 95. In a preferred
aspect, each of wall sections 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91 and 92 may be
attached at one end (e.g.: along side 97 for wall section 82 and along side 99 for wall
section 92), to the interior of elastic sheath 95

After expansion to the state shown in Fig. 7B, (such as by inserting an
obturator therethrough or inflating a balloon therein), wall sections 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91 and 92 become disposed their longitudinally extending sides buttressing
against one another around the circumference of the cannula after the cannula has been
expanded.

Figs. 8A, 8B and 8C shows a third embodiment of the present invention in
which cannula 100 comprises a plﬁrality of wall sections 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115 and 116, initially folded together as shown.
Wall sections 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115
and 116 may be either generally planar, or slightly curved as shown.

Wall sections 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115 and 116 are preferably positioned to overlap one another, wall sections 101,
102, 103 and 104 forming an interior surface with wall sections 105, 106, 107, and 108
forming an exterior surface.

After expansion to the state shown in Fig. 8C, (such as by inserting an
obturator therethrough or inflating a balloon therein), wall sections 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115 and 116 become disposed such that

they wrap around the circumference of the cannula after the cannula has been expanded.
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WHAT IS CLAIMED IS:

1. An expandable cannula comprising a plurality of longitudinally .
extending wall sections which are pivotally joined together along their lengths to
enclose a cannulated passageway, at least some of the wall sections being foldable one
over another such that the cannula has a first cross sectional area when the wall sections
are folded one over another and such that the cannula has a second cross sectional area
when the wall sections are unfolded, wherein the first cross sectional area is smaller than

the second cross sectional area.

2. The expandable cannula of claim 1, further comprising:
a locking mechanism disposed between at least some of the adjacent wall
sections, wherein the locking mechanism is adapted to hold adjacent wall sections apart

after the cannula has been expanded.

3. An expandable cannula comprising a plurality of longitudinally
extending wall sections which are initially deployed overlapping one another, with at
least some of the wall sections disposed on top of adjacent wall sections at one side, and
beneath an opposite wall section, at on opposite side when the cannula is unexpanded;
and wherein at least some of the wall sections are positioned with their longitudinally
extending sides buttressing against one another around the circumference of the cannula

after the cannula has been expanded.

4. A method of expanding a cannula to provide an expanded surgical
passageway after delivery of the cannula into a patient comprising:

inserting a cannula comprising a plurality of longitudinally extending wall
sections which are pivotally joined together along their lengths to enclose a cannulated
passageway into a patient, wherein at least some of the wall sections are folded one over
another;

inserting an obturator into the cannulated passageway, thereby causing the
overlapping wall surfaces to open, thus unfolding the cannula, thereby increasing the
cross sectional area of the cannulated passageway; and

withdrawing the obturator from the cannulated passageway of the cannula.
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5. A method of expanding a cannula to provide an expanded surgical
passageway after delivery of the cannula into a patient comprising:

inserting a cannula comprising a plurality of longitudinally extending wall
sections which are pivotally joined together along their lengths to enclose a cannulated
passageway into a patient, wherein at least some of the wall sections are folded one over
another;

inflating a balloon positioned in the cannulated passageway, thereby
causing the overlapping wall surfaces to open, thus unfolding the cannula, thereby

increasing the cross sectional area of the cannulated passageway.
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