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(57) ABSTRACT 

Cannulas for surgical and medical use expand along their 
lengths. The cannulas are inserted through tissue When in an 
unexpanded condition and With a small diameter. The can 
nulas are then expanded radially outwardly to give a full 
siZe instrument passage. Expansion of the cannulas occurs 
against the viscoelastic resistance of the surrounding tissue. 
The expandable cannulas do not require a full depth incision, 
or at most require only a needle-size entrance opening. In 
one embodiment of the invention, the cannula includes a 
number of arcuate plate segments movable With respect to 
each other for enabling an increase in cross-sectional area of 

the cannula lumen. In this embodiment, the cannula can be 
provided With a pointed end portion. The cannula may be 
expanded by inserting members or by ?uid pressure. The 
cannula is advantageously utilized to expand a vessel, such 
as a blood vessel. An expandable chamber may be provided 
at the distal end of the cannula. 
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EXPANDABLE CANNULA 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to cannulas for sur 
gical and medical use. A typical cannula is a ?xed diameter 
tube Which a surgeon uses to maintain an instrument passage 
through tissue to a subcutaneous Working location. The 
surgeon must ?rst make an incision the full depth of the 
cannula in order to insert the cannula. This traumatic action 
damages good tissue in order to get to bad tissue. It Would 
be desirable to provide cannulas Which do not require a full 
depth incision, or at least require only a needle-siZe entrance 
opening, and Which still alloW use of a cannula to maintain 
an instrument passage. 

SUMMARY OF THE INVENTION 

[0002] In accordance With one of the features of the 
invention, cannulas are provided Which expand along their 
length. The cannulas are inserted through tissue When in an 
unexpanded condition and With a small diameter. The can 
nulas are then expanded radially outWardly to give a full 
siZe instrument passage. Expansion of the cannulas occurs 
against the viscoelastic resistance of the surrounding tissue. 
The cannulas may be expanded by inserting members into 
the cannulas or by ?uid pressure. 

[0003] In accordance With another feature of the inven 
tion, a leading end portion of the cannula is constructed to 
pierce human body tissue. This enables the cannula to form 
its oWn opening in body tissue as the cannula is inserted into 
the tissue. 

[0004] In accordance With still another feature of the 
invention, the cannula can be inserted into a blood vessel 
and expanded. A?oW of ?uid can be conducted through the 
cannula into the blood vessel. 

[0005] The cannula advantageously includes a sheath 
Which encloses a plurality of Wires. A member may be 
inserted into the sheath and moved along the Wires to expand 
the cannula. Each of the Wires may advantageously include 
a core Which is at least partially enclosed by a jacket Which 
is integrally formed as one piece With the sheath. If desired, 
the cannula may be expanded by ?uid pressure rather than 
inserting a member into the cannula. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The foregoing and other features of the present 
invention Will become apparent to one skilled in the art to 
Which the present invention relates upon consideration of the 
folloWing description of the invention With reference to the 
accompanying draWings, Wherein: 

[0007] FIG. 1 is a perspective vieW of a cannula in 
accordance With a ?rst embodiment of the invention, shoWn 
in an unexpanded condition; 

[0008] FIG. 2 is an exploded longitudinal sectional vieW 
of the cannula of FIG. 1; 

[0009] FIG. 3 is an assembled vieW of the cannula of FIG. 
1; 

[0010] FIG. 4 is a schematic side vieW illustrating the 
cannula of FIG. 1 in an expanded condition; 
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[0011] FIG. 5 is a schematic side vieW illustrating the 
cannula of FIG. 1 in a contracted or collapsed condition; 

[0012] FIG. 6 is a side vieW similar to FIG. 5 illustrating 
a trocar inserted in the cannula of FIG. 1; 

[0013] 
FIG. 5; 

[0014] FIG. 8 illustrates the cannula of FIG. 7 in a 
partially expanded condition With a trocar and a tubular 
insert therein; 

[0015] FIG. 9 illustrates the cannula of FIG. 7 in a fully 
expanded condition With a larger tubular insert therein; 

[0016] FIG. 10 illustrates the cannula of FIG. 1 in use; 

[0017] FIG. 11 is a vieW of a cannula in accordance With 
a second embodiment of the present invention, shoWn in an 
unexpanded condition; 
[0018] FIG. 12 is an end vieW of the cannula of FIG. 11 
in a fully collapsed condition; 

[0019] FIG. 13 is a vieW similar to FIG. 12 With the 
cannula in a partially expanded condition; 

[0020] FIG. 14 is a vieW similar to FIG. 13 With the 
cannula in a fully expanded condition; 

[0021] 
FIG. 11; 

[0022] FIG. 16 illustrates the cannula of FIG. 15 With a 
trocar therein; 

[0023] FIG. 17 illustrates the cannula of FIG. 11 in use; 

[0024] FIG. 18 is a perspective vieW of a cannula forming 
another embodiment of the invention; 

[0025] FIG. 19 is a sectional vieW of the cannula of FIG. 
18, the cannula being shoWn in a retracted condition; 

[0026] FIG. 20 is a sectional vieW of the cannula of FIG. 
18, the cannula being shoWn in an expanded condition; 

FIG. 7 is a sectional vieW taken along line 7-7 of 

FIG. 15 is a perspective vieW of the cannula of 

[0027] FIG. 21 is an enlarged fragmentary sectional vieW 
of a pointed end portion of another embodiment of the 
cannula of FIG. 1; 

[0028] FIG. 22 is an end vieW, taken generally along the 
line 22-22 of FIG. 21, illustrating the relationship betWeen 
a sheath and Wires in the pointed end portion of the cannula; 

[0029] FIG. 23 is a fragmentary plan vieW, taken gener 
ally along the line 23-23 of FIG. 21, further illustrating the 
construction of the pointed end portion of the cannula; 

[0030] FIG. 24 is a schematic sectional vieW illustrating 
the manner in Which the cannula is expanded from the 
contracted condition of FIG. 22 by insertion of tubular 
members into the cannula; 

[0031] FIG. 25 is an enlarged fragmentary schematic 
illustration depicting the relationship betWeen the contracted 
cannula of FIGS. 21-23 and body tissue immediately prior 
to insertion of the contracted cannula into the body tissue; 

[0032] FIG. 26 is a fragmentary schematic illustration 
depicting the relationship betWeen the contracted cannula 
and a blood vessel after the cannula has pierced skin and 
body tissue adjacent to the blood vessel and prior to piercing 
of a side Wall of the blood vessel; 
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[0033] FIG. 27 is an enlarged fragmentary schematic 
illustration of a portion of FIG. 26 further illustrating the 
relationship betWeen the pointed end portion of the cannula 
and the side Wall of the blood vessel; 

[0034] FIG. 28 is a fragmentary schematic illustration, 
generally similar to FIG. 26, illustrating the relationship of 
the cannula to the blood vessel after the cannula has pierced 
the side Wall of the blood vessel and has been inserted into 
the blood vessel With the cannula in the contracted condition 
of FIG. 22; 

[0035] FIG. 29 is a fragmentary schematic illustration, 
taken generally along the line 29-29 of FIG. 28, further 
illustrating the relationship betWeen the cannula and the 
blood vessel; 

[0036] FIG. 30 is a fragmentary schematic illustration, 
generally similar to FIG. 28, illustrating the relationship 
betWeen the cannula and the blood vessel When the cannula 
is in an expanded condition; 

[0037] FIG. 31 is a schematic illustration, similar to FIG. 
29, and taken generally along the line 31-31 of FIG. 30; 

[0038] FIG. 32 is an enlarged schematic illustration, gen 
erally similar to FIG. 25, illustrating the relationship 
betWeen another embodiment of the cannula and the skin of 
a patient immediately prior to piercing of the skin of the 
patient With the cannula; 

[0039] FIG. 33 is a fragmentary schematic illustration, 
generally similar to FIG. 31, illustrating the relationship 
betWeen another embodiment of the cannula and a blood 
vessel after the cannula has been inserted into the blood 
vessel and expanded by ?uid pressure; 

[0040] FIG. 34 is a sectional vieW, taken along the line 
34-34 of FIG. 33, further illustrating the relationship 
betWeen the expanded cannula and the blood vessel; 

[0041] FIG. 35 is a fragmentary sectional vieW, generally 
similar to FIG. 21, illustrating a pointed end portion of 
another embodiment of the cannula; 

[0042] FIG. 36 is a fragmentary sectional vieW, generally 
similar to FIG. 21, illustrating a pointed end portion of 
another embodiment of the cannula; 

[0043] FIG. 37 is an enlarged fragmentary sectional vieW 
of a portion of FIG. 36 illustrating the construction of an end 
portion of the cannula Which is expandable When the can 
nula is in the expanded condition of FIG. 24; and 

[0044] FIG. 38 is a sectional vieW, taken generally along 
the line 38-38 of FIG. 37, further illustrating the construc 
tion of the end portion of the cannula. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] In a ?rst embodiment of the invention, a cannula 10 
(FIG. 1) includes an expanding portion 12 and a proximal 
end portion 14. The expanding portion 12 includes a plu 
rality of longitudinally extending Wires 16. The Wires 16 are 
surrounded for most of their length by an overlying elastic 
sheath 18. The Wires 16 de?ne betWeen them a central 
instrument passage 20. 

[0046] The Wires 16 are preferably made of a material 
Which is ?exible, does not break, and does not stretch. A 
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preferred material is music Wire, Which is thin gauge steel 
about 0.015 “ in diameter. The use of the term “Wire” in this 
application and its claims does not limit the invention to 
metal Wires. The “Wires” may also be made of other elongate 
material such as composites or plastics or other metals. The 
“Wires” may also be coated. 

[0047] The number of Wires may be selected as desired. 
Applicants have found that 8 to 10 Wires will suffice for a 
cannula expandable up to 7 mm OD, and that 12 Wires or 
more may be necessary for a larger cannula. Ten larger 
diameter Wires (0.025“) may be used rather a larger number 
of small diameter Wires. A greater number of Wires 16 can 
be used if a greater diameter is needed. If not enough Wires 
16 are used, an instrument (trocar, insert, scope, etc.) 
inserted through the passage 20 When the cannula 10 is 
expanded Will contact the elastic sheath 18 rather than the 
Wires 16, at locations betWeen the Wires. 

[0048] The Wires 16 are self-aligning. When the cannula 
10 is in a contracted condition, the Wires 16 may overlap. 
When the cannula 10 is expanded, the Wires 16 straighten 
out as shoWn. 

[0049] The elastic sheath 18 is preferably secured to the 
Wires 16 at both proximal and distal ends, to prevent the 
sheath from sliding off the Wires during insertion and 
removal of the cannula 10. Rubber cement or cyanoacrylate 
or a similar adhesive can be used to bond the sheath 18 to 
the Wires 16 as shoWn schematically at 24. 

[0050] The elastic sheath 18 is preferably made of latex or 
silicone, or of C-Flex®, a general purpose thermoplastic 
elastomer sold by Linvatec Corporation of ClearWater, Fla. 
The sheath 18 is of a diameter such that it is stressed even 
When the cannula 10 is fully contracted. Thus, the sheath 18 
constantly biases the Wires 16 radially inWardly toWard the 
axis 22 of the cannula 10. 

[0051] At the proximal end portion 14 of the cannula 10, 
the Wires 16 are clamped betWeen an inner ring member 30 
and an outer ring member 32. The inner ring member 30 has 
a central opening 34. The inner ring member 30 has a 
clamping surface 36 including a beveled edge 38 and an 
annular radially extending surface 40. The outer ring mem 
ber 32 has a threaded central opening 42 for receiving a 
standard luer lock 43. The outer ring member 32 has a 
clamping surface 44 including a beveled edge 46 and an 
annular radially extending surface 48. 

[0052] The ring members 30 and 32 can be made of metal, 
in Which case they can be braZed or Welded together. The 
ring members 30 and 32 can be made of plastic, in Which 
case then they can be UV joined or joined by adhesive. 

[0053] Proximal end portions 50 of the Wires 16 are 
trapped betWeen the ring members 30 and 32. When the ring 
members 30 and 32 are joined together as in FIG. 3, the 
proximal end portions 50 of the Wires 16 are trapped 
betWeen the clamping surface 36 of the inner ring 30 and the 
clamping surface 44 of the outer ring 32. The proximal end 
portion 52 of the sheath 18 is preferably also trapped 
betWeen the rings 30 and 32, to secure the sheath proximally. 
Alternatively, the proximal end portion 52 of the sheath 18 
may be bonded to the Wires 16 at a proximal location 
adjacent the ring members 30 and 32. Thus, the proximal 
end of the cannula expanding portion 12 is secured, having 
a large diameter generally equal to the expanded diameter of 
the cannula 10. 
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[0054] The sheath 18 has a longitudinally extending cir 
cumferential outer surface 54 (FIG. 7) and a longitudinally 
extending circumferential inner surface 56. The Wires 16 
engage the circumferential inner surface 56 of the sheath 18. 
The radially inner surfaces 60 of the Wires 16 de?ne an 
annular periphery 62 Within Which any item inserted in the 
cannula 10 is disposed. In one embodiment Which has been 
constructed, When contracted, the cannula 10 is about 2 mm 
diameter, the siZe of a 14 ga needle. Thus, the cannula 10 can 
possibly be inserted as a needle, clearing its oWn path, and 
not needing a trocar ?rst. The constructed cannula is about 
90 mm long. Other useful siZes include up to 2.5 mm 
diameter With a 70 mm length; (ii) up to 7 mm diameter With 
a 110 mm length; and (iii) up to 11 mm diameter With a 160 
mm length. 

[0055] In use of the cannula 10, the surgeon makes a small 
incision in the epidermis. He inserts a narroW trocar such as 
the trocar 70 (FIGS. 6 and 8) into the central passage 20 of 
the cannula 10. The pointed end portion 72 of the trocar 70 
Will project distally. The shaft portion 74 of the trocar 70 is 
disposed inside the passage 20. The outer surface 76 of the 
trocar shaft portion 74 engages the radially inner surfaces 60 
of the Wires 16. The proximal end portion 78 of the trocar 70 
extends proximally from the cannula 10. 

[0056] The end portion 72 of the trocar 70 may be blunt in 
order to push aWay internal tissue. In this case, a small 
incision Would need to be made through the epidermis. 

[0057] The trocar/cannula assembly is inserted through 
the incision in the epidermis to the subcutaneous Working 
location. Then, a tubular insert 80 (FIG. 8) is moved distally 
betWeen the Wires 16 of the cannula 10 and the trocar 70. 
The insert 80 is preferably a holloW metal tube at least as 
large in ID as the OD of the trocar pointed end portion 72. 
The trocar 70 can then be removed from the cannula 10, 
leaving the cannula and the insert 80 in place in the tissue. 

[0058] Because the insert 80 is larger in diameter than the 
trocar 70, during insertion of the insert 80, the cannula 10 is 
expanded radially outWardly, as seen in a comparison of 
FIGS. 7 and 8 (Which are not necessarily to scale). The 
tissue around the cannula 10 is also stretched. The surgeon 
has thus made a larger passage for instruments, along its 
entire length, Without cutting tissue. 

[0059] After the tissue is alloWed to relax, the surgeon 
removes the insert 80. The cannula 10 collapses radially 
inWardly because of the elastic sheath and because of the 
force of the tissue around it. But the tissue opening does not 
necessarily collapse completely, because of the viscoelastic 
nature of tissue, Which tends to maintain its stretched 
condition for some time. 

[0060] The surgeon then puts a second insert inside the 
cannula 10. The second insert is a holloW tube larger in 
diameter than the ?rst insert 80. Again, the cannula expands 
radially outWardly, and the tissue stretches. 

[0061] In this manner, the surgeon continues With larger 
and larger inserts, until the tissue opening is as large as 
desired. The cannula may then be in the expanded condition 
shoWn in FIG. 9, With a full siZe metal insert 90 Within the 
cannula 80. The insert 90 then functions as a normal 
cannula, alloWing insertion and removal of surgical instru 
ments and the like. 
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[0062] Items inserted through the central passage 20 of the 
cannula 10 alWays contact the inner cylindrical surface 92 of 
the insert 90. This provides a non-Wearing, slippery engage 
ment, Which is desirable for insertion and removal of the 
instruments. An example is illustrated in FIG. 11 shoWing a 
probe 94 extending through the central instrument passage 
20 of the cannula 10 having an insert 90 therein. The cannula 
10 has expanded tissue 96 radially outWardly to create a 
cavity 98 therein. 

[0063] Items inserted through the central passage 20 of the 
cannula 10, such as the inserts 80 and 90, alWays contact the 
radially inner surfaces 60 of the Wires 16. This also provides 
a non-Wearing, slippery engagement, Which is desirable for 
insertion and removal of the inserts. 

[0064] The cannula 10 is discarded after use to prevent 
contamination. 

[0065] Thus, it is seen that the Wires 16 have outer surface 
portions 60 disposed radially inWardly in the cannula 10 and 
forming contact surfaces for surgical instruments and the 
like inserted through the central instrument passage 20 of the 
cannula. The sheath 18 has an outer circumferential surface 
54 engaging tissue When the cannula 10 is in use. The Wires 
16 block engagement of instruments inserted through the 
central instrument passage 20 of the cannula 16 With the 
elastic sheath 18. The sheath 18 blocks engagement of tissue 
With the Wires 16, and the sheath and the Wires block 
engagement of tissue With any instruments inserted through 
the cannula 10. 

[0066] The cannula 10 expands radially outWardly along 
substantially its entire length against the bias of the sheath 
18. Thus, the cannula 10 can accommodate through its 
central instrument passage 20 a surgical instrument or the 
like having a diameter along its entire length Which is greater 
than the diameter of the cannula in the contracted condition. 
This is not possible With cannulas Which expand only along 
a portion of their length. 

[0067] A second embodiment of the invention is illus 
trated in FIGS. 11-17. An expandable cannula 100 includes 
four longitudinally extending members 102, 104, 106, and 
108. Each member includes a longitudinally extending arcu 
ate segment and a Widened proximal end portion. The 
members 102, 104, 106, and 108 are made of plastic. One 
suitable material is Delrin® brand plastic. 

[0068] Speci?cally, the member 102 includes a longitudi 
nally extending arcuate segment 110 and a Widened proxi 
mal end portion 112. The member 104 includes a longitu 
dinally extending arcuate segment 114 and a Widened 
proximal end portion 116. The member 106 includes a 
longitudinally extending arcuate segment 118 and a Widened 
proximal end portion 120. The member 108 includes a 
longitudinally extending arcuate segment 122 and a Widened 
proximal end portion 124. 

[0069] The members 102, 104, 106, and 108 each subtend 
an angle of 90°. When the members 102, 104,106, and 108 
are placed together, their longitudinally extending arcuate 
segments 110, 114, 118, and 122 form a tubular expandable 
cannula structure 130. 

[0070] The distal ends 132 of the members 102, 104, 106, 
and 108 are tapered inWardly for ease of entrance through 
tissue. The Widened proximal end portions 112, 116, 120, 



US 2003/0014068 A1 

and 124 together form a handle for the cannula 100 Which 
also allows entry of an instrument therethrough. The end 
portions have angled inner surfaces 134 to guide an instru 
ment into the longitudinally extending central instrument 
passage 136 of the cannula 100 in the direction indicated by 
the arroW 138. The handle (proximal end) portion of the 
cannula 100 can be con?gured to attach instruments to it, or 
to have a cap screWed onto the end to close the cannula. 

[0071] The arcuate segments 110, 114, 118, and 122 are 
surrounded for most of their length by an overlying elastic 
sheath 140. The elastic sheath 140 is secured to the segments 
110, 114, 118, and 122 at proximal and distal locations 142 
and 144, to prevent the sheath from sliding off the segments 
during insertion and removal of the cannula 100. Rubber 
cement or cyanoacrylate or a similar adhesive can be used to 
bond the sheath 140 to the segments. The elastic sheath 140 
is preferably made of latex or silicone, or of the C-Flex® 
material described above. The sheath 140 is of a diameter 
such that it is stressed even When the cannula 100 is fully 
contracted. Thus, the sheath 140 constantly biases the seg 
ments radially inWardly toWard the center of the cannula 
100. 

[0072] One cannula that has been constructed is 90 mm in 
length, and about 5 mm in diameter When aligned in a tube 
form as shoWn in FIGS. 12-14. The members can collapse 
(overlap onto themselves as shoWn in FIG. 12) into a 
smaller diameter. The cannula can expand to about 12+mm 
OD. 

[0073] In use of the cannula 100, the surgeon makes a 
small incision in the epidermis. He inserts a narroW trocar 
such as the trocar 70 (FIG. 16) into the central passage 136 
of the cannula 100. The pointed end portion 72 of the trocar 
70 Will project distally. The shaft portion 74 of the trocar 70 
is disposed inside the passage 136. The proximal end portion 
78 of the trocar 70 extends proximally from the cannula 100. 

[0074] A trocar should be used With the cannula 100 only 
When needed. The distal end portion of the cannula 100 is 
preferably used alone to push through internal tissue once an 
epidermal incision has been made. 

[0075] The trocar/cannula assembly is inserted through 
the incision in the epidermis to the subcutaneous Working 
location. Then, a tubular insert 80 (FIG. 14) is inserted 
longitudinally betWeen the cannula 100 and the trocar 70. 
The insert 80 is preferably a holloW metal tube at least as 
large in ID as the OD of the trocar pointed end portion 72. 
The trocar 70 can then be removed from the cannula 100, 
leaving the cannula and the insert 80 in place in the tissue. 

[0076] As the insert 80 is inserted in the cannula 100, the 
outer surface of the insert engages longitudinally extending 
radially inner edges 148 of the members 102, 104, 106, and 
108. Because the insert 80 is larger in diameter than the 
trocar 70, during insertion of the insert, the cannula 100 is 
expanded radially outWardly, as seen in a comparison of 
FIGS. 13 and 14 (Which are not necessarily to scale). The 
four members 102, 104, 106, and 108 move radially out 
Wardly aWay from each other. The passage 136 is enlarged. 
The tissue around the cannula 100 is also stretched. The 
surgeon has thus made a larger passage for instruments, 
along its entire length, Without cutting tissue. 

[0077] After the tissue is alloWed to relax, the surgeon 
removes the insert 80. The cannula 100 collapses radially 
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inWardly because of the elastic sheath and because of the 
force of the tissue around it. But the tissue opening does not 
necessarily collapse completely, because the tissue is vis 
coelastic. 

[0078] The surgeon then puts a second insert 90 (FIG. 17) 
inside the cannula 100. The second insert 90 is a holloW tube 
larger in diameter than the ?rst insert 80. Again, the cannula 
100 expands further radially outWardly, and the tissue 
stretches. The surgeon continues With larger and larger 
inserts, until the tissue opening is as large as desired. The 
cannula may then be in the expanded condition shoWn in 
FIG. 17, With the insert 90 Within the cannula 100. The 
cannula 100 can then be removed proximally, leaving the 
insert in place. The insert then functions as a normal 
cannula, alloWing insertion and removal of surgical instru 
ments and the like such as the probe illustrated schemati 
cally at 94. 

[0079] The cannula 100 expands radially outWardly along 
substantially its entire length against the bias of the sheath 
130. Thus, the cannula 100 can accommodate through its 
central instrument passage 136 a surgical instrument or the 
like having a diameter along its entire length Which is greater 
than the diameter of the cannula in the contracted condition. 
This is not possible With cannulas Which expand only along 
a portion of their length. 

[0080] It is contemplated that one Would use tWo different 
siZe cannulas 100 to obtain a desired range of expansion. A 
?rst, smaller siZe, Would extend from an OD of 2.5 mm to 
an ID of 7 mm, being about 70 mm in length. A second, 
larger siZe, Would extend from an OD of 6 mm to an ID of 
12 mm, being about 150 mm in length. 

[0081] The expandable cannulas of the present invention 
may be designed to selectively expand at a location at or 
near the distal end. This is illustrated in FIGS. 18-20. An 
expandable cannula 300 similar to the expandable cannula 
10 (FIGS. 1-9) includes a plurality of longitudinally extend 
ing Wires 302. Instead of an elastic sheath like the sheath 18 
(FIGS. 1-9), the cannula 300 includes an in?atable sheath 
304. The sheath 304 includes an inner sheath member 306 
and an outer sheath member 308. 

[0082] The inner sheath member 306 is of a double-Walled 
construction, including an inner Wall 310 and an outer Wall 
312. An in?ation volume 314 separates the inner Wall 310 
and the outer Wall 312. Fluid under pressure such as air, 
saline, etc. may be introduced into the in?ation volume 314 
through a ?uid port 316. The inner sheath member 306 
overlies the Wires 302. 

[0083] When ?uid under pressure is introduced into the 
in?ation volume 314 through the ?uid port 316, the outer 
Wall 312 of the inner sheath member 306 expands radially 
outWardly, as shoWn in FIG. 20. Radially outWard expan 
sion of the outer Wall 312 of the inner sheath member 306 
is limited by the outer sheath member 308. The outer sheath 
member 308 is a single-layer sheath overlying the inner 
sheath member 306. A notch 320 is cut out of the outer 
sheath member 308. The outer Wall 312 of the inner sheath 
member 306 can expand radially outWardly only at the 
location of the notch 320 in the outer sheath member 308. 

[0084] The notch 320, or any similar opening in the outer 
sheath member 308, may be placed at or near the distal end 


















