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MEDICAL CANNULAE , DELIVERY 
SYSTEMS AND METHODS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 15 / 140 , 028 , filed on Apr . 27 , 2016 and 
issued as U . S . Pat . No . 10 , 327 , 933 , which claims the benefit 
of U . S . Provisional Patent Application No . 62 / 153 , 814 , filed 
on Apr . 28 , 2015 . Each of these related applications is 
incorporated by reference into this disclosure in its entirety . 

FIELD 

[ 0002 ] The disclosure relates generally to the field of 
medical devices . More particularly , the disclosure relates to 
the fields of cannulae , delivery systems , and methods of 
making medical devices . 

BACKGROUND 
[ 0003 ] Delivery systems for implanting intraluminal 
medical devices at a point of treatment within a body vessel 
require both pushability and flexibility . Development of 
delivery systems and delivery system components that pro 
vide these desirable characteristics continues . 

tubular member defining an outer tubular member lumen . 
The cannula is disposed within the outer tubular member 
lumen such that the intraluminal medical device is circum 
ferentially disposed about the cannula and within the outer 
tubular member lumen . 
[ 0009 ] Several methods of making a cannula are described 
and illustrated herein . An example method of making a 
cannula comprises identifying a cannula material and a 
cannula wall thickness that provides a desired global stiff 
ness for said cannula ; identifying one or more axial lengths 
of said cannula along which a localized stiffness , different 
from the desired global stiffness , is desired ; identifying a 
pattern of openings that will provide the desired localized 
stiffness when cut into a cannula formed of the cannula 
material and having the cannula wall thickness ; and cutting 
the pattern of openings into a cannula formed of the cannula 
material and having the cannula wall thickness at axial 
positions that correspond to the one or more axial lengths . 
[ 0010 ] Several methods of making a delivery system are 
described and illustrated herein . An example method of 
making a delivery system comprises identifying a cannula 
material and a cannula wall thickness that provides a desired 
global stiffness for said cannula ; identifying one or more 
axial lengths of said cannula along which a localized stiff 
ness , different from the desired global stiffness , is desired ; 
identifying a pattern of openings that will provide the 
desired localized stiffness when cut into a cannula formed of 
the cannula material and having the cannula wall thickness ; 
cutting the pattern of openings into a cannula formed of the 
cannula material and having the cannula wall thickness at 
axial positions that correspond to the one or more axial 
lengths ; disposing an intraluminal medical device on a 
portion of the cannula that is free of the pattern of openings ; 
and inserting the cannula into an elongate tubular member 
defining a lumen such that the intraluminal medical device 
is circumferentially disposed about the cannula and within 
the lumen . 
[ 0011 ] Additional understanding of the inventive cannu 
lae , delivery systems and methods can be obtained by 
reviewing the description of selected examples , below , with 
reference to the appended drawings . 

BRIEF SUMMARY OF SELECTED EXAMPLES 
[ 0004 ] Several cannulae are described and illustrated 
herein . An example cannula comprises an elongate tubular 
member having a circumferential wall extending between a 
proximal end and a distal end and defining an interior lumen ; 
a pattern of openings extends along a portion of the axial 
length of the cannula . 
[ 0005 ] Another example cannula comprises an elongate 
tubular member having a circumferential wall extending 
between a proximal end and a distal end and defining an 
interior lumen ; a pattern of openings extends along the entire 
axial length of the cannula . 
[ 0006 ] Another example cannula comprises an elongate 
tubular member having a circumferential wall extending 
between a proximal end and a distal end and defining an 
interior lumen ; a pattern of openings extends along an 
intermediate portion of the axial length of the cannula that 
is disposed between proximal and distal portions of the 
cannula that are free of the pattern of openings . 
[ 0007 ] Another example cannula comprises an elongate 
tubular member having a circumferential wall extending 
between a proximal end and a distal end and defining an 
interior lumen ; a pattern of openings extends along an 
intermediate portion of the axial length of the cannula that 
is disposed between proximal and distal portions of the 
cannula that are free of the pattern of openings ; the proximal 
portion is longer than the distal portion . 
[ 0008 ] Several delivery systems are described and illus 
trated herein . An example delivery system comprises a 
cannula comprising an elongate tubular member having a 
circumferential wall extending between a proximal end and 
a distal end and defining an interior lumen ; a pattern of 
openings extending along an intermediate portion of the 
axial length of the cannula that is disposed between proxi 
mal and distal portions of the cannula that are free of the 
pattern of openings ; the proximal portion is longer than the 
distal portion ; an intraluminal medical device disposed on 
the distal portion of the cannula ; and an elongate outer 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0012 ] FIG . 1 is a perspective view of an example cannula . 
10013 ] FIG . 2 is a magnified view of area I in FIG . 1 . 
[ 0014 ] . FIG . 3 is a magnified sectional view of the example 
cannula illustrated in FIG . 1 , taken along line 3 - 3 . 
[ 0015 ] FIG . 4A is a magnified view of a portion of an 
alternative cannula . 
[ 0016 ] FIG . 4B is a magnified view of a portion of another 
alternative cannula . 
[ 0017 ] FIG . 4C is a magnified view of a portion of another 
alternative cannula . 
[ 0018 ] FIG . 5 is a magnified view of a portion of another 
example cannula . 
[ 0019 ] FIG . 6 is a side view , partially broken away , of 
another example cannula . 
[ 0020 ] FIG . 7 is a side view , partially broken away , of 
another example cannula . 
[ 0021 ] FIG . 8 is a side view , partially broken away , of 
another example cannula . 
[ 0022 ] FIG . 9 is a perspective view of another example 
cannula . 
[ 0023 ] FIG . 10 is a magnified view of area I in FIG . 9 . 
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10024 ] FIG . 11 is a schematic view of a transverse sec 
tional view of the cannula illustrated in FIG . 9 , taking within 
area I . 
[ 0025 ] FIG . 12A is a magnified view of another example 
cannula . 
[ 0026 ] FIG . 12B is a magnified view of another example 
cannula . 
[ 0027 ] FIG . 12C is a magnified view of another example 
cannula . 
[ 0028 ] FIG . 13 is a side view , partially broken away , of 
another example cannula . 
[ 0029 ] FIG . 14 is a magnified view of another example 
cannula . 
10030 ] FIG . 15 is a transverse cross - sectional view of the 
cannula illustrated in FIG . 14 . 
[ 0031 ] FIG . 16 is an exploded view of an example delivery 
system . 
[ 0032 ] FIG . 17 is an exploded view of another example 
delivery system . 
[ 0033 ] FIG . 18 is an exploded view of another example 
delivery system . 
[ 0034 ] FIG . 19 is an exploded view of another example 
delivery system . 
[ 0035 ] FIG . 20 is a flowchart representation of an example 
method of making a cannula . 
[ 0036 ] FIG . 21 is a flowchart representation of an example 
method of making a cannula . 
[ 0037 ] FIG . 22 is a schematic representation of a trans 
formation of matter that occurs with performance of the 
method illustrated in FIG . 21 . 
[ 0038 ] FIG . 23 is a flowchart representation of an example 
method of making a delivery system . 

[ 0042 ] As used herein , the term “ slit ” refers to an opening 
that has a rectangular or generally rectangular shape when 
the surfaces between which the passage extends lie on 
parallel planes . 
[ 0043 ] FIGS . 1 , 2 and 3 illustrate a first example cannula 
100 . The cannula 100 is an elongate tubular member having 
a circumferential wall 112 extending between a proximal 
end 114 and a distal end 116 . The circumferential wall 112 
defines an interior lumen 118 . A proximal opening 120 on 
the proximal end 114 provides access to the interior lumen 
118 . Similarly , a distal opening 122 on the distal end 116 
provides access to the interior lumen 118 . Alongitudinal axis 
101 extends centrally through the lumen . As best illustrated 
in FIG . 2 , each of a plurality of transverse axes , such as 
transverse axis 102 , lies on an individual plane that orthogo 
nally intersects the longitudinal axis 101 at a point along its 
length . 
[ 0044 ] A pattern of openings 124 extends along a portion 
of the axial length of the cannula 100 . In the illustrated 
example , the pattern of openings 124 extends along the 
entire axial length of the cannula 100 , extending between the 
proximal 114 and distal 116 ends . The pattern of openings 
124 can extend along any suitable portion of the axial length 
of the cannula 100 , though , and the entire axial length , as in 
the illustrated cannula 100 , is only an example . For a 
cannula according to a particular example , a skilled artisan 
will be able to select a suitable portion of the axial length of 
the cannula along which the pattern of openings is to extend 
based on various considerations , including any need or 
desire for axial portions having a greater stiffness than that 
provided by an axial portion along which the pattern of 
openings extends . For example , if it is desirable to have an 
axial portion that has the global stiffness of the cannula 
material itself , the cannula can be made so that the pattern 
of openings does not extend along the axial portion for 
which the global stiffness is desired . Each of FIGS . 5 , 6 , and 
7 , described in detail below , illustrates an example cannula 
in which the pattern of openings does not extend along the 
entire axial length of the cannula . 
[ 0045 ] As best illustrated in FIG . 2 , the pattern of open 
ings 124 comprises a plurality of openings 126 arranged in 
an interrupted spiral 128 that extends circumferentially 
along the circumferential wall 112 of the cannula 100 . In the 
illustrated embodiment , each opening 130 of the plurality of 
openings 126 comprises a slit that extends through the entire 
wall thickness of the circumferential wall 112 to provide 
access to the lumen 118 of the cannula 100 . The slit of each 
opening has a generally rectangular shape having a major 
axis m disposed on a plane that is transverse to the longi 
tudinal axis 101 of the cannula 100 . One end 132 of the slit 
of each opening 130 has a slightly enlarged width , measured 
along the minor axis of the oblong rectangle of the slit . The 
overall pattern of openings 124 takes a spiral 128 configu 
ration relative to the longitudinal axis of the cannula 100 
because the major axis m of each opening is disposed on a 
plane that intersects the longitudinal axis 101 of the cannula 
100 at a non - orthogonal angle a . Thus opening 134 in FIG . 
2 , which is illustrated relative to longitudinal axis 101 and 
transverse axis 102 of cannula 100 , is slightly skewed 
relative to transverse axis 102 , as are all other openings 130 
in the plurality of openings 124 . 
[ 0046 ] The inventors have determined that various param 
eters of the pattern of openings 124 can be manipulated to 
achieve a desired stiffness in the cannula 100 along an axial 

DETAILED DESCRIPTION OF SELECTED 
EXAMPLES 

[ 0039 ] The following detailed description and appended 
drawings describe and illustrate various examples contem 
plated by the inventors . The description and drawings serve 
to enable one skilled in the art to make and use the inventive 
cannulae and delivery systems , and to practice the inventive 
methods ; they are not intended to limit the scope of the 
invention or the protection sought in any manner . The 
invention is capable of being practiced or carried out in 
various ways ; the examples described herein are merely 
selected examples of these various ways and are not exhaus 
tive . As such , the language used in the description is to be 
given the broadest possible scope and meaning . 
[ 0040 ] Unless otherwise defined herein , scientific and 
technical terms used in connection with the invention shall 
have the meanings that are commonly understood by those 
of ordinary skill in the art . Further , unless otherwise required 
by context , singular terms shall include pluralities and plural 
terms shall include the singular . 
[ 0041 ] As used herein , the term “ opening ” refers to a 
passage defined by a member between opposing or substan 
tially opposing surfaces of the member . The term does not 
require any particular configuration of the passage . Indeed , 
the term includes rectangular passages , generally rectangu 
lar passages , square passages , generally square passages , 
circular passages , generally circular passages , triangular 
passages , generally triangular passages , and irregular pas 
sages . 
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in FIG . 4A , the gap 136 ' between openings 130 ' in imme 
diately adjacent revolutions of the spiral is larger than the 
gap 136 used in cannula 100 illustrated in FIGS . 1 through 

portion of the cannula 100 . For example , the distance 
between revolutions of the spiral , illustrated in FIG . 2 as the 
gap 136 between openings 130 in immediately adjacent 
revolutions of the spiral , can be increased or decreased to 
achieve a desired number of revolutions of the spiral per unit 
of length of the cannula 100 , which , in turn , increases or 
decreases , respectively , the stiffness of the cannula along the 
axial portion containing the pattern of openings 124 . Stated 
differently , the pitch of the spiral path along which the 
openings extend on the cannula can be increased or 
decreased to achieve a desired stiffness along the axial 
portion containing the pattern of openings 124 . Also , the 
distance between openings within a revolution of the spiral , 
illustrated in FIG . 2 as the gap 138 between openings , can 
be increased or decreased to achieve a desired number of 
openings in a revolution of the spiral . The major length 140 
of the oblong rectangle formed by the openings 130 can be 
varied as well . Also , the ratio of the major length 140 of the 
oblong rectangle of the opening to the distance between 
openings within a revolution of the spiral , i . e . , gap 138 , can 
be increased or decreased to achieve a desired number of 
openings in a revolution of the spiral , which , in turn , 
increases or decreases , respectively , the stiffness of the 
cannula along the axial portion containing the pattern of 
openings 124 . The angle a at which a plane containing the 
major axis m of individual openings 130 intersects the 
longitudinal axis 101 of the cannula 100 can also be 
increased or decreased to achieve a desired flexibility . 
[ 0047 ] A skilled artisan will be able to manipulate one or 
more of these parameters in a cannula according to a 
particular embodiment to achieve a desired flexibility along 
the axial portion containing a pattern of openings . Surpris 
ingly , the inventors have determined that a cannula made in 
this manner retains enough stiffness to effectively serve as 
the innermost member of a delivery system useful for 
placing an intraluminal medical device at a point of treat 
ment within a body vessel . While providing a desired degree 
of local flexibility through manipulation of the parameters 
described above , such a cannula is able to carry the intralu 
minal medical device of the delivery system , such as a stent , 
valve , filter or other expandable intraluminal medical 
device , and , effectively , serve as a pusher that provides the 
pushability and / or trackability needed for navigation of the 
delivery system to an intraluminal point of treatment . 
[ 0048 ] Indeed , while the openings 130 in the illustrated 
embodiment comprise slits , any suitable opening can be 
used in a cannula according to a particular embodiment , 
including openings that provide rectangular passages , open 
ings that provide generally rectangular passages , openings 
that provide square passages , openings that provide gener 
ally square passages , openings that provide circular pas 
sages , openings that provide generally circular passages , 
openings that provide triangular passages , openings that 
provide generally triangular passages , and openings that 
provide irregular passages . The inventors have determined , 
though , that slits are particularly advantageous at least 
because of the relative ease with which they can be formed 
in an elongate tubular member and the ease with which they 
can be aligned along a spiral path on an elongate tubular 
member . 
[ 0049 ] Each of FIGS . 4A , 4B , and 4C illustrates an 
alternative cannula with wall openings arranged in an alter 
native pattern achieved by manipulating one or more of the 
parameters described above . In the cannula 100 ' illustrated 

[ 0050 ] The gap between openings in immediately adjacent 
revolutions of the spiral in a cannula according to a particu 
lar embodiment can have any suitable length as measured 
along the longitudinal axis of the cannula . A skilled artisan 
will be able to select an appropriate length for this gap for 
a particular cannula according to various considerations , 
including the nature of the material from which the cannula 
is formed and any desired flexibility in the axial length of the 
cannula along which the pattern of openings that contains 
the gaps extends . The inventors have determined that a gap 
the is between about 0 . 5 and about 40 . 0 times the axial width 
of the openings in the pattern of openings is suitable for a 
cannula intended to be used in an intraluminal medical 
device delivery system as described herein . The inventors 
also consider a gap that is between about 1 and about 5 times 
the axial width of the openings in the pattern of openings to 
be suitable for a cannula intended to be used in an intralu 
minal medical device delivery system as described herein . 
The inventors also consider a gap that is between about 1 . 5 
and about 2 . 5 times the axial width of the openings in the 
pattern of openings to be suitable for a cannula intended to 
be used in an intraluminal medical device delivery system as 
described herein . The inventors also consider a gap that is 
about 2 times the axial width of the openings in the pattern 
of openings to be suitable for a cannula intended to be used 
in an intraluminal medical device delivery system as 
described herein . 
10051 ] In the cannula 100 " illustrated in FIG . 4B , the gap 
138 " between openings 130 " within a revolution of the spiral 
is larger than the gap 138 used in cannula 100 illustrated in 
FIGS . 1 through 3 . 
[ 0052 ] The gap between openings within a revolution of 
the spiral in a cannula according to a particular embodiment 
can have any suitable length as measured along the major 
axis of the openings of revolution . A skilled artisan will be 
able to select an appropriate length for this gap for a 
particular cannula according to various considerations , 
including the nature of the material from which the cannula 
is formed and any desired flexibility in the axial length of the 
cannula along which the pattern of openings that contains 
the gaps extends . The inventors have determined that a gap 
that is between about 0 . 1 and about 2 times the axial length 
of the openings in the pattern of openings is suitable for a 
cannula intended to be used in an intraluminal medical 
device delivery system as described herein . The inventors 
consider a gap that is between about 0 . 25 and about 1 . 5 
times the axial length of the openings in the pattern of 
openings to be suitable for a cannula intended to be used in 
an intraluminal medical device delivery system as described 
herein . The inventors also consider a gap that is between 
about 0 . 5 and about 1 . 25 times the axial length of the 
openings in the pattern of openings to be suitable for a 
cannula intended to be used in an intraluminal medical 
device delivery system as described herein . The inventors 
also consider a gap that is about 0 . 5 times the axial length 
of the openings in the pattern of openings to be suitable for 
a cannula intended to be used in an intraluminal medical 
device delivery system as described herein . 
[ 0053 ] In the cannula 100 ' illustrated in FIG . 4C , the angle 
all at which each of the planes containing a major axis of an 
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opening 130 ' intersects the longitudinal axis 101 ' " of the 
cannula 100 " " is smaller , or more acute , than the angle a used 
in cannula 100 illustrated in FIGS . 1 through 3 . 
[ 0054 ] The angle at which each of the planes containing a 
major axis of an opening intersects the longitudinal axis of 
a cannula according to a particular embodiment can have 
any suitable measure . A skilled artisan will be able to select 
an appropriate measure for this angle for a particular cannula 
according to various considerations , including the nature of 
the material from which the cannula is formed and any 
desired flexibility in the axial length of the cannula along 
which the pattern of openings that contains the angle 
extends . The inventors have determined that an angle that is 
between about 5 degrees and about 89 degrees is suitable for 
a cannula intended to be used in an intraluminal medical 
device delivery system as described herein . The inventors 
consider an angle that is between about 45 degrees and about 
89 degrees to be suitable for a cannula intended to be used 
in an intraluminal medical device delivery system as 
described herein . The inventors also consider an angle that 
is between about 75 degrees and about 89 degrees to be 
suitable for a cannula intended to be used in an intraluminal 
medical device delivery system as described herein . The 
inventors also consider an angle that is about 85 degrees to 
be suitable for a cannula intended to be used in an intralu 
minal medical device delivery system as described herein . 
Also , it is noted that the angle can be disposed in either 
direction relative to the cannula . As a result , the openings in 
the pattern of openings in a cannula according to a particular 
embodiment can extend toward the proximal end of the 
cannula or toward the distal end of the cannula . 
[ 0055 ] In the first example cannula 100 , the pattern of 
openings 124 is uniform in that the various parameters 
described above the distance between revolutions of the 
spiral , i . e . , gap 136 and , therefore , the pitch of the spiral path 
along which the openings 130 extend , the distance between 
openings within a revolution of the spiral , i . e . , gap 138 , the 
major length 140 of the oblong rectangle formed by the 
openings 130 , the ratio of the major length 140 of the oblong 
rectangle of the openings 130 to the distance between 
openings within a revolution of the spiral , i . e . , gap 138 , of 
the openings 130 — are uniform throughout the pattern of 
openings 124 . That is , the each of the parameters has a 
substantially constant value that does not vary within the 
axial portion of the cannula along which the pattern of 
openings 124 extends . For some cannula , though , it may be 
desirable to have one or more of these parameters vary 
within the axial portion of the cannula along which the 
pattern of openings 124 extends . 
[ 0056 ] FIG . 5 illustrates an example cannula 200 in which 
some of these parameters vary within the axial portion of the 
cannula 200 along which the pattern of openings 224 
extends . For example , an intermediate portion 224a of the 
pattern of openings includes a first distance between revo 
lutions of the spiral , i . e . , gap 236a , and a first distance 
between openings within a revolution of the spiral , i . e . , gap 
238a . A proximal portion 224b of the pattern of openings 
includes a second distance between revolutions of the spiral , 
i . e . , gap 236b , and a second distance between openings 
within a revolution of the spiral , i . e . , gap 238b . Gap 236b is 
shorter in length that gap 236a . Similarly , gap 238b is 
shorter in length that gap 238a . A distal portion 224c of the 
cannula 200 is free of the pattern of openings 224 . This 
construction , where one or more of the parameters described 

above is varied within a single plurality of openings along an 
axial portion of a cannula , can be advantageously used in a 
cannula according to a particular example to provide a 
stiffness transition between an axial portion of relatively low 
stiffness , such as proximal portion 224b in cannula 200 , to 
an axial portion of the cannula of relatively high stiffness , 
such as distal portion 224c of cannula 200 , along which the 
pattern of openings 224 does not extend . 
[ 0057 ) While the pattern of openings can extend along the 
entire axial length of a cannula , such as in the first example 
cannula 100 , a pattern of openings can extend along any 
suitable axial length of a cannula according to a particular 
embodiment . A skilled artisan will be able to select an 
appropriate axial length for a pattern of openings in a 
cannula according to a particular embodiment based on 
various considerations , including whether it is desirable to 
include any axial portions of the cannula that have a local 
ized stiffness that is greater than the stiffness of the axial 
portions along which the pattern of openings extends . Each 
of FIGS . 6 , 7 , and 8 illustrates a cannula having a pattern of 
openings that extends along only a portion , or portions , of 
the entire axial length of the example cannula . 
[ 0058 ] The cannula 300 illustrated in FIG . 6 has a pattern 
of openings 310 that extends along an intermediate portion 
350 of the axial length of the cannula 300 . The pattern of 
openings 310 can be any suitable pattern of openings 
according to an embodiment , including those described 
above . The intermediate portion 350 extends between a 
proximal portion 352 and a distal portion 354 , each of which 
is free of the pattern of openings 310 and , indeed , comprises 
a solid , non - interrupted circumferential wall . This structural 
configuration is considered advantageous at least because it 
provides a relatively stiff distal portion 354 that is suitable 
for carrying an intraluminal medical device when the can 
nula 300 is included as a component in a delivery system , 
such as those described below . Furthermore , this configu 
ration provides a relatively stiff proximal portion 352 that 
facilitates manipulation of the cannula 300 , or a delivery 
system that includes the cannula , by a user . 
[ 0059 ] Each of the intermediate 350 , proximal 352 and 
distal 354 portions can extend along any suitable axial 
length of the cannula 300 , and a skilled artisan will be able 
to determine suitable axial lengths for each portion in a 
particular cannula based on various considerations , includ 
ing the axial length of any intraluminal medical device with 
which the cannula is intended to be used . Furthermore , the 
portions can have any suitable relative axial lengths . For 
example , in the illustrated embodiment , the proximal portion 
352 is longer than the distal portion 354 . It is noted , though , 
that an opposite relationship could be used , i . e . , the distal 
portion of a cannula can have a longer axial length than a 
proximal portion . 
[ 0060 ] The cannula 400 illustrated in FIG . 7 has a pattern 
of openings 410 that extends along a distal portion 454 of the 
axial length of the cannula 400 . The pattern of openings 410 
can be any suitable pattern of openings according to an 
embodiment , including those described above . The distal 
portion 454 includes the distal end 456 of the cannula 400 . 
A proximal portion 452 is free of the pattern of openings 410 
and , indeed , comprises a solid , non - interrupted circumfer 
ential wall . This structural configuration is considered 
advantageous at least because it provides a relatively flexible 
distal portion 454 that is suitable for carrying some intralu 
minal medical devices through tortuous anatomy , such as 
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neurovascular stents . Furthermore , this configuration pro 
vides a relatively stiff proximal portion 452 that facilitates 
manipulation of the cannula 400 , or a delivery system that 
includes the cannula , by a user . 
[ 0061 ] Each of the proximal 452 and distal 454 portions 
can extend along any suitable axial length of the cannula 
400 , and a skilled artisan will be able to determine suitable 
axial lengths for each portion in a particular cannula based 
on various considerations , including the axial length of any 
intraluminal medical device with which the cannula is 
intended to be used . Furthermore , the portions can have any 
suitable relative axial lengths . For example , in the illustrated 
embodiment , the proximal portion 452 is shorter than the 
distal portion 454 . It is noted , though , that an opposite 
relationship could be used , i . e . , the distal portion of a 
cannula can have a longer axial length than a proximal 
portion . 
[ 0062 ] The cannula 500 illustrated in FIG . 8 has a pattern 
of openings 510 that comprises distinct sections 510a , 510b , 
and 510c that are separated from each other by intervening 
sections 562 , 564 . The cannula 500 also includes a proximal 
portion 552 and a distal portion 554 , each of which is free 
of the pattern of openings 510 and , indeed , comprises a 
solid , non - interrupted circumferential wall . In each of the 
distinct sections 510a , 5106 , 510c , the pattern of openings 
510 can be any suitable pattern of openings according to an 
embodiment , including those described above . Furthermore , 
the pattern of openings in each of the distinct sections 510a , 
5106 , 510c can be the same pattern as in the other distinct 
sections 510a , 510b , 510c . Alternatively , the pattern of 
openings in each of the distinct sections 510a , 5106 , 5100 
can be different from the pattern of openings in one or two 
of the other distinct sections 510a , 5106 , 510c . Also , each of 
the distinct sections 510a , 510b , 510c can have any suitable 
axial length along the cannula 500 . In the illustrated embodi 
ment , each of the distinct sections 510a , 510b , 510c extends 
along an axial length of the cannula 500 that is the same as 
the axial length along which the other of the distinct sections 
510a , 510b , 510c extends along . It is noted , though , that 
each of the distinct sections 510a , 510b , 510c can extend 
along an axial length that is different from the axial length 
along which one or more of the other distinct sections 510a , 
5106 , 510c extends along . Also , in any given embodiment , 
any suitable number of distinct sections can be used . 
[ 0063 ] In some embodiments , one or more openings in the 
pattern of openings that are positioned at specific locations 
on the cannula are arranged relative to other openings in the 
pattern of openings such that these openings vary from the 
interrupted spiral that extends circumferentially along the 
circumferential wall of the cannula . This structural configu 
ration can be used to provide desired structural characteris 
tics , such as preferential bending and resistance to bending , 
at distinct locations within the pattern of openings and , 
indeed , on the cannula itself . This structural arrangement 
can provide particular desirable characteristics when a par 
ticular lengthwise axis that lies on the circumferential sur 
face of a cannula is designated as the specific location for 
openings that vary from the interrupted spiral that extends 
along the circumferential wall of the cannula . 
[ 0064 ] FIGS . 9 , 10 and 11 illustrate an example cannula 
600 in which all openings that intersect a particular length 
wise axis 602 that lies on the circumferential surface 604 of 
the cannula 600 are disposed at an angle relative to the 
central longitudinal axis 601 of the cannula 600 that is 

different than the angle at which openings that do not 
intersect lengthwise axis 602 are disposed relative to the 
central longitudinal axis 601 of the cannula 600 . Thus , as 
best illustrated in FIG . 10 , cannula 600 has a pattern of 
openings 610 that includes a first set of openings 620 that are 
disposed on planes 622 , 624 that intersect the central lon 
gitudinal axis 601 at a first angle a , and a second set of 
openings 630 that are disposed on planes , such as plane 632 , 
that intersect the central longitudinal axis 601 at a second 
angle az . Circumferentially , as best illustrated in FIG . 11 , 
each of the openings in the second set of openings 630 
intersects the particular lengthwise axis 602 and , therefore , 
intersects a particular circumferential point 650 . 
[ 0065 ] In these embodiments , the first a , and second az 
angles can differ by any suitable amount , and a skilled 
artisan will be able to select a suitable difference between the 
angles in a cannula according to a particular embodiment 
based on various considerations , including any desired 
degree of stiffness balances against any desired structural 
characteristic provided by the use of first and second angles , 
such as preferential bending . Furthermore , both angles can 
be acute or obtuse , or one angle can be acute and another can 
be obtuse . The illustrated embodiment , in which both the 
first a , and second az angles are acute but first a , angle is 
greater than the second az angle , is one example structural 
arrangement of many that can be used . 
10066 ] . It is noted that , while alternate angles relative to the 
central longitudinal axis 601 have been described and illus 
trated , other structural characteristics of the openings that 
intersect a particular lengthwise axis can differ from other 
openings in a particular cannula to achieve a desired overall 
structural characteristics for the cannula . For example , the 
length , width and even shape and configuration of the 
intersecting openings can be altered to suitable parameters to 
achieve a desired characteristic . 
[ 0067 ] Providing different structural characteristics for 
openings that intersect a particular longitudinal axis of a 
cannula , as described above , can provide particularly desir 
able performance characteristics for a cannula when the axis 
of intersection lies along a seam in a cannula roll - formed 
from an initially flat ribbon and joined to form a tube , such 
as by welding along the seam . FIGS . 12A , 12B , and 12C 
illustrate example cannulae 700 , 800 , 900 formed in this 
manner . 
[ 0068 ] In FIG . 12A , cannula 700 has a pattern of openings 
710 that includes a first set of openings 720 that are disposed 
on planes , such as planes 722 , 724 , that intersect the central 
longitudinal axis 701 at a first angle a , and a second set of 
openings 730 that are disposed on planes , such as plane 732 , 
that intersect the central longitudinal axis 701 at a second 
angle a , that is different than the first angle a , . Each opening 
in the second set of openings 730 intersects a longitudinal 
axis 702 that lies along a longitudinal seam 703 in the 
cannula 700 . 
[ 0069 ] In FIG . 12B , cannula 800 has a pattern of openings 
810 that includes a first set of openings 820 and a second set 
of openings 830 . Each opening in the second set of openings 
830 intersects a longitudinal axis 802 that lies along a 
longitudinal seam 803 in the cannula 800 . In this embodi 
ment , each opening in the second set of openings 830 has a 
larger width and length than that of each opening in the first 
set of openings 820 . Thus , each opening of the second set of 
openings 830 has a greater total open area than each opening 
in the first set of openings 820 . 
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[ 0070 ] In FIG . 12C , cannula 900 has a pattern of openings 
910 that only includes a first set of openings 920 . There are 
no openings in the pattern of openings 910 that intersect a 
longitudinal axis 902 that lies along a longitudinal seam 903 
in the cannula 900 . Any opening that would intersect the 
longitudinal axis 902 and longitudinal seam 903 due to the 
regular pattern of the pattern of openings 910 extending 
along a spiral path on the circumferential surface 904 of the 
cannula has been omitted from the pattern of openings and 
never formed in the cannula . This structural arrangement 
may be beneficial in cannulae in which a greater degree of 
stiffness is desired along a particular lengthwise axis , such 
as one that lies along a lengthwise seam . 
[ 0071 ] Inclusion of a second pattern of openings within a 
first pattern of openings can also provide desirable perfor 
mance characteristics for a cannula . Thus , a cannula can 
include a second pattern of openings that extends along any 
suitable axial portion of the axial length along which the first 
pattern of openings extends . In these embodiments , the 
second pattern of openings can have the same or different 
structural properties of the first pattern of openings . For 
example , the second pattern of openings can have openings 
of the same size , shape and configuration as those of the first 
pattern of openings and the second pattern of openings can 
extend along a spiral path on the cannula having the same 
pitch as that along which the first pattern of openings 
extends . Alternatively , the second pattern of openings can 
have openings having different structural properties of those 
of the first pattern of openings and / or the openings of the 
second pattern of openings can extend along a spiral path on 
the cannula that has a different pitch than that along which 
the first pattern of openings extends . 
[ 0072 ] FIG . 13 illustrates an example cannula 1000 having 
first 1080 and second 1090 patterns of openings . The second 
pattern of openings 1090 extends along an axial portion 
1092 of the axial length 1082 along which the first pattern 
of openings 1080 extends . In the illustrated embodiment , the 
axial portion 1092 is located within the axial length 1082 
such that the axial length 1082 includes proximal 1084 and 
distal 1086 regions that extend beyond the axial portion 
1092 . Also , cannula 1000 includes proximal 1050 and distal 
1060 axial portions that are free of both patterns of openings 
1080 , 1090 . In the illustrated embodiment , the second pat 
tern of openings 1090 extends along a spiral path on the 
circumference of the cannula that has a different pitch , a 
greater pitch , than the pitch of the spiral path along which 
the first pattern of openings 1080 extends . As noted above , 
the first 1080 and second 1090 pattern of openings can 
extend along spiral paths having different pitches , as illus 
trated , or the same pitches . Also , the openings in the first 
second 1090 patterns of openings in the illustrated embodi 
ment are longer and wider than the openings in the first 
pattern of openings . As noted above , the openings of the first 
1080 and second 1090 patterns of openings can have dif 
ferent structural characteristics , as illustrated , or can have 
identical or substantially identical structural characteristics . 
[ 0073 ] A cannula can include one or more additional 
components . For example , to achieve desired structural 
and / or performance characteristics for a cannula , an inner 
member , such as a polymeric shaft or wire member , can be 
disposed within the lumen defined by a cannula . An outer 
member , such as an outer sheath or coating , can be disposed 
circumferentially about a cannula . 

[ 0074 ] FIGS . 14 and 15 illustrate an example cannula 
1100 around which an outer sheath 1175 has been disposed . 
In the illustrated embodiment , the outer sheath 1175 com 
prises a length of tubing that has been disposed circumfer 
entially about the elongate member of the cannula 1100 and 
shrunk down onto the circumferential surface of the cannula , 
such as by exposure to heat . Inclusion of an outer sheath in 
this manner can be advantageous when certain properties are 
desired for the cannula . For example , the inclusion of an 
outer Teflon or polyurethane sheath can provide lubricious 
ness for the cannula , which may be desirable when the 
cannula is intended to be used as an outer member in a 
delivery system or on its own . 
[ 0075 ] In these embodiments , the openings of the pattern 
of openings can be covered by the outer sheath . Alterna 
tively , the outer sheath can be disrupted to provide access to 
one , at least one , some , a plurality of , or all of the openings 
of the pattern of openings . This may be desirable when fluid 
access between the lumen of the cannula and the external 
environment is desired , such as when fluid flushing from the 
lumen to the external environment , or vice versa , is desired . 
In the illustrated embodiment , a first set of openings 1120 of 
the pattern of openings remain covered by the outer sheath 
1175 while the outer sheath 1175 includes disruptions 1130 
that provide access to a second set 1140 of openings of the 
pattern of openings 1110 . In this embodiment , each opening 
of the second set of openings 1140 intersects a longitudinal 
seam 1103 of the cannula 1100 , which lies on a longitudinal 
axis 1102 on the circumferential surface 1104 of the cannula 
1100 . The disruptions 1130 in the outer sheath 1175 provide 
access to the lumen 1118 defined by the cannula 1110 . Thus , 
as best illustrated in FIG . 15 , the disruptions 1130 and the 
points at which fluid access to the lumen 1118 exists , have 
a known circumferential position on the cannula 1100 — the 
longitudinal seam 1103 . 
[ 0076 ] As an alternative to disrupting an outer sheath to 
provide fluid communication between the lumen defined by 
the cannula and the external environment , multiple outer 
sheaths can be disposed circumferentially about the cannula 
such that they are axially spaced from each other along the 
length of the cannula , leaving an axial gap between them . By 
positioning the axial gap or gaps at axial locations that 
include openings in a pattern of openings disposed on the 
cannula , the desired fluid communication is established even 
though the outer sheaths are not disrupted and the openings 
they extend over are , effectively , blocked . 
[ 0077 ] A cannula according to an example can be made of 
any suitable material . A skilled artisan will be able to select 
an appropriate material for a cannula according to a par 
ticular example based on various considerations , including 
any desired overall stiffness and / or flexibility of the cannula 
and the point of treatment at which the cannula is intended 
to be used . Metals are considered advantageous for the 
examples described and illustrated herein , but polymeric , 
including plastic materials currently considered suitable for 
use in medical devices , and other materials can be used . 
Stainless steel is considered particularly advantageous for 
the example cannulae described and illustrated herein at 
least because of its well - characterized nature , acceptance as 
a material used in medical devices temporarily placed within 
body lumens , and ready availability . Examples of other 
metals considered suitable for use in cannulae according to 
particular examples include cobalt - chrome and shape 
memory alloys , such as nickel - titanium alloys . Examples of 
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polymeric materials considered suitable for use in cannulae 
according to particular examples include polyamide mate 
rials , such as nylon , and other polymeric materials . A 
cannula can include multiple materials , too , if desired . For 
example , an axial length of one material can be joined to an 
axial length of another material to create a cannula . The 
pattern of openings in such a cannula can be disposed on any 
suitable axial portion of the cannula , such as an axial portion 
comprising only the first material , an axial portion compris 
ing only the second material , or an axial portion comprising 
both the first and the second material . 
[ 0078 ] It is noted that a cannula according to a particular 
example can have a lumen of any suitable diameter and that 
the dimensions of the lumen of the cannulae described and 
illustrated herein are illustrative only . A skilled artisan will 
be able to select an appropriate lumen size for a cannula 
according to a particular example based on various consid 
erations , including the dimensions of the lumen of the body 
vessel within which the cannula and / or delivery system is 
intended to be used . 
[ 0079 ] It is noted that a cannula according to a particular 
example can have a circumferential wall of any suitable wall 
thickness and that the wall thicknesses of the circumferential 
wall of the cannulae described and illustrated herein are 
illustrative only . A skilled artisan will be able to select an 
appropriate wall thickness for a cannula according to a 
particular embodiment based on various considerations , 
including any desired overall stiffness of the cannula . 
Indeed , the inventors have determined that a wall thickness 
can be selected when making a cannula according to a 
particular example that provides a desired stiffness to any 
axial portions of the cannula not having a pattern of open 
ings disposed on the portion of the circumferential wall 
within that particular axial portion . As described in detail 
below , combining a selected wall thickness with one or more 
selected patterns of openings along the axial length of a 
cannula allows a user to make a cannula with desired global 
and local stiffnesses . 
[ 0080 ] The cannulae can be used as a component of a 
delivery system useful for delivering an intraluminal medi 
cal device to a point of treatment within a lumen of a body 
vessel . Indeed , structural characteristics of the cannulae 
make the cannulae useful as various components of a 
delivery system . For example , the cannulae can be used as 
an inner core member in a delivery system , as a pusher in a 
delivery system , and / or as an outer tubular member of a 
delivery system . When used as one or more of these com 
ponents in a delivery system , the desirable stiffness proper 
ties of the cannulae provide delivery systems that are 
particularly well suited for delivering a variety of intralu 
minal medical devices to points of treatment within various 
body vessels . For example , delivery systems that include 
example cannulae are expected to be well - suited for delivery 
of prosthetic venous valves , stents , filters , occluders , neu 
rovascular stents and other intraluminal medical devices . 
[ 0081 ] Inclusion of a cannula as an inner core member in 
a delivery system may be advantageous where an intended 
point of treatment and / or navigation route makes localized 
flexibility desirable . In these embodiments , an intraluminal 
medical device can be disposed circumferentially about , and 
carried by , the cannula , which is then surrounded by an outer 
elongate tubular member , such as a conventional delivery 
system sheath . 

[ 0082 ] FIG . 16 illustrates a first example delivery system 
1200 in which a cannula according to an embodiment is 
included as an inner core member . The delivery system 1200 
includes a cannula 1210 according to an embodiment dis 
posed within the lumen 1214 defined by an outer tubular 
member 1212 . An intraluminal medical device 1216 is 
circumferentially disposed around the cannula 1210 and 
within the lumen 1214 of the outer tubular member 1212 . 
[ 0083 ] The cannula 1210 can comprise any suitable can 
nula according to an embodiment and a skilled artisan will 
be able to select a suitable cannula for inclusion in a 
particular delivery system based on various considerations , 
including the nature , size and configuration of the intralu 
minal medical device 1216 and any desired local and / or 
global flexibility and / or stiffness properties for the delivery 
system 1200 . In the illustrated delivery system 1200 , a 
cannula 1210 having a pattern of openings 1220 that extends 
along the entire axial length of the cannula 1210 is included 
in the delivery system 1200 . This is considered particularly 
advantageous for delivery systems for which overall flex 
ibility is the primary desired characteristic . 
100841 . The intraluminal medical device 1216 can com 
prise any suitable intraluminal medical device . The delivery 
systems are particularly well - suited , however , for use with 
self - expandable medical devices , including stents , valves , 
such as venous valve and cardiac valves , filters , occluders , 
and other intraluminal medical devices . 
[ 0085 ] Additional components can be attached to the 
cannula 1210 using conventional approaches . For example , 
in the illustrated embodiment , a conical distal tip 1270 has 
been disposed on and secured to the distal end of the cannula 
1210 . Similarly , additional components can be attached to 
the elongate tubular member 1214 using conventional 
approaches . For example , in the illustrated embodiment , a 
hub 1280 providing a side - arm connector 1282 is disposed 
on and secured to the proximal end of the elongate tubular 
member 1212 . 
[ 0086 ] It is noted that the cannula 1210 provides desirable 
flexibility and pushability characteristics for the delivery 
system 1200 such that additional components , such as a 
pusher , are not required for its use . Thus , the delivery system 
can consist only of a cannula according to an embodiment , 
such as cannula 1210 , an elongate tubular member 1212 , and 
an intraluminal medical device 1216 . If desired or necessary , 
the delivery system 1200 can be advanced over a previously 
placed wireguide ( not shown ) for conventional navigation 
purposes . 
10087 ) FIG . 17 illustrates a second example delivery sys 
tem 1300 in which a cannula according to an embodiment is 
included as an inner core member . Delivery system 1300 is 
similar to delivery system 1200 described above and illus 
trated in FIG . 16 , except as detailed below . Thus , delivery 
system 1300 includes a cannula 1310 according to an 
embodiment disposed within the lumen 1314 defined by an 
outer tubular member 1312 . An intraluminal medical device 
1316 is circumferentially disposed around the cannula 1310 
and within the lumen 1314 of the outer tubular member 
1312 . An elongate double - tapered distal tip 1370 has been 
disposed on and secured to the distal end of the cannula 
1310 . A hub 1380 providing a side - arm connector 1382 is 
disposed on and secured to the proximal end of the elongate 
tubular member 1312 . 
[ 0088 ] The delivery system 1300 also includes tubular 
pusher 1320 that is slidably disposed over the cannula 1310 . 
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During use , the tubular pusher 1320 can be axially advanced 
over the cannula 1310 toward the intraluminal medical 
device 1316 until the distal end 1322 of the tubular pusher 
1320 abuts or otherwise engages the proximal end of the 
intraluminal medical device 1316 . At that point , the tubular 
pusher 1320 can continue to be distally advanced , thereby 
forcing distal advancement of the intraluminal medical 
device 1316 until it exits the lumen 1314 defined by the 
outer tubular member 1312 . Alternatively , the outer tubular 
member 1312 can be proximally withdrawn while the posi 
tion of the tubular pusher 1320 is maintained until the 
intraluminal medical device 1316 exits the lumen 1314 
defined by the outer tubular member 1312 . 
[ 0089 ] The cannula 1310 can comprise any suitable can 
nula according to an embodiment and a skilled artisan will 
be able to select a suitable cannula for inclusion in a 
particular delivery system based on various considerations , 
including the nature , size and configuration of the intralu 
minal medical device 1316 and any desired local and / or 
global flexibility and / or stiffness properties for the delivery 
system 1300 . In the illustrated embodiment , the cannula 
1310 is similar to the cannula 300 illustrated in FIG . 6 . Thus , 
the cannula 1310 has a pattern of openings 1330 that extends 
along an intermediate portion 1352 of the axial length 1350 
of the cannula 1310 . The pattern of openings 1310 can be 
any suitable pattern of openings according to an embodi 
ment , including those described above . The intermediate 
portion 1352 extends between a proximal portion 1354 and 
a distal portion 1356 , each of which is free of the pattern of 
openings 1300 and , indeed , comprises a solid , non - inter 
rupted circumferential wall . This structural configuration is 
considered advantageous at least because it provides a 
relatively stiff distal portion 1356 that is suitable for carrying 
the intraluminal medical device 1316 and provides a rela 
tively stiff proximal portion 1354 that facilitates manipula 
tion of the delivery system 1300 during use . This arrange 
ment is considered advantageous for use with low profile 
intraluminal medical devices , such as stents . 
[ 0090 ] FIG . 18 illustrates an example delivery system 
1400 in which a cannula according to an embodiment is 
included as a pusher and , along with an intraluminal medical 
device , is disposed circumferentially about an inner member . 
In this embodiment , delivery system 1400 includes a can 
nula 1410 according to an embodiment disposed within the 
lumen 1414 defined by an outer tubular member 1412 . An 
intraluminal medical device 1416 is circumferentially dis 
posed within the lumen 1414 of the outer tubular member 
1412 and distal to the cannula 1410 . In this embodiment , the 
intraluminal medical device is not disposed about the can 
nula 1410 in the fully assembled delivery system 1400 . A 
hub 1480 providing a side - arm connector 1482 is disposed 
on and secured to the proximal end of the elongate tubular 
member 1412 . 
[ 0091 ] In this embodiment , the cannula 1410 and intralu 
minal medical device 1416 are each circumferentially dis 
posed about an inner core member 1440 , such as a solid core 
member , a lumen - defining member , or a wire . As such , the 
cannula 1410 is positioned for use as a pusher on the 
intraluminal medical device 1416 . Thus , during use , the 
cannula 1410 can be axially advanced over the inner core 
member 1440 toward the intraluminal medical device 1416 
until the distal end 1422 of the cannula 1410 abuts or 
otherwise engages the proximal end 1424 of the intraluminal 
medical device 1416 . At that point , the cannula 1410 can 

continue to be distally advanced , thereby forcing distal 
advancement of the intraluminal medical device 1416 until 
it exits the lumen 1414 defined by the outer tubular member 
1412 . Alternatively , the outer tubular member 1412 can be 
proximally withdrawn while the position of the cannula 
1410 is maintained until the intraluminal medical device 
1416 exits the lumen 1414 defined by the outer tubular 
member 1412 . 
[ 0092 ] The cannula 1410 can comprise any suitable can 
nula according to an embodiment and a skilled artisan will 
be able to select a suitable cannula for inclusion in a 
particular delivery system based on various considerations , 
including the nature , size and configuration of the intralu 
minal medical device 1416 and any desired local and / or 
global flexibility and / or stiffness properties for the delivery 
system 1400 . In the illustrated embodiment , the cannula 
1410 is similar to the cannula 1000 illustrated in FIG . 13 . 
Thus , the cannula 1410 has a first pattern of openings 1450 
that extends along a first axial length 1460 of the cannula 
1410 and a second pattern of openings 1470 that extends 
along a second axial length 1470 of the cannula 1410 . The 
second axial length 1460 is a portion of the first axial length 
1480 , which provides an axial length 1490 of the cannula 
1410 along which both the first 1450 and second 1470 
pattern of openings extend . In the illustrated embodiment , 
the second pattern of openings 1470 is a plurality of open 
ings that extends linearly along only a single side of the 
intermediate axial portion of the cannula 1410 . Also , the 
openings of the second pattern of openings 1470 are inter 
spersed with the openings of the first pattern of openings 
1450 . This structural configuration is considered advanta 
geous at least because it provides a relatively stiff distal 
portion 1456 that is suitable for contacting and pushing the 
intraluminal medical device 1416 and provides an axial 
length 1490 having enhanced flexibility . 
10093 ] . FIG . 19 illustrates an example delivery system 
1500 in which a cannula 1510 according to an embodiment 
is included as an outer tubular member that is disposed 
circumferentially about inner components of the delivery 
system . That is , an inner member , such as a dilator 1512 on 
which an intraluminal medical device 1516 is circumferen 
tially disposed , is disposed within a lumen 1514 defined by 
the cannula 1510 . In this embodiment , the cannula 1510 
includes a full - length outer sheath 1550 disposed over and 
secured to the cannula 1510 . The cannula 1510 includes a 
pattern of openings 1520 . A first set of openings 1522 of the 
pattern of openings 1520 are covered by the outer sheath and 
a second set of openings 1524 are adjacent disruptions 1552 
in the outer sheath 1550 that establish communication 
between the external environment and the lumen 1514 
defined by the cannula 1510 . This structural configuration is 
considered advantageous at least because it provides fluid 
communication channels that can be used for flushing the 
delivery system 1500 before , during or after deployment of 
the intraluminal medical device 1516 at a point of treatment . 
[ 0094 ] FIG . 20 illustrates an example method 1600 of 
making a cannula . A first step 1602 comprises identifying a 
cannula material and a cannula wall thickness that provides 
a desired global stiffness for said cannula . Another step 1604 
comprises identifying one or more axial lengths of said 
cannula along which a localized stiffness , different from the 
desired global stiffness , is desired . Another step 1606 com 
prises identifying a pattern of openings that will provide the 
desired localized stiffness when cut into a cannula formed of 
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the cannula material and having the cannula wall thickness . 
Another step 1608 comprises cutting the pattern of openings 
into a cannula formed of the cannula material and having the 
cannula wall thickness at axial positions that correspond to 
the one or more axial lengths . 
[ 0095 ] FIG . 21 illustrates another example method 1700 
of making a cannula . A first step 1702 comprises rolling a 
section of flat stock to form a slotted tube in which opposite 
sides of the flat stock are disposed opposite one another 
relative to a slot in the slotted tube . Another step 1704 
comprises securing the opposite sides to one another , to 
close , substantially close , or partially close the slot to form 
a cannula . Another step 1706 comprises cutting a pattern of 
openings into the cannula . 
[ 0096 ] The step 1702 of rolling a sheet of flat stock can be 
performed in any suitable manner and using any suitable 
technique and / or equipment . The step 1704 of securing the 
opposite sides to one another can be performed in any 
suitable manner and using any suitable technique and / or 
equipment . Welding the sides to each other and adhering the 
sides to each other are examples of suitable techniques that 
can be used . The step 1706 of cutting a pattern of openings 
into the cannula can be performed in any suitable manner 
and using any suitable technique and / or equipment . Further 
more , any suitable pattern of openings can be made during 
performance of this step , including the various patterns of 
openings described and illustrated herein . In an alternative 
method an initial step of cutting a pattern of openings into 
the section of flat stock is included . In another alternative 
method , the step 1706 of cutting a pattern of openings into 
the cannula is eliminated and an initial step of cutting a 
pattern of openings into the section of flat stock is included . 
[ 0097 ] FIG . 22 is a schematic illustration of a transforma 
tion of matter that occurs with performance of steps of the 
method illustrated in FIG . 21 . A section of flat stock , such as 
ribbon 1800 , is rolled to form slotted tube 1802 having 
longitudinal slot 1804 . A longitudinal weld join 1806 is 
formed to close longitudinal slot and to form cannula 1808 . 
A pattern of openings can then be cut into the cannula 1806 
using any suitable technique and / or process , such as laser 
cutting followed by post - processing to remove any slag 
created as a result of the cutting . Alternatively , a suitable 
laser capable of cutting the pattern of openings entirely by 
vaporization can be used to avoid the need for removal of 
slag in post - processing . 
[ 0098 ] FIG . 23 illustrates an example method 1800 of 
making a delivery system . A first step 1802 comprises 
identifying a cannula material and a cannula wall thickness 
that provides a desired global stiffness for said cannula . 
Another step 1804 comprises identifying one or more axial 
lengths of said cannula along which a localized stiffness , 
different from the desired global stiffness , is desired . 
Another step 1806 comprises identifying a pattern of open 
ings that will provide the desired localized stiffness when cut 
into a cannula formed of the cannula material and having the 
cannula wall thickness . Another step 1808 comprises cutting 
the pattern of openings into a cannula formed of the cannula 
material and having the cannula wall thickness at axial 
positions that correspond to the one or more axial lengths . 
Another step 1810 comprises disposing an intraluminal 
medical device on a portion of the cannula that is free of the 
pattern of openings . Another step 1812 comprises inserting 
the cannula into an elongate tubular member defining a 

lumen such that the intraluminal medical device is circum 
ferentially disposed about the cannula and within the lumen . 
10099 ] . While the examples described above reference 
specific features of particular drawings , it is understood that 
the various elements and / or features described herein in 
connection with one particular embodiment can be com 
bined with those of another without departing from the 
scope of the invention . Furthermore , the cannulae , delivery 
systems and methods described and illustrated herein are 
examples . As such , they are not intended to limit the scope 
of protection sought in any manner . Rather , they serve only 
to aid those skilled in the art to make apparatuses and to 
practice methods in accordance with the invention . 
We claim : 
1 . A delivery system , comprising : 
an outer tubular member defining an outer tubular mem 

ber lumen ; 
a cannula disposed within the outer tubular member 

lumen , the cannula comprising : 
an elongate tubular member having a lengthwise axis 
and a circumferential wall extending between a 
proximal end and a distal end and defining an interior 
lumen ; 

the elongate tubular member having an intermediate 
axial portion extending between a proximal axial 
portion that includes the proximal end and a distal 
axial portion that includes the distal end ; and 

a pattern of openings in the circumferential wall of the 
elongate tubular member , the pattern of openings 
comprising a plurality of openings arranged in an 
interrupted spiral that extends circumferentially 
along the intermediate axial portion of the elongate 
tubular member ; 

an intraluminal medical device circumferentially disposed 
around the elongate tubular member and within the 
lumen of the outer tubular member , the intraluminal 
medical device having an intraluminal medical device 
proximal end and an intraluminal medical device distal 
end ; and 

a pusher slidably disposed over the cannula and within the 
outer tubular member lumen , the pusher having a 
pusher proximal end and a pusher distal end , the pusher 
distal end disposed between the pusher proximal end 
and the intraluminal medical device proximal end . 

2 . The delivery system of claim 1 , wherein the pusher 
distal end abuts the intraluminal medical device proximal 
end . 

3 . The delivery system of claim 1 , wherein the pusher 
comprises a tubular member . 

4 . The delivery system of claim 1 , wherein the proximal 
axial portion of the elongate tubular member is free of the 
pattern of openings and comprises an uninterrupted circum 
ferential wall . 

5 . The delivery system of claim 1 , wherein the distal axial 
portion of the elongate tubular member is free of the pattern 
of openings and comprises an uninterrupted circumferential 
wall . 

6 . The delivery system of claim 5 , wherein the intralu 
minal medical device is disposed on the distal axial portion 
of the elongate tubular member . 

7 . The delivery system of claim 1 , wherein each of the 
proximal axial portion and the distal axial portion of the 
elongate tubular member is free of the pattern of openings 
and comprises an uninterrupted circumferential wall . 
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8 . The delivery system of claim 7 , wherein the proximal 
axial portion is longer than the distal axial portion . 

9 . The delivery system of claim 8 , wherein the intralu 
minal medical device is disposed on the distal axial portion 
of the elongate tubular member . 

10 . The delivery system of claim 1 , further comprising a 
conical distal tip secured to the distal end of the elongate 
tubular member . 

11 . The delivery system of claim 1 , further comprising a 
double - tapered distal tip secured to the distal end of the 
elongate tubular member ; 

wherein the double - tapered distal tip has an outer diam 
eter that is greater than an outer diameter of the 
elongate tubular member . 

12 . The delivery system of claim 1 , wherein the elongate 
tubular member comprises a metal . 

13 . The delivery system of claim 12 , wherein the metal 
comprises stainless steel . 

14 . The delivery system of claim 1 , wherein the intralu 
minal medical device comprises a self - expandable medical 
device . 

15 . The delivery system of claim 14 , wherein the intralu 
minal medical device comprises a stent . 

16 . The delivery system of claim 14 , wherein the intralu 
minal medical device comprises a valve . 

17 . A delivery system , comprising : 
an outer tubular member defining an outer tubular mem 
ber lumen ; 

a cannula disposed within the outer tubular member 
lumen , the cannula comprising : 
an elongate tubular member having a lengthwise axis 

and a circumferential wall extending between a 
proximal end and a distal end and defining an interior 
lumen ; 

the elongate tubular member having an intermediate 
axial portion extending between a proximal axial 
portion that includes the proximal end and a distal 
axial portion that includes the distal end ; and 

a pattern of openings in the circumferential wall of the 
elongate tubular member , the pattern of openings 
comprising a plurality of openings arranged in an 
interrupted spiral that extends circumferentially 
along the intermediate axial portion of the elongate 
tubular member ; 

wherein the proximal axial portion and the distal axial 
portion are free of the pattern of openings and 
comprise an uninterrupted circumferential wall ; and 

wherein the proximal axial portion is longer than the 
distal axial portion ; 

a self - expandable intraluminal medical device circumfer 
entially disposed around the distal axial portion of the 

elongate tubular member and within the lumen of the 
outer tubular member , the intraluminal medical device 
having an intraluminal medical device proximal end 
and an intraluminal medical device distal end ; and 

a tubular pusher slidably disposed over the cannula and 
within the outer tubular member lumen , the pusher 
having a pusher distal end that abuts the intraluminal 
medical device proximal end . 

18 . The delivery system of claim 17 , wherein the intralu 
minal medical device comprises a stent . 

19 . The delivery system of claim 17 , wherein the intralu 
minal medical device comprises a valve . 

20 . A delivery system , comprising : 
an outer tubular member defining an outer tubular mem 

ber lumen ; 
a cannula disposed within the outer tubular member 

lumen , the cannula comprising : 
an elongate tubular member having a lengthwise axis 

and a circumferential wall extending between a 
proximal end and a distal end and defining an interior 
lumen ; 

the elongate tubular member having an intermediate 
axial portion extending between a proximal axial 
portion that includes the proximal end and a distal 
axial portion that includes the distal end ; 

a pattern of openings in the circumferential wall of the 
elongate tubular member , the pattern of openings 
comprising a plurality of openings arranged in an 
interrupted spiral that extends circumferentially 
along the intermediate axial portion of the elongate 
tubular member , and 

a double - tapered distal tip secured to the distal end of 
the elongate tubular member , the double - tapered 
distal tip having an outer diameter that is greater than 
an outer diameter of the elongate tubular member ; 

wherein the proximal axial portion and the distal axial 
portion are free of the pattern of openings and 
comprise an uninterrupted circumferential wall ; and 

wherein the proximal axial portion is longer than the 
distal axial portion ; 

a self - expandable intraluminal medical device circumfer 
entially disposed around the distal axial portion of the 
elongate tubular member and within the lumen of the 
outer tubular member , the intraluminal medical device 
having an intraluminal medical device proximal end 
and an intraluminal medical device distal end ; and 

a tubular pusher slidably disposed over the cannula and 
within the outer tubular member lumen , the pusher 
having a pusher distal end that abuts the intraluminal 
medical device proximal end . 


