
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0319902 A1 

US 2011 0319902A1 

Epstein (43) Pub. Date: Dec. 29, 2011 

(54) CATHETER DELIVERY SYSTEM (57) ABSTRACT 
A method for delivering catheters, and stents composed of 

(76) Inventor: Scott Epstein, Boston, MA (US) soft, compliant polymers through anatomical passages. These 
devices have a bulbous anchorage end with a diameter greater 
than the rest of the catheter. To facilitate implant and delivery 

(21) Appl. No.: 12/824,149 a pusher catheter or sheath with an internal lumen larger than 
the outer diameter of the catheter but smaller than the outer 

(22) Filed: Jun. 26, 2010 diameter of the bulbous anchorage end. The distal end of 
pusher catheter or the sheath physically engages the proximal 

Publication Classification end of the bulbous anchorage end and applies an axial force to 
coaxially advance the catheter over a guidewire though ana 

(51) Int. Cl. tomical passages. This method allows a physician to move the 
A6M 25/09 (2006.01) catheter to an anatomical site without the device exhibiting 

buckling due to axial force applied. Similarly, this delivery 
method will allow more force to be applied to the distal end of 

(52) U.S. Cl. ........................................................ 606/108 the catheter diminishing the likelihood of buckling. 
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CATHETER DELVERY SYSTEM 

FIELD OF INVENTION 

0001. The present invention relates to a catheter delivery 
method and apparatus for delivering catheters or stents, spe 
cifically catheters or Stents composed of soft, compliant poly 
mers or other Suitable materials, through anatomical pas 
sages, vascular networks, lumens and cavities. 

BACKGROUND OF INVENTION 

0002 Specifically-trained physicians often implant a 
catheter or stent over a guidewire, proximate to, vascular and 
non-vascular occlusions; or to maintain patency of an ana 
tomical lumen. To implant these devices, a physician must 
pass the device through vascular and non-vascular anatomical 
passages and cavities to reach the intended anatomical site 
which may exhibit an occlusion or an increased resistance 
when advancing the catheter or Stent to the intended location. 
0003. One accepted method for passing these devices 
through anatomical passages includes placing the distal end 
(defined as the end that is farthest from the Physician) of a 
guidewire proximate to the anatomical site and advancing the 
catheter coaxially over the guidewire. In this method, the 
catheter is pushed from the proximal (defined as the end 
closest to the Physician) end of the guidewire to the distal end 
towards the anatomical site. The catheter is advanced either 
by hand (Squeezing the catheter with an index finger and 
thumb and pushing along) or by using a relatively rigid plastic 
tube to push the catheter from behind. 
0004. In this method, the catheter must be pushed over the 
guidewire through long, sometimes tortuous, paths, reduc 
tions in lumen diameter and anatomical obstructions. Unfor 
tunately, these obstacles require the physician to push the 
catheter or stent with increasingly excessive axial forces, and 
depending on the device design or the material from which 
the device is fabricated, buckling may occur. 
0005 Buckling of the device, due to excessive axial 
forces, is undesired as it may result in a damaged catheter, 
patient discomfort, accidental perforation of Surrounding 
anatomy and prevention of catheter implantation to its 
intended location. 
0006. The axial load is the maximum force that may be 
applied to a catheter or stent when advancing the device into 
a patient before it begins to buckle. Therefore, the axial load 
is limited by the column strength of the device. This axial load 
is characterized by the Euler Equation for a simply supported 
device column under an external axial load (F); wherein 
(E-modulus of elasticity of the device; I is the moment of 
inertia of the cross section of the device; and L=column 
length of the device). Accordingly, the buckling load of a 
catheter or stent can be determined by: 

0007. With respect to the Euler Equation, if Length (L), 
and Moment of Inertia (I) are constant, only a change in 
materials with an increase in modulus of Elasticity (E) will 
increase the axial load capacity of a catheter or stent. For 
example, using the above Euler Equation, pushing a catheter 
with a length of (0.5 inches (L=0.50 inch)); compared to a 
catheter with a length of (12 inches (L= 12.0 inch)) exhibits a 
profound effect on the axial load capacity (F). Considering 
that (L) is raised to the power of (2); it can be seen that (0.50 
inches) versus (12 inches)=0.25 versus 144; or a factor of 
over 500:1. Thus, devices with shorter columns will have a 
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much greater axial load capacity resisting bucking. Unfortu 
nately, shorter catheters are not practical; nor are they typi 
cally used in conventional applications where pushing a cath 
eter is the method of delivery. 
0008 Multiple techniques have been developed by physi 
cians to prevent buckling of the catheter during implantation. 
Many of the techniques mentioned below are often combined 
to reduce catheter buckling. 
0009. One technique is for physicians to apply only small 
amounts of axial force to the catheter either manually (by 
hand) or with a plastic tube (pusher catheter). This small axial 
force results in advancing the catheter several millimeters at a 
time. While this slow advance of the catheter does provide 
immediate tactile feedback to the physician should the cath 
eter confront an obstruction during advancement, the process 
is long and tedious. In addition, once the catheter reaches the 
vascular occulsion at the implantation site, additional axial 
forces still must be applied in order to push the catheter across 
the occlusion. This increased axial force often causes the 
catheter, especially Smaller diameter devices, to buckle. 
0010. An additional technique to prevent buckling of a 
catheter during implantation is to use a catheter or stent that is 
coated with layers of a lubricous polymer. These lubricous 
polymer coatings, which are typically are verythin, and rela 
tively fragile, reduce the coefficient of friction of the device, 
which results in a reduced axial load. When these coated 
devices are inserted and advanced through anatomical paths, 
they encounterboundaries, such as vessel walls. These coated 
devices, which are flexible enough to bend tangentially at 
these boundaries, continue advancing along the anatomical 
path; however, these tangential bends may add external pres 
Sure to the coating at the points of contact. These external 
pressure points on the device contribute to the aqueous media 
being Squeezed from the coating, much like Squeezing water 
from a sponge. Ultimately, once the coating is compromised, 
any further contact between the device and anatomical 
boundaries at these tangential bends will exhibit an increased 
level of relative friction, such as dry on dry surfaces that 
results in increased axial loads required to push or advance 
the catheter along. In addition, this high friction may result in 
patient discomfort. 
0011. A further technique to prevent buckling of the cath 
eter during implantation is to fabricate whole or portions of 
catheters and stents from moderate to rigid polymers. Simi 
larly, a given thickness of rigid polymer can be extruded while 
a softer layer is coaxially extruded over or under the more 
rigid layer. Additionally, a layer of braiding material, either 
polymeric and or metallic, may be incorporated into the 
design of a catheter or stent whereby the braid is deposited or 
sandwiched between layers of catheter material. While these 
designs are more effective they result in undesirable and 
uncomfortable products as well as increased manufacturing 
COStS. 

0012 Catheters or stents may also be manufactured with 
rigid portions, such as rigid proximal ends. These more rigid 
materials often cause patient discomfort and in many cases 
result in complications due to their increased ability to per 
forate Surrounding anatomy during implantation. 
0013 Conventional delivery methods may also include 
coaxially placing and advancing soft catheters or stents 
within hollow rigid sheaths, avoiding the need to develop or 
design catheters that by themselves exhibit Superior handling. 
0014. In any case, using a sheath or manufacturing a cath 
eter out of more rigid material or incorporating a layer of 
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braiding material are only attempts to increase the column 
strength of a catheter or stent whereby axial forces and cor 
responding push-ability can be maximized. However, using a 
more rigid material either as part of the catheter, stent or 
sheath still results in patent pain and or discomfort. 
0015. As mentioned previously, many of the techniques 
mentioned above are often combined to reduce catheterbuck 
ling. For instance, in an attempt to augment conventional 
sheath-over-catheter delivery methods, catheters may be 
coaxially braided, a more rigid layer maybe integrated, and/or 
the device may be coated with layers of lubrious polymer. 
However, even a combination of these techniques results in 
patient discomfort, slow advancement and eventual buckling 
of the catheterorstent when increased axial loads are required 
to advance into or through anatomical passages. 
0016. Therefore, it is the purpose of this invention to estab 
lish a novel method for delivery of catheters and stents that 
overcomes the buckling phenomena. 

SUMMARY OF INVENTION 

0017. There are additional features of the invention that 
will be described hereinafter and which will form the subject 
matter of the claims appended hereto. In this respect, before 
explaining at least one embodiment of the invention in detail, 
it is to be understood that the invention is not limited in its 
application to the details of construction and to the arrange 
ments of the components set forth in the following description 
or illustrated in the drawings. The invention is capable of 
other embodiments and of being practiced and carried out in 
various ways. Also, it is to be understood that the phraseology 
and terminology employed herein are for the purpose of the 
description and should not be regarded as limiting. 
0018. The subject invention discloses a method for deliv 
ering a catheter or stent to an anatomical site, the method 
comprising: a) inserting a guidewire into a patient, such that 
a distal end of the guidewire is proximal to the anatomical site 
and a proximal end of the guidewire is accessible to a user; b) 
placing a catheter with an internal channel with a first opening 
on the distalend and a second opening on a proximal end over 
the guidewire such that the guidewire is contained within the 
internal channel, wherein the proximal end of catheter com 
prises a first external diameter and the distal end comprises a 
second external diameter, further wherein the second external 
diameter is larger than the first external diameter such that the 
distal end of the catheter comprises a proximal external con 
tacting Surface; c) placing a tube, sheath, or Pusher catheter 
with a distal opening and an internal channel over the proxi 
mal end of the catheter, wherein the diameter of the distal 
opening and the internal channel is larger than the first exter 
nal diameter, but Smaller than the second external diameter, 
further wherein the tube, sheath, or Pusher catheter comprises 
a distal contacting Surface and a proximal pushing Surface; d) 
pushing the tube, sheath, or Pusher catheter over the catheter 
until the distal contacting Surface of the tube engages the 
proximal external contacting Surface of the catheter; e) apply 
ing axial force to the proximal pushing Surface of the tube, 
sheath, or Pusher catheter such that it advances the catheteron 
the guidewire: f) stopping step e) once the catheter or stent is 
positioned in the anatomical site; and g) removing the tube, 
sheath or pusher catheter and leaving the catheter or stent in 
place. 
0019. Another embodiment of the subject invention is a 
catheter delivery system comprising: a catheter with an inter 
nal channel with a first opening on the distal end and a second 
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opening on a proximal end, wherein the proximal end of 
catheter comprises a first external diameter and the distal end 
comprises a second external diameter, further wherein the 
second external diameter is larger than the first external diam 
eter such that the distal end of the catheter comprises a proxi 
mal external contacting Surface; a tube with a distal opening, 
a distal contacting Surface and an internal channel, wherein 
the diameter of the distal opening and the internal channel is 
larger than the first external diameter of the catheter, but 
smaller than the second external diameter; wherein the proxi 
mal end of the catheter is place into the distal opening of the 
tube until the distal contacting Surface engages the proximal 
external contacting Surface, further wherein the tube pushes 
the catheter such that both advance over a guidewire that is 
inserted into a patient Such that a distal end of the guidewire 
is proximal to an anatomical site. 
0020. In one embodiment of the subject invention, the 
shape of the internal channel of the tube, sheath, or Pusher 
catheter complements the external shape of the proximal end 
of the catheter. 

0021. In another embodiment of the subject invention, the 
catheter has a cross-sectional shape that is substantially cir 
cular, triangular, Square, oval, trapezoidal, hexagonal or 
octagonal. 
0022. In an additional embodiment of the subject inven 
tion, the shape of the internal channel of the tube, sheath, or 
Pusher catheter has a cross-sectional shape that is substan 
tially circular, triangular, square, oval, trapezoidal, hexagonal 
or octagonal. 
0023. In a further embodiment of the subject invention, the 
tube, sheath, or Pusher catheter is composed of substantially 
resilient material. 

0024. In one embodiment of the subject invention, the 
distal end of the catheter is a bulbous anchorage end. 
0025. In another embodiment of the subject invention, the 
catheter is composed of a soft compliant material. Such as 
structural hydrogel. 
0026. In one embodiment of the subject invention, the 
method does not require that the guidewire by hydrophilically 
coated to exhibit a reduction in forces. 

0027. In another embodiment of the subject invention, the 
catheter has at least one port hole proximal to the distal end. 
0028. In an additional embodiment of the subject inven 
tion, the distal end of the catheter has a profile that is selected 
from the group consisting of Substantially spherical, Substan 
tially oval, substantially barbell, substantially trumpet or sub 
stantially conical. 
0029. There has thus been outlined, rather broadly, the 
more important features of the invention in order that the 
detailed description thereofthat follows may be better under 
stood, and in order that the present contribution to the art may 
be better appreciated. There are additional features of the 
invention that will be described hereinafter and which will 
form the subject matter of the claims appended hereto. These 
together with other objects of the invention, along with the 
various features of novelty, which characterize the invention, 
are pointed out with particularity in the claims annexed to and 
forming a part of this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 Advantages of the present invention will be appar 
ent from the following detailed description of exemplary 
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embodiments thereof, which description should be consid 
ered in conjunction with the accompanying drawings, in 
which: 
0031 FIG. 1 illustrates a top view and a cross-sectional 
view of a catheter or stent with simple column catheter shaft 
with a given length that is Subjected to an axial force. 
0032 FIG. 2 illustrates a cross-sectional top view of a 
catheter passing through anatomical lumens upon application 
of axial force. 
0033 FIG. 3 illustrates a top view of a conventional 
method of implanting a catheter of length. 
0034 FIG. 4 illustrates a top cross-sectional view of a 
catheter with a bulbous anchorage end being pushed over a 
guidewire by the physical engagement of the distal end of a 
pusher catheter and the proximal end of the bulbous anchor 
age end. 
0035 FIG. 5 illustrates a top cross-sectional view of a 
catheter with a bulbous anchorage end being pushed out of a 
sheath over a guidewire by the physical engagement of the 
distal end of a pusher catheter and the proximal end of the 
bulbous anchorage end. 
0036 FIG. 6 illustrates a top cross-sectional view of a 
catheter with a bulbous anchorage end and a pusher catheter 
contained within a sheath that comprises a Substantially 
spherical distal end that remains closed to facilitate advance 
ment through anatomical obstructions, wherein once the 
desired site is reached, the distal end of a pusher catheter 
engages the proximal end of the bulbous anchorage end to 
push the catheter out of the distal end of the sheath. 
0037 FIGS. 7A-C illustrate atop cross-sectional view of a 
catheter with a bulbous anchorage end being pushed out of a 
sheath over a guidewire by the physical engagement of the 
distal end of a pusher catheter and the proximal end of the 
bulbous anchorage end. 
0038 FIG. 8 illustrates a top cross-sectional view of a 
catheter with a bulbous proximal end anchor and a bulbous 
distal end anchor (of larger diameter than the bulbous proxi 
mal end anchor diameter), being pushed over a guidewire by 
the physical engagement of the distal end of a pusher catheter 
and the proximal end of the bulbous distal end anchor. 
0039 FIG. 9 illustrates a top cross-sectional view of a 
catheter being pushed by hand over a guidewire. 
0040 FIG. 10 illustrates a top view of a conventional 
pigtail loop catheter and a “J” loop catheter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0041 While several variations of the present invention 
have been illustrated by way of example in particular embodi 
ments, it is apparent that further embodiments could be devel 
oped within the spirit and scope of the present invention, or 
the inventive concept thereof. However, it is to be expressly 
understood that Such modifications and adaptations are 
within the spirit and scope of the present invention, and are 
inclusive, but not limited to the following appended claims as 
set forth. 
0042. The subject invention is a novel method for delivery 
of catheters and stents to anatomical sites that prevents buck 
ling of the device due to applied axial force. 
0043 FIG. 1 is a diagram illustrating a top view and a 
cross-sectional view of a catheter or stent (1) with simple 
column catheter shaft (1a) with a given length (L). An axial 
force (Fx) may be applied to either the proximal end (1c) of 
catheter (1) by a physician, the distal end (1d) by an anatomi 
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cal obstruction, or both when the physician continues to push 
the catheter (1) once it encounters an anatomical obstructions. 
As shown in FIG. 2, catheter (1) passes through anatomical 
lumens (7) upon application of axial force (Fx) to the proxi 
mal end of the catheter. During this passage, the catheter (1) 
may often contact a wall or peripheral structure (8) of lumen 
(7) or an obstruction (9). Once this contact occurs, a resulting 
force (Fy) may be applied to the catheter (1) at tangent points, 
requiring the application of additional axial force (FX) to 
continue advancing the catheter (1) to its intended location. 
0044 As shown in FIGS. 1 and 2, the axial force FX 
applied to catheter (1) is greater than the axial load, causing 
the catheter to buckle. Lines (16a) and (16b) illustrate the 
original position of catheter shaft (1a) prior to buckling. 
004.5 FIG. 1 further illustrates a cross-sectional view of 
catheter shaft (1a) delineated by line A-A. Catheter shaft (1a) 
comprises an outer diameter (2) and an inner diameter (3). 
Diameters (2) and (3) are used to calculate Moment of Inertia 
(I) for the Euler Equation. 
0046 FIG. 9 illustrates a method of implanting a catheter 
(1) by squeezing (26) the catheter (1) with a hand (25) and 
manually advancing the catheter (1) over a guidewire (4) by 
applying an axial force to coaxially advanced the catheter 
over the guidewire (4) in a distal direction though anatomical 
passages (not shown). 
0047 FIG. 3 illustrates a conventional method of implant 
ing a catheter (1) of length (L1). Catheter (1) is coaxially slid 
over a guidewire (4). A distal end (5b) of a pusher catheter 
(5a) physically engages the proximal end (1c) of the catheter 
(1) and applies an axial force (FX) to coaxially advanced the 
catheter over the guidewire (4) in a distal direction (18) 
though anatomical passages (not shown). 
0048. In this conventional method, pusher catheter (5a) 
has an internal lumen (not shown) with an internal diameter 
that is large enough to allow the guidewire (4) to pass through 
pusher catheter (5a) as it advances; however, this internal 
lumen diameter is smaller than outer diameter (2) of catheter 
(1) to allow the distal end (5b) of pusher catheter (5a) to 
engage the proximal end (1c) of the catheter (1). 
0049 FIG.3 further illustrates two catheter port holes (15) 
located proximal to the distal end of the catheter (1). These 
port holes (15) in conventional catheters are designed to 
increase fluid transfer within the catheter. However, these port 
holes (15) often result in increased likelihood of buckling, as 
shown as the likely buckling point (17). 
0050 FIG. 4 illustrates an embodiment of a method of the 
subject invention. A catheter or stent (1) is coaxially slid over 
the guidewire (4). In this embodiment, the catheter (1) has a 
bulbous anchorage end (6a). The bulbous anchorage end (6a) 
has a distal end (6b) and a proximal end (6c) separated by a 
length (L2). The bulbous anchorage end (6a) has an outer 
diameter that is greater than outer diameter (2) of the catheter 
(1). 
0051. In this embodiment, the pusher catheter (5a) has an 
internal lumen (not shown) with an internal diameter (19) that 
is large enough to allow the guidewire (4) and the outer 
diameter (2) of catheter (1) to pass through pusher catheter 
(5a) as it advances. However, this internal lumen diameter is 
smaller than the outer diameter of the bulbous anchorage end 
(6a) of catheter (1). Thus, the distal end (5b) of pusher cath 
eter (5a) physically engages the proximal end (6c) of the 
bulbous anchorage end (6a) and applies an axial force (FX) to 
coaxially advanced the catheter (1) over the guidewire (4) in 
a distal direction (18) though anatomical passages (not 
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shown). In this manner only a short column length (L2) of the 
bulbous anchorage end (6a) of catheter (1) has an axial load 
applied to it, a critical variable in column strength analysis. 
0052. This physically engagement between the distal end 
(5b) of pusher catheter (5a) and the proximal end (6c) of the 
bulbous anchorage end (6a) diminishes the likelihood of 
buckling compared to a similar axial force applied to the 
proximal end (1c) as shown in FIG. 3. Since this method 
allows the application of additional axial force without buck 
ling, a physician my push catheter (1) through an obstruction. 
Accordingly, the disclosed delivery method is a universal 
system which can be used on any catheterorstent with a distal 
end that a diameter greater than the shaft diameter of the 
device. This system diminishes the need for thicker, more 
rigid catheters. Furthermore, the disclosed invention 
improves the implantation of catheters comprised of Suffi 
ciently soft durometer materials or catheters with ratios of 
inner diameters and outer diameters that diminish catheter 
column strength. 
0053. This method allows a physician to move the catheter 
to an anatomical site with less applied axial force over a 
guidewire since the catheter has less resistance. This method 
allows a physician to push a relatively short length of catheter 
rather than a long length. This delivery method will allow 
more force to be applied to the short distal end of the catheter 
diminishing the likelihood of buckling. 
0054. In one embodiment of the subject invention, the 
catheter (1) may have port holes, similar to those shown in 
FIG. 3, immediately proximal (not shown) to the bulbous 
anchorage end (6a) that do not affect buckling of the device. 
In this embodiment, the internal lumen of the pusher catheter 
(5a) will pass over the port holes contained on the outer 
diameter (2) of catheter (1) to physically engage the proximal 
end (6c) of the bulbous anchorage end (6a). 
0055 FIG. 5 illustrates another embodiment of a method 
of the subject invention. In this embodiment, a catheter or 
stent (1) is coaxially slid over the guidewire (4). The catheter 
(1) has a bulbous anchorage end (6a). The bulbous anchorage 
end (6a) has a distal end (6b) and a proximal end (6c) sepa 
rated by a length (L2). The bulbous anchorage end (6a) has an 
outer diameter that is greater than outer diameter (2) of the 
catheter (1). As shown, the outer diameter (2) of the catheter 
(1) is contained within a sheath (10) and the bulbous anchor 
age end (6a) is not contained within the sheath (10). To 
facilitate delivery of the catheter (1) through anatomical 
obstructions (illustrated by lumen (7) surrounded by walls 
(8)), the outer diameter (2) and bulbous anchorage end (6a) of 
the catheter (1) are both initially contained within sheath (10) 
(not shown). Once the anatomical site is reached, a distal end 
(20) of sheath (10) physically engages the proximal end (6c) 
of the bulbous anchorage end (6a) while within the sheath 
(10) and applies an axial force (Fx) to coaxially advanced the 
catheter (1) over the guidewire (4) in a distal direction (18) to 
push the catheter (1) out of the distal end (20) of the sheath 
(10) into lumen (7). The pusher catheter (5a) has an internal 
lumen (not shown) with an internal diameter (19) that is large 
enough to allow the guidewire (4) to pass through pusher 
catheter (5a) as it advances. In another embodiment of the 
subject invention, distal end (5b) of pusher catheter (5a) may 
also physically engage the proximal end (1c) of the catheter 
(1) and apply an axial force (FX) to coaxially advance the 
catheter (1) over the guidewire (4) out through the distal end 
(20) of sheath (10) once the anatomical site is reached. 
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0056 FIG. 6 illustrates an alternative embodiment of a 
method of the subject invention. In this embodiment, a cath 
eter or stent (1) has a bulbous anchorage end (6a) with a distal 
end (6b) and a proximal end (6c). The bulbous anchorage end 
(6a) has an outer diameter that is greater than outer diameter 
(2) of the catheter (1). A pusher catheter (5a) has an internal 
lumen (not shown) with an internal diameter that is large 
enough to allow the outer diameter (2) of catheter (1) to pass 
through pusher catheter (5a) as it advances. However, this 
internal lumen diameter is smaller than the outer diameter of 
the bulbous anchorage end (6a) of catheter (1). Thus, the 
distal end (5b) of pusher catheter (5a) physically engages the 
proximal end (6c) of the bulbous anchorage end (6a). The 
outer diameter (2) of the catheter and the bulbous anchorage 
end (6a) are both coaxially slid and contained within sheath 
(10). Sheath (10) has a closed end (10a) with by axial slits of 
a corresponding thickness (D1). The catheter (1), the pusher 
catheter (5a) and the stent (10) are all coaxially slid over a 
guidewire (4). The distal end (5b) of pusher catheter (5a) 
physically engages the proximal end (6c) of the bulbous 
anchorage end (6a) and applies an axial force (FX) to coaxi 
ally advance the catheter (1) and the sheath (10) over the 
guidewire (4) in a distal direction (18). Once the anatomical 
site is reached, the distal end (5b) of pusher catheter (5a) 
physically engages the proximal end (6c) of the catheter (1) 
and applies an axial force (FX) to coaxially advance the cath 
eter (1) over the guidewire (4) out through sheath (10). The 
axial slits open (10b) to allow catheter or stent (1) to coaxially 
slide over the guidewire (4) and through sheath (10). A pusher 
catheter (5a) within a sheath (10) with a closed end adds 
greater stability when pushing the catheter through difficult 
and occluded passages. 
0057 FIGS. 7A-C illustrates another embodiment of a 
method of the subject invention. A catheter or stent (1) is 
loaded or facilitated into a sheath (10) thru a loading fixture 
(12). A loading fixture (12) contains a lumen (23) with distal 
and proximal openings. The proximal opening of loading 
fixture (12) has an internal diameter that is greater than the 
external diameter of sheath (10). The distal end of sheath (10) 
is inserted in the proximal opening of loading fixture (12). 
The proximal end of catheter (1) is then inserted into the distal 
opening of loading fixture (12) by applying an axial force (24) 
to the distal end (6b) of the catheter. Catheter (1) passes 
through the internal lumen of fixture (12) and inserts into in 
internal diameter (D4) of sheath (10) until the bulbous 
anchorage end (6a) (collapses and) is fully contained within 
sheath (10). A pusher catheter (5a) has an internal lumen (not 
shown) in inserted into the proximal end of sheath (10). 
Pusher catheter (5a) has an internal diameter (D3) that is large 
enough to allow the outer diameter (2) of catheter (1) to pass 
through pusher catheter (5a) as it advances. However, this 
internal lumen diameter is smaller than the outer diameter of 
the bulbous anchorage end (6a) of catheter (1). Thus, the 
distal end (5b) of pusher catheter (5a) physically engages the 
proximal end (6c) of the bulbous anchorage end (6a). The 
outer diameter (2) of the catheter and the bulbous anchorage 
end (6a) are both coaxially contained within sheath (10). 
Once the anatomical site is reached, the distal end (5b) of 
pusher catheter (5a) physically engages the proximal end (6c) 
of the bulbous anchorage end (6a) and applies an axial force 
(Fx) to coaxially advance the catheter (1) over the guidewire 
(4) in a distal direction (18) out through sheath (10). 
0.058 FIG. 8 illustrates a top cross-sectional view of a 
catheter (1) with a bulbous proximal end anchor (21) with an 
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outer diameter (OD (p)) and a bulbous distalendanchor (22a) 
with an outer diameter (OD (d). The distance between bul 
bous proximal end anchor (21) and the bulbous distal end 
anchor (22a) has a diameter (2). The outer diameter (OD (p)) 
is slightly smaller that outer diameter (OD (d)), which are 
both larger than diameter (2). The bulbous distal end anchor 
(22a) has a distal end (22b) and a proximal end (22c). 
0059 A pusher catheter (5a) has an internal lumen (not 
shown) with an internal diameter that is large enough to allow 
the guidewire (4), the outer diameter (2) and the outer diam 
eter (OD(p)) of the bulbous proximal end anchor to pass 
through pusher catheter (5a) as it advances. However, this 
internal lumen diameter is smaller than the outer diameter of 
the bulbous distal end anchor (22a) of catheter (1). Thus, the 
distal end (5b) of pusher catheter (5a) physically engages the 
proximal end (22c) of the bulbous distalendanchor (22a) and 
applies an axial force (FX) to coaxially advanced the catheter 
(1) over the guidewire (4) in a distal direction (18) though 
anatomical passages (not shown). 
0060. As shown in FIG. 10, Ureteral stents often have this 
type of proximal and distal anchorage ends. However, con 
ventional Ureteral stents typically have an end with a spiral or 
“pigtail” loop (27) configuration, or a “J” shaped loop (28) 
configuration. 
0061 This method of delivery will reduce the pain and 
discomfort in patients caused by the deformation of Pigtail 
loop (27) and J shaped loop (28) during catheter implantation. 
This pain is partially due to the winding and unwinding of the 
pigtail loop (27) or J shaped loop (28) during implantation. 
Unfortunately, as these loops unwind to about half the cir 
cumference of the loop diameter, the loops become stuck in 
that configuration. Thereafter, the radial forces which project 
from the re-configured loops Subject the patient to pain, and 
discomfort. 

0062 Invarious embodiments of the subject invention, the 
sheath or pusher catheter may have radiopaque ends. 
0063. In other embodiments of the subject invention, the 
anchorage end of the catheter or Stent may have a spherical, 
oval, barbell, trumpet or conical profile. 
0064. In another embodiment of the subject invention, the 
stent or catheter used in the method may be composed entirely 
or partially of soft hydrogel polymer layers, such as the soft 
hydrogel ureteral stents disclosed in Epstein, U.S. Published 
Patent Application No. 2007/0106361. The contents of 
Epstein are incorporated herein by reference. 
0065. These devices are composed entirely of, or have 
integral components, such as the bulbous anchorage end, 
composed entirely of 100% hydrogel layers. The hydrogel is 
an integral component comprising the stent or catheter, not a 
coating that may erode during passage through anatomical 
lumens. 

0066. These hydrogel devices may also be implanted with 
a substantially smaller diameter that is partially or totally 
dehydrated. In this manner the ratio of proximal to distal 
diameters is typical to the fully hydrated devices whereby a 
pusher catheter may still coaxially slide over the proximal end 
diameter and engage a slightly larger distal end diameter. 
Upon reaching the anatomical site, these highly hydrophilic 
devices are then hydrated with a significant Volume of an 
aqueous media, Such as saline. Upon hydration, the hydrogel 
cross sections of these devices expand into predictable larger, 
soft, easily compressible and structurally stable shapes that 
maintain their mechanical integrity. 
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0067. These devices do not erode and do not require a 
Substrate or scaffold to maintain their composition or 
mechanical characteristics. Substantial mechanical charac 
teristics are exhibited by fully hydrated devices, which can be 
loaded with colorants, radiopacifiers and fillers. These 
devices immediately exhibit lubricous surface characteristics 
when wetted with any aqueous media and provide increased 
resistance to biological complications, such as physiological 
rejection or inflammation, once implanted. The anchorage 
ends of these devices will not migrate will exhibit resistance 
to encrustation and will facilitate the ease of implant and 
withdrawal. 
0068. Furthermore, hybrid designs utilizing a hydrogel 
component and non-hydrogel components can be engineered 
with different percent concentrations of solids in a specific 
layer, or positioned specifically along the axis of a catheter 
shaft. In this manner radiopaque media can be placed where it 
is desired, or a denser matrix can be produced in specific 
layers along the axis, providing a differential gradient that 
promotes diffusion or conduction enhancing drainage, or pro 
viding a specific drug delivery barrier. 
0069. In other embodiment of the subject invention, a low 
profile balloon may be integrated into the catheter, either 
within or external to the bulbous anchorage end. 
What is claimed is: 
1. A method for delivering a catheter to an anatomical site, 

the method comprising: 
a) inserting a guidewire into a patient, such that a distal end 

of the guidewire is proximal to the anatomical site and a 
proximal end of the guidewire is accessible to a user; 

b) placing a catheter with an internal channel with a first 
opening on a distal end and a second opening on a 
proximal end over the guidewire Such that the guidewire 
is contained within the internal channel, wherein the 
proximal end of catheter comprises a first external diam 
eter and the distal end comprises a second external diam 
eter, further wherein the second external diameter is 
larger than the first external diameter such that the distal 
end of the catheter comprises a proximal external con 
tacting Surface; 

c) placing a tube with a distal opening and an internal 
channel over the proximal end of the catheter, wherein 
the diameter of the distal opening and the internal chan 
nel is larger than the first external diameter, but smaller 
than the second external diameter, further wherein the 
tube comprises a distal contacting Surface and a proxi 
mal pushing Surface; 

d) pushing the tube over the catheter until the distal con 
tacting Surface of the tube engages the proximal external 
contacting Surface of the catheter, 

e) applying axial force to the proximal pushing Surface of 
the tube such that the tube advances the catheter on the 
guidewire; 

f) stopping step e) once the catheter is proximal to the 
anatomical site; and 

g) removing the tube. 
2. The method of claim 1, wherein the shape of the internal 

channel of the tube complements the external shape of the 
proximal end of the catheter. 

3. The method of claim 1, wherein the catheter has a cross 
sectional shape that is selected from the group consisting of 
Substantially circular, Substantially triangular, Substantially 
square, Substantially oval, Substantially trapezoidal, Substan 
tially hexagonal or Substantially octagonal. 
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4. The method of claim 1, wherein the shape of the internal 
channel of the tube has a cross-sectional shape that is selected 
from the group consisting of Substantially circular, Substan 
tially triangular, Substantially square, Substantially oval, Sub 
stantially trapezoidal, Substantially hexagonal or Substan 
tially octagonal. 

5. The method of claim 1, wherein the tube is composed of 
substantially resilient material. 

6. The method of claim 1, wherein the distal end of the 
catheter is a bulbous anchorage end. 

7. The method of claim 1, wherein the catheter is composed 
of a soft, compliant material. 

8. The method of claim 1, wherein the catheter is composed 
of a structural hydrogel polymer. 

9. The method of claim 1, wherein the guidewire does not 
have a coating that reduces it coefficient of friction. 

10. The method of claim 1, wherein the catheter has at least 
one port hole proximal to the distal end. 

11. The method of claim 1, wherein the distal end of the 
catheter has a profile that is selected from the group consisting 
of Substantially spherical, Substantially oval, Substantially 
barbell, substantially trumpet or substantially conical. 

12. A catheter delivery system comprising: a catheter with 
an internal channel with a first opening on the distal end and 
a second opening on a proximal end, wherein the proximal 
end of catheter comprises a first external diameter and the 
distal end comprises a second external diameter, further 
wherein the second external diameter is larger than the first 
external diameter such that the distal end of the catheter 
comprises a proximal external contacting Surface; a tube with 
a distal opening, a distal contacting Surface and an internal 
channel, wherein the diameter of the distal opening and the 
internal channel is larger than the first external diameter of the 
catheter, but smaller than the second external diameter; 
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wherein the proximal end of the catheter is place into the 
distal opening of the tube until the distal contacting Surface 
engages the proximal external contacting Surface, further 
wherein the tube pushes the catheter such that both advance 
overaguidewire that is inserted into a patient Such that a distal 
end of the guidewire is proximal to an anatomical site. 

13. The system of claim 12, wherein the shape of the 
internal channel of the tube complements the external shape 
of the proximal end of the catheter. 

14. The system of claim 12, wherein the catheter has a 
cross-sectional shape that is selected from the group consist 
ing of Substantially circular, Substantially triangular, Substan 
tially square, Substantially oval, Substantially trapezoidal, 
Substantially hexagonal or Substantially octagonal. 

15. The system of claim 12, wherein the shape of the 
internal channel of the tube has a cross-sectional shape that is 
selected from the group consisting of Substantially circular, 
Substantially triangular, Substantially square, Substantially 
oval, Substantially trapezoidal, Substantially hexagonal or 
Substantially octagonal. 

16. The system of claim 12, wherein the distal end of the 
catheter is a bulbous anchorage end. 

17. The system of claim 12, wherein the catheter is com 
posed of a soft, compliant material. 

18. The system of claim 12, wherein the guidewire does not 
have a coating that reduces it coefficient of friction. 

19. The system of claim 12, wherein the catheter has at 
least one port hole proximal to the distal end. 

20. The system of claim 12, wherein the distal end of the 
catheter has a profile that is selected from the group consisting 
of Substantially spherical, Substantially oval, Substantially 
barbell, substantially trumpet or substantially conical. 
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