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(57) Abrége/Abstract:

A soft tip guiding catheter for atraumatic insertion into delicate, tortuous coronary vessels and introduction of an angioplasty
balloon catheter therethrough. The guiding catheter includes a main tubular portion and a soft tubular tip with respective,
matching external and internal tapers for increasing the contact area of the thermal bond. The outer and inner diameters of the
main portion are uniform and match the respective outer and inner diameters of the soft tip for providing a uniform outer catheter
surface and a continuous, uniform catheter passageway surface. The tapers further provide for a gradual change in durometer
between the main portion and soft tip. The main portion preferably includes an inner layer of lubricous material, an outer layer of
a polyether block amide, and a reinforcing braid positioned therebetween. The layers of the main portion provide a thin catheter
wall with pushability, torquabillity, and kink resistance. The composite durometer of the main portion is harder than the durometer
of the soft tip, which comprises a combination of polyether block amide material and tungsten for increasing the radiopacity

thereof.
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Abstract of the Disclosure

A soft tip guiding catheter for atraumatic insertion
into delicate, tortuous coronary vessels and introduction of
an angioplasty balloon catheter therethrough. The guiding
catheter includes a main tubular portion and a soft tubular
tip with respective, matching external and internal tapers
for increasing the contact area of the thermal bond. The
cuter and inner diameters of the main portion are uniform
and match the respective outer and 1inner diameters of the
soft tip for providing a uniform outer catheter surface and
a continuous, uniform catheter passageway surface. The
tapers further provide for a gradual change in durometer
between the main portion and soft tip. The main portion
preferably includes an inner layer of lubricous material, an
outer layer of a polyether block amide, and a reinforcing
braid positioned therebetween. The layers of the main
portion provide a thin catheter wall with pushability,
torquability, and kink resistance. The composite durometer
of the main portion is harder than the durometer of the soft
tip, which comprises a combination of polyether block anide
material and tungsten for increasing the radiopacity

thereof.

i B

12



5

10

15

20

25

30

35

3 ()] "Exprose Mall" label
Date of DBPOSH ,'.,,. /: . p

ND
gy
v
2 =

! horoby cortify that this paf_}er in heing deposite
with the United otates Postal Sorvios FIGaNSS Mall P(?‘:
Office to Addressee” SsOrvice utact Of ';.,-f"‘f"v_"}t'lo. ¢:h) tr 2
dateindicated above and is addressed to the Commissioner

soft Tip Gﬁf@gﬁ@twﬁﬁéwmrgs, Washington, 1).C. 20231,

’/‘7 ’/) _',f(’

Technical Field

This invention relates generally to guiding catheters

and, in particular, to a guiding catheter with a soft distal

tip.

Background of the Invention

Guiding catheters are commonly used during coronary
angioplasty procedures for delivering a balloon catheter to
a treatment site in a coronary vessel. 1o move a guiding

catheter safely through the vascular system and into the

delicate coronary vessels, the guiding catheter must have a

soft distal tip. The soft distal tip minimizes the.risk of
causing trauma to a vessel, freeing plagque from a vessel
wall, puncturing a vessel, oOr creating embolisms 1in the
bloodstreamn.

One nonanalogous, honbralded angiographic catheter

comprises an inner tube of polyamide externally tapered

burst pressurés of injected contrast medium, the thickness
of the catheter walls severely limits the use of this
catheter as a guiding catheter through which an angloplasty
balloon catheter is commonly inserted. The lumen of a
guiding catheter must be as large as possible with a
correspondingly thin catheter wall that can be pushed and
guided through tortuous coronary vessels without causing
trauma thereto.

One guiding catheter includes a wire-braided Teflon

material inner tube with a polyurethane jacket |, epoxied

-
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thereto that abruptly terminates near the distal end of
the 1nner tube. A metal radiopaque marker and a soft
polyurethane tip are positioned around the distal end of

the Teflon material inner tube and abut the abrupt, step-

like shoulder at the distal end of the polyurethane
jacket. The polyurethane tip 1s thermally bonded to the
polyurethane jacket. A problem with this design is that
the contact surface area between the abrupt, step-like

shoulder of the polyurethane jacket and the proximal end

of the polyurethane tip 1s limited, thereby significantly

increasing the likelihood that the tip will be dislodged
or separated from the step-like shoulder of the jacket.
The metal radiopaque marker positioned between the jacket

and tip further «reduces the contact surface area

therebetween and 1increases the likelihood of jacket and

tip separation.

Summary of the Invention

In accordance with one aspect of the present invention

there 1s provided a soft tip guiding catheter comprising:
a main, tubular portion having a distal end and a first
passageway extending longitudinally therethrough, said
portion further including a first outer surface, a first
inner passageway surface, and a wall having a composite
durometer therebetween, said distal end having an external
taper extending between said first inner passageway
surtace and said first outer surface, said wall including
an inner material layer longitudinally extending partially
along said external taper and an outer material layer
bonded to said inner material layer extending the entire

length of said external taper: and a tubular tip
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composite durometer, said tip having a proximal end and a

second passageway extending longitudinally therethrough

communicating with said first passageway, sald proximal
end having an internal taper bonded to said external taper
of said distal end of said main tubular portion.

In accordance with another aspect of the present
invention there 1is provided a soft tip guiding catheter
comprising: a main, tubular portion having a distal end
and a first passageway extending longitudinally therein,
sald portion further including a first outer surface, a
first 1nner passageway surface, and a wall therebetween,
said distal end having an external taper extending between
sald first 1inner passageway surface and said first outer
surface, said wall having an inner layer of a first
material having a first durometer and Ilongitudinally
extending partially along said external taper, an outer
layer of a second material having a second durometer
softer than saild first durometer and extending the entire
length of said external taper, and a reinforcing braid
positioned Dbetween said inner and outer layers; and a
tubular tip comprising a third material having a third
durometer softer than said second durometer, said tip
having a proximal end and a second passageway extending
therein and communicating with said first passageway, said
proximal end having an internal taper bonded to said

external taper of said distal end of said main tubular

portion.

In accordance with yet another aspect of the present
invention there is provided a soft tip guiding catheter

comprising: a main, tubular portion having a distal end

and a first passageway extending longitudinally therein,

sald portion further including a wall having a thickness
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in the range of .006" to .0155" between a first outer

surface and a first inner passageway surface thereof, said

distal end having an external taper extending between said
first inner passageway surface and said first outer

surface, sald wall having an inner laver of

polytetrafluoroethylene having a first durometer and

longitudinally extending partially along said external

taper and an outer layer by weight of approximately 90

percent polyether block amide and 10 percent bismuth

having a second durometer softer than said first durometer

and extending the entire length of said external taper,
said wall further including a stainless steel wire braid

longitudinally extending partially along said external

taper and positioned between said inner and outer layers

and around said 1nner layer; and a tubular tip comprising
by welght approximately 50 percent polyether block amide

and 50 percent bismuth and having a third durometer softer

than said second durometer, said tip having a proximal end
and a second passageway extending therein and
communicating with said first passageway, said proximal

end having an 1internal taper thermally bonded to said

external taper of said distal end of said wmain tubular

‘portion, said tubular tip including a second outer surface

having a diameter approximating that of said first outer
surface and 1including a second inner passageway surface

having a diameter approximating that of said first inner

passageway surface.
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Brief Degscription of the Drawings

FIG. 1 depicts a partially cross-sectioned view of an
illustrative soft tip guiding catheter of the present
invention for atraumatic insertion through  coronary

vessels and 1ntroduction of an angioplasty balloon

catheter therethrough; and

FIG. 2 depicts a partially cross—sectioned view of the

wall of the guiding catheter of FIG. 1.

Detailed Degscription

The foregoing problems are solved and a technical
advance 1s achieved 1in an 1illustrative guiding catheter

having a main tubular portion and a soft tip with

respective matching external and internal tapers for
advantageously increasing the bonding area and minimizing
the likelihood of separation therebetween. Furthermore,
the tapers provide a gradual change in durometer between
the soft tip and main tubular portion. The main tubular

portion includes a layered wall between its outer surface

and 1nner passageway surface extending longitudinally
therein. The wall has a composite durometer and

advantageously 1includes an 1inner material layer for

lubricous insertion of other catheters therethrough and an

outer material layer for increasing the compression

strength and pushability of the catheter through coronary

vessels. The outer layer extends the entire length of the

external taper, whereas the inner Jlayer longitudinally
extends partially along the external taper to strengthen

the bond between the tapers. The tubular tip comprises

material having a durometer softer than the durometer of

4a
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the main tubular portion for minimizing trauma to vessel

walls. The proximal end of the tubular tip includes the

internal taper that 1s bonded to the external taper of the
maln tubular portion.

Furthermore, the soft, tubular tip cooperates with the
harder durometer maln portion by readily bending in
tortuous vessels when pushed therethrough. The wall of the

main portion further includes a reinforcing braid for

il

enhancing the torquability of the catheter and for

minimizing kinking of the catheter when flexed. The braid

also extends partially 1nto the tapered section of the

maln portion to further strengthen the bond between the
main portion and soft tip. The combination of the inner
and outer layers with the braid therebetween also reduces
the thickness of the wall to within a range of .006" to
.0155" depending on the outside diameter of the catheter.

The 1nner layer of the wall comprises preferably

polytetrafluorocethylene having an approximately 50 to 65
hardness durometer on the Shore D scale. This lubricous
ilnner layer material also prevents the Dbraid from
extending into the passageway and presenting a rippled
surface on which a passing catheter may undesirably
engage. The outer layer of the wall preferably comprises

polyether block amide including by weight 10 to 30 percent

radiopaque bismuth, which is softer in durometer than the
composite durometer of the catheter as well as that of the
inner wall material. The soft, tubular tip comprises
another polyether block amide that is softer in durometer
than the outer wall material and advantageously includes

by weight 35 to 65 percent tungsten for 1ncreasing the

radiopacity of the soft tip.

45
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In particular, the 1illustrative 8 French guiding
catheter has a uniform outside diameter of approximately
.103", a uniform 1inside diameter of approximately .082",
and a wall thickness of nominally .0105" for inserting the
largest possible angioplasty balloon catheter
therethrough. The tubular tip has an internal taper
extending longitudinally in a range of 2 to 3 mm with the
inner layer of the main portion extending partially

therealong in a range of 1 to 2 mm.

FIG. 1 depicts a partially cross-sectioned view of

1llustrative soft tip guiding catheter 10 having main

tubular portion 11 and soft tubular tip 12 with thermal

bond 15 interconnecting mated external and internal tapers
13 and 14, respectively. The inner and outer diameters of

the maln portion are uniform and match those of the soft

tip for inserting the largest possible angioplasty balloon

catheter therethrough and providing a uniform outer

catheter surface for ready insertion through a coronary

vessel. Multilayered catheter wall 21 of the main portion
includes lubricous inner layer 25 and compression
resistant outer layer 27. Reinforcing braid 26 is
positioned around inner layer 25 for making the thin
catheter wall torquable and minimizing kinking when
directing the catheter through tortuous coronary vessels.
The composite durometer such as 48 on the Shore D scale of
the main portion is hard so as to advance the catheter to

the coronary vessels. The soft durometer tip minimizes

vessel wall trauma. The internal and external tapers

increase the strength of thermal bond 15 to prevent

4C
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separation from the main portion and also provide a gradual
change 1n the durometer of the catheter between the main
portion and tubular tip.

The soft tip includes proximal end 22 with 1internal
taper 14, distal end 23, and passageway 24 extending
longitudinally therethrough. Wall 33 of the tubular tip
extends between inner passageway surface 31 and outer
surface 32. The soft tip preferably comprises a soft
durometer polyether block amide material such as nylon with
a durometer of approximately 75 on the Shore A scale and
having by weight in a range of 35 to 65 percent tungsten.
The tungsten significantly increases the radiopacity of the
soft tip. Preferably, soft tip 12 is a 2 cm length of 7.8
French nylon material tube including by weight 50 percent
nylon and 50 percent tungsten. Internal taper 14 eXtends
longitudinally approximately 2 to 3 mm about distal end 23.
Distal end 23 is rounded inside and out for presenting an
atraumatic end surface. Thermal bond 15 between external
and internal tapers 13 and 14 1is formed using any of a
number of well-known techniques.

The main portion includes proximal end 16, distal end 17
with external taper 13, and passageway 18 extending
longitudinally therethrough communicating with passageway 24
of the soft tip. Wall 21 extends between inner passageway
surface 19 and outer surface 20. Outer surface 20 and inner
surface 19 of the main portion have respective dliameters

approximating the respective diameters of outer surface 32
and inner surface 31 of the soft tip. As a result, the

guiding catheter has a smooth, uniform outer surface for
ready and atraumatic insertion through coronary vessels and
a smooth, uniform inner passageway surface for introducing
the largest possible angioplasty balloon catheter
therethrough. Guiding catheter 10 preferably has a uniform
8 French outside diameter of approximately .103", a uniform
inside diameter of approximately .082", and a wall nominally

.0105" in thickness. Well-known connector cap 28 and winged
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flange 29 are fixedly attached about proximal end 16 of the
main portion by a commercially available, medical grade
adhesive, such as Loctite No. 401, for providing a handle to
manipulate the catheter.

FIG. 2 depicts a partially cross-sectioned view of main
portion wall 21 and soft tip wall 33. Soft tip wall
comprises 50 percent polyether block amide for atraumatic
insertion and 50 percent tungsten, shown as particles 34,
for radiopacity.

Main portion wall 31 includes inner layer 25,
reinforcing braid 26, and outer layer 27. 1Inner layer 25
comprises a lubricous material such as
polytetrafluoroethylene having an approximately 50 to 65
durometer on the Shore D scale for providing a slick inner
passageway surface. To 1increase the strength of thermal
bond 15, the inner layer longitudinally extends partially
along external taper 13, which is approximately 2 to 3 mm 1in
length, for approximately 1 to 2 mm. In the preferred
empbodiment, inner layer 25 comprises a 130 cm length of 6.7
French polytetrafluoroethylene tube.

The main portion wall further includes reinforcing braid
26 of, for example, stainless steel wire, for enhancing the
torquability and kink resistance of the catheter. The braid
also longitudinally extends partially along the external
taper for further strengthening the bond thereat. 1In the
preferred embodiment, braid 26 is 175 cm long with an
outside diameter of .078" and having a plc of 50 formed of

.0026" and .0030" diameter Series 304 stainless steel wire.
Inner layer 25 prevents the braid from rippling inner
passageway surface 19 and undesirably engaging another
catheter being passed therethrough.

The main portion wall further comprises outer layer 27
longitudinally extending the entire length of the external
taper. The outer layer preferably also comprises a
polyvether block amide such as nylon for increasing the

compression strength and pushability of the catheter and

>
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includes by weight in a range of 10 to 30 percent bismuth,
shown by particles 35, for radiopacity. The polyether block
amide material of the outer layer 1s softer in durometer
than the composite durometer of the catheter as well as that
of the inner layer. In particular, outer layer 27 is a 130
cm length of 9 French nylon material tube comprising by
welight approximately 90 percent nylon with a durometer of
approximately 60.7 on the Shore D scale and 10 percent
bismuth. The combination of the inner and outer layers with
the braid positioned therebetween comprises a wall thickness
in a range of .006" to .0L55" depending on the outside
diameter of the catheter and has a composite durometer of
approximately 48 on the Shore D scale. Multilayered wall 21
is thermally bonded using any of a number of well-known
technigues.

it is to be understood that the above-described soft tip
guiding catheter is merely an illustrative embodiment of the
principles of this invention and that other embodiments may
be devised by those skilled in the art without departing
from the spirit and scope of this invention. It is
contemplated that various other materials of comparable
durometers may be utilized for the inner or outer layers,
reinforcing braid, or soft tip. In summary, the combination
of material 1layers in the main portion of the guilding
catheter provides a thin wall with  pushability,
torquability, and kink resistance. The soft tip thermally
bonded to the main portion by respective tapers presents a

soft, atraumatic surface to delicate coronary vessels.
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WHAT IS CLAIMED I1S:
1. A soft tip gulding catheter comprising:

a main, tubular portion having a distal end and a first
passageway extending longitudinally therethrough, said
portion further including a first outer surface, a first
inner passageway surface, and a wall having a composite
durometer therebetween, said distal end having an external
taper extending between said first inner passageway surface
and said first outer surface, said wall including an inner
material layer longitudinally extending partially along said
external taper and an outer material layer bonded to said
inner material layer extending the entire length of said
external taper:; and

a tubular tip comprising a material having a durometer
softer than said composite durometer, said tip having a
proximal end and a second passageway eXtending
longitudinally therethrough communicating with said first
passageway, sald proximal end having an internal taper
bonded to said external taper of said distal end of said
main tubular portion.

2. The guiding catheter of claim 1 wherein said tubular tip
includes a second outer surface having a diameter

approximating that of said first outer surface and further

includes a second inner passageway surface having a diameter
approximating that of said first inner passageway surface.
3. The guiding catheter of claim 1 further including a
thermal bond between said external and internal tapers.

4. The guiding catheter of claim 1 wherein said wall
further 1includes a braid positioned around and along said
inner layer.

5. The guiding catheter of claim 4 wherein said braid
comprises stainless steel wire.

6. The guiding catheter of claim 1 wherein said inner laver
comprises polytetrafluoroethylene.

7. The guiding catheter of claim 6 wherein said outer layer

comprises a first polyether block amide material having a

®
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first durometer.

8. The guiding catheter of claim 7 wherein said outer layer

further includes bismuth.

9. The guiding catheter of claim 7 wherein said material of
said tubular tip comprises a second polyether block amide
material having a second durometer softer than said first
durometer.

10. The guiding catheter of claim 9 wherein said material
of said tubular tip further comprises tungsten.

11. The guiding catheter of claim 1 wherein said wall has
a thickness in the range of .006" to .0155".

12. The guiding catheter of claim 1 wherelin said taper
extends longitudinally in a range of 2 to 3 mm.

13. The guiding catheter of claim 12 whereiln said inner
material layer longitudinally extends approximately in a
range of 1 to 2 mm along said external taper. ’

14. A soft tip guiding catheter comprising:

a main, tubular portion having a distal end and a first
passageway extending longitudinally therein, said portion
further including a first outer surface, a first inner
passageway surface, and a wall therebetween, said distal end
having an external taper extending between said first inner
passageway surface and said first outer surface, said wall
having an inner layer of a first material having a first
durometer and longitudinally extending partially along said
external taper, an outer layer of a second material having
a second durometer softer than said first durometer and
extending the entire length of said external taper, and a
reinforcing braid positioned between sald inner and outer
layers; and

a tubular tip comprising a third material having a third
durometer softer than said second durometer, said tip having
a proximal end and a second passageway extending therein and
communicating with said first passageway, said proximal end
having an internal taper bonded to said external taper of

said distal end of said wmain tubular portion.
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15. The guiding catheter of claim 14 wherein said tubular

tip 1includes a second outer surface having a diameter
approximating that of said first outer surface and includes
a second inner passageway surface having a diameter
approximating that of said first inner passageway surface.

16. The guiding catheter of claim 14 further including a
thermal bond between said external and internal tapers.

17. The guiding catheter of claim 14 wherein said outer

layer includes by weight in a range of 10 to 30 percent

bismuth and a remaining percentage of polyether block amide.
18. The guiding catheter of claim 17 wherein said third
material comprises by weight in a range of 35 to 65 percent
tungsten and a remaining percentage of polyether block

amide.
19. The guiding catheter of claim 17 wherein said first

material comprises polytetrafluorocethylene.
20. A soft tip guiding catheter comprising:

a main, tubular portion having a distal end and a first
passageway extending longitudinally therein, said portion
further including a wall having a thickness in the rénge of
- 006" to .0155" between a first outer surface and a first
inner passageway surface thereof, said distal end having an
external taper extending between said first inner passageway
surface and said first outer surface, said wall having an
inner layer of polytetrafluoroethylene having a first
durometer and longitudinally extending partially along said
external taper and an outer layer by weight of approximately
90 percent polyether block amide and 10 percent bismuth
having a second durometer softer than said first durometer
and extending the entire length of said external taper, said
wall further including a stainless steel wire braid
longitudinally extending partially along said external taper
and positioned between said inner and outer layers and
around said inner layer; and

a tubular tip comprising by weight approximately 50
percent polyether block amide and 50 percent bismuth and

10
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having a third durometer softer than said second durometer,
sald tip having a proximal end and a second passageway
extending therein and communicating with said first
passageway, saild proximal end having an 1internal taper
thermally bonded to said external taper of saild distal end
of said main tubular portion, said tubular tip including a
second outer surface having a diameter approximating that of
said first outer surface and including a second 1inner
passageway surface having a diameter approximating that of

said first i1nner passageway surface.
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