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(67) Claim
1 A catheter for casily inserting into a vessel or cavity of the human body to thereby

provide improved flexibility and manipulation of a portion of the catheter within the vessel or
cavity, said catheter comprising:

a onc-picce clongate tube integrally formed of a material having sufficient stiffness
to maintain said clongate tube along a substantially straight axis in the absence of an external
force applied thereto, said onc-picee clongate tube having a distal portion and a proximal
portion, cach of said portions having substantially the same outer circumference, and said
distal portion being more flexible than said proximal portion.

11. A catheter for casily inserting into a vessel or cavity of the human body to thereby
provide improved flexibility and manipulation of a portion of the catheter within the vessel or
cavity, said catheter comprising:

a one-picce elongate tube integrally formed of a polymeric material, said onc~picce
clongate tube having a tubular proximal portion formed of a flexible polymeric material;

a tubular medial portion integrally formed coaxial and adjacent said proximal portion,
and formed of a flexible polymeric material, said medial portion having substantially the same
outer circumfcrence as said proximal portion, and said medial portion being more flexible than
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said proximal portion; and
a tubular distal portion integrally formed coaxial and adjacent said medial portion and
on the opposite end of said medial portion from said integrally formed proximal portion, and

formed of a flexible polymeric material, said distal portion having substantially the same outer

circumference as said medial portion and said proximal portion, and said distal portion being

more flexible than said medial portion.

22. A catheter for casily inscrting into a vessel or cavity of the human body to thereby
provide improved flexibility and manipulation of a portion of the catheter within the vessel or
cavity, said cathctcr comprising:

a housing of such a size as to be readily held in the hand of a user;

aonc-picce clongate tube integrally formed of a polymeric material, said one-picce
clongate tube having a tubular proximal portion connected to and extending from said housing,
said proximal portion formed of a flexible polymeric material; and

a tubular distal portion coaxial and adjacent said proximal portion, and formed of a
flexible polymeric material, said distal portion having substantially the same outer
circumference as said proximal portion, and said distal portion being more flexible than said
proximal portion;

control wires cxtending longitudinally through said proximal and distal portions and

parallel to the axis of said coaxial portions for bending said flexible portions in response to
movement of said control wires; and
means carricd by said housing for controlling the movement of said wires to thereby

bend said flexible portions and remotely manipulate said catheter within a human body.



OP1 DATE 24/05/94 APPLN. 1D

42795/93
AQJP DATE 28/07/94 PCT NUMBER PCT/US93/03264

[BERRENER ENFR R

AUP342795

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification S ¢

AGIM 25/01 Al

(11) International Publication Number:

(43) Inteenational Publication Dates

WO 94/09843
11 May 1994 (11.05.94)

PCT/US93/03264
6 April 1993 (06.04.93)

(21) International Application Number:
(22) International Filing Date:

(30) Priority data:

970,490 2 November 1992 (02.11.92) US

(60) Parent Application or Grant
(63) Related by Continuation
us 970,490 (CON)
Filed on

2 November 1992 (02.11.92)

(71) Applicant (for all designated States except US): CATHETER
IMAGING SYSTEMS [US/US]); 1850 Alma Street, At
lanta, GA 30318 (US).

(72) Inventorss and

(75) Inventors/Applicants (for US onlys . SNOKE, Phillip, Jack
[US7US); 2785 Arden Road NV, Atlanta, GA 30237
(US). ROWLEY, David, Scott {US7US);: 4581-§ Valley
Parkway, Smyrna, GA 30082 (US). LINCOLN, David,
George [US#US); 2860 Parkwood Road, Smyrna, GA
30080 (US). CHARLES, Kirk, William (US/US); 1725
Blossom Lane, Austell, GA 30001 (US).

(74) Agents: SUMMA, Philip et al.; Bell, Scltzer, Park & Gib-
son, P.O. Drawer 34009, Charlotte, NC 28234 (US).

(81) Deslgnated States: AT, AU, BB, BG, BR, CA, CH, CZ,
DE, DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG,
MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, SE, SK,
UA, US, VN, European patent (AT, BE, CH, DE, DK,
ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,

NE, SN, TD, TG).
Published
With international scarch report.
I T
(’”«\ d N R L
RHNY P/ R T

camz e

(54) Title: CATHETER HAVING A MULTIPLE DUROMETER

(57) Abstract

The catheter (20) has a housing (29) of such a size as to be readily held in the hand of the user, and a tubular proximal por-
tion (41') connected to and extending from the housing. The proximal portion is formed of a flexible polymeric material. The dis-
tal portion (43') is coaxial with and is adjacent to the proximal portion. The distal portion is also formed of a flexible polymeric
material and it has substantially the same outer circumference as the proximal portion. The distal portion is more flexible than
the medial portion (42'). A pair of control wires (51, 52) extend longitudinally through the proximal and distal portions and par-
allel to the axis of the coaxial portions for bending the flexible portions in response to movement of the control wires. A control is
carried by the housing for controlling the movement of the control wires to thereby bend the flexible portions and remotely ma-

nipulate the catheter within a human body.
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CATHETER HAVING A MULTIPLE DUROMETER

Related Applications

This application is related to copending U.S.
Patent Application Serial No. 07/908,403 filed on July
6, 1992.

Field Of The Invention

This invention relates to medical catheters,
and more particularly to a catheter having an elongated
tube of variable hardness.

Background Of The Invention

Various commercially available endoscopes and
catheters exist for introducing into body vessels or
cavities a variety of surgical tools, fluids, and other
materials, such as radiographic contrast materials,
angioplasty balloons, fiberoptic scopes, laser lights,
and cutting instruments. Also, various techniques and
systems have been developed for guiding or steering the
catheters in the body vessels or cavities for use of
these tools, fluids, and other materials. Therapeutic
treatments may be made by inserting surgical
instruments oxr fluid through a treatment channel of the
endoscope or catheter.

Several devices have been developed for
controlling movement in a portion of the catheter by
use of wiring systems or linked segments within the
catheter. Examples of these devices may be seen in
U.S. Patent 3,948,251 by Hosono entitled "Flexible Tube
Endoscope"; U.S. Patent 4,279,245 by Takagi et al.

PCT/US93/03264
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entitled "“Flexible Tube"; U.S. Patent 5,058,568 by
Iriony et al. entitled "Flexible Endoscope"; U.S.
Patent 4,844,053 by Dittrich entitled "Flexible Tubular
Device"; U.S. Patent 4,753,222 by Morishita entitled
"Endoscopic Flexible Tube"; U.S. Patent 4,580,551 by
Siegmund, et al. entitled "Flexible Plastic Tube for
Endoscopes And The Like"; and, U.S. Patent No.
4,911,148 by Sosnowski, et al. entitled "Deflectable-
End Endoscope wWith Detachable Flexible Shaft Assembly".

other devices have been developed which
control the movement of the catheter by insertion of an
instrument into a channel or lumen of the catheter.
Examples of such devices may be seen in U.S. Patent
922,985 by Wappler entitled "Endoscope"; U.S. Patent
4,390,012 by Mizumoto entitled "Rigid Type Endoscope";
U.S. Patent 4,577,621 by Patel entitled "Endoscope
Having Novel Proximate and Distal Portions"; U.S.
Patent 4,587,972 entitled "Device For Diagnostic And
Therapeutic Intravascular Intervention"; U.S. Patent
4,625,713 by Hiraoka entitled "Instrument Incorporated
In A Resectoscope"; U.S. Patent 4,745,908 by Wardie
entitled "Inspection Instrument With Flexible Shaft
Having Deflection Compensation Means"; U.S. Patent
4,748,969 by Wardle entitled "Multi-Lumen Core
Deflecting Endoscope"; and U.S. Patent 4,793,326 by
Shishido entitled "Endoscope Having Insertion End Guide
Means". These devices, although illustrating various
control techniques, do not provide ease of insertion
and control to the hand of the physician or user.

Other catheters using various other control
techniques may be seen in U.S. Patent Number 3,892,228
by Mitsui entitled "Apparatus For Adjusting The Flexing
Of The Bending Section Of An Endoscope"; U.S. Patent
4,483,326 by Yamaka, et al. entitled "Curvature Control
Mechanism In Endoscopes"; U.S. Patent 4,543,090 by
McCoy entitled "Steerable and Aimable Catheter"; U.S.
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Patent 4,815,450 by Patel entitled “Endoscope Having
variable Flexibility"; U.S. Patent 4,890,602 by Hake
entitled "Endoscope Construction with Means For
Ccontrolling Rigidity and Curvature of Flexible
5 Endoscope Tube"; U.S. Patent 4,906,230 by Maloney, et

al. entitled "Steerable cCatheter Tip"; and, U.S. Patent
4,893,613 by Hake entitled "Endoscope Construction With
Means For Controlling Rigidity And Curvature Of
Flexible Endoscope Tube". These prior control systems

10 attempted to control portions of the catheter by
inserting instruments therein or inserting wires or
other control mechanisms within a tube of the catheter.
Like the other devices, however, the mechanisms for
controlling the catheters are often awkward and bulky

15 for insertion and control purposes.

Thus, there is still a need for a catheter
imaging apparatus that allows for ease of insertion
into the body vessel or cavity and also provides
control and manipulation of the catheter while

20. simultaneously using surgical tools, such as fiberoptic
scopes or the like, and fluids needed for medical
operations to thereby allow the physician to
positionally locate, isolate, and view problem areas
within the body vessel or cavity.

25 Summary Of The Invention

Therefore an object of the present invention
is to provide a catheter that can be more easily
inserted into a vessel or cavity of the human body and
vrovide control and flexibility for the user. The

30 catheter of the invention advantageously provides an
elongate tube having portions of varying durometer
hardness to improve the ease of insertion into a body
vessel or cavity and also provide improved control of
the catheter.

35 These and other objects, features, and
advantages of the present invention are set forth more
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fully below. In particular, the catheter has a housing
of such a size as to be readily held in the hand of the
user, and a tubular proximal portion connected to and
extending from the housing. The proximal portion is

5 formed of a flexible polymeric material. The distal
portion is coaxial with and adjacent to the proximal
portion. The distal portion is also formed of a
flexible polymeric material and has substantially the
same outer circumference as the proximal portion. The

10 distal portion is more flexible than the proximal
portion. A pair of Control Wires, extend
longitudinally through the proximal and distal portlons
and parallel to the axis of the coaxial portions for
bending the flexible portions in response to movement

15 of the control wires. A control wheel is carried by
the housing for controlling the movement of the control
wires to thereby bend the flexible portions and
remotely manipulate the catheter within a human body.

Brief Description Of The Drawings

20 Some of the objects and advantages of the
present invention having been stated, others will
become apparent as the description proceeds when taken
in conjunction with the accompanying drawings, in
which:

25 FIG. 1 is a perspective view of the catheter
having a multiple durometer hardness according to the
present invention;

FIG. 2 is an enlarged view of the control
wheel and control wires of the catheter according to

30 the present invention;

FIG. 3 is a top plan view of the catheter
with parts broken away for clarity showing the flexible
distal portion being more flexible than a proximal
portion of the elongate tube;

35 FIG. 4 is a top plan view of a catheter
illustrating the movement of the proximal, medial and
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distal portions of the elongate tube in response to the
control wheel;

FIG. 5 is a top plan view of another
embodiment of the catheter having proximal, medial, and

5 distal portions of an elongate tube and illustrating
the flexibility of the movement of these portions:

FIG. 6 is an enlarged cross-sectional view
taken along line 6-6 of FIG. 5 illustrating the working
lumens and the control wires, as well as illustrating

10 the similar outer circumference of the elongate tube of
the catheter;

FIG. 7 is an enlarged cross-sectional vie@ of
another embodiment of the elongate tube of the catheter
having additional control wires on each side of the

15 working lumens for further control of the catheter;

FIG. 8 is an enlarged top end view of the
catheter from the distal portion;

FIG. 9 is an enlarged side plan view of the
distal portion of the catheter;

20 FIG. 10 is an enlarged side plan view of a
distal portion of a catheter having dashed lines for
indicating the working lumens and the wires within the
distal portion; and

FIG. 11 is an enlarged cut away view of

25 distal portion illustrating the insertion of the
control wires within the catheter.

Description Of A Preferred Embodiment

The present invention now will be described
more fully hereinafter with reference to the

30 accompanying drawings in which a preferred embodiment
of the invention is shown. Like numbers refer to like
elements throughout.

Referring now to the drawings, FIG. 1 is a
perspective view of the catheter broadly designated at

35 20 having multiple durometer hardness. The catheter 20
has a housing 30 of such a size as to be readily held



WO 94/09843

10

15

20

25

30

35

in the hand of a user. The catheter 20 has an elongate
tube 40 connected to thg‘hqysing 30 and extendlgg from
an end 29 thereof. The efgéééte tube 40 is fé@med of a
material having sufficient stiffness to maintain the
elongate tube 40 along a substantially straight axis in
the absence of an external force applied thereto. The
housing 30 has access ports 31, 32 for permitting
access to a pair of working lumens 45, 46 (shown in
FIG. 6) within the opposite end 28 of the elongate tube
40. An access port 34 within the housing 30 also
provides access to one of the lumens 45 or 46 for a
fiberscope or the like.

FIGS. 2-5, illustrate the controlled movement
of the rlexible portions of the catheter 20 having
variable hardness. FIG. 2 is an enlarged view of the
control means shown in the form of control wheel 35
carried by the housing 30 and having stem portions 36,
37 connected thereto. Means for adjusting the
flexibility of the elongated tube 40, shown in the form
of control wires 51, 52, engage the stem portions 36,
37 of the control wheel 35 to bend thereby manipulate
various flexible portions of the elongate tube 40 of a
catheter 20. The ccntrol wires 51, 52 cross and wrap
around the stem portions 36, 37 as illustrated in FIG.
2 and attach to a portion of the housing 30. It will
be apparent that various other attaching or engaging
locations may also be used, such as attaching the wires
51, 52 to the control wheel 35 in some manner.

FIG. 3 illustrates a top plan view of the
catheter 2¢ with parts broken away for clarity and
showing the proximal portion 41, the medial portion 42,
and a distal portion 43. The phantom view and the
directional arrow illustrate the controlled movement of
the distal portion 43 of the catheter 20. The movement
of the distal portion 43 of the catheter 20 without the
medial 42 or the proximal 41 portions moving

PCT/US95/03264
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illustrates the multiple durometer or hardness aspects
of the polymeric material of the catheter. The
elongate tube 40 is typically formed of one type of
polymeric material, preferably a thermoplastic such as
polyurethane, but other polymeric materials apparent to
those skilled in the art may also be used.

FIG. 4 further illustrates how the medial 42
and proximal 41 portions bend more and are more
flexible than the catheter movement illustrated in FIG.
3. This flexibility depends on the hardness
characteristics of the polymeric material used to form
the various portions 41, 42, 43 of the elongate tube
40. For forming the elongate tube 40 of the catheter
20, the polymeric material is extruded having
characteristics such to form the elongate tube 40
having cross-sectional profiles as illustrated in FIGS.
6 or 7. The extruding process provides the formation
of the proximal 41, medial 42, and/or distal 43
portions having varying hardness by use of polymeric
material such as polyurethane having different
durometer characteristics. Typically, the proximal 41,
medial 42, and distal 43 portions have substantially
the same outer circumference throughout the elongate
t&ﬁg 43{ g?ide%gggfion% gre cut to, the q551red length

%‘r M e~ prec ugm'x Somic welo . or radio
frequeALy ("RF") welding. Other various joining
techniques, such as solvent bonding, apparent to those
skilled in the art may also be used. The lumens 46, 47
are kept in line by using a mandrel of the proper size
to ensure proper alignment. In addition, molding or
other tube forming techniques, as well as the extruding
discussed herein, may be used to form the various tube
portions 41, 42, 43. If the tube portions are molded,
various hardening techniques apparent to those skilled
in the art may also be used to form the varying
flexibility of the tube portions.
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FIG. 5 illustrates another embodiment of the
catheter 20' taken from the top plan view with parts
broken away for clarity illustrating controlled
movement of the tubular coaxial proximal 41', medial

5 42', and distal 41' portions. In this embodiment, the
control wires 51 and 52 are able to move the distal
portion at a greater angular attitude than the medial
portion 42' as illustrated by the directional arrows.
The embodiment of FIGS. 3-5 use the control wires 51,

10 52 to change the angular attitude of the distal 43 and
medial 42 portions from the substantial straight axis
~to thereby remotely manipulate these portions by use of
the control wheel 35. It will be apparent to thcse
skilled in the art that various other means may be used

15 to control the movement of the various portions 41, 42,
43 of the elongate tube 40 or remotely manipulate the
wires or the like. Further, the control wires may only
extend into various portions 41, 42, or 43 of the
elongate tube 40 for changing the angular attitude of

20 the medial 42 or proximal 41 portions from the
substantially straight axis separately from any changes
in the angular attitude of the distal portion to
thereby manipulate the medial 42 or the proximal
portion.

25 FIGS. 6 and 7 illustrate the location of the
working lumens 46, 47 extending parallel to the axis of
the coaxial proximal 41 medial and distal 43 portions
and the control wires 51, 52 within the elongate tube
40. FIG. 6 is an enlarged cross sectional view taken

30 along line 6-6 of FIG. 5. FIG. 6 illustrates that
working lumens 46, 47, of the catheter 20. It also
illustrates the location of the control wires 51, 52 in
the preferred embodiment. As previously discussed the
various portions 41, 42, 43, of the elongate tube 20

35 have sq?aﬁﬁttially the same outer circumference and are

je-i—n—tec%at ends thereof by one or more of the various
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techniques described above. FIG 7. is a cross-
sectional view similar to FIG. 6 of another embodiment
of the catheter 20' having control wires 51!, 52¢,
53', 54' to provide additional control of the catheter
5 20. This embodiment can be used to separately change

the angular attitude of the various portions 41, 42, 43
of the elongate tube 40. The control wires 53', 54¢,
for example, may only extend longitudinally into the
medial portion 42 to thereby separately bend and

10 manipulate that portion of the catheter 20 with respect
to the distal portion 43.

FIGS. 8-11 illustrate views of the distal
portion 43 of the catheter 20 and the construction
thereof. FIG. 8 is a top plan view of the distal

15 portion 43 of the catheter 20 illustrating the working
lumens 46, 47, for access of a fiberoptic scope or the
like into a vessel or cavity of the human body. FIG. 9
is a side plan views illustrating one of the lumens 47.
FIG. 10 is another side plan views having phantom views

20 of the location of the lumens 46, 47 and the control
wires 51, 52.

' FIG. 11 is an enlarged cross-sectional view
illustrating the insertion of control wires 51, 52,
prior to forming the tip of the distal portion 43 to

25 thereby form a converging tip as illustrated in FIGS.
8-10 for ease of insertion and access into and through
a body vessel, cavity, skin or tissue. The control
wires 51, 52 are inserted into the wire channels of the
various portions 41, 42, 43 and looped through the

30 distal portion 43. The wires 51, 52 are held under
tension as the distal portion 43 is inserted into a
tipping die. The die is heated and shzped to form the
convergent tip and then cooled to form the tip of the
flexible distal portion 43 as illustrated in FIGS. 8-

35 10. The wires 51, 52 preferably need to be fixed to
the elongate tube 40 in some manner so that the
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movement of the control wheel 35 or the like moves the
wires 51, 52 to thereby bend and manipulate the
flexible portions of the catheter 20. Numerous
techniques can be used to fix the wires 51, 52 to the
5 elongate tube 40 such as RF welding or sonic welding

ends of the wires 51, 52 to a portion, such as the
distal portion 43 of the elongate tube 40. As
i lustrated in the preferred embodiment of FIG. 11, the
looping of the wires 51, 52 through the wire channels

10 in the distal portion 43 secures the wires to a portion
of the elongate tube 40 and also reduces the slippage ‘
of the wires as the wires 51, 52 are moved
longitudinally with respect to one another to bend the '
various portions 41, 42, 43 of the elongate tule 40. '

15 In the drawings and specification, there have
been disclosed typical preferred embodiments of the
invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for the purposes of limitation, the scope of

20 the invention being set forth in the following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A catheter for casily inscrting into a vessel or cavity of the human body to thercby
provide imrroved flexibility and manipulation of a portion of the catheter within the vessel or
cavity, said cathcter comprising:

a one-picce clongate tube integrally formed of a matcrial having sufficicnt stiffncss
to maintain said clongate tubce along a substantially straight axis in the absence of an cxternal
forcc applicd thereto, said onc-picce clongate tube having a distal portion and a proximal
portion, cach of said portions having substantially the same outer circumference, and said

distal portion being more flexible than said proximal portion.

2. A catheter according to claim 1, further comprising a medial portion of said onc picce
clongate tube between said distal and proximal portion, said medial portion being more

flexible than said proximal portion and less flexible than said distal portion.

3. A catheter according to claim 2, wherein said proximal, medial, and distal portions of
said onc~-picce clongate tube arc welded together at ends thereof to thercby integrally form

onc-picce.

4. A catheter a=cording to claim 1, wherein said distal portion of said one picce clongate
tube converges to form a tip for casc of access into and through a body vesscl, cavity, skin,

or tissuc.

5. A catheter according to claim 1, further comprising means within said onc picce
clongate tube for changing the angular attitude of said distal portion from said substantially

straight axis to thereby remotely manipulate said distal portion of said catheter.

6. A catheter according to claim 1, further coniprising means within said one picce

clongate tube for changing the angular attitude of said proximal portion from said substantially

W, 30 straight axis separately from any changes in the angular attitude of said distal portion to
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thercby manipulate said medial portion of said catheter,

7. A catheter according to claim 1, further comprising a wire extending longitudinally
through said onc picce clongate tube for contre'ling a change in the angular attitude of said
distal portion from said substantially straight axis to thercby remotcly manipulate said distal

portion of said catheter,

8. A catheter according to claim 1, further comprising a housing of such a sizc as to be
readily held in the hand of a uscr and connected to said proximal portion of said onc picce

clongatc tube to thereby provide control and manipulation of said clongate tube.

9 A catheter according to claim 1, wherein said material forming said onc picce clongate

tube is a polymeric material.

10. A catheter according to claim 1, wherein said proximal and distal portions of said onc-
picce clongate tube are integrally formed together as one picce by a radio frequency weld at

common cnds thereof,

11. A catheter for casily inserting into a vessel or cavity of the human body to thercby
provide improved flexibility and manipulation of a portion of the cathcter within the vessel or
cavity, sa.d catheter comprising:

a one-picce clongate tube integrally formed of a polymeric material, said onc—-picce
clongate tube having a tubular proximal portion formed of a flexible polymeric material;

a tubular medial portion intcgrally formed coaxial and adjacent said proximal portion,
and formed of a flexible polymeric material, said medial portion having substantially the same
outer circumference as said proximal portion, and said medial portion being more flexible than
said proximal portion; and

a tubular distal portion integrally formed coaxial and adjacent said medial portion and
on the opposite cnd of said medial portion from said integrally formed proximal portion, and

formed of a flexible polymeric material, said distal portion having substantially the same outer
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circumference as said medial portion and said proximal portion, and said distal portion being

more flexible than said medial portion,

12. A catheter according to claim 11, wherein said proximal, medial, and distal portions
S of said onc-picce clongate tube arc intcgrally formed from a single type of polymeric

matcrial.

13. A catheter according to claim 12, wherein said flexible polymeric material is a
thermoplastic polymer.

10
14. A catheter according to claim 12, wherein said flexible polymeric material is

polyurcthane.

e 15. A catheter according to claim 11, wherein said proximal, medial, and distal portions
*ees 15 of said onc-picce clongate tubc comprise scparate picces of polymeric material integrally

e .

el joined to form a single clongate tube.
16. A catheter according to claim 11, further comprising a pair of lumens extending
otes® parallel to the axis of said coaxial proximal, medial, and distal portions, for providing a

oo 20 working channel from said proximal portion of said catheter to said distal portion.

. 17. A catheter according to claim 16, further comprising a pair of control wires extending
longitudinally through said proximal, medial, and distal portions and parallel to the axis of said
coaxial portions for bending and thereby manipulating said flexible portions when said control

25 wires are moved longitudinally with respect to one another.

18. A catheter according to claim 17, wherein each of said control wires extends
longitudinally from said proximal portion, through said medial portion, and into said distal
portion, looped within said distal portion and extending longitudinally from said distal portion,
0 AIL},}?’Q through said medial portion, and into said proximal portion to thereby reduce slippage of said

."9\ ‘
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control wires as said wires are moved longitudinally with respect to one another.

19. A catheter according to claim 11, further comprising four control wires extending
longitudinally through said proximal, medial, and distal portions and parallel to the axis of said
coaxial portions for bending and thereby manipulating said flexible portions when said control

wires are moved with respect to one another.

20. A catheter according to claim 19, wherein said control wires comprise two pairs of
wires, cach of said control wires cxtending longitudinally from said proximal portion, through
said medial portion, and into said distal portion, looped within said distal portion and
extending longitudinally from said distal portion, through said medial portion, and into said
proximal portion to thereby reduce slippage of said control wires as said wires arc moved

longitudinally with respect to one another.

21. A catheter according to claim 11, wherein said proximal, medial, and distal portions
of said onc-picce clongate tube arc integrally formed together as one piece by a radio

frequency weld at respective common ends thereof.

22. A catheter for casily inserting into a vessel or cavity of the human body to thercby
provide improved flexibility and manipulation of a portion of the catheter within the vessel or
cavity, said catheter comprising:

a housing of such a size as to be readily held in the hand of a user;

a one-piece clongate tube intcgrally formed of a polymeric material, said onc-picce
clongate tube having a tubular proximal portion connected to and extending from said housing,
said proximal portion formed of a flexible polymeric material; and

a tubular distal portion coaxial and adjacent said proximal portion, and formed of a
flexible polymeric material, said distal portion having substantially the same outer
circumference as said proximal portion, and said distal portion being more flexible than said
proximal portion;

control wires extending longitudinally through said proximal and distal portions and
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parallel to the axis of said coaxial portions for bending said flexible portions in response to
movement of said control wires; and
means carricd by said housing for controlling the movement of said wires to thereby

bend said flexible portions and remotely manipulate said catheter within a human body.

23. A catheter according to claim 22, further comprising a tubular medial portion coaxial
and adjacent said proximal portion and said distal portion of said onc-piece clongate tube, and
formed of a flexible polymeric material, said medial portion having substantially the same
outer circumference as said proximal portion and said distal portion of said one-piece clongate
tube, and said medial portion being more flexible than said proximal portion and less flexible

than said distal portion.

24. A catheter according to claim 23, further comprising a pair of lumens extending
parallel to the axis of said coaxial proximal, medial, and distal portions, for providing a

working channel from said proximal portion of said catheter to said distal portion.

25. A catheter according to claim 24, wherein said pair of lumens extend into said housing

for accessing said lumens therefrom,

26. A catheter according to claim 22, wherein said wire control means compriscs a rotating
control wheel engaging a portion of cach of said control wires so that rotation of said control
wheel moves said wires and thereby changes the angular attitude of said distal portion of said

clongate tube.

27. A catheter according to claim 22, further comprising a pair of control wires extending
longitudinally through said proximal, medial, and distal portions and parallel to the axis of said
coaxial portions for bending and thereby manipulating said flexible portions when said control

wires are moved longitudinally with respect to one another.
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28. A catheter according to claim 27, wherein each of said control wires cxtends
longitudinally from said proximal portion, through said medial portion, and into said distal
portion, looped within said distal portion and extending longitudinally from said distal portion,
through said medial portion, and into said proximal portion to thereby reduce slippage of said

5 control wires as said wires are moved longitudinally with respect to one another.

29. A catheter according to claim 22, further comprising four control wires extending
longitudinally through said proximal, medial, and distal portions and parallel to the axis of said
coaxial portions for bending and thereby manipulating said flexible portions when said control

10 wires are moved with respect to one another.

30. A catheter according to claim 29, wherein said control wires comprise two pairs of
wires, cach of said control wires cxtending longitudinally from said proximal porticn, through
said medial portion, and into said distal portion, looped within said distal portion and
15 extending longitudinally from said distal portion, through said medial portion, and into said
proximal portion to thereby reduce slippage of said control wires as said wires are moved

longitudinally with respect to one another.

20
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