Y 000 O O

WO 01/56457 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 August 2001 (09.08.2001)

000 S0

(10) International Publication Number

WO 01/56457 Al

(51) International Patent Classification’: A61B 1/00

(21) International Application Number: PCT/US01/00673
(22) International Filing Date: 30 January 2001 (30.01.2001)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

09/495,810 1 February 2000 (01.02.2000) US

(63) Related by continuation (CON) or continuation-in-part

(CIP) to earlier application:
Us 09/495,810 (CON)
Filed on 1 February 2000 (01.02.2000)

(71) Applicant and
(72) Inventor: PRUITT, David L. [US/US]; 2411 Early Rivers
Place, Union City, CA 94587 (US).

(74) Agent: PETERSON, James W.; Burns, Doane, Swecker
& Mathis, LLP, P.O. BOX 1404, Alexandria, VA 22313-
1404 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA,BB, BG, BR,BY,BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR,
HU,ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO,NZ,PL, PT,RO,RU, SD, SE, SG, SI, SK, SL, TJ, T™M,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ,BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

For two-letter codes and other abbreviations, vefer to the "Guid-
ance Notes on Codes and Abbreviations"” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: MULTI-LUMEN MEDICAL DEVICE

(57) Abstract: A multi-lumen medical device such as an
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MULTI-LUMEN MEDICAL DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a multi-lumen medical device, and more
particularly, the invention relates to an extruded multi-lumen medical device, such

as an endoscope or a catheter, with a steerable tip.

Brief Description of the Related Art

Endoscopes are extensively used in the medical field to perform surgical,
therapeutic, diagnostic, or other medical procedures under direct visualization.
Conventional endoscopes generally contain several endoscope components such as
fiberoptic light guides, a fiberoptic image guide, and a working channel. These
components are positioned in the lumen of a sheathing tube of the endoscope.
Examples of know endoscope designs are shown in U.S. Patent Nos. 4,706,656;
4,911,148; and 5,704,899.

Steerable endoscopes include an elongated shaft and a flexible distal tip.
The flexible tip is deflectable by moving pull wires with controls located on an
endoscope handle at the proximal end of the device. When the endoscope is
provided with one pull wire, the tip is deflectable in one direction and when two
pull wires are provided, the tip is deflectable in two directions. In use, the one
way and two way deflectable endoscopes are manipulated to reach a desired
location by both deflecting the tip and rotating the entire device from the proximal
end. However, rotation of the entire endoscope by the user to steer the tip is
undesirable because it is difficult for the user, requires high torqueability of the

endoscope shaft, and causes high stress on the endoscope shaft.
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Accordingly, it would be desirable to provide a medical device with four
way tip deflection for improved maneuverability and precision.

It would also be desirable to provide a medical device with a centrally
located working lumen for a balanced device which bends uniformly in different
directions.

It would also be desirable to provide a medical device which is

inexpensively formed by extruding a multi-lumen flexible shaft.

SUMMARY OF THE INVENTION

The present invention relates to a medical device formed from a multi-
lumen extrusion with a central lumen and a plurality of surrounding lumens.

In accordance with one aspect of the present invention, an endoscope with
four way tip deflection includes an extruded multi-lumen shaft with a central
lumen and a plurality of surrounding lumens, and an extruded multi-lumen tip with
a central lumen and a plurality of surrounding lumens. The tip is connected to a
distal end of the shaft and the tip is more flexible than the shaft. Four pull wires
extend through the plurality of surrounding lumens of the shaft and the tip. An
endoscope handle is connectable to a proximal end of the shaft and the pull wires.
The handle has controls for four way tip deflection.

In accordance with an additional aspect of the present invention, a multi-
lumen steerable medical device includes an extruded multi-lumen shaft with a
central lumen and a plurality of surrounding lumens arranged around the central
lumen in a symmetrical pattern, and an extruded multi-lumen tip connected to a
distal end of the shaft. The tip has a central lumen and a plurality of surrounding
lumens arranged around the central lumen in a symmetrical pattern. The tip is
more flexible than the shaft. A plurality of pull wires extend through the

surrounding lumens of the shaft and the tip.
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In accordance with a further aspect of the invention, an endoscope includes
a multi-lumen extrusion having a central operating channel and a plurality of
auxiliary channels surrounding the central operating channel in a symmetrical
pattern. A plurality of light guides extend through some of the plurality of
auxiliary channels and a plurality of pull wires extend through others of the
plurality of auxiliary channels.

The present invention provides advantages of a four way deflectable multi-

lumen medical device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater detail with reference to the
preferred embodiments illustrated in the accompanying drawings, in which like
elements bear like reference numerals, and wherein:

FIG. 1 is schematic side view of an endoscope according to the present
invention;

FIG. 2 is a cross sectional view taken along line 2-2 of FIG. 1;

FIG. 3 is a side view of an end cap for the endoscope of FIG. 1,

FIG. 4 is a cross sectional view of a catheter according to the present
invention;

FIG. 5 is a cross sectional view of an alternative embodiment of an
extrusion for use in the present invention; and

FIG. 6 is a cross sectional view of another alternative embodiment of an

extrusion for use in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIGS. 1-3 illustrate one embodiment of an endoscope according to the

present invention. The endoscope 10 includes a handle 12, a shaft 14, and a distal
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tip 16. The shaft 14 and distal tip 16 of the endoscope are both multi-lumen
extrusions having identical or substantially identical cross sections. The shaft 14
and tip 16 are joined together in any known manner, such as by adhesive,
ultrasonic welding, or the like, to form the working portion of the endoscope. The
distal tip 16 is formed of a material which is more flexible than the shaft 14. The
flexibility of the distal tip 14 allows the tip of the endoscope to be steerable. The
endoscope handle 12 has controls 18, such as dials or levers, for control of the
distal tip 16 and preferably receives a camera for visualization.

As shown in FIG. 2, the shaft 14 and distal tip 16 each include a large
central lumen 20 and a plurality of auxiliary lumens 21-28. The central lumen 20
is used as a working channel for performing a medical procedure such as a
surgical procedure, drug delivery, tissue sampling, or the like. The auxiliary
lumens 21-28 are used for auxiliary functions such as steering, illumination,
visualization, irrigation, suction, and the like.

According to one embodiment of the endoscope 10, four of the auxiliary
lumens 21, 23, 25, and 27 receive pull wires 30-33 which are used to provide four
way tip deflection. The auxiliary lumens 24, 26, and 28 receive light guides 40,
41, and 42 for illumination of a tissue site and the auxiliary lumen 22 receives an
image guide 43 for visualization. The pull wires and light guides are secured at
the distal end of the endoscope by an end cap 50 such as the end cap illustrated in
FIG. 3. The end cap 50 has a central bore 52 which receives the end of the distal
tip 16. The end cap also has a plurality of bores 54 for securing the pull wires and
light guides.

The use of a multi-lumen extrusion with a central working lumen 20 and
uniformly distributed auxiliary lumens 20-27 provides a balanced device with a
flexibility which is substantially the same in all directions. This balanced device
has a distal tip 16 which bends uniformly in four directions for better tip control

than known endoscopes. The multi-lumen extruded endoscope is less expensive
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than known endoscopes with multiple elements conduits in a single outer sheath.
In addition, the four way tip deflection provides increased endoscope life because
the shaft does not have to be rotated during use causing stress on the shaft. The
central channel is also less prone to collapse in the multi-lumen extrusion than in a
conventional endoscope because of the uniform wall thickness.

The extruded shaft 14 and distal tip 16 of the present invention are sized
based on the particular medical application. The endoscope according to the
present invention may be any one of the know endoscopes, such as a neonatal
broncoscope, pediatric bronchoscope, intubation scope, pediatric cystoscope,
ureteroscope, ureterorenalscope, choledochoscope, nephroscope, hysteroscope,
thoracoscope, arthroscope, sinuscope, otoscope, laparoscope, ERCP accessory
scope, and the like. The endoscope may also be used in veterinary and industrial
applications.

Although the invention will be described in detail with reference to an
endoscope, the steerable medical device according to the present invention may be
an endoscope, a catheter, or like medical device. The catheters according to the
invention are similar to the endoscopes without light or image guides for direct
visualization. The auxiliary lumens which are used for light guides in the
endoscope may be eliminated in the catheter, may be left vacant, or may be used
as separate auxiliary channels.

FIG. 4 is a cross section of a catheter shaft 100 having a central lumen 120
and a plurality of surrounding auxiliary lumens 121-128. The auxiliary lumens
121, 123, 125, and 127 contain pull wires 130-133 for control of the distal tip. As
shown in FIG. 4, the auxiliary lumens 122, 124, 126, and 128 are left vacant.
Alternatively, the auxiliary lumens 122, 124, 126, and 128 may be used as
secondary channels for irrigation, evacuation, drug delivery, or other functions.
The catheters of the present invention are used under indirect visualization

techniques such as fluoroscopy.

PCT/US01/00673
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FIGS. 5-6 illustrate alternative embodiments of extrusions for forming the
medical devices according to the present invention. In FIG. 5, the auxiliary
lumens 21'-28" are formed in two different sizes. The smaller auxiliary lumens
21'-23", 25', and 27" are provided for the pull wires while the larger auxiliary
lumens 22', 24', 26', and 28' are provided for illumination and visualization light
pipes.

FIG. 6 illustrates an alternative embodiment of an extrusion in which one
of the auxiliary lumens is replaced with two smaller auxiliary lumens 22". These
two smaller auxiliary lumens 22" are sized so that the flexibility of the extrusion is
maintained uniform in all directions.

The extruded shaft and tip of the medical device according to the present
invention are preferably formed of an engineering thermoplastic elastomer, such as
PEBAX. Other materials which may be used include Nylon 11 and Hytrel. The
material used for the shaft portion 14 of the medical device preferably has a
hardness of about 50D or greater. The material used for the flexible tip 16
preferably has a hardness of about 30D to about 45D, or preferably about 40D.
Preferably, the material has a softening point greater than about 276° F so that the
device does not deform during autoclaving. Alternatively, if a material with a low
softening point is used, one or more mandrels may be inserted into the open
lumens of the extrusion during sterilization.

The medical device according to the present invention has an outer
diameter of about 10 mm or less and an inner diameter of about 1-5 mm. The
auxiliary lumens have diameters of about 0.1-5 mm. Preferably, the medical
device of the present invention has an outer diameter of about 2.5-6 mm, an inner
diameter of about 1.0-2.5 mm, and auxiliary lumen diameters of about 0.3-1.5
mm. The tip 16 preferably has a length of about 1-4 cm depending on the tip
curvature required. The length of the shaft 14 will vary greatly depending on the

application.
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The fiberoptic light pipes 40-43 for use in the present invention are
conventional glass or plastic light fibers which are sized as appropriate for the
space available. The pull wires 30-33 are any of the pull wires which are known
in the art such as single strand or multi-strand stainless steel or titanium wires.

According to a preferred embodiment of the invention, the extruded multi-
lumen shaft 14 and tip 16 are reinforced to provide column strength and to allow
flexibility and articulation of the tip. The reinforcement may be any of the known
reinforcements such as stainless steel wire reinforcement which may be positioned
at the inner diameter, at the outer diameter, embedded within the wall, or within
the lumens of the extruded multi-lumen shaft and tip. According to one example
of the invention, a stainless steel braided wire reinforcement layer is positioned
along the walls of the central lumen of the extrusion and is coated to prevent the
wire reinforcement from contacting on instruments which are inserted through the
central lumen.

The following are five examples of endoscope size configurations for use in
different medical applications. The medical applications listed are merely

examples of some of the applications for which a particular size may be useful.

Example 1:

An endoscope having a 2.6 mm outer diameter, a 1.1 mm inner diameter,
and 0.5 mm diameter auxiliary lumens may be used as a neonatal broncoscope,

pediatric cystoscope, arthroscope, sinuscope, or nephroscope.

Example 2:

An endoscope having a 3.2-3.4 mm outer diameter, a 1.35 mm inner
diameter, and 0.5 mm diameter auxiliary lumens may be used as a pediatric
broncoscope, intubation scope, ureteroscope, choledochoscope, arthroscope,

otoscope, or laparoscope.
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Example 3:

An endoscope having a 4.0-4.2 mm outer diameter, a 2 mm inner
diameter, and 0.5 mm diameter auxiliary lumens may be used as an intubation

scope, a nephroscope, thoracoscope, otoscope, or laparoscope.

Example 4:

An endoscope having a 5-5.5 mm outer diameter, a 2-2.5 mm inner

diameter, and 1 mm diameter auxiliary lumens may be used as a laparscope.

Example 5:

An endoscope having a 2 mm outer diameter, a 0.5 mm inner diameter,
and 0.5 mm diameter auxiliary lumens may be used as a neonatal bronoscope,

pediatric cystoscope, ureterorenal scope, or choledochoscope.

The above-examples have been provided as merely illustrative of the size
and corresponding functions of some of the endoscopes according to present
invention. The multi-lumen extrusions for use in the present invention preferably
are extruded with tolerances of about + .001" or less.

Although the present invention describes a flexible endoscope, the
invention may also be used to form a rigid endoscope by the addition of a rigid
tube such as a stainless steel tube positioned around the shaft portion of endoscope.

While the invention has been described in detail with reference to the
preferred embodiments thereof, it will be apparent to one skilled in the art that
various changes and modifications can be made and equivalents employed, without

departing from the present invention.
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WHAT IS CLAIMED IS:

1. An endoscope with four way tip deflection comprising:
an extruded multi-lumen shaft with a central lumen and a plurality
of surrounding lumens;

5 an extruded multi-lumen tip with a central lumen and a plurality of
surrounding lumens, the tip connected to a distal end of the shaft, and the tip is
more flexible than the shaft;

four pull wires extending through the plurality of surrounding
lumens of the shaft and the tip; and
10 an endoscope handle connectable to a proximal end of the shaft and

the pull wires, the handle having controls for four way tip deflection.

2. The endoscope of Claim 1, wherein the plurality of surrounding
lumens include four lumens containing the four pull wires and four lumens for

visualization optics.

15 3. The endoscope of Claim 1, wherein the multi-lumen shaft has an

outer diameter of 6 mm or less.

4. The endoscope of Claim 1, wherein the plurality of surrounding

lumens all have substantially the same diameter.

5. The endoscope of Claim 1, wherein the plurality of surrounding

20  lumens are spaced evenly around the central lumen.
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6. The endoscope of Claim 1, wherein at least one of the plurality of
surrounding lumens is left open.

7. The endoscope of Claim 1, wherein the plurality of surround

lumens are positioned around the central lumen in a pattern which provides the

5 shaft and tip with uniform flexibility in a plurality of directions.

8. A multi-lumen steerable medical device comprising:
an extruded multi-lumen shaft with a central lumen and a plurality
of surrounding lumens arranged around the central lumen in a symmetrical pattern;
an extruded multi-lumen tip connected to a distal end of the shaft,
10 the tip having a central lumen and a plurality of surrounding lumens arranged

around the central lumen in a symmetrical pattern, the tip is more flexible than the

shaft; and
a plurality of pull wires extending through the surrounding lumens
of the shaft and the tip.
15 9. The medical device of Claim 8, wherein the plurality of surrounding

lumens include four lumens containing four pull wires.

10. The medical device of Claim 8, further comprising visualization

optics positioning in some of the plurality of surrounding lumens.

11.  The medical device of Claim 8, wherein the plurality of surrounding

20  lumens all have substantially the same diameter.

12.  The medical device of Claim 11, wherein the plurality of

surrounding lumens are spaced evenly around the central lumen.
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13.  The medical device of Claim 8, further comprising stainless steel
woven wire reinforcement located in or on the shaft and tip to provide column

strength to the medical device.

14.  An endoscope comprising:

5 a multi-lumen extrusion having a central operating channel and a
plurality of auxiliary channels surrounding the central operating channel in 2
symmetrical pattern,

a plurality of light guides extending through some of the plurality of
auxiliary channels; and
10 a plurality of pull wires extending through others of the plurality of

auxiliary channels.

15.  The endoscope of Claim 14, wherein the plurality of auxiliary
lumens include four lumens containing the plurality of pull wires and four lumens

containing visualization optics.

15 16.  The endoscope of Claim 14, wherein the multi-lumen extrusion has

an outer diameter of 6 mm or less.

17.  The endoscope of Claim 14, wherein the plurality of auxiliary

lumens all have substantially the same diameter.

18.  The endoscope of Claim 14, wherein at least one of the plurality of

20  auxiliary lumens is left open.
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19.  The endoscope of Claim 14, wherein the plurality of auxiliary
lumens are positioned around the central lumen in a pattern which provides the

extrusion with uniform flexibility in a plurality of directions.

20. A method of forming an endoscope comprising:
5 extruding a multi-lumen member having a central lumen and a
plurality of auxiliary lumens surrounding the central lumen;
inserting a plurality of pull wires in some of the auxiliary lumens;
and
inserting a plurality of optical light fibers or image fibers in others

10 of the plurality of auxiliary lumens.

21.  The method of Claim 20, wherein the auxiliary lumens are arranged

in a symmetrical pattern about the central lumen.

22.  The method of Claim 20, wherein the pull wires and the optical
light fibers or image fibers are inserted in an alternating arrangement in the

15  auxiliary lumens.

23.  The method of Claim 20, wherein the extruded multi-lumen
member is formed from a first member having a first flexibility and a second

member having a second flexibility which are connected together.
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