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ABSTRACT

A medical device for performing medical procedures inside a lumen (such as the GI
tract) of a patient is provided. The device includes an elongate flexible member which
can be advanced along a track. The track can include a loop portion which can be
advanced ahead of the elongate flexible member. The distal end of the flexible member

can include a camera, light source, vacuum opening, and a working channel for receiving

medical instruments.
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Medical Device with Track and Method of Use

Field of the Invention

The present invention relates to a medical device, and more particularly to a

medical device that can be advanced along a track located within a lumen of a patient's

body.

Background

A physician typically accesses and visualizes tissue within a patient's
gastrointestinal (GI) tract with a long, flexible endoscope. For the upper GI, a physician
may insert a gastroscope into the sedated patient's mouth to examine and treat tissue in
the esophagus, stomach, and proximal duodenum. For the lower GI, a physician may
insert a colonoscope through the sedated patient's anus to examine the rectum and colon.
Some endoscopes have a working channel, typically about 2.5-3.5mm 1in diameter,
extending from a port in the handpiece to the distal tip of the flexible shaft. A physician
may insert medical instruments into the working channel to help diagnose or treat tissues
within the patient. Physicians commonly take tissue biopsies from the mucosal lining of
the GI tract using a flexible, biopsy forceps through the working channel of the

endoscope.

Insertion of a flexible endoscope, especially into the colon, 1s usually a very time-
consuming and uncomfortable procedure for the patient, even when sedated with dru.gs.
A physician often needs several minutes to push a flexible endoscope through the
convoluted sigmoid, descending, transverse, and ascending portions of the colon. The
physician may diagnose and/or treat tissues within the colon cither during insertion or
removal of the endoscope. Often the flexible endoscope "loops" within the colon, such as
at the sigmoid colon or at the splenic flexure of the colon, so that it becomes difficult to
further advance the endoscope along the colon. When a loop is formed, the force exerted
to push the scope stretches the mesentery and causes pain for the patient. Depending on
the anatomy of the patient and the skill of the physician in manipulating the flexible

endoscope, some portions of the colon may be unexamined, thus increasing the risk of

undiagnosed disease.

Given® Engineering LTD, Yoqneam, Israel, sells a device in the U.S. called the

M2A™ Swallowable Imaging Capsule. The device contains a tiny video camera, battery,
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and transmutter. It 1s propelled through the gastrointestinal tract by natural peristalsis. The
device 1s currently used for diagnostic purposes and passes through the intestinal tract
with a velocity determined by the natural, peristaltic action of the patient's body. World
Publication No. WO 0108548A1 filed by C. Mosse, et al. describes a self-propelling
device adapted to travel through a passage having walls containing contractile tissue. The
applicants disclose that the device is particularly useful as an enteroscope and may also
carry objects such as feeding tubes, guide wires, physiological sensors or conventional
endoscopes within the gut. A summary of other alternatives to push endoscopy can be
found 1n "Technical Advances and Experimental Devices for Enteroscopy” by C. Mosse,
et al, published in Gastrointestinal Endoscopy Clinics of North America, Volume 9,
Number 1, January 1999: pp. 145-161.

Scientists and engineers continue to seek improved methods and devices for

accessing, diagnosing and/or treating tissue within body lumens, including the GI tract.

Summary of the Invention

Applicant has recognized the desirability of a low cost, potentially disposable
medical device which may provide physicians with a desirable alternative to using a
conventional, reusable, flexible endoscope. Eliminating the need for the operator to make
constant adjustment of the articulation controls of an endoscope may reduce the skill
required to intubate the device, allowing operators other than physicians to use the
device. This 1s advantageous because gastroenterologists currently do not have the
capacity to handle all of the patients that need colonoscopies, so equipment that enables
other staff, such as nurses, to help with the procedure could increase the capacity and

allow gastroenterologists to treat more patients.

In one embodiment, the present invention provides a medical device comprising
an elongate flexible member which can be advanced through a body lumen on a track.
The track can have a loop portion which is advanced distally of the flexible member, and
the member 1s then advanced along the track. The flexible member can include

visualization means, light means, and channels for fluids (gas or liquid) and instruments.

The present invention also provides a method of moving a medical apparatus
through a patient's body, such as through the GI tract. The method can comprise the steps
of positioning a portion of the medical device within the body lumen; advancing a length

of track distally of the medical device; and advancing the medical device on the track to
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move distally within the lumen. The medical device can be advanced distally while

simultaneously retracting a portion of the track proximally.

The mnvention can be used to assist in diagnosis and treatment of tissue, including
the placement of medical instruments (including without limitation balloons, dilators, tissue
graspers, tissue cutting devices, tissue stapling devices, tissue staining or treatment devices,

vessel ligation devices, and tissue ablation devices) at a desired tissue site.

The present invention also provides a medical device for use in a patient’s body
comprising a flexible member positionable within a body lumen, the flexible member
comprising a passageway therethrough; and a track disposed in the passageway and
extending distally of the flexible member, wherein a portion of the track extending distally

of the flexible member comprises a loop.

The present 1invention also provides a method of moving a medical device through a
patient’s body comprising the steps of positioning a portion of the medical device within
the body lumen; advancing a length of track distally of the medical device without
advancing a track end distally of the medical device; and advancing the medical device

along the track to move the medical device distally within the lumen.

The present invention also provides use of a medical device for insertion into and
advancement along a body lumen of a patient, the insertion and advancement comprising
the steps of positioning a portion of the medical device within the body lumen; advancing a
length of track distally of the medical device; and advancing the medical device on the
track to move distally within the lumen while simultaneously retracting a portion, of the

track proximally.

The present invention also provides use of a medical device for insertion into and
advancement along a body lumen of a patient, the insertion and advancement comprising
the steps of positioning a portion of the medical device within the body lumen; advancing a
length of track distally of the medical device without advancing a track end distally of the
medical device; and advancing the medical device along the track to move the medical

device distally within the lumen.
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More particularly, there is disclosed an endoscope for the gastrointestinal tract,
comprising: a) a flexible elongate member comprising a proximal end and a distal end, the
flexible elongate member further comprising a guide tube having an opening adjacent the
distal end projecting at an oblique angle relative to the longitudinal axis of the flexible
elongate member; b) a visualization device and light source positioned adjacent the distal
end of the flexible elongate member; ¢) a working channel extending between the proximal
and distal ends of the flexible elongate member adapted to receive medical instruments, the
working channel comprising an opening adjacent the distal end of the flexible elongate
member; and d) a guide wire slidably received by the guide tube, the guide wire positioned
between the proximal and distal ends of the flexible elongate member and extending
distally relative to the flexible elongate member to form a loop disposed distally relative to
the flexible elongate member, the guide wire being longitudinally moveable relative to the

flexible elongate member to vary the size of the loop.

Brief Description of the Drawings

While the novel features of the invention are set forth with particularity in the

appended claims, the invention in all its embodiments may be more fully understood with

3a
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reference to the following description and accompanying drawings, wherein FIG. 1 is a

schematic view of a medical device 1s accordance with a specific embodiment of the

invention;
FIG. 2 1s a side sectional view of the medical device shown in FIG. 1;

FIG. 3 1s a cross sectional view of a portion of a gastrointestinal tract showing the
medical device placed relative to anatomical milestones including a sigmoid, a
descending colon, a left splenic flexure, a transverse colon, a hepatic flexure, an

ascending colon, and a cecum,;
FIG. 4 1s a longitudinal section view, enlarged, of the medical device of FIG. 1;
FIG. 5 1s a cross sectional view of the medical device taken at line 5-5 of FIG. 1;

FIG. 6 1s a cross-sectional view, enlarged, from FIG. 5, of an umbilicus component

of the medical device;

FIG. 7 is an isometric view, transparent, of a capsule portion of the medical device

shown 1n FIG. 4;
FIG. 8 1s a cross-sectional view of the capsule taken at line 8-8 of FIG. 7;
FIG. 9 1s a sectional view of the capsule taken at line 9-9 of FIG. 8&;
FI1G. 10 1s a cross-sectional view of the capsule taken at line 10-10 of FIG. 9;

FIG. 11 is a schematic illustration of a medical device according to another
embodiment of the present invention, showing a flexible, elongate member extending
from a hand piece of the device, and a loop track extending from a distal end of the

elongate member;

FIG. 12 1s a cross-sectional view of the medical device, taken along section 12-12

in FIG. 11, showing a distal end of a flexible elongate member:;

FIGS. 13A-E are sectional views of a portion of a colon, showing the advancement

of the medical device shown in Figure 11 through a portion of the colon;

F1G. 14 provides a schematic view of a handpiece having motors for advancing and

retracting a track;
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FIG. 15 provides a schematic illustration of a flexible member of a medical device
in accordance with an embodiment of the invention, showing a single guide tube and

having an end of the track fixed at or near a distal end of the flexible member;

FIG. 16 is a cross-sectional end view of the flexible member, taken along section

16-16 1n FIG. 15;

FIG. 17 is a schematic illustration of a flexible member of a medical device 1n
accordance with another embodiment of the invention, showing two sets of guidewires

and two track loop portions; and

FIG. 18 1s a cross-sectional end view of the flexible member, taken along section

18-18 in FIG. 17.

Detailed Description of the Invention

By way of example, the present invention 1s 1illustrated and described for
application 1n the colon of the lower GI tract of a human patient. However, the present
invention is applicable for use in the body lumens of other hollow organs in humans and

in other mammatls.

FIG. 1 shows a medical device 70. The medical device 70 can include a movable
apparatus, such as a capsule 80 shaped and sized for movement through a body lumen, a
compressible sleeve 40, a fixing plate 50, an umbilicus 30, a cable 25, a video unit 72,

and a handpiece 20.

Capsule 80 generally has a leading end 64 that is smooth for atraumatic passage
through a tortuous path of a gastrointestinal (GI) tract, such as a colon. In one
embodiment of capsule 80, leading end 64 1s hemispherical and a trailing end 65 is flat to
accept the contents contained in umbilicus 30. Other shapes of capsule 80 are possible,

such as but not limited to tapered, cylindrical, ovoid, or egg-shaped configurations, to

tacilitate navigation through the colon.

Compressible sleeve 40 can extend from trailing end 65 of capsule 80 to fixing
plate 50. Fixing plate 50 can be anchored to the patient with adhesive. Other methods of

attachment to the patient include, but are not limited to glue, tape, or a
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close-fitting wrap. Suture or staples inay also be used, but are less desirable because

of the pain invol\?ed in their placement or removal. In applioations related to the
lower GI tract, fixing plate 50 can extend into the patient’s anus. A secure .
attachment of plate 50 to the patients body or other fixture is desirable so that fixin g
plate 50 provides an anchor, thereby enhancing movement of capsule 80 deeper

into the colon

The proximal portion of umblhcus 30 can extend outside the body and canbe
connected to equipment, including video unit 72 and handpiece 20: The distal '

- portion of umbilicus 30 can be connected to trailing end 65 of capsule 80 inside the

colon. Umbilicus 30 ean extend through openings in plate 50 and sleeve 40, and
umbilious 30 can slide through the openings relative to plate 50 and sleeve 40. _-
Umbilicus 30 is preferably made from a lightweight, ﬂexibﬂe, plastic, multilumen
tube. For example, umbilicus 30 may have four lumens: a 3mm lumen for z.l'working' '
channel 36, a 3mm diameter lumen for the wiring assembly 34, a Smm diameter
lumen to receive a drive cable 32, and a 3mm lumen to receive cable 25. Many
other sizes and combinations of lumens are possxblen Umbilicus 3_0 may also
coinpﬁse separate thin-wall, ﬂexible‘ plastic tubes that are bundled together with

straps, shrink-wfap, or the like.

Cable 25 can provid‘e a track on which capsule 80 is supported and pmpel-led.
Cable 25 may be constructed in numerous shapes, inicluding a braided strand of
fibers, a coated wire, a flat band, or may have a constant cross sectional shape
including ctrcular, triangular, or rectangular. Cable 25 may incIude a periodic and/or'
non periodic pattern of features that assist in tl'acﬁon such as teeth holes, or '
grooves Cable 25 may be made from any suitable material, 1nclud1ng wnthout
lumtatlon one or more metals including steel, mtmo] aluminum, or tltamum and o
have dlameters 1nclud1ng, but not hmlted to, 0.5mm to 2.5mm.

- One smtable material for use as a cable 25 is a guxdwxre having a nitinol

| core with a diameter of about 0.021 inch to about 0. 025 inch surrounded by a

stamless steel wire coil havmg a diameter of about 0.008 inch. The overall diameter :
can be between about 0.037 inch and about O. 041 mch and the stainless steel C()ll

may be soldered or otherw13e attached at about 50 cm mtervals to hold the stainless '

 steel coil in place relauve to the nitinol core. Another suitable material for use as a
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cable 25 is a guidwire marketed as Elite Protector™ Elite 480 wire guide available
from Wilson-Cook Medical, Inc. of Winston Salem, NC, and having a diameter of
about 0.035inch. '

- A proximal pomon of cable 25 extends outside the body, so that an operator
can handle it. Cable 25 is fed through umbilicus 30, though capsule 80, to form a
cable loop 54 ahead (distally) of capsule 80. As described below cable loop 54 can
be used to navigate around the tortuous path of the colon, elnmnatmg the need for

the operator to make constant adjustment of the articulation controls of an

- endoscope, thus reducing the skill required to intubate the device. As alternatives to

cable 25, other suitable track configurations can be used, including without
limitation flexible rails, chains, slides, and belts.

- Still referring to FIG. 1, video unit 72 supplies power to a -lighting_ device 96

~ (FIG. 9), and processes video images taken by a visualization device 95 (FIG. 9) in.

capsule 80 as it moves through the colon so that the operator is able to view the

inside surface of the lumen. Lighting device 96 may include a bulb or LED (Li ght

| Emitting Diode) contained within capsule 80, or include a fiberoptic, a light pipe, or

a lens of a hght source contamed in video unit 72. One example of a bulb that could
be located in capsule 80 is Xenon #724 from Carley Lamps (Torrance, CA).
Visualization device 95 may be a CMOS (Complementary Metallic Oxide

- Semiconductor) or CCD (Charged Coupled Device) camera, either of which are

~ commercially available in sizes adaptable to use in capsule 80. For example, a

CMOS chip such as #0V7620 from Omnivision Technologies (Sunnyvale, CA)
could be used. Wiring assembly 34 transfers sngnals between video unit 72 and '
hghtmg device 96 and betwoen video unit 72 and visualization device 95.

Handpiece 20 provides a motion control 58 to activate the propulsion of

capsule 80 along cable 25. Capsule 80 can be propelled along cable 25 in any

‘smtable manner. In one embodlment handpiece 20 contains a motor and operably

controls a flexible drive cable 32, which is constructed to transmit torque, to operate-
a propulsion mechanism 44 (FIG. 7) located inside capsule 80 to move medical
device 70 further into the colon. In one embodiment, motion control 58 has a

forward and reverse setting to change the rotation of a motor within handpiece 20 so

~ that capsule 80 moves in a forward and backward direction along cable 25.
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The prcXirnal portion of working channel 36extcnds out of the body toa
location near handpiece 20, so that the operator can pass medical instruments in and
out of the colon numerous times. The distal portion of working channel 36 extends -

through capsule 80 to an openmg in the outer surface of the leading edge 64 of
capsule 80. Medical instruments can be inserted into the proximal end of working

- channel 36 and be directed thrcugh working channel to the opening in the outer

surface of the capsule 80 without removmg the capsule 80 from the body lumen.
Accordingly, the operatcr can access lumen tissue adj acent the capsule 80 with the
medical instruments as the capsule i is moved through the lumen. Medical
instruments whxch can be directed through a working channel include without
limitation tissue graspers, staplers, cutters, clip appliers, tissue ablation. devices,
tissuc staining devices, and devices for dispensin g pharmaccntical agents.

FIG. 2 shows medical device 70 of FIG. 1 mcludmg a cab]e spool 74 outside
the body, and cable loop 54 ahead (distal) of capsule 80. Cable spool 74 stores a
proximal portion of cable 25, and may be used to unwmd an addmonal length of
cable 25 through umbilicus 30 and a sliding channel 90 to increase the size of cable

l(mp 54 ahead of capsule 80 in the colon.

Cable loop 54 is formed ahead of capsule 80 irom a middle portion of cable
25. One end of cable loop 54 is formed by cable cxtendmg distally outward from a
sliding channel 90, and the other end (the return end) of cable loop 54 is formed by

‘cable extending proximally into an opening in the outer surface of the capsule 80,

where the cable is fed though (and 18 engaged by)a gnppmg channel 91 in the
capsule 80. The cable extends from the gripping channel 91 pronmally through
comprcs&ble sleeve 40 (out31de of umbilicus 30) to cable anchor 52, This .
arrangement allows an operator to feed an additional portion of cable 25 through '
sh’ding channel 90 to .incrcasc the size-of cable lcop 54 (other end of loop is held by, '
gnppmg channel 91). As cable 100p 54 increases in size, it “unfurls” inside the

Iumen directly ahead of capsule 80 and generally conforms to bends or curves in the

B Iumen thcreby laying a track alon g and/or distal to the bend on Wthh to propel the
30 .

capsule This arrangement of cable 100p 54 can be advantageous in snmphfymg the

process of navigating the colon. The operator can snnply add length to the loop |

| portlon of the cable to negotiate bends and turns in the GI tract, rather than trying to -

mampulate the end of a guide tube or guide wire through the three dimensional
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o cnrvature of the lumen. The operator then uses motion control 58 (FIG. 1) to

advance capsule 80 in a forward direction along the track (the cable loop 54) to

move the capsule.SO through the bend in colon.

FIG..3 shows medical‘device 70 positidned in the colon. Cable loop 54 i
introduced ﬁrst with capsule 80, compre331ble sleeve 40, and fixing plate 50 trailing
behind it. Fixing plate 50 can then be securely affixed to the anus or other suitable

location with adhesive or by other means, creating an anchor point relative to the
patient. . | '
Cable 100p 54 is shown deployed around a bend in the si gm01d colon 100.
The operator momtors progress of capsule 80 and cable loop 54 by viewing vndco
unit 72 (FIG. 1), which displays images taken by visualization device 95 (FIG. 9).
When cable loop 54 reaches a sufficient orientation to navi gate a bend in the colon
capsule 80 is propelled a short distance along cable 25 by propulsnon mechamsm 44
(FIG. 7) under control of the Operator who activates motlon control 58 (FIG. 1).
This process shortens the length of cable loop 54 ahead (dlstal) of capsule 80.

To further advance capsule 80 deeper mto the colon, the operator slides more

of the prommal portion of cable 25 through umbilicus 30 and sliding channel 90 to

again 1ncrease the size of cable loop 54 ahead of capsule 80. This procedure lays

additional track through additional bends that are deeper in the colon, such as the left

splenic flexure 112 or the hepatic flexure 110. The operator continues to slide

cable 25 and activate inotion control 58 (FIG. 1), in sequence, to incrementally

move capsule 80 through the descendmg colon 102 transverse colon 104 and

ascending colon 106 to cecum 108.

As capsule 80 advances along cable 25,compressible sleeve 40 begins to
uncompress (increase in length) so that a smooth, uninterrupted surface is -
maintained from fixing plate 50 to capSUIe 80. N

'FIG. 4 is a detailed view of medical device 70 generally compnsmg capsule

o 80 compressible sleeve 40, flx.mg plate 30, and umbilicus 30. In this embodlment
30

capsule 80 is comprised of three sections (a Ist sectlon 77, a 2" section 78, and a 3“' |
section 79) for assembly and contains propulsion mecham sm 44 (FIG. 7 ). Other

embodlments with a different arrangement or number of sections, or other locatmns

- of propulsxon mechanism 44 are possible. Visualization device 95 (FIG. 9) and
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lighting device 96 (FIG. 9), looated near lcadiﬁg.end 64 of capsule 80, communicalie:
with Videq unit 72 through wiring assembly 34 to allow visualization of the inside of

the lumen in the vicinity of capsule 80. Working channel 36 allows an operator to

repeatedly pass medical instruments in and out of the patient to perform treatment in

the vicinity of capsule 80, without removing capsule 80 from the body lumen.
Compressible sleeve 40 can perform at least two functions. First,
compressible sleeve can provide a smooth, uninterrupted, flexible comiection
between fixing plate 50 and capsule 80 as it advances deeper into the colon, to
thereby assist in protecting the body lumen from damage as medical device 70
navigatés the colon. Additionally, compressible sleeve 40 can act to radially confine

a portion of cablc 25 located between gn'pping channel 91 and cable anchor 52 to

~ assist in the propulsion of capsule 80 in a forward direction deeper into the col_on;
By radially confining a portion of cable 25 between gripping channel 91 and anchor

5 2,fthc sleeve 40 can assist in preventing a secondary loop from forming in cable 25 ,

between capsule 80 and fixing plate 50 (prevénts formation of a cable loop behind
(proximal) of capsule 80). Compressible sleeve 40 may be made from any suitable
material, inclﬁding without .linﬁtatipn ePTFE (expanded polytetraﬂuoroethylcne), of |
other suitable flexible materiél that stretch or otherwise inéreasc in length to
accommodaie the increased distance between the ahchor 52 and the capsule 80 as the
capSule moves deeper linto the GI tract. ' I -
Propulsion mechanism 44 uses a portion of cable 25 inside gripping channel
91 to propel capsule 80 further into the colon. As motion control 58 (FIG. 1) is .
activated, prOpulsion-mechan_ism 44 moves a portion of cable 23, initially .
éompﬁsing cable loop 54,'.back\thrdugh gripping channel 91 to a position between
ca'psﬁlc,' 80 and fixing plate 50. Th’ereforc, the length of cable 25 between capsule 80
and fixing plate 50 increases. Because cable 25 is anchored to the patieﬁt by ﬁxing
plate 50 and radially confined 'by compressible sleeve 40, cable 25 supplies an axial
force to counteract a traction force applied by propulsion mec~hanism 44, resulting in

capsule 80 being propelled further into the colon.

The locatlon of propulsxon mechanism 44 1n31de capsule 80 is advantageous

- because it locally propels capsule 80 a short distance from a position already within

the colon. This decreases the forces needed to push an entire length of endoscope or

- other long flexible extension through the tortuous colon. However, other

10
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' mcchaniSms or locations for mechanisms may be used toaccomplish the propulsion.

For example, propulsron mechanism 44 can be posmoned anywhere that allows the
length of cable 25 between fixing plate 50 and capsule 80 to vary in length
including a separate pod between capsule 80 .and fixing plate 50, a separate housin g
attached to fixing plate 30, or contained within a portion of fixing plate 50.
FIG. 5 is a cross section of medical device 70 taken at line 5-5 of FIG. 1,

showing one embodiment of fixing plate S0 having a relatively Iargediameter sized

for securing 1t to a patient’s an,u‘_s. Cable anchor 52 is shownas_ a ﬁgid' attachment to

fixing plate 50, so that the distal portion of cable 25 does not move relative to fixing
plate 50. Centering attachment 56 holds umblhcus 30 in the center of ﬁxmg plate 50
for alignment through the anus into the colon.

FIG. 6 shows a detailed view of the cross section-of umblllcus 30 from FIG.
5, including a lumen for cable 25, a lumen for wiring assembly 34, a lumen for dnve :
cable 32, and working channel 36. FIG. 6 indicates the relative positions and sizes
of these lumens and elements in this embodiment of utnbilicus 30. Numerous other
sizes and arrangements 'are possible. For eXample, additional working channels
could be added, working channel 36 could be sized larger to allow for passage of .
]arger instruments, or the lumen for drive cable 32 could be smaller. In general it is
advantageous to have 2 small diameter and lightweight umbilicus 30 so that capsule
80 has as little drag as possrblc when advancmg through the colon

FI1G. 7 is an 1sometnc view of one embodlment of compresmble sleeve 40
and capsule 80 including sliding channel 90, gnppmg channel 91 working channel

36, and propulsion mechanism 44 mcludmg a ﬁrst miter gear 82, a second rmtcr gear

' 83, a pulley 86, and a pulley gnp 87. This lllustratton shows the relatrve posmons

of these elements in ﬂucedmenszonal space.

Propulsion mechanism 44 works by changing the length of cable 25 between
capsule 80 and fixing plate 50, which has been secured to the patient’s body. In this

manner, _capsule 80 can. move deeper into the colon whcn' this length of cable 25

~ increases, and moves backward out of the colon when this length decreases In this’ '

embodiment, propulsxon mechanism 44 comprises a gear system described below |
contamed within capsule 80, but other locations and systcms are p0331ble

 FIG. 8 is a cross sectional view of capsule 8_0 taken at line 8-8 of FIG.7,

- showing an arrangement of gears in this embodiment of propuISion mechanism 44

11
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(FIG. 7). The distal portion of drive cable 32 passes through trailing end 65 of

capsule 80 and coaxially connects to first miter gear 82. Drive cable 32 1s

' constructed to transmit torque from haﬁdpiece 20 to first miter gear 82, so that when

the operator activates motion control 58 (FIG. 1), first miter gear 82 rotates around

an axis collinear with drive cable 32.

In the embodiment shewn; miter gears 82 and 83 are sﬁpported in the capsule
80 (such as by a suitable beaxing or bushing) for rotation about their respective axes
of rotation, which are generally perpendicular to one another. The teeth of first miter

gear 82 and second miter gear 83 are each cut at a 45-degree angle, so that rotational

motion around the axis of drive cable 32 is converted to rotation around another axis -

90 degrees to the first. Therefore, when the operator activates motion control 58,
first miter gear 8.2' rotates about its axis of rotation, and transnﬁté torque to second
miter gea_r 83, causi_r_lg gear 83 to rotate about fits axis of rotation. -
| ‘Pu]ley 86 is eoaxially coupled to second miter gear 83, and pully 86is
supported for rotation about the axns of rotation of miter gear 83. When second
miter gear 83 rotates, pulley 86 rotates with gear 83 around its axis of rotation. A '. ‘

portlon of cable 25 contained within gripping channel 91 is in contact with pulley

86. - Gripping ’_channel 91 and pulley grip 87 act in concert to prevent slippage and

apply a traction force from pulley 86 to cable 25, as pulley 86 rotates. In a fashion
similar to a train wheel' propelling a locomotive along a railroad track, pulley 86

propels capsule 80 along cable 25. The result of this motion increases the length of

“cable 25 between capsule 80 and fixing plate 50 to propel capsule 80 further into the

colon. |
FIG. 9 is a sectional view of capsu]e 80 taken at line 9-9 of FIG 8. It shows

the relatwe positions of visualization device 95 lighting device 96, cable 25, and
pulley 86 within capsule 80. In this embodiment, wiring assembly 34 divides into
two bundles before it passes through trailing end 65 of capsule 80. One bundle
commumcates with lighting device 96, and the other bundle commumc ates with

vlsuahzauon device 95. Lighting device 96 shines light to illuminate the region of

the lumen in the vicinity of capsule 80. Visualization device 95 transmits images

taken at this location back through wiring assembly 34 to video unit 72 for the

operator to view.
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FIG. 10 is a cross sectional view of capsule 80 taken at line 10-10 of FIG. 9.

' As shown in this view gripping channel 91 is positioned and aligned so as to direct

cable 23 into thc pulley gnp 86, and pulley grip 86 holds cable 25 in contact with
pulley 86. Sliding channel 90 is also shown i in a posmon within the GI tract which 1s‘ |
free of obstructions (e.g. sharp curves or bends in the colon) so that the operator can
slide cable 25 in a forward direction to increase the size of cable loop 54 (FIG.2)
ahe_ad of c-apsule 80. This embodiment shows wiring assembly 34 split into two
bundles, one bundle on either side of first miter gear 82. One of the bundles '
connects to ﬁsualizaﬁon device 95, and the other bnn dle connects to illuminating
device 96. ' o |
| Generally, medical device 70 18 prOpelled through the colon under control of
the operator for examination and treatment of sites within the lumen. Medical |
device 70 is placed into a patient’s colon through the anus. FiXing plate 50 is affixed ‘.
to the patient at this location. The operator advances a proximal portion of cable 25
through umbilicus 30 and sliding channel 90 to increase the size of eable loop 54 -

ahead of capsule 80. As described above, this prbcess prdvides a path around the

‘tortuous bends of the colon for capsule 80 to follow.

While viewing video anit 72, the bpe_rator'sées the insidej of the lumen in the |
vicinity of eapsule 80. Motion control 58 of handpiece 20 is activated te advance :
capsule 80 along cable 25, movin g 1t deeper into- the colon. To further advance |
capsule 80, the operator again feeds cable 25 to further increase the size of cable
100p 54, and again activates motion control 58. These steps are tepeated until

capsule 80 reaches a depth deemed sufficient by an operator which is cecum 108 in

| many cases. At any time durin g the procedure, the operator may introduce and

remove medical instruments through working channel 36 to treat a site in the patient.

Medical device 70 is therefore useful for diagnoSis as well as therapy.

Figure 11 illustrates a medical device 210 accordin_g to another embodiment
of the present invention. Medical device 210 includes an elongate, flexible rnember

230 extending distally from a handpi’et:e 220. Flexible member 230 can be attachcd |

directly or 1nd1rectl ¥, to handpiece 220, and can be in the form of an umbilicus. By

“ﬂex1ble” it is meant that the member 230 has sufﬁcxent bendmg ﬂexzblhty to allow

the member 230 to be inserted into and advanced along a body lumen, such as the GI
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tract, without trauma to the patient.' Member 230 18 elqngate in the sense thatithasa
length snfficient to permit a proximal end 232 of the member 230 associated. with
handpiece 220 .te be positioned outside the body, or near the entrance to the body
lumen, while a distal end 234 of the member 230 is advanced into the body lumen.
In one embodiment, the flexible member 230 can: have a length of at least about 36
inches, and more particularly for use in the colon, a length of at least about 100
tnches Flexible member 230 can have an outer dlameter of between about 0.1 and
about 1.0 mches to be positionable and advaneable within the GI tract. In one '
embodiment, flexible member 230 can be in the form of a catheter, or havea *
catheter-l'ike configuration, and can have an outer diameter of between about 4-6
min, more particularly about 5 mm. - '

* Flexible member 230 can include an outer sheath 236 which extends along
substantlally the full length of flexible member 230. A suitable sheath can be made
of a thin, ﬂextble polymeric film or other suitable flexible matenal One suitable
sheath material is ‘porous teflon tubing (PTFE) havxng a thickness of about 0.02

inches. A suitable material is manufactured by International Polymer Engineering of

* Tempe Arizona.

In Figure 11, a portion of the sheath 236 at the distal end 234 6f the flexible
member 230 i is shown in phantom to reveal mtema] features of the flexible member

230 and components associated with the dlstal end 234 of flex1ble member 230

flexible member 230 can be advanced. In Flgure 11 the track gulde 18 shown inthe
form of two track gulde tubes 242 and 244. Track 250 is received in track gmde
tubes 242 and 244, and can slide w1th1n tubes 242 and 244. Track guide tubes are

'dlsposed within the sheath 236, and can extend from pr0x1mal guxde tube ends

assoc1ated with the handplece 220 to distal ends assoelated with the distal end of |
flexible member 230. In Figure 11, the distal ends of the track guide.tubes are

shown cut at a bevel angle to accommodate the track 250 extending from the ﬂexihle

" member 230 at an angle with respect to the longitudinal axis of the flexible member

230, '
Track guide tubes 242 and 244 can be _|01ned directly or indirectly, in any

sunable manner (e.g. with adheswe elastic bands, ultrasonic bondmg) to the. sheath

236 and/or to handpiece 220 so that the tubes 242, 244, the sheath 236, and the ,
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handpiece 220 move together. Track guide tubes 242 and 244 can also fit tightly in

~ sheath 236 and can be fixed to sheath 236 at either end by heat shrink tubing (not

shown).

A visualization device and a light sourcc caﬁ also be associated with the
distal end of the flexible member 230. In Figure 11 and Figure 12, an optical fiber
320 extends from a light 'source 324, through handpiece 220 and through ﬂexible
member 230 to terminate at the distal end of ﬂekiblg: member 230. Optical fiber 320 '
carries light from light source 324 0 illuminate lumen tissue adjacent the distal end
of flexible member 230. A éarm:ra 420 and associated camera optics 424 can be
diSpo_sed at the distal end of the flexible member 230. A camera can in‘cludé built in
optics and electronics, and can include CCD or CMOS capability. A suitable camera
is an MVC-Snake-'-l camera manufactured by Micro Video Products having a self
contained CCD camera with built in optics anci electronics. Alternatively, a CMOS
camera such as one manufactured by Welch Allyn of Schenectady New York could
be used. Signal cable 426 extends proximally from camera 420 through flexible
member 230 and handpiece 220 to provide a signal to a monitor 428 or other
suitable receiver/recorder. ‘

Flexible member 230 can also include various chaﬂhels/passageways for -
conveying gases, liquids, or working devices ffom a point outside the patient to the
tissue adjacent the distél end 234 of flexible member 230. Referring to Figures 11
and 12, a vacuum tube 600 can extend through flexible member 230 and handpicce
220 to be in communication with a vacuum source 620 for providing vacuum to the
distal end of flexible member 230. Likewise, a fluid tube 700 can extend through' |
member 230 and-handpiecc 220 to a supply 720 bf fluid ( e.g water, saiinc solution,
lubr’iéatin-g fluids). Figure 12 also shows the opening of a working channel tube 800
at the distal end of flexible member 230. Working channel tube 800 can- extend
through member 230 and handpiece 800 to receive a medical instrument 900. For -
insfance, once the distal end of flexible member 230 is positiOﬁed at a desired
location in the body Iunien; a medical instrument 900, such as one having a forceps
end 902 as shown in Figure 11, can be introduced through channel tube 800'to
acéess tissue adjacént the distal end of flexible membcr- 230. InFigure 11 and 12, a
band 500 is shown holding the optical fiber 320.,and tubes 600, 700, and 800 against

, camera 420.
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Track 250 can extend the length of flexible member 230. In Figure 11', track 250
1s shown to include first and second ends 252 and 254, and a loop portion 256 disposed
along the track intermediate the first and second ends 252 and 254. Loop portion 256 1s
disposed distally of the distal end of flexible member 230. First and second ends 252 and
254 can extend proximally from the handpiece 220. If desired, the ends of the track
extending proximally from the handpiece 220 can be wound, coiled, or otherwise
supported on a suitable spool or receiver to prevent tangling of the ends 252 and 254. The
track 250 extends 1n a generally continuous manner distally of the flexible member 230

(there are no track ends in the lumen distal of the ﬂexible member 230).

First and second ends can be manually manipulated by an operator's hands to
advance either end 252 or 254 toward handpiece 220 to advance the track 250 through
tlexible member 230, to thereby enlarge the loop portion 256. Alternatively, the ends 252
and 254 can be associated with .a control unit 260 as shown schematically in Figure 11. In
an embodiment shown in Figure 14, handpiece 220 can include two switches 2210 and
2220 for independently controlling reversible motors 2240 and 2260, which can be
mounted within handpiece 220.' The motor speed and/or torque can be controlled by
control umit 260, and the motors can include a coupling mechanism which applies
frictional force to the track 250 to drive the track ends forward (distally toward flexible
member 230) or backward (proximally away from flexible member 230) depending on

the position of switches.

In the embodiments shown, track 250 is a single piece which extends from first
end 252, passes through handpiece 220 and extends distally through guide tube 242 to
exit guide tube 242 near the distal end 234 of flexible member 230. Track 250 extends
tfrom the bevel cut distal end of guide tube 242 to extend around loop portion 256 and
enters the bevel cut distal end of guide tube 244 on substantially the apposite side of
flexible member 230 from which track 250 exits guide tube 242. The loop portion 256
comprises a smooth, rounded arc or other curve in which the track 250 turns through
(subtends) an angle of at least about 90 degrees, more particularly at least about 180
degrees. In Figure 11 of the drawings, the track 250 turns through an angle of more than

180 degrees 1n loop portion 256. Track 250 extends proximally through guide tube 244
and back through handpiece 220 to
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second end 252. In Figure 11, a portion of guide tube 244 is shown cut awayto
illustrate track 250 extending through the guide tube 244, o

In order to advance the flexible member 230 (and 1ts assoc:ated components)
into the body lumen, the distal end of the flexible member 230 can be positioned in
the entrance of the lumen. One (or both) track ends 252 and 254 can be advanced
toward handpiece 220 (e. g. by pushing gently on the track ends), while the handpiece '
220 and flexible member' 230 are held stationary. ' Advancing either end of the traek-
250 causes the loop portion 256 to increase in length and the track’ to“unfur "as it

advances out of the confines of the distal end of ﬂex1ble member to advance within

the lumen while fol]owmg the curvature of the lumen. Once the loop portnon 256

‘ has been advanced distally from the flexible member 230 (as can be viewed with

camera 420), the ﬂemb]e member 230 can be advanced dlstally along the track 250.
Flexible member 230 (and associated camera 420 and optical ﬁber 320) are

advanced further into the body lumen by pushing distally on the handpiece 220, and
simultaneously oulling proximally on either track end .252 or track end 254. WithOut
being limited by_theory, it is believed that by pushing the handpieee 220 and

attached flexible member 230, while at the same time pulling back (prokimally) on'. -

one of the track ends 252 and 254, the force requifed to advance flexible member
230 through the lumen (e. g GI tract) 1s reduced. In particular in one embodiment
the handpiece 220 can be pushed dlstally whlle pulhng back on one, but not both,

ends 252/254. _
- Figures 13A-E illustrate schematically how the track 250 ean be advanced in |

the colon and how the flexible member 230 can then be advanced along the track to
position the distal end of the flexible member 230 at a desired locatlon in the colon
In Figure 13A, the track 250 is shown in a relatively retracted conftguratlon after
initial insertion of the medical device into the GI _tract..- In Figures 13B-13D, the o
track is advanced distally through the flexible member 230 (by pushing one or both

~ the ends 252 and 254 toward handpiece 220). Advancing track 250 through

handpiece 220 and member 230 enlarges loop portion 256, and 'unfurls loop portion
256. In Figure 13D the loop 256 is shown unfurled to a position associated with the .
beginning of the transverse colon The flexible member 230 and associated camera .

and light source can then be advanced to the transverse colon, as shown in Figure

- 13E, by pushing the handpiece/flexible member 230 distally into the GI tract, while
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simultaneously pulling back (proximally) on one of the ends 252 and 254 of the
track 250. In Figure 13E the loop portion 256 has retracted proximally in the colon
relative to 1fs position 1n Figure 13D as a result of pulling back on one of the ends 252/
254. The steps shown in sequence 1n Figures 13B-E can be repeated, as desired, to

position the distal end of the flexible member 230 at a desired location.

Track 250 can be a guide wire having a generally round cross section. One
suitable material for use as track 250 is a guide wire having a nitinol core with a diameter
of about 0.021 inch to about 0.025 inch surrounded by a stainless steel wire coil having a
diameter of about 0.008 inch. The overall diameter can be between about 0.037 inch and
about 0.041 inch, and the stainless steel coil may be soldered or otherwise attached at
about 50 cm 1ntervals to hold the stainless steel coil in place relative to the nitinol core.
Another suitable material for use as a track 250 is a guide wire marketed as Elite
Protector™ Elite 480 wire guide available from Wilson-Cook Medical, Inc. of Winston
Salem, NC, and having a diameter of about 0.035 inch. The track can have length of

about 15 feet or more, depending on the length of lumen being investigated.

Irack 250 shides within track guide tubes 242 and 244. Track guide tubes 242 and
244 can be formed of a low friction material, or be treated to have a low friction coating.
In one embodiment, tubes 242 and 244 can be reinforced Teflon™ tubing to provide low
friction interface with track 250. The tubing can be a wire reinforced Teflon™ tube, such
as 1s manufactured by International Polymer Engineering of Tempe Arizona. The outer

diameter can be less than or equal to about 0.10" and the wall thickness can be about

0.016".

While the track guide in Figure 11 is shown as a tube, it will be understood that
other guide geometries can be employed, including without limitation channels, rails, and
grooved surfaces, as guides for supporting and guiding track 250. In yet another
~embodiment, the interior diameter of the sheath 236 can be adapted to provide a track

guide.

While two guide tubes are illustrated in Figure 11, in an alternative embodiment,

a sigle guide tube could be used (e.g. guide tube 242), and the track 250 could extend
from a first end (located outside the patient) through handpiece 220 and guide tube 242,

extend around loop portion 256, and then re-enter guide
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.tu'be 242, Alternatively, the track 250 could extend from a first end located outside

the patient, throu gh the handplece 220 and gmde tube 242, extend around the loop
portion 256, and have a second end fixed at or near the distal end of the flexible
member 230 (in which case a single track end would extend outside the pancnt, and

this track end would be advanced toWard_handpicce 220 to increase loop portion *
256). ' '

‘The camera and light source located at the distal end of ﬂ_exible member 230
can be built into the flexible tnember 230, so as not to be removed. Alternatively,
the camera and light source could be a sealed assembly which is neleasably attached
to the flexible member 230 (such as by threaded attachment, snap rmg attachment
bayonet style attachment, and the llke) In one cmbodlment the flexible member
230 (with assocmted guide tubes, ﬂuld tubes, and working channel) can be .
disposable, and the camera and optics can be reusable.

Figure 15 and Figure 16 (an end view taken at section 15-15) lllustrate an
embodiment having a single guide tube 242, along w1th a camera unit and light
source in self contained unit 420. In Figure 15, a pomon of sheath 236 i is shown cut
away ‘The track 250 extends from guide tube 242 turns through loop portion 256
and is attached at the distal end of flexible member 230, such as by being fixed to an
end piece 285 positioned at the distal end of ﬂexible member 230. N

Figures 17 and 18 illustrate an embodiment comprising two tracks 250Aand
250B, and corresponding track loop portions 256A and 256B which are disposed in.
generally perpendicular planes. In Figure 17,.the sheath 236 is shcwn in phantomto
reveal guide tracks 242A; 242B, and 244B (gnide track 244 A not visible), as well as
Optical fiber 320 and camera unit 420. In the embodiment shown in Fi gures 17 and
18 opncal fiber 320 can pass through an aperture hole in a band 500, and band 500
can hold optical fiber 320 adjacent camera 420. Other tubes passagcways (e.g. 600,
700 800 not shown in Figures 17 and 18) can also be supported in apertures in band -

~ SOO Track retainer ring 257 18 prowded to hold andlor space tracks 250A and 250B

- In a desired position. Track retainer ring 257 can include apertures spaced

cucumferentlally at 90 degree intervals around rmg 257 (apertures not shown )

through which tracks 250A and 250B can slide. Accordmgly, track retainer ring 257_ “.
can support track loop portion 256A in a first plane, and loop portion 256B in a | -

second plane which is generally perpendicular to the first ‘plane. Spokes 259 canbe
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used to support retainer ring 257 on band 500. If desired, sheath 236 can be attached

to retainer ring 257 if tracks 250A and 250B are supported to slide through ring 257

(eg. if tracks 250A and 250B - pass through apertures in ring 257. ) \.

In yet another embodiment, track 250 can comprise a wire or other suitable |
track piece having no distinct ends (i.e. no ends 252/254), but instead may comprise
a smooth, uninterrupted track having a closed configuration (ef g race track, oval,

etc.) with a loop portion of the closed configuration track extending through the

flexible member 230 to extend distally of the distal end 234 of the flexible member

230, and another loop portion of the closed conﬁguration extending proximally of
the handpiece 220. In such an embodiment, the loop portion extending proximally

of the hmdpiece_ﬂZZO can be manipulated by hand or by a controller to advance the

loop portion distal of the flexible member 230 within the body lumen.

- In each of the embodiments, it will b_e,unders-tood that one or more seals may
be provided, as desired, to restrict gas or liquid flow through or around the flexible '
member 230, such as from a point outside the patient to a point within the lumen, '
especially if there is a desire to provide vacuum at the distal end of ﬂeXible member
230, or fo"'othérWise isolate conditions in the lumen from conditions outside the
lumen. For instance, with reference to Figures 11 and 12, it may desirable to provide
a seal in association with guide tracks 242 and 244, and in channel 800 to prevent air
from passing through the guide tracks or the channel 800. Seals for channels can be
in the form of a small, flexible sﬂlcone rubber boot havmg an aperture through
which a track 250 or instrument 900 can pass. Similarly, a flexible cuff or coilar can
be positioned over the flexible member 230 and can provide a seal between the
ﬂe)uble member 230 and the portion of the patlent s body adj.acent.the opening to

the patient’s lumen. Lubricating gels and other lubricating products can also be

utilized to enhance or provide sealing.

While various embodiments of the present invention have been disclosed,'it
wil—l be obvious to those skilled in the art that such embodiments are provided by
way of exam;ale only. The present invention may be provided in kit form with other
medical devices, including medicai devices useful in the working channel, and the

kit elements can be pre-sterlized and packaged in a sealed container or envelope to

- prevent contamination. The present invention may be provided as a single use
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diqugble device, or 'a]ternativ;ely, may' be constructed for multiple uses. Further, \
~ each elément or component of the present invention may be alternaii vely described
as a means for performing the function or functions perfoxmed by the element or
component. 'Numerbué vari aﬁons, éhanges, and substitutibns will now occur to
those skilled in the art without departing from the-imenticm. Accordingly, it is
intended that the invention be -'limited only by the spirit and scbpe of the appended

claims.

21



CA 02463214 2013-01-09

What 1s claimed 1s:
1. An endoscope for the gastrointestinal tract, comprising:

a) a flexible elongate member comprising a proximal end and a distal end, the
flexible elongate member further comprising a guide tube having an opening
adjacent the distal end projecting at an oblique angle relative to the

longitudinal axis of the flexible elongate member;

b) a visualization device and light source positioned adjacent the distal end of

the flexible elongate member;

c) a working channel extending between the proximal and distal ends of the
flexible elongate member adapted to receive medical instruments, the
working channel comprising an opening adjacent the distal end of the

tflexible elongate member; and

d) a guide wire slidably received by the guide tube, the guide wire positioned

between the proximal and distal ends of the flexible elongate member and

extending distally relative to the flexible elongate member to form a loop
disposed distally relative to the flexible elongate member, the guide wire
being longitudinally moveable relative to the flexible elongate member to

vary the size of the loop.

2. The endoscope of claim 1, wherein the guide wire loop has a first end attached to

the distal end of the flexible elongate member and a second end extending from the

guide tube.

3. The endoscope of claim 1, wherein the flexible elongate member further comprises

a second guide tube for slidingly receiving the guide wire.

4, The endoscope of claim 3, wherein the guide wire loop has a first end extending

from the guide tube and a second end extending from the second guide tube.
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The endoscope of claim 3, wherein the second guide tube has an opening adjacent

the distal end projecting at an oblique angle relative to the longitudinal axis of the

tlexible elongate member.

The endoscope of claim 1, wherein the guide wire comprises a longitudinal wire

core surrounded by a coil.

The endoscope of claim 1, wherein a proximal portion of the guide wire extends

proximally from the flexible elongate member.

The endoscope of claim 7, further comprising a motor operably connected to the
proximal portion of the guide wire to longitudinally move the guide wire relative to

the flexible elongate member.

The endoscope of claim 8, further comprising a control unit operably connected to

the motor.

The endoscope of claim 7, wherein manual pushing and pulling of the proximal

portion of the guide wire varies the size of the loop.

The endoscope of claim 1, further comprising a hand piece connected to the

proximal end of the flexible elongate member.

The endoscope of claim 1, wherein the flexible elongate member has a length

greater than 36 inches.

The endoscope of claim 1, wherein the flexible elongate member has an outer

diameter between about 0.1 and about 1.0 inches.

The endoscope of claim 1, wherein the flexible elongate member further comprises
a second guide tube having an opening adjacent the distal end of the flexible

clongate section.

The endoscope of claim 14, wherein the guide wire further comprises a first
proximal portion extending proximally relative to the proximal end of the flexible
elongate member, a first longitudinal section slidingly received by the guide tube, a

distal section extending between the openings of the guide tube and second guide
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tube defining the loop, a second longitudinal section slidingly received by the
second guide tube, and a second proximal portion extending proximally relative to

the proximal end of the flexible elongate member.
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