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MEDICAL DEVICES WITH LOCAL DRUG DELIVERY CAPABILITIES

FIELD OF THE INVENTION

The present invention is directed to devices suitable for use in medical procedures

and, more particularly, to medical devices such as endoscopes, catheters, or the like, that

include local drug delivery capabilities.

BACKGROUND OF THE INVENTION

An endoscope is a piece of surgical equipment that has imaging capabilities so as

to be able to provide images of an internal body cavity of a patient. Most minimally

invasive surgical procedures performed in the gastrointestinal (GI) tract or other internal

body cavities are accomplished with the aid of an endoscope.

Endoscopes are essentially formed by a flexible shaft that is introduced into the

Gl tract after being inserted in the body cavity, starting from the anus or from the mouth

of a subject. The endoscope typically includes a steerable tip to facilitate navigation of

the endoscope through the GI tract, and is typically of sufficient stiffness so that it can be

advanced along the body cavity without buckling. The tip of the endoscope that is

introduced in the GI tract can be outfitted with several devices, most notably an

illumination device and a vision device, such as a vision integrated circuit, so that the

operator of the endoscope can examine the interior of the GI tract and maneuver the tip of

the endoscope into the proper position.

Endoscopes are typically utilized in extremely tortuous passageways, such as the

GI tract, which requires the endoscope to be advanced by pushing on the proximal end of

the scope while steering the tip inside the passageway, the endoscope thereby exerting

pressure against the walls of the passageway. Such advancing techniques, in conjunction

with the configuration of the endoscope and the Gl tract, can result in localized patient

discomfort or pain as the endoscope is pressed against the lumen wall during

manipulation. At times when the endoscope is advanced, "looping" occurs, a condition

where the endoscope forms a coiled shape when inserted. The loop may cause the side of

the endoscope to press against the lumen wall, for example, the intestine, and distend the

intestinal wall instead of advancing along the intestine. In conventional endoscope

systems, patient discomfort is reduced in patients undergoing endoscopic GI procedures

through the use of sedation. However, there are risks associated with the use of sedatives.



Therefore, a need exists to provide localized anesthesia to a patient undergoing an

endoscopic procedure.

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to medical devices and, in

particular, to endoscopes that reduce or eliminate the need for sedation in a patient by

providing localized drug delivery. By administering drugs such as sedative drug agents

locally at the region of pain or discomfort during an endoscopic procedure, the overall

amount of drugs administered to the patient is lowered, thereby reducing the potential

risks inherent in administering sedatives to a patient. Embodiments of the present

invention may also be used to deliver other types of drug agents via an endoscope, such

as therapeutic drug agents.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will

become more readily appreciated by reference to the following detailed description, when

taken in conjunction with the accompanying drawings, wherein:

FIGURE 1 is a perspective view of one embodiment of a medical device, in

particular, an endoscope constructed in accordance with aspects of the present invention;

FIGURE 2A is a partial longitudinal cross-sectional view of the endoscope shown

in FIGURE 1;

FIGURE 2B is a magnified partial longitudinal cross-sectional view of the

endoscope shown in FIGURE 2A;

FIGURE 2C is a magnified partial longitudinal cross-sectional view of the

endoscope shown in FIGURE 2A having an outer layer comprising a porous structure

including one or more drug agents, in accordance with an embodiment of the present

invention;

FIGURE 2D is a cross-sectional view of the endoscope shown in FIGURE 2A

having an outer layer comprising a plurality of microchannels including one or more drug

agents, in accordance with an embodiment of the present invention;

FIGURE 2E is a magnified partial longitudinal cross-sectional view of the

endoscope shown in FIGURE 2A having an outer layer comprising a porous layer

comprising one or more drug agents covered with a hydro gel layer, in accordance with an

embodiment of the present invention;



FIGURE 3 is a partial perspective view of one embodiment of a distal tip section

of the endoscope of FIGURE 1;

FIGURE 4 is a partial longitudinal cross-sectional view of another embodiment of

a medical device, in particular, an endoscope constructed in accordance with aspects of

the present invention;

FIGURE 5 is a partial longitudinal cross-sectional view of another embodiment of

an endoscope formed in accordance with aspects of the present invention;

FIGURE 6 is a partial longitudinal cross-sectional view of another embodiment of

an endoscope formed in accordance with aspects of the present invention;

FIGURE 7 is a partial longitudinal cross-sectional view of another embodiment of

an endoscope formed in accordance with aspects of the present invention;

FIGURE 8A is a partial longitudinal cross-sectional view of another embodiment

of an endoscope formed in accordance with aspects of the present invention; and

FIGURE 8B is a magnified partial longitudinal cross-sectional view of another

embodiment of an endoscope formed in accordance with aspects of the present invention;

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Embodiments of the present invention will now be described with reference to the

drawings, where like numerals correspond to like elements. Embodiments of the present

invention are directed to devices of the type broadly applicable to numerous medical

applications in which it is desirable to insert an imaging device, catheter, or similar

device into a body lumen or passageway. Specifically, embodiments of the present

invention are directed to medical devices having local, targeted drug delivery capabilities.

Several embodiments of the present invention are directed to medical devices having

local drug delivery capabilities that incorporate endoscopic features, such as illumination

and visualization capabilities, for endoscopically viewing anatomical structures within the

body. As such, embodiments of the present invention can be used for a variety of

different diagnostic and interventional procedures including colonoscopy, upper

endoscopy, bronchoscopy, thoracoscopy, laparoscopy, and video endoscopy, etc., and are

particularly well suited for negotiating tortuous passageways of the patient's body.

Although exemplary embodiments of the present invention will be described hereinafter

as endoscopes, it will be appreciated that aspects of the present invention have wide

application and may be incorporated into other medical devices such as catheters, where

local, targeted drug delivery is desirable. Accordingly, the following descriptions and



illustrations herein should be considered illustrative in nature and, thus, not limiting the

scope of the present invention as claimed.

FIGURE 1 illustrates one exemplary embodiment of a medical device and, in

particular, an endoscope 20 constructed in accordance with aspects of the present

invention. The endoscope 20 has a proximal end 26 and a distal end 28. The proximal

end 26 may be functionally connected to a control console (not shown) that operates the

endoscope 20. The endoscope 20 includes an elongated shaft-like body 36 comprised of

a proximal shaft section 40, an optional articulation section 44, and a tip section 48

disposed at the distal end 28 of the endoscope 20.

In one embodiment, the endoscope 20 is at least partially covered with an outer

layer 230 along its shaft-like body 36. The outer layer 230 may cover the entire

endoscope 20 or any selected portion or portions thereof. In one embodiment, the outer

layer 230 has a lubricious outer surface constructed of a hydrophilic material that allows

the endoscope 20 to be advanced more easily through the passageways of the patient. In

one embodiment, the outer layer 230 includes localized drug delivery capabilities for

selectively delivering at least one drug in vivo, such as when the endoscope is advanced

through the tortuous passageways of the patient's body, as described in more detail below.

Referring now to FIGURES 2A-2B, the proximal shaft section 40 comprises an

elongated tubular construction having an axial, centralized lumen 60 and an outer

surface 62. The centralized lumen 60 is sized to allow for endoscope components, such

as optics, working devices, fluid channels, and the like, to be routed to the tip section 48

of the endoscope 20. Additionally, the centralized lumen 60 allows for the passage of

electrical wires or fluid delivery tubes, as will be described in more detail below. The

proximal shaft section 40 is flexible, i.e., bendable, but substantially non-compressible

(e.g., non-kinkable) along its length. The proximal shaft section 40 may be of any

suitable construction and made of any suitable material. In one embodiment, the

proximal shaft section 40 may be made of a polymeric material such as a polyurethane,

polyimide, PTFE, polyethylene, or a high strength thermoplastic elastomer, such as a

polyether bock amide (Pebax®) or the like, and combinations thereof. If desired, the

proximal shaft section 40 may be reinforced along its length to increase its torsional

stiffness. For example, the shaft section 40 may include wire reinforcements as described

in copending U.S. Patent Application No. 10/811,781, filed March 29, 2004, and U.S.



Patent Application No. 10/956,007, entitled "Video Endoscope," filed September 30,

2004, the disclosures of which are hereby incorporated by reference.

At the distal region of the endoscope 20 adjacent the distal end of the proximal

section 40 is an optional articulation section 44, as best shown in FIGURE l . The

articulation section 44, in use, allows the distal end 28 to be selectively steered,

manipulated, or bent in one or more planes by action occurring at the proximal end of the

endoscope 20. The articulation section 44 may allow the tip section 48 to be turned back

on itself, i.e., over an arc of up to 180 degrees, and can be directed to bend in any

direction desired about the circumference of the distal tip section. That is, the operator

can select both the amount of the bend or articulation and the direction of the bend. For

several non-limiting examples of articulation sections that may be practiced with the

present invention, please see copending U.S. Patent Application No. 10/811,781, filed

March 29, 2004, U.S. Patent No. 5,846,183, and U.S. Patent Application No. 10/956,007,

entitled "Video Endoscope," filed September 30, 2004, the disclosures of which are

hereby incorporated by reference.

Returning to FIGURE 1, the body of the endoscope 20 includes a tip section 48

that is connected to the distal end of the articulation section 44. FIGURE 3 illustrates one

embodiment of a tip section 48 that comprises a cylindrical body having a distal

section 120 and a proximal section 124. The tip section 48 is preferably made of a

biocompatible plastic of which many examples have been described hereinabove. As will

be described in detail below, the distal section 120 defines side surfaces 126 to which

light sources may be mounted. The distal face 128 of the distal tip section 48 includes a

number of ports including an imaging device port 136, one or more illumination

ports 140, an access port 144 for a working channel lumen, and an insufflation/irrigation

port 148.

As best shown in FIGURE 3, an image sensor (not shown) that preferably

comprises a charged coupled device (CCD), CMOS imaging sensor, or other solid state

imaging device and one or more glass or polymeric lenses that produce electronic signals

representative of an image of the scene in front of the imaging device port 136 is fitted

within the imaging device port 136. The signals may be routed to a video processing and

display device at the proximal end of the endoscope through transmission cabling 154

that is routed through the centralized lumen of the endoscope. The image sensor is

preferably a low noise, CMOS color imager such as VGA, SVGA, SXGA, or XGA. If



less resolution is desired, a 1/2 VGA sensor could also be used. For conventional video

systems, a minimum frame rate of 25 to 30 fps is required to achieve real-time video.

The video output of the system may be in any digital or analog format, including

conventional formats such as PAL or NTSC, or high definition video format.

The illumination port 140 houses one or more lenses at the distal end of a fiber

optic bundle 160. The fiber optic bundle 160 is routed through the centralized lumen

from the proximal end 26 to the distal end 28 of the endoscope 20. The fiber optic

bundle 160 transmits light generated at the proximal end of the endoscope by, for

example, a laser or high intensity lamp source, to the distal end of the endoscope where it

is emitted from the illumination port 140. Alternatively, the illumination ports 140 house

one or more light emitting diodes (LEDs) that are not shown for ease of illustration. The

LEDs may be high intensity white light sources or may comprise colored light sources

such as infrared (JLR), visible lights, e.g., red, green, blue, or ultra-violet (UV) LEDs.

With colored LEDs, images in different spectral bands may be obtained due to

illumination with any one or more individual colors. White light images may be obtained

by the simultaneous or sequential illumination of the colored LEDs and combining

individual color images at each illumination wavelength. If sequential illumination of

colored LEDs is employed, as an alternative, a monochrome CMOS imager can be used.

The access port 144 is the termination point of a working channel 180 of the

endoscope 20 that extends from outside the proximal end of the endoscope 20 to the

distal end through the centralized lumen of the endoscope. The working channel 180 is

defined by a sheath that is non-collapsible (e.g., non-kinkable) and thus tends to maintain

a circular cross section even when it is bent along its axis. The working channel 180 can

also include a reinforcement coil to help maintain its cross-sectional shape. The working

channel 180 tends to retain a constant size when the sheath is used so that binding of the

tools inserted in the working channel 180 is prevented and the cross-sectional shape is

resistant to collapse during suction.

The flush port 148 is connected in fluid communication with an irrigation and

insufflation lumen 188 for discharging liquid and air from the distal face 128 of the distal

tip section 48. In one embodiment, the liquid and air are preferably discharged from the

flush port 148 in the direction of the imaging device port 136 and/or the illumination

ports 140. The irrigation/insufflation lumen 188 is routed from the proximal end 28 of

the endoscope to the distal tip section 48 through the centralized lumen of the endoscope.



The proximal end of the irrigation/insufflation lumen 188 is adapted for connection to a

source of irrigation/insufflation fluids disposed externally from the endoscope. It will be

appreciated that the irrigation/insufflation lumen 188 may alternatively be two separate

lumens, thus necessitating two flush ports.

Referring now to FIGURE 2A, steering of the distal end 28 of the endoscope 20

can be carried out in a convenient manner by using a plurality of control cables 204 that

extend longitudinally through the endoscope 20 from the proximal end and terminate at

or near the distal end of the endoscope 20.

As shown in FIGURE 2B, the endoscope 20 may be at least partially covered with

an outer layer 230 along its shaft-like body 36 for providing the endoscope 20 with a

friction-reducing outer surface. The outer layer 230 preferably comprises a hydrophilic

material that is biocompatible and capable of carrying drug agents by absorption,

chemical bonding, e.g., ionic, covalent, and/or by other conventional techniques, as will

be described below. In some embodiments of the present invention, the hydrophilic

material is a lubricious coating constructed from a hydrophilic polymer that allows

selective release of one or more drug agents disposed therein. Hydrophilic polymers

suitable for use as hydrophilic lubricous coatings, such as polyacrylamide, are known in

the art. In other embodiments, the layer 230 comprises a hydrogel coating that is

composed largely of water molecules, such as polyuronic acid or other polymeric

hydrogel coatings. The outer layer 230 may additionally contain other hydrophilic

polymers and other lubricious ingredients in addition to the hydrophilic polymer

hydrogel. The outer layer 230 may be attached to the outer surface 62 of the shaft-like

body 36 using any art-recognized method. For example, the outer layer 230 may be

attached through the reaction of organic functional groups on the hydrophilic polymers

with a crosslinking agent contained in the catheter body. As another example, the outer

surface of the shaft-like body may be treated to allow covalent attachment of the

layer 230.

In accordance with one aspect of the present invention, the endoscope 20 further

includes local drug delivery capabilities that allow selective administration of a drug

agent in vivo. In some applications, selective release of drug agents such as analgesic or

sedative agents is initiated via a user input signal to allow for drug agent release in a

specific location where the patient is feeling some discomfort as the endoscope 20 is

routed through the patient's body. In one embodiment, the endoscope 20 utilizes



electrophoretic forces to selectively release the drug agent from the endoscope during

use. As will be described in greater detail below, embodiments of the present invention

may include other drug release signals or stimuli such as light, heat (i.e., thermal),

chemical, acoustic, etc., for selectively releasing the drug agent from the endoscope

in vivo.

Referring now to FIGURES 2A-2B, there is shown a longitudinal cross-sectional

view of one embodiment of the endoscope 20 having local drug delivery capabilities that

utilize electrophoresis to selectively administer the drug agent at chosen locations. As

best shown in FIGURE 2B, a drug agent 250 is carried by, impregnated, or otherwise

disposed in or on the outer layer 230.

FIGURE 2C is a longitudinal cross-sectional view of the shaft 36 shown in

FIGURE 2A, illustrating an embodiment of the outer layer 230 comprising a porous

structure including a plurality of nanopores 252 having drug agents 250 disposed therein.

FIGURE 2D is a cross-sectional view of the shaft 36 shown in FIGURE 2A,

illustrating an embodiment of the outer layer 230 comprising a plurality of

microchannels 254 having drug agents 250 disposed therein. The microchannels 254

may be oriented in any direction.

FIGURE 2E is a partial longitudinal cross-sectional view of the shaft 36 shown in

FIGURE 2A illustrating an embodiment of the layer 230 comprising a first porous

region 256 having one or more drug agents 250 embedded therein, and a second

hydrophilic region 258 at least partially covering the first porous region 256. The

hydrophilic region 258 may comprise a hydrophilic material such as hydrogel. The drug

agent 250 may also be disposed within the hydrophilic region 258.

In one embodiment, the one or more drug agents 250 is delivered locally to the

patient through the outer layer 230. In such embodiments, the one or more drug

agents 250 is preferably charged molecules that are delivered locally to the patient via

electrophoresis. In one embodiment, the outer layer 230 is a hydrogel such as a

polyacrylamide hydrogel and the drug agent 250 is an analgesic or sedative agent having

an electric charge, which is capable of being released from the hydrogel outer layer

through electrophoresis. Any suitable analgesic or sedative drug agents 250 having an

electric charge may be used in accordance with an embodiment of the shaft 36. For

example, procaine, lidocaine-HCL, benzocaine, cocaine, bupivacaine, ropivacaine,



prilocaine, and mepicaine chloroprocaine, or polar derivatives thereof, may be used in

accordance with various embodiments of the invention.

Other neutral charged analgesics or sedative agents, as well as other drug agents,

for example, therapy drug agents (e.g., anti-inflammatory, antibiotics, etc.), may also be

used if combined with a charged carrier. For example, a neutral or a weakly charged drug

agent can also be used if it can be converted to a charged moiety. There are a variety of

ways for carrying out such a conversion, as known in the art. For instance, one typical

method includes forming an emulsion of the drug or drug particle with a surfactant.

Examples of surfactants that can be used are, without limitation, fatty acids,

phospholipids, and sodium acetyl sulfate. In another known method, the drag agent can

be converted to a charged moiety by cyclodextrin encapsulation.

The drug agent 250 may be uniformly or non-uniformly dispersed in or on the

outer layer 230. For example, the concentration of the drug agent may be constant along

the length of the endoscope or may have greater or lesser concentrations along the length,

including gaps where little or no drug agent is present. Additionally, the concentration of

the drug agent around the circumference of the endoscope may have either constant or

varying concentrations, including little or no drug agent being present. Further, the

concentration of the drug agent may be constant or non-constant throughout the thickness

of the outer layer 230. In some embodiments, the drug agent 250 may be attached as a

surface layer to a portion of the endoscope surface having an electron charge. For

example, the drug agent 250 may be attached as a surface deposit in any suitable

configuration, such as in one or more channels or in a spiral pattern.

The endoscope 20 further includes a drug release control that signals the release

of the drug agent 250 from the outer layer 230. The drug release control may be

specifically selected based on the drug to be delivered and/or the outer layer to be used.

Li one embodiment, the endoscope 20 utilizes electromotive forces to selectively release

the drug agent from the outer layer 230 by electrophoresis, as will now be described in

more detail. In the embodiment shown in FIGURES 2A-2B, the drug release control of

the endoscope 20 includes a plurality of electrodes 260 disposed in between the outer

surface 62 of the shaft-like body 36 and the inner surface of the layer 230. Alternatively,

the electrodes 260 may be suspended or imbedded in the outer layer 230. The

electrodes 260 may be selectively arranged along the length of the endoscope and around

the circumference of the endoscope proximate the disposed drug agent 250, as desired. In



the embodiment of the present invention illustrated in FIGURES 2A-2B, the

electrodes 260 are in the form of lings and arranged in an array. The spacing between the

electrodes 260 along the shaft may be constant or may vary, depending on the

application.

The electrodes 260 may be electrically isolated from one another via

insulators 264. The insulators 264 may be formed from ceramic, glass, glass-ceramic,

polytetrafluoroethylene (PTFE), polyimide, or a number of other materials that are non-

conductive and biocompatible. In one embodiment, the electrodes 260 are preferably

made of copper or gold and affixed to the shaft-like body via vapor deposition or other

techniques known in the art. It will be appreciated that the insulators and/or the

electrodes may include radiopaque materials or markers so that the endoscope may be

viewed fluoroscopically during use. Materials that may be included as conductors are

gold, platinum, silver, tungsten, barium sulfide, and bismuth oxide. Examples of

radiopaque materials that may be included in the electrodes include, but are not limited

to, gold and platinum.

Each electrode 260 is electrically connected to a power source 274, such as an

electronic circuit or a simple battery, located at the proximal end of the endoscope or

external to the endoscope. In exemplary embodiments, the power source 274 is

preferably a low voltage source capable of outputting approximately 3-10 volts. In one

embodiment, the power source 274 is a nine (9) volt battery. To electrically connect the

electrodes 260 to the power source 274, electrical wires 268, such as copper wires

protected in plastic sheaths, may be used. The electrical wires may be disposed along the

outer surface 62 or may be routed through the lumen 60 of the endoscope body and

through access openings positioned in the endoscope body walls adjacent the electrodes.

Alternatively, the electrical wires may be routed through lumens formed in the shaft

walls.

As best shown in FIGURES 2A-2B, the electrodes 260 and the power source 274

are configured in a monopolar design. As such, to complete the circuit, a patient return or

reference electrode 270 is provided. The patient return or reference electrode 270 is

electrically connected to the power source 274. During use, the patient return or

reference electrode 270 is connected to the patient, preferably to the exterior of the

patient remote from the endoscope. In the embodiment shown, a switch circuit 264

having multiple nodes is connected in between the electrodes 260, 270 and the power



source 274 in a conventional manner so that each electrode 260 may be selectively

energized one at a time through activation of the switch circuit. It will be appreciated that

the switching circuit may be activated by user input or may be programmed to activate

according to specific parameters, such as time, images captured by the endoscope, etc.

It will be appreciated that other electrical circuitry, such as multiplexers, may be

used to reduce the number of wires 268. Alternatively, the electrodes 260 may be

mounted to a flex circuit (not shown) in a conventional manner. The flex circuit may be

in the form of sheaths or strips to which power is received from the power source 274 in a

conventional manner.

The operation of one exemplary embodiment of the endoscope 20 for selectively

releasing or administering a drug agent will now be described with reference to

FIGURES 1 and 2A-2B. To use the endoscope 20 in a medical procedure, the distal tip

section 48 is inserted into a body opening, such as the anus or the mouth. The

endoscope 20 is then advanced through the selected passageways in a conventional

manner. As the endoscope 20 is advanced, the distal tip section 48 may be controllably

steered using the control wires 204 to navigate the tortuous passageways of the patient.

During the surgical procedure, the endoscope 20 may create discomfort to the

patient as the endoscope is steered and advanced around the tortuous passageways. Prior

to, during, or after patient discomfort, the physician may administer a localized analgesic

at the area of discomfort by activating the drug release control, which signals the release

of the drug agent 250 from the outer layer 230. In this particular embodiment, the

physician administers the drug agent 250 by selectively sending power to one or more of

the electrodes 260. As power travels between the electrodes 260 and 270, the drug

agent 250 is forced out of the outer layer 230 and into the patient lumen and surrounding

tissue by electrophoresis.

FIGURE 4 is a partial longitudinal cross-sectional view of another embodiment of

an endoscope 320 formed in accordance with the present invention. The endoscope 320

is substantially similar in materials, construction, and operation as endoscope 20, except

for the differences that will now be described hi this embodiment, the electrodes are

replaced with heating devices 360, such as silicon-based heating elements, and the outer

layer 330 is a thermo-responsive hydrogel that either contracts or expands in response to

changes in its temperature. One non-limiting example of a hydrogel that contracts at

increased temperatures is poly-isopropylacrylamide. The heating devices 360 may be



connected in electrical communication with the power source 374 through the switch

circuit (not shown) in such a manner as to selectively produce heat when current is

supplied thereto. The switch circuit may be designed such that each heating element 360

may be individually powered to produce heat. It will be appreciated that the switch

circuit may also be designed such that combinations of heating elements may be

energized simultaneously, if desired.

In use, electrical current is routed to or through one or more of the heating

devices 360 and, as a result, causes the heating device 360 to generate heat. The heat

generated from the heating device 360 changes (i.e., increases) the ambient temperature

of the hydrogel outer layer 330 in the region of the heating device 360 through heat

transfer. In response to the increase in temperature, the hydrogel outer layer 330 can

either expand or contract, depending on the hydrogel used, thereby releasing the drug

agent 350 from the hydrogel outer layer 330.

FIGURE 5 illustrates another alternative embodiment of an endoscope 420 that

utilizes heat as the signal or stimulus to release the drug agent 450 from its outer

layer 430. The endoscope 420 is substantially similar in materials, constructions, and

operation as endoscope 20, except for the differences that will now be described. JLn this

embodiment, the electrodes 460, 470 are connected to an RF generator 474 that generates

RF energy. The RF generator 474 may selectively deliver RF energy to the

electrodes 460, 470 through operation of the switch circuit 464. While the embodiment

of FIGURE 5 illustrates a return electrode 470 that can be connected to an exterior

portion of the patient in a monopolar design, the electrodes may be configured in a b i

polar design, where one reference electrode is disposed proximate to each electrode.

In use, RF energy supplied to the electrodes 460 is transmitted through at least a

portion of the outer layer 430 to the return electrode 470 and, as a result, causes the

ambient temperature of the outer layer 430, such as a thermo-responsive hydrogel

coating, in the region of the electrodes 460 to increase. In response to the change in

temperature, the outer layer 430 can either expand or contract, depending on the type of

hydrogel used, thereby releasing the drug agent 450 from the hydrogel outer layer 430.

FIGURE 6 illustrates another alternative embodiment of an endoscope 520 that

utilizes a thermal signal or stimulus to release the drug agent from a thermo-responsive

outer layer. The endoscope 520 is substantially similar in materials, construction, and

operation as endoscope 20, except for the differences that will now be described. In this



embodiment, the drug agent 550 is dispersed within a temperature sensitive hydrogel

outer layer 530. The hydrogel outer layer 530 has low viscosity at low temperatures, and

becomes solidified when its internal temperature increases. The hydrogel outer layer 530

may be affixed as a coating onto the endoscope 520 via any known techniques. To load

the drug agent 550 into the outer layer 530, the endoscope 520 may be lowered into a

drug agent solution at a low temperature, such as 30-50 degrees F. Upon warming the

outer layer to, for example, 95-100 degrees F, the hydrogel outer layer 530 solidifies,

thereby trapping the drug agent 550 therein. To release the drug agent 550 in vivo, the

temperature of the outer layer 530 is lowered to "fluidize" the hydrogel outer layer.

In the aforementioned embodiment, a temperature sensitive hydrogel coating may

be used as the outer layer 530. This type of temperature sensitive hydrogel coating is

known as a lower critical solution temperature (LCST) material. The LCST is the

temperature at which the LCST material transitions from a liquid to gel form. Suitable

LCST materials that may be practiced with embodiments of the present invention include

polyoxyethylene-polyoxypropylene (PEO-PPO) block copolymers. Two examples are

pluronic acids 127 and F108 having molecular weights of 12,600 and 14,600,

respectively. Each of these examples is commercially available from BASF of Mount

Olive, New Jersey.

In one embodiment, pluronic acid F108 at 20%-28% concentration in phosphate

buffered saline (PBS) is used as the hydrogel outer layer 530. In another embodiment,

pluronic acid F108 at 22.5 concentration in phosphate buffered saline (PBS) is used as the

hydrogel outer layer 530. A preparation of 22% pluronic acid F108 has an LCST of

approximately 37 degrees Celsius. In yet another embodiment, pluronic acid F127 at

20%-35% concentration in phosphate buffered saline (PBS) is used at the hydrogel outer

layer 530. A preparation of 20% pluronic acid 127 in PBS has an LCST of

approximately 37 degrees Celsius hi these embodiments, low concentrations of dye,

such as crystal violet, hormones, therapeutic agents, fillers, and antibiotics, can be

dispersed in the outer layer 530. For example, a drug agent may be pre-mixed with

pluronic acid F127 and the mixture is then loaded onto the shaft of the endoscope. While

several examples of LCST outer layers have been described, it will be appreciated that

other LCST materials that are biocompatible, biodegradable, and exist as a gel at body

temperature and a liquid at below body temperature can be practiced with the present



invention. The molecular weight of suitable block copolymers can be, for example,

between 5,000 and 25,000.

In this embodiment, fluid delivery conduits 554 that discharge fluids such as

water at temperatures lower than the outer layer's LCST in the regions of the drug

agent 550 are disposed along the outer surface 562 of the endoscope. The proximal ends

of the fluid delivery conduits 554 are fluidly connected to a fluid reservoir 556 via a

conventional pump/valve assembly 558. It will be appreciated that the fluid delivery

conduits/fluid reservoir may be integrated into the fluid wash system of the endoscope, if

desired.

In use, fluid at an appropriate temperature is selectively delivered through fluid

delivery conduits 554 to the outer layer 530 and, as a result, causes the ambient

temperature of the outer layer 530, such as a LCST coating, in selected regions to

decrease. When the temperature of the outer layer 530 decreases below its LCST by the

fluid delivered thereto, the outer layer 530 transitions to a m oxe liquid state, thereby

releasing the drug agent 550 from the outer layer 530. In several embodiments, the LCST

of the outer layer is approximately the internal body temperature of the patient.

FIGURE 7 is a longitudinal cross-sectional view of another embodiment of an

endoscope 620 formed in accordance with the present invention, which utilizes light

energy as the signal or stimulus to selectively release the drug agent 650 from a photo-

sensitive outer layer 630. The endoscope 620 is substantially similar in materials,

construction, and operation as endoscope 20, except for the differences that will now be

described.

Dimensional changes such as contraction or expansion, including a transition

from a liquid to a gel form and vice versa, in response to a light energy signal or stimulus

may be induced in photosensitive hydrogels. Such hydrogels may contain a

photosensitive compound, e.g., a chromophore, which can absorb light of a specific

wavelength and induce a charge transfer that may destabilize a drug/hydrogel interaction

and, thus, cause a release of the drug agent from the hydrogel. Absorption of light by the

chromophore may also be dissipated as heat, thus increasing the temperature of the

hydrogel that, in turn, may induce a dimensional change. For example, poly-

propylacrylamide or pluronic acid can be formulated to incorporate a chromophore or

chlorophyllin (trisodium salt of copper chlorophyllin). This photosensitive polymer



expands (i.e., forms a gel) in the absence of light and collapses or contracts (i.e.,

transitions to a more liquid state) when exposed to light of a visible wavelength.

Drug agents associated with this type of photosensitive hydrogel composite can be

forced out of the hydrogel as contraction of the hydrogel is induced by exposure to a

visible wavelength of light. Instead of chlorophyllin, other chromophores or light-

sensitive dyes, e.g., rhodamine, may be incorporated into hydrogels to alter the behavior

of the hydrogel upon exposure to light.

UV light can also be used to induce a dimensional change in a drug agent-loaded

hydrogel to signal drug release. Thus, in another embodiment, the light source may emit

UV light into a suitable hydrogel outer layer. Suitable UV light reacting hydrogels, such

as those incorporating UV-sensitive compounds, such as leucocyanide or leucohydroxide

or derivatives thereof, can be used. For example, a photosensitive copolymer of

N-isopropylacrylamide and bis (4-(dimethylamino)phenyl) (4-vinylphenyl) methyl

leucocyanide expands when exposed to UV light and contracts when the UV light is

removed. Accordingly, the release of drug agents associated with this type of outer layer

can be accomplished by selectively emitting UV light from the light source, such as by

turning the light generator on and off. Alternatively, drug agent release can be controlled

by exposing the hydrogel to two or more different wavelengths of light, one being of a

wavelength that signals the release of the drug agent and one of a wavelength that does

not signal a release of the drug agent. In this embodiment, the endoscope 620 can be

equipped with a light source that can be selectively controlled, i.e., by switching on or off

or by altering the wavelength, to signal the release of a drug agent from a photosensitive

hydrogel outer layer.

As shown in FIGURE 7, a plurality of electromagnetic, radiation-emitting light

sources such as fiber optic cables 648 are conventionally connected to a source of

electromagnetic radiation 674. The distal ends of the fiber optic cables 648 are disposed

along the endoscope outer surface 662. The distal ends of the fiber optic cabling 648 are

positioned such that emission of electromagnetic radiation, e.g., visible or ultraviolet

light, therefrom contacts, e.g., illuminates, a suitable photosensitive hydrogel outer

layer 630 described above. The hydrogel outer layer 630 responds to the electromagnetic

radiation by either contracting or expanding. The drug agent 650 is then released from

the contracted or expanded outer layer 630.



FIGURE 8A is a partial longitudinal cross-sectional view of another embodiment

of an endoscope 720 formed in accordance with the present invention that utilizes a

chemical signal or stimulus to selectively release the drug agent from a cooperating outer

layer 730. The endoscope 720 is substantially similar in materials, construction, and

operation as endoscope 20 and 520, except for the differences that will now be described.

In this embodiment, the fluid delivery conduits 754 discharge solutions comprising

chemical signals in the region of the drug agent 750 along the outer surface 762 of the

endoscope. The proximal end of the fluid delivery conduits 754 are fluidly connected to

a fluid reservoir 756 via a conventional pump/valve assembly 758.

In one embodiment, the outer layer 730 is an acidic or basic hydrogel coating and

the discharge solution includes a pH signal or stimulus that changes the pH in the

hydrogel coating, thereby causing expansion and the release of the associated drug

agent 750 therefrom.

In other embodiments, the outer layer 730 may be constracted of a protein that

degrades in the presence of suitable enzymes. These enzymes may be introduced to the

outer layer 730 via user commands or they may be present in specified passageways

through which the endoscope travels, such as the gastro tract (pepsin) or the intestinal

tract (pancreatin). In the latter embodiments, the drug agent 750 carried by the protein

outer layer 730 is released by exposure to the passageway, such as the GI tract. While

this embodiment has been described with the outer layer 730 constructed of protein, the

outer layer may be omitted and the drug agent 750 may be encapsulated with a

substantially identical protein and attached to the endoscope outer surface 762 for

subsequent release.

It will be appreciated that other chemical stimuli may be used with cooperatively

configured outer layers to selectively release the drug agent therefrom. For example, a

change in the ionic strength of a hydrogel outer layer may cause expansion or contraction,

thereby releasing the drug agent therefrom.

While the fluid conduits 754 are shown in FIGURE 8A as delivering the fluid or

chemical stimulus to the inner surface of the outer layer 730, it will be appreciated that

the fluid delivery conduits 754 may extend through the outer layer 730 and deliver the

fluid or chemical stimulus to the outer surface of the outer layer 730, as best shown in

FIGURE 8B.



While the preferred embodiments of the invention have been illustrated and

described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention. For example, while flexible

endoscopes have been illustrated and described, rigid and semi-rigid endoscopes may also

be practiced with the present invention. Additionally, one or more types of drug agents

may be carried by the outer layer and selectively released therefrom. For example, the

proximal region of the endoscope may carry analgesic drug agents to relieve patient

discomfort while the distal end may include therapeutic drug agents. It is therefore

intended that the scope of the invention be determined from the following claims and

equivalents thereof.



The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A medical device, comprising:

an elongate shaft having proximal and distal ends, and an outer surface;

an outer layer that covers at least a portion of the shaft outer surface; and

an analgesic drug agent releasably associated with a portion of the outer layer, the

drug agent being selectively released upon receipt of a release signal.

2. The medical device of Claim 1, wherein the outer layer comprises a

hydrophil ϊc material.

3. The medical device of Claim 2, wherein the hydrophilic material is a

hydrogel.

4. The medical device of Claim 3, wherein the drug agent is carried in or on

the hydrogel outer layer.

5. The medical device of Claim 1, wherein the release signal is selected from

a group consisting of a thermal signal, a light signal, a chemical signal, and an electrical

signal.

6. The medical device of Claim 5, wherein the thermal signal is an increase

in temperature of the outer layer.

7. The medical device of Claim 5, wherein the thermal signal is a decrease in

temperature of the outer layer.

8. The medical device of Claim 1, wherein the release signal causes the outer

layer to expand or contract.

9. The medical device of Claim 1, further comprising a drug release control

that selectively releases the drug agent from the outer layer upon user input or

environmental conditions.



10. The medical device of Claim 9, wherein the drug release control

selectively generates the release signal that causes the drag agent to be released from the

outer layer.

11. The medical device of Claim 1, wherein the drug agent is electrically

charged, the drug agent being selectively released by an electrical release signal via

electrophoresis .

12. The medical device of Claim 11, further comprising an electromotive

force generator associated with the outer layer, wherein the force generator includes a

primary electrode and a reference electrode electrically connected to a source of power,

the primary electrode disposed along a portion of the shaft between the shaft and the

outer layer.

13. The medical device of Claim 11, wherein the drug agent is selected from a

group consisting of charged drug agents and drug agents combined with charged carriers

that are capable of being released from a hydrophilic layer by electrophoresis.

14. The medical device of Claim 1, wherein the medical device is an

endoscope.

15. An imaging device, comprising:

an elongate shaft body having proximal and distal ends, and an outer surface;

an imaging device disposed at the distal end of the elongate shaft body;

an outer layer comprising a hydrophilic material that covers at least a portion of

the shaft body outer surface;

a drug agent associated with the outer layer; and

means for selectively releasing the drug agent from the outer layer.

16. The device of Claim 15, further comprising means for selectively

generating a signal that, upon receipt thereof, causes release of the drug agent from the

outer layer.

17. The device of Claim 15, wherein the drug agent is dispersed along at least

a portion of the outer layer.



18. The device of Claim 15, wherein the drug agent has a charged moiety.

19. An endoscope, comprising:

a shaft having proximal and distal ends, and an outer surface;

a hydrogel outer layer disposed on a portion of the outer surface of the shaft;

a drug agent carried in or on a portion of the hydrogel outer layer; and

a stimulus generator associated with the endoscope, the stimulus generator, based

upon a selective input, generating a stimulus that causes the drug agent to be released

from the hydrogel outer layer.

20. The endoscope of Claim 19, wherein the stimulus interacts with the

hydrogel outer layer or the drug agent and, based upon such interaction, releases the drug

agent from the hydrogel outer layer.

21. The endoscope of Claim 19, wherein the stimulus generator includes at

least one electrode disposed in between the shaft outer surface and the hydrogel outer

layer.

22. The endoscope of Claim 21, further comprising a power source or an RF

generator connected to the electrode.

23. The endoscope of Claim 22. further comprising a second electrode

connected to the patient remote from the distal end of the shaft.

24. The endoscope of Claim 19, wherein the drug agent is a charged drug

agent.

25. A method of selectively releasing a drug agent from an endoscope in vivo;

comprising:

obtaining an endoscope having proximal and distal ends, and including an outer

hydrogel layer, a portion of which carries a drug agent;

routing the distal end of the endoscope through at least one passageway of a

patient's body; and

selectively releasing the drug agent from the outer hydrogel layer.



26. The method of Claim 25, wherein selectively releasing the drug agent

comprises:

receiving a stimulus and, upon receipt of the stimulus;

releasing the drug agent from the layer.

27. The method of Claim 26, wherein the stimulus is selected from the group

consisting of a thermal stimulus, a chemical stimulus, a light stimulus, and an electrical

stimulus.

28. The method of Claim 27, wherein the chemical stimulus is an enzymatic

stimulus, an ionic stimulus, and a pH stimulus.

29. The method of Claim 25, wherein the drug agent is released in an area of

patient discomfort.

30. The method of Claim 25, wherein selectively releasing of the drug agent

includes user input.
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