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located therein. An articulation joint at the distal end of the 
endoscope allows the distalend to be oriented by the actuators 
in the control cabinet or actuators in a control handle of the 
endoscope. Fluidics, electrical, navigation, image, display 
and data entry controls are integrated into the system along 
with other accessories. 
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FORCE FEEDBACK CONTROL SYSTEM FOR 
VIDEO ENDOSCOPE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation-in-part of 
U.S. patent application Ser. No. 10/811,781, filed Mar. 29, 
2004, which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 10/406,149, filed Apr. 1, 2003, the benefits of 
which are claimed under 35 U.S.C. S 120 and are herein 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to medical devices in 
general and therapeutic and diagnostic endoscopes in particu 
lar. 

BACKGROUND OF THE INVENTION 

0003. It has become well established that there are major 
public health benefits from regular endoscopic examinations 
as an aid to the early detection and treatment of disease of 
internal structures such as the alimentary and excretory 
canals and airways, e.g., the colon, esophagus, stomach, ure 
thra, bladder, ureter, kidney, lungs, bronchi, uterus and other 
organ systems. A conventional imaging endoscope used for 
such procedures comprises a flexible tube with a fiber optic 
light guide that directs illuminating light from an external 
light source to the distal tip where it illuminates the region 
(i.e., tissue, occlusive objects) to be examined. Frequently, 
additional optical components are incorporated to adjust the 
spread of the light exiting the fiber bundle and the distal tip. 
An objective lens and fiber optic imaging light guide com 
municating with a camera at the proximal end of the endo 
Scope, or an imaging camera chip at the distal tip, produce an 
image that is displayed to the operator. In addition, most 
endoscopes include one or more working channels through 
which medical devices such as biopsy forceps, Snares, fulgu 
ration probes, and other tools may be passed. 
0004 Navigation of the endoscope through complex and 
tortuous paths is critical to success of the examination with 
minimum pain, side effects, risk, or sedation to the patient. To 
this end, modern endoscopes include means for deflecting the 
distal tip of the endoscope to follow the pathway of the 
structure under examination, with minimum deflection or 
friction force upon the Surrounding tissue, and to Survey 
targeted examination sites. Control cables similar to bicycle 
brake cables are carried within the endoscope body in order to 
connect a flexible portion of the distal end to a set of control 
knobs at the proximal endoscope handle. By manipulating the 
control knobs, the operator is able to steer the endoscope 
during insertion and direct it to a region of interest, in spite of 
the limitations of such traditional control systems, which may 
be bulky, somewhat non-intuitive, and friction-limited. Com 
mon operator complaints about traditional endoscopes 
include their limited flexibility, limited column strength, and 
limited operator control of stiffness along the endoscope 
length. 
0005 For example, conventional, flexible endoscopes are 
expensive medical devices costing in the range of $25,000, 
and much more with the associated operator console. The 
endoscope is expensive because it includes expensive piece 
parts and requires laborious hand assembly. Because of the 
expense, these endoscopes are built to withstand repeated 
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disinfections and use upon many patients. Conventional 
endoscopes are generally built of strong composite structures 
typically containing metals and plastics that do not degrade 
under reprocessing. These material structures decrease the 
flexibility of the endoscope and can compromise patient com 
fort. Furthermore, conventional endoscopes are complex and 
fragile instruments that frequently need expensive repair as a 
result of damage during use or during a disinfection proce 
dure. 
0006 To overcome these and other problems, the devel 
opment of a low cost endoscope would allow endoscopes to 
be used for a single procedure and then disposed, eliminating 
the need for preparation and cleaning and increasing the total 
Volume of endoscopes required. This larger Volume would 
enable the manufacturer to achieve economies of scale and to 
incorporate manufacturing methods that are not economical 
when used in current Volumes and are only economical in 
large volumes (100,000 units/per year). The low cost endo 
Scope should be packaged sterile or disinfected and be 
capable of being used for a single procedure without endo 
Scope preparation and then discarded. The endoscope should 
include one or more of the following features: better naviga 
tion and tracking, a Superior interface with the operator, 
improved access by reduced frictional forces upon the lume 
nal tissue, increased patient comfort, greater clinical produc 
tivity and patient throughput than is currently available with a 
conventional endoscope, a lower risk of cross-contamination 
and the ability to be used across more procedures. 

SUMMARY OF THE INVENTION 

0007 To address these and other problems in the prior art, 
the present invention is a video endoscope system. In one 
aspect, the system includes a control cabinet, a number of 
manual or electronic actuators that control the orientation of 
an endoscope and an imaging System to produce images 
collected by an image sensor at the distal end of the endo 
scope. The endoscope is connectable with the control cabinet 
and used to examine and/or treat a patient. After the exami 
nation procedure, the endoscope is disconnected from the 
control cabinet and may be disposed saving the cost and labor 
of cleaning and resterilization inherent in traditional reusable 
endoscopes. 
0008. The endoscope of the present invention includes a 
flexible elongate tube or shaft and an illumination source that 
directs light onto an examination site. An image sensor and 
objective lens assembly at or adjacent the distal end of the 
endoscope captures reflected light to produce an image of the 
illuminated Scene. Images produced by the sensor are trans 
mitted to a display device to be viewed by an operator. In one 
embodiment, an imaging assembly at the distal end of the 
endoscope includes an inexpensive mass-produceable assem 
bly of components that house one or more light emitting 
diodes (LEDs), an image sensor such as a CMOS solid state 
image sensor and low cost (e.g., plastic) lens assembly. The 
LEDs may be thermally coupled to a heat exchanger, and air 
or liquid cooled in order to remove any excess heat generated 
by the LEDs. 
0009. The endoscope of the present invention also 
includes a steering mechanism such as a number of tensile 
control cables, which allow the distal end of the endoscope to 
be deflected in a desired direction. In one embodiment of the 
invention, the proximal end of the tensile control cables is 
connected to a mechanical control mechanism (e.g., 
knobs)—mounted in a proximal control handle. In another 
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embodiment, the cables communicate with actuators within 
the control cabinet. In the latter, a directional controllergen 
erates electrical control signals which are sent via a processor 
within the control cabinet, which generates control signals to 
drive the actuators in order to orient the distal end of the 
endoscope in the direction desired by the operator. In another 
embodiment of the invention, the distal end of the endoscope 
is automatically steered, based on analysis of images from the 
image sensor. A joystick or other directional controller may 
include tactile, haptic or other sensory feedback to reflect the 
force against a tissue wall or to alert the operator that the 
endoscope may be looped. The distal tip housing provides a 
high degree of integration of parts—for example, clear win 
dows for the LEDs are insert-molded into the distal tip hous 
ing to eliminate any secondary window sealing operations 
and to ensure a hermetic seal. 

0010. In one embodiment of the invention, the endoscope 
includes an articulation joint that is comprised of a number of 
low cost (e.g., machine formed, stamped or molded parts), 
easily mass produced components that allow the distal end of 
the endoscope to be bent in a desired direction by the control 
cables. In one embodiment of the invention, the articulation 
joint exerts a restoring force such that upon release of a 
tensioning force, the distal end of the endoscope will 
straighten. 
0011. In another embodiment of the invention, the endo 
Scope has a variation in stiffness along its length that allows 
the distal end to be relatively flexible while the more proximal 
regions of the endoscope have increased column strength and 
torque fidelity so that an operator can navigate the endoscope 
with greater ease and accuracy and precision through tortu 
ous, compliant anatomy with fewer false advances ("loops'). 
A preset variation in mechanical properties (e.g., column 
strength, bending modulus or strength, torsion) along the 
length can be provided, for example, by varying the durom 
eter rating or types or dimensions of materials that comprise 
a shaft of the endoscope. Operator-controlled variable stiff 
ness can be provided by control cables that can be tightened, 
loosened or torqued to adjust the stiffness of the shaft. In yet 
another embodiment, the spacing between the components 
that comprise the articulation joint is selected to provide a 
preset variation in stiffness along the length of the articulation 
joint. 
0012. In yet another embodiment of the invention, the 
endoscope is covered with a retractable sleeve that uncovers 
the distal end of the endoscope during use and extends over 
the distal end after the endoscope is removed from a patient. 
0013. In another embodiment of the invention, the endo 
Scope Surface includes a material Such as a hydrophilic coat 
ing, to reduce the coefficient of friction of the endoscope. 
Other coatings may be used to, for example, improve the 
device performance, provide an indication of prior use or 
contamination or deliver therapeutic agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The foregoing aspects and many of the attendant 
advantages of this invention will become more readily appre 
ciated as the same become better understood by reference to 
the following detailed description, when taken in conjunction 
with the accompanying drawings, wherein: 
0015 FIGS. 1A and 1B are schematic illustrations of a 
Video endoscope system in accordance with exemplary 
embodiments of the present invention: 
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0016 FIGS. 1C and 1D illustrate a more detailed view of 
an embodiment of the video endoscope of the present inven 
tion; 
0017 FIG. 2 illustrates further detail of an endoscope used 
in the video endoscope system shown in FIG. 1A: 
0018 FIG. 3A is a block diagram of a control cabinet that 
interfaces with an endoscope in accordance with an embodi 
ment of the present invention; 
0019 FIG. 3B is a block diagram of a control cabinet that 
interfaces with an endoscope in accordance with another 
embodiment of the present invention; 
0020 FIG. 3C is a block diagram of a control cabinet and 
an endoscope in accordance with another embodiment of the 
present invention; 
0021 FIG. 3D is a more detailed block diagram of the 
components within a control cabinet and their interface to an 
endoscope in accordance with another embodiment of the 
present invention; 
0022 FIG. 3E illustrates the communication of data and 
control signals between a camera control card in the control 
cabinet and a remote image sensor at the distal tip of the 
endoscope in accordance with another embodiment of the 
present invention; 
0023 FIG. 3F is a fluidics diagram of a video endoscope 
shown in FIG. 3C: 
0024 FIGS. 3G and 3H illustrate flexible manifolds for 
use in an embodiment of an endoscope of the present inven 
tion; 
0025 FIG. 4A illustrates an embodiment of a connector on 
a control cabinet for connecting to an endoscope; 
0026 FIGS. 4B-4D illustrate an embodiment of a connec 
tor for connecting the proximal end of an endoscope to a 
control cabinet; 
0027 FIG. 4E illustrates another embodiment of a control 
cabinet with a connector for connecting to an endoscope; 
0028 FIG.4F illustrates a surface of a proximal connector 
that engages a control cabinet in accordance with an embodi 
ment of the present invention; 
0029 FIG. 4G illustrates an interior of a proximal connec 
tor in accordance with one embodiment of the invention; 
0030 FIG. 5A is a detailed view of one embodiment of a 
handheld controller for use with a video endoscope of the 
present invention; 
0031 FIG. 5B illustrates an embodiment of a joystick 
style controller including a force feedback mechanism foruse 
with an endoscope of the present invention; 
0032 FIG.5C illustrates one embodiment of a mechanism 
for providing force feedback to a joystick of the type shown in 
FIG. 5B; 
0033 FIGS.5D and 5E illustrate another embodiment of a 
breakout box and handheld controller of the present inven 
tion; 
0034 FIGS.5F-5I illustrate one embodiment of a manual 
handle for use with an endoscope of the present invention; 
0035 FIG. 6A illustrates an embodiment of a distal tip of 
an endoscope in accordance with the present invention; 
0036 FIGS. 6B-6I illustrate an embodiment of an imaging 
assembly for use with an endoscope of the present invention; 
0037 FIG. 6J illustrates a lens assembly for use with an 
embodiment of the present invention; 
0038 FIG. 7 illustrates one mechanism for terminating a 
number of control cables in a distal tip of an endoscope in 
accordance with an embodiment of the present invention; 
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0039 FIG. 8 illustrates an endoscope having control 
cables that are routed through lumens in the walls of an 
endoscope shaft in accordance with an embodiment of the 
present invention; 
0040 FIGS. 9A and 9B illustrate a transition guide that 
routes control cables from a central lumen of an endoscope 
shaft to control cable lumens in an articulation joint in accor 
dance with an embodiment of the present invention; 
0041 FIGS. 10A and 10B illustrate the construction of a 
shaft portion of an endoscope in accordance with an embodi 
ment of the present invention; 
0042 FIG. 11 illustrates one mechanism for providing a 
shaft with a varying stiffness along its length in accordance 
with an embodiment of the present invention; 
0043 FIGS. 12A and 12B illustrate an extrusion used to 
make an articulation joint in accordance with an embodiment 
of the present invention; 
0044 FIG. 13 illustrates an articulation joint in accor 
dance with an embodiment of the present invention; 
0045 FIGS. 14 and 15 illustrate an extrusion having areas 
of a different durometer that is used to form an articulation 
joint in accordance with another embodiment of the present 
invention; 
0046 FIGS. 16A and 16B illustrate another embodiment 
of an articulation joint according to an embodiment of the 
invention including a number of ball and Socket sections; 
0047 FIGS. 17A-17D illustrate various possible configu 
rations of ball and Socket sections used to construct an articu 
lation joint; 
0048 FIGS. 18A-18E3 illustrate an articulation joint 
formed of a number of stacked discs in accordance with 
another embodiment of the present invention; 
0049 FIGS. 19 A-19B illustrate a disc used to form an 
articulation joint in accordance with another embodiment of 
the present invention; 
0050 FIGS. 20A-20B illustrate a disc used to form an 
articulation joint in accordance with another embodiment of 
the present invention; 
0051 FIGS. 21A-21B illustrate a non-circular segment 
used to forman articulation joint in accordance with another 
embodiment of the present invention; 
0052 FIG. 22 illustrates an endoscope having a braided 
member as an articulation joint in accordance with another 
embodiment of the present invention; 
0053 FIG. 23 illustrates one possible technique for secur 
ing the ends of a control wire to a braided articulation joint 
shown in FIG. 22. 
0054 FIGS. 23 A-23X illustrate additional embodiments 
of an articulation joint for use in an endoscope of the present 
invention; 
0055 FIG. 24 illustrates an endoscope shaft having one or 
more memory reducing wraps in accordance with another 
embodiment of the present invention; 
0056 FIG.25 illustrates an endoscope shaft including lon 
gitudinal Stripes of a high durometer material in accordance 
with another embodiment of the present invention; 
0057 FIGS. 26-29 illustrate alternative embodiments of a 
gripping mechanism that rotates an endoscope in accordance 
with the present invention; 
0058 FIGS. 30A and 30B illustrate a retractable sleeve 
that selectively covers an endoscope in accordance with 
another embodiment of the present invention; 
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0059 FIG.31 illustrates an embodiment of a passive heat 
dissipating distal tip of an endoscope in accordance with the 
present invention; and 
0060 FIGS. 32 and 33 illustrate alternative embodiments 
of a passive heat dissipating distal tip in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0061. As indicated above, the present invention is a video 
endoscope system that allows an operator to access, and view 
internal body anatomy of a patient as well as to insert Surgical 
instruments into the patient’s body. In addition, the endo 
Scope may include integrated diagnostic and therapeutic 
capabilities to allow the operator to treat the patient in a single 
procedure. An endoscope of the present invention can be 
Sufficiently inexpensive to manufacture such that the endo 
Scope can be considered a single use, disposable item. 
0062. As shown in FIG. 1A, a video endoscope system 10 
according to one embodiment of the present invention 
includes an endoscope 20, a control cabinet 50 and a handheld 
controller 80. The endoscope 20 has a distal tip 22 that is 
advanced into a patient’s body cavity and a proximal end 24 
that is connected to the control cabinet 50. As will be 
explained in further detail below, the control cabinet 50 
includes a number of actuators that control a steering mecha 
nism within the endoscope 20 in order to change the orienta 
tion of the distal tip 22. A physician or assistant uses the 
handheld controller 80 to input control signals that move the 
distal tip 22 of the endoscope 20. In addition, the control 
cabinet 50 may include connections to Sources of air/gas and 
a flushing liquid Such as water for clearing the endoscope 20, 
drugs or contrast agents. The control cabinet may also include 
a network connection (not shown) for allowing the control 
cabinet to communicate with other control cabinets, comput 
ers or the Internet. One or more external monitors, PDAs, 
printers, video recording systems, storage devices and Stor 
age area networks, servers, and hospital information net 
works or other medical devices can be connected to the con 
trol cabinet if desired. The control cabinet 50 also includes 
imaging electronics to process and/or transfer signals 
received from an image sensor, signals controlling the image 
sensor, and patient data to a video display (not shown) for 
viewing by a physician or technician. 
0063. In the embodiment shown, the endoscope 20 also 
includes a breakout box 26 that is positioned approximately 
midway along the length of the endoscope. The breakout box 
26 provides an entrance to a working channel and may 
include an attachment point for a vacuum collection bottle 40 
that collects liquids, debris or specimens received from a 
lumen within the endoscope. The vacuum collection bottle 40 
is controlled by a vacuum valve (not shown) that is positioned 
on the breakout box 26. Alternatively, the valve can be posi 
tioned within or connected to the control cabinet 50 and 
controlled from the handheld controller 80 (see, e.g., FIG. 
3D). 
0064. If desired, the handheld controller 80 can be secured 
to or incorporated into the breakout box 26 such that the two 
units can be moved as one. Upon completion of a patient 
examination procedure, the endoscope 20 is disconnected 
from the control cabinet 50 and disposed of. A new endoscope 
20 is then connected to the control cabinet 50 for the next 
examination procedure to be performed. 
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0065. The embodiment shown in FIG. 1A is a “parallel 
configuration whereby the endoscope 20 and handheld con 
troller 80 are separately plugged into different connectors of 
the control cabinet 50. This parallel configuration allows one 
operator to handle the endoscope while another operator can 
manipulate the handheld controller 80. Alternatively, the 
handheld controller 80 may be secured to the endoscope 20 
such that a single operator can control both. FIG. 1B illus 
trates a “serial configuration of the invention. Here, the 
endoscope 20 is connected to the control cabinet 50 through 
the handheld controller 80. In one embodiment, the handheld 
controller includes one or more manually driven actuators 
that pull or release control cables within the endoscope that 
are connected to the distal tip in a manner similar to those 
found in conventional endoscopes. By tensioning the control 
cables, the operator is able to selectively orient the tip of the 
endoscope. In addition, the handle contains one or more 
switches that activate electronics in the control cabinet for the 
delivery of air or liquid to the endoscope as well as to control 
the imaging functions. In yet another embodiment, the handle 
may include an operator control that causes actuators in the 
control cabinet to drive the control cables. 

0066 FIGS. 1C and 1D illustrate further detail of an 
embodiment of the video endoscope system of the present 
invention. The control cabinet is mounted on lockable wheels 
to be easily moved from place to place. In addition, the control 
cabinet Supports a video monitor for displaying images of an 
examination area and other patient data. A keyboard, or touch 
sensor, or multi-positional Switch allows the operator to enter 
data into a patient file and/or records of the procedure. An 
endoscope 20 is removably secured to the control cabinet 50. 
In the embodiment shown, the handheld controller is part of 
the endoscope and includes manual actuators to move the 
distal tip as well as Switches to activate various functions of 
the system. 
0067 FIG. 2 shows further detail of one embodiment of 
the endoscope 20. At the proximal end of the endoscope is a 
shaft 24, which has a lower torsional stiffness and a connector 
34 that connects the endoscope 20 to the control cabinet (not 
shown). Distal to the breakout box 26, the shaft has a higher 
torsional stiffness. At the distal end of the endoscope 20 is the 
distal tip 22 that includes a light illumination port, an image 
sensor, an opening to a working channel32 and a flushing port 
(not shown). Proximal to the distal tip 22 is an articulation 
joint 30 that provides sufficient flexibility to the distal section 
of the shaft such that the distal tip 22 can be directed over the 
required deflection range (180° or more) by the steering 
mechanism and can be directed to bend in any direction 
desired about the circumference of the distal tip. That is, the 
operator can select both the amount of bend or articulation 
and the direction of the bend. 

0068. As discussed above, the endoscope 20 in accordance 
with one embodiment of the invention, has a higher torque 
shaft at the distal section of the endoscope and a lower torque 
shaft at its proximal end. The breakout box 26 positioned 
along the length of the endoscope shaft can be used as a 
handle or gripper to impart rotation of the distal end of the 
endoscope during a medical examination procedure. The 
higher torque portion of the shaft transfers rotational motion 
that is imparted at a location near the distal tip in order to 
guide the distal tip of the endoscope. The lower torque shaft 
portion of the endoscope intentionally does not transfer 
torque as well for ease of manipulation and can twist when 
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rotational motion is applied and may include one or more 
rotatable couplers to aid Such rotation. 
0069. In use, the operator can insert a medical device such 
as a biopsy forceps, Snare, etc., into an entrance to the work 
ing channel 32 of the endoscope found on the breakout box 
26. In alternate embodiments, the medical devices may be 
integrally formed into the endoscope or secured, for example, 
on the outside thereof. In other alternative embodiments, the 
entrance to the working channel lumen may be positioned 
further towards the proximal end of the endoscope or the 
endoscope may include more than one working channel hav 
ing entrances located at different positions along the endo 
Scope. 
0070 FIG.3A is a block diagram of the major components 
included within one embodiment of the control cabinet 50. As 
indicated above and shown in FIGS. 1C and 1D, the control 
cabinet 50 is preferably mounted on lockable wheels so that it 
can easily be placed near a patient prior to an examination 
procedure. The control cabinet is connected to a source of 
electrical power, either a.c. mains or a battery, as well as to a 
Source of insufflation gas and irrigation liquid. Inside the 
control cabinet 50 is a controller interface52 that is connected 
to the handheld controller 80 and receives control signals 
therefrom. To change the orientation of the distal tip of the 
endoscope, the control signals are received from a directional 
switch in the handheld controller 80. The control signals are 
supplied to a servo motor controller 54 that in turn controls a 
number of actuators, such as servo motors 56a, 56b,56c,56d. 
Each of the servo motors 56a-56 disconnected to one or more 
control cables within the endoscope. Motion of the servo 
motors 56a-56d pulls or releases the control cables in order to 
change the orientation of the distal tip 22 of the endoscope 20. 
Although the embodiment shown in FIG. 3A shows four 
servo motors and control cables, it will be appreciated that 
fewer or more servo motors and corresponding control cables 
could be used to move the distal tip. For example, some 
endoscopes may use three control cables and three associated 
servo motors or two motors with four control cables. Simi 
larly, a manual handle may be equipped with a control knob or 
other mechanism to tension two or more control cables in 
order to orient the tip of the endoscope. 
0071. An imaging electronics subsystem 60 receives sig 
nals transmitted from the distal tip through the proximal 
connector 34 (not shown) and its associated electronics at the 
distal end of the endoscope. In one embodiment, the image 
data is brought up from the distal tip in a serial communica 
tion link, and the signal is reconstituted to produce a format 
ted image, in this case a 640x480 pixel image. This deserial 
ization reconstructs the image into an array of 10 bit deep 
pixels—however, other bit depths could be used. The recon 
structed image is an array of pixels corresponding to indi 
vidual pixels at the imager. Each pixel at the imager is typi 
cally filtered by an R, G or B (red, green, blue) filter. Other 
filtering schemes such as subtractive color filters or the well 
known Bayer pattern are also possible. Once reconstituted, 
the full color image is demosaiced using well known demo 
saicing techniques yielding a full 640x480x30 bit deep RGB 
color image. This image can then be converted to other video 
standard formats such at Y-Ch-Cr-422, NTSC, PAL, S-Video, 
etc. 

0072 The imaging electronics subsystem 60 can enhance 
the images received or can provide video effects such as 
Zoom, color changes, the incorporation of overlays, color 
balancing, gamma adjustment, highlighting, etc., or the addi 
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tion of functionality Such as a graphical user interface prior to 
display of the images on a video display (not shown). Images 
of the tissue may also be analyzed by the imaging electronics 
Subsystem 60 and/or a separate processing circuit to produce 
control signals that are Supplied to the servo motor controller 
54 in order to automatically steer the distal tip of the endo 
scope as will be discussed in further detail below. Images 
produced by the imaging electronics Subsystem 60 may also 
be printed on a digital printer, sent to a network server or 
store, saved to a computer readable media Such as a floppy 
disc, CD, DVD, etc., or a video tape for later retrieval and 
analysis by a physician. 
0073. The imaging electronics subsystem 60 also provides 
electrical power to a light source Such as a number of light 
emitting diodes (LEDs) at the distal end 22 of the imaging 
endoscope. The gain of the imager or the intensity of the 
LEDs can be altered to provide for proper exposure onto the 
imager. One manner of achieving appropriate exposure is to 
monitor the number of Saturated pixels and adjust the light 
Source intensity so that the number of Saturated pixels is 
below a minimum threshold. Another approach is to adjust 
the light source so that the average pixel output is a set 
percentage, perhaps 50%. Still another is to use AGC algo 
rithms that are common to the TV or video industry. Proper 
exposure can also be obtained either independently or in 
conjunction with adjusting the light source by changing the 
gains and/or the integration period of the imager itself. If 
desired, control signals from the imaging electronics Sub 
system 60 can adjust parameters of the imager to adjust its 
overall gain, color balance, and sensitivity. 
0074 The LED light source is easily modulatable allow 
ing one to effect the exposure control by adjusting the current 
to the LEDs and hence their light output. Since the output of 
the LEDs can be readily controlled, one is also able to flicker 
the light source, by modulating the current to the LEDs, so as 
to increase its visibility. This effect, which is well known in 
the field of visual perception and to common experience, 
allows one to determine the location of the distal tip inside the 
body by observing the light that passes through the body to 
the outside world. This is called transillumination. By sub 
stantially modulating the output of the LEDs at a frequency of 
8-14 Hz, the visibility of the tip is maintained using less 
power or greatly enhanced using the same power. Alterna 
tively, the LEDs can be replaced with small incandescent 
bulbs or solid state devices such as a laser. 

0075. By pulsing the illumination sources, it is possible to 
visually detect the location of the distal tip of the endoscope 
without fluoroscopy or other external imaging means. If the 
image sensor is operating when the light source is pulsed, 
then the corresponding video display may flicker and distract 
the operator or impede the ability to see the distal tip. There 
fore, during transillumination, it is desirable to prevent flicker 
on the video display by displaying a static image or disabling 
the image sensor or image processor in order to increase the 
visibility of the distal tip. If the endoscope utilizes an external 
light source, then the control cabinet can include a high inten 
sity light source Such as a laser or halogen lamp source that 
Supplies light to a fiber optic illumination guide within the 
imaging endoscope 20 in order to illuminate an internal body 
organ or desired viewing area. Either power source 58 may be 
controlled by signals received from the handheld controller 
80 when the user desires to activate the light source or adjust 
the intensity of light produced. 
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(0076 Finally, the control cabinet 50 includes valves 70 
that control the delivery of insufflation air/gas to insufflate a 
patient’s body cavity and an irrigation liquid to flush out a 
body cavity and/or clean one or more of the components of 
the optical assembly (such as the lens or cover window) at the 
distal end of the endoscope. The insufflation air/gas and irri 
gation liquid are connected to the endoscope via a connector 
38 that connects to an irrigation/insufflation lumen of the 
endoscope 20. In one embodiment of the invention, the irri 
gation and insufflation functions are provided by the same 
lumen. However, it will be appreciated that separate irrigation 
and insufflation lumens could be provided if desired and if 
space in the endoscope permits. Furthermore, additional 
lumens or the irrigation and insufflation lumens may be used 
to deliver therapeutic or contrast Substances to the patient. 
0077 FIG. 3B illustrates another embodiment of a control 
cabinet 50A that is similar to the cabinet shown in FIG. 3A. 
The control cabinet 50A includes a vacuum valve 71 that 
controls vacuum delivered to a vacuum collection bottle 40. A 
vacuum line 73 connects to a vacuum lumen within the imag 
ing endoscope20. The vacuum valve 71 is controlled from the 
handheld controller 80. Valving and control of the valves for 
liquid delivery and vacuum can be together or separate and 
can be located inside or outside of the cabinet or along the 
endoscope etc. 
0078 FIG.3C illustrates another embodiment of an endo 
Scope system in accordance with the present invention. The 
endoscope system 100 includes a control cabinet 102 that 
operates to control the orientation and functions of an endo 
scope 104. The control cabinet 102 includes a controller 
interface 106 that receives commands from an input device 
Such as a joystick, that is used by the operator to control the 
operation of the endoscope. Other examples of input devices 
include Voice control, head mounted controls, touch pads, 
track balls, membrane Switches, foot Switches, etc. Com 
mands from the joystick are Supplied to a programmable 
processor Such as a digital signal processor that controls the 
overall operation of the imaging system and a servo control 
unit 108. The processor and servo control unit control the 
operation of a pair of servo motors 110, 112 that in turn drive 
control cables within the endoscope 104. The orientation of 
the distal tip is controlled in response to directional signals 
received from the user input device as well as feedback sig 
nals obtained from sensors that measure the position and 
torque of each of the servo motors 110, 112. In some instances 
the servo motors 110, 112 may be connected to the control 
cables through a manually or automatically controlled clutch 
(not shown). The clutch allows the servo motors to be disen 
gaged from the control cables if desired. 
0079. In one embodiment of the invention, the processor 
and servo control unit 108 implement a position-to-rate con 
trol that varies the speed at which the distal tip is moved as a 
function of the position of the directional switch on the user 
input device. However, other control algorithms such as posi 
tion-to-position or position-to-force could also be imple 
mented. The servo control can also be used to vary the posi 
tion of or articulate instruments that are within the endoscope. 
0080. Another function that may be performed by the pro 
cessor and servo control 108 is to generate a graphical indi 
cation of the approximate articulation of the tip that is shown 
to the user on the video display. The processor receives feed 
back signals regarding the position of the servo motors from 
which the length of control cable shortening is determined as 
well as the torque required to move the cables. From these 
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values, an approximation is made of the amount of articula 
tion at the distal tip of the endoscope. The approximate articu 
lation amount and the direction of articulation are displayed 
to the physician along with the images received from the 
image sensor, patient data, and/or other operating parameters 
of the video endoscope system. 
0081. The processor and servo control unit 108 also imple 
ment a variable braking function that allows the servo motors 
110, 112 to be driven under automatic or semi-automatic 
control by the operator moving the distal tip within the 
patient’s body. The variable braking is accomplished by hav 
ing the operator or the processor select a variable braking 
force that is between 0 and the maximum torque that can be 
supplied by the motors. When the physician moves the endo 
Scope, the torque on the motors is detected to see if it is greater 
than or equal to a variable braking threshold. If so, the pro 
cessor and servo control unit 108 controls one or both of the 
servo motors 110, 112 such that the tip is moved to a new 
position so that the torque readings from the motors are less 
than the variable braking threshold. 
0082 In some instances, such as near delicate portions of 
the patients anatomy, the variable braking threshold will be 
set to a low value so that little pressure is required to back 
drive the motors. In other instances, the braking threshold can 
be set high where it is desired to maintain the shape of the 
endoscope for navigation, etc. 
0083. In the manual control version, a variable friction 
brake may also be used. The user can select the brake force 
required be adjusting the position of a lever or dial on the 
manual controller similar to conventional scopes. One 
embodiment might involve a separate brake for each axis or 
alternatively, one brake may be used for both axes. 
0084. The control cabinet 102 also includes an imaging 
Subsystem 114 that produces images from the signals that are 
received from the image sensor at the distal end of the endo 
Scope 104. The imaging Subsystem 114 deserializes the digi 
tal video signal from the CMOS image sensor and performs 
the necessary algorithms such as demosaicing, gain control 
and white balance to produce a quality color image. The gain 
control of the system is implemented by adjusting the inten 
sity of the illumination (current supplied to the LEDs) and 
adjusting the gains applied to the signals by the CMOS 
imager. The imaging Subsystem 114 also includes isolation 
circuitry to prevent unacceptable radio frequency Susceptibil 
ity, emissions and interference, as well as unacceptable leak 
age currents in the event of an electrical failure in any circuit 
within the control cabinet 102. The imaging subsystem 114 
also includes circuitry for transmitting control signals to the 
image sensor and for receiving image signals from the image 
sensor. In one embodiment of the invention, the imaging 
subsystem 114 is provided on a standard “PCI circuit board 
to allow the use of standard computer hardware and software. 
0085. In the embodiment shown in FIG. 3C, the endo 
scope 104 has a distal shaft portion 120 that is connected to 
the breakout box 122 with a swivel connection 124. In addi 
tion, the proximal portion 126 of the shaft is connected to the 
breakout box 122 with a second swivel connection 128. The 
swivel connections 124, 128 allow the distal and proximal 
ends of the endoscope to rotate with respect to the breakout 
box 122 and without twisting the breakout box 122 in the 
hands of the operator. 
I0086. In the embodiment shown, the endoscope 104 is 
connected to the control cabinet 102 with a connector 130. 
Within the connector 130 are a pair of spools 132,134 that are 
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engageable with the driveshafts of the servo motors 110, 112. 
Each spool 132,134 drives a pair of control cables in opposite 
directions. One pair of control cables drives the distal tip of 
the endoscope in the up and down direction, while the other 
pair of control cables drives the distal tip of the endoscope in 
the left and right direction. Alternatively, a single control 
cable can be wrapped around a spool such that a single wire 
controls movement in a plane. 
0087. The connector 130 also includes a manifold 140 that 
controls the Supply offluid, air and vacuum to various tubes or 
lumens within the endoscope 104. In addition, the connector 
130 includes an electrical connector 142 that mates with the 
corresponding electrical connector on the control cabinet 
102. The connector 142 transfers signals to and from the 
image sensor and a thermal sensor as well as power to the 
illumination LEDs. Water is supplied to the endoscope with a 
pump 145. The pump 145 is preferably a peristaltic or isolated 
chamber pump that moves water though a flexible tube that 
extends into the proximal connector 130. Peristaltic pumps 
are preferred because the pump driving components do not 
need to come into contact with the water or other fluids within 
the endoscope, thus allowing the wetted component to be 
single use. A water reservoir 150 connected to the pump 145 
or fixedly secured to the proximal connector Supplies water to 
cool the illumination LEDs as well as to irrigate the region of 
examination. The water supplied to cool the LEDs is returned 
to the reservoir 150 in a closed loop. Waste water or other 
debris are removed from the patient with a vacuum line that 
empties into a collection bottle 160. Control of the vacuum to 
the collection bottle 160 is provided by a pinch valve within 
the proximal connector 130. 
0088 FIG. 3D shows further detail of a control cabinet for 
use with an embodiment of a video endoscope system of the 
present invention. Within the control cabinet 102 is a moth 
erboard 108 that is connected by a PCI data bus to an articu 
lation and fluids card 109, a camera card 111 and an imaging 
processing card 114. The image processing card 114 has its 
own hard drive connected by a EIDE connection. In addition, 
the mother board 108 has its own hard drive and data storage 
unit such as a DVD writer that are connected by an EIDE 
connection or similar interface. The articulation and fluidics 
card 109 provides signals to a power motor drive that in turn 
drives the servomotors 110, 112, and receives signals from 
the shaft encoders and torque sensors to provided feedback 
regarding the amount of force required to move the distal tip 
of the endoscope. The pumps and valves 145 are also con 
trolled by the articulation and fluidics card 109 to supply 
insufflationair/gas and irrigation fluids, as well as vacuum, to 
the endoscope 104 via the proximal connector 130. 
I0089. Images of the examination area produced by the 
image sensor within the endoscope 104 are displayed on a 
digital monitor. The digital monitor is driven through a mul 
tiplexer so that additional data such as patient name, address, 
date, other physiological parameters, heart rate, blood pres 
Sure, etc., or previously obtained images can be multiplexed 
onto the display for view by the operator. In addition, an 
external digital monitor may be coupled to the system, if 
desired. 

(0090. The motherboard 108 also interfaces with a printer 
via an ethernet/USB or parallel connection, and a keyboard 
by a conventional PS/2 or USB connection. The handheld 
controller is connected to the articulation and fluidics card 



US 2015/021639.6 A1 

109 via an RS-422 connection. A speaker is also coupled to 
the motherboard 108 to provide audible alarms or status sig 
nals to the operator. 
0091. The control cabinet 102 is preferably made using a 
standard off-the-shelf computing platform that includes a 
motherboard, hard drive, video card, processor, memory, etc. 
Each of the control cards (camera card 111, articulation and 
fluidics card 198, and the image processing card 114) for the 
system is plugged into the motherboard in a PCI slot. The 
motherboard also provides the standard PC type connectors: 
serial ports, parallel port, Ethernet port, USB ports, micro 
phone in, Sound out, etc. The two digital monitors such as 
LCD display panels on the control cabinet are connected to a 
video card that resides in the motherboard in an AGP slot. 
Essentially, the control cabinet includes a generic computing 
platform. This allows exam information to be captured elec 
tronically in a single integrated system. The types of exam 
information that may be captured in this integrated system 
includes: Still images, video clips, Voice recordings for anno 
tation purposes, Voice input for voice recognition, Voice input 
for Voice command and GUI navigation, text labels applied to 
images, drawing annotations on images, exam report infor 
mation, patient discharge information, letter to the referring 
physician, medications given to the patient, patient vital 
signs, etc. The exam report can typically include entry for 
data elements such as the patient demographics, indication 
for examination, procedure(s) performed, scope(s) used in 
exam, instruments used in exam, procedure technique, extent 
of exam, complications, visualization, tolerance, findings, 
diagnosis, recommendations, procedure codes, diagnosis 
codes, interventions performed, pathology specimens col 
lected, etc. 
0092 Patient vital signs are preferably recorded via an 
electronic interface. Vital sign monitors currently allow this 
type of digital information exchange over serial ports and 
Ethernet connections. As indicated, information that is typi 
cally collected is systolic blood pressure, diastolic blood pres 
Sure, mean arterial pressure, pulse from the blood pressure 
measurements, heart rate from an EKG, oxygen saturation, 
and temperature. In addition, the control cabinet can include 
means for electronic transfer and display of the “waveform 
data that would allow the display of waveform signals such as 
the EKG, respiration, and oxygen Saturation. This data is 
typically provided as a calibrated analog Voltage output. An 
analog to digital converter (not shown) is used to digitize the 
waveform data for display on the screens. 
0093. The system allows the operator to navigate the sys 
tem in a number of ways, such as keyboard, touchscreen, and 
a multi-position GUI navigation control Switch on the endo 
Scope handle. Any of these navigation means may be used 
before or during an exam to allow the operator (nurse, phy 
sician, or technician) to enter exam-related information into 
the control cabinet during the exam. If all of the desired 
information is not entered during the course of the exam, the 
system allows the operator to complete the exam record at the 
end of the exam. 

0094. The control cabinet may also contain a barcode 
scanner or radio frequency identification (RFID) scanner. 
This would allow the identification of tools that are inserted 
into the working channel of the endoscope or otherwise used 
as part of the procedure. This allows tracking of the equip 
ment or tools that were actually used during the exam. It also 
allows for intelligent prompting for the user through the GUI 
to record relevant information about the use of the items that 
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were scanned. For example, the nurse scans a biopsy forceps 
before it is inserted into the working channel of the endo 
Scope. 

(0095. The control cabinet GUI then automatically 
prompts the user with the typical interventions performed 
with the type of forceps that were inserted. The system would 
also prompt the user to enter information about the biopsy 
specimen(s) (location, description, pathology to be evalu 
ated) such that information is entered in an automated fashion 
for a pathology requisition. The system could also prompt the 
user with default operating parameters for the instruments. 
0096 FIG. 3E shows the signals that may be transmitted 
from the camera card 111 to the image sensor and associated 
devices at the distal tip of the endoscope. The camera card 111 
receives isolated power and contains conventional circuitry 
for a sync and color space conversion, automatic gain control, 
white balance initialization, pixel correction interlacer and a 
frame memory. Circuits are provided for low voltage differ 
ential signaling (LVDS). The camera card 111 contains an 
amplifier that drives the illumination light sources, such as 
LEDs. The camera card 111 provides an LVDS master clock 
signal to an LVDS clock receiver that is coupled to the CMOS 
image sensor at the distal end of the endoscope. By not 
including the master clock at the distal end of the endoscope, 
the cost of the imaging electronics for each endoscope is 
further reduced. The camera card 111 receives video and sync 
signals transmitted at 162 Mbps LVDS signaling, which are 
deserialized and provided to the on-board processor. In addi 
tion, the camera card receives thermistor signals received 
from a thermistor or other temperature sensor at the distal end 
of the endoscope. The camera card produces NTSC/PAL 
Video signals that can be output to displays or other devices. 
In addition, the board provides embedded sync signals and 
progressive YUV Signals. The camera card 111 includes its 
own EPROM for storing firmware that may be updated, if 
necessary, and a frame memory for storing video frames. 
(0097 FIG. 3F is a fluidics diagram of an embodiment of 
the endoscope 104 as shown in FIGS. 3C and 3D. As indi 
cated above, a water supply 150, such as a plastic fluid reser 
Voir containing a fluid Such as sterilized water or saline, is 
used to Supply water to the endoscope with a peristaltic pump 
142. The water is pumped into a tube or lumen 162 that 
delivers the water to a heat exchanger coupled to the LED 
illumination source. Water returning from the heat exchanger 
is received in a tube 164 and passed through a flow meter 166 
back to the reservoir 150. In this embodiment of the invention, 
water is continually pumped through the heat exchanger to 
prevent the illumination sources from becoming too hot. The 
flow meter 166 provides a signal if water is not being pumped 
through the heat exchanger so that the operator may be 
warned to remove the endoscope from the patient and/or the 
LEDs may be turned off or their output intensity lowered to 
prevent a thermal hazard to the patient. In addition, the fluid 
reservoir may include electronic sensors, movable floats, 
windows, alarms, etc., to indicate the level of cooling fluid 
available and whetheran additional supply of liquid should be 
provided. A temperature monitor, such as a thermistor, in the 
distal tip can provide warning of a potential thermal hazard. 
0098. In addition to providing cooling, water can be selec 
tively applied to a tube 170 that provides a high pressure 
lavage for irrigating a patient lumen, as well as a lens wash 
tube 172 that cleans contaminants from the front of an imag 
ing lens at the distal end of the endoscope. Water can also be 
selectively applied to a tube 174 that is connected to a work 
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ing channel tube of the endoscope to clean the working chan 
nel, if necessary. The flow of water in each of the tubes 170, 
172, 174 is selectively controlled by an associated valve 
which allows water to be pumped through the tube if desired. 
A valve 180 controls the application of vacuum to a working 
channel tube in the endoscope to remove irrigation liquid, 
debris, or other contaminants from the patient, if desired. A 
valve 182 controls the supply of air or other bio-compatible 
gas to an insufflation lumen, which in an embodiment of the 
invention is the same tube as the lens wash tube 172 at the 
distal end of the endoscope. The air can be provided to the 
patient under a variety of pressures using Solenoid valves 184, 
186,188 in line with regulators or an electronically controlled 
regulator or programmable array of regulators that provide air 
at different pressures and are connected in parallel to an air or 
gas source. The pressure of air delivered to the lens wash tube 
172 can be adjusted by selectively opening a combination of 
the valves 184, 186,188. A check or anti-siphon valve 189 is 
in line with the air supply line to prevent any back flow of air 
or liquids from the endoscope into the air delivery mecha 
1S. 

0099 FIG. 3G shows one embodiment of a manifold 140 
that directs air, water and/or vacuum to the various tubes or 
lumens within the endoscope. In one embodiment of the 
invention, the manifold is formed of two sheets of a thermo 
plastic material such as polyurethane that are RF welded or 
otherwise bonded to form a series of passages or channels 
between the sheets. Pinch valves or side clamps may be used 
on the vacuum line to prevent uncontrolled vacuum when 
connecting or disconnecting the connector to the control cabi 
net. Pinch valves are placed over the passages or channels and 
are selectively opened or closed to control the delivery of 
fluids, air or vacuum to the different tubes in the endoscope. 
In one embodiment, the manifold 140 has three connectors on 
one side and six connectors on the other side. On one side, a 
connector 190 receives water from the water reservoir 150. A 
connector 192 is connected to a tube that returns the water 
from the heat exchanger at the distal tip to the water reservoir 
150, and a connector 194 is connected to a collection jar 160 
that is in-line with the vacuum source. Pinch valves are pre 
ferred because the valve actuator components do not need to 
come into contact with the water or other fluids within the 
endoscope and they allow the wetted component to be single 
use. In addition, pinch valves provide for a simple valveless 
design. 
0100. In the embodiment shown, a connector 196 is con 
nected to the working channel to Supply water to or apply 
vacuum to the working channel. A connector 198 is connected 
to the insufflation tube. A connector 200 is connected to the 
high pressure lavage tube in the endoscope. Connectors 204 
and 206 are connected to the tubes that supply water to and 
return water from the heat exchanger that cools the LED 
illumination sources. 

0101 Water entering the manifold at the connector 190 is 
allowed to flow in four different paths. Fluid flow through 
three of the paths is selectively controlled with solenoid 
valves that pinch the manifold 140 at locations 208,210, 212 
that are over the passages in the manifold. In one embodiment 
of the invention, water is always pumped through the heat 
exchanger that cools the LED illumination sources. By selec 
tively activating the solenoid valves at the locations 208,210, 
212, water can be supplied to the other tubes in the endoscope. 
0102. In addition, the manifold 140 includes a support 
tube or other straw-like structure that maintains the passage 
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open between the connectors 196 and 194 such that vacuum 
does not collapse the manifold 140 when a solenoid valve that 
is at a location 214 between the connectors 194 and 196 is 
released. The tube or straw also includes at least one perfo 
ration (not shown) to allow liquid to flow into the working 
channel if desired. 

(0103. After use, the manifold 140 is removed from the 
tubes that Supply water and vacuum, etc., and is disposed of 
along with the rest of the endoscope. The flexible manifold 
bag 140 forms an inexpensive device for controlling the appli 
cation of fluids or air to the endoscope while preventing the 
fluids from coming in contact with non-disposable portions of 
the video endoscope system itself. 
0104 FIG. 3H shows another embodiment of a flexible 
manifold 152. Fluid enters the manifold 152 from the fluid 
reservoir through an inlet 152a. Fluid is pumped into tubing 
and the fluid path is selectively controlled by a series of pinch 
valves 152b. Fluid is allowed to flow selectively through a 
line 152e for abolus wash, through a line 152c for a lens wash 
and through a line 152d for a jet wash. Fluid continuously 
flows out through a line 152f to a heat exchanger in the distal 
tip for LED cooling. Fluid returns from the heat exchanger 
through line 152h from which is flows through a flowmeter 
(not shown), and returns back to the fluid reservoir through a 
fluid outlet 152i. 
0105 FIG. 4A illustrates one embodiment of a connector 
for securing the proximal end of the endoscope to a control 
cabinet 250 prior to performing an endoscopic examination. 
The control cabinet 250 includes an exterior connector 252 
having a number of shafts 254 that are coupled to the servo 
motors of the type shown in FIGS. 3A, 3B, and 3C. Each shaft 
254 is shaped to be received in a corresponding spool on 
which the control cables are wound. Also included in the 
connector 252 are connections to the insufflation and irriga 
tion valves 256 and a vacuum valve 258 to provide air, water 
and vacuum to the endoscope. 
01.06 FIGS. 4B and 4C illustrate one embodiment of a 
connector 260 used to secure the proximal end of the endo 
scope 20 to the control cabinet 250. The connector 260 
includes a number of thumbscrews 262, a form-fitted closure 
door, or other quick release mechanisms that allow the con 
nector 260 to be easily secured to the exterior connector 252 
on the exterior of the control cabinet 250. As shown in FIG. 
4C, the connector 260 includes a number of spools 262 about 
which the control cables are wound. Each spool is preferably 
threaded or grooved to prevent the control cables from bind 
ing on the spool during use. A sheave or flange 265 may 
Surround a portion of the spool to keep the control cables 
against the spool and within the groove and to aid in Support 
ing the spool within the connector 260. In one embodiment of 
the invention, the spools are prevented from rotating and thus 
the cables from unwinding when the connector 260 is not 
engaged with the control cabinet 250 by brakes 266 having 
pins that fit within corresponding slots in the spools. Once the 
connector 260 is mounted to the control cabinet 250, the 
brakes 266 are disengaged from the spools such that the 
spools can be moved by the servo motors. A clamp 267 can be 
used to secure the proximal end on an outerjacket that covers 
the control cables. Electrical connections for the light sources 
and image sensor as well as connections to the air and water 
valves are placed on the sides of the connector 260 or on the 
rear face of the connector 260 to engage the valves, as shown 
in FIG. 4A. 
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0107 FIG. 4D illustrates a cross-sectional view of a 
splined shaft 254 fitted within a spool 262 with a splined bore. 
The shaft 254 is supported by a cylinder 256 having a spring 
258 therein such that the shaft 254 is free to move within the 
cylinder 256. The cylinder 256 is coupled, either directly or 
through a clutch, to the servo motors within the control cabi 
net. The spring 258 allows the shaft 254 to float such that the 
shaft can more easily align and engage the mating Surface of 
the spool 262 when the connector is attached to the control 
cabinet 250. 
0108. Upon insertion of the shaft 254 into the spool 262, 
the brake 266 is released, thereby allowing the spool 262 to be 
moved by rotation of the cylinder 256. In some instances, the 
brake 266 may be omitted, thereby allowing the spools 262 to 
freely rotate when the connector 260 is not engaged with the 
control cabinet 250. 

0109 FIG.4E illustrates another embodiment of a control 
cabinet 280 having a display 282 upon which a graphical user 
interface including patient data and video or still images 
produced from the endoscope are presented. A connector 284 
is provided on the exterior of the control cabinet 280 for 
connecting the proximal end of the endoscope. The connector 
284 includes a number of shafts 286 that are coupled to the 
servo motors within the control cabinet. A number of pinch 
valves 288 are provided to control the flow of air, water, and 
vacuum through the manifold that connects the fluid reser 
Voir, Vacuum source, and air supply (not shown) to the tubes 
in the endoscope. A peristaltic pump 290 is provided for 
pumping liquid through the endoscope as described above. A 
joystick handheld controller 292 is connected to the control 
cabinet 280 so that an operator can enter commands concern 
ing the operation of an endoscope and its orientation. 
0110 FIG. 4F shows the rear surface of one embodiment 
ofaproximal connector 130 that couples the endoscope to the 
control cabinet. The proximal connector may be seated into a 
movable door on the control cabinet, which is then closed to 
connect the connector 130 to the control cabinet. As discussed 
above, the connector 130 has an electrical connector therein 
that mates with a corresponding electrical connector on the 
control cabinet to transfer LVDS signals, including an 
upstream clock signal to the image sensor, power and grounds 
to the illumination LEDs, and regulated power for the image 
sensor. Electrical signals received back from the endoscope 
include a thermistor signal, and LVDS formatted, serialized 
video and sync data. Water inlet port 296 and water outlet port 
298 supply fluids to a manifold within the proximal connec 
tOr 

0111 FIG. 4G shows a cross-sectional view of the proxi 
mal connector 130 shown in FIG. 4F. As shown, a series of 
raised knobs with anvils 299A, 299B, 299C, 299D are located 
along one side of the proximal connector 130. The sharp 
edges on the anvils 299A-299C function to provide a backing 
to the flexible manifold bag inside the proximal connector 
housing and allow the Solenoid valves to pinch the manifold 
and restrict the flow. The raisedknob and anvil 299D provides 
a Support to the vacuum tube under the manifold in the proxi 
mal connector housing to allow the Solenoid valve to pinch 
the tube and control the vacuum. 

0112 FIG. 5A illustrates various controls located on one 
embodiment of a handheld controller 300 in accordance with 
the present invention. The handheld controller 300 includes a 
controller body 302 that, in a parallel embodiment of the 
invention, is coupled to a control cabinet by an electrical cord 
304, a wireless radio frequency channel, an infrared or other 
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wireless or optical link. If the connection is made with an 
electrical cable, a strain relief 86 is positioned at the junction 
of the electrical cable 304 and the body 302 of the controller 
to allow suitable flexing and bending of the electrical wires 
within the electrical cable 304. In a serial embodiment, the 
connection of the handheld controller 300 to a control cabinet 
is made with a sheath that includes both the wires to transmit 
signals to the motion controllers and imaging system, as well 
as lumens to carry the insufflation air/gas and irrigation liq 
uid. In addition, the control cables of the endoscope engage 
cables that are connected to the actuators in the motion con 
trol cabinet through the handheld controller 300. Ifused with 
a manual handle, the connection to the control cabinetis made 
with a sheath that includes wires to transmit signals to and 
from the image sensor, the illumination LEDs and lumens to 
carry the insufflation air/gas and irrigation/cooling liquid. 
0113 Positioned in an ergonomic arrangement on the 
handheld controller 300 are a number of electrical switches. 
An articulation joystick 308 or other multi-positional device 
can be moved in a number of directions to allow the physician 
to orient the distal tip of the imaging endoscope in a desired 
direction. In order to guide the imaging endoscope manually, 
the physician moves the joystick 308 while watching an 
image on a video monitor or by viewing the position of the 
distal tip with another medical imaging technique such as 
fluoroscopy. As the distal tip of the endoscope is steered by 
moving the joystick 308 in the desired direction, the physi 
cian can push, pull and/or twist the endoscope to guide the 
distal tip in the desired direction. 
0114. A camera button 310 is provided to capture an image 
of an internal body cavity or organ in which the endoscope is 
placed. The images collected may be still images or video 
clips. The images may be adjusted for contrast or otherwise 
enhanced prior to display or stored on a recordable media. 
0.115. An irrigation button 312 activates an irrigation 
Source to Supply a liquid Such as water through an irrigation 
lumen of the endoscope. The liquid serves to clean a window 
in front of an image sensor and/or the light source at the distal 
end of the endoscope as well as an area of the body cavity. An 
insufflation button 314 is provided to activate the insufflation 
Source to Supply air/gas through a lumen of the endoscope. 
The Supply of the insufflation gas expands portions of the 
body cavity Surrounding the distal tip of the endoscope so that 
the physician can more easily advance the endoscope or better 
see the tissue in front of the endoscope. 
0116. In one embodiment of the invention, the body 302 of 
the handheld controller 300 also includes a detachable joint 
such as a thumb screw 316 for securing the handheld control 
ler 300 to the breakout box as indicated above. A correspond 
ing socket or set of threads on a breakout box receive the 
thumb screw 316 in order to join the two parts together. One 
or more additional buttons 318 may also be provided to acti 
vate additional functions such as recording or printing 
images, adjusting light intensity, activating a vacuum control 
valve or providing a variable braking drag on the control 
cables that provide the up, down, left, right movement of the 
distal tip, etc., if desired. 
0117 FIG. 5B illustrates another embodiment of a hand 
held controller by which the operator can enter commands to 
control the operation of the control cabinet and endoscope. 
The controller 350 includes a handle 352 that is ergonomi 
cally shaped to allow the user to control the operations with 
his or her thumb and/or fingers. A joystick 354 is located on 
the top of the controller 350 such that the user can steer the 
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endoscope by moving the joystick with their thumb. A num 
ber of control buttons 356 can be activated with the user's 
thumb or fingers to control other operations of the endoscope 
Such as Supplying air for insufflation or water/vacuum to the 
lumens in the endoscope adjusting the illumination Source 
intensity, etc. The controller 350 also includes a force feed 
back mechanism 360 that applies a variable force to a spring 
362 that biases the joystick 354. The force applied by the 
feedback mechanism 360 is varied in proportion to the force 
required to steer the endoscope. For example, the endoscope 
may be positioned againstatissue wall, or may have a number 
of loops along its length. Therefore, the user can be given a 
tactile indication of the force required to steer the endoscope 
by varying the force placed on the spring 362 by the feedback 
mechanism 360. 

0118. As indicated above, in one embodiment of the 
invention, the servo motors implement a position-to-rate con 
trol algorithm, whereby the position of the joystick 354 is 
translated into a rate of change of position in a desired direc 
tion in the distal tip. Therefore, as the user presses the joystick 
in any direction, the return force that is applied by the force 
feedback mechanism 360 to the spring 362 can be varied as a 
function of the drive motor torque required to move the con 
trol cable and varying the force on the spring also varies the 
force that the spring applies to the joystick. The force that the 
spring applies to the joystick is felt by the user through the 
joystick and gives the user a tactile indication of the level of 
force being applied to move the distal tip in the direction 
being commanded by the user. 
0119 FIG. 5C illustrates one mechanism for providing a 
force feedback mechanism 360 within the handheld control 
ler 350. Within the joystick is a motor 370 that drives a rack 
and pinion mechanism including a first rack 372 that is 
directly coupled to the motor 370 and a second rack 374 that 
is directly coupled to the pretension spring 362. Rotation of 
the motor 370 drives a screw-type mechanism (not shown) 
which moves the first rack 372 up or down. A pinion gear 376 
translates longitudinal motion of the first rack 372 into lon 
gitudinal motion of the second rack 374, which in turn adjusts 
the pretension on the spring 362. In the embodiment shown, 
two racks are needed due to the orientation of the joystick 
with respect to the longitudinal axis of the hand held control 
ler 350. However, other configurations could be used if the 
joystick were oriented differently in the hand held controller. 
For example, linear motor drivejoysticks could be configured 
to provide rapid force feedback to the user. 
0120 Similarly, other structures and/or materials, such as 
elastomers or flexural structures can be used to replace the 
spring entirely and a force can be applied to one area of the 
plastic material to create a similar force where the plastic 
contacts and biases the joystick. Similarly, variable torque 
motors can be coupled directly to the joystick and the torque 
of the motors adjusted in accordance with the tension of the 
control cables to directly transmit a force through the joystick 
to the user. The use of two motors with the motors acting on 
orthogonal respective axes of the joystick movement can 
create force feedback signals in response to all possible direc 
tions of joystick movement. This sort of use and arrangement 
of direct drive motors can be similarly used to feedback 
position of the distal tip. In this arrangement, position con 
trolled motors would be used instead of torque controlled 
motors. The positions of the control cables or the positions of 
the servo motors driving these cables are used to compute the 
approximate position of the distal tip. The position controlled 
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motors are driven to make the joystick position follow the 
computed position of the distal tip. If the operator attempted 
to move the tip and the motion of the tip were blocked by its 
environment, then the operator's movement of the joystick 
would be resisted by forces applied by the position controlled 
motors to make the joystick position correspond with the tip 
position. 
I0121 Although the embodiment shown discloses a motor 
and a rack and pinion gear system to change the compression 
of the spring 362 that biases the joystick 354, it will be 
appreciated that other mechanisms including hydraulic, or 
magnetic actuators could be used. Alternatively, as discussed 
above, pseudo-fluid devices such as thermoplastics can be 
used. By selectively compressing athermoplastic material, its 
elasticity can change and be used to apply different pressures 
on a spring 362. 
0.122. In another embodiment, not all the forces on the 
wires are fed back to a user. In one embodiment, the system 
distinguishes the resistance of the shaft versus the resistance 
at the distal tip and only the resistance at the distal tip is fed 
back to a user. 

I0123 To distinguish the forces on the shaft versus the 
forces at the tip, the tip is dithered in different directions. If the 
resistance is on the tip, then the resistance should be high only 
in one direction. If resistance is caused by loops in the shaft, 
then resistance should be equal in all directions. By compar 
ing the forces in a processor and separating the forces 
required to move the distal tip, high forces can be prevented 
from building up at the tip. High motor torque can be used 
only to overcome resistance due to looping and not employed 
to bend the tip if it meets resistance. Therefore, higher forces 
are prevented from being built up on the tip, lowering the risk 
that the tip will perforate the anatomy or undesirably snap into 
position. 
0.124 FIGS.5D and 5E illustrate another embodiment of a 
breakout box and handheld controller. In this embodiment, a 
breakout box 380 has a distal end 382 and aproximal end 384. 
The breakout box is generally “banana-shaped such that it 
fits ergometrically in a users hand. In addition, the proximal 
end 384 of the breakoutbox 380 is oriented such that when the 
user has the controller in his or her hand and the palm is 
oriented horizontally with respect to the floor, the proximal 
end, is pointed downwards toward the floor. Therefore, the 
proximal end of the endoscope shaft extending from the brea 
kout box is angled away from the physicians forearm and is 
less likely to get in the way. 
0.125. The breakout box 380 also includes an entrance to 
the working channel 386 having a cap thereon. The cap is 
positioned Such that the entrance to the working channel does 
not face the physician in order to lessen the chances of the 
physician or nurse being sprayed by bodily fluids or other 
contaminants. The cap may be removable or integrated into 
the breakout box and may include a duck bill or tuey bohrs 
that enables a physician to effectively seal around a device to 
prevent air and fluid leakage. By removing the cap, a user can 
insert a tool into the working channel for receiving biopsies, 
applying medication, or performing other medical proce 
dures. 

(0.126 Selectively coupled to the breakout box 380 is a 
handheld controller 388. The handheld controller includes a 
directional switch 390 that controls the orientation of a distal 
tip of the endoscope. Further buttons or controls 392 may be 
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provided to allow the user to activate additional features of the 
endoscope or change operating parameters of the video endo 
Scope system. 
0127. Other embodiments may not require the cap to be 
removed. The cap may consist of a duck bill valve which 
allows passage of the device but immediately seals itself once 
the device has been removed. This ensures that the user will 
never get sprayed if the bolus wash is applied while the cap is 
removed. Another design involves a screw cap which tightens 
down on the duck bill valve to hold the device steady at a 
precise location. 
0128. As shown in FIG.5D, the handheld controller 388 is 
selectively coupled to the breakout box 380 by cooperating 
male and female joining mechanisms 396, 398. In the 
embodiment shown, the joining mechanisms comprise a tab 
which is elastically received in a corresponding slot. How 
ever, other attachment mechanisms could be used. 
0129 FIGS.5F-5I illustrate one embodiment of a manual 
handle including rotatable knobs that tension the control 
cables to steer the distal tip of the endoscope. The manual 
handle includes a number of electronic switches that direct 
electronics in the control cabinet to activate various functions 
of the endoscope system, such as suction, air, lens wash, jet 
wash or low pressure lavage and bolus wash. Additional 
Switches are provided to be thumb activated, such as a menu 
button and a multi-position Switch for navigating menus on 
the display. 
0130. In one embodiment of the invention, several simple 
switches are used to control water, air, suction, lens wash 
image management, and graphical user interface (GUI) navi 
gation. The switches are wired to a circuit board in the handle 
or connector with multiple wires. A microprocessor provides 
the button signals to the control cabinet on a few wires. The 
switches can be relatively inexpensive because the switches 
do not need to withstand repeated use or cleaning. In addition, 
other functions such as debouncing, etc., that might increase 
the cost of the switch can be provided within the control unit 
by dedicated hardware or software, for example. 
0131. In one embodiment of the invention, the knobs on 
the handle are coupled to the control wires with a “bead 
chain' of the type commonly used with lamp pull-switches. 
The bead chain engages in a sprocket connected to the knobs. 
The force required to turn the knobs and the amount of rota 
tion of the knobs required to articulate the tip can be con 
trolled by adjusting the size of the sprocket. Larger sprockets 
will require more force to turn the knob but will require less 
rotation and will have higher force feedback. Smaller sprock 
ets will require less force but more rotation. It is possible that 
a different size sprocket be used on the up/down axis than on 
the left/right axis. In one embodiment, the steering cables are 
connected directly to the bead chain. In other embodiments, 
the steering cables can be wrapped directly around the 
sprocket. In other embodiments (as shown in FIG. 5I), the 
bead chain is connected to the steering cable using a spring. 
The stiffness of the spring can be adjusted to maintain uni 
form tension in steering system when loops are created in the 
distal shaft during an endoscopic procedure. In other embodi 
ments, the spring can be put on the end of the tightly wound 
spring coils which the steering cables run through. This 
springs may also be used to ensure that all disposable devices 
have the same feel to the user and prevent slack from building 
up in the devices during storage prior to use. This ensures that 
all devices will be responsive to the user and will not have 
slop. 
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I0132 A fixed stop may be placed on the sprocket, on the 
bead chain, on the pull cable or on the knobs to limit the 
rotation of the knob and avoid over articulating the tip. 
0.133 An entrance to the working channel is positioned 
below the knobs to allow the insertion of tools into the work 
ing channel. The working channel port may be fixed to the 
manual controller housing or may be allow to translate along 
the main axis of the housing. Allowing the working channel 
port to translate, will prevent tensile forces from building up 
on the working channel when loops are created in the distal 
shaft. 
I0134. The manual controller housing will allow space for 
excess length of bowden cables, electrical cables and utility 
tubes. This prevents tensile forces from building up on these 
components when loops are created in the distal shaft. 
I0135) In other embodiments, the handheld controller may 
be fitted to agripping mechanism that grasps the distal portion 
of the shaft. The operator can therefore secure the handheld 
controller to the shaft at various positions along its length in 
order to allow the physician to be closer to the patient. 
0.136 Although the disclosed embodiments of the endo 
Scope generally require an operator to control the orientation 
of the distal tip, the endoscope of the present invention may 
also be steered automatically. Images received by the imaging 
electronics are analyzed by a programmed processor to deter 
mine a desired direction or orientation of the distal tip of the 
endoscope. In the case of a colonoscopy, where the endoscope 
is advanced to the cecum, the processor controls the delivery 
of insufflation air/gas to inflate the colon. The processor then 
analyzes the image of the colon for a dark open lumen that 
generally marks the direction in which the endoscope is to be 
advanced. The processor then Supplies control instructions to 
the servo controller such that the distal tip is oriented in the 
direction of the dark area so located. 
0.137 In other modes, a processor in the control cabinet 
causes the distal tip of the endoscope to move in a predefined 
pattern. For example, as the endoscope is being withdrawn, 
the distal tip may be caused to move in a spiral search pattern 
Such that all areas of a body cavity are scanned for the pres 
ence of disease. By using the automatic control of the distal 
tip, a physician only has to advance or retract the endoscope 
to perform an examination and concentrate fully on image 
interpretation. 
0.138. As will be described in further detail below, the 
endoscope generally comprises a hollow shaft having one or 
more lumens formed of plastic materials, such as polyure 
thane or polyethylene, which terminate at the distal tip. The 
shape of the distal tip and shaft is usually cylindrical but can 
be made in other shapes to facilitate passage into a body 
cavity. In addition, the tube for the working channel may be 
Supported with a spring in the area of the articulation joint to 
prevent kinking. In addition, the lumens may be reinforced 
with a spiral wound wrap of metal wire or polymer or glass 
fiber or tape. The lumens can have various cross-sectional 
shapes along the length Such as circular, oval, asymmetrical, 
etc. The outsides surface of the tubes may be lubricated to 
help them slide relative to each other during articulation. 
Alternatively, frosted tubes may be used to lower the coef 
ficient of friction on the outside surface. The internal wall of 
all tubes will usually be smooth. One embodiment of the 
working channel involves a star shaped lumen rather than a 
circular lumen. This reduces the contact area with devices and 
allows devices pass through with less force. As shown in FIG. 
6A, one embodiment of a distal tip 400 comprises a cylinder 
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having a distal section 402 and a proximal section 404. The 
proximal section 404 has a smaller diameter than the diameter 
of the distal section 402 in order to form a stepped shoulder 
region. The diameter of the shoulder is selected such that shaft 
walls of the endoscope can seat on the shoulder region to form 
a smooth outer surface with the distal section 402. The distal 
face of the distal tip 400 includes a number of ports, including 
a camera port 406, one or more illumination ports 408, an 
access port for the working channel lumen 410, and a direc 
tional flush port 412. 
0139 Fitted within the camera port 406 is an image sensor 
(not shown) that preferably comprises a CMOS imaging sen 
sor or other solid state imaging device and one or more glass 
or polymeric lenses that produces electronic signals represen 
tative of an image of the scene in front of the camera port 406. 
The image sensor is preferably a low light sensitive, low 
noise, CMOS color imager with VGA resolution or higher 
such as SVGA, SXGA, XGA, or UXGA, etc. If less resolu 
tion is desired, a /2 or /4 VGA sensor could also be used. For 
conventional video systems, a minimum frame rate of 25 to 
30fps is required to achieve real-time video. The video output 
of the system is desirably transmitted to the console in a 
digital form, but may be in any conventional digital or analog 
format, including PAL or NTSC, or high definition video 
format. 

0140. The illumination ports 408 house one or more 
lenses/windows and one or more light emitting diodes 
(LEDs) (not shown). The LEDs may be high intensity white 
light sources or may comprise light sources at other wave 
lengths such as infrared (IR) red, green, blue or ultra-violet 
(UV) LEDs. With colored LEDs, images in different spectral 
bands may be obtained by 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. As an alternative to LEDs, the light source may 
be external to the endoscope and the illumination light deliv 
ered to the illumination port with a fiber optic bundle and 
traditional light sources. Alternatives to a LED source at the 
distal tip could include, for example, an incandescent lamp or 
lamps, or organic LEDs, photomic crystals, or laser Sources. 
0141. The access port 410 is the termination point of the 
working channel or lumen of the endoscope. In one embodi 
ment, the proximal end of the working channel terminates at 
the breakout box 26 as shown in FIG. 2. However, the work 
ing channel could terminate nearer the proximal end of the 
endoscope. 
0142. The directional flush port 412 includes a cap 414 
that directs liquid and air Supplied through an irrigation and 
insufflation lumen across the front face of the distal tip 400 in 
the direction of the camera port 406 and/or the illumination 
ports 408. The cap 414 thereby serves to rinse, clean and dry 
the camera port 406 and the illumination port 408 for a better 
view of the internal body cavity in which the endoscope is 
placed. In addition, the flushing liquid cleans an area of tissue 
Surrounding the distal end of the endoscope. 
0143 FIGS. 6B-6I illustrate another embodiment of an 
imaging assembly that forms the distal tip of the disposable 
endoscope in accordance with the present invention. The 
imaging assembly is low cost, compatible with inexpensive 
assembly techniques, and performs comparably to more 
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expensive imaging mechanisms such that an operator finds 
the endoscope operation familiar for the examination of 
patients. 
0144. As shown in FIG. 6B, the distal end of the endo 
Scope includes a distal cap having a number of openings on its 
front face. The openings include an opening to a working 
channel 452 and an opening 454 for a low pressure lavage, 
whereby a stream of liquid can be delivered through the 
endoscope for removing debris or obstructions from the 
patient. A lens wash and insufflation port includes an inte 
grated flush cap 456 that directs water across the lens of an 
image sensor and delivers an insufflation gas to expand the 
lumen in which the endoscope is inserted. Offset from the 
longitudinal axis of the endoscope is a lens port 458 that is 
surrounded by a pair of windows or lenses 460 and 462 that 
cover the illumination Sources. 

0145 As best shown in FIG. 6C, the imaging assembly 
includes the distal cap 450, a cylindrically shaped lens assem 
bly 470, and a heat exchanger 480. The heat exchanger 480 
comprises a semi-circular section having a concave recess 
482 into which the cylindrically shaped lens assembly 470 
can be fitted. The concave recess 480 holds the position of the 
lens assembly 470 in directions perpendicular to the longitu 
dinal axis of endoscope, thereby only permitting the lens 
assembly 470 to move along the longitudinal axis of the 
endoscope. Once the lens assembly is positioned Such that it 
is focused on an image sensor 490 that is secured to a rear 
surface of the heat exchanger 480, the lens assembly is fixed 
in the heat exchanger with an adhesive; this may be facilitated 
by the application of precise stops or lands in the molded part 
design. A pair of LEDs 484, 486 are bonded to a circuit board 
which is affixed in the heat exchanger Such that a channel is 
formed behind the circuit board for the passage of a fluid or 
gas to cool the LEDs. A circuit board or flex circuit 492 
containing circuitry to transmit and receive signals to and 
from the control unit is secured behind the image sensor 490 
and to the rear surface of the heat exchanger 480. With the lens 
assembly 470, the LEDs 484, 486, the image sensor 490, and 
associated circuitry 492 secured in the heat exchanger 480. 
the heat exchanger assembly can be fitted within the distal cap 
450 to complete the imaging assembly as shown in FIG. 6D. 
0146 FIG. 6E is a rear isometric view of the distal cap 450. 
The distal cap 450 is preferably precision molded out of ABS 
or other bio-compatible material. As indicated above, the 
front face of the distal cap 450 includes an integrated flush cap 
456 and pair of windows 460 that are positioned in front of the 
LEDs. Preferably, the windows are made of a clear plastic 
material such as polycarbonate, which are overmolded with 
the remainder of the distal cap 450. Also within the inside of 
distal cap 450 is a flat surface 470 that extends proximally, 
thereby dividing the cylindrical inner surface of the distal cap 
into a semicircular tube into which the semicircular heat 
exchanger 480 assembly can be fitted. A protrusion 472 
extends from the inside front face of the distal cap 450 and is 
aligned with a front face of the heat exchanger 480 to limit the 
extent to which the heat exchanger 480 can be inserted into 
the distal cap 450. 
0147 FIG. 6F is a cross-sectional view of the windows 
460, 462 that are positioned in front of the LEDs. The win 
dows 460 are preferably molded of an optically clear plastic 
material with an outwardly extending flange 464 that secures 
the window 460 in front face of the distal cap 450. Once the 
windows have been molded, the distal cap 450 can be molded 
over the windows 460, 462 in order to secure them in place. 
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0148 FIG. 6G is a front isometric view of the heat 
exchanger 480 portion of the imaging assembly. As indicated 
above, the heat exchanger is a semicircular section having a 
relatively flat bottom surface 500 that mates with the flat 
surface 470 in the inside of distal cap 450 and arounded upper 
surface 502. The interior of the heat exchanger is generally 
hollow to form a channel through which a cooling liquid or 
gas can be passed to remove excess heat from the illumination 
LEDs. The concave recess 482 is formed in the bottom flat 
surface 500 of the heat exchanger to receive the cylindrically 
shaped lens assembly 470, as shown in FIG. 6C. Extending 
rearwardly from the heat exchanger 480 are a pair of legs506, 
508 having holes therein that are fluidly connected to the 
interior of the heat exchanger 480. A lip 512 extends around 
the inside surface of the front face of the heat exchanger 482 
to form a bonding Surface on which a correspondingly shaped 
circuit board can be fitted and adhesively secured. In some 
embodiments of the invention, the heat exchanger 480 may 
further include additional rearwardly extending fins 514,516 
that positioned over the legs 506, 508 such that a slot is 
formed therebetween for securing a circuit board or other 
components to the heat exchanger. However, in some 
embodiments, the fins 514, 516 may be omitted. 
014.9 FIG. 6H is a rear isometric view of the heat 
exchanger 480. As indicated above, each of the legs506, 508 
include a lumen 520, 522 into which a tube can be fitted and 
through which cooling liquid or gas can be passed such that 
the liquid orgas flows within the hollow semicircular channel 
section of the heat exchanger. In addition, the heat exchanger 
480 may include a recess 526 for a thermistor or other tem 
perature-sensing device that can transmit signals indicative of 
the temperature of the distal tip and signal to a processor in the 
control unit. Alternatively, the temperature sensor could be 
located in the body of the distal tip. 
0150 FIG. 6I illustrates a semicircular circuit board 550 
that is designed to fit within the front face of the heat 
exchanger 480. Specifically, the circuit board 550 is adhe 
sively secured in the front face of the heat exchanger 480 
against the inner lip 512, as shown in FIG. 6G. The circuit 
board comprises a base material that is thermally conductive, 
Such as a polymer, metal or ceramic or combination thereof, 
an electrically isolating dielectric material and a circuit layer. 
The circuit board 550 includes one or more traces 552 and 
bonding pads 554 that are used to deliver electrical current to 
a pair of LEDs that are located on thermally conductive pads 
556, 558 that are positioned on either side of the concave 
recess 482 in which the lens assembly 470 is fitted when the 
circuit board is installed in the heat exchanger 480. 
0151. In one embodiment of the invention, the base mate 
rial is copper with conductive pads 556, 558 also made of 
copper. The LEDs are wire bonded to the bonding pads 554, 
and trace 552. The rear Surface of the circuit board 550 is 
preferably coated with a heat conductive, non-reactive bio 
compatible material Such as gold that is directly exposed to a 
cooling liquid or gas which is pumped through the heat 
exchanger via the legs 506, 508. 
0152. In one embodiment of the invention, the LEDs 484, 
486 are preferably large area die, high power, blue light LEDs 
coated with a phosphor material that together produce 
approximately 60 lumens of light. Although the embodiment 
shows two LEDs positioned on either side of the lens assem 
bly 470, it will be appreciated that fewer or more LEDs could 
be used and corresponding changes made to the shape of the 
windows 460, 462 positioned in front of the LEDs. 
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0153. As an alternative, the inside surface of the windows 
460, 462 can be coated with a phosphor coating that produces 
a white light when exposed to the blue light that is produced 
by the LEDs. The particular phosphor or phosphor combina 
tions selected may depend on the spectral characteristics of 
the LEDs employed. The phosphor or phosphors can be 
mixed with an epoxy adhesive that is applied to the rear 
surface of the windows 460, 462 and cured by exposing the 
distal tip 450 to an ultraviolet light source. Mixing the phos 
phor coating in an adhesive promotes a uniform distribution 
of the phosphor and is easy to manufacture. Alternatively, the 
phosphor could be imbibed or directly mixed into the window 
polymer. 
0154 An embodiment of a lens assembly 470 comprises a 
four-element plastic lens assembly containing several 
aspheric Surfaces to control the image sharpness and distor 
tion image that provide 140° field of view with nominal 
f-theta distortion and an f78 aperture. The individual lenses 
and aperture of the lens assembly are contained in a plastic 
cylinder for insertion into the cylindrically shaped hole of the 
heat exchanger 480. The front surface of the lens assembly is 
adhesively sealed to the lens port 458 in the cap 450. 
0.155. As indicated, for colonoscopic applications, a 
diagonal full-field of view of 140 degrees with acceptable 
f-theta distortion is preferable. Image sharpness should be 
consistent with FDA Guidance Documents for Endoscopes 
that suggests resolution of 5 line pairs per millimeter on an 
object Surface, concentric with the entrance pupil, at an object 
distance of approximately 10 mm. This is consistent with the 
use of a VGA (640x480) pixel color imager such as those 
manufactured using CMOS or CCD technology by compa 
nies such as Micron, Inc. or STMicroelectronics. 
0156 The output of the imager chip is preferably of serial 
digital format to provide for a reduced wire count to bring the 
signal from the distal tip to the proximal connector. The cable 
connecting the proximal end to the distal tip contains power, 
ground, clock, differential signal, and control signal lines. 
Typically, 10-14 wires are required. By incorporating the 
serializer into the imager, a highly compact distal tip can be 
fabricated. Also, the cost of an imager with an integral seri 
alizer is less than the cost of a separate imager and serializer 
and their interconnects. Additionally, by removing the clock 
from the distal tip and locating the clock on the imaging 
electronics subsystem (60), further reduction of the size of the 
distal tip is possible with associated reduction of the cost of 
the endoscope. 
0157 For an imager with a diagonal format size of 
approximately 4.5 mm, the focal length of the lens is 1.8 mm 
in order to cover a full field of 140 degrees. 
0158. The four element plastic lens assembly 470 is 
depicted in FIG. 6.J., along with ray traces from /2 of the field. 
Elements 570,572, and 576 are injection molded from iden 
tical plastic Such as a crown-like material Ticona Topas. Ele 
ment 574 is injection molded from polystyrene. To achieve 
the required correction, the concave surfaces of elements 570 
and 572 are rotational aspherics and both convex surfaces of 
element 576 are aspheric. The F/it of the lens is approximately 
8, to provide a sufficient depth of field. The right most optical 
element 577 is a protective coverglass that is incorporated 
into the imager sensor 490. 
0159. In a preferred embodiment of the invention, the 
image sensor 490 comprises a VGA CMOS image sensor 
with 640x480 active pixels and an on-chip serializer that 
transmits image data to the control cabinet in a serial form. 
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Such a CMOS image sensor is available as Model No. MI-370 
from Micron Electronics of Boise, Id. In order to transmit 
serial image data and control signals along the length of the 
endoscope, the data and control signals are preferably sent 
digitally using a low voltage differential signal (LVDS) pro 
tocol along a Suitable twisted micro coaxial cable. 
0160 To construct the image assembly, the distal cap 450, 
including flushing port 456 is molded of ABS plastic over the 
LED windows 460, 462. The circuit board 550, having LEDs 
482, 484 bonded thereto, is secured within the heat exchanger 
480 and the CMOS sensor 490 and associated electronics 492 
are secured to the rear surface 525 of the heat exchanger 480 
between the legs506, 508. The lens assembly 470 is inserted 
into the concave recess 482 and adjusted longitudinally until 
it is at the optimum position to focus light on the image sensor 
490 before being cemented in place. The completed heat 
exchanger assembly can then be inserted into the distal tip 
450 and adhesively bonded to complete the imaging assem 
bly. The remaining tubes for the low pressure lavage bolus 
wash channel 454, lens wash and insufflation channel and 
working channel are then secured to corresponding lumens in 
the distal tip in order to complete the distal imaging section of 
the endoscope. 
0161 Variations on the components, dimensions and con 
figuration of the components in the optical assembly are 
contemplated, which may depend in part on the desired per 
formance characteristics of the endoscope. For example, 
issues like field of view, levels of illumination, operating 
temperature of the distal tip etc. affect the balance and 
tradeoff of a particular configuration. For example, it may be 
desirable to add a focusing capability to the endoscope by 
moving the cylindrically shaped lens assembly relative to the 
image sensor. If the lens assembly can be focused, a lower F# 
(i.e., faster) lens can be used thereby decreasing the amount of 
light required. If less light is required, the need for an active 
cooling mechanism to remove any excess heat from the illu 
mination source is reduced or eliminated. Alternatively, it 
may be possible to replace the water-cooled heat exchanger 
with a heat pipe that is thermally coupled to the illumination 
sources or to fill the voids of the endoscope with a thermally 
conductive fluid or other substance. 
0162 Because the distance over which the lens assembly 
must be moved with respect to the image sensor (or vice 
Versa) is relatively small (e.g., a few hundred microns), a 
focusing mechanism can be constructed of simple mechani 
cal or electrically activated components such as magnetic, 
thermally activated bi-metallic components, screw-type 
advancers, etc. Furthermore, if the lens assembly is contained 
in a cylindrical recess 482 of the type shown in FIG. 6C or an 
equivalent structure, the focusing may be simplified because 
the lens assembly is constrained to be in-line with the image 
SSO. 

(0163 FIG. 7 shows further detail of an embodiment of a 
distal tip 600 of the endoscope that is similar to that shown in 
FIG. 6A. In this embodiment, the tip section 600 includes a 
number of counterbored holes 602 that are positioned around 
the outer circumference of the distal tip 600. The counter 
bored holes 602 receive swaged or flanged ends of the control 
cables (not shown) that orient the distal tip. Tension on the 
control cables pull the distal tip 600 in the direction of the 
tensioning force. 
0164 FIG. 8 is a lengthwise, cross-sectional view of an 
endoscope 650 in accordance with one embodiment of the 
present invention. A distal tip 652 is adhesively secured, 
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welded or otherwise bonded within a center lumen at the 
distalendofan articulation joint 654. Secured to the proximal 
end of the articulation joint 654 is a distal end of a shaft 656. 
As discussed above, the shaft 656 is preferably stiffer or of 
greater torsional stiffness or is better able to transmit torque 
towards the distal end of the endoscope than at the proximal 
end of the endoscope. 
(0165. The control cables 658 that move the distal tip of the 
endoscope are preferably made of a non-stretching material 
Such as stainless steel or a highly oriented polyethylene 
terephthalate (PET) thread string. The control cables 658 may 
be routed within a center lumen of the shaft 656 or, as shown 
in FIG. 8, may be routed through lumens formed within the 
walls of the shaft 656. The control cables 560 extend through 
guides within the walls of articulation joint 654 and terminate 
either at the distal end of the articulation joint 654 or in the 
distal tip section 602. In a presently preferred embodiment of 
the invention, the control cables are Bowden cables (i.e., a 
system comprising an outer sheath and an inner cable). For 
example, the Bowden cable could comprise an outer stainless 
steeljacket having a lubricous liner such as HDPE and/or an 
inner cable coated with a lubricant such as silicone in order to 
reduce friction. Alternatively, the cable may comprise other 
Suitable metals or plastics, and other high modulus materials, 
Such as an incompressible plastic or metal that may be used 
for the sheath. The distal end of the outerjacket is received in 
the proximal end of the articulation joint 654 while the proxi 
mal end of the jacket is secured in the manual controller or the 
connector that mates the endoscope to the control cabinet. 
0166 If the control cables are routed through the center 
lumen of the shaft 656, the cables are preferably carried in 
stainless steel or plastic spiral wrapped jackets to prevent 
binding and a transition guide 670 Such as that as shown in 
FIGS. 9A and 9B may be used to guide the control cables into 
the proximal end of the articulationjoint. The transition guide 
670 has a proximal end 672 that is secured within a lumen of 
the distal end of the shaft. A central body portion 674 of the 
transition guide 670 has a diameter equal to the outer diameter 
of the imaging endoscope. In addition, the body portion 674 
includes a number of diagonal lumens 678 that extend from a 
center lumen of the proximal end 672 to an outer surface of a 
stepped distal end 676 of the transition guide. The distal end 
676 is secured within a proximal end of the articulation joint 
654. Control cables in the diagonally extending lumens 678 
are therefore guided to the outer edge of the catheter where 
they extend through the guides or control cable lumens of the 
articulation joint 654. 
(0167 FIGS. 10A and 10B illustrate one embodiment of a 
shaft that is used to form an endoscope. The shaft 680 has an 
extruded sleeve 682 that may include a wire or other braid 684 
embedded therein. The braid 684, if present, allows the torque 
characteristics of the shaft to be adjusted. The sleeve 682 may 
beformed by placing a sleeve over a mandrel. The braid 684 
is placed over the sleeve and the mandrel is dipped into or 
sprayed with a coating material. Preferably the sleeve and 
coating material are made of pellethane, polyurethane or 
other materials of established biomedical use such as poly 
ethylene, polypropylene or polyvinyl alcohol. In a currently 
preferred embodiment, the sleeve 682 is made of black pel 
lethane with an outside diameter of 0.507 inches and an inside 
diameter of 0.460 inches. A stainless steel braid is embedded 
therein and has 23 picks per inch. In addition, an inner wrap 
of aromatic polyester polyurethane tape completes the outer 
shaft. The exterior of the shaft can be coated with a hydro 
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philic, lubricious coating such as the HYDROPASSTM hydro 
philic coating available from Boston Scientific Corporation, 
of Natick, Mass., and described in U.S. Pat. Nos. 5,702,754 
and 6,048,620, which are herein incorporated by reference. 
0168 A plastic spiral wrap 686 such as spiral wire wrap 
available from Panduit Inc. is inserted into a center lumen of 
the shaft 680. The spiral wrap 686 prevents the shaft 680 from 
crushing as it is bent around curves of a patients anatomy. 
0169. In one embodiment of the shaft 680, the spiral wrap 
has a thickness of 0.060 inches and a pitch of 3/16 inch. The 
spiral wrap 686 has an outer diameter of 0.500 inches and an 
inner diameter of 0.380 inches and is twisted into the shaft 
680 to forman interference fit. However, it will be appreciated 
that other thicknesses of spiral wrap with a different pitch 
could be used to provide the desired column strength and 
bend modulus as well as to prevent kinking. 
0170 A metal braid is placed over the articulation joint. 
The braid has several functions including provides torsional 
strength to the articulation joint, keeps the links of the joint 
aligned during articulation and prevents the outer cover from 
being pinched between the links of the joint. The preferred 
design uses a metal braid but alternatively plastic braids Such 
as PET can be used. The braid properties (such as braid angle, 
% coverage, it ofpics perinch, etc.) can be adjusted to give the 
required balance between low articulating force and consis 
tent, in-plane articulation. In other embodiments of the 
design, a variable braid may be used over the articulation joint 
to control the bending arc of the joint. A tighter braid on the 
proximal links of the articulation joint encourages the distal 
links to bend first and so the whole joint bends with a smaller 
bending arc. The outer plastic cover is fitted over the articu 
lation joint portion of the shaft to prevent contaminants from 
entering the shaft through gaps in the braided articulation 
joint. 
0171 As indicated above, the proximal section of the 
endoscope shaft is preferably more flexible than the distal 
section. The proximal portion of the shaft is preferably made 
of a corrugated polyethylene tubing such as Model No. CLTS 
5OE-C available from Panduit Inc. 

0172 FIG. 11 shows one method of altering the torque 
fidelity of the distal portion of the shaft. A shaft 700 has a 
flexible section 702 that is toward the distal end of the endo 
scope break out box and a stiffer section 704 that is more 
proximal to the break out box (not shown). The portion of the 
endoscope that is more distal has an increasing flexibility 
toward the distal tip and conversely a higher torque fidelity 
and column strength proximally. To increase the torque fidel 
ity characteristics of the distal section 704 of the shaft, a braid 
706 in that section includes two or more braid or wire strands 
that are wound in opposite directions. In one embodiment, the 
wire braid has a pitch of 14-16 pics. However, the number of 
Strands and their spacing can be adjusted as needed in order to 
tailor the torque fidelity of the shaft. 
(0173 The more distalend 702 of the shaft 700 has a single 
spiral of wire 706 that is preferably wound in the same direc 
tion as the plastic spiral wrap in the center lumen of the shaft 
700. Again, the torque fidelity of the proximal end of the shaft 
702 can be varied by adjusting the pitch and/or direction of 
the wire 706 and its flexibility. 
0.174 As will be appreciated, the single wire spiral 706 
provides some torque fidelity but does have the same torque 
fidelity as the dual wire braid in the distal section of the shaft 
in order to allow easy manipulation for, e.g., resolution of 
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loops. The single wire spiral 706 may be omitted from the 
distal portion of the shaft if even less torque fidelity is desired. 
0.175. As discussed above, in order to facilitate steering the 
distal tip of imaging endoscope, the endoscope includes an 
articulation joint that allows the distal tip to be turned back on 
itself, i.e., over an arc of 180 degrees, by the control cables 
and can be directed to make that bend in any direction desired 
about the circumference of the distal tip. That is, the operator 
can select both the amount of the bend or articulation and the 
direction of the bend. As shown in FIGS. 12A and 12B, an 
articulation joint 750 in accordance with one embodiment of 
the invention is formed from a cylinder of a plastically 
deformable material having a central lumen 752, and a num 
ber of control cable lumens 754 located in the walls of the 
articulation joint. If desired, the space between the control 
cable lumens in the cylinder wall may be thinner such that the 
control cable lumens form bosses that extend into the central 
lumen of the cylinder. The control cable lumens 754 are 
preferably oriented at 120° apart if three control cables are 
used or 90° apart if four control cables are used. 
0176) To facilitate bending of the articulation joint, the 
cylinder includes a number of living hinges 760 formed along 
its length. As can be seen in FIG. 13, each living hinge 760 
comprises a pair of opposing V-shaped cuts 770 on either side 
of the cylinder and are separated by a flexible web 772 that 
forms the bendable portion of the hinge. In the embodiment 
designed for four control cables, each pair of living hinges 
along the length of the joint is oriented at 90 degrees with 
respect to an adjacent hinge. 
0177. Upon tensioning of a control cable, those living 
hinges having webs 772 that are in line with the retracting 
control cable do not bend. Those living hinges having webs 
that are not in line with the control cable will be closed, 
thereby bending the articulation joint in the direction of the 
control cable under tension. 
0.178 Another advantage of the articulation joint 750 
shown in FIG. 13 is that the distal end of the endoscope can be 
retracted by pulling all the control cables simultaneously. 
This allows the physician to maneuver the distal tip in the 
body, e.g., to "square off on a lesion, without having to move 
the remaining length of the endoscope. This may be useful 
when performing Surgical procedures such as obtaining a 
biopsy or Snaring polyps. 
0179 The articulation joint can be formed by extruding a 
cylinder with the central and control cable lumens in place 
and cutting the cylinder tube with a knife, laser, milling tool, 
water jet, or other material removal mechanism to form the 
living hinges. Alternatively, the articulation joint can be 
molded with the living hinge joints in place. As will be appre 
ciated, the angles of the V-shaped cuts that form the hinges 
may be uniform or may vary along the length of the articula 
tion joint. Similarly, the distance between adjacent living 
hinges may be uniform or may vary in order to tailor the 
bending and torque fidelity characteristics of the articulation 
joint. In one embodiment of the invention, each living hinge 
760 has a closing angle of 30° so that six hinges are required 
to provide 180° of movement. The distal end of the articula 
tion joint 750 may be counter-bored to receive the distal tip 
section of the endoscope, as discussed above. Similarly, the 
proximal end of the articulationjoint 750 is adapted to receive 
the distal end of the shaft section of the endoscope. In the 
embodiment shown in FIG. 13, the control cable lumens 754 
are aligned with the widest spacing of the live hinges and with 
the web portion of each hinge. However, it may be desirable 
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to offset the control cable lumens 754 with respect to the 
hinges in order to lessen potential binding of the control 
cables in the hinge. As indicated above, the articulation joint 
should be made of a biocompatible material accepted for 
medical use that will bend but will not collapse. Suitable 
materials include polyurethane, polyethylene, polypropy 
lene, or other biocompatible polymers. 
0180. To prevent wear by the control cables as they are 
pulled by the actuation mechanism in the control cabinet, it 
may be desirable to produce the articulation joint from a 
material having areas of different durometers. As shown in 
FIGS. 14 and 15, a cylinderformed from an extruded tube 780 
has alternating bands of a high durometer material 782 and a 
lower durometer material 784 around its circumference. The 
lumens 786 used to route the control cables are formed in the 
high durometer material 782 to resist abrasion as the control 
cables are tensioned and released and traverse along the 
lumen. In addition, the high durometer material also reduces 
friction between the control cables and the surrounding 
lumen. FIG. 15 illustrates an articulation joint where the 
control cable lumens are offset with respect to the orientation 
of the web portions of the live hinges so that the control cables 
do not pass through the web portion 772 of the hinge. 
0181 FIGS. 16A and 16B illustrate an alternative embodi 
ment of an articulation joint. In this embodiment, the joint 
comprises a series of ball and socket connectors that are 
linked together. As shown in FIG. 16A, each connector 
includes a socket section 800 and a ball section 802. The ball 
section 802 fits in a socket section 800 of an adjacent connec 
tor. A lumen extends axially through the ball section 802 to 
allow for passage of the wires that connect to the light Source 
and the image sensor and tubes that carry irrigation fluids and 
insufflation gases. The ball and socket sections are preferably 
molded of a biocompatible polymer. 
0182 Each socket section can be formed with a fully 
formed ball section such as ball section 810 shown in FIG. 
17A. Alternatively, a partial ball section such as ball section 
814 can be formed on a socket section 816 as shown in FIG. 
17B. To provide room for the control cables to move, the ball 
section can include slot 818 as shown in FIGS. 17A, 17B that 
cuts through the middle and sides of the ball section. Alter 
natively, a number of smaller slots 820 can be positioned 
around the circumference of the ball section as shown in 
FIGS. 17C and 17D. The slots allow the control cables to be 
shortened under tension. A number of holes 822 at the inter 
face of the ball section and Socket section allows passage of 
the control cables from the socket section into the ball section 
as shown in FIG. 17D. 

0183 In another embodiment of an articulation joint, the 
articulation joint is made of a series of stacked discs that are 
positioned adjacent one another and move with respect to 
each other. As shown in FIG. 18A, a disc 850 comprises an 
annular ring 852 having a pair of rearward facing rocker 
surfaces or cams 854 and a pair of forward facing rocker 
surfaces or cams 856. The cams 854 are positioned 180° apart 
on the rear surface of the annular ring 852, while the forward 
facing cams 856 are positioned 180 degrees apart on the 
forward face of the annular ring 852. In the embodiment 
shown, the forward cams 856 are oriented at 90° with respect 
to the rear cams 854. Opposite each cam on the other side of 
the annular ring is a flat land section so that the cams of an 
adjacent disc may engage with and rock on the flat section. 
Holes 860 are drilled through the annular ring and through the 
cams for passage of the control cables. Upon tension of the 
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control cables, the discs will rock on the surface of the cams 
854,856 thereby bending the articulation joint in the desired 
direction. 

0.184 FIG. 18B shows an articulation joint made up of a 
series of stacked discs 850a, 850b. 850c... engaged with one 
another to form an articulation joint. A number of control 
cables 870a, 870b, 870c,870d, pass through the discs and are 
used to pull the discs on the cam Surfaces to move the joint in 
the desired direction. 

0185 FIGS. 19A and 19B show an alternative embodi 
ment of the articulation joint shown in FIGS. 18A and 18B. In 
this embodiment, an articulation joint comprises a series of 
stacked discS 880, each comprising an annular ring having a 
pair of concave pockets 882 on its rear Surface and a pair of 
correspondingly shaped convex cams 884 on its front Surface. 
The concave pockets 882 are oriented at 90° with respect to 
the convex cams 884 so that adjacent discs may be stacked 
such that the cams of a disc fit within the pockets of the 
adjacent disc. The corresponding shaped cams 884 and pock 
ets 882 help prevent the discs from rotating with respect to 
one another. Holes or lumens 886 are formed through the 
annular ring 880 for passage of a number of control cables 
890a, 890b, 890c, 890d, as shown in FIG. 19B. The holes or 
lumens 88.6 may be positioned at the center of the cams and 
pockets. However, the holes for the control cables may be 
offset from the position of the cams and pockets, if desired. 
Preferably discs 880 are molded from a biocompatible poly 
mer having a relatively slick Surface. Such as polyurethane, 
polypropylene, or polyethylene, which reduces friction 
between adjacent cams and pockets. 
0186 FIGS. 20A and 20B show yet another alternative 
embodiment of an articulation joint. In this embodiment, the 
articulation joint is formed of a stack of discs, each of which 
comprises an annular ring. The annular ring has forwardly 
extending cams having an arcuate slot 892 molded therein 
that allows a control cable to move more freely in the camas 
the disc is moved relative to an adjacent disc. As best shown 
in FIG.20B, the slot 892 tapers from a widest point 894 at the 
outer edge of the cam to a narrow point 896 where the slot 
forms a cylindrical hole 898 that extends to the opposite edge 
of the annular ring 880. A control wire 896 is free to bend 
within the widened portion of the arcuate slot 892 as an 
adjacent disc is rotated. 
0187. Although the discs of the articulation joints shown 
in FIGS. 18-20 are generally circular in shape, it will be 
appreciated that other shapes could be used. FIGS. 21A and 
21B show an articulation joint formed from a number of 
sections having a generally square outer shape. As shown in 
FIG. 21A, a section 900 is a square band having a pair of pins 
902 that extend outwardly on opposite sides of the rear sur 
face of the square section. On the opposite sides of the front 
Surface are a pair of opposing circular recesses 904 that are 
oriented at 90° to the pins on the rear surface and are sized to 
receive the round pins 902 of an adjacent section. In the 
embodiment shown, the control cables are routed through 
holes or lumens in corner blocks 906 that are found in each 
corner of the square section 900. FIG. 21B shows two adja 
cent square sections 900a, 900b secured together. As can be 
seen, the section 900b can rotate up or down on its pins with 
respect to the adjacent section 900a. Although circular and 
square articulation sections have been shown, it will be appre 
ciated that other segment shapes such as triangular or pen 
tagonal, etc., could also be used to form an articulation joint. 
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0188 In the embodiments of the articulation joints 
described above each disc or segment that comprises the joint 
is preferably made of the same material. However, it is pos 
sible to vary the material from which the segments are made 
and/or the physical dimensions or spacing between adjacent 
segments in order to vary the flexibility and torque fidelity of 
the joint along its length. 
0189 In some environments, a full 180° turning radius of 
the distal tip of the imaging endoscope may not be necessary. 
In those environments, an articulation joint made of intercon 
nected discs or segments may be replaced with a flexible 
member Such as a braided stent. FIG. 22 shows an imaging 
endoscope 925 having a braided stent 930 as the articulation 
joint. The braided stent 930 extends between a distal tip 932 
and a connector 934 that joins the proximal end of the stent 
930 with the distal end of a flexible shaft 936. A cover 938 
extends over the flexible shaft 936 and the braided Stent 930. 
Control cables (not shown) extend through alumen offlexible 
shaft 936 and are used to pull the stent 930 such that the distal 
tip 932 is oriented in the desired direction. In addition, pulling 
all the control cables simultaneously allows the distal tip of 
the endoscope to be retracted. 
0.190 FIG. 23 shows one method of securing the distal 
ends of the control cables to a braided stent 930. The control 
cables 94.0a, 940b, 940c, 940d can be woven through the 
wires of the stent 930 and terminated by forming loops around 
the wires that comprise the stent. Alternatively, the ends of the 
cables 940 can be soldered or adhesively secured to the wires 
of the stent. 

0191 FIG. 23A shows yet another alternative embodi 
ment of an articulation joint 1000 for use with an endoscope 
of the present invention. The articulation joint 1000 is made 
of a series of stacked rings 1002a, 1002b, 1002c, etc. Each 
ring is preferably formed of a deep-drawn steel or other metal 
that allows the ring to be stiff while having a thin wall profile 
in order to maximize the size of the inner lumen. Positioned at 
equal intervals around the outer circumference of the ring are 
inwardly extending concave recesses 1004 that receive short 
spring sections 1006 that are used to join adjacent rings 
together. Two springs on opposite sides of a ring 1002 are 
used to join adjacent rings together. For example, if three 
rings 1002a, 1002b, and 1002c are aligned, the rings 1002a 
and 1002b are joined together with spring segments located at 
0° and 180° on the rings, while ring 1002B is joined to ring 
1002C with orthogonally aligned spring segments located at 
90° and 270° around the rings. A gap is formed between 
adjacent rings so that the pair of springs forms a flexible joint 
that can bend in directions that are the away from the longi 
tudinal axis of the articulation joint but has limited ability to 
compress the articulation joint in the direction of the longi 
tudinal axis of the articulation joint. Each spring 1006 is 
secured within the concave recess 1004 of the ring 1002 using 
an adhesive, crimping, welding, or with other securing 
mechanism. 

(0192. The articulation joint 1000 shown in FIG. 23A has 
the advantage that the control cables pass through the center 
of the spring segments 1006 and on the outer circumference 
of the articulation joint, thereby maximizing the amount of 
room available for passage of tubes and other cables through 
the center opening of each ring 1002 and minimizing the 
torque required to bend the articulation joint. 
0193 FIG. 23B illustrates an alternative embodiment of 
the articulation joint shown in FIG.23A. In this embodiment, 
the articulation joint comprises a number of deep drawn or 
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otherwise formed metal rings 1008a, 1008b. 1008c that are 
joined together with springs that are located on the inner 
circumference of each ring. Each ring is connected to an 
adjacent ring with a pair of spring segments located on oppo 
site sides of the ring. The springs 1010 are secured to the inner 
circumference of the rings 1008 with an adhesive or by weld 
ing, or using other securing means. In the embodiment shown 
in FIG. 23B, the control cables are routed through the spring 
segments and are more closely positioned to the longitudinal 
axis of the articulation joint. Being closer to the longitudinal 
axis may require more force on a control cable to bend the 
articulation joint in a desired direction. 
0194 FIG. 23C shows another alternative embodiment of 
an articulationjoint comprising a series of stacked metal rings 
1012a, 1012b, 1012c, etc. Each ring 1012 is joined by a spring 
1015 having alternate tightly wound sections 1014 and more 
loosely wound sections 1016, thereby varying the spring 
force along the length of the spring. The loosely wound sec 
tions 1016 allow the articulation joint to collapse in that area 
while the more closely wound sections 1014 provide the 
hinge mechanism for adjacent ringS 1012. Each of the rings 
1012 further includes a stamped pair of inwardly or outwardly 
extending tabs 1018 through which the springs are passed 
thereby forming a surface to which the springs can be 
crimped, welded, or otherwise secured. In the embodiment 
shown in FIG.23C, each ring is not completely cylindrical but 
includes sloped front and rear surfaces 1020 that extend away 
from the point at which adjacent rings are joined. The sloped 
faces of the rings allow increased movement between adja 
cent rings and also provide a stop to prevent adjacent rings 
from sliding past each other. The sloped surfaces 1020 on 
adjacent rings thereby form a V-shaped groove in which the 
articulation joint is able to collapse. 
(0195 FIG. 23D shows another embodiment of an articu 
lation joint that is similar to the articulation joint shown in 
FIG. 23B. However, in this embodiment, the articulation joint 
is comprised of a number of rings 1022a, 1022b, 1022c hav 
ing oppositely arranged concave recesses 1024 and convex 
recesses that allow a spring 1015 having alternate tightly and 
loosely wound segments to pass on the outside of one ring and 
on the inside of an adjacent ring in an alternating fashion. The 
oppositely arranged convex and concave recesses allow a 
spring to be secured to the ring with an adhesive, welding, or 
other bonding mechanism. 
(0196. FIGS. 23E and 23F illustrate yet another embodi 
ment of an articulation joint in accordance with the present 
invention. In this embodiment the joint is formed of a series of 
stacked links 1022a, 1022b, 1022c, etc., that are jointed with 
alternatingly orthogonally arranged pairs of spring segments 
1024. The link may be formed by rolling and welding flat 
metal pieces. The spring segments 1024 are welded, brazed, 
adhesively secured or otherwise bonded to an inner circum 
ference of each ring segment. The rings and spring segments 
are preferably made of stainless steel or other biocompatible 
metal. The springs may be secured to the rings prior to being 
cut with a laser or other cutting tool. Alternatively, the springs 
may be cut into segments and then secured to the rings with an 
assembly jig. Springs of varying stiffness may be used along 
the length of the joint to control the bending of the arc of the 
joint. 
0.197 As shown in FIG. 23F, when viewed from the side, 
each ring has a front surface with a flat section 1026 and a pair 
of sloped sections 1028 that are sloped rearwardly from the 
flat surface 1026. The rear surface of the ring has a similar 
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shape but the sloped surfaces are oriented at 90° to the sloped 
Surfaces on the front side. Each sloped Surface has an angle of 
14° from a line perpendicular to the longitudinal axis of the 
joint, thereby allowing adjacent rings to bend approximately 
28O. 

(0198 FIG. 23G shows yet another alternative embodi 
ment of an articulation joint in accordance with the present 
invention. In this embodiment, the articulation joint 1030 
comprises a series of metal links 1032a, 1032b, 1032c, etc., 
that are formed by deep drawing or stamping steel or another 
metal. Each link has a generally ring-like configuration 1034 
that is either circular or may be many-sided such as octagonal. 
Furthermore, each link 1032 has a pair of rearwardly extend 
ing legs 1036 with an outwardly extending tab 1038 at the end 
thereof. Each of the legs 1036 is positioned on opposite sides 
of the link 1032. At 90 degrees to the legs 1036, the link 1032 
includes corresponding holes 1040 in the sidewalls of the link 
that receive the tabs 1038 from an adjacent segment. Further 
more, the segment 1032 includes integrally formed wire 
guides 1042 comprising an eyelet for retaining the control 
cable. Adjacent links in the articulation joint are secured 
together by inserting the tabs 1038 from a first link 1032 into 
the corresponding holes 1040 of an adjacent link. Abraid may 
be placed over the series of links to improve torsional strength 
without adding to the force required to bend the articulation 
joint. The braid may be incorporated into a cover that goes 
over the articulation joint. 
(0199 FIG.23H shows an alternative embodiment of a link 
like those shown in FIG. 23E. However, in this embodiment, 
the link 1050 has a butterfly-shaped hole 1052 instead of the 
round holes 1040 to receive the tabs of an adjacent link. The 
butterfly-shaped hole 1052 serves to limit the extent by which 
a corresponding flat tab can be rotated from an adjacent link. 
By adjusting the curvature of the arcs that form the butterfly 
shaped hole 1052, the degree of rotation between adjacent 
links can be controlled. The links 1050 are preferably formed 
by deep drawing metal and/or stamping operations. 
0200 FIG. 23I illustrates yet another embodiment of an 
articulation joint of the present invention that is formed of a 
series of interconnected metal links 1060. Each link 1060 has 
a pair of rearwardly extending opposing legs 1062 having 
inwardly extending tabs at each end. The tabs extend into 
corresponding holes or slots of an adjacent link. However, in 
this embodiment, the tabs on each of the legs 1062 extend 
further into the central lumen of the articulation joint. Each 
tab also includes a hole 1064 through which a spring 1066 can 
pass. The holes 1064 thereby lock the tab in the adjacent link 
because the spring 1066 prevents the tab 1062 from being 
withdrawn from an adjacent link. 
0201 FIG. 23J illustrates yet another embodiment of an 
articulation joint of the present invention that is of a series of 
interconnected links 1080a, 1080b, 1080c, etc. Each link has 
alternating hoops or eyelets 1082 around the circumference 
thereofthat are formed by making a slot that extends circum 
ferentially around a portion of the link, followed by bending 
a portion of the linkinwardly. The slots are arranged such that 
a pair of inwardly extending eyelets is formed on opposite 
sides of a front surface of the link with a pair of eyelets 
oriented at 90° to the eyelets on the front surface formed on 
the rear surface of the link. With the eyelets thus formed in the 
links 1080a, 1080b, 1080c, etc., the springs can be secured to 
the links at each of the eyelets. 
0202 FIG. 23K shows another embodiment of an articu 
lation joint of the present invention that is similar in arrange 
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ment to the articulation joint shown in FIG. 23J. In this 
embodiment, the articulationjoint comprises a series of metal 
links 1100a, 1100b, 1100c, etc. Each link includes a pair of 
oppositely formed, inwardly extending tabs 1104 that are 
bent in a circle through which an elastomeric tube or spring 
1106 can be passed. The tubes or springs 1106 are secured in 
the link by crimping, welding or otherwise securing the tubes, 
springs 1106 to the tabs 1104. 
0203 FIG.23L shows yet another alternative embodiment 
of an articulation joint in accordance with the present inven 
tion. In this embodiment, the articulation joint comprises a 
series of stamped or deep drawn metal links 1120a, 1120b, 
1120c, etc. Each link includes a pair of forwardly extending 
tabs 1022 on its front surface and a pair of rearwardly extend 
ing tabs 1024 on its rear surface. The tabs 1022 and 1024 on 
the front and rear surfaces are oriented at 90 degrees with 
respect to each other. Each of the tabs 1022, 1024 includes a 
hole through which a securing mechanism can be passed in 
order to secure aligned tabs together. As shown in FIG.23M, 
the securing mechanism is provided by a series of wire 
springs 1040a, 1040b, etc. Each spring comprises a wire with 
an end that is inserted through the holes of an aligned pair of 
tabs of the articulation joint. The spring 1040 then travels 
along the interior lumen of the articulation joint and has a 
second end that terminates through the holes of another set of 
aligned tabs that connect another pair of links. Each spring 
may further include a loop wound therein that acts as an eyelet 
for retaining a control wire therein. 
0204 FIGS. 23N-23P illustrate yet another embodiment 
ofan articulation joint 1200 for use in a disposable endoscope 
of the present invention. In this embodiment, the articulation 
joint comprises a series of Stacked discs of the type shown in 
FIG. 23N. Each disc 1202 has a front face 1206 and a rear face 
1208. Equally spaced around the periphery of the disc are a 
number of holes 1210 through which a control cable can pass. 
The front face 1206 includes a pair of oppositely arranged flat 
sections 1207 that bisects the disc and defines a pair of sur 
faces that may engage a corresponding flat surface of an 
adjacent disc. The front face of the discs further include two 
sloped sections that are angled proximally away from the flat 
surface 1207. In one embodiment of the invention, the sloped 
sections are angled at approximately 14° from a line perpen 
dicular to the longitudinal axis of the disc. Similarly, the rear 
face 1208 includes two sloped sections that are angled distally 
away from a pair of flat surfaces that are rotated 90° with 
respect to the flat surface 1207 on the front face of the disc. As 
shown in FIG. 23P, the articulation joint 1200 is created by 
stacking a number of discs 1202a, 1202b, 1202c, etc., such 
that each disc is aligned with an adjacent disc at the flat 
Surfaces, whereby the sloped sections form a hinge that can 
close under the tension of a control cable passing through the 
articulationjoint. In the embodiment shown in FIG.23P, there 
are seven pairs of stacked segments 1202, wherein each pair 
is capable of producing a 28° bend. Therefore, the articulation 
joint 1200 shown in FIG. 23P can bend a total of 196° in the 
up, down, left, or right directions. At the proximal end of the 
articulation joint 1200 is a proximal connector 1220 that joins 
the articulation joint to the distal end of the shaft. An outer 
sheath (not shown) covers the series of stacked discs 1202 to 
prevent each disc from becoming misaligned. 
(0205 FIG. 23O shows another disc that is used for the 
articulation joint of the present invention. Each disc 1240 is 
similar to the discs 1202 shown in FIGS. 23N and 23M. In this 
embodiment, each segment has a front face with a pair of 



US 2015/021639.6 A1 

sloping Surfaces 1242, 1244 that slope away from a pair of 
opposing flat surfaces 1246. Similarly, on the rear surface of 
each segment, the sloping Surfaces are arranged orthogonally 
to the sloping Surfaces on the front Surface. Adjacent discs 
1240a, 1240b are secured together by a pair of oppositely 
arranged spring segments that have their ends set in a recess or 
a countersink formed in the flat surface portion of the disc 
front and rear Surfaces. The spring segments also act as guides 
through which the control cables can pass. Furthermore, the 
springs prevent adjacent segments from rotating with respect 
to each other or otherwise becoming misaligned. 
0206 FIG.23R shows another alternative embodiment of 
a segment that can be used to form an articulation joint in 
accordance with the present invention. In this embodiment, 
the articulation joint is comprised of a series of segments 
1300 having a central, cylindrical axle 1302 and an outer 
cylindrical rim 1304. The axle 1302 is joined to the outer 
cylinder 1304 by a number of outwardly extending spokes 
1306. Each spoke is sloped from the centerpoint near the axle 
downwards towards the midline of the outer ring 1304. The 
sloped spokes 1306 allow adjacent segments to touch at the 
axle points and be rotated with respect to each other without 
the spokes hitting each other. Each spoke further includes a 
lumen 1312 towards the outer edge, through which a control 
cable can be passed. The outer rim 1304 of the segment 1300 
has alternately spaced teeth 1308, 1310 that are circumferen 
tially arranged such that the teeth of one segment align with 
the recesses of an adjacent segment. This design ensures that 
internal tubes do not get entangled during articulation. 
0207 FIG. 23S shows a series of segments 1300a, 1300b, 
1300c, etc., bending with respect to each other to form an 
articulation joint. Each of the individual segments 1300 is 
preferably molded of a thermoplastic material or metal. 
0208 FIG. 23T shows another alternative embodiment of 
an articulation joint in accordance with the present invention. 
In this embodiment, the articulation joint is formed of a series 
of segments 1330a, 1330b, 1330c, etc. Each segment com 
prises a central pin 1332 and radially extending legs 1334 at 
one end thereof. At the outer edge of each leg 1334 is a hole 
through which a control cable can be passed. The end of the 
central pin fits against a segment like a spinal column thereby 
allowing each segment 1332 to rock against an adjacent seg 
ment. In some embodiments, it may be desirable to cover the 
segments with a mesh tube to retain the alignment of the 
individual segments. 
0209 FIG. 23U illustrates another embodiment of a link 
that is joined to adjacent links to form an articulation joint in 
accordance with the present invention. In this embodiment, 
the link comprises a metal injection molded ring having a pair 
of oppositely arranged, rearwardly extending rings 1352 and 
a pair of forwardly extending rings 1354 that are oriented at 
90° with respect to the rearwardly extending rings 1352. 
Adjacent rings are therefore aligned by placing the forwardly 
extending rings of one link against the rearwardly extending 
rings of an adjacent link. Each ring 1352 or 1354 includes a 
hole therein through which a rivet can be passed in order to 
secure the rings together. The inner circumference of the ring 
1350 includes a pair of integrated control cable guides 1356 
for restraining movement of a control cable in the link. 
0210 FIG. 23V illustrates an alternative embodiment of a 
link 1370 that is similar to the link 1350 shown in FIG. 23T. 
In this embodiment, each link includes a pair of rearwardly 
extending tabs 1372 having a hole therein and a pair of for 
wardly extending tabs 1374 that have an integrally formed pin 
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(not shown) on its inner surface. Once joined, the tabs 1374 
having the inwardly extending pins are mated in the holes in 
the rearwardly extending tabs 1372 of an adjacent link, 
thereby eliminating the need to secure adjacent links with a 
separate rivet. The link 1370 also includes a pair of oppositely 
aligned control cable guides 1376 for restraining movement 
of a control cable in the link 1370. 

0211 FIG. 23W shows another alternative embodiment of 
a link that is assembled with other links to forman articulation 
joint in accordance with the present invention. In this embodi 
ment, the link 1390 comprises an injection molded ring hav 
ing a pair of oppositely opposed arcuate recesses 1392 on its 
rear Surface and correspondingly shaped, forwardly extend 
ing arcuate tabs 1394 on its front surface. The tabs 1394 on the 
front Surface are orthogonally arranged with respect to the 
arcuate recesses 1392 on a rear surface. Aligned with the 
inside surface of each of the arcuate tabs 1394 is an integrally 
formed control cable lumen 1396 that restrains movement of 
a control cable in the link 1390. 

0212 Because the link 1390 is molded of a thermoplastic 
material, the arcuate tabs 1394 can be press fit into the arcuate 
recesses 1392 of an adjacent link, thereby permitting the 
adjacent links to rock back and forth with respect to each 
other. 

0213. In some embodiments, the articulation joint is 
designed to exert a restoring force so that the endoscope will 
tend to straighten upon the release oftension from the control 
cables. In other cases, it may be desirable to maintain the 
position of the distal tip in a certain direction. In that case, a 
construction as shown in FIG. 24 can be used. Here, the shaft 
of the imaging endoscope includes an inner sleeve 1450 that 
is overlaid with two or more plastic spiral wraps 1452, 1454, 
and 1456. Wrap 1452 is wound in the clockwise direction 
while wrap 1454 is wound in the counter-clockwise direction 
over the wrap 1452 and the wrap 1456 is wound in the same 
direction as the first wrap 1452. The wraps are formed of a 
relatively coarse plastic material Such that friction is created 
between the alternatingly wound layers of the wrap. A suit 
able material for the plastic wrap includes a braided polyester 
or polyurethane ribbon. Upon tension of the endoscope by 
any of the control cables, the plastic spiral wraps will move 
with respect to each other and the friction between the over 
lapping wraps will tend to maintain the orientation of the 
endoscope in the desired direction. The endoscope will 
remain in the desired direction until it is pulled in a different 
direction by the control cables. Covering the alternatingly 
wound spiral wraps 1452, 1454, and 1456 is a braid 1458. The 
braid is formed of one or more plastic, glass fiber or wire 
threads wound in alternate directions. An outer sleeve 1460 
covers the braid 1458 to complete the shaft. 
0214 FIG. 25 shows another alternative embodiment of a 
shaft construction for use in an endoscope according to the 
present invention. The shaft includes a cover sheath 1470 
having bands of a high durometer material 1472 and a low 
durometer material 1474 that alternate around the circumfer 
ence of the sheath 1470. The high durometer material and low 
durometer materials form longitudinal strips that extend 
along the length of the shaft. Within the sheath 1470 is a 
plastic spiral wrap 1475 that prevents the shaft 1470 from 
crushing as it is bent in a patients anatomy. The high durom 
eter materials add to the torque fidelity characteristics of the 
shaft. The width of the high durometer material strips com 
pared to the low durometer material may be adjusted in accor 
dance with the torque fidelity characteristics desired. 
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0215. During examination with the imaging endoscope, 
the physician may need to twist the endoscope in order to 
guide it in the desired direction. Because the outer surface of 
the endoscope is preferably coated with a lubricant and it is 
round, it can be difficult for the physician to maintain an 
adequate purchase on the shaft in order to rotate it. As such, 
the imaging endoscope of the present invention may include 
a gripper mechanism that aids the physician in grasping the 
shaft for either rotating it or moving the shaft longitudinally. 
One embodiment of a shaft gripping device is shown in FIG. 
26. Here, a gripper 1500 comprises a U-shaped member hav 
ing a pair of legs 1502, 1504 that are aligned with the longi 
tudinal axis of an imaging endoscope 20. At the distal end of 
the legs 1502, 1504 are two 90° bends 1506, 1508. The 
gripper 1500 includes a hole 1505 positioned at the curved, 
bent portion of the gripper that joins the legs as well as holes 
in each of the 90° sections 1506, 1508. The imaging endo 
scope passes through the holes such that the gripper 1500 is 
slideable along the length of the shaft portion of the endo 
Scope. The spring nature of the material used to fashion the 
gripper causes the legs 1502,1504 to be biased away from the 
shaft of the endoscope. Only the friction of the opposing holes 
at the bent portions 1506,1508 prevent the gripper 1500 from 
freely sliding along the length of the shaft. On the inner 
surface of the legs 1502,1504 are a pair of touch pads 1510, 
1512, having an inner surface that is shaped to match the outer 
circumference of the shaft portion of the endoscope. When 
the physician squeezes the legs 1502, 1504 radially inward, 
the touch pads 1510, 1512 engage the shaft such that the 
physician can push or pull the endoscope or rotate it. Upon 
release of the legs 1502, 1504, the touch pads 1510, 1512 
release from the surface of the shaft and the gripper 1500 can 
be moved along the length of the shaft to another location if 
desired. 

0216 FIG. 27 shows a gripper similar to that of FIG. 26 
with like parts being identified with the same reference num 
bers. In this embodiment, the gripper includes two hemi 
spherical discs 1520, 1522, positioned on the outside surface 
of the legs 1502, 1504. The hemispherical surfaces 1520, 
1522 are designed to fit within the hand of the physician and 
increase the radial distance from the gripper to the shaft Such 
that it is easier to twist the shaft, if desired. 
0217 FIG. 28 shows yet another alternative embodiment 
of a shaft gripper. In this example, a gripper 1550 comprises 
a U-shaped member having a pair of legs 1552, 1554, that are 
oriented perpendicularly to the longitudinal axis of the imag 
ing endoscope. The legs 1552, 1554 include a recessed sec 
tion 1556, 1558 that is shaped to receive the outer diameter of 
the shaft portion of the endoscope. A thumbscrew 1560 is 
positioned at the distal end of the legs such that the legs can be 
drawn together and cause the legs 1554, 1556 to securely 
engage the shaft of the endoscope. Upon release of the thumb 
screw 1560, the legs 1554, 1552 are biased away from the 
shaft such that the gripper 1550 can be moved. The shaft can 
be twisted by rotating the legs 1552, 1554, with respect to the 
longitudinal axis of the shaft. 
0218 FIG. 29 shows an alternative embodiment of the 
gripper 1550 shown in FIG. 28. In this example, the gripper 
1580 includes a U-shaped member having a pair of legs 1582, 
1584. At the distal end of each leg is a recess 1586, 1588 that 
is shaped to receive the outer diameter of the shaft. The shaft 
is placed in the recesses 1586, 1588, and a thumbscrew is 
positioned between the ends of the legs 1582, 1584, and the 
U-shaped bend in the gripper 1580. By tightening the thumb 
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screw 1590, the legs are compressed against the shaft of the 
imaging endoscope 20, thereby allowing the physician to 
rotate the endoscope by moving the gripper 1580. 
0219. In one embodiment of the invention the endoscope 
has a movable sleeve that operates to keep the distal end of the 
endoscope clean prior to use and covers the end of the endo 
Scope that was in contact with a patient after the endoscope 
has been used. 

0220 FIGS.30A and 30B illustrate one embodiment of an 
endoscope 1594 having a sponge 1504 at its distal end. The 
sponge fits over the endoscope and has a peel off wrapper that 
may be removed and water or other liquid can be applied to 
the sponge. The water activates a hydrophilic coating so that 
the distal end of the endoscope has an increased lubricity. In 
addition, the sponge functions as a gripper when compressed 
allowing the physician to pull and/or twist the endoscope. 
0221) A collapsible sleeve 1598 is positioned over the 
distal end of the endoscope and can be retracted to expose the 
lubricated distal tip of the probe. In one embodiment, the 
sleeve 1598 is secured at its distal end to the sponge 1594 and 
at its proximal end to the breakout box. Moving the Sponge 
proximally retracts the sleeve So that the endoscope is ready 
for use. After a procedure, the sponge 1594 is moved distally 
to extend the sleeve over the distal end of the endoscope. With 
the sleeve extended, any contaminants on the probe are less 
likely to contact the patient, the physician or staff performing 
the procedure. 
0222. In some instances, it may be desirable to limit the 
amount of heat that is dissipated at the distal end of the 
imaging endoscope. If light emitting diodes are used, they 
generate heat in the process of producing light for illumina 
tion. Similarly, the image sensor generates some heat during 
operation. In order to limit how hot the distal end of the 
endoscope may become and/or to provide for increased life 
for these components, it is necessary to dissipate the heat. One 
technique for doing so is to fashion a passive heat sink at the 
distal tip of the imaging endoscope. As shown in FIG. 31, a 
distal tip 1600 includes a cap 1602 and a heat dissipating 
section 1604 that is made of a heat dissipating material Such 
as a biocompatible metal. The heat dissipating section 1604 
includes a semicircular opening 1606 having a relatively flat 
base 1608 that extends approximately along the diameter of 
the heat dissipating section 1604. The flat base 1608 forms a 
pad upon which electrical components such as the LEDs and 
image sensor can be mounted with a thermally conductive 
adhesive or other thermally conductive material. The heat 
generating devices will transfer heat generated during opera 
tion to the heat dissipating section 1604. The distal cover 
1602 covers the distal end of the heat dissipating section 1604 
in order to prevent the heat dissipating section 1604 from 
touching the tissue in the body as well as to protect the body 
as the imaging catheteris moved in the patient. Prisms, lenses, 
or other light bending devices may be needed to bend light 
entering the distal end of the endoscope to any imaging elec 
tronics that are secured to the relatively flat base 1608 of the 
heat dissipating section 1604. 
0223 FIG. 32 shows a heat dissipating distal tip of an 
endoscope wherein the distal tip does not include a cover but 
is molded from a single piece of heat dissipating material Such 
as a biocompatible metal. The heat dissipating section 1620 
again includes a semicircular opening with a relatively flat 
surface 1622 that extends along the diameter of the section 
and on which heat generating electronic devices can be 
mounted. With a semicircular opening formed in the distal 
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end of the heat dissipating distal tip 1620, the illumination 
mechanism and image sensor are mounted on the flat Surface 
1622. The irrigation port is oriented to direct water over the 
hemispherical cutout in order to clean the illumination 
mechanism and image sensor or image sensor lenses. 
0224. In yet another embodiment of the invention, the 
imaging devices at the distal end of the endoscope can be 
cooled by air or water passed through alumento the end of the 
endoscope and vented outside the body. For example, air 
under pressure may be vented through an orifice near the 
imaging electronics. The expansion of the air lowers its tem 
perature where it cools the imaging electronics. The warmed 
air is then forced to the proximal end of the endoscope 
through an exhaust lumen. Alternatively, the endoscope may 
include a water delivery lumen that delivers water to a heat 
exchanger at the distal tip. Water warmed by the electronic 
components in the distal tip is removed in a water return 
lumen. Air or water can be alternatively be released directly to 
the patient lumen if the Volumes and temperatures are physi 
ologically acceptable. 
0225 FIG. 33 shows an alternative embodiment of the 
passive heat dissipating distal tip shown in FIG. 31. In this 
example, the heat dissipating distal tip 1640 has a number of 
scalloped channels 1642 positioned around the circumfer 
ence of the distal tip. The scalloped channels 1642 increase 
the Surface area of the heat dissipating distal tip, thereby 
further increasing the ability of the tip to dissipate heat from 
the illumination and imaging electronic devices. 
0226. Although the present endoscope system has many 
uses, it is particularly Suited for performing colonoscopic 
examinations. In one embodiment, a 10-13 mm diameter 
prototype having a 0.060 inner spiral wrap with a pitch of 4 
inch and coated with a hydrophilic coating was found to have 
a coefficient of friction of 0.15 compared to 0.85 for conven 
tional endoscopes. In addition, the endoscope of the present 
invention required 0.5 lbs. of force to push it through a 2-inch 
U-shaped bend where a conventional endoscope could not 
pass through such a tight bend. Therefore, the present inven 
tion allows colonoscopes to be made inexpensively and light 
weight so that they are more comfortable for the patient due to 
their lower coefficient of friction and better trackability. 
0227. In addition to performing colonoscopies, the endo 
Scope system of the present invention is also useful with a 
variety of Surgical devices including: cannulas, guide wires, 
sphincterotomes, Stone retrieval balloons, retrieval baskets, 
dilatation balloons, Stents, cytology brushes, ligation devices, 
electrohemostasis devices, Sclerotherapy needles, Snares and 
biopsy forceps. 
0228 Cannulas are used with the endoscope system to 
cannulate the sphincter of Oddi or papilla to gain access to the 
bile or pancreatic ducts. Guide wires can be delivered down 
the working channel of the endoscope and used as a rail to 
deliver a Surgical device to an area of interest. Sphinctero 
tomes are used to open the papilla in order to place a stent or 
remove a stone from a patient. Stone retrieval balloons are 
used along with a guide wire to pull a stone out of a bile duct. 
Retrieval baskets are also used to remove stones from a bile 
duct or other tract. Dilatation balloons are used to open up 
strictures in the gastrointestinal, urinary or pulmonary tracts. 
Stents are used to open up strictures in the GI, urinary or 
pulmonary tracts. Stents can be metal or plastic, self-expand 
ing or mechanically expanded, and are normally delivered 
from the distal end of a catheter. Cytology brushes are used at 
the end of guide wires to collect cell samples. Ligation 
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devices are used to ligate varices in the esophagus. Band 
ligators employ elastic bands to cinch varices. Electrohemo 
Stasis devices use electrical current to cauterize bleeding tis 
sue in the GI tract. Sclerotherapy needles are used to inject 
coagulating or sealing solutions into varices. Snares are used 
to remove polyps from the GI tract, and biopsy forceps are 
used to collect tissue samples. 
0229. Examples of specific surgical procedures that can be 
treated with the endoscopie system of the present invention 
include the treatment of gastroesophageal reflux disease 
(GERD) by the implantation of bulking agents, implants, 
fundoplication, tissue scarring, Suturing, or replacement of 
valves or other techniques to aid in closure of the lower 
esophageal sphincter (LES). 
0230. Another example of a surgical procedure is the treat 
ment of morbid obesity by deploying implants or performing 
reduction Surgery, gastric bypass and plication or creating 
tissue folds to help patients lose weight. 
0231 Endoscopic mucosal resection (EMR) involves the 
removal of sessile polyps or flat lesions by filling them with 
saline or the like to lift them prior to resection. The endoscope 
of the present invention can be used to deliver needles, Snares 
and biopsy forceps useful in performing this procedure. 
0232. In addition, the video endoscope system of the 
present invention can be used to perform full-thickness resec 
tion (FTRD) in which a portion of a GI tract wall is excised 
and the wounds healed with staplers or fasteners. Finally, the 
endoscope system of the present invention can be used to 
deliver sclerosing agents to kill tissues or drug delivery agents 
to treat maladies of internal body tissues. 
0233. While the preferred embodiment of the invention 
has been illustrated and described, it will be appreciated that 
various changes can be made therein without departing from 
the scope of the invention. For example, although some of the 
disclosed embodiments use the pull wires to compress the 
length of the endoscope, it will be appreciated that other 
mechanisms such as dedicated wires could be used. Alterna 
tively, a spring can be used to bias the endoscope distally and 
wires used to compress the spring thereby shortening the 
length of the endoscope. Furthermore, although the disclosed 
embodiments use rotary servo motors to drive the control 
cables, other actuators such as linear actuators could be used. 
Similarly, although the endoscope discussed in connection 
with the preferred embodiment includes a working channel, it 
will be appreciated that Such a channel may be omitted and 
the resulting catheter used to deliver a special purpose tool 
Such as a Snare, RF ablation tip, etc., to a desired location. 
Alternatively, the catheter could be used solely for imaging. 
Finally, although the disclosed components are described as 
being used in a video endoscope, it will be appreciated that 
many components may have separate utility by themselves or 
in other medical devices. Therefore, the scope of the inven 
tion is to be determined from the following claims and equiva 
lents thereof. 

1-8. (canceled) 
9. An endoscopic system, comprising: 
an elongate shaft including a distal end; 
a lens assembly at the distal end of the elongate shaft; 
a light source at the distal end of the elongate shaft config 

ured to emit light onto a target area; 
an image sensor at the distal end of the elongate shaft 

configured to receive reflected light from the target area 
through the lens assembly, produce one or more signals 
indicative of an image of the target area, and transmit the 
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one or more signals to a display device configured to 
display the image of the target area. 

10. The endoscopic system of claim 9, wherein the image 
sensor includes a solid State imaging device. 

11. The endoscopic system of claim 9, wherein the image 
sensor includes a CMOS imaging sensor. 

12. The endoscopic system of claim 9, wherein the one or 
more signals include one or more signals that are in digital 
format. 

13. The endoscopic system of claim 9, wherein the light 
Source includes at least one light emitting diode. 

14. The endoscopic system of claim 9, further including a 
distal cap configured to receive the lens assembly, light 
Source, and image sensor. 

15. A handheld controller for an endoscopic system, com 
prising: 

a body coupled to the elongate shaft; 
a plurality of electrical switches on the body; and 
a multi-positional joystick on the body, configured to move 

in a plurality of directions, the multi-positional joystick 
being configured to move a distal tip of the elongate 
shaft. 

16. The handheld controller of claim 15, further including 
a force feedback mechanism coupled to the multi-positional 
joystick, configured to apply a force to the multi-positional 
joystick when the multi-positional joystick is moved by a 
USC. 

17. The handheld controller of claim 16, wherein the force 
feedback mechanism includes a spring coupled to the multi 
positional joystick. 

18. The handheld controller of claim 16, wherein the force 
feedback mechanism includes a rack and pinion mechanism 
coupled to the multi-positional joystick. 
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19. The handheld controller of claim 15, further including 
a breakout box coupled to the body, the breakout box includ 
ing an entrance into a working channel of the elongate shaft. 

20. The handheld controller of claim 19, wherein a longi 
tudinal axis of the breakout box is angled relative to a longi 
tudinal axis of the body. 

21. An endoscope cap, comprising: 
a distal face including a plurality of openings; 
one or more illumination sources configured to illuminate 

a target area with light; 
a lens assembly configured to receive reflected light from 

the target area; and 
an imaging sensor configured to generate one or more 

signals based on the received reflected light. 
22. The endoscope cap of claim 21, further including a 

semi-circular section having a concave recess configured to 
receive the lens assembly and hold the lens assembly substan 
tially perpendicular to a longitudinal axis of the endoscope 
Cap. 

23. The endoscope cap of claim 21, further including a 
circuitboard onto which the one or more illumination sources 
are bonded. 

24. The endoscope cap of claim 21, further including a heat 
exchanger. 

25. The endoscope cap of claim 21, wherein the heat 
exchanger includes one or more scalloped channels around a 
circumference of a distal tip of the endoscope cap, the one or 
more scalloped channels being configured to increase the 
surface area of the distal tip and increase the ability of the tip 
to dissipate heat from the one or more illumination sources 
and the imaging sensor. 
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