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AUTOMATED CONTROL OF IRRIGATION
AND ASPIRATION IN A SINGLE-USE
ENDOSCOPE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a reissue application of U.S. Pat. No.
8,435,172, which issued from U.S. patent application Ser. No.
12/330,470, filed Dec. 8, 2008, which 1s a continuation of U.S.
patent application Ser. No. 10/955,901, filed Sep. 30, 2004,
now U.S. Pat. No. 7,479 106, the disclosure of which 1s

expressly incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an endoscope system. In
particular, 1t relates to an integrated and automated 1rrigation
and aspiration system for use 1n an endoscope system.

BACKGROUND OF THE INVENTION

Endoscopes have been used for many years 1n the medical
field to look within a selected region of a patient’s body or to
perform surgical, therapeutic, diagnostic, or other medical
procedures under direct visualization. A conventional endo-
scope generally contains several components including 1llu-
minating means such as light-emitting diodes or fiber optic
light guides connected to a proximal source of light, an 1mag-
ing means such as a minmiature video camera or a fiber optic
image guide, and a working channel. These components are
positioned within an endoscope sheathing tube. Flexible or
steerable endoscopes also incorporate an elongated flexible
shaft and an articulating distal tip to facilitate navigation
through the internal curvature of a body cavity or channel.

Colonoscopy 1s a medical procedure in which a flexible
endoscope, or colonoscope, 1s inserted 1nto a patient’s colon
for diagnostic examination and/or surgical treatment of the
colon. A standard colonoscope 1s typically 135-185 cm 1n
length and 12-13 mm 1n diameter. Colonoscopes generally
include a fiber optic imaging bundle, 1llumination fibers, one
or two mstrument channels that may also be used for msui-
flation or 1rrigation, and a suction channel that extends the
length of the colonoscope to facilitate removal of occlusions
such as mucus, plaque, fecal matter, or other material that can
obstruct the physician’s view or interfere with the endoscopic
procedure. The colonoscope 1s mnserted via the patient’s anus
and 1s advanced through the colon, allowing direct visual
examination of the colon, the ileocecal valve, and portions of
the terminal 1leum. Approximately six million colonoscopies
are performed each year.

In order to examine a patient’s anatomy during a colonos-
copy, 1t 1s essential to have a clear field of view. Currently,
about 20% of colon polyps are undetected due to low visibil-
ity, which can arise from inadequate lens cleaning. Poor colon
preparation 1s also a cause of reduced visibility 1n the colon.
Presently, about 10% of all patients are non-compliant with
preparatory procedures and approximately 4% of all patients
are unable to complete the exam due to an excess of stool 1n
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the colon. The remaining 6% of all cases are considered
marginal, and the colonoscopy may still be performed 11 the
colon 1s evacuated as a part of the procedure. Conventionally,
the colons of marginal cases are cleared by repeatedly admin-
istering several small (60 cc) fluid flushes through an endo-
scope’s working channel by means of an ancillary apparatus
that employs a low-volume wash and suction. The waste 1s
then removed through the suction channel in the endoscope.
However, this tedious and inetficient process 1s limited by the
amount of stool that can be removed with each flush. The
process also causes a loss of productivity due to the added
time required to evacuate the colon. Therefore, there 1s a need
for a system and method of efficiently cleaning poorly pre-
pared colons.

One example of a colon 1rrigation method for colonoscopy
1s described 1n U.S. Pat. No. 5,279,542, entitled “Colon Irri-
gation Method.” The ’542 patent describes an irrigation
instrument for use 1 evacuating the colon prior to endoscopic
surgery. The instrument consists of an elongate tube with a
plurality of longitudinally and circumierentially spaced aper-
tures along 1ts entire length. A pressurized source of irrigation

fluid 1s connected to the tube for feeding fluid through the
channel and out through the apertures with an essentially
umiform radial distribution. The tube 1s thin enough to fit
down the biopsy channel of an endoscope. The invention
essentially provides an improved method for providing irri-
gating fluid to a distal end of an endoscope or to a surgical site.

Although the apparatus and method of the colon irrigation
method described 1n the *542 patent provides a means of
irrigation for colonoscopy and other endoscopic procedures,
the device 1s an accessory to standard endoscopes that uses
the working channel of the endoscope. As such, the apparatus
requires labor-intensive assembly on an as-needed basis. Fur-
thermore, it 1s up to the physician to determine the amount of
cleaning that 1s required and to control the apparatus such that
the patient 1s suiliciently prepped for an examination. This
reduces the time that the physician has to perform the actual
examination.

(iven these problems, there 1s a need for a system that can
automatically prepare poorly prepped patients for an endo-
scopic examination with minimal physician supervision. In
addition, the system should operate based on the patient’s

individual physical anatomy and detected level of cleanliness
so that a desired field of view 1s created 1n which an exami-

nation 1s conducted.

SUMMARY OF THE INVENTION

To address the foregoing deficiencies 1n the prior art, the
present invention 1s an endoscopic system that provides auto-
mated 1rrigation and aspiration ol patients undergoing
colonoscopy. The endoscopic examination system according
to the present invention includes an endoscope with a source
of 1lluminative light and an 1mage sensor to produce 1images
of a patient’s colon. An 1image processor 1s coupled to recerve
image signals from the image sensor. The 1image processor or
a computer automatically analyzes the images obtained from
the 1mage sensor to determine 1f irrigation and aspiration 1s
required to provide a clear field of view. If so, the computer
operates one or more control valves that supply the msuiila-
tion, 1rrigation, and aspiration to the patient.

In one embodiment, the endoscope may include one or
more sensors that sense environmental conditions within the
patient’s colon such that the amount, rate, or composition of
the cleaning solution delivered can be adjusted to the patient’s
individual anatomy and level of preparation. In one embodi-
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ment, the level of insuiilation and aspiration are automatically
adjusted to provide a desired field of view 1n the region of the
distal tip of the endoscope.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same become better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 illustrates a single-use endoscopic imaging system
in accordance with one embodiment of the present invention;

FIG. 2 1s a functional block diagram that shows the inter-
relationship of the major components of a single-use endo-
scopic 1maging system shown 1n FIG. 1;

FI1G. 3 1llustrates a distal end of a single-use imaging endo-
scope 1n accordance with an embodiment of the present
invention; and

FIGS. 4A and 4B 1illustrate an 1maging sensor and heat
exchanger positioned at the distal end of the endoscope 1n
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

As indicated above, the present invention 1s an endoscopic
examination system that provides integrated and automated
irrigation and aspiration for prepping poorly prepared
patients for examination. The system 1s integral to the overall
endoscope architecture. Further, the physical hardware
implementation of the endoscope improves upon previous
means of irrigation by the use of an automated mechanism
that administers one or more colon irrigation modalities
depending on an analysis of the patient’s anatomy or level of
preparation. Although the present invention 1s described with
respect to 1ts use within the colon, 1t will be appreciated that
the mmvention can be used in any body cavity that can be
expanded and/or prepared for examination or surgery.

FIG. 1 illustrates the major components of an exemplary
single-use endoscopic 1imaging system 10. The components
of the system 10 include a display 12, a user input device 16,
and a single-use 1maging endoscope 18, all of which are
functionally connected to a control cabinet 14 that executes
application software (not shown) residing therein. Display 12
1s any special-purpose or conventional computer display
device, such as a computer monitor, that outputs graphical
images and/or text to a user. Single-use 1maging endoscope
18 1s a single-use tlexible tube that contains one or more
lumens for the purpose of performing endoscopic procedures
and facilitating the msertion and extraction of fluids, gases,
and/or medical devices into and out of the body. Single-use
endoscope 18 further contains a digital imaging system (not
shown) comprised of, 1n one example, an 1image sensor such
as a CMOS mmager, optical lenses such as plastic optics, a
light source such as a number of LEDs, and an articulating tip
that enables steering of the endoscope 1n a desired direction.

Control cabinet 14 1s a special-purpose electronic and elec-
tromechanical apparatus that processes and manages all sys-
tem functions, and includes a network-enabled 1mage-pro-
cessing CPU, a physical connection to the single-use
endoscope 18, an optional dock for the user interface 16, and
valves that control the delivery of gas/water to the endoscope
and a vacuum line that removes the air/gas and debris, etc.,
from the patient. User input device 16 1s a hand-held device,
either wired to the control cabinet 14 or wireless, that accepts
inputs from a human operator via standard push buttons,
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joysticks, or other activation devices either singularly or in
combination to control the operation of single-use endo-
scopic 1maging system 10.

Operation of single-use endoscopic imaging system 10 1s
as follows: the system 1s initiated and operated upon com-
mand by means of user input device 16, causing the applica-
tion software executed by a processor within the control cabi-
net 14 to activate the appropniate hardware to perform
surgical, therapeutic, diagnostic, or other medical procedures
and to deliver isuiflation and/or suction to the lumen(s) of
single-use endoscope 18. Display 12 provides live endo-
scopic video 1mages and visual feedback of control param-
eters to the physician or operator so that an examination of the
patient can be completed. Upon termination of the examina-
tion, the endoscope 18 1s disconnected from the control cabi-
net and disposed of.

FIG. 2 1s a functional block diagram of single-use endo-
scopic imaging system 10 that shows the operational interre-
lationship of the major hardware and software elements of the
system. A complete description of the control cabinet 14 and
other components 1s set forth in U.S. patent application Ser.
No. 10/811,781, filed Mar. 29, 2004, and U.S. patent appli-
cation Ser. No. 10/ 956.007, entitled VIDEO ENDOSCOPE,

filed concurrently herewith) and herein incorporated by ret-
cerence. The single-use endoscopic 1maging system 10
includes the control cabinet 14 that operates to control the
orientation and functions of a single-use 1maging endoscope
18. The control cabinet 14 includes a controller intertace 106
that receives commands from the user input device 16 such as
a joystick, that 1s used by a physician or their assistant to
control the operation of the single-use endoscope 18. 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 108 control the
operation of a pair of servo motors 110, 112 that 1n turn drive
control cables within the single-use endoscope 18. The ori-
entation of the distal tip 1s controlled in response to direc-
tional signals received from the user mput device as well as
teedback signals obtained from sensors that measure the posi-

tion and torque of each of the servo motors 110, 112.

In one embodiment of the invention, the processor and
servo control unit 108 implement a position-to-rate control
that varies the speed at which the distal tip 1s moved as a
function of the position of the directional switch on the user
input device 16. However, other control algorithms such as
position-to-position or position-to-force (i.e., acceleration)
could also be implemented.

The control cabinet 14 also includes an imaging board 114
that produces 1images from the signals that are recerved from
the 1 Image sensor at the distal end of the single-use endoscope
18. The imaging board 114 deserializes the digital video
signals from the CMOS 1imager sensor and performs the nec-
essary algorithms such as demosaicing, gain control and
white balance to produce a quality color image. The gain
control of the system 1s implemented by adjusting the mnten-
sity of the illumination (current supplied to a number of
LEDs) and adjusting the RGB gains of the CMOS 1mager.
The 1mmaging board 114 also includes 1solation circuitry to
prevent a patient from becoming shocked in the event of an
clectrical failure on the imaging board 114 or within the
control cabinet 14 as well as circuitry for transmitting control
signals to the image sensor and for receiving 1image signals
from the 1mage sensor. In one embodiment of the invention,
the 1imaging board 114 1s provided on a standard PC circuit
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board to allow individual endoscopes to be tested with a
personal computer and without the need for an additional
control cabinet 14.

In the embodiment shown 1n FIG. 2, the single-use endo-
scope 18 has a distal shaft portion 120 that 1s connected to a
breakout box 122 with a swivel connection 124. The breakout
box 122 provides access to a working channel 1n the distal

portion of the endoscope. In addition, the proximal portion
126 of the shaft 1s 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 twist-
ing the breakout box 122 in the hands of the physician or their
assistant.

In the embodiment shown, the single-use endoscope 18 1s
connected to the control cabinet 14 with a connector 130.
Within the connector 130 are a pair of spools 132, 134 that are
engageable with the driveshafts of the servo motors 110, 112.
Each spool 132, 134 drives a pair of control cables that are
wound 1n opposite directions. One palr 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 1n the left and right direction. In an
alternate embodiment, the endoscope may include a manual
handle having control knobs that selectively tension or
release the control cables to move the distal tip and one or
more buttons that activate functions of the endoscope.

The connector 130 also includes a manifold 140 that con-
trols the supply of irnigation fluid, air and vacuum to various
tubes or lumens within the endoscope 18. In addition, the
connector 130 includes an electrical connector 142 that mates
with the corresponding electrical connector on the control
cabinet 14. The connector 142 transfers signals to and from
the 1image sensor as well as power to the illumination LEDs
and allows connection to a thermal sensor at the distal end of
the endoscope. In addition, the connector 142 carries signals
from one or more remotely located environmental sensors as
will be described below. Water or another irrigation liquud 1s
supplied to the endoscope with a pump 143, The pump 145 1s
preferably a peristaltic pump that moves the water though a
flexible tube that extends into the proximal connector 130.
Peristaltic pumps are preferred because the pump compo-
nents do not need to come 1nto contact with the water or other
fluids within the endoscope and it allows the wetted compo-
nent to be single-use. A water or other 1rrigation liquid reser-
voir 150 1s connected to the pump 145 and supplies water to
cool the illumination LEDs as well as to irrigate the patient.
The water supplied to cool the LEDs 1s returned to the reser-
voir 150 1n 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 collec-
tion bottle 160 1s provided at the mamifold 140 within the
proximal connector 130. A gas source provides msuitlation
by delivering an inert gas such as carbon dioxide, nitrogen,
atr, etc., to the lumen(s) of single-use endoscope 18 via the
manifold 140.

The processor and control unit 108 executes application
software, imncluding a GUI software application, a system
control software application, and a network software appli-
cation that reside on a computer readable medium such as a
hard disc drive, CD-ROM, DVD, etc., or 1n a solid state
memory. GUI software application 1s well known to those
skilled 1n the art, and provides the physician or operator with
live endoscopic video or still images and, optionally, with
visual, audible, or haptic control and feedback on display 12
using user mput device 16. System control software applica-
tion 1s the central control program of application software that
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receives mput from sensors, such as from the one or more
environmental sensors at the distal end of the endoscope as
described below, as well as from the mput device 16. System
control software application provides system control for the
functions necessary to operate single-use endoscope system
10. The network software application operates a network

connection to allow the endoscopic imaging system 10 to be
connected to a local area network and/or the Internet.

As set forth 1n the 10/811,781 application, the mamiold
140 supplies msuitlation gas, water and vacuum to one or
more lumens of single-use endoscope 18. The manifold 1s
preferably constructed as a series of passages that are formed
between sheets of a thermoplastic material. Water, air, and
vacuum are applied to inputs of the manifold and selectively
delivered to outputs that are 1n turn connected to lumens
within the endoscope 18 by pinch valves on the control cabi-
net 14 that open or close the passages in the manifold. The
passages are preferably formed by rf welding the sheets of
thermoplastic into the desired pattern of the passages.

In accordance with FIG. 2, the basic process of insuftlation
and exsuillation using single-use endoscopic imaging system
10 15 as follows:

During operation, live endoscopic video 1mages are pro-
vided on display 12 by the GUI software application, which
processes information from the imaging board 114, and the
single-use endoscope 18. Prior to operation, insuiflation 1s
initiated upon operator command by means of the user input
device 16, or according to a pre-programmed routine. As a
result, system control software application activates the
manifold 140 by means of the pinch valves on the control
cabinet 14. Upon advancing single-use endoscope 18, images
are produced by the image sensor at the distal tip of the
endoscope and analyzed by the image processor 114 and/or
the processor and servo control unit 108 to determine 11 either
irrigation or insuitlation 1s required. If insuiflation 1s required,
an isuitlation gas 1s channeled through a lumen of single-use
endoscope 18 and 1nto the patient. In one embodiment of the
invention, the gas delivery lumen terminates at directional
port 256, that directs the msuitlation gas and/or irrigation
liquid over a lens 270 of the imaging sensor, as shown 1n FIG.
3. Asthe distal tip of single-use endoscope 18 1s advanced into
the colon during the endoscopic procedure, further areas of
the colon are nsufllated, bringing new examination regions
Into view.

As shown 1n FIG. 3, the distal end of the single-use endo-
scope 18 includes a distal cap 250 having a number of open-
ings on 1ts front face. The openings include an opening to a
working channel 252 and an opening 254 for a low pressure
lavage lumen, whereby a stream of liquid can be delivered
through the endoscope to remove debris or obstructions from
the patient. A lens wash and insufflation port includes the
integrated directional port or flush cap 256 that directs water
across the lens of an 1image sensor and delivers the insufflation
gas to expand the lumen 1n which the endoscope 1s 1nserted.
Offset from the longitudinal axis of the endoscope 1s a lens
port 258 that 1s surrounded by a pair of windows or lenses 260
and 262 that cover the illumination sources. One or more
environmental sensors 245 are also disposed on or adjacent
the front face of the distal cap 250 to detect environmental
conditions within the body cavity of the patient. Signals from
the one or more environmental sensors are transmitted back to
the processor and servo control unit 108 through the electrical
connector 142. Suitable environmental sensors 245 include,
but are not limited to, pressure, temperature, pH sensors to
measure conditions in the patient adjacent the distal tip. In
addition, sensors such as laser distance sensor or ultrasonic
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probes can be used to measure the size of the area or thickness
of the colon wall surrounding the endoscope.

As best shown in FIG. 4A, the imaging assembly at the
distal end of the endoscope also includes a heat exchanger
280. The heat exchanger 280 comprises a semi-circular sec-
tion having a concave recess 282 into which a cylindrical lens

assembly 270 1s fitted. The concave recess 282 holds the
position of the lens assembly 270 1n directions perpendicular
to the longitudinal axis of endoscope, thereby only permitting,
the lens assembly 270 to move along the longitudinal axis of
the endoscope. Once the lens assembly 1s positioned such that
it 1s focused on an 1mage sensor 290 that 1s secured to a rear
surface of the heat exchanger 280, the lens assembly 1s fixed
in the heat exchanger with an adhesive. A pair of LEDs 282,
284 are bonded to a circuit board that 1s affixed in the heat
exchanger such that a channel 1s formed behind the circuit
board for the passage of a fluid or gas to cool the LEDs. A
circuit board or flex circuit 292 containing circuitry to trans-
mit and receirve signals to and from the control cabinet 1s
secured behind the image sensor 290 and to the rear surface of
the heat exchanger 280. With the lens assembly 270, the
LEDs 280, 282, the image sensor 290, and associated cir-
cuitry 292 secured in the heat exchanger 280, the heat
exchanger assembly can be fitted within the distal cap 250 to
complete the imaging assembly.

As discussed, the images obtained from the 1image sensor
are analyzed by an image analysis program to determine
when cleaning of the imaging system or the colon itself 1s
desired. In addition, measurements of the colon cavity
obtained from the one or more environmental sensors may be
combined with 1image information as analyzed by the image
analysis program to control the supply of 1rrigation and aspi-
ration when a cleaning cycle 1s required.

The basic process of irrigation and aspiration for the pur-
pose of prepping a poorly prepared patient during a colonos-
copy procedure using the endoscopic imaging system 100 1s
as follows.

The GUI software application displays the live video or
still images produced by the imaging board 114 on the display
110. In addition, an 1mage analysis program that 1s executed
by a processor on the imaging board 114 or the processor and
servo control unit 108 analyzes the image signals to deter-
mine 1f 1t 1s necessary to employ a wash routine in the patient
or to clean the lens of the endoscope 18. If the image analysis
program determines that a lens cleaning or wash routine
should be imitiated, the control soitware application activates
one or more valves controlling the mamifold to deliver an
irrigation liquid and vacuum aspiration to the endoscope. The
modality of the washing routine supplied can be determined
based on an analysis of the images produced as well as volu-
metric, environmental or other measurements obtained by the
one or more environmental sensors 243 at the distal end of the
endoscope.

To determine if the field of view of the single-use endo-
scope 18 1s clear or obstructed, the 1image analysis program
analyzes 1mages of the patient’s body for the presence of
obstructing matter within the area of view or on the surface of
imaging optics. For example, the image analysis program
determines 11 the position of an obstruction changes with a
change in probe position. IT an obstruction remains 1n the
same place within an 1mage despite moving the endoscope,
then the system control software 1nitiates a blast of cleaning,
solution over the surface of the imaging lens. However, 1f the
image appears to indicate that the patient has not been prop-
erly prepped, then the system control software proceeds to
initiate one or more cleaning or washing routines.
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In one embodiment of the invention, the presence of
obstructing material 1n the field of view 1s detected by the
image analysis program on the basis of the color or spectral
reflectance of the tissue being observed. Healthy colon tissue
1s typically characterized by white or pinkish tissue. There-
fore, the image analysis program searches an 1mage to deter-
mine the number of pixels in the image that display the
desired tissue color. If the image contains too many dark or
other colored pixels, the presence of obstructing material 1s
presumed. Of course, 1t will be appreciated that the color of
healthy, clean tissue can vary from patient to patient. There-
fore, the physician may be prompted to direct the probe at a
known portion of healthy, clean tissue to calibrate the image
analysis program prior to beginning the colonoscopy.

In performing the washing routine, the system control soft-
ware may take ito consideration measurements obtained
from the one or more environmental sensors 245 included 1n
the single-use endoscope 18. For example, measurements of
the size of the colon cavity, thickness of the colon wall,
pressure within the colon, or other factors such as tempera-
ture, pH, etc. can be obtained from the one or more environ-
mental sensors 245 and used to adjust the volume or rate of
delivery and/or aspiration of liquid supplied or the composi-
tion of the washing liquid can be adjusted based on the mea-
surements obtained. Similarly, the environmental sensor 245
positioned along the length of the endoscope can measure the
depth of 1nsertion of the distal tip of the endoscope.

With the endoscopic imaging system 10, any obstructions
that interfere with the endoscopic procedure are automati-
cally detected. Washing or lens cleaning routines are initiated
upon command by the system control soitware or may be
initiated by an operator command recerved via user interface
16. Wash routines may include, for example, a continuous
spray, a pulsating jet, and a large bolus wash. Sequential
mixtures of fluids or gases can be augmented with aeration
and/or additives. Additives are added into the irrigant solu-
tion, either singularly or in combination, upon operator com-
mand using user interface 16 or as directed by prepro-
grammed wash routines or based on an analysis of signals
produced from the image sensor and/or the one or more
environmental sensors 245. New wash routines may be down-
loaded through network connection by means of network
soltware application. Alternatively, a user may also manually
define new 1rrigant mixes and/or wash routines by recording
a series of operator commands on user interface 16.

After irrigation, the resulting maceration 1s aspirated under
control of the system control software application, which
activates the manifold 140. The manifold 140 applies vacuum
through a working or aspiration channel of the single-use
endoscope 18. At any time, the physician or their assistant
may manually interrupt the wash routine or aspiration.

The endoscopic imaging system of the present mvention
also determines 11 the body cavity 1s properly intlated. Such a
determination 1s made by measuring the pressure and/or ana-
lyzing 1mages obtained from the image sensor. If the body
cavity 1s not properly 1nflated, insuiilation gas 1s delivered to
the patient 1n a manner that 1s adjusted for environmental
conditions 1n the patient. As with the washing mode, the
isuiflation gas can be delivered in accordance with the
detected pressure 1n the body cavity, the size of the cavity, or
until the image signals produced by the 1image sensor indicate
that the colon 1s 1ntlated to produce a desired field of view.
Furthermore, the msuitlation gas can be adjusted 1n accor-
dance with the sensed thickness of the colon wall or other
parameters that assure that insutflation gas 1s not delivered too
quickly so as to cause discomifort or potential injury to the
patient. By automatically controlling the insuitlation of the
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colon at the region of the distal tip a desired field of view 1s
provided and madvertent collapse of the colon 1s prevented.
Furthermore, the physician can concentrate on performing
the procedure without having to manually control insuilla-
tion.

As will be appreciated, the automated 1rrigation and aspi-
ration features of the present invention reduce the need for the
physician to actively control the preparation of poorly pre-
pared patients for examination. Because obstructions and
poor fields of view are automatically detected and cleared, the
physician can concentrate on performing the required proce-
dure. Furthermore, the evacuation wash routines may be tai-
lored to a patient’s individual condition as detected by the
image analysis program and one or more sensors 122.

While the preferred embodiment of the invention has been
illustrated and described, 1t will be appreciated that various
changes can be made therein without departing from the
scope of the mvention. For example, although the present
invention 1s described with respect to single use, disposable
endoscopes, it will be appreciated that the present invention 1s
also applicable to non-disposable, reusable endoscopes as
well. It 1s therefore intended that the scope of the invention be

determined from the following claims and equivalents
thereol.

The embodiments of the invention 1n which an exclusive
property or privilege 1s claimed are defined as follows:

1. A system for automatically controlling the delivery of
[insufflation gas] gas or liquid to a patient, the system com-
prising:

[a control cabinet including] a processor [and one or more
valves] configured to control the delivery of [insuffla-
tion] gas or liquid to [a] the patient; and

an [endoscope removably connected to the control cabinet
and] elongate member including a pressure sensor and
an image sensor at or adjacent a distal end of the [endo-
scope] elongate member,

wherein the processor 1s configured to obtain an 1mage
[signals] signal from the image sensor and a pressure
[readings] reading from the pressure sensor and auto-
matically control [insufflation] gas or liguid delivered to
the patient as a function of the image [signals] signal and
the pressure [readings] reading.

2. The system of claim 1, wherein the delivery of [insuf-
flation] gas is controlled to maintain a predefined field of view
in the image [signals] signal/ produced by the image sensor.

3. The system of claim 1, further comprising a sensor
configured to determine a size of an intlated body cavity, and
wherein the processor 1s configured to control the delivery of
[insufflation] gas to maintain a predetermined inflated cavity
S1Z€.

4. The system of claim 1, wherein the processor 1s config-
ured to control the delivery of [insufflation] gas to maintain a
predetermined pressure i a body cavity.

5. The system of claim 1, further comprising a sensor
configured to detect a thickness of a tissue wall surrounding
the [endoscope] elongate member, and wherein the processor
is configured to control the delivery of [insufflation] gas as a
function of the wall thickness detected.

[6. The system of claim 1, wherein the endoscope is dis-
pensable.]

7. A system for automatically controlhng the delivery of
[insufflation gas] fluid, the system comprising:

a control [cabinet] unit including a processor [and at least

one valve] configured to control the delivery of [insuf-
flation gas] fluid; and
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an endoscope removably connected to the control [cabinet]
unit and including a pressure sensor and an 1mage sensor
at or adjacent a distal end of the endoscope;

wherein the processor 1s configured to receive ar 1mage
[signals] sigrnal from the image sensor and a pressure
[readings] reading from the pressure sensor and auto-
matically control the delivery of [insufflation gas] fluid
as a function of the image [signals] sigral and the pres-
sure [readings by controlling actuation of the at least one
valve] reading.

8. The system of claim 7, wherein the processor 1s config-
ured to control the delivery of [insufflation gas] ffuid to main-
tain a predefined view produced by the image sensor.

9. The system of claim 7, wherein the processor 1s config-
ured to control the delivery of [insufflation gas] ffuid to main-
tain a predetermined pressure in the body cavity and to main-
tain a predefined view produced by the image sensor.

10. The system of claim 7, wherein the control [cabinet]
unit includes a manifold configured to supply [insufflation] az
least one of gas, [a] liquid, and aspiration to the endoscope.

11. The system of claim 10, [wherein the] further including
at least one valve that 1s configured to control the supply of
[insufflation] at least one of gas, [the] liquid, and aspiration
from the manifold.

[12. The system of claim 11, wherein the endoscope is
removably coupled to the manifold.]

13. A system for automatically controlling the delivery of
[insufflation] gas or liquid, the system comprising:

a control [cabinet] unit including a processor and at least
one valve configured to control the delivery of [insuffia-
tion] gas or liquid; and

an endoscope removably connected to the control [cabinet]
unit and including a pressure sensor configured to deter-
mine a pressure 1n a body cavity and an 1image sensor;

wherein the processor 1s configured to receive ar 1mage
[signals] sigral from the image sensor and a pressure
[readings] reading from the pressure sensor and auto-
matically control the delivery of [insufflation] gas or
liquid as a function of the image [signals] sigrna/ and the
pressure [readings] reading to maintain a predetermined
pressure 1n the body cavity by controlling actuation of
the at least one valve.

14. The system of claim 13, wherein the processor 1s con-
figured to control the delivery of [insufflation] gas or liguid to
maintain the predetermined pressure in the body cavity and to
maintain a predefined view produced by the image sensor.

15. The system of claim 13, wherein the control [cabinet]
unit includes a manifold configured to supply [insufflation]
gas, [a] liquid, and aspiration to the endoscope.

16. The system of claim 15, wherein the at least one valve
is configured to control the supply of [insufflation] gas, [the}
liquid, and aspiration from the manifold, wherein the endo-
scope is removably coupled to the manifold.

[17. The system of claim 16, wherein the endoscope is
removably coupled to the manifold.]

18. The system of claim 1, wherein the elongate member is
an endoscope.

19. The system of claim 18, wherein a control cabinet
includes the processor and one or more valves configured to
control the delivery of gas or liguid to the patient, and
wherein the endoscope is removably connected to the control
cabinet.

20. The system of claim 19, wherein the processor is con-

figured to obtain image signals from the image sensor and

65 pressure readings from the pressuve sensor and automatically

control gas or liguid delivered to the patient as a function of
the image signals and the pressure veadings.
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21. The system of claim 7, wherein the control unit is a
control cabinet that further includes at least one valve, and
the processor is configured to control the delivery of fluid by
controlling actuation of the at least one valve.

22. The system of claim 21, whevein the processor is con- 5
figured to receive image signals from the image sensorv and
pressure veadings from the pressure sensor and automatically
control fluid delivered to the patient as a function of the image
signals and the pressure readings.

23. The system of claim 13, wherein the control unit is a 10
control cabinet, and whervein the processor is configured to
obtain image signals from the image sensor and pressure
readings from the pressure sensor and automatically control
gas or liquid delivered to the patient as a function of the image
signals and the pressure readings. 15
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