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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2014/110118 Al
17 July 2014 (17.07.2014) P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61B 5/06 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

PCT/US2014/010657 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

8 January 2014 (08.01 .2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(26) Publication Language: English zw.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

61/750,961 10 January 2013 (10.01.2013) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: OHIO UNIVERSITY [US/US]; 340 West UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
State Street, Unit 14, Athens, OH 45701 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventor: CHOI, JungHun; 4 Kent Drive, Athens, OH
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

45701 (US).
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(74) Agents: LUNN, Gregory, J. et al; Wood, Herron & KM, ML, MR, NE, SN, TD, TG).
Evans, LLP, 2700 Carew Tower, 441 Vine Street, Cincin

Published:
nati, OH 45202-2917 (US).

— with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(54) Title: METHOD AND DEVICE FOR EVALUATING A COLONOSCOPY PROCEDURE

~36
PU MEMORY

40
DISPLAY -4

00

FIG. 1

(57) Abstract: A method and device for evaluating a colonoscopy procedure includes an endoscope (12) having a distal portion (22)o and a proximal portion (24). A plurality of sensors (28) are positioned along the endoscope ( 1 2) and operatively connected to a pro -
cessing system (14). The plurality of sensors (28) and processing system (14) detect a first bending of the distal portion (22) and a

o second bending of the proximal portion (24). The first and second bending are compared by the processing system (14) for estimat -
ing the formation of the partial loop in order to predict the formation of a full loop during the colonoscopy procedure.



METHOD AND DEVICE FOR EVALUATING A COLONOSCOPY PROCEDURE

Cross-reference to Related Application

[0001] This application claims the priority of Application Serial No. 61/750,961

filed January 10 , 201 3 (pending), the disclosure of which is herby incorporated by

reference herein.

Technical Field

[0002] The present invention relates generally to a method and device for use

during a colonoscopy procedure, and more particularly, to a method and device for

evaluating endoscopic loop formation during the colonoscopy procedure.

Background

[0003] Colonoscopy is a common and effective procedure for screening

colorectal diseases of the lower gastrointestinal tract. Medical doctors generally

recommend all patients over the age of fifty to undergo the procedure with relative

frequency to ensure early detection and treatment of colorectal diseases, such as

colon cancer. However, the physical discomfort and related psychological stigma of

the procedure may create a barrier to patients unwilling to accept such discomfort for

the sake of preventative detection. For this reason, minimizing discomfort related to

pressure, pain, or tearing within the gastrointestinal tract is important for improving a

patient's experience and safety to encourage routine colonoscopy procedures.

[0004] During the colonoscopy procedure, an endoscope, such as a

colonoscope, is inserted into a colon, through the rectum, of a patient for viewing the

lower gastrointestinal tract. As the endoscope is forced along the colon, the

endoscope may kink, bend, or otherwise loop, which hinders the advancement of a

distal tip of the endoscope. Such endoscopic looping is considered one of the

primary challenges to successfully completing a colonoscopy procedure. The loop

tends to create additional pressure within the gastrointestinal tract and necessitates

an operator to apply additional force in order to advance the endoscope through the

colon. Unfortunately, the additional force tends to increase discomfort, pain, and

may even tear the mucosa of the colon itself by stretching the mesentery attached to

descending and ascending colons of the lower gastrointestinal tract.



[0005] Various devices and methods are known to reduce endoscopic looping.

These devices and methods generally include both active and passive looping

prevention. On one hand, passive looping prevention generally includes extensive

education of anatomy and practice using colonoscopy simulators to develop skills for

preventing loop formation. In addition, water injection, abdominal pressure, and

patient position may passively help to prevent loop formation. On the other hand,

active prevention includes the addition of a device to the endoscope that actively

deters the formation of the loop and may include double balloons, variable stiffness

tubes, SHAPELOCK®, and/or overtubes. Such active prevention serves to guide the

endoscope along the colon in order to minimize the likelihood of forming the

endoscopic loop; however, it fails to detect a formed loop. Thus, active prevention

may also include visualization devices that detect a formed loop. The visualization

device may include CT colonography, fluoroscopy, and magnetic endoscopic

imaging and generally are directed to creating a visual image of the endoscope

within the colon.

[0006] While known active and passive looping prevention techniques may be

simultaneously employed to decrease the likelihood of endoscopic looping, each

tends to suffer drawbacks affecting patient comfort. First, each of the above

techniques requires a great deal of time and training to properly prepare the operator

for performing the colonoscopy procedure. Second, active looping prevention may

help to prevent a loop, but still requires significant capital investment. Many active

looping prevention systems even fail to actually detect a formed loop if one should

occur. While some active loop prevention may help to visualize the formed

endoscopic loop, the skill set necessary for the operator to recognize the loop

requires even more time and training to complete. Moreover, even if the operator is

sufficiently trained to perform the colonoscopy with the additional visualization

device, the operator may be distracted by analyzing both an endoscopic camera and

the visualization device. As such, the procedure will require additional time and, in

turn, greater patient discomfort to complete.

[0007] There is a need for a method and device for use during a colonoscopy

procedure, such as evaluating endoscopic loop formation, that addresses present

challenges and characteristics such as those discussed above.



Summary

[0008] One exemplary embodiment of a method for evaluating an endoscope

during a colonoscopy procedure comprises detecting a first bending of a distal

portion of the endoscope and detecting a second bending of a proximal portion of the

endoscope. The method also comprises comparing the first bending to the second

bending with a processing system. Finally, the method also comprises estimating

the formation of a partial loop with the processing system for predicting the formation

of a full loop.

[0009] In one aspect, the method further comprises determining a ratio

between the first bending and the second bending to estimate a percentage of the

partial loop formed. The method also includes comparing the percentage of the

partial loop formed to a threshold percentage. In another aspect, the method

includes providing notice to an operator when the percentage of the partial loop

exceeds the threshold percentage.

[0010] In another exemplary embodiment, a device for evaluating a

colonoscopy procedure comprises an endoscope having a distal portion and a

proximal portion. Each of the distal and proximal portions have a plurality of

sensors. The plurality of sensors are positioned along the distal and proximal

portions and operatively connected to a processing system for detecting bending of

the endoscope. In addition, the processing system compares bending detected at

the distal portion to the bending detected at the proximal portion for predicting the

formation of an endoscopic looping during the colonoscopy procedure.

[001 1] Various additional objectives, advantages, and features of the invention

will be appreciated from a review of the following detailed description of the

illustrative embodiments taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0012] The accompanying drawings, which are incorporated in and constitute

a part of this specification, illustrate embodiments of the invention and, together with

a general description of the invention given above, and the detailed description given

below serve to explain the invention.

[0013] FIG. 1 is a schematic view of an embodiment of a device for evaluating

a colonoscopy procedure.



[0014] FIG. 2 is a schematic view of an embodiment of a bending sensor for

use with the device shown in FIG. 1.

[0015] FIG. 3 is a schematic view of a two-dimensional projection of an

exemplary endoscopic alpha loop.

[0016] FIG. 4 is a chart of a calibration of the bending sensor shown in FIG. 2 .

[0017] FIG. 5 is a chart of a transitional effect of the two-dimensional

projection of the exemplary endoscopic alpha loop shown in FIG. 3 .

[0018] FIG. 6 is an embodiment of a display shown in the schematic view of

FIG. 1.

[0019] FIG. 7A is a schematic view of approximately 25% of an embodiment

of an endoscopic alpha loop.

[0020] FIG. 7B is a schematic view of approximately 50% of the embodiment

of the endoscopic alpha-loop.

[0021] FIG. 7C is a schematic view of approximately 75% of the embodiment

of the endoscopic alpha-loop.

[0022] FIG. 7D is a schematic view of approximately 100% of the embodiment

of the endoscopic alpha-loop.

[0023] FIG. 7E is a schematic view of approximately 125% of the embodiment

of the endoscopic alpha-loop.

[0024] FIG. 8A is a schematic view of approximately 0% of an embodiment of

an endoscopic N-loop.

[0025] FIG. 8B is a schematic view of approximately 25% of the embodiment

of the endoscopic N-loop.

[0026] FIG. 8C is a schematic view of approximately 50% of the embodiment

of the endoscopic N-loop.

[0027] FIG. 8D is a schematic view of approximately 75% of the embodiment

of the endoscopic N-loop.

[0028] FIG. 8E is a schematic view of approximately 100% of the embodiment

of the endoscopic N-loop.

[0029] FIG. 8F is a schematic view of approximately 125% of the embodiment

of the endoscopic N-loop.

[0030] FIG. 9A is a schematic view of approximately 50% of an embodiment

of an endoscopic U-loop.



[0031] FIG. 9B is a schematic view of approximately 75% of the embodiment

of the endoscopic U-loop.

[0032] FIG. 9C is a schematic view of approximately 100% of the embodiment

of the endoscopic U-loop.

[0033] FIG. 10A is a schematic view of approximately 50% of an embodiment

of an endoscopic gamma-loop.

[0034] FIG. 10B is a schematic view of approximately 75% of the embodiment

of the endoscopic gamma-loop.

[0035] FIG. 10C is a schematic view of approximately 100% of the

embodiment of the endoscopic gamma-loop.

[0036] FIG. 11A is a flowchart of an embodiment of a first portion of firmware

for use with the device shown in FIG. 1.

[0037] FIG. 11B is a flowchart of the embodiment of a second portion of

firmware for use with the device shown in FIG. 1.

Detailed Description

[0038] With reference to FIG. 1, an embodiment of a device 10 for evaluating

a colonoscopy procedure, particularly with respect to predicting endoscopic looping,

includes an endoscope 12 operatively connected to a processing system 14. The

endoscope 12 includes a flexible shaft 16 having a distal tip 18 . The distal tip 18

may include a camera (not shown), or similar visualization equipment, configured for

generating an image within the colon during the colonoscopy procedure. The shaft

16 also includes a handle 20 that may be generally subdivided between the handle

20 and the distal tip 18 into at least two portions relative to the formation of a full or

partial loop along the shaft 16 . Specifically, the shaft 16 includes at least a distal

portion 22 and a proximal portion 24. For reference, the directions along the

endoscope 12 generally refer to distal as being toward the distal tip 18 with proximal

being relatively toward the handle 20. As such, the exemplary shaft 16 shown in

FIG. 1 has a bent portion 26, which marks the subdivision between distal and

proximal portions 22, 24. However, should the bent portion 26 be positioned

elsewhere along the length of the shaft 16 , the distal and proximal portions 22, 24

may vary depending on the particular full or partial loop formed during the

colonoscopy. Thus, distal and proximal portions 22, 24 are not intended to be



limiting, but, rather, refer generally to portions of the shaft 16 along which any given

full or partial loop may form.

[0039] A plurality of sensors 28 are positioned along the shaft 16 and

operatively connected to the processing system 14 for detecting bending of the shaft

16 . According to the exemplary embodiment shown in FIG. 1, each of the plurality of

sensors 28 is a uni-directional bend sensor sensitive to detecting the amount of

bending at each of the plurality of sensors 28. Specifically, based on the degree of

bending, each of the bending sensors 28 changes resistance values for converting to

voltage. The uni-directional bend sensors 28 can predict the radius of curvature of

the shaft 16 in one axis. With respect to the exemplary embodiment of FIG. 1, thirty

bend sensors 28 were used to detect loop formation along the shaft 16 .

[0040] With respect to FIG. 1 and FIG. 2 , two sets of fifteen bend sensors are

placed between a continuous substrate 30 to identify both sides of bending. The total

length of the positioned plurality of sensors 28 shown is generally 120 cm long and

the thickness from top to bottom sensors is generally 3 mm. The plurality of sensors

28 are positioned generally along 72 percent of the shaft 16 with more of the sensors

28 being located toward the distal tip 18 . The total length of the endoscope 12 is 160

cm, but from about 10 cm to 130 cm of the shaft 16 is the operable length for

insertion into a patient during the colonoscopy procedure. Generally, it will be

difficult to form a loop within generally 30 cm to generally 40 cm of the distal tip 18 or

the handle 20 of the endoscope 12 . For example, in the case where the length of

the shaft 16 is generally 30 cm, the radius of the curvature of any full or partial loop

will be generally 5 cm and capable of producing relatively high reaction forces within

the patient's colon.

[0041] Each of the plurality of sensors 28 is operatively connected to the

processing system 14 and includes a first terminal 32 and a second terminal 34. The

first terminal 32 is connected to excitation voltage while the second terminal 34 is

operatively connected to the processing system 14. Furthermore, the processing

system 14 generally includes an analog-to-digital converter 36, a CPU 38, a memory

40, and a display 42. Specifically, the second terminal 34 is electrically connected to

the analog-to-digital converter 36, which is operatively connected to the CPU 38.

The CPU 38 is also operatively connected to the memory 40 for recalling and

executing firmware described below in greater detail. Once the firmware is



executed, the CPU 38 is operatively connected to the display 42 for visualizing

and/or notifying the operator of the results executed by the firmware.

[0042] As described above, FIG. 1 and FIG. 2 of the device 10 and the

plurality of sensors 28 are schematic. Thus, the invention described herein is not

intended to be limited to the specific embodiments shown. For example, any

endoscope 12 for use in a colonoscopy procedure may be so used. Similarly, the

plurality of sensors 28 and processing system 14 are not intended to be limited to

use with resistive bend sensors. It will be appreciated that any sensors or method of

sensing the relative position of the endoscope 12 during the colonoscopy procedure

may be used according to the principles described below for predicting the formation

of endoscopic looping. Thus, while the exemplary plurality of sensors 28 directly

sense bending, bending may also be indirectly detected via other known methods of

sensing the position of the endoscope 12 . In this way, the term bending generally

refers to full and/or partial loop formation and may be detected directly or indirectly

via any known method.

[0043] With respect to the exemplary plurality of sensors 28 shown in FIGS. 1

and 2 , FIG. 3 depicts the shaft 16 shown in an exemplary alpha-loop formation

where "d" represents a three-dimensional loop parameter and "r" represents a bend

radius. Generally, when d is approximately zero, the loop is ideally acting on a two-

dimensional plane. However, due to the diameter of the shaft 16 , approximately 12

mm, d cannot be zero. Still, the loop can be treated on the two-dimensional plane

given the relatively large radius of curvature of the shaft 16 . As the variable d

increases, torsion is applied to the plurality of sensors 28 and increases the values

output from the plurality of sensors 28 to the analog-to-digital converter 36 shown in

FIG. 1.

[0044] FIG. 4 shows the calibration results of one of the bend sensors 28

without torsion, e.g. where d is zero, with respect to FIG. 1. As bending radius, r,

increases, the output voltage decreases. Thus, the possible minimum bend radius

begins at generally 1 inch, and the maximum bending radius will generally not

exceed 10 inches due to the length limitations of the exemplary shaft 16 .

[0045] FIG. 5 shows the relation of the output voltage between the two-

dimensional loop and the three-dimensional loop. When the variable d increases, the

loop opens with a small change of bending radius, and the output voltage from the

bend sensor is augmented. Since the maximum value of the variable d does not



exceed generally more than 4 inches, a three-dimensional loop can be projected and

assumed to be a simple two-dimensional loop. Thus, for the exemplary embodiment

of the device of FIG. 1, an N-loop can be detected when the shaft 16 of the

endoscope 12 forms two magnitude values of hemi-circles. The values may be the

same or different. The variable d is applied to the cases of N-loops or reversed N-

loop, and the detection logic is the same as an alpha-loop or a reversed alpha-loop.

[0046] FIG. 6 depicts the exemplary display 42 visualizing the executed

firmware described below for the plurality of bending sensors 28 of FIG. 1. The

plurality of bending sensors 28 are grouped with the firmware continuously

monitoring the bending of each bending sensor 28. Among the groups, consecutive

bend sensors 28 values are summed and visualized. In addition, each loop

programmed into the memory 40 may visualize a threshold value on the display 42.

Generally, when the summation of the consecutive bend sensors 28 exceeds the

threshold value for that loop, a virtual LED 44 will indicate the formation of the loop

on the display 42.

[0047] FIGS. 7A-1 0C show common, exemplary endoscopic loop formations

that may be programmed into the memory 40 for comparison to detected bending

being continuously monitored by the CPU 38 shown in FIG. 1. FIGS. 7A, 7B, 7C,

7D, and 7E show distal and proximal portions 22, 24 of the shaft 16 forming from a

partial alpha-loop into a full alpha-loop. Specifically, FIG. 7A depicts 25% of the

alpha-loop, FIG. 7B depicts 50% of the alpha-loop, FIG. 7C depicts 75% of the

alpha-loop, FIG. 7D depicts 100% of the alpha-loop, and FIG. 7E depicts 125% of

the alpha-loop. As such, the following Table 1 notes the relative angles between the

distal and proximal portions 22, 24 and general orientation of the shaft 16.
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25 50 75 100 125Percentage (%)

Angle (Degree) 90 180 270 360 450
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angle of a proximalGeneral forms a U is portion of
bending portions ofOrientation shape. crossed. the shaft

shaft. the shaft
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450 (or 90)
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Table 1: Alpha-Loop

[0048] FIGS. 8A, 8B, 8C, 8D, and 8E show distal and proximal portions 22, 24

of the shaft 16 forming from a partial N-loop into a full N-loop. Specifically, FIG. 8A

depicts 0% of the N-loop, FIG. 8B depicts 25% of the N-loop, FIG. 8C depicts 50% of

the N-loop, FIG. 8D depicts 75% of the N-loop, FIG. 8E depicts 100% of the N-loop,

and FIG. 8F depicts 125% of the N-loop. As such, the following Table 2 notes the

relative angles between the distal and proximal portions 22, 24 and general

orientation of the shaft 16 .

Table 2 : N-Loop

[0049] FIGS. 9A, 9B, and 90 show distal and proximal portions 22, 24 of the

shaft 16 forming from a partial U-loop into a full U-loop. Specifically, FIG. 9A depicts



50% of the U-loop, FIG. 9B depicts 75% of the U-loop, and FIG. 9C depicts 100% of

the U-loop. In addition, FIGS. 10A, 10B, and 10C show distal and proximal portions

22, 24 of the shaft 16 forming from a partial gamma-loop into a full gamma-loop.

Specifically, FIG. 10A depicts 50% of the gamma-loop, FIG. 10B depicts 75% of the

gamma-loop, and FIG. 10C depicts 100% of the gamma-loop. It will be appreciated

that respective angles between distal and proximal portions may be similarly

calculated for U-loops and gamma-loops as those calculated for the exemplary

embodiments of the alpha-loop and N-loop described above.

[0050] The memory 40 of FIG. 1 is programmed with the exemplary alpha-

loop, N-loop, U-loop, and gamma-loop formations shown in FIGS. 7A-1 0C along the

distal and proximal portions 22, 24. In addition, the memory 40 is programmed with

threshold amounts, or percentages, that represent the threshold values for each of

the above loop formations. According to the exemplary embodiment of the

programmed memory 40, the alpha-loop threshold value is 60%, the N-loop

threshold value is 60%, the U-loop threshold value is 50%, and the gamma-loop

threshold value is 50%. However, it will be appreciated that other loop formations

and related loop threshold values, not disclosed herein, may also be programmed

into the memory 40 by the operator or another programmer. Thus, the invention

described herein is not intended to be limited to the loops shown in FIGS. 7A-1 0C.

[0051] With respect to FIG. 1 and FIGS. 11A and 11B, during the colonoscopy

procedure, the endoscope 12 is advanced through the colon of the patient while the

firmware programmed into the processing system 14 continuously monitors the

plurality of uni-directional bending sensors 28 positioned along the shaft 16 . Each of

the bending sensors 28 produces a value indicative of the amount of bending

occurring at each sensor 28. The CPU 38 sums consecutively placed bending

sensors for identifying bending occurring along distal and proximal portions 22, 24 of

the shaft 16 . Then, the CPU 38 calculates the relative bending angles between the

distal and proximal portions 22, 24. The CPU 38 stores the relative bending angle

and the values of the summations identified along the distal and proximal portions

22, 24 in the memory 40 and compares the stored angle and values to the

programmed loop types shown in FIGS. 7A-1 0C. Based on this comparison, the

firmware estimates, or otherwise predicts, the particular type of loop that may be

forming along the shaft 16 . According to the exemplary embodiment, the loop type is

selected from the alpha-loop, the N-loop, the U-loop, and gamma-loop; however, as



mentioned above, other loop types may be programmed into the memory 40 for

selection by the CPU 38.

[0052] With the loop type selected and acquired from memory 40, the CPU 38

compares the relative bending angle calculated above to the programmed alpha-loop

for determining the percentage of the partial loop presenting forming on the shaft 16 .

For example, such a comparison is similar to that of Table 1 and Table 2 for

estimating the percentage of the partial loop formed based upon the calculated

bending angle between the distal and proximal portions 22, 24.

[0053] Next, the CPU 38 acquires the programmed loop threshold value from

the memory 40 and compares the threshold value to the percentage of the partial

loop formed. If the percentage of the partial loop formed is less than the threshold

value, then the processing system 14 returns to start and continues to monitor the

plurality of bending sensors 28. However, if the percentage of the partial loop

formed is more than the threshold value, then the processing system 14 is

configured to notify the operator of its prediction that endoscopic looping may occur.

The processing system 14 may also be operable to provide audible feedback

through a speaker (not shown) of the processing system 14, visual feedback via the

display 42, and/or haptic feedback via the handle 20. In this way, the operator

receives predictive warning of the endoscopic looping automatically and without

having to sort through the confusion of analyzing multiple displays throughout the

entirety of the colonoscopy procedure.

[0054] In addition, the CPU 38, having recognized the partial loop, recalls from

the memory 40 an escape technique unique to that particular partial loop. The

escape technique is then visualized on the display 42 for the convenience of the

operator. Given that the processing system 14 is programmed to display the correct

escape technique for the particular partial loop, every colonoscopy, regardless of the

operator, may be performed with increased consistency and reliability in order to

enhance the patient experience. Specifically, Table 3 below indicates the unique

loop type and suggested escape technique for visualizing on the display 42.



Loop Type Escape Technique
Alpha-loop Withdraw the shaft and rotate the shaft to clockwise

Retract the shaft and make the configuration of the colon
N-Loop

straight
U-Loop Retract the shaft and straight the transverse colon

Withdraw and twist the shaft to clockwise until the transverse
Gamma-loop colon is placed to the conventional position. Additional

abdominal pressure may be required.

Table 3 : Loop Escape Techniques

[0055] Once the escape technique is displayed to the operator, the firmware

directs the processing system 14 to again monitor the sensors and repeat the

comparison for predicting endoscopic looping. Thus, the escaped technique is

displayed until the operator manipulates the endoscope 12 such that the partial loop

formed is below the threshold value.

[0056] For example, despite the use of active and passive systems for

preventing the formation of a loop, the plurality of bending sensors 28 may detect

bending of the shaft 16 that the processing system 14 calculates bending of 135

degrees and predicts the formation of 75% of an alpha loop (see FIG. 7C and Table

1) . As such, the processing system 14 then compares the 75% partial alpha-loop to

the exemplary alpha-loop threshold value of 60%. Because the 75% partial alpha-

loop is above the 60% alpha-loop threshold value, the exemplary processing system

14 provides audible, visual, and haptic notice to the operator and displays the alpha-

loop escape technique, i.e., "Withdraw the shaft and rotate the shaft to clockwise."

Finally, the processing system 14 continues to monitor the partial alpha-loop and

provide notice to the operator of the predicted full alpha loop until the operator

successfully manipulates the distal and proximal portions 22, 24 below the alpha-

loop threshold value.

[0057] In an exemplary embodiment, the operator may also be able to vary

the programmed loop threshold value for earlier or later predictive warning of certain

types of loops. As such, the operator may increase the sensitivity of the prediction

by lowering the loop threshold value or decrease the sensitivity of the prediction by

increasing the loop threshold value. With respect to the alpha-loop example given

above, if the operator programmed the loop threshold value at 80%, then the



processing system 14 would have been less sensitive and the operator may have

continued the procedure until the threshold value reached about 80%. Varying the

sensitivity of the loop prediction may be helpful for tailoring the device 10 to

particular patient or operator preferences.

[0058] While the present invention has been illustrated by the description of

one or more embodiments thereof, and while the embodiments have been described

in considerable detail, they are not intended to restrict or in any way limit the scope

of the appended claims to such detail. The various features shown and described

herein may be used alone or in any combination. Additional advantages and

modifications will readily appear to those skilled in the art. The invention in its

broader aspects is therefore not limited to the specific details, representative

apparatus and method and illustrative examples shown and described. Accordingly,

departures may be from such details without departing from the scope of the general

inventive concept. What is claimed is:



1. A method of evaluating an endoscope during a colonoscopy procedure,

comprising;

detecting a first bending of a distal portion of the endoscope;

detecting a second bending of a proximal portion of the endoscope;

comparing the first bending to the second bending with a processing

system; and

estimating the formation of a partial loop with the processing system for

predicting the formation of a full loop.

2 . The method of claim 1 wherein the first and second bending is

detected with a plurality of sensors, the method further comprising:

continuously monitoring the plurality of sensors for first and second

bending.

3 . The method of claim 1 further comprising projecting the first and

second bending of the endoscope from three-dimensions to two-dimensions.

4 . The method of claim 1 further comprising:

calculating the bending angle between the first bending distal portion

and the second bending proximal portion.

5 . The method of claim 1 further comprising:

determining a ratio between the first bending and the second bending

to estimate a percentage of the partial loop formed.

6 . The method of claim 5 further comprising:

comparing the percentage of the partial loop formed to a threshold

percentage.

7 . The method of claim 6 further comprising:

providing notice to an operator when the percentage of the partial loop

exceeds the threshold percentage.



8 . The method of claim 7 wherein the notice is audible, visual, haptic, or

any combination thereof.

9 . The method of claim 7 wherein the notice includes escape instructions,

the method further comprising:

providing escape instructions to an operator for reducing the

percentage of the partial loop below the threshold percentage.

10 . The method of claim 5 further comprising:

identifying a predetermined loop type with the processing system.

11. The method of claim 10 wherein the predetermined loop type is

selected from the group consisting of an alpha loop, a reversed alpha loop, an N

loop, a U loop, and a gamma loop.

12 . A device for evaluating a colonoscopy procedure, comprising;

an endoscope having a distal portion and a proximal portion, said distal

and proximal portions having a plurality of sensors, said plurality of sensors

positioned along said distal and proximal portions and operatively connected to a

processing system to detect bending of said endoscope,

wherein said processing system compares bending detected at said

distal portion to the bending detected at said proximal portion for predicting the

formation of an endoscopic loop during the colonoscopy procedure.

13 . The device of claim 12 wherein each of the plurality of sensors is a

unidirectional bend sensor.

14 . The device of claim 13 wherein each of the plurality of sensors is a

resistive bend sensor, said resistive bend sensor having an input terminal and an

output terminal, said input terminal operatively connected to an excitation voltage,

and said output terminal operatively connected to said processing system.



15 . The device of claim 14 wherein said processing system comprises an

analog-to-digital converter, said output terminal connected to said analog-to-digital

converter.
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