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(57) ABSTRACT

A feeding tube assembly having a flexible feeding tube with
an imaging assembly including an illumination source con-
figured to illuminate an ambient environment of the imaging
assembly and an imaging device configured to generate and
transmit imaging signals indicative of images of an alimen-
tary canal ofa subject is disclosed. The feeding tube assembly
has controller in communication with the illumination source
wherein the controller is configured to energize the illumina-
tion source during an acceptable illumination condition. A
method of facilitating operation of the flexible feeding tube
with an imaging assembly including an imaging device and
an illumination source and a controller is also disclosed. The
imaging assembly is configured to generate imaging signals
indicative of images of an alimentary canal of a subject. The
illumination source is configured to illuminate an ambient
environment of the imaging assembly. The controller is con-
figured to receive the imaging signals and control the illumi-
nation source during an acceptable illumination condition.
The method involves energizing the illumination source
when an acceptable illumination condition is present and
de-energizing the illumination source when the acceptable
illumination condition is not present.
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IMAGING FEEDING TUBE WITH
ILLUMINATION CONTROL

BACKGROUND

[0001] Aspects of the present invention generally relate to
an imaging catheter and, particularly, to an imaging feeding
tube having a illumination control during placement to facili-
tate thermal management.

[0002] Several medical procedures involve positioning a
catheter, such as a feeding tube or endoscope, within a patient
through the patient’s nose, mouth, or other opening. In many
procedures, accurately positioning the catheter is crucial to
the success of the procedure and/or to the safety ofthe patient.
For example, a nasogastric feeding tube may be inserted
through the nose, past the throat, and down into the stomach,
or past the stomach into the small bowels of the patient to
deliver food to the patient via the tube. If the feeding tube is
mistakenly positioned in the patient’s lung, the feeding solu-
tion would be delivered to the patient’s lung causing critical
and possibly fatal results.

SUMMARY

[0003] One or more aspects of the invention can be directed
to a feeding tube assembly. The feeding tube assembly can
comprise a flexible feeding tube having opposite first and
second longitudinal ends, a longitudinal axis extending
between the first and second longitudinal ends, and a feeding
passage defined therein extending along the longitudinal axis
between the first and second longitudinal ends; an imaging
assembly including an imaging device and an illumination
source, the imaging assembly configured to generate and
transmit imaging signals indicative of images of an alimen-
tary canal of a subject, wherein the imaging assembly is
secured to the feeding tube adjacent the first longitudinal end
of the feeding tube, the illumination source being configured
to illuminate an ambient environment of the imaging assem-
bly; and a controller in communication with the illumination
source, the controller configured to receive the imaging sig-
nals and to energize the illumination source during an accept-
able illumination condition. In some embodiments pertinent
to one or more aspects of the invention, the acceptable illu-
mination condition terminates when the feeding tube is dis-
connected from the controller. In other embodiments perti-
nent to one or more aspects of the invention, the acceptable
illumination condition terminates when a tube error occurs. In
yet other embodiments pertinent to one or more aspects of the
invention, the acceptable illumination condition terminates
when an elapsed time during which the illumination source is
energized is greater than or equal to a predetermined period.
In particular embodiments, the predetermined period is 120
minutes. In still other embodiments pertinent to one or more
aspects of the invention, the controller is further configured to
determine if the illumination source is in condition for use. In
further embodiments, the feeding tube assembly further com-
prises an inlet adaptor adjacent the second longitudinal end of
the feeding tube in fluid communication with the feeding
passage, the inlet adaptor configured for fluid connection with
a source of enteral feeding liquid. The imaging assembly can
comprise a flex circuit and the imaging device can be
mounted on the flex circuit. In yet further embodiments, the
imaging device has a field of view that is at least partially
coincident with the illuminated ambient environment.
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[0004] One or more aspects of the invention can be directed
to a method of using a flexible feeding tube having opposite
first and second longitudinal ends, a longitudinal axis extend-
ing between the first and second longitudinal ends, and a
feeding passage defined therein extending along the longitu-
dinal axis between the first and second longitudinal ends; an
imaging assembly including an imaging device and an illu-
mination source, the imaging assembly to generate imaging
signals indicative of images of an alimentary canal of a sub-
ject, wherein the imaging assembly is secured to the feeding
tube adjacent the first longitudinal end ofthe feeding tube, the
illumination source being configured to illuminate an ambi-
ent environment of the imaging assembly; and a controller in
communication with the illumination source, the controller
configured to control the illumination source during an
acceptable illumination condition. The method can comprise
steps of, if an acceptable illumination condition is present;
energizing the illumination source; and if the acceptable illu-
mination condition is not present, de-energizing the illumi-
nation source. The method can further comprise determining
an elapsed illumination time of energizing the illumination
source, and wherein the acceptable illumination condition is
not present when the elapsed illumination time is greater than
or equal to a predetermined period. The predetermined
period, in some embodiments, can be 120 minutes. In one or
more embodiments, the acceptable illumination condition is
not present when a tube error is determined. In one or more
further embodiments the method the acceptable illumination
condition is not present when the tube is disconnected from
the controller.

[0005] Other objects and features will be in part apparent
and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1is aschematic illustration showing a perspec-
tive view of an imaging feeding tube assembly in accordance
with one or more aspects of the invention;

[0007] FIG. 2 is schematic illustration showing a perspec-
tive view of the imaging feeding tube assembly in FIG. 1, in
accordance with one or more aspects of the invention;
[0008] FIG. 3 is a schematic illustration showing a side,
elevational view of an imaging feeding tube system, includ-
ing the imaging feeding tube assembly in FIG. 1, and an
interface cable, and a console, in accordance with one or more
aspects of the invention;

[0009] FIG. 4 is a schematic illustration showing an
enlarged, fragmentary, perspective view of a distal end por-
tion of the feeding tube assembly in FIG. 1, including an
exploded imaging assembly, an imaging assembly connector,
and a portion of the feeding tube, in accordance with one or
more aspects of the invention;

[0010] FIG. 5 is a schematic illustration showing an
enlarged cross section view of the feeding tube of the feeding
tube assembly in FIG. 1, in accordance with one or more
aspects of the invention;

[0011] FIG. 6 is a schematic illustration showing a top
perspective view of a flex circuit assembly of the imaging
assembly in FIG. 4, in a folded configuration, in accordance
with one or more aspects of the invention;

[0012] FIG. 7 is a schematic illustration showing a bottom
perspective view of the flex circuit assembly of the imaging
assembly in FIG. 4, in the folded configuration, in accordance
with one or more aspects of the invention;
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[0013] FIG. 8 is a schematic illustration showing an
enlarged fragmentary section view of the distal end portion of
the imaging assembly in FIG. 4, in accordance with one or
more aspects of the invention;

[0014] FIG. 9 is an electrical schematic of a thermal man-
agement system of the imaging assembly, in accordance with
one or more aspects of the invention;

[0015] FIG. 10 is a block diagram schematically illustrat-
ing a controller configured to control an illumination source,
in accordance with one or more aspects of the invention; and

[0016] FIG. 11 is a flow chart of a control routine of an
imaging feeding tube assembly, in accordance with one or
more aspects of the invention.

[0017] Corresponding reference characters indicate corre-
sponding parts throughout the drawings.

DETAILED DESCRIPTION

[0018] Referring now to the drawings, and in particular to
FIGS. 1-3, animaging catheter is generally indicated at 10. As
disclosed herein, the imaging catheter can be a medical
device that is configured for insertion into a subject (e.g., a
human or a non-human subject) and configured to provide
images (e.g., digital video) of anatomy of the subject as the
medical device is inserted into the subject and/or after the
medical device is positioned in the subject. In the illustrated
embodiment, the imaging catheter is configured as a feeding
tube assembly 10 and exemplarily illustrated as a nasogastric
feeding tube assembly. In general, the illustrated nasogastric
feeding tube assembly 10 can be configured to provide
images of an alimentary canal, or a portion(s) thereof, of the
subject as the feeding tube assembly is inserted into the sub-
ject and after the feeding tube assembly is positioned in the
subject to facilitate confirmation of proper placement of the
feeding tube assembly in the subject. The nasogastric feeding
tube assembly 10 can be also configured to deliver liquid
nutrients into the alimentary canal of the subject by enteral
feeding, such as after a user (e.g., medical practitioner) con-
firms proper placement of the feeding tube assembly in the
subject, by viewing the acquired digital images from the
imaging feeding tube assembly. It is understood that the
imaging catheter 10 may be configured as a different type of
feeding tube, such as a gastric feeding tube, or a jejunostomy
feeding tube, or may be configured as a different type of
medical device, such as an endoscope, or a heart catheter
(e.g., balloon catheter or other type of heart catheter).

[0019] The illustrated feeding tube assembly 10 generally
includes an elongate, generally flexible body in the form of a
feeding tube, generally indicated at 12, having a longitudinal
axis A (FIG. 5), an open first longitudinal end (i.e., a distal
end) and an open second longitudinal end (i.e., a proximal
end). A feeding passage 14, defined by an interior surface of
the feeding tube 12, extends longitudinally between the lon-
gitudinal ends of the tube for delivering nutrients (e.g., in the
form of an enteral feeding solution) to the subject. In other
embodiments—such as catheters that are not feeding tubes—
the elongate body may have other configurations, and may not
have a longitudinal passage for delivering fluids to the patient.
An inlet adapter, generally indicated at 16, for delivering
liquid nutrients into the feeding passage 14 is attached to the
second end of the tube, and an imaging assembly, generally
indicated at 18, for generating and transmitting real time
images (e.g., video) of the alimentary canal of the patient
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during and/or following intubation is attached to the first end
of the tube 12 by an imaging assembly connector, generally
indicated at 20.

[0020] As used herein with the point of reference being the
feeding source, the inlet adaptor 16 defines the proximal end
of'the feeding tube assembly 10, and the imaging assembly 18
defines the distal end. The feeding tube assembly 10 can also
include a console connector, generally indicated at 22, in
communication with the imaging assembly 18, to provide
communication between the imaging assembly and a console
23 (FIG. 3), on which the images obtained by the imaging
assembly 18 may be displayed. In the illustrated embodiment,
the feeding tube assembly 10, the console 23, and an interface
cable 29, which communicatively connects the feeding tube
assembly to the console, together constitute an imaging cath-
eter system, and more specifically, an imaging feeding tube
system.

[0021] Referring to FIGS. 1-3, the exemplarily illustrated
feeding tube 12 comprises two tube segments: a first tube
segment 12a extending between the imaging assembly con-
nector 20 and the console connector 22, and a second tube
segment 125 extending between the console connector and
the inlet adaptor 16. The first and second tube segments 124,
125 can be secured to the console connector 22 in such a way
that the first and second tube segments are in fluid communi-
cation with each other to at least partially define the feeding
passage 14. In other embodiments of the disclosure, the tube
12 may be formed as an integral, one-piece component. The
feeding tube 12 may be formed from a thermoplastic poly-
urethane polymer, such as but not limited to, an aromatic,
polyether-based thermoplastic polyurethane, and a radio-
paque substance, such as barium. The tube 12 may be formed
from other materials without departing from the scope of the
present disclosure.

[0022] AsshowninFIG. 5, the first tube segment 12a ofthe
feeding tube 12 may include one or more electrical conduc-
tors 24 typically disposed in the tube wall of the first tube
segment. The electrical conductors 24 run longitudinally
along the first tube segment, such as along or parallel a lon-
gitudinal axis of the feeding passage 14. At least some of the
electrical conductors 24 can be configured to transmit imag-
ing signals between the imaging assembly 18 and the console
23. Other electrical conductors 24 may be configured to trans-
mit power from the console 23 to the imaging assembly 18,
and provide a ground. Still other electrical conductors 24 may
be configured to provide other communication including, but
not limited to, two-way communication, between the console
23 and the imaging assembly 18. In one or more embodiments
ofthe disclosure, at least one of the electrical conductors 24 is
configured to supply power from a power supply, which can
be the console 23, to the imaging assembly 18, although other
ways of powering the imaging assembly, including the imag-
ing assembly having its own source of power, do not depart
from the scope of the present disclosure. As exemplarily
illustrated, the electrical conductors 24 can be disposed
within a conductor passage 26 of the feeding tube 12 so that
the conductors are physically separated or at least fluidly
isolated from the feeding passage 14 to inhibit or reduce the
likelihood of feeding solution in the feeding passage from
contacting the conductors.

[0023] The electrical conductors 24 extend from the first
tube segment 12a into a connector housing 28 of the console
connector 22 and are electrically connected to a PCB 30 (FIG.
2). The interface cable 29 (or other signal-transmitting com-
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ponent) can be removably connectable to edge connector 31
to effect communication and data exchange between the con-
sole 23 and the imaging assembly 18. An electronic memory
component, such as electrically erasable programmable read-
only memory (EEPROM), may be mounted on the PCB 30 to
allow information (i.e., data) to be stored and/or written
thereon and to be accessible by the console 23 (i.e., a control-
ler 32 of the console 23) or another external device. It is
understood that the PCB 30 may have additional or different
electrical components mounted thereon, or the PCB may be
omitted such that the electrical conductors are operatively
connected to the

[0024] PCB 30. The console 23 can also include a console
housing 35, a console display 37, such as an LCD or other
electronic display, secured to the housing, and controller 32
(broadly, “a control circuit” or “controller”) disposed in the
housing. In the illustrated embodiment, the controller 32
communicates with the imaging assembly 18 through the
interface cable 29 and the electrical conductors 24.

[0025] Referring to FIGS. 1, 2, and 4 the imaging assembly
connector 20 may define a feeding outlet 40 that is in fluid
communication with the feeding passage 14 of the tube 12.
The feeding outlet 40 can comprise one or more openings
extending laterally through a side of the imaging assembly
connector 20 (only one such lateral opening is illustrated). In
the illustrated embodiment, the first or distal end of the tube
12 is received and secured within the imaging assembly con-
nector 20 at a proximal end of the imaging assembly connec-
tor to provide fluid communication between the feeding pas-
sage 14 and the feeding outlet 40. When the feeding tube
assembly 10 is determined to be appropriately positioned in a
patient, feeding solution or other desirable liquid fed into the
inlet adaptor 16 can be introduced through the feeding pas-
sage 14 of the tube 12, and out through the outlet 40 and into
the subject’s alimentary canal.

[0026] Referring to FIG. 4, the imaging assembly 18 can
include a tubular housing 50, a flexible circuit (“flex circuit™)
assembly 60 disposed within the tubular housing, and a trans-
parent or translucent cap 70 secured to the tubular housing 50.
Generally speaking a flex circuit includes a deformable cir-
cuit element and components mounted on the deformable
circuit element. The deformable circuit element may be a flat
(at least prior to being deformed) substrate that can be bent or
otherwise deformed, and which also includes electrical con-
ductors for making electrical connection among various com-
ponents that may be mounted on the substrate. The deform-
able circuit element may only be partially deformable (e.g.,
only at discrete bend lines) within the scope of the present
disclosure. Among other functions, the tubular housing 50
can provide protection for the flex circuit assembly 60, and
the housing may be substantially waterproof to inhibit the
ingress of liquid into the imaging assembly 18. The tubular
housing 50 has an interior surface defining an axial passage
52 shaped and sized for housing the flex circuit assembly 60
in a folded configuration. In one embodiment, the tubular
housing 50 is formed from a generally flexible material that
provides protection for the flex circuit assembly 60 and
allows the imaging assembly 18 to bend to facilitate maneu-
verability of the feeding tube assembly 10. A second end,
such as a proximal end, of the tubular housing 50 can be
configured to receive a connection portion 42 of the imaging
assembly connector 20, and can be adhered thereto to secure
the imaging assembly to feeding tube 12. The tubular housing
50 may be generally opaque, by being formed from an opaque
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white material or having an opaque material applied thereon,
to reflect illumination from a light source or illumination
source, such as an internal LED 96 (FIG. 6), and direct the
illumination outward from the distal end of the imaging
assembly 18 to, for example, a field of view.

[0027] Theflex circuit assembly 60 typically includes a flex
circuit 80 and electronic components (not labeled), described
below, attached thereto. In the partially assembled or folded
configuration exemplarily shown in FIGS. 4, 6, and 7, the flex
circuit assembly 60 can have a length with a first longitudinal
end, e.g., a distal end, and an opposite second longitudinal
end, e.g., a proximal end. The electrical conductors 24 can be
connected to the second longitudinal end, e.g., the proximal
end, of the flex circuit assembly 60. A camera mounting
portion 82 is typically disposed at the first longitudinal end,
e.g., the distal end of the flex circuit assembly 60. An imaging
device such as a digital camera, generally indicated at 84, can
be mounted on the camera mounting portion 82. The camera
84 can have a cuboidal housing 86 with a base 86A, as shown
in FIG. 7, sides 86B, 86C, 86D, 86E, and an upper or first
surface 86F. The distal end surface 86F of the camera 84 can
include a lens 88. The lens 88 defines a field of view that
projects generally outward from the distal end of the imaging
assembly 18. In accordance with one or more embodiments of
the disclosure, the camera 84 comprises an imaging device,
such as a CMOS imaging device. In further embodiments of
the disclosure, the camera 84 may comprise a different type of
solid state imaging device, such as a charge-coupled device
(CCD), or another type of imaging device. Other ways of
configuring the electronics and other components of the
imaging assembly 18 do not depart from the scope of the
present disclosure and may be implemented as variant
embodiments thereof.

[0028] Forexample, in another embodiment, the flex circuit
assembly 60 may be replaced with a rigid printed circuit
board (PCB). Moreover, it will be understood that an optical
imaging assembly (not shown) may be used.

[0029] The flex circuit assembly 60 can include a power
mounting portion 90 (FIGS. 4 and 6) and a control or data
mounting portion 92 (FIG. 7) each typically extending from
the camera mounting portion 82 at a fold line toward the first
longitudinal end of the flex circuit assembly 60. Power supply
components are typically disposed on the power mounting
portion 90, and camera control components are typically dis-
posed on the data mounting portion 92.

[0030] Referring to FIGS. 6 and 8, a light mounting portion
94 of'the flex circuit 60 can be disposed at the side 86C of the
camera 84. The light mounting portion 94 is illustratively
depicted as extending longitudinally toward the camera 84
from a lateral side edge of the flex circuit at a fold line of the
power mounting portion 90. One or more light sources 96 can
bedisposed on, for example, the light mounting portion 94 for
illuminating an area or region adjacent to the distal end sur-
face 86F of the camera housing 86. In the illustrated embodi-
ment, the light source is a light emitting diode (LED) 96
disposed on the light mounting portion 94 so that the LED is
disposed on the side 86C of the camera housing and below or
proximate the upper surface 86F of the camera housing. Inthe
illustrated embodiment, the LED 96 has a light emitting sur-
face 98 substantially perpendicular to the light mounting
portion 94 for projecting light outward from the distal end of
the imaging assembly 18. According to the illustrated
embodiment (FIG. 8), the LED and the light mounting por-
tion 94 are positioned relative to the camera 84 and the camera
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mounting portion 82 such that the light emitting surface 98 of
the LED 96 is a relatively short distance (e.g., 0.408 millime-
ters) below the upper surface 86F of the camera housing 86.
Typically, LED 96 has an illumination zone that is at least
partially coincident over an imaging zone or field of view of
camera 84, through optional lens 88.

[0031] A light source temperature sensor 99 may be dis-
posed on the light mounting portion 94 adjacent the LED 96.
The light source temperature sensor 99 is configured to mea-
sure a temperature of the LED 96. An ambient temperature
sensor 100 may be disposed on the control mounting portion
92. However, it is envisioned that the ambient temperature
sensor 100 could be disposed at other locations on or adjacent
the flex circuit assembly 60. The ambient temperature sensor
100 is configured to measure a temperature of the ambient
environment around the imaging assembly 18. As will be
explained in greater detail below, measuring both the light
source temperature and the ambient temperature allows for a
determination of the difference between the two temperatures
for regulating the difference between the two temperatures
during use of the imaging catheter 10.

[0032] Operation of the LED 96 to illuminate the field of
view of lens 88 may cause the temperature of the LED to
exceed that of the ambient environment around the imaging
assembly 18 by more than a desirable amount. To ensure the
difference between the ambient temperature and the light
source temperature does not fluctuate away from an accept-
able amount while maintaining the maximum output of light
for viewing, controller 32 may selectively control an output of
the LED 96. In particular, the controller 32 may control the
output of the LED 96 by controlling the power supplied by a
power source (e.g., console 23) to the LED. A PWM driver
may also be used to drive the LED 96 and the controller 32
may control the PWM driver to control the output of the LED.
[0033] As mentioned above, controlling the output of the
LED 96 may be used to control the difference between the
ambient temperature and light source temperature detected
by the ambient temperature sensor 100 and light source tem-
perature sensor 99, respectively. For example, if the tempera-
ture sensors 99, 100 detect respective temperatures having a
difference other than a predetermined amount, the controller
32 canadjust (i.e., increase or decrease) the output of the LED
96 to regulate the temperature difference between the ambient
environment around the imaging assembly 18 and the LED
96. Alternatively, the controller 32 may continually control
the power supplied to the LED 96 to continually control the
output of the LED so that the difference between the ambient
temperature and the light source temperature remains at a
predetermined amount. In this instance, power can be
increased and decreased as needed to keep the difference
between the ambient temperature and the light source tem-
perature at the predetermined amount. The controller 32 can
include a control loop mechanism such as a PID controller to
maintain the difference between the ambient environment
and the LED 96 at the predetermined amount. In it envisioned
that both analog and digital control loops can be used within
the scope of the present disclosure.

[0034] In a preferred embodiment the controller 32 main-
tains the temperature difference between the ambient envi-
ronment and the LED 96 to about 2 degrees Celsius. The
controller may alternatively maintain the temperature difter-
ence within a predetermined range. The range may be cen-
tered on a temperature difference of about 2 degrees Celsius.
The controller 23 may maintain the temperature difference at

Dec. 3, 2015

other values within the scope of the present disclosure. In
some cases, the temperature difference is about 1 degree
Celsius.

[0035] In a situation where the imaging catheter is operat-
ing in a relatively cold environment or an environment where
there is relatively little heat transfer from the LED 96, the
difference between the temperature of the LED and the ambi-
ent temperature around the imaging assembly 18 may
increase above the predetermined amount. In this instance the
temperature difference is a positive difference where the tem-
perature of the LED 96 is greater than the ambient tempera-
ture. Should the temperature difference exceed the predeter-
mined amount, the controller 32 may decrease the output of
the LED 96 to decrease the temperature of the LED to restore
the desired temperature difference between the LED and the
ambient environment.

[0036] If the imaging assembly 18 enters an area of the
body that provides a substantial heat sink for the LED 96, the
LED temperature detected by the LED temperature sensor 99
may fall below the predetermined temperature differential
and possibly even below the ambient temperature detected by
the ambient temperature sensor 100. The controller 32 may
increase the output of the LED 96 up to a maximum output to
permit the most light possible for viewing, while monitoring
any resultant temperature change in the LED temperature
sensor 99. It will be understood that the output of the LED 96
can be increased while still maintaining the temperature dif-
ference at the predetermined amount. This allows the imaging
catheter 10 to operate with a maximum light permissible
output from the LED 96 at all times.

[0037] The amount in which the temperature difference
exceeds the desired amount may also control the rate and/or
extent to which the output of the LED 96 is increased or
decreased. Thus, a large temperature difference above or
below the desired amount may result in a significant increase
or decrease in the output of the LED 96. In the instance where
a significant decrease in the output of the LED 96 is required,
the controller 23 may completely shut off the output of the
LED (i.e., turn off all power to LED). Conversely, when a
significant increase in the output of the LED 96 is required,
the controller 23 may supply maximum power to the LED.

[0038] Insomeembodiments, the controller 32 may reduce
the power supplied to the LED to reduce the output of the
LED in order to reduce the ambient temperature around the
imaging assembly 18 if the ambient temperature sensor 100
detects an ambient temperature above a predetermined
threshold. Alternatively, the controller 32 may continually
control the power supplied to the LED 96 to continually
control output of the LED so that the ambient temperature
remains below the predetermined threshold. In this instance,
power can be increased and decreased as needed to keep the
ambient temperature below the predetermined threshold. In a
preferred embodiment, the controller 32 controls the output
of'the LED 96 to a maximum output of the LED (i.e., maxi-
mum power supplied to the LED) as long as the ambient
temperature measured by the ambient temperature sensor 100
remains below the predetermined threshold.

[0039] In the illustrated embodiment, the temperature sen-
sors 99, 100 are thermistors. However, other types of tem-
perature sensors are envisioned. Further, it is envisioned that
a single temperature sensor can be used to measure both the
ambient temperature and the temperature of the LED 96. The
console (i.e., power supply) 23, controller 32, LED 96, light
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source temperature sensor 99, and ambient temperature 100
may be broadly considered a thermal management system
(FIG. 9).

[0040] The feeding tube assembly can be configured to
regulate the operation of a heat generating component, such
as the illumination source to be operable during an acceptable
operating condition, such as an operating illumination con-
dition. Such aspects of the invention can facilitate the use of
the assembly to reduce the risk of harm on the patient during,
for example, insertion procedures or post-insertion proce-
dures of the feeding tube assembly. In some cases, the risk of
harm is reduced during or after prolonged insertion of the
assembly in the patient by de-energizing heat generating
components of the assembly when disposed inside the
patient. For example, in some embodiments pertinent to one
or more aspects of the invention, the controller 32 can further
control the operation of the illumination source.

[0041] The feeding tube assembly can comprise a flexible
feeding tube; an imaging assembly including an imaging
device and an illumination source. The imaging assembly has
a field of view and can be configured to generate and transmit
imaging signals indicative of images of the field of view of an
alimentary canal of a subject. The imaging assembly can be
secured to the feeding tube adjacent a first longitudinal end of
the feeding tube. The illumination source can be configured to
illuminate an ambient environment of the imaging assembly.
The field of view is at least partially coincident with the
illuminated ambient environment. The assembly furtherhas a
controller in communication with the illumination source and
configured to receive the imaging signals representative of the
field of view. The controller is configured to energize the
illumination source during an acceptable illumination condi-
tion. The acceptable illumination condition terminates when
the feeding tube is disconnected from the controller. In other
embodiments pertinent to one or more aspects of the inven-
tion, the acceptable illumination condition terminates when a
tube error occurs. In yet other embodiments pertinent to one
or more aspects of the invention, the acceptable illumination
condition terminates when an elapsed time during which the
illumination source is energized is greater than or equal to a
predetermined period. In still other embodiments pertinent to
one or more aspects of the invention, the controller is further
configured to determine if the illumination source is in con-
dition for use. In further embodiments, the feeding tube
assembly further comprises an inlet adaptor adjacent the sec-
ond longitudinal end of the feeding tube in fluid communica-
tion with the feeding passage, the inlet adaptor configured for
fluid connection with a source of enteral feeding liquid. The
imaging assembly can comprise a flex circuit and the imaging
device can be mounted on the flex circuit.

[0042] With reference to FIG. 10, the controller 32 can
comprise one or more processors 324, such as a microproces-
sor, operably configured to control the illumination source 96,
such as by energizing or controlling or regulating the amount
of'power delivered to energize the illumination source 96. The
processor 324 is also operably connected to a non-transitory
memory device 322 having instructions stored thereon that
are retrievable and executable by the one or more processors
324. The processor can also be operably connected a timer
device or clock or timer 326 configured to receive a signal
from the one or more processors 324. In some cases, the timer
326 is further configured to send one or more signals to the
processor 324. Alternatively, the processor can have an inter-
nal clock that determines an elapsed time.

Dec. 3, 2015

[0043] The one or more of the memory devices 322 can
store data, for example, in a data storage segment thereof (not
shown). The data that can be stored can be, for example,
image signals in data files that are representative of images
captured by the imaging device. Data in the data storage
segment can also include one or more operating conditions or
parameters of the feeding tube assembly.

[0044] The use of the feeding tube assembly can involve
facilitating use of the flexible feeding tube with the imaging
assembly. As exemplarily illustrated in FIG. 11, facilitating
use can involve operation of the feeding tube assembly
according to a control algorithm 200 that manages operation
of any heat generating source of the imaging assembly, such
as the illumination source 96. The algorithm can be stored as
instructions on one or more of the memory devices 322 and
can comprise steps of, if an acceptable illumination condition
is present; energizing the illumination source; and if the
acceptable illumination condition is not present, de-energiz-
ing the illumination source.

[0045] In the illustrated example, the algorithm 200 can
involve determining 205 if the light source or the feeding
tube, or both, is ready for use. For example, the tube is ready
for use if the timer 326 provides an indication that a counter
or in-use period of the illumination source is at an initial
condition. Other precondition requirements can involve
determining whether the feeding tube is properly connected,
or provides no error signals, flags, or indications. Use of the
assembly can then be initiated by a user by an initiation signal
(not shown). The controller 32 can then send instructions to
energize or provide 210 power to the illumination source 96
and to send 220 a time initiation signal to commence measur-
ing an elapsed time of operation of the illumination source 96.
The controller monitors or controls operation of the illumi-
nation source 96 during an acceptable condition and deter-
mines 230 that the acceptable illumination condition remains
present. In a pertinent embodiment, the step of determining
205 if the illumination source is ready (or determines if the
precondition requirements are acceptable) involves substan-
tially similar determinations of conditions as those in step
230. In some cases, determining 230 if the acceptable illumi-
nation conditions remain present can involve any one or more
steps of determining 232 if the feeding tube is properly con-
nected, determining 234 whether power is still delivered to
the tube and the imaging device, determining 236 whether
any errors have been received from the feeding tube, and
determining 238 whether the elapsed time, e.g., the elapsed
illumination time, is greater than or equal to a predetermined
operating period.

[0046] If the acceptable illumination period is no longer
present, or the precondition is not acceptable, the controller
terminates 240 power to de-energize the illumination source.
After terminating the power to the illumination source, the
timer can be reset 250 after a reset period has elapsed. The
reset period can be a predefined reset period, such as at least
about one hour of non-use. Any of the predetermined period
and the predefined reset period can be two hours, but in other
cases, any of the periods can be sixty minutes or ninety
minutes. Typically, the periods are different; thus, for
example, the predetermined period for termination of the
acceptable condition can be 120 minutes but the predefined
reset period after termination and prior to initiation can be 6
hours, 12 hours, or 24 hours. As with the predetermined
period, the predefined reset period can be stored in one or
more of the memory devices 322 and be retrievable by the one
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or more processors 324. The method can further include
initiating (not shown) one or more visual and audible alarms
when the acceptable illumination condition is not present.
[0047] Further embodiments can also include providing
one or more indications, such as one or more visible and/or
audible messages when the elapsed time during which the
illumination source is energized approaches the predeter-
mined period. For example, a message can be presented on
the console display 37 that notifies auser that the timer is at 90
minutes or at a percentage, e.g., at or less than 10% of the
predetermined period.

[0048] In other cases, the timer 326 continues determining
the elapsed illumination period but suspends (not shown)
determination of the elapsed illumination period when power
to the illumination source is interrupted. The timer resumes
determination of the elapsed illumination period when the
illumination source is re-energized.

[0049] In further cases, the timer 326 is reset 250 or the
acceptable illumination condition becomes present when the
existing connected feeding tube is disconnected and a second,
different feeding tube is connected to the console 23.

[0050] In other cases, the timer 326 is reset 250 or the
acceptable illumination condition becomes present when the
console 23 is powered down. In some cases, however, the
acceptable illumination condition becomes present only after
the predefined reset period is elapsed, even when the console
23 is off.

[0051] When introducing elements of the present invention
or the preferred embodiments(s) thereof, the articles “a”,
“an”, “the” and “said” are intended to mean that there are one
or more of the elements. The terms “comprising”, “includ-
ing” and “having” are intended to be inclusive and mean that
there may be additional elements other than the listed ele-
ments.

[0052] Inview of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

[0053] As various changes could be made in the above
constructions and methods without departing from the scope
of the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense.

1. A feeding tube assembly comprising:

a flexible feeding tube having opposite first and second
longitudinal ends, a longitudinal axis extending between
the first and second longitudinal ends, and a feeding
passage defined therein extending along the longitudinal
axis between the first and second longitudinal ends;

an imaging assembly including an imaging device and an
illumination source, the imaging assembly configured to
generate and transmit imaging signals indicative of
images of an alimentary canal of a subject, wherein the
imaging assembly is secured to the feeding tube adjacent
the first longitudinal end of the feeding tube, the illumi-
nation source being configured to illuminate an ambient
environment of the imaging assembly; and

a controller in communication with the illumination
source, the controller configured to receive the imaging
signals and to energize the illumination source during an
acceptable illumination condition.
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2. The feeding tube assembly set forth in claim 1, wherein
the acceptable illumination condition terminates when the
feeding tube is disconnected from the controller.

3. The feeding tube assembly set forth in claim 1, wherein
the acceptable illumination condition terminates when a tube
error OCCurs.

4. The feeding tube assembly set forth in claim 1, wherein
the acceptable illumination condition terminates when an
elapsed time during which the illumination source is ener-
gized is greater than or equal to a predetermined period.

5. The feeding tube assembly set forth in claim 1, wherein
the controller is further configured to determine if the illumi-
nation source is in condition for use.

6. The feeding tube assembly set forth in claim 1, further
comprising an inlet adaptor adjacent the second longitudinal
end of the feeding tube in fluid communication with the
feeding passage, the inlet adaptor configured for fluid con-
nection with a source of enteral feeding liquid.

7. The feeding tube assembly set forth in claim 1, wherein
the imaging assembly comprises a flex circuit, and wherein
the imaging device is mounted on the flex circuit.

8. The feeding tube assembly set forth in claim 1, wherein
the imaging device has a field of view that is at least partially
coincident with the illuminated ambient environment.

9. A method of regulating thermal performance of a flex-
ible feeding tube having opposite first and second longitudi-
nal ends, a longitudinal axis extending between the first and
second longitudinal ends, and a feeding passage defined
therein extending along the longitudinal axis between the first
and second longitudinal ends; an imaging assembly including
an imaging device and an illumination source, the imaging
assembly configured to generate imaging signals indicative of
images of an alimentary canal of a subject, wherein the imag-
ing assembly is secured to the feeding tube adjacent the first
longitudinal end of the feeding tube, the illumination source
being configured to illuminate an ambient environment of the
imaging assembly; and a controller in communication with
the illumination source, the controller configured to receive
the imaging signals and to control the illumination source
during an acceptable illumination condition, the method
comprising:

if an acceptable illumination condition is present; energiz-

ing the illumination source; and

if the acceptable illumination condition is not present, de-

energizing the illumination source.

10. The method of claim 9, further comprising determining
an elapsed illumination time of energizing the illumination
source, and wherein the acceptable illumination condition is
not present when the elapsed illumination time is greater than
or equal to a predetermined period.

11. The method of claim 10, wherein the predetermined
period is 120 minutes.

12. The method of claim 9, wherein the acceptable illumi-
nation condition is not present when a tube error is deter-
mined.

13. The method of claim 9, wherein the acceptable illumi-
nation condition is not present when the tube is disconnected
from the controller.



