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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention, in some embodiments
thereof, relates to an interactive nasogastric tube (NGT)
system.
[0002] A NGT provides direct transfer of food and/or
an active pharmaceutical agent (API) to the stomach;
both food and API being alternatively referred to herein
using the general term "nourishment".
[0003] To provide a supply of nourishment, the nour-
ishment is typically placed in a reservoir that is higher
than the patient’s stomach and passes into the stomach
through the NGT under the influence of gravity.
[0004] In intermittent and/or supervised nourishment,
the NGT is connected to a reservoir containing the nour-
ishment and an electronic pump controls and/or meas-
ures dispensation.
[0005] An NGT, though providing life-giving nourish-
ment, does not prevent aspiration in which gastric con-
tents, including gastric acids and undigested food enter
the lungs. The lungs aspirate the gastric contents during
inspiration of air, resulting in devastating consequences,
for example aspiration pneumonia and/or death.
[0006] The prevalence of aspiration pneumonia is es-
timated to be as high as 95% of NGT nourished patients,
and the mortality rate is estimated to be as high as 62%.
American gastroenterological association technical re-
view on tube feeding for enteral nutrition. Gastroenterol-
ogy 1995; 108:3-21.
[0007] Methods for detecting aspiration of gastric con-
tents include colored nourishment and pH monitoring. In
colored nourishment, green or blue food coloring is add-
ed to the nourishment entering the stomach via the NGT
tube. The presence of food coloring in the mouth indi-
cates that gastric contents have been expelled from the
stomach and are being aspirated by the lungs.
[0008] In pH monitoring, a pH sensor in the lungs sets
off a signal when the normal lung pH of 7.6 drops due to
the presence of gastric fluid in the lungs which have a
typical pH of less than 4. The accuracy of detecting as-
piration with a pH sensor, however, may be significantly
compromised in the presence of H2 blockers and/or ant-
acids that typically raise gastric fluid pH.
[0009] In typical NGT systems, the NGT may be im-
properly positioned, herein malpositioned, during or fol-
lowing NGT placement; a common occurrence in patients
having impaired consciousness and in infants. To confirm
proper NGT positioning, a radiograph interpreted by a
radiologist may be required several times a day for a
single patient with impaired consciousness on NGT nour-
ishment; while radiographic confirmation may be re-
quired as often as 12 times per day for an infant.
[0010] The frequency of radiographs makes it imprac-
tical, if not impossible, to request radiographic assess-
ment of NGT position by the radiologist. Without the input
of a radiologist, a malpositioned NGT may be misdiag-

nosed by the nurse as being properly positioned, result-
ing in danger of aspiration to the infant.
Patents to devices designed to prevent NGT aspiration
include:

US Patent 3734094 which teaches an NGT including
a heart and lung acoustic monitor;
US Patent 5065754 teaches an NGT including a ven-
tilator having lung pressure sensors;
US Patent 6935339 teaches an NGT including a se-
cretion suctioning device; and
US Patent 5,417,664 teaches an NGT including a
filter to stop some movement of reflux.
US Patent 5,411,022 teaches an NGT system ac-
cording to the preamble of claim 1.

SUMMARY OF THE INVENTION

[0011] The present invention is defined in claim 1 and,
in some embodiments thereof, relates to an interactive
NGT system that interacts with the digestive tract to ap-
prise an operator of one or more states of the digestive
tract and provide safe NGT nourishment to a patient. The
interactive NGT system is optionally provided on a single
lumen NGT, or alternatively, on a double lumen NGT.
Optionally, the interactive NGT system provides nourish-
ment from multiple nourishment sources, for example
from a food container, an antacid container and a vitamin
container.
[0012] In embodiments, the interactive NGT system
comprises one or more sleeves that add onto an existing
NGT.
In some embodiments, the NGT is not interactive, for
example, serving to prevent dripping.
[0013] According to an aspect of the some embodi-
ments of the invention, there is provided an NGT system,
comprising a nasogastric tube having a diameter and
length configured to pass through an esophagus such
that the lumen of the NGT maintains fluid communication
with a portion of the digestive tract, and a digestive tract
sensor operatively associated with the NGT, the diges-
tive tract sensor configured to sense from inside the body
and transmit signals in response to one or both of con-
ditions relating to nourishment states of the digestive
tract, and positioning of the NGT.
[0014] According to some embodiments of the inven-
tions, the sensor includes at least one of a light emitting
source, a pH sensor, an electromagnetic source, a ther-
mocouple, and a pressure sensor.
[0015] According to some embodiments of the inven-
tions, the system includes a controller in communication
with the digestive tract sensor the controller including at
least one audiovisual display configured to provide an
audiovisual output in response to the transmitted signals.
[0016] According to some embodiments of the inven-
tions, the system includes a nourishment pump opera-
tively associated with the controller and connected to the
lumen of the NGT, wherein the controller is configured
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to control the movement of nourishment through the
nourishment pump in response to signals received by
the controller from the digestive tract sensor.
[0017] According to some embodiments of the inven-
tions, the NGT has a diameter configured for insertion
through an infant esophagus.
[0018] According to some embodiments of the inven-
tions, the NGT comprises more than two lumens in at
least one configuration of side-by-side, and axially.
[0019] According to some embodiments of the inven-
tions, the sensor comprises at least one gastric fluid sen-
sor and the audiovisual display is configured to provide
output signaling proper positioning of the NGT.
[0020] According to some embodiments of the inven-
tions, the gastric fluid sensor is configured to distinguish
between saliva and gastric fluids.
[0021] According to some embodiments of the inven-
tions, the at least one gastric fluid sensor is additionally
configured to sense gastric reflux and the audiovisual
display is configured to provide output signaling the pres-
ence of reflux.
[0022] According to some embodiments of the inven-
tions, the at least one gastric fluid sensor is positioned
in at least one position along the NGT, the position com-
prising at the end of the NGT, and along a mid portion of
the NGT that is in contact with the esophagus.
[0023] According to some embodiments of the inven-
tions, the fluid gastric sensor at the end of the NGT po-
sitioned to sense gastric fluid in at least one of forward
of the NGT, and to the sides of the NGT.
[0024] According to some embodiments of the inven-
tions, the gastric reflux sensor is configured to distinguish
between saliva and gastric fluids.
[0025] According to the embodiments of the inven-
tions, the system includes a suction pump operatively
associated with the controller and connected to the lumen
of the NGT, wherein the controller is configured to control
the suction of reflux through the NGT in response to sig-
nals received by the controller from the digestive tract
sensor.
[0026] According to some embodiments of the inven-
tions, the sensor comprises at least one nourishment fluid
sensor and the audiovisual display is configured to pro-
vide output signaling proper nourishment.
[0027] According to some embodiments of the inven-
tions, the nourishment sensor senses at least one of food
nourishment, and API nourishment.
[0028] According to some embodiments of the inven-
tions, the system includes a sleeve having a lumen com-
prising an inside diameter sufficient to slidingly pass over
the nasogastric tube.
[0029] According to some embodiments of the inven-
tions, the system includes at least one spacer configured
to maintain a space between the NGT and the sleeve.
[0030] According to some embodiments of the inven-
tions, the at least one spacer comprises at least one of
a spacer projecting radially inwardly into the lumen of the
sleeve, and a spacer projecting radially outward from the

NGT.
[0031] According to some embodiments of the inven-
tions, the sleeve is positionally adjustable along the NGT.
[0032] According to another aspect of the some em-
bodiments of the invention, there is provided a NGT sys-
tem, comprising a suction sleeve comprising a lumen and
a diameter configured to pass through an esophagus, an
NGT having an outside diameter configured to slidingly
pass through the lumen of the suction sleeve, and at least
one spacer located between the suction sleeve and the
NGT, the spacer configured to separate at least a portion
of the surfaces of the sleeve and the NGT.
[0033] According to some embodiments of the inven-
tions, the system includes at least one spacer configured
to maintain a space between the suction sleeve and the
NGT.
[0034] According to some embodiments of the inven-
tions, wherein the at least one spacer comprises at least
one of a spacer projecting radially inwardly into the lumen
of the suction sleeve, and a spacer projecting radially
outward from the NGT.
[0035] According to some embodiments of the inven-
tions, the system includes a digestive tract sensor oper-
atively associated with the NGT, the digestive tract sen-
sor configured to sense conditions in the digestive tract
and transmit audiovisual signals in response to the con-
ditions.
[0036] According to some embodiments of the inven-
tions, the system includes a pump controller in commu-
nication with the digestive tract sensor, and an NGT pump
operatively associated with the controller and connected
to the lumen of the NGT, the controller configured control
pumping of the pump in response to signals received by
the controller from the digestive tract sensor.
[0037] According to some embodiments of the inven-
tions, the NGT pump provides at least one of positive
pressure, and negative pressure.
[0038] According to some embodiments of the inven-
tions, the pump provides at least one of nourishment to
the digestive tract, and evacuation of fluids from the di-
gestive tract.
[0039] According to some examples not part of the in-
vention, the system includes a gastric sensor operatively
associated with the suction sleeve and connected to the
controller, the sensor configured to sense and transmit
signals in response to conditions in the digestive tract,
and a suction sleeve pump operatively associated with
the controller and connected to the lumen of the suction
sleeve, the controller configured control pumping of the
pump in response to sensor signals received by the con-
troller from the digestive tract sensor.
[0040] According to some embodiments of the inven-
tions, the suction sleeve pump provides at least one of
positive pressure, and negative pressure.
[0041] According to some embodiments of the inven-
tions, the sensor senses at least one of a gastric reflux
sensor, a suction sleeve positioning sensor, and a nour-
ishment sensor.
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[0042] According to some embodiments of the inven-
tions, the nourishment sensor senses at least one of food
nourishment, and API nourishment.
[0043] According to some embodiments of the inven-
tions, the gastric reflux sensor comprises at least one of
a gastric content sensor located at the end of the suction
sleeve, and a reflux sensor located a distance from the
end of the suction sleeve.
[0044] According to some embodiments of the inven-
tions, the gastric reflux sensor is configured to distinguish
between saliva and gastric fluids.
[0045] According to some embodiments of the inven-
tions, the system includes multiple sensors and multiple
audiovisual displays, each audiovisual display in com-
munication with at least one sensor.
[0046] According to some embodiments of the inven-
tions, the sensor includes at least one of a light emitting
source, a pH sensor, an electromagnetic source, a ther-
mocouple, and a pressure sensor.
[0047] According to still another aspect of the some
embodiments of the invention, there is provided a method
for positioning a tube in the digestive tract, the method
comprising locating a sensor located on a tube,
pushing the tube through a portion of the digestive tract,
receiving operator-interpretable sensor signals from in-
side the body including at least one of that the sensor is
inside stomach, proximate to an esophageal sphincter,
within an esophageal sphincter, and refining the position
of the tube based upon the operator-interpretable sensor
signals.
[0048] According to some embodiments of the inven-
tions, the method includes at least one of inserting the
tube through the patient mouth, and inserting the tube
through the patient naso-pharynx.
[0049] According to some embodiments of the inven-
tions, the tube has a diameter and length configured to
pass through the esophagus of an infant.
[0050] According to still further aspects of the some
embodiments of the invention, there is provided a method
for dispensing nourishment via a tube, the method com-
prising locating a sensor located on a tube, pushing the
tube through a portion of the digestive tract, receiving
operator-interpretable sensor signals from inside the
body that the tube is inside stomach, and dispensing
nourishment to the stomach via the tube.
[0051] According to some embodiments of the inven-
tions, the method includes at least one of inserting the
tube through the patient mouth, and inserting the tube
through the patient naso-pharynx.
[0052] According to some embodiments of the inven-
tions, the tube has a diameter and length configured to
pass through the esophagus of an infant.
[0053] According to some embodiments of the inven-
tions, the method includes protecting the esophagus from
contact with gastric fluid while removing the tube.
[0054] According to an additional aspect of the some
embodiments of the invention, there is provided an NGT
system, comprising a suction sleeve comprising a lumen

and a diameter configured to pass through an esopha-
gus, an NGT lumen surrounded by the suction sleeve,
and at least one suction source connected to the suction
sleeve.
[0055] According to some embodiments of the inven-
tions, the NGT lumen is provided in a tube slidingly re-
ceived by the suction sleeve.
[0056] According to some embodiments of the inven-
tions, the NGT lumen is integral to the suction sleeve.
[0057] According to still another aspect of the some
embodiments of the invention, there is provided a method
for isolating a gastric tube from the esophagus, the meth-
od comprising enclosing at least an end of a gastric tube
inside a sleeve after the gastric tube is inserted into the
stomach, and
retracting the gastric tube out of an esophagus following
the enclosing.
[0058] According to some embodiments of the inven-
tions, the method includes retracting the sleeve simulta-
neously with the gastric tube.
[0059] According to still another aspect of the some
embodiments of the invention, there is provided a method
for providing nourishment to a patient, the method com-
prising providing a nourishment plan for a given patient,
applying the nourishment plan via an NGT tube, and stop-
ping and/or continuing the applying in response to a sen-
sor measurement in according with the nourishment plan.
[0060] According to some embodiments of the inven-
tions, the sensor measures reflux and then continues with
nourishment plan.
[0061] According to some embodiments of the inven-
tions, the sensor measures emptiness of stomach and
then continues with nourishment plan.
[0062] According to some embodiments of the inven-
tions, the nourishment plan comprises both drug and
food.
[0063] According to some embodiments of the inven-
tions, the nourishment plan comprises is at least one of
a multimeal plan, and a multiday plan.
[0064] According to still another aspect of the some
embodiments of the invention, there is provided a method
of controlling feeding via a gastric tube into a stomach,
the method comprising causing a pressure inside a gas-
tric tube, measuring a pressure associated with the gas-
tric tube, and changing the pressure in response to the
measurement.
[0065] According to some embodiments of the inven-
tions, the pressure comprises a positive pressure.
[0066] According to some embodiments of the inven-
tions, the positive pressure is applied to a food.
[0067] According to some embodiments of the inven-
tions, the pressure comprises a negative pressure.
[0068] According to some embodiments of the inven-
tions, the negative pressure is applied to a gastric fluid.
[0069] According to still another aspect of the some
embodiments of the invention, there is provided a method
of controlling feeding via a gastric tube into a stomach,
the method comprising measuring, using a sensor on a
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gastric tube, changing a nourishment parameter in re-
sponse to the measurement.
[0070] According to still another aspect of the some
embodiments of the invention, there is provided a sleeve
for an NGT tube, comprising a body having an outer di-
ameter suitable for passing through an esophagus and
a lumen having an inner diameter suitable for receiving
an NGT tube therethrough, and a sensor mounted on a
distal side of the body.
[0071] According to still another aspect of the some
embodiments of the invention, there is provided an NGT
system comprising an inner NGT, and an outer sleeve
snugly and slidably mounted on the inner NGT.
[0072] According to still another aspect of the some
embodiments of the invention, there is provided an NGT
console system, comprising an input for receiving a sen-
sor reading, a controller configured fro receiving the sen-
sor reading and generating an alert signal in response
thereto, and an actuator for at least one of a suction pump,
and a nourishment pump.
[0073] According to some embodiments of the inven-
tions, the alert signal automatically controls the actuator.
[0074] According to some embodiments of the inven-
tions, the alert signal comprises an audiovisual output.
[0075] According to some embodiments of the inven-
tions, the actuator is configured for mounting on standard
on standard nasogastric feeding system.
[0076] Unless otherwise defined, all technical and/or
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which the invention pertains. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of
the invention, exemplary methods and/or materials are
described below. In case of conflict, the patent specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only
and are not intended to be necessarily limiting.
[0077] Implementation of the method and/or system of
embodiments of the invention can involve performing or
completing selected tasks manually, automatically, or a
combination thereof. Moreover, according to actual in-
strumentation and equipment of embodiments of the
method and/or system of the invention, several selected
tasks could be implemented by hardware, software,
firmware or a combination thereof using an operating sys-
tem.
[0078] For example, hardware for performing selected
tasks according to embodiments of the invention could
be implemented as a chip or a circuit. As software, se-
lected tasks according to embodiments of the invention
could be implemented as a plurality of software instruc-
tions being executed by a computer using any suitable
operating system. In an exemplary embodiment of the
invention, one or more tasks according to exemplary em-
bodiments of method and/or system as described herein
are performed by a data processor, such as a computing
platform for executing a plurality of instructions. Option-

ally, the data processor includes a volatile memory for
storing instructions and/or data and/or a non-volatile stor-
age, for example, a magnetic hard-disk and/or removable
media, for storing instructions and/or data. Optionally, a
network connection is provided as well. A display and/or
a user input device such as a keyboard or mouse are
optionally provided as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings.
[0080] With specific reference now to the drawings in
detail, it is stressed that the particulars shown are by way
of example and for purposes of illustrative discussion of
embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those
skilled in the art how embodiments of the invention may
be practiced.
[0081] In the drawings:

Figures 1a and 1c are schematic views of an inter-
active NGT system inserted into a patient, according
to some embodiments of the invention;
Figure 1b is a flow chart of the operation of the in-
teractive NGT system of Figure 1a, according to
some embodiments of the invention;
Figure 2 is a schematic view of portions of the inter-
active NGT system of Figure 1a, according to some
embodiments of the invention;
Figure 3 is a schematic view of a gastric console and
interactive NGT system of Figure 1a, according to
some embodiments of the invention;
Figures 4-8 are details of different configurations of
the interactive NGT system of Figure 1a and portions
thereof, according to some embodiments of the in-
vention;
Figures 9a-11b are details of alternative sensors as-
sociated with a portion of the interactive NGT system
of Figure 1a, according to some embodiments of the
invention; and
Figure 12 is a detailed schematic view of the gastric
console and interactive NGT system shown in Figure
3, according to some embodiments of the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE 
INVENTION

Interactive NGT System

[0082] The present invention, in some embodiments
thereof, relates to an interactive NGT system that inter-
acts with the digestive tract to apprise an operator of one
or more states of the digestive tract and provide safe
NGT nourishment to a patient. The interactive NGT sys-
tem is optionally provided on a single lumen NGT, or
alternatively, on a double lumen NGT. Optionally, the in-
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teractive NGT system provides nourishment from- mul-
tiple nourishment sources, for example from a food con-
tainer, an antacid container and a vitamin container.
[0083] In embodiments, the interactive NGT system
comprises one or more sleeves that add onto an existing
NGT. In some embodiments, the NGT is not interactive,
for example, serving to prevent dripping.
Initially, single lumen NGT embodiments of the interac-
tive NGT system will be presented; though it should be
understood that the single lumen NGT embodiments are
configurable for use with the double lumen NGT embod-
iments.

Digestive Tract Sensors

[0084] In some embodiments the interactive NGT sys-
tem includes sensors that sense, inter alia, the state of
various portions of the digestive tract; for example, food
level, reflux state and/or position of an NGT system in
the digestive tract.
[0085] In some embodiments, the interactive digestive
system includes a console that provides audiovisual sig-
nals to assist an operator in performing one or more of
a variety of digestive tract-related tasks.
[0086] Optionally, the console includes a controller and
positive and/or negative pressure pumps and/or auto-
matically controls providing nourishment and/or suction
of caustic substances in response to signals from the
sensor.

Positioning Sensor

[0087] In embodiments, the interactive NGT system
provides guidance to an operator in positioning the NGT
in the stomach.
[0088] For example, a positioning sensor provides sig-
nals that the NGT is near the esophageal sphincter, is
passing the esophageal sphincter and/or is in the stom-
ach; and the console interprets the signals and provides
audiovisual output to an operator and/or automated ac-
tions. It should be noted that in some embodiments a
single sensor can have multiple functions, for example,
positioning and detecting reflux as will be explained be-
low.

NGT Positioning

[0089] There are multiple methods and sensor config-
urations, provided by various embodiments of the inven-
tion, by which the operator can ensure proper positioning
of the NGT within the stomach.
[0090] In one method, a sensor is located at the tip of
the NGT and the operator pushes the NGT through the
esophagus until receiving signals from the console that
the tip is at the esophageal sphincter. The operator then
pushes the NGT, for example, approximately 5-10 cen-
timeters, so that the tip (or feeding exits of the tube) is
positioned in the gastric cavity.

[0091] In another embodiment, the sensor is located
about 10 centimeters from the NGT tip. When the consol
notifies the operator that the sensor is positioned within
gastric fluid and/or at or past the sphincter (depending
on sensor type), the operator pulls the NGT retrograde
about 5 centimeters to achieve proper positioning of the
tip within the stomach.
[0092] Following positioning, the positioning sensor
optionally monitors the position of the end of the NGT
optionally using a gastric fluid sensor. Should the NGT
become malpositioned, the sensor loses contact with the
gastric fluid and the sensor sends a signal (or a contin-
uously sent signal changes in a manner that exceeds
some range, and then the console optionally provides an
audiovisual display that alerts the operator that the NGT
is improperly positioned. In an alternative embodiment,
the sensor continuously sends signals and a change in
a manner that exceeds a predefined range alerts oper-
ator that the NGT is improperly positioned.
[0093] In some embodiments, the console provides
multiple signals of increasing magnitude to indicate in-
creasing urgency. The operator then manipulates the
NGT until the console signals that the NGT is properly
placed. In some embodiments automatic action is pro-
vided by the console, including, inter alia, tube move-
ment, feeding stopping, and/or suction application.

Interactive NGT

[0094] In some embodiments, the controller is con-
nected to a nourishment dispensing assembly, including
a nourishment pump, and the operator uses appropriate
controls, such as buttons on the console, to begin dis-
pensing nourishment.
[0095] In some embodiments, a patient nourishment
schedule geared to, inter alia, the weight and/or nourish-
ment needs of the patient being treated, is optionally con-
tained within the controller and the controller provides
nourishment according to the patient nourishment sched-
ule, optionally taking into account manual and/or auto-
mated feed stoppages due to reflux and/or other feeding
problems.

Aspiration Protection

[0096] In some embodiments, the NGT provides addi-
tional safety against gastric reflux. In some embodi-
ments, a reflux sensor, separate from the gastric sensor,
senses the presence of gastric reflux in the stomach. In
other embodiments, the same sensor that senses the
presence of gastric fluid is configured to additionally
sense gastric reflux.
[0097] During nourishment, gastric acids mix with the
nourishment, thereby raising the pH of the gastric fluid.
Prior to reflux, low pH gastric fluids accumulate in the
stomach, thereby lowering the gastric fluid pH.
When the gastric fluid pH drops below a specific level of
acidity the gastric fluid sensor optionally senses the drop
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in pH. The console signals the operator that low pH gas-
tric acid is building up in the stomach and that it may soon
be expelled and aspirated.
To stop increasing pressure in the stomach that increas-
es the chances of reflux, the operator, as prompted by
the console (or with the console performing automatic
functions), immediately stops the nourishment pump
and/or removes the NGT. The operator resumes provid-
ing nourishment when the console signals an appropriate
rise in pH.
Optionally, the nourishment pump does not resume
pumping until the operator manually resets the nourish-
ment pump and initiates its operation.
[0098] In some embodiments, the console provides
audiovisual output to the operator requesting that the
NGT be removed until the danger of aspiration passes.
By removing the NGT, the effective size of the esopha-
geal lumen is increased; reducing pressure of reflux that
may have entered the esophagus, thereby reducing the
chances that reflux will be expelled and aspirated.
[0099] Single lumen interactive NGTs having a larger
outside diameter may be used in human teenagers and
adults. The interactive NGT may be additionally adapted
for use in animals by modifying the length and/or diameter
of the NGT system. Optionally, the system is used for
infants, for example as described below.

Interactive Infant NGT Systems

[0100] In alternative embodiments, an interactive NGT
system of a smaller diameter and length may be used
for providing nourishment to infants.
[0101] In embodiments, the infant single lumen NGT
includes the position sensor to indicate proper positioning
of the NGT. Additionally or alternatively, the infant NGT
includes a nourishment sensor that senses when the
stomach is full of nourishment.

Optic Sensors

[0102] In embodiments, the nourishment sensor may
comprise a light source in conjunction with an optic sen-
sor wherein the optic sensor provides positioning signals
to the console.
[0103] In an exemplary embodiment of the optic sensor
NGT system, a light source on a distal side of the tube
provides light which is reflected from the GI tract to an
optic sensor also mounted on the tube (or on another
tube).
[0104] Optionally, the amount of light detected indi-
cates the distance between the light reflecting off the GI
tract and the optic sensor.
[0105] In an exemplary embodiment of the invention,
the optic sensor collects light from a certain range of an-
gles. Typically, as the GI wall is closer, more light will be
reflected at those angles. Optionally, several optic sen-
sors and/or light sources are provided on the circumfer-
ence of the tube, so that narrowing is indicated by re-

duced reflections on several sides of the tube.
[0106] When the GI tract narrows, such as at the es-
ophageal sphincter, the reflected intensity is expected to
grow. For example, as the optic sensor passes through
the esophageal sphincter, the reflected light is increased
and the console apprises the operator of the proximity.
The operator then advances the NGT forward through
the sphincter, for example, a distance of between 1 and
10 centimeters to provide proper positioning.

Double Lumen NGT

[0107] Some embodiments of the interactive NGT sys-
tem include a double lumen NGT in which the NGT in-
cludes a reflux-preventing/ameliorating sleeve, herein a
reflux sleeve, around the nourishment tube.
[0108] During positioning, the operator slides the
sleeve to the proper level within the esophagus. Option-
ally, some or all reflux expelled from the stomach is forced
into the reflux sleeve, thereby preventing reflux from be-
ing aspirated.
In some embodiments, the reflux sleeve is connected to
a reflux pump, alternatively referred to as a suction pump
that is controlled by the above-noted controller. The reflux
sleeve optionally includes a reflux sensor connected to
the controller. Optionally, the reflux sensor is located near
the end of the sleeve.
[0109] Other locations of the reflux sensor are contem-
plated as well, for example, at a distance from the end
of the sleeve so if the sleeve is near the mid-esophagus,
the reflux sensor is proximate to the pharynx.
[0110] When the controller receives sensor signals in-
dicating gastric reflux, the console provides the above-
noted audiovisual output and/or activates the reflux pump
to provide negative pressure that evacuates reflux from
the reflux sleeve and/or nearby esophagus.

Gastric Drip Protection

[0111] In an exemplary embodiment, during removal
of the interactive NGT system, drips of nourishment
and/or gastric contents from the end of the nourishment
tube are prevented from contacting, and entering the tra-
chea.
[0112] In an exemplary embodiments, the reflux sleeve
(or a different sleeve, for example a close-fitting sleeve)
protects the esophagus from such drips (e.g., from con-
tact with caustic gastric acids that may cling to the outer
surface of the nourishment tube), by surrounding the
nourishment tube during removal.
[0113] Optionally, the suction pump is operated during
nourishment tube removal. Optionally, a signal is provid-
ed to an operator when the nourishment tube is com-
pletely inside the reflux sleeve or completely out of the
sleeve as only then would the reflux sleeve be retracted
as well. Optionally, an outer drip preventing tube is pro-
vided even if no reflux pump is provided.
[0114] In some embodiments of the interactive NGT
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system (or non-interactive NGT system) a reflux sleeve
1, optionally close-fitting (alternatively not close-fitting)
is mounted on a standard nourishment tube and provides
various sensor functions, for example, as described here-
in.
Before explaining at least one embodiment of the inven-
tion in detail, it is to be understood that the invention is
not necessarily limited in its application to the details of
construction and the arrangement of the components
and/or methods set forth in the following description
and/or illustrated in the drawings. The invention is capa-
ble of other embodiments or of being practiced or carried
out in various ways.

Referring now to the drawings:

Overview of Double-Walled NGT

[0115] Figure 1a illustrates an interactive NGT system
250 in accordance with one embodiment of the present
invention. Interactive NGT system 250 comprises a dou-
ble lumen NGT tube 5 including a suction sleeve 1 having
an inner surface forming a luminal space that surrounds
a nourishment tube 2. In some embodiments, the lumen
of the inner tube is used for suction and the lumen of the
outer sleeve is used for nourishment. In some embodi-
ments, a single tube is used both for nourishment and
for suction.
[0116] In one exemplary embodiment, NGT system
250 includes, inter alia, all of the following sensors. How-
ever, it should be understood that other embodiments
may include only some or one of these sensors and/or
use the sensors differently:

a position sensor 32 inside stomach a 209;
a nourishment sensor 4 above an esophageal
sphincter 208;
a reflux sensor 3 in a mid esophageal location; and
an emergency sensor 31 in an upper esophageal
position.

In use:

position sensor 32 indicates if the nourishment tube
is inside the stomach;
nourishment sensor 4 indicates if nourishment is ex-
iting outside the stomach;
reflux sensor 3 indicates the presence of reflux in
the esophagus; and emergency sensor 31 indicates
if reflux is reaching a position where it might be as-
pirated.

[0117] In an exemplary operation, interactive NGT sys-
tem 250 is inserted into the esophagus until position sen-
sor 32 identifies the esophageal sphincter. Then NGT 5
is advanced until the tip of the nourishment tube 2 is in
stomach 209 and feeding can commence.
[0118] Reflux, if it happens, may first be detected by

nourishment sensor 4; in response to which a controller
14 may stop the nourishment and/or apply suction. After
time, reflux may subside, as indicated by nourishment
sensor 4, and feeding may commence, optionally accord-
ing to a feeding plan and/or after a time delay.
[0119] In some cases, reflux may continue and reach
reflux sensor 3. This may suggest the application of suc-
tion and/or removal of the nourishment tube 2 and/or ap-
plication of suction. In some cases, reflux may continue
more and reach emergency sensor 31. Optionally, the
tube will be removed and/or suction applied. In some
cases, a general alert may be sent to a caregiver, option-
ally at a remote station and/or using a more noticeable
audiovisual signal.
[0120] In embodiments, positioning sensor 32, nour-
ishment sensor 4, reflux fluid sensor 3 (alternatively re-
ferred to as gastric sensor 3) and/or emergency sensor
31 may be included alone or in various combinations in
a single lumen NGT 5 or a double lumen NGT 5.
[0121] For example in administration of APIs, when
there is no danger of reflux, double lumen NGT 5 may
be equipped with nourishment sensor 4 to assure the
user has received the API and/or that the tissue of stom-
ach 209 is properly saturated with the API.
[0122] In some embodiments, one sensor can be used
for multiple purposes. For example when position sensor
32 comprises a gastric fluid sensor, position sensor 32
may be used following positioning to detect gastric reflux
in stomach 209.

Exemplary NGT System Sizes

[0123] Interactive NGT system 250 can be configured
for use in adult human subjects; wherein, inter alia, the
diameter and length of tubes 1 and 2 are sized to fit an
adult human digestive tract. Alternatively, interactive
NGT system 250 can be configured for use in children
and/or infants, with appropriate diameters of suction
sleeve 1 and tube 2.
[0124] In still further embodiments, interactive NGT
system 250 can be configured for use in small animals
such as a goose or even large animals, for example an
elephant, with appropriate diameters of suction sleeve 1
and tube 2.
[0125] In adult human embodiments, a single lumen
NGT 5 may have an outer diameter of between about 4
and 11 millimeters, with a wall thickness of between about
0.5 and 2 millimeters.
[0126] A double lumen NGT 5 may comprise a suction
sleeve 1 having an outer diameter of between about 4
and 11 millimeters, with a wall thickness of between about
0.5 and 2 millimeters, and a luminal area of between
about 10 and 18 millimeters squared or greater.
[0127] Nourishment tube 2 of double lumen NGT 5 may
have an outer diameter of between about 1.5 and 5 mil-
limeters, with a wall thickness of between about 0.25 and
1 millimeter. The lumen of nourishment tube 2 may be
between about 1 and 3 millimeters, with a luminal area
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of between about 8 and 14 millimeters squared or greater.
[0128] An exemplary double lumen NGT may include:

i) an outer diameter of the outer sleeve of 7 millim-
eters;
ii) a lumen wall thickness of the outer sleeve of about
0.5 millimeters;
iii) an inner lumen diameter of the outer sleeve of
about 6 millimeters;
iv) an outer diameter of the inner tube of about 5
millimeters; and
v) an inner lumen diameter of the inner tube of about
4 millimeters, such that the area of the inner tube is
about 12.56637 millimeters

[0129] Additionally, the exemplary double lumen tube
may include optional spacers separating the outside of
the inner tube from the inside of the outer tube, the spac-
ers comprising one or more fins having a height of about
0.5 millimeters and a width of about 1.0 millimeters, such
that the area of the outer tube is about 14.20796 millim-
eters.
[0130] A single lumen NGT 5 for an infant or a child
typically has one of the following outer diameter meas-
urements, s:

0-2 months 2-2.7 millimeters
3 months 2-2.7 millimeters
6 months 2.7 millimeters
1 year 2.7 millimeters
2 years 2.7 millimeters
3 years 2.7-3.3 millimeters
4 years 2.7-3.3 millimeters
5 years 3.3 millimeters
6 years 3.3 millimeters
7 years 3.3 millimeters
8 years 3.3 millimeters
9 years 3.3 millimeters
10 years 3.3-4 millimeters
11 years 3.3-4 millimeters
12 years 4 millimeters
13 years 4 millimeters

[0131] In some cases, other sizes are used. The suc-
tion tube end is typically in the middle or upper third of
the nourishment tube.
[0132] In some embodiments the walls of NGT 5 are
thinner than the values above in order to increase flexi-
bility. Additionally or alternatively, NGT 5 may incorporate
more flexible materials to provide greater patient comfort.
[0133] While NGT 5 is shown passing through the pa-
tient nose, in some instances NGT 5 passes through the
patient mouth, for example in the presence of trauma to
the nose area. It should be understood that term na-
sogastric tube encompasses any tube that passes into
a portion of the patient digestive tract, whether through
the nose or through the mouth.
[0134] To better understand the many optional config-

urations of interactive NGT system 250, a flow chart is
presented in conjunction with reference to structures
shown in Figures 1a and 1c.

NGT Assembly Placement

[0135] Figure 1b is a flow chart 200 showing exemplary
operation of interactive NGT system 250 in various con-
figurations thereof. In a placement stage 211, nourish-
ment tube 2 is placed through an esophagus 202, es-
ophageal sphincter 208 and into stomach 209.
[0136] At a positioning stage 212, position sensor 32
signals to gastric console 300, for example through au-
diovisual displays, that nourishment tube 2 is properly
positioned in stomach 209.
[0137] In some embodiments, at a stage 214, position
sensor 32 senses the proximity of esophageal sphincter
208 and a signal is provided through console 300, then
caregiver push NGT 5 some more according to marks
199.
[0138] In some embodiments in which suction sleeve
1 is fixed in place along nourishment tube 2, prior to place-
ment of NGT 5, measurements of digestive tract radio-
graphs and/or MRI are taken. The operator then alters
the length of nourishment tube 2 to ensure that the end
of suction sleeve 1 is located an appropriate distance
from esophageal sphincter 208 while nourishment tube
2 is contained within stomach 209.
[0139] Position sensor 32 may include any one of many
types of sensors that will be further explained and illus-
trated below. Some of these sensors are optic sensors,
electromagnetic sensors or other types of signal emitters
and signal receivers.
[0140] The deployment of interactive NGT system 250
may vary considerably depending upon the type sensor
used.

Optic Sensors

[0141] In a first sensor type and method for deploying
interactive NGT system 250, position sensor 32 compris-
es the above-noted optic sensor.
[0142] When the sensor senses the esophageal
sphincter 208, audiovisual displays on gastric console
300 signal the operator that position sensor 32 is proxi-
mate to esophageal sphincter 208 and the operator stops
pushing NGT 5.
[0143] The operator may then tap esophageal sphinc-
ter 208 with the end of NGT 5 for tactile confirmation of
position and then pass interactive NGT 5 through es-
ophageal sphincter 208 an additionally approximately 5
to 10 centimeters into stomach 209.

Positioning Markers

[0144] In embodiments, interactive NGT system 250
is manufactured with at least one radiopaque distance
marker. In other embodiments, interactive NGT system
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250 is provided in a kit including a radiopaque marker
that is placed in position by the operator.
[0145] Optionally, following placement of NGT 5, a ra-
diograph is taken. The result provides the operator with
an approximate distance that the end of interactive NGT
system 250 should extend into stomach 209, and corre-
sponding adjustments in the position of NGT 5 may be
made by the operator

Gastric Fluid Sensors

[0146] In a second sensor type and method of deploy-
ment, position sensor 32 comprises a gastric fluid sensor.
[0147] The operator presses interactive NGT system
250 forward until position sensor 32 passes into stomach
209 and signals of the presence of gastric fluids. The
operator then moves interactive NGT system 250 about
2 to 3 centimeters so that interactive NGT system 250 is
properly positioned in stomach 209.
[0148] While the above methods have been directed
to using, position sensor 32 in combination with nourish-
ment tube 2, alternative methods utilizing nourishment
sensor 4 may be used in positioning interactive NGT sys-
tem 250.

Suction Sleeve Positioning

[0149] In an exemplary embodiment, nourishment
tube 2 1 is retracted into suction sleeve 1 so that reflux
sensor 3 is the most forward part of interactive NGT sys-
tem 250.
[0150] The operator passes interactive NGT system
250 through esophagus 202 and into stomach 209.
[0151] Upon entering stomach 209, at a gastric cavity
stage 216, signals from reflux sensor 3 sense the lower
pH gastric fluids in stomach 209 and, via signals emitted,
console 300 provides an appropriate signal to the oper-
ator at a stage 217.
[0152] While holding nourishment tube 2 in position,
the operator retracts suction sleeve 1 about 5 to 20 cen-
timeters so that reflux sensor 3 is located within esopha-
gus 202, for example at about the middle of esophagus
202.
[0153] The operator optionally begins a stage 220 to
determine nourishment state of gastric cavity.

Stand Alone Suction Sleeve

[0154] In another embodiment, in addition to sensing
the lower pH of gastric fluids, reflux sensor 3 senses the
higher pH of post prandial nourishment mixed with gastric
fluids.
[0155] Initially, the patient receives nourishment
through a stand alone nourishment tube 2, after which
nourishment tube 2 is removed from the patient.
[0156] A stand alone suction sleeve 1 is then pushed
by the operator through esophagus 202 until reflux sen-
sor 3 senses post prandial nourishment in stomach 209.

Console 300 emits an audiovisual signal that interactive
NGT system 250 is properly positioned and suction
sleeve 1 is left in position until the danger developing
post prandial reflux has passed.

NGT Position Markers

[0157] As noted above, a variety of methods may be
deployed to ensure proper positioning of NGT 5.
In another positioning embodiment, suction sleeve 1
and/or nourishment tube 2 include external markings 199
so that the operator is apprised of the length of suction
sleeve 1 that has been placed through esophagus 202
to determine when nourishment tube 2 is positioned in
stomach 209 and/or when suction sleeve 1 is properly
positioned in esophagus 202.

Providing Nourishment

[0158] In embodiments, at a stage 220, nourishment
sensor 4 signals to gastric console 300 the state of nour-
ishment in stomach 209. For example at a stage 221,
nourishment sensor 4 senses nourishment above es-
ophageal sphincter 208 and signals that stomach 209 is
full, and gastric console 300 ceases providing nourish-
ment.
[0159] Alternatively, upon receiving sensor signals that
stomach 209 is empty or partially empty, gastric console
300 continues to provide nourishment through tube 2 at
stage 223.
[0160] Alternatively, at a stage 222, console 300 re-
ceives signals that stomach 209 is empty or partially emp-
ty and additionally senses that either nourishment is no
longer passing through nourishment tube 2 or, through
an additional sensor, that the nourishment container is
empty.
[0161] If the source of nourishment has been exhaust-
ed and the patient nourishment schedule requires addi-
tional nourishment, console 300 optionally signals the
operator to replace the empty nourishment container with
a new container.
[0162] If, on the other hand, console 300 senses that
nourishment is no longer passing through nourishment
tube 2, in spite of the fact that the proper amount of nour-
ishment has not been dispensed, console 300 optionally
signals the operator to check and fix a blockage, for ex-
ample a kink in nourishment tube 2.

Ex Vivo Nourishment Sensors

[0163] While nourishment sensor 4 is shown as a part
of nourishment tube 2, there are many alternatives that
are contemplated and may be used in with interactive
NGT system 250; the following being just some of the
many alternatives.
[0164] For example, in some embodiments, interactive
NGT system 250 includes an ex vivo stomach impedance
sensor that uses stomach impedance and/or impedance
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of gastric contents within esophagus 202 as an indication
that stomach 209 is full.
[0165] In another example, nourishment sensor 4 in-
cludes a myographic and/or electrical activity sensor that
senses activity of stomach 209 indicating digestion, emp-
tiness and/or fullness.
[0166] As noted above, NGT 5 may provide and track
nourishment in the form of an API; the following being
but a few examples of API dispensing embodiments.

Dispensing an API

[0167] By way of example, in a case wherein an antacid
API is delivered to stomach 209, at nourishment state
stage 220, nourishment sensor 4 is configured to detect,
for example, the amount of antacid that is residing in
stomach 209. In the event that antacid is lacking, at stage
223, gastric console 300 provides additional antacid to
stomach 209 via nourishment tube 2.
[0168] In detecting the presence of antacid, for exam-
ple, the API may be doped with biocompatible materials,
for examples dyes and/or ultrasound-reflecting mole-
cules, with nourishment sensor 4 being configured to
sense such materials.
[0169] In alternative embodiments, nourishment sen-
sor 4 may be configured to directly sense the pH of the
antacid.
[0170] In some embodiments, the API may comprise
a life-saving local antibiotic that must reach a specific
tissue saturation level to be effective; and nourishment
sensor 4 may directly sense a tissue state of stomach
209.
[0171] For example nourishment sensor 4 may include
light source which reflects light off the tissue of stomach
209 and is received by nourishment sensor 4. Signals
related to, for example, the spectrum reflected from the
tissue, are then sent to gastric console 300 and analyzed
to determine whether the tissue of stomach 209 includes
a proper saturation of the administered API.
[0172] In embodiments, the API is mixed with a dye
that adheres to mucus in the digestive tract and nourish-
ment sensor 4 tracks the concentration of the dye via
spectral analysis.
[0173] Optionally, prior to dispensing the API com-
bined with a dye, interactive NGT system 250 and/or
stomach are optionally flushed with saline and/or sterile
water to facilitate accurate readings of API concentration.
[0174] Optionally, when the patient has received the
proper amount of nourishment, or nourishment sensor 4
signals that stomach 209 is full at full stage 221, gastric
console 300 proceeds to an end nourishment stage 265
and provision of nourishment is stopped.

Reflux Detection

[0175] In some situations, for example during the ad-
ministration of nourishment, stomach 209 may expel gas-
tric acid, and reflux sensor 3 and/or nourishment sensor

4 sense excess gastric acid in esophagus 202 at a stage
230 to alert gastric console 300.
[0176] At a suction reflux stage 232, gastric console
300 enters a stop nourishment stage 231 and activates
a pumping assembly (Figure 4) that provides negative
pressure through suction sleeve 1 to suck gastric fluid
from esophagus 202, thereby removing the cause of re-
flux. Causes of reflux may include gastric acid accumu-
lation in stomach 209, causing gastric muscle spasm and
discharge of gastric contents.
[0177] Alternatively, overfilling of stomach may result
in gastric content discharge or patient condition results
in a tendency toward expelling gastric contents.
[0178] Alternatively, gastric fluid pressure from stom-
ach 209 on contents of esophagus 202 may be respon-
sible for reflux; such pressure being caused in some cas-
es by entry of nourishment into stomach 209. In cases
where reflux occurs during nourishment, upon detection
of reflux fluid, gastric console 300 stops all nourishment
at stage 231 until reflux sensor 3 and/or nourishment
sensor 4 signal that esophagus 202 is clear of gastric
fluid at a no reflux stage 233.
[0179] Optionally, following cessation of nourishment,
a stage 240 is accessed wherein all tubes are removed
from the patient and oral feeding, for example, is re-
sumed.
[0180] As noted, reflux is assessed once NGT 5 prior
to dispensing nourishment following clearance of reflux.
However, interactive NGT system 250 additionally may
be configured to access stage 230 to determine the pres-
ence of reflux prior to beginning dispensing nourishment
at a given feeding.

Nourishment Scheduling

[0181] Optionally, gastric console 300 includes a pro-
grammable nourishment scheduler and at a stage 224,
nourishment is provided according to the parameters of
the nourishment schedule that has been programmed
into the scheduler. For example, console tracks the
amount of nourishment provided to the patient. If nour-
ishment is stopped due to reflux, upon resumption of
nourishment, console 300 stops the nourishment when
the patient has received the amount of nourishment re-
quired for the given feeding.
[0182] In some embodiments, console 300 is option-
ally connected to an intravenous nourishment supply and
includes a calorie counter. During the stopped feeding
period, the intravenous nourishment continues and con-
sole 300 counts the calories of nourishment dispensed.
Upon resumption of feeding via nourishment tube 2, con-
sole 300 keeps track of the IV feeding calories dispensed
and stops dispensing nourishment via nourishment 2
when the total caloric allotment to the patient, including
IV-dispensed calories, has been reached.
[0183] In addition, console 300 optionally is configured
to be programmed to record and/or modify nourishment
based upon real time and/or historic patient information.
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[0184] In one example, console 300 may dispense
nourishment at a rate of 10 cubic centimeters per minute
throughout a feeding.
[0185] If the patient develops reflux at a given feeding,
for example half way through the feeding, console 300
may automatically reduce the rate of nourishment dis-
pensation at the beginning of the next feeding or around
half way through the feeding, thereby reducing the chanc-
es for reflux recurrence.
[0186] Additionally or alternatively, interactive NGT
system 250 may be configured with multiple nourishment
sources contained separately within different containers.
Optionally, a fluid switch (e.g., electrically controlled) is
provided for selecting which source will feed the nourish-
ment tube. Alternatively, two or more sources may be
mechanically connected to a same feeding tube, option-
ally, with one way valves to prevent backflow. As but an
example of the many possibilities, a first source may con-
tain an API against stomach acid; a second source may
contain nourishment; and a third source may contain vi-
tamin supplements.
[0187] In such embodiments, all containers may be
connected via console 300 and console 300 optionally
includes dispensing information on each of the nourish-
ment sources.
[0188] In some embodiments, nourishment tube 2
comprises multiple lumens either side-by-side or axially
located and console 300 is configured to dispense nour-
ishment from the various sources.
[0189] In some situations, stomach 209 spastically
contracts with sufficient force to cause large volumes of
gastric fluid to pass through esophagus 202, possibly
overpowering the ability for suction sleeve 1 to suck up
all gastric fluid. The following embodiment is configured
to deal with such emergencies.
[0190] In embodiments the interactive NGT system
can be manufactured to fit on to existing feeding and
suction machines. In such embodiments the NGT system
includes one or more of the following features:

1. The suction sleeve is configured to tightly surround
a standard NGT.
2. The NGT is configured to connect to a standard
feeding machine, for example, the Novartis Compat
Enteral Feeding Pump.
3. An actuator is placed on a tube that provides food,
for example between a food source and a food pump
or between a food source and a body. In one exam-
ple, the actuator is a tube pincher which selectively
pinches the tube and prevents food flow there-
through. In another example, the actuator is a peri-
staltic pump. In an exemplary embodiment of the in-
vention, the actuator is a linear actuator which closes
the tube when reflux is detected, optionally by a reflux
detecting sensor.

[0191] In an exemplary embodiment of the invention,
an add-on to a standard feeding machine is as follows:

a) mount a suction sleeve with inward fins on a stand-
ard feeding tube.
b) connect sleeve and tube to a T junction that sep-
arates the feeding tube from the suction sleeve; op-
tionally the input to the T junction comprises two co-
axially tubes, one leading to one side of the junction
and one leading to the other side of the junction.
Optionally the body of the T junction forms one of
the coaxial tubes, for example the suction sleeve.
c) connecting a tube from the T junction to a standard
feeding machine, for example the Novartis Compat
Enteral Feeding Pump.
d) connect a tube from the T junction to a standard
suction machine for example, the DeVilbiss Home-
care Suction Pump. Alternatively a suction source in
this or in other embodiments comprises a standard
suction portion, optionally with a disposable or wash-
able waste filter mounted thereon.
e) mount an actuator, for example a linear actuator,
on the feeding tube for example between the feeding
source material and the feeding machine; the actu-
ator optionally controlled by the console or by a pro-
vided controller.
f) Optionally, when a sleeve ring, located above the
esophageal sphincter, detects reflux, the sleeve ring
signals the console which then causes the linear ac-
tuator to close the passage of food and food will
cease being dispensed to the patient.
g) Optionally, when reflux is detected, the console
will activate the suction pump. Optionally, the con-
sole selectively provides AC power to a mains cable
of the suction pump, which is always on.

[0192] Alternatively, the console may provide alterna-
tive power sources, for example DC power.

Emergency Reflux Sensor

[0193] In some embodiments, suction sleeve 1 addi-
tionally includes emergency sensor 31 that is activated
when reflux has passed beyond suction sensor 3, indi-
cating that aspiration of gastric contents may imminently
occur.
[0194] In such cases, gastric console 300 receives a
signal from emergency sensor 31 and provides, inter alia,
audiovisual signals that alert an operator that aspiration
alleviating steps must immediately be taken, beginning
with, for example, removing nourishment tube 2.
[0195] In some embodiments, interactive NGT system
250 includes a retraction assembly, for example a motor
that immediately retracts nourishment tube 2 from the
patient, thereby enlarging the effective diameter of the
lumen of suction sleeve 1 and reducing the chance for
aspiration. In some protocols, console 300 automatically
activates the pump attached to reflux sleeve 1 and begins
reflux evacuation. Console 300 then alerts the operator
of the retraction and reflux suction and the necessity to
take further action, for example to inspect the mouth and
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remove any accumulated reflux.

NGT Assembly Removal

[0196] After treatment, for example when the user no
longer requires nourishment and/or reflux danger has
passed, the operator optionally chooses remove tubes
stage 240, after which NGT 5 is removed at a stage 241.
[0197] In the first step of removing tube 2, suction
sleeve 1 is typically activated, and optionally remains ac-
tivated during the entire procedure. At a stage 242, after
tube 2 is removed, any gastric contents on the outside
of suction sleeve 1 are sucked by gastric pump, rather
than remaining in esophagus 202.
[0198] In the second step, at a stage 232 after tube 2
is removed, reflux sensor 3 and or emergency sensor 31
signal gastric console 300 that gastric fluid is not present
in esophagus 202, and suction sleeve 1 is removed safely
at a stage 243.

NGT Assembly Sensors

[0199] Figure 2 shows a schematic representation of
a portion of interactive NGT system 250 in vivo, indicating
various sensors attached thereto. Gastric fluid 12 is being
evacuated from stomach 209 in a direction 251 in suction
sleeve 1 while nourishment 11 is being dispensed into
stomach 209 in a direction 252.
[0200] Gastric console 300 is connected to:

i) nourishment sensor 4 via a nourishment connector
8;
ii) reflux sensor 3 via a fluid connector 13; and
iii) Positioning sensor 32 via positioning connector
35.

[0201] In alterative embodiments, nourishment sensor
4, reflux sensor 3 via a fluid connector 13 and positioning
sensor 32 include wireless transmitters and wirelessly
transmit signals to console 300 instead of via connectors
8, 13 and 35.
[0202] Electrical resistance and/or impedance is op-
tionally used to characterize whether a fluid is comprised
of saliva or gastric contents and can be measured along
openings 29 as well as other methods described below.
[0203] As described below, the present invention, in
some embodiments thereof, contemplates a gastric con-
sole that provides a variety of nourishment and safety
functions.

Gastric Console

[0204] As shown in Figure 3, gastric console 300 hous-
es a controller 14, comprising a central processing unit
(CPU) including hardware and/or software modules to
control a variety of functions provided by gastric console
300.
[0205] For example, controller 14 controls the actions

of a suction pump 16 and a nourishment pump 17 which
are connected to gastric console 300 by tube connectors
25. Connectors 25 optionally allow easy disassembly of
suction pump 16, nourishment pump 17 and/or NGT 5
from gastric console 300 for cleaning or exchange.
[0206] Gastric console 300 additionally includes audi-
ovisual displays, herein signalers 21, 22 and 23, which
may comprise audio outputs such as speakers, a variety
of lights, for example LEDs of various colors. Alternative-
ly, signalers 21, 22 and 23 may comprise one or more
display screens that display text messages.
[0207] Just some of the many indications provided by
signalers 21, 22 and 23, may include:

1) A nourishment signaler 21 signals the operator
that nourishment is being provided to the user. Upon
detection of reflux fluid by reflux sensor 4, alterna-
tively referred to as "gastric fluid sensor" 4, nourish-
ment signaler 21 optionally signals the presence of
reflux and stops the feeding.
2) A suction signaler 22 signals, upon detection of
reflux fluid by reflux sensor, the start of suction pump
16 to evacuate gastric fluid from esophagus 202.
3) A danger signaler 23 signals that externally posi-
tioned emergency sensor 31 has detected reflux in
the upper part of esophagus 202 and that the oper-
ator must immediately pull out nourishment tube 2;
thereby increasing the available space and diameter
in suction sleeve 1 so that the pressure on gastric
fluid decreases. Decreased pressure can prevent
gastric fluid from passing into trachea 204 and being
aspirated by lungs 206.

[0208] In some embodiments, gastric console is con-
nected to additional sensors, for example a pulse sensor
and/or other physiological information, and displays such
information on one or more of signaler 21, 22, and 23.
Optionally, a feeding program is related to such physio-
logical information, for example, feeding when a patient
is awake, based on a blood pressure thereof.
[0209] Figure 12 is a detailed view of gastric console
300 in which gastric console 300 optionally includes an
AC adapter 302, power backup 302, nourishment con-
tainer 310 and reflux container 308 in which digestive
tract content is stored. The input of one or more of the
above-noted sensors is indicated at sensor input 312.
[0210] In embodiments, gastric console 300 includes
a pressure sensor 42 that detects the pressure in suction
sleeve 1. A pressure increases above a preset level may
indicate that at least a portion of esophagus 202 has col-
lapsed around suction sleeve 1.
[0211] In such instances, controller 14 will optionally
reduce the pumping pressure or cease the pumping of
suction pump 16.
[0212] Signaler 22 provides an audiovisual signal that
the patient must be inspected by the operator to deter-
mine if the collapse of esophagus 202 is related to alter-
native conditions, for example a cardiovascular accident
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that has caused the patient body to enter one or more
stages of shock, followed by shutdown of one or more
vital systems.
[0213] There are many additional features that may be
incorporated into interactive NGT system 250, the follow-
ing features being just of few of the many possibilities.

Optional Additional Console Features

[0214] In embodiments console includes a nourish-
ment pullout connector 293 that allow an operator to re-
move nourishment tube from the patient without remov-
ing suction sleeve 1, a possibly necessity when reflux is
detected.
[0215] Pullout connector 293 surrounds a portion of
nourishment tube that protrudes above console 300 and,
to individually remove nourishment tube 2, the operator
presses pullout connector 293 and pulls nourishment
tube 2 upwards, until fully outside the patient.
[0216] Optionally, console 300 includes a tube retrac-
tor unit 44 that includes a motor that automatically pulls
nourishment tube 2 out of the patient upon detection of
reflux. Additionally or alternatively, tube retractor unit 44
pulls nourishment tube 2 out of the patient upon activation
by the operator.
[0217] In some embodiments, console 300 may in-
clude a sleeve retractor 46 that retracts reflux sleeve 1
out of the patient, for example after nourishment tube 2
has been pulled out at the end of feeding; either auto-
matically or upon activation by the operator.
[0218] In embodiments, tube connectors 25 are
shaped so that, when interactive NGT system 250 is pro-
vided as a complete stand alone system, the operator
cannot accidently connect a standard NGT tube to con-
sole 300.

Spacers

[0219] Optionally, one or more spacers, alternatively
referred to as spacer elements or fins, are provided to
space suction tube 1 from nourishment tube 2. Option-
ally, the spacers comprise one or more fins, however,
other shapes, such as a plurality of rounded projections
on one or both of the sleeves, may be used. Figure 4 is
a cut-away view of interactive NGT system 250 in which
optional spacers 33 project radially outward from nour-
ishment tube 2, which is filled with nourishment 11; an
embodiment that may be used when interactive NGT sys-
tem 250 is provided as a stand-alone system. In other
embodiments, optional spacers 33 project radially inward
from suction sleeve 1 allowing suction sleeve 1 to be
fitted onto an existing nourishment tube 2. Alternatively,
in embodiments where Interactive NGT 250 system is
provided as stand-along system, spacers 33 may be lo-
cated on nourishment tube 2.
[0220] In embodiments, nourishment tube 2 or sleeve
1 include tracks for guiding spacers 33 which project from
sleeve 1 or nourishment tube 2, respectively.

[0221] Additionally, spacers 33 may be elastic and/or
collapsible, and may extend the entire length of sleeve
1 or nourishment tube 2 or only along a portion of sleeve
1 or nourishment tube 2 and/or may be continuous or
interrupted (e.g., 2, 4, 10, 20 times or more along their
length.
[0222] It should be noted that in a dual lumen NGT 5,
the presence of spacers 33 may add stiffness that can
be reduced by the above-noted configurations in which
NGT 5 is thinner and/or manufactured from materials
having greater flexibility that those of a standard NGT.
[0223] Figures 5 - 6 are a cross sectional and a side
view, respectively, of the interactive NGT system 250
shown in Figure 4 in which a distance 20 between nour-
ishment tube 2 and suction sleeve 1 contains gastric fluid
12, while nourishment tube 2 comprises diameter 36 con-
taining nourishment 11.
In embodiments, diameter 36 is approximately the same
as distance 20. In further embodiments, diameter 36 is
greater or less than distance 20.
There are many enhancements that may be contemplat-
ed for interactive NGT system 250, the following being
but a few of the many possibilities.

NGT Options

[0224] Figure 7a shows an interactive NGT system 350
in which suction sleeve 1 includes side suction openings
283 to increase the area through which suction is applied,
thereby possibly reducing the chances that the esopha-
gus will collapse around suction sleeve 1.
[0225] Alternatively or additionally nourishment tube 2
includes optional side openings 281 to facilitate dispen-
sation of nourishment.

Add-on Suction Sleeve

[0226] In some embodiments, for example, as seen in
a schematic view of interactive NGT system 250 in Figure
7b, suction sleeve 1 includes a nourishment sensor ring
203 connected to console 300 via a nourishment con-
nector 205; and a positioning ring 268 connected to con-
sole 300 via a positioning connector 269.
[0227] Optionally, suction sleeve 1 additionally in-
cludes reflux fluid sensor 3, and/or emergency sensor 31
as noted above.
[0228] In the embodiment shown, interactive NGT sys-
tem 350 may comprise a standard nourishment tube 2
around which suction sleeve 1 is fitted, thereby allowing,
for example, a care-providing institution to reduce costs
in providing interactive NGT system 350.Figure 8 shows
nourishment tube 2 of interactive NGT system 350 filled
with nourishment 11.
[0229] There are many types of sensors that can be
used in conjunction with nourishment tube 2 and/or suc-
tion sleeve 1. The following examples describe just some
of the many types of sensors that can be utilized.
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Alternative Sensors

[0230] Figures 9a and 9b show an antenna sensor 50
comprising an electromagnet coil 52 which emits signals
and detects the return signals which are interpreted by
gastric console 300 to determine the distance of nour-
ishment tube 2 from the esophageal sphincter 208 noted
above.

Fiber Optic Sensors

[0231] Figure 10 shows a portion of nourishment tube
2 including fiber optic sensors 54 comprising a light-trans-
mitting fiber 56 which transmits light that reflects off es-
ophageal sphincter 208 and a light-receiving fiber 58 that
receives the reflected light. As optic sensors 54 approach
esophageal sphincter 208 the reflected light received by
receiving fiber 58 increases. The magnitude amount of
light received by receiving fiber 58 is interpreted by gas-
tric console 300 to apprise the operator of the distance
between nourishment tube 2 and esophageal sphincter
208.
[0232] While three sets of light-transmitting fiber 56
and light-receiving fiber 58 are shown as pointing forward
on the tip of nourishment tube 2, alternative configura-
tions are contemplated. For example, to enhance sensor
sensitivity in the presence of food particles that block light
transmission and/or receiving, as many as 10 or even 20
light-transmitting fibers 56 and/or light-receiving fibers 58
may be included in nourishment tube 2.
[0233] Alternatively or additionally, some, or all of light-
transmitting fibers 56 and/or light-receiving fibers 58 may
be located along the side of nourishment tube 2, for ex-
ample at a distance from the tip of nourishment tube 2.
[0234] Alternatively or additionally, some or all of light-
transmitting fibers 56 and/or light-receiving fibers 58 may
be located separately, each in its own sheath.
In embodiments, light-transmitting fiber 56 is replaced by
a LED or other light source and electric wires connect to
the LED from gastric console 300.
Some substances can be distinguished based on their
specific thermal conductivity. The following sensor is one
embodiment that uses thermal-based electro-conductiv-
ity to determine, for example, the nature of a substance
in the digestive tract.

Substance Sensors

[0235] Figures 11a and 11b show a schematic drawing
of a substance sensor 400 on suction sleeve 1, which a
first temperature sensor 414 is located nearer to a heating
element 436 which heats a substance 425 and a second
temperature sensor 412 is located farther from heating
element 436.
[0236] Console 300 compares the temperature of sub-
stance 425 as recorded by first temperature sensor 414
and as recorded by second temperature sensor 412, with
a distance 410 between sensors 414 and 412 causing

the temperature of substance 425 to drop slightly.
[0237] Based upon the temperature drop detected
from first to and second temperature sensors 414 and
412 respectively, gastric console 300 determines the
identity of substance 425 and, in the case of reflux, initiate
one of the procedures noted above to spare the end user
a case of aspiration.
[0238] Alternatively or additionally, the identity of sub-
stance 425 can be determined by measuring voltage,
current resistance, impedance and/or current conductiv-
ity across a distance 410 from which first sensor 414 is
separated from a second sensor 412.
[0239] Typically, each of sensors 414 and 412 are
made from the same metal elements as each other or
different from each other.
[0240] As used herein the term "about" refers to ? 10 %
[0241] The terms "comprises", "comprising", "in-
cludes", "including", "having" and their conjugates mean
"including but not limited to".
[0242] The term "consisting of" means "including and
limited to".
[0243] The term "consisting essentially of" means that
the composition, method or structure may include addi-
tional ingredients, steps and/or parts, but only if the ad-
ditional ingredients, steps and/or parts do not materially
alter the basic and novel characteristics of the claimed
composition, method or structure.
[0244] As used herein, the singular form "a", "an" and
"the" include plural references unless the context clearly
dictates otherwise. For example, the term "a compound"
or "at least one compound" may include a plurality of
compounds, including mixtures thereof.
[0245] Throughout this application, various embodi-
ments of this invention may be presented in a range for-
mat. It should be understood that the description in range
format is merely for convenience and brevity and should
not be construed as an inflexible limitation on the scope
of the invention. Accordingly, the description of a range
should be considered to have specifically disclosed all
the possible subranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from
1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6
etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of
the breadth of the range.
Whenever a numerical range is indicated herein, it is
meant to include any cited numeral fractional or integral
within the indicated range. The phrases "ranging/ranges
between" a first indicate number and a second indicate
number and "ranging/ranges from" a first indicate number
"to" a second indicate number are used herein inter-
changeably and are meant to include the first and second
indicated numbers and all the fractional and integral nu-
merals therebetween.
[0246] As used herein the term "method" refers to man-
ners, means, techniques and procedures for accomplish-
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ing a given task including, but not limited to, those man-
ners, means, techniques and procedures either known
to, or readily developed from known manners, means,
techniques and procedures by practitioners of the chem-
ical, pharmacological, biological, biochemical and med-
ical arts.
[0247] As used herein, the term "treating" includes ab-
rogating, substantially inhibiting, slowing or reversing the
progression of a condition, substantially ameliorating
clinical or aesthetical symptoms of a condition or sub-
stantially preventing the appearance of clinical or aes-
thetical symptoms of a condition. It is appreciated that
certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may
also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are,
for brevity, described in the context of a single embodi-
ment, may also be provided separately or in any suitable
subcombination or as suitable in any other described em-
bodiment of the invention. Certain features described in
the context of various embodiments are not to be con-
sidered essential features of those embodiments, unless
the embodiment is inoperative without those elements.
[0248] Various embodiments and aspects of the
present invention as delineated hereinabove and as
claimed in the claims section below find experimental
support in the following examples.

EXAMPLES

[0249] Reference is now made to the following theo-
retical examples, which together with the above descrip-
tions illustrate some embodiments of the invention in a
non limiting fashion.

Example 1

[0250] A first patient is connected to interactive NGT
system 250 and console 300 (Figure 1a). After receiving
100 milliliters of nourishment, the patient produces reflux
and console 300 and operator initiates steps to prevent
aspiration.
[0251] At the next scheduled feeding, console 300
stops nourishment after the patient receives 80 milliliters
of nourishment, pauses about 15 minutes to allow diges-
tion and then resumes providing nourishment.
[0252] Alternatively, console 300 increases the period
of time over which 100 milliliters of nourishment is dis-
pensed, as described above.

Example 2

[0253] A second patient who suffers from over-acidifi-
cation of gastric contents is connected to interactive NGT
system 250 and console 300. Console 300 is pro-
grammed with the patient nourishment requirements, in-
cluding various oral APIs, for example blood thinners and
vasodilators and the overall pH level of the stomach that

is to be expected when the patient nourishment is dis-
pensed.
[0254] Console 300 continually reviews the pH. level
of the nourishment via a pH sensor located in the stom-
ach. When the pH level lowers below a preset level con-
sole 20 300 automatically administrates a dose of antacid
to the stomach, thereby raising the pH level.
[0255] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifcations and variations
will be apparent to those skilled in the art. Accordingly,
it is intended to embrace all such alternatives, modifica-
tions and variations that fall within the broad scope of the
appended claims. For example, in some embodiments,
the controller may be equipped with a motor that pulls
the nourishment tube out of the esophagus without man-
ual assistance. To the
[0256] extent that section headings are used, they
should not be construed as necessarily limiting.

Claims

1. A nasogastric tube system (250) having a nourish-
ment tube (2) for insertion through a patient’s na-
sopharynx, said nourishment tube having a diameter
and length configured to pass through an esophagus
such that a lumen of said nourishment tube main-
tains fluid communication with a portion of the diges-
tive tract; said system comprising:

i) a digestive tract sensor arrangement having
a sensor (4); and
ii) a suction pump (16) coupled to said nourish-
ment tube (2); characterised in that the sensor
(4) being a reflux sensor on said nourishment
tube (2), said reflux sensor being further config-
ured to sense and transmit signals in response
to the onset of reflux; and the suction pump (16)
being operatively associated with a controller
(14) responsive to signals from the reflux sensor
to perform suction for removing said reflux.

2. The system according to claim 1 wherein said diges-
tive tract sensor arrangement includes at least one
of:

a light emitting source and sensor;
a pH sensor;
an electromagnetic sensor;
an electrical impedance sensor;
a thermocouple; and
a pressure sensor.

3. The system according to claim 1, including the con-
troller (14) in communication with said digestive tract
sensor arrangement and an audiovisual display con-
figured to provide an audiovisual output in response
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to said transmitted signals.

4. The system according to claim 3, including a nour-
ishment pump (17) operatively associated with said
controller (14) and connected to the lumen of said
nourishment tube, wherein said controller (14) is
configured to control the movement of nourishment
through said nourishment pump (17) in response to
signals received by said controller (14) from said di-
gestive tract sensor arrangement.

5. The system according to any one of claims 1-4,
wherein said digestive tract sensor arrangement is
operative to provide an output signaling proper po-
sitioning of said nourishment tube.

6. The system according to any of claims 1-4, wherein
said digestive tract sensor arrangement includes at
least one gastric fluid sensor positioned in at least
one position along said nourishment tube, said po-
sition being:

i) at the end of the nourishment tube; and
ii) along a mid portion of the nourishment tube
that is in contact with the esophagus.

7. The system according to any of claims 1-6, wherein
said suction pump (16) is connected to the lumen of
said nourishment tube, and wherein said controller
(14) is configured to control the suction of reflux
through said nourishment tube in response to signals
received by said controller (14) from said digestive
tract sensor arrangement.

8. The system according to claim 3, wherein said di-
gestive tract sensor arrangement comprises at least
one nourishment fluid sensor and said audiovisual
display is configured to provide output signaling
proper nourishment.

9. The system according to claim 1 including a sleeve
(1) having a lumen surrounding the nourishment tube
(2).

10. The system according to claim 9, wherein said
sleeve (1) is operatively coupled to said suction
pump (16).

11. The system according to claim 1, wherein said con-
troller (14) is programmable to provide a nourish-
ment plan for a given patient; and said controller (14)
is operative to supply nourishment according to said
nourishment plan via the nourishment tube.

12. The system according to claim 11 wherein said con-
troller (14) is further responsive to signals from said
digestive tract sensor arrangement for suspending
and restarting the supply of nourishment.

13. The system according to claim 12, wherein said con-
troller (14) is responsive to sensor signals indicating
the onset of reflux to suspend the supply of nourish-
ment.

14. The system according to claim 12, wherein said con-
troller (14) is responsive to sensor signals indicating
the emptiness of the stomach to restart the supply
of nourishment.

15. The system according to claim 12, further including
a nourishment pump (17) coupled to said nourish-
ment tube and operated by said controller (14).

Patentansprüche

1. Nasogastrales Sondensystem (250) mit einer Er-
nährungssonde (2) zum Einsetzen durch den Na-
senrachen eines Patienten,
wobei die Ernährungssonde einen Durchmesser
und eine Länge aufweist, die so konfiguriert sind,
dass sie durch eine Speiseröhre passen, so dass
ein Lumen der Ernährungssonde eine Fluidverbin-
dung mit einem Abschnitt des Verdauungstrakts auf-
rechterhält;
wobei das System umfasst:

i) eine Verdauungstraktsensoranordnung mit ei-
nem Sensor (4); und
ii) eine Saugpumpe (16), die mit der Ernäh-
rungssonde (2) verbunden ist;

dadurch gekennzeichnet, dass der Sensor (4) ein
Refluxsensor auf der Ernährungssonde (2) ist, wobei
der Refluxsensor ferner so konfiguriert ist, dass er
Signale in Reaktion auf das Einsetzen eines Reflu-
xes erfasst und überträgt; und
die Saugpumpe (16) mit einer Steuereinheit (14) be-
triebsmäßig assoziiert ist, die auf Signale vom Re-
fluxsensor responsiv ist, um ein Absaugen zum Ent-
fernen des Refluxes durchzuführen.

2. System nach Anspruch 1, wobei die Verdauungs-
traktsensoranordnung zumindest eines umfasst
von:

einer lichtemittierenden Quelle und Sensor;
einem pH-Wertsensor;
einem elektromagnetischen Sensor;
einem elektrischen Impedanzsensor;
einem Thermoelement; und
einem Drucksensor.

3. System nach Anspruch 1, das die Steuereinheit (14)
in Kommunikation mit der Verdauungstraktsensora-
nordnung und eine audiovisuelle Anzeige umfasst,
die so konfiguriert ist, dass sie eine audiovisuelle
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Ausgabe in Reaktion auf die übertragenen Signale
bereitstellt.

4. System nach Anspruch 3, das eine Ernährungspum-
pe (17) umfasst, die mit der Steuereinheit (14) be-
triebsmäßig assoziiert und mit dem Lumen der Er-
nährungssonde verbunden ist, wobei die Steuerein-
heit (14) so konfiguriert ist, dass sie die Bewegung
der Nahrung durch die Ernährungspumpe (17) in Re-
aktion auf Signale steuert, die durch die Steuerein-
heit (14) von der Verdauungstraktsensoranordnung
empfangen werden.

5. System nach einem der Ansprüche 1 bis 4, wobei
die Verdauungstraktsensoranordnung so betreibbar
ist, dass sie eine Ausgabe bereitstellt, die eine kor-
rekte Positionierung der Ernährungssonde signali-
siert.

6. System nach einem der Ansprüche 1 bis 4, wobei
die Verdauungstraktsensoranordnung zumindest ei-
nen Magenfluidsensor umfasst, der in zumindest ei-
ner Position entlang der Ernährungssonde positio-
niert ist, wobei die Position ist:

i) am Ende der Ernährungssonde; und
ii) entlang eines Mittelabschnitts der Ernäh-
rungssonde, der mit der Speiseröhre in Kontakt
steht.

7. System nach einem der Ansprüche 1 bis 6,
wobei die Saugpumpe (16) mit dem Lumen der Er-
nährungssonde verbunden ist, und wobei die Steu-
ereinheit (14) so konfiguriert ist, dass sie den Reflux
durch die Ernährungssonde in Reaktion auf Signale
steuert, die durch die Steuereinheit (14) von der Ver-
dauungstraktsensoranordnung empfangen werden.

8. System nach Anspruch 3, wobei die Verdauungs-
traktsensoranordnung zumindest einen Nahrungs-
fluidsensor umfasst und die audiovisuelle Anzeige
so konfiguriert ist, dass sie eine Ausgabe bereitstellt,
die eine korrekte Ernährung signalisiert.

9. System nach Anspruch 1, das eine Hülse (1) mit ei-
nem Lumen umfasst, die die Ernährungssonde (2)
umgibt.

10. System nach Anspruch 9, wobei die Hülse (1) mit
der Saugpumpe (16) betriebsmäßig verbunden ist.

11. System nach Anspruch 1, wobei
die Steuereinheit (14) so programmierbar ist, dass
sie einen Ernährungsplan für einen bestimmten Pa-
tienten bereitstellt;
und die Steuereinheit (14) so betreibbar ist, dass sie
Nahrung gemäß dem Ernährungsplan über die Er-
nährungssonde zuführt.

12. System nach Anspruch 11, wobei die Steuereinheit
(14) ferner auf Signale von der Verdauungstraktsen-
soranordnung zum Aussetzen und Neubeginn der
Nahrungszufuhr responsiv ist.

13. System nach Anspruch 12, wobei die Steuereinheit
(14) auf Sensorsignale responsiv ist, die das Einset-
zen von Reflux anzeigen, um die Nahrungszufuhr
auszusetzen.

14. System nach Anspruch 12, wobei die Steuereinheit
(14) auf Sensorsignale responsiv ist, die anzeigen,
dass der Magen leer ist, um die Nahrungszufuhr neu
zu beginnen.

15. System nach Anspruch 12, das ferner eine Ernäh-
rungspumpe (17) umfasst, die mit der Ernährungs-
sonde verbunden ist und von der Steuereinheit (14)
betrieben wird.

Revendications

1. Système de tube nasogastrique (250) ayant un tube
d’alimentation (2) destiné à être inséré dans le na-
sopharynx d’un patient,
ledit tube d’alimentation ayant un diamètre et une
longueur configurés pour passer dans un oesopha-
ge de sorte qu’une lumière de dudit tube d’alimen-
tation maintienne une communication de fluide avec
une partie du tube digestif ;
ledit système comprenant :

i) un ensemble de capteur de système digestif
ayant un capteur (4) ; et
ii) une pompe d’aspiration (16) reliée audit tube
d’alimentation (2) ;

caractérisé en ce que le capteur (4) est un capteur
de reflux sur ledit tube d’alimentation (2), ledit cap-
teur de reflux étant en outre configuré pour détecter
et transmettre des signaux en réponse à l’apparition
d’un reflux ; et
la pompe d’aspiration (16) est associée à un dispo-
sitif de commande (14) qui réagit aux signaux pro-
venant du capteur de reflux afin d’exécuter une as-
piration destinée à éliminer ledit reflux.

2. Système selon la revendication 1 dans lequel ledit
ensemble de capteur de système digestif comprend
au moins :

une source d’émission de lumière et un capteur ;
un capteur de pH ;
un capteur électromagnétique ;
un capteur d’impédance électrique ;
un thermocouple ; et
un capteur de pression.
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3. Système selon la revendication 1, comprenant le dis-
positif de commande (14) en communication avec
ledit ensemble de capteur de système digestif, et un
écran audiovisuel configuré pour fournir une sortie
audiovisuelle en réponse auxdits signaux transmis.

4. Système selon la revendication 3, comprenant une
pompe d’alimentation (17) associée audit dispositif
de commande (14) et reliée à la lumière dudit tube
d’alimentation, dans lequel ledit dispositif de com-
mande (14) est configuré pour contrôler le mouve-
ment d’alimentation par ladite pompe d’alimentation
(17) en réponse aux signaux reçus par ledit dispositif
de commande (14) de la part dudit ensemble de cap-
teur de système digestif.

5. Système selon l’une quelconque des revendications
1 à 4, dans lequel ledit ensemble de capteur de sys-
tème digestif est capable de transmettre une sortie
qui signale la position adéquate dudit tube d’alimen-
tation.

6. Système selon l’une quelconque des revendications
1 à 4, dans lequel ledit ensemble de capteur de sys-
tème digestif comprend au moins un capteur de flui-
de gastrique positionné dans au moins une position
le long dudit tube d’alimentation, ladite position
étant :

i) à l’extrémité du tube d’alimentation ; et
ii) le long d’une partie intermédiaire du tube d’ali-
mentation qui est en contact avec l’oesophage.

7. Système selon l’une quelconque des revendications
1 à 6,
dans lequel ladite pompe d’aspiration (16) est reliée
à la lumière dudit tube d’alimentation, et dans lequel
ledit dispositif de commande (14) est configuré pour
contrôler l’aspiration du reflux par ledit tube d’alimen-
tation en réponse aux signaux reçus par ledit dispo-
sitif de commande (14) de la part dudit ensemble de
capteur de système digestif.

8. Système selon la revendication 3, dans lequel ledit
ensemble de capteur de système digestif comprend
au moins un capteur de fluide d’alimentation et ledit
écran audiovisuel est configuré pour fournir une sor-
tie qui signale une alimentation adéquate.

9. Système selon la revendication 1, qui comprend une
gaine (1) ayant une lumière entourant le tube d’ali-
mentation (2).

10. Système selon la revendication 9, dans lequel ladite
gaine (1) est reliée à ladite pompe d’aspiration (16).

11. Système selon la revendication 1, dans lequel
ledit dispositif de commande (14) est programmable

afin de fournir un plan d’alimentation pour un patient
donné ;
et ledit dispositif de commande (14) est capable d’as-
surer une alimentation selon ledit plan d’alimentation
par le biais du tube d’alimentation.

12. Système selon la revendication 11 dans lequel ledit
dispositif de commande (14) réagit également aux
signaux provenant dudit ensemble de capteur de
système digestif afin d’interrompre et de reprendre
l’alimentation.

13. Système selon la revendication 12, dans lequel ledit
dispositif de commande (14) réagit aux signaux du
capteur qui indiquent l’apparition d’un reflux afin de
suspendre l’alimentation.

14. Système selon la revendication 12, dans lequel ledit
dispositif de commande (14) réagit aux signaux du
capteur qui indiquent que l’estomac est vide afin de
reprendre l’alimentation.

15. Système selon la revendication 12, qui comprend en
outre une pompe d’alimentation (17) reliée audit tube
d’alimentation et commandée par ledit dispositif de
commande (14).
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