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(57) Abrégé/Abstract:

A nasogastric tube (10) including a main lumen (12) having one or more proximal connectors (14) for connecting to a source of
substances or pressure, and one or more vacuum lumens (16) peripherally surrounding the main lumen (12), each vacuum lumen
(16) including a vacuum sealing portion (24), which includes one or more suction ports (26) for sealingly drawing an inner wall of an

esophagus thereagainst.
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(57) Abstract: A nasogastric tube (10) including a main lu-
men (12) having one or more proximal connectors (14) for
connecting to a source of substances or pressure, and one or
more vacuum lumens (16) peripherally surrounding the main
lumen (12), each vacuum lumen (16) including a vacuum
sealing portion (24), which includes one or more suction
ports (26) for sealingly drawing an inner wall of an esophagus
thereagainst.
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NASOGASTRIC TUBE
FIELD OF THE INVENTION
The present invention relates generally to nasogastric tubes.
BACKGROUND OF THE INVENTION

Enteral feeding is a form of hyperalimentation and metabolic support in which
nutrient formulas or medicaments are delivered directly to the GI tract, either to the
stomach or the duodenum. A nasogastric tube (NGT) is used for feeding and
administering drugs and other oral agents. The tube is inserted into the patient’s
esophagus and stomach in order to ensure the passage of the agents into the stomach and
not into the lungs. The NGT can also be used for sucking fluids from the stomach.

However, the use of NGTs can have disadvantages. Minor complications include
nose bleeds, sinusitis, and a sore throat. Sometimes more significant complications occur
including erosion of the nose where the tube is anchored, esophageal perforation,
pulmonary aspiration, a collapsed lung, or intracranial placement of the tube.

Even worse, during feeding, excessive gastric pressure may result. From time to
time, the body relieves such excess gastric pressure by expelling gas or liquid or reflux
fluid. The fluids are expelled from the stomach through the esophagus to the mouth or
nasal pathways. The reflux fluids may be inhaled into the lungs with possible risk of
aspiration pneumonia, bacterial infection in the pharynx or esophagus or any other
ailments. Accordingly, numerous studies have linked the use of the NGT to an increase in
ventilator-associated pneumonia (VAP). VAP is the most common nosocomial infection
in the intensive care unit (ICU), and it is associated with prolonged hospitalization,
increased health care costs, and high attributable mortality.

There thus exists a pressing need for an NGT that is capable of significantly
reducing the risk of reflux food and developing VAP.

SUMMARY OF THE INVENTION

The present invention seeks to provide a novel nasogastric tube, as is described
more in detail hereinbelow. The NGT includes a tube and a vacuum control unit. The
vacuum control unit couples the esophagus to the tube thus disabling the reflux of the
food along the esophagus to the trachea. The NGT can be used in ICU, or elsewhere, in
order to reduce the complications associated with reflux such as the risk of VAP.

The present invention overcomes the problems associated with prior art NGTs by
sealing between the NGT and the inner wall of the esophagus. In a preferred embodiment,

the inner wall of the esophagus is drawn by negative pressure (vacuum) towards and
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against the outer contour of the NGT. A vacuum control unit, which is connected to the
hospital vacuum unit or any other vacuum unit, enables either simultancous vacuum
pressure in one or more suction units of the NGT or changeable vacuum pressure between
the different suction units. In this way, the NGT of the present invention prevents reflux
and aspiration of substances or liquids into the patient’s lungs, while obviating the need to
remove and replace the entire device from the patient’s esophagus.

In another embodiment, the NGT of the present invention may be used in other
places in the GI tract.

There is provided in accordance with an embodiment of the present invention a
nasogastric tube including a main lumen having one or more proximal connectors for
connecting to a source of substances (such as for feeding food or introducing drugs or
other substances) or pressure, and one or more vacuum lumens peripherally surrounding
the main lumen, each vacuum lumen including a vacuum sealing portion, which includes
one or more suction ports for sealingly drawing an inner wall of an esophagus
thereagainst.

In accordance with an embodiment of the present invention a vacuum source is
connected to the one or more vacuum lumens. Some of the vacuum lumens may have
more suction ports than others of the vacuum lumens. The vacuum lumens may be
connected to the vacuum source via a pressure regulator and a valve.

There is also provided in accordance with an embodiment of the present invention
a method including introducing the nasogastric tube into an esophagus of a patient, and
applying vacuum to the one or more suction ports so as to sealingly draw an inner wall of
an esophagus thereagainst.

The method may further include regulating the vacuum so that a suction level is
not constant over time in the vacuum sealing portions.

The method may further include suction of saliva or other oropharyngeal
secretions via one or more suctions ports that are proximal to the vacuum sealing portion.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated more fully from the
following detailed description taken in conjunction with the drawings in which:

Fig. 1 is a simplified schematic illustration of a nasogastric tube, constructed and
operative in accordance with a non-limiting embodiment of the present invention;

Fig. 2 is a simplified sectional illustration of the NGT of Fig. 1, taken along lines

II-1T in Fig. 1; and



Fig. 3 is a simplified schematic illustration of the nasogastric tube being used to
suck and seal the inner wall of the esophagus against the NGT, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference is now made to Figs. 1 and 2, which illustrate a nasogastric tube 10,
constructed and operative in accordance with a non-limiting embodiment of the present
invention.

NGT 10 includes a main (typically, but not necessarily, central) lumen 12. Main
lumen 12 may be used to feed and administer drugs and other oral agents, and may also
be used for sucking fluids from the stomach. As such, as is known in the art, main lumen
12 may be a double lumen, one lumen for feeding and the other lumen for suction (not to be
confused with the vacuum lumens mentioned later). Main lumen 12 is provided with one
or more suitable proximal connectors 14 for connecting to a source of substances for
feeding or administering, and optionally to a source of pressure (e.g., suction), as is
known in the art.

NGT 10 includes one or more vacuum lumens 16 that peripherally surround main
lumen 12. The term "peripherally surround" as used in the description and claims,
encompasses continuous surrounding (no gaps between the vacuum lumens or one
continuous, peripheral vacuum lumen) and discontinuous surrounding (wherein there are
separations between discrete vacuum lumens), In one embodiment, illustrated in Fig. 2,
there are four vacuum lumens 16 peripherally spaced around main lumen 12; the
invention is not limited to this number of vacuum lumens. The vacuum lumens 16 may be
equally or unequally spaced from each other. Main lumen 12 and vacuum lumens 16 are
thus arranged as concentrically arranged conduits. Vacuum lumens 16 are connected to a
vacuum source 18, such as via a pressure regulator 20 and a valve 22, which form a
vacuum control unit.

Main lumen 12 may be constructed from any suitable biocompatible material,
such as but not limited to, polyurethane, silicone, polyvinyl chloride and many others.
The vacuum lumens 16 may be constructed of similar materials, but alternatively may be
constructed of medically safe metals, such as but not limited to, stainless steel, titanium
alloys, NITINOL™ and others. Generally, without limitation, main lumen 12 may have a
length in the range of 50 to 130 cm, with an outside diameter in the range of 5-12 Fr.

The main lumen 12 and the vacuum lumens 16 may be constructed as one unit.

Alternatively, vacuum lumens 16 may be a separate unit which is slid over main lumen 12

CA 2841922 2018-10-04
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after insertion of main lumen 12 into the patient. As another alternative, vacuum lumens
16 may be first introduced into the patient, and main lumen 12 may be slid through the
vacuum lumens 16.

Each vacuum lumen 16 includes a vacuum sealing portion 24, which includes one
or more suction ports 26. As seen in Fig. 1, some vacuum lumens 16 may have more
suction ports than others. As seen in Fig. 3, upon application of vacuum from vacuum
source 18, the inner wall of the esophagus is drawn by negative pressure towards and
against suction ports 26 (the outer contour of NGT 10). The outer contour of NGT 10, at
least at vacuum sealing portion 24, is preferably round (circular or oval), for better
conforming to and sealing the esophagus. In one embodiment, the vacuum sealing
restricts at least 60% of the passage through the esophagus.

Pressure regulator 20 may be used to reduce or otherwise regulate the negative
pressure from vacuum source 18. For example, pressure regulator 20 may be used to
match the vacuum level from vacuum source 18 to the vacuum level needed in vacuum
sealing portion 24. The valve 22 may be used to shift the vacuum between the different
vacuum lumens 16 so that the suction level is not constant over time in the vacuum
sealing portion 24, which may provide variability in how the esophagus wall is sucked in,
and for how long.

NGT 10 may be provided with different numbers of vacuum sealing portions 24
and suction ports 26, and the vacuum to the sealing portions 24 may be regulated so as to
create peristaltic movement or other oscillatory movement of the esophagus.

In accordance with an embodiment of the invention, one or more auxiliary suction
ports 33 are provided proximal to vacuum sealing portion 24. Since vacuum sealing
portion 24 seals off the esophagus, any oropharyngeal secretions, such as saliva, may
accumulate above (i.e., proximal to) vacuum sealing portion 24. Auxiliary suction ports
33 may be used to suck and remove such secretions,

Vacuum source 18 is preferably activated following the insertion and localization
of NGT 10 in the esophagus in order to reduce the risk of VAP, or other bacterial
infections, by preventing or minimizing reflux food and liquid aspiration into the lungs.

One method of using NGT 10 of the present invention includes the following
steps, without limitation and not necessarily in sequential order:

a) introducing NGT 10 into the esophagus of the subject;

b) applying vacuum to the vacuum sealing portion(s) 24;

c¢) adjusting the vacuum level (which may be done before step a); and
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d) after achieving a desired sealing of the esophagus wall to NGT 10, changing the
vacuum intervals between the vacuum lumens 16, manually or automatically, such that
NGT 10 remains intact to the esophagus.

It will be appreciated by persons skilled in the art that the present invention is not
limited by what has been particularly shown and described hereinabove. Rather the scope
of the present invention includes both combinations and subcombinations of the features
described hereinabove as well as modifications and variations thereof which would occur
to a person of skill in the art upon reading the foregoing description and which are not in

the prior art.
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CLAIMS

What is claimed is:
1. A system for supplying substances or pressure to the stomach and/or duodenum,

through the esophagus, while sealing the esophagus against reflux, comprising:

a tube comprising: a main lumen having one or more proximal connectors for
connecting to a source of substances or pressure; and a distal end configured to be
positioned within the stomach and/or duodenum when in use, the distal end comprising an
opening that during use allows access to the stomach and/or duodenum for the substances or

pressure,

at least four vacuum lumens peripherally surrounding said main lumen, each said at
least four vacuum lumens comprising a vacuum sealing portion, wherein a distance between
said opening and said vacuum sealing portions is such that when said distal end is positioned
within the stomach and/or duodenum, said vacuum sealing portion is located within the
esophagus; and wherein each said vacuum sealing portion comprises one or more suction
ports positioned along a longitudinal axis of said vacuum lumen and configured to

circumferentially and sealingly drawing an inner wall of an esophagus thereagainst; and

a valve connected to said at least four vacuum lumens, said valve configured to
regulate the drawing of the inner wall of the esophagus circumferentially and sealingly

against the at least four vacuum lumens.

2. The system of claim 1, wherein said valve is configured to shift an applied vacuum
between different ones of said at least four vacuum lumens, thereby: a) varying how said
inner wall of the esophagus is circumferentially and sealingly drawn, and b) changing a
vacuum interval between said different ones of said at least four vacuum lumens.

3. The system according to claim 1, further comprising a vacuum source connected to
said at least four vacuum lumens.

4. The system according to claim 1, wherein some of said at least four vacuum lumens
have more suction ports than others of said vacuum lumens.

S, The system according to claim 3, wherein said at least four vacuum lumens are
connected to said vacuum source via a pressure regulator and a valve,

6. The system according to claim 1, wherein said main lumen and said at least four
vacuum lumens are constructed as one unit.

7. The system according to claim 1, wherein said at least four vacuum lumens are a
separate unit from said main lumen and said at least four vacuum lumens and said main

lumen are slidable relative to one another.

CA 2841922 2019-07-30
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8. The system according to claim 1, wherein said main lumen and said at least four
vacuum lumens are arranged as concentrically arranges conduits.
9. The system according to claim I, further comprising one or more auxiliary suction

ports proximal to said vacuum sealing portion.

10. The system according to claim 1, wherein the tube is made from a biocompatible
material.
11. The system according to claim 1, wherein the main lumen is made from

polyurethane, silicone, or polyvinyl chloride and the at least four vacuum lumens are made

from polyurethane, silicone, polyvinyl chloride, stainless steel, titanium alloys, or nitinol™.

12. The system according to claim 1, wherein the main lumen has a length of 50 to 130
cm.
13. The system according to claim 1, wherein the main lumen has an outer diameter in

the range of 5-12 Fr.
14. The system according to claim 1, wherein the at least four vacuum lumens have

round circular or oval outer contour.

CA 2841922 2019-07-30
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