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DEVICES AND METHODS TO MEASURE
GASTRIC RESIDUAL VOLUME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/US2015/14839 filed Feb. 6, 2015,
which claims the benefit of priority to U.S. Provisional
Application No. 61/936,804 filed Feb. 6, 2014, each of
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the measuring of
gastric volume.

INCORPORATION BY REFERENCE

[0003] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each such individual publication or
patent application were specifically and individually indi-
cated to be so incorporated by reference.

BACKGROUND OF THE INVENTION

[0004] Enteral feeding through a feeding tube allows
patients to receive nutrition when he/she cannot receive
nutrition through the mouth, cannot swallow safely or to
provide supplemental nutrition. Current standard of care
require periodic monitoring of the gastric residual volume
(GRV) after feeding. GRV is the volume of residual gastric
contents that remain in the stomach after a certain period of
time has elapsed after feeding via a feeding tube. The
concern is that high GRV values may indicate pulmonary
aspiration, a critical issue that could lead to pneumonia with
serious consequences. Usually these GRV measurements
occur every 4-6 hours, and particularly during the first few
days of enteral feeding to allow acceptance of the feeding
tube.

[0005] The current standard method of determining GRV
is via aspiration from a nasogastric tube. There are several
issues with the current methods of determining GRV includ-
ing:

[0006] 1) Aspiration of contents to measure GRV is a
burden on nursing staff. Even with expertise in the proce-
dure, the process takes 5 minutes. With this repeated every
4-6 hours for every patient requiring GRV monitoring.
[0007] 2) The process of aspirating gastric contents
through manual mechanical means may increase the inci-
dence of pulmonary aspiration.

[0008] 3) Lack of standardization of means to manually
measure GRV, whether through aspiration by syringe, low-
wall suction, gravity drainage or other method, introduce
errors in measurement.

[0009] A solution is needed which addresses these and
other issues with measuring GRV in patients.

SUMMARY OF THE INVENTION

[0010] The present invention is a GRV measuring device
and methods which determine the volume of gastric content
by introduction of at least one additive component (a GRV
indicator) that is dispersed and then changes a physical
(chemical, electrical, thermal, mechanical, optical, etc.)
characteristic within the stomach contents by a measureable
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degree. The degree of change of this physical characteristic,
and/or the rate of return to the previous state, may be used
to determine the GRV of a patient. If the GRV is small, the
magnitude of change will likely be greater, and the rate of
change of this physical characteristic back to baseline will
be slower. If the GRV is large, the magnitude of change will
likely be smaller, and the rate of return to baseline will be
faster. The determined GRV can also be used to automati-
cally or semi-automatically control the patient’s feeding rate
and/or volume and/or frequency to adequately nourish the
patient but avoid complications. The physical characteristic
(s) may also be used to detect that the feeding catheter or
tube is in the correct location (ie stomach vs lung or
esophagus).

[0011] One variation of an apparatus for determining a
gastric residual volume may generally comprise an elongate
body which may define at least one lumen therethrough, a
medium having one or more GRV indicators which may be
in fluid communication with the at least one lumen, one or
more sensors positioned along the elongate body such as at
or near a distal tip of the elongate tube, wherein the one or
more sensors are configured to measure a change in a
parameter of the GRV indicators, and a controller in com-
munication with the one or more sensors, wherein the
controller is configured to determine a GRV based on the
change in the parameter of the GRV indicators.

[0012] In use generally, such an apparatus may be used to
determine the GRV by positioning the elongate body which
may define at least one lumen therethrough into the body
lumen, introducing the medium having one or more GRV
indicators such as through the at least one lumen and into the
body lumen, and sensing the one or more GRV indicators via
one or more sensors positioned along the elongate body such
as at or near a distal tip of the elongate body. The one or
more GRV indicators may be monitored for a change in a
parameter of the GRV indicators and the GRV of the
stomach may be determined based on the change in the
parameter of the GRV indicators.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows an embodiment of the GRV measur-
ing device in a human stomach.

[0014] FIG. 2 shows a stomach into which a substance
containing a concentration of a GRV indicator is introduced.
[0015] FIG. 3 shows an embodiment of the GRV measur-
ing device where sensors are outside of the stomach.
[0016] FIG. 4 shows an embodiment of the GRV measur-
ing device where sensors are located along the length of the
catheter or tube.

[0017] FIGS. 5 and 6 show embodiments of the GRV
measuring device where sensor(s) are at different location.
[0018] FIG. 7 shows an embodiment of the GRV measur-
ing device which is separate from a feeding tube.

[0019] FIG. 8 shows a GRV measuring device where the
GRV measuring device is inserted through a feeding tube.
[0020] FIGS. 9 and 10 illustrate how the sensor(s) of the
GRV measuring device may be located at various places
relative to the feeding tube.

[0021] FIG. 10 shows sensor(s) of the GRV measuring
device in the pylorus

[0022] FIGS. 11-13 show embodiments of the invention in
which there is at least one transmitter and/or receiver to track
location of the device within the stomach and/or stomach
contents.
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[0023] FIG. 14 shows a graph of the temperature of the
stomach contents over time as sensed by sensor(s) after a
bolus of cold substance is introduced into the stomach.
[0024] FIG. 15 shows a graph of the concentration or pH
of a GRV indicator over time after introduction into the
stomach.

[0025] FIG. 16 shows a graph of the temperature of the
stomach contents over time as sensed by sensor(s) after
multiple boluses of cold substance are introduced into the
stomach.

[0026] FIGS. 17 and 18 show embodiments of the GRV
measuring device for use percutaneously.

[0027] FIG. 19 shows an embodiment of the GRV mea-
suring device for use with a jejunostomy tube.

[0028] FIGS. 20-24 show embodiments of the GRV mea-
suring device.
[0029] FIG. 25 shows an embodiment of the device where

GRV and entry in the stomach is based on a continuously or
intermittently monitored physical characteristic.

[0030] FIG. 26 shows an embodiment of the device
[0031] FIG. 27 is a block diagram of a data processing
system, which may be used with any embodiments of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] FIG. 1 shows an embodiment of the GRV measur-
ing device in a human stomach. GRV measuring device 108
in this embodiment is a catheter, or tube containing at least
one lumen. The GRV measuring device also includes sensor
or sensors 110, in this embodiment, at or near the distal tip
of the GRV measuring device. The lumen may be used for
feeding the patient, and/or introducing a GRV indicator into
stomach 102. Stomach contents 104 include gastric secre-
tions, nutrients which were previously present in the stom-
ach, nutrients that have been added to the stomach via the
GRV measuring device or otherwise, as well as any GRV
indicators used to determine the GRV of the stomach.
[0033] GRYV indicators may include a substance at a higher
or lower temperature than the stomach contents, a substance
at a higher or lower pH than the stomach contents, a
substance at a higher or lower O2 concentration than the
stomach contents, a substance at a higher or lower CO2
concentration than the stomach contents, a substance at a
higher or lower ion (such as Magnesium) concentration than
the stomach contents, a substance at a higher or lower
glucose concentration than the stomach contents, a sub-
stance at a higher or lower viscosity than the stomach
contents, etc. Additional GRV and/or stomach entry indica-
tors include electrical properties (conductance, resistance,
current generation based on the acid level, impedance, etc.)
that will increase or decrease depending on the ratio of
stomach acid to tube feed in the stomach. Other GRV
indicators are also possible and some are described in other
embodiments herein.

[0034] GRV indicators may be introduced through the
lumen of GRV measuring device 108 into stomach contents
104. Sensor or sensors 110 then can measure the change in
properties of the stomach contents to determine the Gastric
Residual Volume, or GRYV, of the stomach.

[0035] For example, if a substance is introduced into the
stomach which is at a higher or lower temperature than the
stomach contents, the sensor(s) can measure the magnitude
of change, and/or the rate of change of temperature of the
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stomach contents to determine the GRV. Both the rate of
initial change, and the rate of change back to the pre-
introduction state can be measured, as well as the magnitude
of change. In general, the change from the maximum
change, back to the pre-introduction level, is a slower
change and easier to measure, but either change can be
measured. After the GRV indicator is introduced, and the
maximum level of the GRV indicator has been measured, the
rate of change of the indicator, or slope of the temperature
vs. time curve, can be measured. A relatively steep slope
indicates a higher GRV, where a relatively shallow slope
indicates a lower GRV. The same can be done with concen-
tration and other GRV indicator types. For example, if the
GRV indicator is glucose, the sensor(s) would measure the
concentration of glucose within the stomach contents and
the change in concentration over time.

[0036] Alternatively, a bolus of a substance at a fixed
temperature (or concentration, etc., depending on the GRV
indicator) can be introduced into the stomach and the
temperature (or concentration, etc.) of the stomach contents
can be measured as soon as the contents have had a chance
to mix. The relatively immediate magnitude of change in
temperature or concentration may also be an indicator of the
GRV of the stomach. The lower the GRV the greater the
impact the introduction of the GRV indicator will have on
the stomach contents. The higher the GRV, the lower the
impact will be, resulting in a lower magnitude of measured
change of the GRV indicator.

[0037] Another embodiment of the GRV measuring device
includes a temperature changing mechanism as part of the
device. In this embodiment, the temperature of the stomach
contents may be altered by either a heating or cooling
element. For example, GRV measuring device 108 may
include a heating element (not shown) which heats the
contents of the stomach. The change of temperature is
measured over time and the rate and/or magnitude of the
temperature change as the stomach contents heat and/or cool
can be used to determine the GRV of the stomach.

[0038] Another variation of this embodiment of the GRV
measuring device measured pH instead of temperature. A
substance of a certain pH (higher or lower than that of the
stomach contents) can be introduced into the stomach, and
the change in pH measured over time to determine the GRV
of the stomach.

[0039] A controller (not shown) may be used as part of the
GRV measuring device to record and/or interpret the various
levels of GRV indicator(s) measured by sensors within the
stomach. The controller may also use the GRV info to
control feeding volume/rate/frequency/contents.

[0040] FIG. 2 shows a stomach into which a substance
containing a concentration of a GRV indicator is introduced
and the concentration measured over time within the stom-
ach contents. In this embodiment, the sensor(s) measure
concentration instead of temperature. For example, GRV
indicator 202 in this embodiment may be glucose, or mag-
nesium, or any other suitable substance, the concentration of
which can be measured.

[0041] FIG. 14 shows a graph of the temperature of the
stomach contents over time as sensed by the sensor(s) and
recorded and/or interpreted by the controller after a bolus of
cold liquid is introduced into the stomach. The magnitude of
the temperature drop and the slope of the gradual tempera-
ture rise back to normal can be used either together, or
separately, to determine the GRV of the stomach.
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[0042] FIG. 15 shows a similar graph for the introduction
of a GRV indicator for which the concentration or pH is
measured. After introduction of the GRV indicator into the
stomach, the concentration or pH rises, and then gradually
returns to normal over time. Again, the magnitude of the
change and the slope of the return to normal of the concen-
tration or pH of the GRV indicator within the stomach can
be used together, or separately, to determine the GRV of the
stomach.

[0043] FIG. 16 shows a graph of the temperature of the
stomach contents over time as sensed by the sensor(s) and
recorded and/or interpreted by the controller after multiple
boluses of cold liquid are introduced into the stomach. Note
that in this example, the magnitude and/or slope of the graph
after each bolus may be utilized by the controller, in addition
to the overall magnitude and slope of the boluses combined.
Multiple boluses may be used with other GRV indicators as
well.

[0044] FIG. 3 shows an embodiment of the GRV measur-
ing device where sensors 302 are outside of the stomach, and
preferably outside the patient’s body. This embodiment is
limited to GRV indicators which can travel through tissue
such as temperature, radiation, sound waves, magnetic sub-
stances, etc.

[0045] FIG. 4 shows an embodiment of the GRV measur-
ing device where the sensors are located along the length of
the catheter or tube. In this embodiment, the GRV indicator
can be measured at different locations within the stomach,
providing more information regarding the GRV. For
example, assuming the patient is upright and the stomach
contents are at the bottom of the stomach, the GRV indicator
readings at the more proximal end of the GRV measuring
device would be much lower, or even null, where the
measurements at the distal end of the device would change
over time as the GRV indicator is introduced and diluted by
the stomach contents. Depending on the different GRV
indicator measurements at different locations along the GRV
measuring device, more information can be obtained about
the volume of the contents in the stomach. For example the
device may be able to determine that the stomach is approxi-
mately half full etc.

[0046] FIGS. 5 and 6 show embodiments of the GRV
measuring device where the sensor(s) are at different loca-
tion. FIG. 5 shows sensor(s) 502 on the outside of tube/
catheter. Note that in any of the embodiments herein the
sensor(s) may run radially around the tube/catheter or be on
one or more sides of the catheter/tube. This, and other
embodiments, also allows for a separate feeding tube to be
inserted through the GRV measuring device not shown).
This may be desirable where a standard feeding tube is being
used. Also, it is possible to insert the GRV measuring device
into the patient over a feeding tube that is already in place.
This would be advantageous when it is not known at the time
of placement of the feeding tube that the GRV measuring
device will be used.

[0047] FIG. 6 shows sensor(s) 602 embedded in the wall
of the GRV measuring device. This embodiment offers the
advantage of a smooth transition on both the outside and the
inside of the GRV measuring device. Note that the sensor(s)
in any of the embodiments may be at any location along the
length of the GRV measuring device.

[0048] FIG. 7 shows an embodiment of the GRV measur-
ing device which is separate from the feeding tube. In this
embodiment, feeding tube 706 may be inserted into the
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patient separately from GRV measuring device 702 GRV
measuring device in this embodiment may or may not have
a lumen. Since the feeding of the patient occurs through a
separate tube, the size of the GRV measuring device can be
much smaller and be inserted alongside of the feeding tube.
In fact, GRV measuring device in this embodiment may be
similar dimensions to a guide wire (down to 0.5 mm or less,
or 1.0 mm or less, or 2.0 mm or less) with sensor(s) 704 at
its distal end or along its length. In this embodiment the
GRV indicator may be introduced through the separate
feeding tube.

[0049] FIG. 8 shows a GRV measuring device similar to
that of FIG. 7, however in this figure, the GRV measuring
device is inserted through the feeding tube. This configura-
tion has the advantage of easily being inserted after the
feeding tube is already in place. In this and any of the
embodiments the GRV measuring device may be introduced
only periodically before or after the GRV indicator is
introduced into the stomach. In this way, the extra bulk of
the GRV measuring device does not significantly interfere
with the feeding process through the feeding tube. Alterna-
tively, the GRV measuring device may be small enough to
not adversely impact the flow of nutrients or other sub-
stances through the feeding tube. The GRV measuring
device in this and other embodiments may have a curved tip,
or a J-tip to help maneuver it through and out the opening of
a feeding tube.

[0050] Note also that the GRV measuring device shown
here may also be used to confirm location of the device in
the stomach, vs. the lungs or esophagus (discussed in more
detail herein). In this scenario, the GRV measuring device
may be placed first, with confirmation of placement in the
stomach by using sensor(s). The feeding tube may then be
placed over the GRV measuring device so that the placement
of the feeding tube in the stomach is also confirmed. In this
embodiment, the GRV measuring device would need to be
long enough (or extendable) to allow the user to thread the
feeding tube over the GRV measuring device and into the
stomach. For example, in an embodiment where the feeding
tube is threaded over the GRV measuring device, the GRV
measuring device (or extended GRV measuring device)
would preferably be at least about twice the length of the
feeding tube. For a child, the length may be at least about 75
cm, for an adult the length may be at least about 180 cm, or
at least about 200 cm or at least about 280 cm. A GRV
measuring device extension may be a wire that is either
permanently, or removably, attachable to the end of the CRY
measuring device to extend it.

[0051] In embodiments of the GRV measuring device
where it is placed after the feeding tube, the length can be
shorter, for example, for a child, at least about 40 cm, or for
an adult, at least about 95 cm, or at least about 110 ¢cm, or
at least about 140 cm.

[0052] FIGS. 9 and 10 illustrate how the sensor(s) of the
GRV measuring device may be placed at various places
relative to the feeding tube. This may help obtain cleaner
measurements after introduction of the GRV indicator. For
example, if a heated substance is introduced through the
feeding tube, it may be advantageous to have the sensors of
the GRV measuring device some distance away from the exit
of the feeding tube, both to protect the sensors from extreme
heat, but also to get a cleaner temperature reading. More
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mixing of stomach contents will have occurred the further
from the source of the GRV indicator introduction the
sensor(s) are.

[0053] Alternatively the sensors may be placed within the
feeding tube when the GRV indicator is introduced through
the feeding tube to obtain a baseline reading of the tem-
perature/concentration/pH etc. of the GRV indicator. The
sensors may then be moved into the stomach contents to
obtain the changing readings which will be used to deter-
mine GRV. Alternatively, the GRV measuring device may
have sensors along its length to achieve the same thing.
There may be other advantages to moving the GRV mea-
suring device during the measurement process. Measuring
the GRV indicator at different places within the stomach
and/or stomach contents will provide more information
about the stomach contents.

[0054] FIG. 10 shows sensor(s) 1102 of the GRV measur-
ing device in the pylorus 1004. In this embodiment, the
stomach content volume is estimated through direct mea-
surement of the in put volume (enteral feeding material) and
output volume (pylorus transit). The amount of material
entering and passing through the pylorus may be measured
with a volumetric flow meter, or Doppler ultrasound, or
optics, or any other suitable technology. In one embodiment,
after magnetic materials are introduced into the stomach, the
movement of the materials induces a current as it passes the
pylorus transit which can be measured either within the
pylorus, or outside of the patient.

[0055] Note that in any of the embodiments herein, the
GRV measuring device may be outside of, inside of, incor-
porated into or completely separate from the feeding tube.
[0056] Other embodiments of the invention are shown in
FIGS. 11-13. In these embodiments, the GRV measurement
device is also used to locate the device, or a feeding tube,
within the stomach to ensure proper feeding and GRV
measurements. [n these embodiments transmitters 1102 give
off a signal which is detected by location receivers 1106. The
transmitters may be separate from the sensor(s) shown in
other embodiments, however both may be present on the
GRV measuring device (note that the sensor(s) are not
shown in FIGS. 11-13). The location receivers may exist
outside the body as shown in FIGS. 11 and 12, or they may
be part of the GRV measuring device, as shown in FIG. 13.
The transmitted signal may be a sound signal, an ultrasound
signal, a pressure signal, or any other suitable signal. Alter-
natively, or in addition, pH, temperature, or any of the GRV
indicator signals may be used. The location receivers receive
the signal either through the tissue, as shown in FIGS. 11 and
12, or after reflected signal 1302 has bounced off of the walls
of the stomach and possibly the stomach contents, as shown
in FIG. 13. The embodiment of the GRV measuring device
in FIG. 13 includes both the transmitters and the location
receivers on the device within the stomach.

[0057] FIGS. 11 and 12 show the transmitter in the empty
part of the stomach and the stomach contents, respectively.
The signal received when the transmitter is in these two
different locations will be very different, and will aid in
locating the tip of the feeding tube. The transmitters may be
at the tip of the feeding tube, and/or may be elsewhere
relative to the tip of the feeding tube.

[0058] FIGS. 17 and 18 show embodiments of the GRV
measuring device being used percutaneously. For example,
the GRV measuring device can be used as, or in conjunction
with, a Percutaneous Endoscopic Gastrostomy, or PEG,
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tube. In this situation the feeding tube goes through the
abdomen of the patient, directly into the stomach, to feed the
patient. Shown here is PEG tube 1702 going through skin
1708, fat 1706 and muscle 1704 and through the stomach
wall so that the tip of the PEG tube is in the stomach. The
GRV measuring device may be incorporated into the PEG
tube, or may be separate as shown here. GRV measuring
device 1712 is shown here being used through the inside of
a PEG tube. In this and other embodiments the GRV
measuring device is connected to a controller to record
and/or interpret the measurements sensed by the sensors.
[0059] In this and other embodiments, GRV measuring
device may be in the stomach throughout feeding, or it may
be introduced periodically when measurements are desired.
Restrictor 1710 may be used to control the flow of nutrients
into the stomach. The restrictor may be controlled by the
controller in a feedback loop so that nutrients are only
introduced when the GRV is at or below a certain level.
Nutrients may also be automatically limited when the GRV
is at or above a certain level. These levels may be preset, or
may be set by the controller and can be adjusted as neces-
sary. This type of feedback control also allows for bolus
feeding vs. continuous feeding which is more physiologi-
cally representative.

[0060] FIG. 18 is similar to FIG. 17 except that the
entrance point for the GRV measuring device is between the
patient and the resistor. This allows the resistor to be more
easily used when the GRV measuring device is in place.
[0061] Note that the embodiments in FIGS. 17 and 18 can
be used with a standard PEG tube. Alternatively, the GRV
measuring device may be incorporated into a PEG tube.
[0062] FIG. 19 shows an embodiment of the GRV mea-
suring device for use with a jejunostomy tube. In this
embodiment the feeding tube enters the intestines rather than
the stomach. Similar to other embodiments herein, the GRV
measuring device may be used with a standard jejunostomy
tube, or may be incorporated into a jejunostomy tube.
[0063] FIGS. 20-24 show detailed embodiments of the
GRV measuring device. FIG. 20 shows an embodiment of
the GRV measuring device which is incorporated into a
feeding tube. Device shaft 2002 includes sensor or sensors
2204, measurement communication line 2006, which may
be a metal wire, as well as feeding lumen 2008. Sensor(s)
2004 measure the temperature, pH, concentration etc. of the
GRV indicator in the stomach after the indicator is intro-
duced through the device or created by the device. For
example, a fluid below body temperature may be introduced
into the stomach through lumen 2008. The magnitude of the
change of temperature within the stomach is measured by
sensor(s) 2004, as well as the rate of return to normal
temperature. This information is transferred along commu-
nication line 2006, along shaft 2002 back to the controller.
The controller may control the feed supply either with user
input, or automatically, depending on the gastric volume
analysis of the controller.

[0064] Note that sensor(s) 2004 may be placed anywhere
along the length of the device. Also note that sensor(s) may
be placed on either the inside of the device (within lumen
2008) or on the outside, or both. Having separate sensors on
both the inside and outside of the device may allow mea-
surements of the untainted GRV indicator as it is entering the
stomach (inside sensors) as well as measurements of the
change in the GRV indicator over time (outside sensors).
These sensors may be the same sensor, where it measures
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both inside the device, and outside the device. Also note that
there may be a barrier or insulator between the sensor and
either the inside of the device, or the outside of the device.
This would allow the sensor to measure the GRV indicator
on either the inside of the device or the outside of the device
without being tainted.

[0065] Alternatively the GRV measuring device may
cause a cooling of the stomach contents with a cooling
element (not shown) on the device, and measure the result-
ing magnitude and rate of temperature change to determine
gastric volume.

[0066] In another example, the pH of the stomach contents
may be measured to determine gastric volume. A substance
of a known pH (which may be the feeding substance itself)
is introduced into the stomach, and the sensor(s) measure the
change in pH and the rate of return to normal pH, send the
information back to the controller, and the controller can
then determine gastric volume.

[0067] Inanother embodiment, the GRV measuring device
may use more than one GRV indicator. For example, both
temperature and pH may be used. In this example, measure-
ment of one GRV indicator may be used to confirm the
measurement of the other GRV indicator for a more accurate
result. In addition, the measurements may be taken at
different locations to assure stomach content mixing and/or
to improve accuracy. Other GRV indicators may be com-
bined in a similar manner.

[0068] FIG. 21 shows another embodiment of the GRV
measuring device. This embodiment is designed to be used
with a feeding tube, either alongside it or through the lumen
of a feeding tube. This embodiment may be of a relatively
small diameter (down to 0.5 mm or less, or 1.0 mm or less,
or 2.0 mm or less) so that it does not substantially impede
the flow of nutrients to the patient through the feeding tube,
or is not difficult to insert into the patient alongside a feeding
tube. Shaft 2102 is preferably relatively stiff, similar to a
guidewire, and incorporates the signal communication from
sensor(s) 2104. Shaft 2102 may be made out of metal such
as stainless steel or other appropriate material. In this
embodiment, the GRV indicator may be introduced through
the separate feeding tube. Note that this and other embodi-
ments may be placed into the stomach before or after the
feeding tube is placed in the stomach.

[0069] FIGS. 22-24 show another embodiment of the
GRV measuring device which can be used in conjunction
with a feeding tube after the feeding tube is already inserted.
This embodiment is designed to go on the outside of a
feeding tube and includes relatively stiff shaft 2208, sheath
2204, sensor(s) 2202 and slit 2206. Shaft 2208 may be made
out of similar materials to shaft 2102 in FIG. 21. Sheath
2204 is preferably thin enough so that it can easily be slid
over a feeding tube, yet rigid enough so that it does not
collapse. Various polymers and other materials may be used.
To introduce this embodiment after a feeding tube is already
in place, sheath 2204 is placed over the outside of the
proximal end of the feeding tube using slit 2206. The GRV
measuring device is then slid down the outside of the feeding
tube into the stomach of the patient using the relatively rigid
shaft 2208.

[0070] FIG. 23 shows this embodiment of the GRV mea-
suring device after it is placed over feeding tube 2302.

[0071] FIG. 24 is a cross sectional view of this embodi-
ment of the GRV measuring device.

Nov. 17,2016

[0072] FIG. 25 shows an embodiment of the device where
GRV and entry in the stomach is based on a continuously or
intermittently monitored physical characteristic. In this
embodiment, the GRV indicator may be inherent in the feed
or meal itself. In this embodiment, the GRV indicator may
be a physical characteristic such as temperature, pH, or
electrical resistance, impedance or conductance, etc. In this
embodiment, the physical characteristic may be monitored
over time and the changes that occur as the meal empties
from the stomach may be recorded. As the meal leaves the
stomach and the relative concentration of gastric fluid
increases the physical characteristic is altered in a measure-
able way. In one embodiment, the physical characteristic is
pH wherein the pH decreases as the meal leaves the stomach
and the gastric secretions represent more of what is left in
the stomach. Once the pH reaches a sufficiently low level the
device may alert the user that the meal has left the stomach
and the patient is ready for another bolus. In another
embodiment the physical characteristic is resistance or
impedance. The meal delivered to the patient may be for-
mulated to have high resistance or impedance so that sub-
sequent decreases will indicate increasing concentration of
gastric secretions. The opposite is true of conductance,
which may increase as the meal leaves the stomach.

[0073] In yet another embodiment, the sensor may consist
of a circuit that is powered by acid. For example, two leads
may be introduced into the stomach consisting of different
metals (in the preferred embodiment these are copper and
magnesium) In the presence of acid, these metals act like the
terminals of a battery and create a current. This current can
be continvously or intermittently recorded and report the
emptying of the stomach based on the increased concentra-
tion of acid. The same electrodes may also be used to sense
the electrical parameters (impedance, conductance, resis-
tance. Etc.) of the stomach to provide further information to
help increase the sensitivity and specificity of the measure-
ment. Each of these measurements of the physical charac-
teristics of the stomach may be used, alone or in combina-
tion, to report that the sensor (and therefore the tube or
catheter tip) is in the stomach and not in the lung. Ideally two
or more parameters are measured (pH, current due to acid,
impedance/conductance, etc.) to improve the accuracy of the
measurement. This is important as the incidence of tube
placement in the lung is as high as 20% and starting tube
feeds with the tip in the lung can be fatal. In this embodi-
ment, the sensors may be incorporated into the catheter/tube
itself or may be a separate component that is threaded down
the inside of an existing feeding catheter/tube to provide a
spot reading as to the location of the tip of the tube. In the
ideal embodiment, the sensor(s) is/are integrated into the
catheter/tube to first provide an indication that the catheter/
tube is in the stomach and not the lung) and then provide a
signal to indicate the GRV to help optimize feeding In the
ideal embodiment, as well, the feeding may be accomplished
via a closed loop system that will automatically detect the
GRYV and deliver tube feed when appropriate based on the
programmed nutritional goals for each patient. In this
embodiment, target volumes of tube feed may be set per
period of time and maximum volumes may be programmed.

[0074] FIG. 25 shows a patient with GRV measuring
device 2506 placed in stomach 2502. Note the proximity of
lungs 2504 and why it is important to be able to confirm
placement of the GRV measuring device in the stomach,
rather than the lungs or the esophagus. The GRV is measured
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as discussed herein. Controller 2508 may intermittently or
continuously track the GRV via connector 2510 and using
this information, control the feeding of the patient via valve
or restrictor 2514 using connector 2512. Note that the
connectors may be wired, as shown here, or wireless. Feed
supply 2516 is connected to the feeding tube and the
volume, rate, frequency, and content of the feed is controlled
by controller 2508. GRV indicators may be inherent in the
feed, added to the feed, or added independently of the feed.
The controller may collect measurements of the GRV indi-
cator inside the feeding tube, just before the feed is released
into the stomach, as well as within the stomach contents over
time. This provides the controller with a reading of the GRV
indicator just before mixing begins, to provide an accurate
GRV.

[0075] Note that the sensor(s) on the GRV measuring
device may also be used to confirm placement of the GRV
measuring device and/or feeding tube in the stomach, and
not in the lungs or esophagus. For example, if the GRV
indicator is pH or the presence of certain ions, these mea-
surements will be different in the stomach, than they are in
the Tungs or esophagus, even before the GRV indicator is
introduced into the feeding lumen. In this way, the GRV
measuring device can determine placement of the feeding
tribe/device in the stomach and determine GRV. The sensors
may be the same type of sensors, i.c., pH or ions, or there
may be sensor(s) on the device for placement, and a separate
type of sensor(s) for measuring the GRV indicator. For
example, pH sensor(s) may measure placement of the
device, and temperature sensor(s) may measure the GRV
indicator (temperature) to determine GRV.

[0076] FIG. 26 shows an embodiment of the GRV mea-
suring device which uses the gastric acid in the stomach to
create a sort of battery which creates a measurable current
which is measured and analyzed by a controller. The mea-
sured current is indicative of the GRV in the stomach. GRY
measuring device shaft 2602 contains wires 2608 and 2610
which connect to two different electrodes, 2606 and 2604.
The electrodes in this embodiment are made from dissimilar
metals, such as Aluminum and Copper, but other dissimilar
metals may be used. The current between the two electrodes
is sensed by current sense resister 2612. In this embodiment,
current is generated by the fluid in the stomach, and mea-
sured and analyzed by the controller to determine GRV.
[0077] Inan alternative embodiment, the impedance of the
stomach fluid is measured instead of current. The impedance
is indicative of the ratio of gastric acid to feed, providing an
estimate of GRV. This embodiment would look similar to the
embodiment shown in FIG. 26 except that the electrodes
would preferably be of the same metal rather than dissimilar
metals. The controller would generate a voltage and measure
the resulting current to determine the impedance of the fluid
in the stomach. In this embodiment, voltage is generated by
the controller, and current is passed through the fluid in the
stomach and the resistance is measured and analyzed by the
controller to determine GRV.

[0078] Using the different electrical properties of the gas-
tric acid in the stomach and the feed, GRV can be estimated
by conductivity, current, impedance, capacitance, electrical
resistance etc. AC and/or DC signals can be used to make
these measurements. Several possible embodiments are
envisioned. For example:

[0079] In one embodiment, an additive liquid element
(such as water, saline or similar) is introduced by the source
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that is significantly lower or significantly greater in tem-
perature then the nominal content temperature. Measure-
ment of the temperature may be recorded by sensors in one
or more locations in the content mixture. In one embodi-
ment, the rate of change in temperature over a period of time
indicates the gastric volume. In one embodiment, the result-
ing temperature from the mixture after a set period of time
indicates the gastric volume. In one embodiment, a physical
thermal element introduces a sudden temperature change.
This element quickly could heat or chill the gastric contents
in contact with the element.

[0080] In one embodiment, an additive element is intro-
duced that changes the viscosity of the contents. The result-
ing change in viscosity indicates the gastric volume. In one
embodiment, the additive component glucose is introduced.
The resulting change in concentration of glucose indicates
the gastric volume. In one embodiment, coloring elements
such as methylene blue is introduced and the resulting
concentration is used to indicate gastric volume. In one
embodiment, an additive component is introduced that
changes the pH value of the gastric contents. The rate of
change or resulting pH value indicates gastric volume. In
one embodiment, an additive element is introduced that
changes the conductivity of the contents. In one embodi-
ment, an additive element is introduced that changes the
refractive index, opacity, absorptivity, luminosity or color of
the contents. In one embodiment, an additive element is
introduced that changes the specific gravity of the contents.
[0081] In one embodiment, an additive component is
introduced that causes the contents to change and is measure
through a method of titration. In one embodiment, the
additive component causes contents to solidify. In one
embodiment, the additive component causes contents to
change conductivity. In one embodiment, the additive com-
ponent causes contents to change optical opacity or color.

[0082] In one embodiment, pressure is introduced by
introducing additional material into the gastric space. This
material may be air, saline, water, or other. In one embodi-
ment, pressure may be introduced by inflation of a balloon.
In one embodiment, pressure response is measured inter-
nally. In one embodiment, pressure is measured externally
with pressure gauges around the abdomen. This pressure
difference before and after introduction will indicate vol-
ume.

[0083] In one embodiment, an acoustic source is used to
produce standing waves in the gastric space. The resulting
pattern of pressure indicates the dimensions of the media, in
this case the gastric contents. In one embodiment, the
acoustic source is external and an acoustic or pressure
sensors are used internally. In one embodiment, both the
source and sensors are internal. In one embodiment, the
source is internal and the pressure or acoustic signature can
be measured externally. In one embodiment, both the source
and the sensor are external. The acoustic source may be a
point source or an array of transducers that produce a range
of frequencies and amplitudes. The acoustic or pressure
sensor may be a single point of measurement or an array of
Sensors.

[0084] In one embodiment, the flow rate of material is
measured directly in the pylorus transit. The stomach con-
tent volume is estimated through direct measurement of the
input (enteral feeding material) and output (pylorus transit).
In one embodiment, the amount of material entering and
passing through the pylorus is measured with a volumetric
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flow meter. In one embodiment, Doppler ultrasound is used
to measure fluid movement rate. In one embodiment, after
magnetic materials are introduced into the stomach, the
movement of the materials induces a current as it passes the
pylorus transit. In one embodiment, optics are used to
measure flow rate.

[0085] In one embodiment, an autonomous device travels
within the gastric space to ensure all of the gastric contents
are aspirated.

Example of Data Processing System

[0086] FIG. 27 is a block diagram of a data processing
system, which may be used with any embodiment of the
invention. For example, the system 2700 may be used as part
of a controller which interprets the signals of the GRV
measuring device. Note that while FIG. 27 illustrates various
components of a computer system, it is not intended to
represent any particular architecture or manner of intercon-
necting the components; as such details are not germane to
the present invention. It will also be appreciated that net-
work computers, handheld computers, mobile devices, tab-
lets, cell phones and other data processing systems which
have fewer components or perhaps more components may
also be used with the present invention.

[0087] As shown in FIG. 27, the computer system 2700,
which is a form of a data processing system, includes a bus
or interconnect 2702 which is coupled to one or more
microprocessors 2703 and a ROM 2707, a volatile RAM
2705, and a non-volatile memory 2706. The microprocessor
2703 is coupled to cache memory 2704. The bus 2702
interconnects these various components together and also
interconnects these components 2703, 2707, 2705, and 2706
to a display controller and display device 2708, as well as to
input/output (I/O) devices 2710 which may be mice, key-
boards, modems, network interfaces, printers, and other
devices which are well-known in the art.

[0088] Typically, the input/output devices 2710 are
coupled to the system through input/output controllers 2709.
The volatile RAM 2705 is typically implemented as
dynamic RAM (DRAM) which requires power continuously
in order to refresh or maintain the data in the memory. The
non-volatile memory 2706 is typically a magnetic hard
drive, a magnetic optical drive, an optical drive, or a DVD
RAM or other type of memory system which maintains data
even after power is removed from the system. Typically, the
non-volatile memory will also be a random access memory,
although this is not required.

[0089] While FIG. 27 shows that the non-volatile memory
is a local device coupled directly to the rest of the compo-
nents in the data processing system, the present invention
may utilize a non-volatile memory which is remote from the
system; such as, a network storage device which is coupled
to the data processing system through a network interface
such as a modem or Ethernet interface. The bus 2702 may
include one or more buses connected to each other through
various bridges, controllers, and/or adapters, as is well-
known in the art. In one embodiment, the I/O controller 2709
includes a USB (Universal Serial Bus) adapter for control-
ling USB peripherals. Alternatively, I/O controller 2709 may
include an IEEE-1394 adapter, also known as FireWire
adapter, for controlling FireWire devices.

[0090] Some portions of the preceding detailed descrip-
tions have been presented in terms of algorithms and sym-
bolic representations of operations on data bits within a
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computer memory. These algorithmic descriptions and rep-
resentations are the ways used by those skilled in the data
processing arts to most effectively convey the substance of
their work to others skilled in the art. An algorithm is here,
and generally, conceived to be a self-consistent sequence of
operations leading to a desired result The operations are
those requiring physical manipulations of physical quanti-
ties.
[0091] It should be borne in mind, however, that all of
these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated other-
wise as apparent from the above discussion, it is appreciated
that throughout the description, discussions utilizing terms
such as those set forth in the claims below, refer to the action
and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the
computer system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system memories or registers or other such informa-
tion storage, transmission or display devices.
[0092] The techniques shown in the figures can be imple-
mented using code and data stored and executed on one or
more electronic devices. Such electronic devices store and
communicate (internally and/or with other electronic
devices over a network) code and data using computer-
readable media, such as non-transitory computer-readable
storage media (e.g., magnetic disks; optical disks; random
access memory; read only memory; flash memory devices;
phase-change memory) and transitory computer-readable
transmission media (e.g., electrical, optical, acoustical or
other form of propagated signals—such as carrier waves,
infrared signals, digital signals).
[0093] The processes or methods depicted in the preceding
figures may be performed by processing logic that comprises
hardware (e.g. circuitry, dedicated logic, etc.), firmware,
software (e.g., embodied on a non-transitory computer read-
able medium), or a combination of both. Although the
processes or methods are described above in terms of some
sequential operations, it should be appreciated that some of
the operations described may be performed in a different
order. Moreover, some operations may be performed in
parallel rather than sequentially.
What is claimed is:
1. An apparatus for determining a gastric residual volume,
comprising:
a medium having one or more gastric residual volume
(GRV) indicators;
an elongate body having a length;
one or more sensors positioned along the elongate body,
wherein the one or more sensors are configured to
measure a change in a parameter of the GRV indicators;
and
a controller in communication with the one or more
sensors, wherein the controller is configured to deter-
mine a GRV based on the change in the parameter of
the GRYV indicators.
2. The apparatus of claim 1 wherein the medium com-
prises a digestible medium.
3. The apparatus of claim 1 wherein the GRV indicators
comprise glucose or magnesium.
4. The apparatus of claim 1 wherein the elongate body
comprises a tube defining at least one lumen therethrough.
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5. The apparatus of claim 4 wherein the medium is in fluid
communication with the at least one lumen.

6. The apparatus of claim 1 wherein the one or more
sensors are positioned at or near a distal tip of the elongate
body.

7. The apparatus of claim 1 wherein one or more sensors
are positioned upon an instrument separate from the elon-
gate body.

8. The apparatus of claim 1 wherein the parameter com-
prises a temperature of the GRV indicators.

9. The apparatus of claim 1 wherein the parameter com-
prises a pH of the GRV indicators.

10. The apparatus of claim 1 wherein the parameter
comprises a temperature and pH of the GRV indicators

11. The apparatus of claim 1 wherein the parameter
comprises a change in a physical characteristic of the GRV
indicators.

12. The apparatus of claim 1 wherein the one or more
sensors are further configured to measure a rate of change in
the parameter.

13. The apparatus of claim 1 wherein the one or more
sensors are further configured to detect for a presence of an
indicator to confirm positioning of the one or more sensors
within a stomach.

14. The apparatus of claim 1 further comprising one or
more additional sensors which are configured to detect for a
presence of an indicator to confirm positioning of the one or
more sensors within a stomach.

15. The apparatus of claim 1 further comprising a second
elongate body in fluid communication with a feeding
medium.

16. The apparatus of claim 5 wherein the at least one
lumen in the elongate tube is in fluid communication with a
reservoir holding a feeding medium.

17. The apparatus of claim 1 further comprising a restric-
tor in communication with the elongate body, wherein the
restrictor is configured to control a flow of nutrients into a
body lumen.

18. The apparatus of claim 17 wherein the restrictor is
configured to be controlled via a feedback loop.

19. The apparatus of claim 1 wherein the one or more
GRV indicators is inherent in the medium.

20. A method of determining a gastric residual volume in
a body lumen, comprising:

positioning an elongate body into the body lumen;

introducing a medium having one or more gastric residual

volume (GRV) indicators into the body Iumen;
sensing the one or more GRV indicators via one or more
sensors positioned along the elongate body;
monitoring the one or more GRV indicators for a change
in a parameter of the GRV indicators; and
determining a GRV of the stomach based on the change in
the parameter of the GRV indicators.
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21. The method of claim 20 wherein positioning an
elongate body comprises positioning the elongate body
through an esophagus and into a stomach.

22. The method of claim 20 wherein positioning an
elongate body comprises passing the elongate body percu-
taneously through an abdomen and into a stomach.

23. The method of claim 20 wherein positioning an
elongate body comprises passing the elongate body percu-
taneously through an abdomen and into a portion of an
intestine.

24. The method of claim 20 wherein introducing a
medium comprises introducing a digestible medium having
the one or more GRV indicators.

25. The method of claim 20 wherein introducing a
medium comprises introducing the medium through at least
one lumen defined through the elongate body.

26. The method of claim 20 wherein sensing the one or
more GRV indicators comprises sensing at different loca-
tions within the body lumen.

27. The method of claim 20 wherein sensing comprises
sensing via the one or more sensors positioned within the
medium contained within the body lumen.

28. The method of claim 20 wherein sensing comprises
sensing via the one or more sensors positioned external to
the medium contained within the body lumen.

29. The method of claim 20 wherein monitoring the one
or more GRV indicators comprises monitoring a temperature
and of the GRV indicators.

30. The method of claim 20 wherein monitoring the one
or more GRV indicators comprises monitoring a pH of the
GRYV indicators.

31. The method of claim 20 wherein monitoring the one
or more GRV indicators comprises monitoring a temperature
and pH of the GRV indicators.

32. The method of claim 20 wherein monitoring the one
or more GRV indicators comprises monitoring a change in
a physical characteristic of the GRV indicators.

33. The method of claim 20 wherein monitoring the one
or more GRV indicators further comprises monitoring a rate
of change in the parameter of the GRV indicators.

34. The method of claim 20 further comprising restricting
a flow of a feeding medium into the body lumen via a
restrictor in communication with the elongate body.

35. The method of claim 34 wherein the restrictor is
configured to be controlled via a feedback loop.

36. The method of claim 20 wherein positioning an
elongate body further comprises confirming a position of the
one or more sensors within a stomach.

37. The method of claim 20 wherein the one or more GRV
indicators is inherent the medium.
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