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Description

BACKGROUND

[0001] The present invention, in some embodiments
thereof, relates to enteral feeding and, more specifically,
but not exclusively, to systems and methods that control
enteral feeding.
[0002] Patients requiring enteral feeding (i.e., feeding
via a tube inserted into the stomach) include, for example,
babies, patients in the intensive care unit (ICU) which
might be sedated and/or intubated, and patients other-
wise unable to swallow or ingest food in the normal man-
ner. The tube is inserted into the stomach (or duodenum,
or jejunum, or other locations in the digestive track) via
the nose, the mouth, or a surgically created opening.
[0003] Feeding rate is of prime importance in the pa-
tient management and his/her recuperation. However,
feeding overdose will result reflux ending with aspiration
pneumonia and should be prevented at all cost. These
are contradicting requirements, the desire to maximize
feeding for enhancing recuperation on one hand and the
need to prevent reflux on the other hand.
[0004] One method of making decisions regarding en-
teral feeding involves manually measuring the volume of
fluid in the patient’s stomach after an enteral feeding ses-
sion, by using a syringe to aspirate the stomach contents.
The measured volume is termed Gastric Residual Vol-
ume (GRV). The value of the GRV is used by healthcare
professional to decide, for example, if the patient re-
ceived enough food, is having problems ingesting the
delivered food, and/or if the patient is at increased risk
of aspiration pneumonia. For example, when the meas-
ured GRV is above a threshold, the next enteral feeding
is delayed. A full assessment using GRV may take up
to72 hours, with 4 hour intervals between GRV meas-
urements.
[0005] US Patent Application Publication No. US
2010/0030133 discloses an NGT system, the system
comprises 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.
[0006] US Patent Application Pub. No. US
2010/0274225 discloses an enteral tube includes a built-
in Gastric Residual Volume (GRV) detection sensor at
the distal end and a GRV indicating device at the proximal
end for indicating the current GRV without requiring the
aspiration of any stomach contents. The enteral tube with
integrated GRV detection sensor is flexible and long
enough to be looped around within the stomach. Weights
may be employed to keep the sensor located generally
at the lowest portion of the gastric cavity. The GRV de-

tection sensor may include a sealed air colunm terminat-
ing with a flexible membrane. When the enteral tube and
sealed air colunm are inserted into the stomach and sub-
merged in gastric contents, pressure is exerted against
the flexible membrane, and therefore against the sealed
air colunm. A pressure sensor detects the pressure within
the sealed air colunm and provides a signal or level rep-
resentative of the amount of gastric contents in the stom-
ach.
[0007] US Patent Application Pub. No. US
2012/0323091 teaches guiding medical care based on
detected gastric function. For example, gastric acid stim-
ulant or suppressant is administered, and then a change
in the gastric juice H+ concentration is measured. This
change is compared to a guidance H + concentration
differential indicative of relatively healthy gastric function.
Medical care is guided based on a relatively healthy gas-
tric function if the measured H +concentration differential
is equal to or exceeds the guidance H+ concentration
differential, while medical care is guided based on a rel-
atively unhealthy gastric function if the measured H+ con-
centration differential is less than the guidance H+ con-
centration differential. Disclosed embodiments imple-
menting this procedure include, but are not limited to,
methods, apparatus, processors, computer programs,
and computer-readable mediums.

SUMMARY

[0008] According to an aspect of some embodiments
of the present invention there is provided a computer-
implemented method for calculating a gastric emptying
rate from a stomach lumen into a small intestine of a
patient, comprising: using at least one processor for ex-
ecuting the following during an enteral tube feeding of a
stomach of the patient by a feeding mechanism: analyz-
ing outputs of at least one stomach sensor located within
the stomach for detecting a stop feeding condition; paus-
ing the enteral tube feeding in response to a detection of
the stop feeding condition; after a predefined period of
time, restarting the enteral tube feeding until the stop
condition is redetected by an analysis of said outputs;
calculating a gastric emptying rate based on an amount
of feeding content delivered during a period between the
restarting and the redetection; and instructing the feeding
mechanism to adapt a feeding rate of the enteral tube
feeding according to the gastric emptying rate.
[0009] Optionally, the method further comprises re-
ceiving a personalized nutrition plan including a target
fluid delivery rate; performing the enteral tube feeding
according to the target fluid delivery rate; and adapting
the target fluid delivery rate according to the calculated
gastric emptying rate. Optionally, the method further
comprises automatically adjusting the personalized nu-
trition plan by adjusting the target fluid delivery rate to
match the target fluid delivery rate within a tolerance.
Optionally, the method further comprises transmitting an
alert message for presentation on a display of a mobile
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device when the target fluid delivery rate is different than
the calculated gastric emptying rate based on a toler-
ance. Optionally, the method further comprises present-
ing a suggestion to administer gastroprokinetic medica-
tion on a display when the target fluid delivery rate is
higher than the calculated gastric emptying rate based
on a tolerance. Optionally, the target fluid delivery rate
includes different values defined according to a time of
day.
[0010] Optionally, the method further comprises pre-
senting within a GUI presented on a display, at least one
field for allowing a user to select or enter at least one
patient parameter; calculating a plurality of feeding op-
tions according to the at least one patient parameter;
presenting the plurality of feeding options within the GUI;
receiving a selection of at least one of the plurality of
feeding options from a user using the GUI; and calculat-
ing the personalized nutrition plan and target fluid deliv-
ery rate based on the received selection. Optionally, the
at least one patient parameter includes at least one mem-
ber selected from the group consisting of: gender, age,
height, weight, diet restrictions, acute medical condition,
and chronic medical condition. Optionally, the plurality of
feeding options include at least one member selected
from the group consisting of: calories, protein amount,
method of calculation, and available formulas.
[0011] Optionally, fluid is delivered during the period
of time according to the target fluid delivery rate, and the
gastric emptying rate is calculated based on the fluid de-
livered during the period of time.
[0012] Optionally, the predefined period of time is se-
lected to correspond to an estimated amount of time ex-
pected for the stomach of the patient to empty itself of a
fluid meal.
[0013] Optionally, the predefined period of time is au-
tomatically determined based on an analysis of signals
received from stomach activity sensors located in the
stomach indicative of a stomach emptying event. Option-
ally, the stomach emptying event is automatically detect-
ed by identifying at least one signal pattern correlated
with stomach peristalsis activity associated with the
stomach emptying event.
[0014] Optionally, the calculating is performed using
the equation: q = Q/(T + t) wherein: q denotes the gastric
emptying rate; Q denotes the volume of fluid needed to
fill the stomach from a first sensor Z1 representing a low
fluid level to a second sensor Z2 representing a high fluid
level; T denotes the elapsed gastric emptying time from
fluid level Z2 to Z1; and t denotes the filling make up time.
Optionally, when fluid reaches Z2 feeding is paused for
a time period T, then feeding is resumed until level Z2 is
reached and the time t is measured.
[0015] According to not claimed embodiments of the
present invention there is provided a computer-imple-
mented method for feeding a patient using a tube located
in a stomach of the patient, comprising: monitoring a fluid
delivery rate of fluid delivered to a patient using a tube
located in a stomach of the patient; receiving at least one

signal from at least one sensor located within the stom-
ach, the at least one sensor measuring stomach activity
associated with stomach muscle movement; analyzing
the at least one signal to detect a signal pattern indicative
of a stomach evacuation event; and adjusting the fluid
delivery rate according to the detected signal pattern.
[0016] Optionally, the analyzing comprises correlating
the at least one signal to a stored signal pattern associ-
ated with a stomach evacuation event.
[0017] According to an aspect of some embodiments
of the present invention there is provided a system for
calculating a gastric emptying rate from a stomach lumen
into a small intestine of a patient, comprising: a control
unit, comprising: an output interface; a sensor interface
that receives at least one signal from at least one stomach
sensor located within a stomach lumen of a patient; a
program store storing code; and a processor coupled to
the sensor interface, the output interface, and the pro-
gram store for implementing the stored code, the code
comprising: code to analyze outputs of the at least one
stomach sensor for detecting a stop feeding condition,
pause enteral tube feeding in response to a detection of
the stop feeding condition, after a predefined period of
time restart the enteral tube feeding until the stop condi-
tion is redetected by an analysis of said outputs, calculate
a gastric emptying rate based on an amount of feeding
content delivered during a period between the restarting
and the redetection; and instruct the feeding mechanism
to adapt a feeding rate of the enteral tube feeding ac-
cording to the gastric emptying rate.
[0018] Optionally, the at least one stomach sensors
include at least one impedance sensor and the at least
one signal includes at least one impedance measure-
ment.
[0019] Optionally, the at least one stomach sensor in-
cludes at least one fluid sensor disposed along a distal
end portion of an enteral feeding tube positioned in the
stomach of the patient such that the at least one fluid
sensor is located within the stomach in proximity to the
lower esophageal sphincter, and the at least one signal
denotes the presence of fluid in proximity to the respec-
tive sensor at a respective position along the tube.
[0020] Optionally, the system further comprises a
graphical user interface (GUI) application installed on a
client terminal in communication with the control unit
through a network interface, the GUI application allowing
a user to enter at least one patient parameter; code to
determine a personalized nutrition plan including a target
fluid delivery rate based on the at least one patient pa-
rameter, compare the target fluid delivery rate to the cal-
culated gastric emptying rate, and adjust the personal-
ized nutrition plan by adjusting the target fluid delivery
rate to match the target fluid delivery rate within a toler-
ance.
[0021] According to not claimed embodiments of the
present invention there is provided a computer-imple-
mented method for calculating a gastric emptying rate
from a stomach lumen into a small intestine of a patient,
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comprising: receiving, from each of a plurality of stomach
sensors located within a stomach lumen of a patient, at
least one signal; identifying a pattern indicative of a gas-
tric emptying rate from the stomach lumen to a small
intestine of the patient based on an analysis of the at
least one signal received from each of the plurality of
sensors; calculating the gastric emptying rate based on
the identified pattern; and outputting an indication of the
gastric emptying rate.
[0022] Optionally, the identified pattern comprises a
fluid level of fluid in the stomach lumen determined ac-
cording to which at least one sensor of the plurality of
sensors detect the presence of fluid or air.
[0023] Optionally, the identified pattern comprises a
change in a fluid level in the fluid in the stomach lumen
over a period of time determined according to at least
one sensor of the plurality of sensors detecting a change
in the presence of fluid or air.
[0024] Optionally, the method further comprises de-
tecting a stomach emptying event based on the identified
pattern. Optionally, calculating comprises calculating the
gastric emptying rate for the time duration of the stomach
emptying event.
[0025] Optionally, the pattern is indicative of a volume
of fluid in the stomach, and calculating the gastric emp-
tying rate is based on detecting changes in fluid volume
in the stomach lumen over a period of time.
[0026] Optionally, the pattern is indicative of a member
selected from the group consisting of: emptying of the
stomach of an enterally delivered food dose, stomach
empty and in a state ready for a next enterally delivered
food dose, delayed emptying of the stomach of the en-
terally delivered food, and stomach is filling up with en-
terally delivered food.
[0027] Optionally, the method further comprises re-
ceiving from a flow sensor located external to the body
of the patient, at least one signal indicative of a flow rate
of fluid entering the stomach lumen; and calculating com-
prises calculating the gastric emptying rate based on the
identified pattern and received flow rate.
[0028] Optionally, the method further comprises com-
paring the gastric emptying rate according to a target
fluid delivery rate; and outputting instructions to dynam-
ically adjust a flow rate of fluid entering the stomach lu-
men from an external source according to the compari-
son.
[0029] Optionally, the method further comprises com-
paring the gastric emptying rate according to a measured
flow rate of fluid entering the stomach lumen; and auto-
matically generating instructions to dynamically adjust
the flow rate of fluid to match the gastric emptying rate.
Optionally, dynamically adjusting comprises dynamically
matching the flow rate of fluid entering the stomach lumen
to the calculated gastric emptying rate.
[0030] Optionally, the method further comprises mon-
itoring at least one of a fluid level and a volume of fluid
in the stomach lumen based on the identified pattern;
and comparing the monitored at least one of fluid level

and volume of fluid according to a target threshold or
target range of at least one of fluid level and fluid volume
in the stomach lumen; and outputting instructions to dy-
namically adjust a flow of fluid entering the stomach lu-
men from an external source according to the compari-
son.
[0031] 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.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0032] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. 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 illus-
trative discussion of embodiments of the invention.
[0033] In the drawings:

FIG. 1A is a flowchart of a method for calculating a
gastric emptying rate from a stomach lumen into a
small intestine of a patient, in accordance with some
embodiments of the present invention;
FIG. 1B is a flowchart of another method for calcu-
lating the gastric emptyinggastric emptying rate, in
accordance with some embodiments of the present
invention;
FIG. 2 is a block diagram of a system that calculates
a gastric emptying rate from a stomach lumen into
a small intestine of a patient, in accordance with
some embodiments of the present invention, without
the need for GRV;
FIG. 3 is a schematic of an exemplary feeding bag
system for delivery of fluid to the stomach of the pa-
tient, including a tube, flow sensor(s) for measuring
the rate and/or volume of delivered fluid, and/or a
flow control mechanism for controlling the rate and/or
volume of delivered fluid, in accordance with some
embodiments of the present invention;
FIG. 4 is a schematic of an exemplary pinch valve
as an exemplary embodiment implementation of a
fluid control mechanism for controlling the rate of flu-
id flowing through the feeding bag tube into the stom-
ach of a patient, in accordance with some embodi-
ments of the present invention;
FIG. 5 is an exemplary recording of stomach activity
recorded over several hours, in accordance with
some embodiments of the present invention;
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FIG. 6 is a pattern identified from the recording of
FIG. 5, in accordance with some embodiments of
the present invention;
FIG. 7 is a schematic depicting a gastric emptying
pattern based on fluid level in the stomach, and/or
changes in the fluid level, in accordance with some
embodiments of the present invention;
FIG. 8 is a flowchart of an exemplary method for
generating an indication for administration of proki-
netics drugs, in accordance with some embodiments
of the present invention;
FIG. 9 is a flowchart of an exemplary method for
automatic generation of the personalized nutrition
regimen, in accordance with some embodiments of
the present invention;
FIG. 10 is a table of nutrition data for generation of
the personalized nutrition regimen, in accordance
with some embodiments of the present invention;
FIG. 11 is a dataflow diagram for dynamic adjust-
ment of the rate of fluid delivered to the stomach of
the patient according to the calculated gastric emp-
tying rate, in accordance with some embodiments of
the present invention;
FIG. 12 is a flowchart of another method for dynamic
adjustment of the rate of fluid delivered to the stom-
ach of the patient using the systems and/or methods
described herein, in accordance with some embod-
iments of the present invention; and
FIGs. 13A-13D are exemplary GUI screens for al-
lowing a healthcare worker to enter patient param-
eters for automatic determination of the personalized
nutrition plan, in accordance with some embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0034] The present invention, in some embodiments
thereof, relates to enteral feeding and, more specifically,
but not exclusively, to systems and methods that control
enteral feeding.
[0035] An aspect of some embodiments of the present
invention relates to systems and/or methods, optionally
a processor implementing code, for calculating a gastric
emptying rate and/or detect events of stomach emptying
for an enterally fed patient (e.g., via a nasogastric tube,
or other tube). The calculated gastric emptying rate is
indicative of the rate that the stomach of the patient emp-
ties its contents (which include nutrition delivered via the
tube) out of the stomach, via the pylorus into the duode-
num and other parts of the small intestine. The detected
stomach emptying event is indicative of the state of the
stomach in which the stomach is emptying its contents
into the small intestine (e.g., peristalsis). The detected
stomach emptying event(s) may be included within the
calculated gastric emptying rate. For example, the gastric
emptying rate may be calculated for the duration of the
stomach emptying event, indicating the volume and/or
rate at which fluid leaves the stomach during the stomach

emptying event. In the example, the gastric emptying rate
may be assumed to be zero (or close to zero) when the
stomach emptying event is not occurring (e.g., stomach
is not emptying). The gastric emptying rate is calculated
using signals received from stomach sensors located
within the stomach, optionally spaced apart along the
distal end portion of the tube. The stomach sensors may
measure impedance and/or peristaltic movement of the
stomach. A pattern indicative of the gastric emptying rate
is identified based on the signals, for example, indicative
of a level and/or change in level of fluid in the stomach,
indicative of a volume and/or change in volume of fluid
in the stomach, and/or indicative of postprandial - a feed-
ing session, peristalsis. The gastric emptying rate is cal-
culated and/or the stomach emptying event is detected
based on the identified pattern, and outputted.
[0036] The systems and/or methods described herein
operate in a closed loop manner. A fluid delivery rate is
selected for feeding the patient using the tube. The gas-
tric emptying rate is calculated. The fluid delivery rate
may be adjusted according to the gastric emptying rate,
optionally matched to the gastric emptying rate which
represents the real-time ability of the patient to safety
ingest the food (i.e., reducing risk of aspiration pneumo-
nia). Suggestions for feeding may be automatically gen-
erated and presented on a GUI for selection by a user.
The systems and/or methods described herein may be
viewed as a closed loop control system with a set point
adjusted to maintain stomach fluid level within a desired
level, thus preventing reflux and delivering the patient
stomach emptying rate for optimal feeding calculation.
[0037] Optionally, the pattern is indicative of the level
of fluid in the stomach (referred to herein as fluid level).
The level of fluid may be detected by an analysis of sig-
nals received from multiple spaced apart stomach sen-
sors, which may be disposed along the distal end portion
of the tube. Sensors below the fluid level (i.e., surrounded
by fluid) generate a first type of signal or signal level which
may be indicative of the presence of fluid (e.g., relatively
low impedance value). Sensors above the fluid level
(e.g., surrounded by air) generate a second type of signal
which may be indicative of the presence of air (e.g., rel-
atively high impedance value). The fluid level may be
determined according to the sensor(s) at which the first
signal type transitions into the second signal type. Alter-
natively or additionally, the pattern is indicative of a
change in the fluid level in the stomach. The fluid level
may increase or decrease. The change in fluid level,
which may be measured as a function of time, may be
detected by analyzing the signals received from the stom-
ach sensors, for example, a sensor generating the first
signal type that changes to the second signal type may
indicate a decrease in the fluid level. The gastric emptying
rate may be calculated based on the fluid level and/or
change in fluid level, as described herein.
[0038] The gastric emptying rate may be indicative of
intake over a time range, such as based on a set of meas-
urements performed over time. Gastric residual volume
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(GRV) test is the standard of care for checking gastric
emptying, for example with a feeding rate of 125cc /hour
after 4 hours 500cc administrated. Now the nurse dis-
connect the feeding bag from the feeding tube and start
suction, if the total amount suctioned is above 200cc the
patient suffers from gastroparesis. Next step is lowering
the hourly rate and after 48-72 hours the attending will
decide on prokinetic drugs to help with digestion the prob-
lem with this practice it’s not real-time detection and feed-
back of stomach activities and by the time becomes
aware of the gastroparesis it might be too late- the patient
cam get aspiration pneumonia from overfeeding. Also
this is a huge waste in nurse time resources and feeding
material waste. The systems and/or methods described
herein operate without the need for measuring GRV, by
dynamically measure the amount and/or rate that the pa-
tient is being fed at, and automatically adjust the feeding
amount and/or rate, optionally to the rate the patient is
actually able to intake into the intestine from the stomach
by gastric emptying.
[0039] Optionally, the gastric emptying rate is indica-
tive of emptying of the stomach from tube delivered nu-
trients, for example, when the intestines have adequate
motility to empty the fluid. Alternatively, the gastric emp-
tying rate is indicative of the stomach filling up with the
tube delivered foods, such as due to lack of sufficient
emptying of the stomach, for example, when intestinal
motility is depressed (e.g., due to infection, surgery,
and/or drugs such as sedatives).
[0040] Optionally, the feeding material/ fluids delivery-
rate is calculated in view of signals received from a flow
sensor measuring the flow rate of the fluid entering the
feeding tube and then the stomach of the patient. For
example, when the identified pattern from the stomach
sensors indicates a stable (e.g., within a margin of error)
stomach fluid level, and the flow rate measured by the
flow sensor is 150 mL/hour, the gastric emptying rate is
determined to match (i.e., within a margin of error) the
flow rate.
[0041] Optionally, the systems and/or methods oper-
ate by selecting a level sensor on the feeding tube, and
adjusting the feeding rate to maintain the selected level
using a closed loop control, to achieve a steady state
flow rate for fluid delivery that matches the gastric emp-
tying rate.
[0042] Optionally, the calculated gastric emptying rate
is compared to the measured flow rate of the fluid entering
the stomach of the patient. The calculated gastric emp-
tying rate is indicative of the actual (e.g., real-time) ability
of the digestive system of the patient to empty the stom-
ach contents into the small intestine, and further process
the food. The calculated gastric emptying rate may
change, for example, during different times in the day,
be affected by medications (e.g., sedatives), and/or by
other events such as infections and/or surgery. When
the calculated gastric emptying rate is different than the
flow rate (e.g., statistically different, and/or according to
a different requirement), instructions may be automati-

cally generated to adjust the flow rate to match the cal-
culated gastric emptying rate. The instructions may be
provided to a flow-control mechanism for dynamic and
automatic adjustment. In this manner, the delivery of nu-
trients to the patient is dynamically adjusted to match the
actual ability of the patient to process the food.
[0043] Alternatively or additionally, the calculated gas-
tric emptying rate is compared to a target fluid delivery
rate, for example, selected based on a recommended
daily nutrient intake for the patient and/or customized nu-
trition regimen. When the differences between the rates
is substantially different, such as greater than a toler-
ance, (e.g., statistically significant and/or according to a
difference requirement), instructions may be generated
to adjust the flow rate of the fluid entering the stomach.
The adjustment may be performed automatically and dy-
namically, for example, by transmitting the instructions
to the flow-control mechanism. The adjustment may help
ensure that the patient is actually receiving the intended
nutrients, for example, helping ensure that the patient
receives the full daily nutrient requirements.
[0044] Alternatively or additionally, the level and/or vol-
ume of fluid in the stomach is monitored based on the
calculated gastric emptying rate. The level and/or volume
is monitored against a target requirement (e.g., threshold
or range) representing the allowed (or maximum) level
and/or volume in the stomach. When the level and/or
volume meets or exceeds the target requirement, instruc-
tions to automatically and dynamically reduce (or stop)
the fluid entering the stomach are transmitted to the flow-
control mechanism. The target requirement may be se-
lected to reduce aspiration pneumonia, for example,
based on experimental evidence and/or best practice,
for example, about 150 mL, or about 300 mL, or about
500 mL, or other values.
[0045] An aspect of some embodiments of the present
invention relates to systems and/or methods for calcu-
lating a gastric emptying rate, by analyzing outputs of a
stomach sensor located within a stomach, during delivery
of fluid to the stomach, to detect a stop feeding condition.
The feeding is paused in response to the detected stop
feeding condition. The stop feeding condition may be de-
tected when a stomach sensor located within the upper
portion of the stomach (e.g., close to the lower esopha-
geal sphincter) senses a change of level of the fluid (like
a dipstick mechanism), indicating that the stomach is full
(or mostly full) of fluid. A period of time is allowed to
elapse, optionally without introducing additional fluid.
Fluid delivery (i.e., feeding) is resumed after the period
of time (following a drop in the fluid level), and the stop
feeding condition is redetected. The gastric emptying rate
is calculated based on the amount of fluid delivered to
the patient between the restart of the feeding and the
redetection of the stop feeding condition. The feeding
rate is adapted according to the gastric emptying rate,
optionally to match the fluid delivery rate.
[0046] Optionally, a personalized nutrition plan is au-
tomatically generated for the patient based on patient
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parameters, which may be automatically obtained by ac-
cess an electronic medical record of the patient, and/or
manually entered by a user using a graphical user inter-
face. The personalized nutrition plan includes a target
fluid delivery rate for delivery of fluid to the patient. When
the calculated gastric emptying rate is different than the
target fluid delivery rate (e.g., within a tolerance), the tar-
get fluid delivery rate may be adjusted (automatically or
manually) to match the gastric emptying rate.
[0047] An aspect of some embodiments of the present
invention relates to a computer implemented method for
feeding a patient using at tube located in the stomach of
the patient, by monitoring fluid delivery to the stomach
using the tube, and analyzing signals received from sen-
sor(s) located in the stomach to detect a stomach evac-
uation event indicating that at least some of the fluid in
the stomach entered the intestine. The fluid delivery is
adjusted according to the detected stomach evacuation
event, for example, additional fluid is delivered when
stomach evacuation events are detected.
[0048] Optionally, the signals are analyzed to detect
stomach peristalsis, using signals measured from elec-
trical and/or mechanical sensors that measure stomach
muscle movement. The signals may be analyzed by iden-
tifying a correlation with a stored signal pattern associ-
ated with a stomach emptying event.
[0049] Before explaining at least one embodiment of
the invention in detail, it is to be understood that the in-
vention is not necessarily limited in its application to the
details of construction and the arrangement of the com-
ponents and/or methods set forth in the following descrip-
tion and/or illustrated in the drawings and/or the Exam-
ples. The invention is capable of other embodiments or
of being practiced or carried out in various ways.
[0050] The present invention may be a system, a meth-
od, and/or a computer program product. The computer
program product may include a computer readable stor-
age medium (or media) having computer readable pro-
gram instructions thereon for causing a processor to car-
ry out aspects of the present invention.
[0051] The computer readable storage medium can be
a tangible device that can retain and store instructions
for use by an instruction execution device. The computer
readable storage medium may be, for example, but is
not limited to, an electronic storage device, a magnetic
storage device, an optical storage device, an electromag-
netic storage device, a semiconductor storage device, or
any suitable combination of the foregoing. A non-exhaus-
tive list of more specific examples of the computer read-
able storage medium includes the following: a portable
computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM or Flash mem-
ory), a static random access memory (SRAM), a portable
compact disc read-only memory (CD-ROM), a digital ver-
satile disk (DVD), a memory stick, a floppy disk, and any
suitable combination of the foregoing. A computer read-
able storage medium, as used herein, is not to be con-

strued as being transitory signals per se, such as radio
waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a
waveguide or other transmission media (e.g., light pulses
passing through a fiber-optic cable), or electrical signals
transmitted through a wire.
[0052] Computer readable program instructions de-
scribed herein can be downloaded to respective comput-
ing/processing devices from a computer readable stor-
age medium or to an external computer or external stor-
age device via a network, for example, the Internet, a
local area network, a wide area network and/or a wireless
network. The network may comprise copper transmis-
sion cables, optical transmission fibers, wireless trans-
mission, routers, firewalls, switches, gateway computers
and/or edge servers. A network adapter card or network
interface in each computing/processing device receives
computer readable program instructions from the net-
work and forwards the computer readable program in-
structions for storage in a computer readable storage me-
dium within the respective computing/processing device.
[0053] Computer readable program instructions for
carrying out operations of the present invention may be
assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent
instructions, microcode, firmware instructions, state-set-
ting data, or either source code or object code written in
any combination of one or more programming languages,
including an object oriented programming language such
as Smalltalk, C++ or the like, and conventional procedur-
al programming languages, such as the "C" programming
language or similar programming languages. The com-
puter readable program instructions may execute entirely
on the user’s computer, partly on the user’s computer,
as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on
the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s com-
puter through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for ex-
ample, through the Internet using an Internet Service Pro-
vider). In some embodiments, electronic circuitry includ-
ing, for example, programmable logic circuitry, field-pro-
grammable gate arrays (FPGA), or programmable logic
arrays (PLA) may execute the computer readable pro-
gram instructions by utilizing state information of the com-
puter readable program instructions to personalize the
electronic circuitry, in order to perform aspects of the
present invention.
[0054] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems), and
computer program products according to embodiments
of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations
and/or block diagrams, can be implemented by computer
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readable program instructions.
[0055] These computer readable program instructions
may be provided to a processor of a general purpose
computer, special purpose computer, or other program-
mable data processing apparatus to produce a machine,
such that the instructions, which execute via the proces-
sor of the computer or other programmable data process-
ing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks. These computer readable program in-
structions may also be stored in a computer readable
storage medium that can direct a computer, a program-
mable data processing apparatus, and/or other devices
to function in a particular manner, such that the computer
readable storage medium having instructions stored
therein comprises an article of manufacture including in-
structions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.
[0056] The computer readable program instructions
may also be loaded onto a computer, other programma-
ble data processing apparatus, or other device to cause
a series of operational steps to be performed on the com-
puter, other programmable apparatus or other device to
produce a computer implemented process, such that the
instructions which execute on the computer, other pro-
grammable apparatus, or other device implement the
functions/acts specified in the flowchart and/or block di-
agram block or blocks.
[0057] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and
computer program products according to various embod-
iments of the present invention. In this regard, each block
in the flowchart or block diagrams may represent a mod-
ule, segment, or portion of instructions, which comprises
one or more executable instructions for implementing the
specified logical function(s). In some alternative imple-
mentations, the functions noted in the block may occur
out of the order noted in the figures. For example, two
blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block
of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flow-
chart illustration, can be implemented by special purpose
hardware-based systems that perform the specified func-
tions or acts or carry out combinations of special purpose
hardware and computer instructions.
[0058] As used herein, the term stomach lumen (or
stomach) is meant to include other locations in the diges-
tive tract in which tubes delivering enteral nutrition may
be placed in patients, for example, the duodenum, the
jejunum, and other locations.
[0059] As used herein, the term tube means a tube
used to deliver nutrients (e.g., fluid, feeding material, en-
teral nutrition) to the stomach lumen, for example, a na-

sogastric (NG) tube, an nasojejunal (NJ) tube, and per-
cutaneous endoscopic gastrostomy (PEG) tube.
[0060] As used herein, the term fluid is meant to include
enteral nutrients delivered to the stomach of the patient,
for example, foods in liquid form, water, protein, carbo-
hydrates, fat, mineral, and vitamins.
[0061] As used herein, the term gastric emptying rate
means a rate calculated over a period of time (for exam-
ple, approximately instantaneously, over an hour, over 4
hours, over 8 hours, over one day, over 3 days, or other
time periods). The gastric emptying rate refers to the rate
at which the stomach of the patient empties itself (further
into the digestive tract, into the small intestine) of contents
that mostly include enteral fluids provided using the tube.
The gastric emptying rate may include other body sec-
tions, for example, stomach acids, and saliva.
[0062] As used herein, the term stomach emptying
event means a period of time during which the stomach
empties its contents into the intestine. The terms gastric
emptying rate and stomach emptying event may some-
times be interchanged. For example, detection of the time
interval during which the stomach emptying event occurs
may be used for calculation of the gastric emptying rate.
The terms gastric emptying rate and stomach emptying
event may sometimes be included within one another,
for example, calculation of the gastric emptying rate may
include detection of the stomach emptying event. It is
noted that the different terms result from the fact that
stomach emptying is not a continuous process but ap-
pears as a bolus type process, while the feeding rate for
the patient is based on the time average phenomena.
[0063] As used herein, the term flow rate, or flow rate
of fluid entering the stomach, or feeding rate means the
rate of fluid flowing into the stomach through the tube.
[0064] As used herein, the term stomach fluid level, or
stomach fluid volume means the calculated volume
and/or level of fluid in the stomach. The stomach fluid
level may remain decrease, for example, when the stom-
ach is emptying itself and/or when the gastric emptying
rate is larger than the flow rate of fluid entering the stom-
ach, which may occur, for example, due to under-feeding,
and/or may occur after a feeding session. The stomach
fluid level may increase, for example, when the gastric
emptying rate is smaller than the flow rate of fluid entering
the stomach, which may occur during overfeeding and/or
decreased peristalsis and/or decreased gastric emptying
activity. The stomach fluid level may remain substantially
unchanged (e.g., within a margin of error), for example,
when the flow rate is adjusted to match the gastric emp-
tying rate.
[0065] Reference is now made to FIG. 1A, which is a
method for calculating a gastric emptying rate based on
signals received from stomach sensors positioned in a
stomach lumen of a patient, in accordance with some
embodiments of the present invention. Reference is also
made to FIG. 2, which is a block diagram of components
of a system that calculates the gastric emptying rate
based on signals received from stomach sensors posi-
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tioned in the stomach of the patient, in accordance with
some embodiments of the present invention. The flow
rate of fluid being delivered to the stomach of the patient
may be adjusted according to the calculated gastric emp-
tying rate, optionally to maintain the fluid level of stomach
fluid below a predefined requirement, which may reduce
the risk of aspiration pneumonia. The adjustment may
be performed to match the flow rate of fluid being deliv-
ered to the stomach of the patient to the actual ability of
the patient to receive (e.g., ingest and/or absorb) the fluid,
as measured by the calculated gastric emptying rate.
[0066] The systems and/or methods described herein
provide a monitoring and/or control mechanism for a
process that delivers fluids to a stomach of a patient using
a tube. The systems and/or methods provide acts and/or
functions that act in concert to improve the technical field
of controlling and/or adjusting fluid delivery to the patient
using the tube- closed loop feeding. By measuring (e.g.,
in real-time, or close to real-time) how the stomach of the
patient is actually emptying, the systems and/or methods
allow for dynamic control of the fluid delivered to the pa-
tient. Such control may help prevent complications, such
as aspiration pneumonia, due to over feeding and filing
of the stomach with an excess volume of fluid. Such con-
trol may help patients receive their requirement daily nu-
trients, by dynamically matching the fluid delivered to the
patient with the ability of the stomach to empty the fluid
contents into the small intestine, which may vary during
the day, due to administration of medications, and/or due
to other events.
[0067] The systems and/or methods described herein
operate in a closed loop manner. A fluid delivery rate is
selected for feeding the patient using the tube, for exam-
ple, automatically generated based on patient parame-
ters entered using a GUI. The gastric emptying rate which
represents the real-time ability of the patient to safety
ingest the food (i.e., reducing risk of aspiration pneumo-
nia) is automatically calculated as described herein. The
fluid delivery rate may be adjusted according to the gas-
tric emptying rate, optionally matched to the gastric emp-
tying rate. Suggestions for feeding may be automatically
generated and presented on a GUI for selection by a user.
[0068] System 200 includes a tube 202 (optionally flex-
ible) for insertion into a stomach of a patient 204. Tube
is connected to a fluid source 206 (e.g., feeding bag)
located externally to the body the patient, for example, a
bag of nutrients for enteral delivery. One or more flow
sensors 208 generate signals used to measure the flow
rate of fluid from fluid source 206 being delivered to stom-
ach of patient 204 via tube 202.
[0069] One or more stomach sensors 210 may be cou-
pled to tube 202 (e.g., integrated within walls of tube 202,
and/or temporarily affixed to tube 202, and/or permanent-
ly connected to tube 202) and/or inserted using another
probe (e.g., solid or hollow tube). Signals generated by
sensors 208 and/or 210 are received by a sensor inter-
face 212 of control unit 214. One or more processors 216
(e.g., central processing unit, graphics processing unit,

field programmable gate array, which may be organized
as a cluster of processors for distributed processing) im-
plement code stored in a program store 218 (e.g., a local
and/or remote storage device and/or memory) to process
the received signals, and calculate the gastric emptying
rate and/or other values.
[0070] Control unit 214 may include or be in commu-
nication with a data repository 220 storing medical
records 222A, and/or a pattern repository 222B (e.g., a
database of patterns, a model of patterns, a trained sta-
tistical classifier for analyzing signals, and/or functions
that map signals to one or more patterns.) Control unit
214 may be in communication with a user interface 224
that displays data and/or received data entered by a user,
for example, a display, a touchscreen, a keyboard, a
mouse, and voice recognition software.
[0071] Control unit 214 may be implemented in hard-
ware and/or software, as a stand-alone unit, and/or inte-
grated into an existing unit. For example, control unit 214
may be implemented by a server, as a unit integrated
with flow control mechanism 236, or as a portable device.
[0072] Control unit 214 may communicate with one or
more client terminals 226 over a network 228 (e.g., the
internet, a private local network, a wireless network, a
cellular network) via a network interface 230. Examples
of client terminals 226 include tablets, laptops, mobile
devices, smartphones, wearable computers, desktop
computers, watch computers, and glasses computers.
Code to implement a GUI 232 may be stored on client
terminal 226.
[0073] Control unit 214 may communication using a
flow interface 234 with a flow control mechanism 236 that
automatically controls the flow rate of fluid through tube
202, for example, using a computer controlled pump
and/or valve. Control unit 214 may generate instructions
to dynamically adapt the flow rate by flow control mech-
anism 236.
[0074] The acts of the method described with reference
to FIG. 1A, may be performed by system 200 described
with reference to FIG. 2. Processing of signals, calcula-
tion of values such as the gastric emptying rate, and/or
generation of instructions may be performed by proces-
sor(s) 216 of control unit 214 implementing instruction
code stored in program store 218.
[0075] Optionally, at 102, tube 202 is positioned within
stomach of patient 204, for example, threaded through
the nose, the mouse, or a surgically created opening.
Tube 202 may be coupled to stomach sensors 210, op-
tionally coupled on a feeding tube. Alternatively, stomach
sensors 210 are inserted separately from tube 202, for
example, as a separate probe. Alternatively, stomach
sensors 210 are inserted together with tube 202, for ex-
ample, sensors 210 are located on a sheath positioned
externally to tube 202, and inserted together with tube
202.
[0076] Stomach sensors 210 may be positioned along
the length of the medial to the distal end portion of tube
202, spaced apart from one another. The spacing may
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be selected, for example, based on the desired precision
in measurements (the number of sensors may be limited
by the number of conductors that can be housed in the
tube’s wall). Closer spacing may allow for increased pre-
cision of measurements.
[0077] Stomach sensors 210 may include one or more
different types of sensors.
[0078] Optionally, stomach sensors 210 include im-
pedance sensors that measure impedance. Stomach
sensors 210 generate electrical signals that may be proc-
essed to calculate impedance measurements.
[0079] Optionally, each impedance sensor includes
one or more electrodes that may encircle tube 202. Op-
tionally, each impedance sensor includes one or more
annular or helical electrodes. Optionally, each imped-
ance sensor includes parallel strip electrodes which are
circular and dividedly placed around a common segment
of the tube. Optionally, each electrode covers an area of
about 1 square millimeters (mm2) and 150 mm2 or other
values. Optionally, between 2 and 20 electrodes are used
in each impedance sensor. Optionally, the distance be-
tween each pair of parallel electrodes is between about
3 mm and about 30 mm. Optionally, the electrode is made
of steel, stainless steel, brass, copper, platinum, silver,
gold, aluminum alloy, zinc, nickel, tin, magnesium alloy,
bronze, carbon of all sorts, phosphor bronze, conductive
polymers and/or any composition thereof and/or any alloy
therefrom. Optionally, the electrodes are printed on the
peripheral surface of the tube. Optionally, the electrodes
are coated with Gold, Silver, Nickel, Zinc, Tin, Copper
and/or any composition thereof and/or any alloy there-
from. Optionally the conductive strip is later coated by an
insulator such as parylane, the electrodes are shaped as
circular, rectangular, and/or triangular spots. Additional
details of exemplary impedance sensors are described,
for example, with reference to United States Patent Ap-
plication Publication Number 2013/0158514, incorporat-
ed herein in its entirety.
[0080] Alternatively or additionally, stomach sensors
210 include fluid sensors that measure the presence of
fluid in proximity to the respective sensor. Fluid sensors
may sense fluid, for example, by measuring pressure,
using an ultrasound sensor, a laser sensor, and/or a di-
electric sensor.
[0081] Alternatively or additionally, stomach sensors
210 include peristaltic sensors that detect stomach
movement, such as contraction of muscles of the stom-
ach. Examples of stomach sensors include pressure sen-
sors that detect change in pressure due to stomach
movement, and/or electrical and/or motion/strain sen-
sors that detect electrical activity of moving muscles op-
tionally an impedance sensor.
[0082] As used herein, the term tube may sometimes
mean the feeding tube that delivers the fluid to the stom-
ach of the patient, and/or may sometimes mean or in-
clude the tube portion connecting a feeding bag to the
feeding tube, for example, when the feeding bag is sold
separately from the feeding tube, and the feeding bag

includes a tube component that connects to the feeding
tube.
[0083] Reference is now made to FIG. 3, which is a
schematic of an exemplary tube system 300 including
one or more of: a connecting tube 302 (e.g., which con-
nects to tube 202 of FIG. 2) for delivery of fluid (i.e., nu-
trition, food, water, medication) from a bag 306 (e.g., cor-
responding to reservoir 206) to the stomach of the patient,
flow sensor(s) 308 (e.g., corresponding to flow sensors
208) for measuring the rate and/or volume of delivered
fluid, and/or a flow control mechanism 336 (e.g., corre-
sponding to flow control mechanism 236) for controlling
the rate and/or volume of delivered fluid, in accordance
with some embodiments of the present invention. System
300 may be designed for compatibility with existing feed-
ing tubes, for example, having a connector section 350
designed for connecting to the enteral feeding tube that
is inserted into the stomach of the patient.
[0084] Flow control mechanism 336 may be imple-
mented, for example, as a pinch valve, a pump, and/or
other flow control mechanisms that works in conjunction
with 308 flow rate sensor, in a feedback mechanism to
measure the flow rate and control the flow rate (e.g., ac-
cording to the selected feeding rate). The pinch valve
implementation allows different flexible (e.g., elastic)
tubes 302 (which may be off-the-shelf) to be placed within
mechanism 336, which controls flow by changing the
cross sectional area of tube 302 by pinching the external
walls. Mechanism 336 may be used with multiple dispos-
able tubes 302.
[0085] An example of an implementation of flow sensor
308 is OEM Liquid Flow Sensors LG16/LG216 made by
Senserion AG of Switzerland. Flow sensor 308 may be
coupled to tube 302, for example, by a ring or semi-ring
through which tube 302 passes. Optionally, flow sensor
308 is designed to measure the flow rate with an accuracy
of about +/- 1%, or about +/- 5%, or about +/- 0.5%, or
other values. Optionally, flow sensor 308 is a drop and/or
drip measurement and/or analyzer, for example, as de-
scribed in International Patent Application No.
IL2015/051143, filed on November 24, 2015, by the same
inventors as the present application, incorporated herein
by reference in its entirety.
[0086] Tube 302 and/or bag 306 may be made from
FDA approved polymer, or other materials approved for
enteral feeding of patients.
[0087] Reference is now made to FIG. 4, which is a
schematic of an exemplary pinch valve 436 implemen-
tation of fluid control mechanism 236 and/or 336 for con-
trolling the rate of fluid flowing through a tube into the
stomach of a patient, in accordance with some embodi-
ments of the present invention. Pinch valve mechanism
436 may be implemented, for example, based on a linear
motor actuated pinch valve, and/or a motor driven ec-
centric pinch mechanism. Pinch valve mechanism 436
pinches tube 202 by applying pressure through the outer
wall of tube to reduce the cross sectional area, reducing
the rate of fluid flow. At 450, pinch valve 436 does not
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apply pressure to tube 402, allowing fluid flow through
the complete cross sectional area. At 452 and 454, mech-
anism 436 applies partial pressure to reduce the cross
sectional area of tube 202, reducing the rate of fluid flow-
ing through tube 202. At 456, mechanism 436 applies
full pressure to close off the cross sectional area of tube
202, preventing flow of fluid through tube 202.
[0088] Referring now back to FIG. 1A, optionally, at
104, a calibration is performed manually and/or automat-
ically. The calibration may be performed by designating
a baseline indicative of a value of a baseline stomach
fluid volume and/or fluid level. The baseline may be used
as a relative point and/or an absolute level from which
increases or decreases in stomach fluid level and/or vol-
ume may be measured. The baseline stomach fluid level
and/or volume may be measured automatically, for ex-
ample, by detecting a pattern from stomach sensors 210,
such as by pressing a calibration button to capture the
initial baseline pattern (which may be stored in data re-
pository 220). The level of fluid may be determined based
on differences in signals generated by the stomach sen-
sors. Sensors within the fluid may generate one type of
signal, and sensors above the fluid may generate a dif-
ferent type of signal, allowing measurement or setting of
the baseline of the actual location of the fluid level relative
to the sensor position along the tube or probe. Optionally,
the baseline is measured and/or set when the stomach
of the patient is empty (i.e., of food, the stomach may
include stomach secretions), for example, after the pa-
tient has not been fed for at least 6 hours, or 12 hours,
or 24 hours, for example, as may occur upon admission
of the patient, and/or in preparation for surgery.
[0089] Alternatively or additionally, the baseline may
be measured, for example, by extracting the current fluid
within the stomach (e.g., using a syringe or pump), meas-
uring the extracted fluid volume, and setting the baseline
according to the measurement. The extracted fluid may
be returned to the stomach of the patient.
[0090] Optionally, a baseline gastric emptying rate is
set, for example, by measuring a baseline change in
stomach fluid level and/or volume over a predefined pe-
riod of time, for example, an hour, or four hours. The
baseline gastric emptying rate may be an absolute meas-
urement, and/or a relative measurement from which
changes in gastric emptying rate may be measured.
[0091] At 106, electrical signals from stomach sensors
210 are received by control unit 214 via sensor interface
212. Signals may be received by a wire and/or wireless
communication channel. Signals may undergo process-
ing before and/or after reception, for example, filtration,
amplification, and/or analogue to digital conversion.
[0092] Signals may be received continuously, period-
ically, and/or other points in time.
[0093] At 108, the received electrical signals are ana-
lyzed to identify one or more patterns indicative of gastric
emptying rate from the stomach lumen to a small intestine
of the patient. The pattern indicative of gastric emptying
rate may represent a fluid level or change in fluid level

associated with the gastric emptying rate. For example,
a rising fluid level may be indicative of a relatively lower
gastric emptying rate, which may suggest a digestive
problem due to delayed emptying. For example, a falling
fluid level may be indicative of a relatively higher gastric
emptying rate, which may suggest normal functioning of
the digestive system. For example, a stable fluid level
may be indicative of a shut down digestive system, or a
steady-state in which the rate of fluid entering the stom-
ach is substantially matched to the gastric emptying rate.
[0094] The analysis may be performed for individual
spans of time (e.g., points in time or other short time
periods) and/or based on multiple points in time and/or
a continuous block of time, such as a time range and/or
in loops every t time cycle.
[0095] The received electrical signals may be analyzed
according to which sensor generated the respective sig-
nal, such as the position of the sensor along the tube
associated with respective signal(s). The received elec-
trical signals may be analyzed according to the sensor
type that generated the signal.
[0096] The identification of the pattern may be per-
formed based on data stored in pattern repository 222B,
for example, by using a look-up table of experimental
data measured from patients that maps sensor signals
to empirically measured gastric emptying rates and/or
empirically measured fluid volumes, by using a set of
functions that calculate the gastric emptying rate and/or
fluid level from the received signals, and/or a trained sta-
tistical classifier that classifies received signals into one
of multiple gastric emptying rates and/or fluid levels. The
pattern may be identified by matching the received sig-
nals to one or more stored patterns, optionally stored in
a pattern database.
[0097] The identification of the pattern may be per-
formed based on the impedance sensors measuring im-
pedance. The impedance measurements may be used
to identify the height of the fluid along the tube based on
the sensor signals, based on impedance of air and fluid.
[0098] The identification of the pattern may be per-
formed based on the fluid level sensors that detect the
presence of fluid. The presence of air of fluid may be
used to identify the height of the fluid along the tube based
on the sensor where fluid switches to air.
[0099] The identification of the pattern may be per-
formed based on the peristalsis (or other stomach me-
chanical and/or electrical activity) measured by the per-
istalsis sensors. The presence of one or more signal pat-
terns of electrical and/or mechanical activity may be in-
dicative of post-meal or intra-meal peristalsis.
[0100] Reference is now made to FIG. 5, which is an
exemplary recording of stomach activity recorded over
several hours, in accordance with some embodiments of
the present invention. The recording is based on imped-
ance measurements from stomach sensors. The record-
ing may be analyzed to identify one or more patterns
indicative of peristalsis, and/or other patterns associated
with food intake, and/or patterns indicating that the stom-
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ach is ready for another meal. The analysis may be per-
formed by correlating the recording to delivered meals
and/or measurements of gastric emptying. The identified
patterns may be stored in pattern repository 222B, and
used for matching sensor signals to detect significant
stomach activity, which may be used to adjust fluid flow
into the stomach of the patient. For example, FIG. 6 is a
pattern identified from the recording of FIG. 5 represent-
ing peristalsis of the stomach after a meal, in accordance
with some embodiments of the present invention. Match-
ing sensor signals to the pattern of FIG. 6 indicates that
the stomach is emptying its fluid contents, which may be
a detected stomach emptying event. Based on the
matched pattern, additional fluid may be delivered to the
stomach based on the assumption that the stomach is
ready for another feeding session. Other example of a
pattern that may be matched includes detecting a rising
impedance level, suggesting that air is present in the
stomach, and that the stomach has additional space for
food. Yet another example of a pattern that may be
matched includes detecting the level of fluid reaching to
the top of the stomach, such as by the stomach sensor
close to the lower esophageal sphincter (LES), which
indicates that the stomach is full (or at capacity, or close
to full) of fluid, which may be used to generate instructions
to stop fluid delivery.
[0101] Referring now back to FIG. 1A, optionally, the
pattern is indicative of a volume and/or level of fluid in
the stomach. The gastric emptying rate may be calculat-
ed based on detecting changes in the fluid volume and/or
level in the stomach lumen over a period of time.
[0102] The pattern may be indicative of a relatively high
fluid level in the stomach, for example, above a require-
ment (e.g., threshold or range), for example, above about
100 mL, or 150 mL, or 300 mL, or 500 mL, or other vol-
umes. The high fluid level may represent a high risk for
developing aspiration pneumonia.
[0103] The pattern may be indicative of a relatively low
fluid level in the stomach, for example, below the require-
ment. The low fluid level may represent a low risk for
developing aspiration pneumonia.
[0104] Reference is now made to FIG. 7, which is a
schematic depicting a pattern based on fluid level in the
stomach, and/or changes in the fluid level, in accordance
with some embodiments of the present invention. Arrow
750 depicts a fluid level 760 which is below a level sensor
710 (e.g., fluid sensor, stomach sensor 210), which does
not detect the presence of fluid, and/or detects the pres-
ence of air the stomach may be empty due to the fact
that for a previous IV feeding. The detection of gastric
content presence in sensor 710 in the upper stomach
area, using impedance sensor for example, generates
instructions to automatically stop the feeding process
752. Arrow 752 depicts a rise in the fluid level to reach
the level sensor by filling the stomach using the tube or
other means in a known pre-set flow rate, which detects
the presence of fluid. The sensor detection may be in-
dicative of, for example, a substantially full stomach after

meal delivery, which may be used to generate instruc-
tions to automatically stop delivery of the fluid, for exam-
ple for a pre-set by the system, "t" time, for example 60
minutes. Arrow 754 depicts a emptying of the stomach
of the fluid level below the fluid sensor for the pre-set
time, optionally below the level of 750. The pattern may
be indicative of, for example, emptying of the stomach
after and/or during a meal, which may be used to gener-
ate instructions to deliver more fluid and/or to calculate
gastric emptying rate. Arrow 756 depicts a rise in the fluid
level back to the level sensor with the same pre-set flow
rate used in 752. The re-detection of fluids by the level
sensor may be indicative of, for example, a rise in the
fluid level of the stomach, and allow for example, the
calculation of the gastric emptying rate in that exact point
in time. Due to dynamic changes in patient condition in
ICU 750-756 process may be automatically repeated
every "z" time which may indicate on improvement or
declining patient state. Instructions may be automatically
generated to stop or reduce the rate of fluid delivery. The
gastric emptying rate representing the gastric emptying
rate may be calculated, for example based on the rela-
tionship Quantity = Digestion Rate X (Interval Time +
Feeding Time).
[0105] Referring now back to FIG. 1A, the pattern may
be indicative of emptying of the stomach of an enterally
delivered food dose, that the stomach empty and in a
state ready for a next enterally delivered food dose, a
delayed emptying of the stomach of the enterally deliv-
ered food, and that the stomach is filling up with enterally
delivered food.
[0106] Optionally, at 110, flow rate signals are receive
by control unit 214 from flow sensor(s) 208 via flow in-
terface 234. Signals may be received by a wire and/or
wireless communication channel. Signals may undergo
processing before and/or after reception, for example,
filtration, amplification, and/or analogue to digital conver-
sion.
[0107] Signals are processed to obtain measurements
of the volume and/or rate of flow of fluid delivered to the
stomach of the patient. The measurements may be cal-
culated by control unit 214 and/or flow control mechanism
236, and/or by flow sensor 208.
[0108] At 112, the gastric emptying rate is calculated
based on the identified pattern, optionally in view of the
received flow rate measurement. Alternatively or addi-
tionally, a stomach emptying event is detected based on
the indentified pattern, for example, by detecting a stom-
ach peristalsis event and/or detecting a decrease in the
fluid level, and/or detecting a stable fluid level in view of
a flow rate of fluid entering the stomach. The calculation
may be performed by processor 216 of control unit 214
implementing code stored in program store 218.
[0109] Optionally, the fluid level in the stomach is cal-
culated manually and in 4 hours intervals (as indicated
in the literature), based on the identified pattern. The fluid
level in the stomach may be indicative of the gastric re-
sidual volume (GRV), and may be used by healthcare

21 22 



EP 3 223 688 B1

13

5

10

15

20

25

30

35

40

45

50

55

professionals to make medical decisions based on GRV.
The GRV may be indicative of the risk of developing as-
piration pneumonia, and/or used in making feeding de-
cisions. The gastric emptying rate may be calculated
based on the calculated fluid level. The down side of this
method is that it is manual labor for the nurses (approx.
5 minutes to each patient) every 4 hours and to all patients
in the unit-30 minutes per patient per day. Yet another
problem is the food wasted in the GRV-suction method,
repeatedly. But the biggest downside is that it is not real-
time. The patient may have reflux in between the 4 hours
(which they do) and that causes aspiration of gastric fluid
to the bronchial tree and lungs that causes pneumonia.
[0110] The gastric emptying rate may be calculated
based on changes in the fluid level relative to the baseline
pattern, for example, whether the fluid level in the stom-
ach is rising, falling, or staying the same over a predefined
period of time.
[0111] The calculation of the gastric emptying rate may
be based on the identified pattern of stomach peristalsis
(or other electro-mechanical stomach activity). For ex-
ample, guiding the calculation on whether the stomach
appears to be emptying, or at rest.
[0112] Exemplary methods for calculating the gastric
emptying rate include:

* When the identified pattern is indicative of emptying
of the stomach of an enterally delivered food dose,
the gastric emptying rate may be calculated as ap-
proximately equal to the flow rate of fluid entering
the stomach, based on the assumption that the stom-
ach is able to empty the entering fluid. When the
stomach contains fluid, the gastric emptying rate
may be calculated as the flow rate of fluid entering
the stomach added to the fluid inside the stomach,
based on the assumption that the stomach is able
to empty both the entering fluid and the current stom-
ach contents.
* When the identified pattern is indicative of that the
stomach is empty and in a state ready for a next
enterally delivered food dose, the gastric emptying
rate may be calculated as zero, based on the as-
sumption that the stomach is ready to accept more
fluid but fluid is not currently being delivered.
* When the identified pattern is indicative of a delayed
emptying of the stomach of the enterally delivered
food, the gastric emptying rate may be calculated as
the difference between the flow rate of fluid entering
the stomach and the rising fluid volume in the stom-
ach, based on the assumption that the stomach is
not emptying the entering fluid fast enough.
* When the identified pattern is indicative of that the
stomach is filling up with enterally delivered food, the
gastric emptying rate may be calculated as the dif-
ference between the flow rate of fluid entering the
stomach and the rising fluid volume in the stomach,
based on the assumption that the stomach is not
emptying the entering fluid fast enough.

* When the identified pattern is indicative of a rising
fluid level, the gastric emptying rate may be calcu-
lated as the difference between the flow rate of fluid
entering the stomach and the rate of rise of the fluid
volume in the stomach, based on the assumption
that the stomach is not emptying the entering fluid
fast enough.
* When the identified pattern is indicative of a falling
fluid level, the gastric emptying rate may be calcu-
lated as the sum of the flow rate of fluid entering the
stomach and the fluid volume in the stomach that is
decreasing, based on the assumption that the stom-
ach is emptying both the fluid entering the stomach
and the current volume of fluid in the stomach.
* When the identified pattern is indicative of a sub-
stantially stable fluid level (e.g., according to a pre-
defined requirement), the gastric emptying rate may
be calculated as approximately equal to the flow rate
of fluid entering the stomach, based on the assump-
tion that the fluid entering the stomach is being emp-
tied by the stomach.
* When the identified pattern is indicative of a high
fluid level (e.g., above the requirement and/or within
a range) the GRV may be calculated, for example,
by calculating the absolute value of the volume cur-
rently in the stomach, and/or based on the flow rate
of the fluid that entered the stomach less the calcu-
lated gastric emptying rate that exited the stomach.
The GRV may be used to assess the risk of aspiration
pneumonia, and optionally to lower the flow rate of
fluid entering the stomach to reduce the risk.
* When the identified pattern is indicative of a low
fluid level (e.g., below the requirement and/or within
a range), the GRV may be calculated and/or moni-
tored, and/or the flow rate of fluid entering the stom-
ach may be monitored, for example, to ensure that
the total nutrient requirements of the patient are be-
ing met with sufficient fluid flow into the stomach of
the patient.
* When the identified pattern is indicative of a desired
fluid level (e.g., within a range), the GRV may be
calculated and/or monitored, for example, to main-
tain the GRV at the desired fluid level.

[0113] At 114, an indication of the calculated gastric
emptying rate, and/or calculated fluid level, and/or iden-
tified pattern, and/or identified stomach emptying event
is outputted by control unit 214. The indication may be
formatted for presentation and/or storage.
[0114] The indication may be transmitted for presen-
tation by GUI 232 and/or user interface 224, for example,
displayed as a number, message, and/or graph on a dis-
play. The indication may be stored in data repository 220,
optionally for use in other calculations, to assess trends
and/or calculate long term gastric emptying rates. The
indication may be transmitted to other processes imple-
mented by a processor executing code instructions, for
example, to update the trained statistical classifier,
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and/or collect research data.
[0115] Optionally, at 116, the gastric emptying rate
and/or fluid level is analyzed by control unit 214, by proc-
essor 216 implementing code stored in program store
218.
[0116] Optionally, the analysis includes comparing the
calculated gastric emptying rate to a target fluid delivery
rate. The target fluid delivery rate may represent the
amount of fluid that the patient requires in order to be
supplied with sufficient nutrients. The target fluid delivery
rate may be obtained, for example, manually entered by
a user, retrieved from a database, and/or calculated from
an equation or algorithm.
[0117] The target fluid delivery rate may be variable
(e.g., represented as a function of time, a function of meal
events, and/or a function of medications), for example,
varying throughout the day, according to when meals are
administered, and/or according to when medications are
administered. The comparison may be performed, for ex-
ample, continuously, and/or iteratively such as at defined
periods of time, for example, hourly.
[0118] The comparison process may generate an in-
dication: when the target fluid delivery rate is being met,
is predicted to be met, is not currently being met, is cur-
rently being met but predicted not to be met, or is currently
not being met but predicted to be met.
[0119] Alternatively or additionally, the calculated gas-
tric emptying rate is compared to the measured flow rate
of fluid entering the stomach. The comparison process
may generate an indication: when the gastric emptying
rate matches the measured flow rate (i.e., within a toler-
ance requirement) which may indicate that fluid is being
delivered correctly, when the gastric emptying rate is
higher than the measured flow rate which may indicate
that the patient is not being supplied with sufficient fluid,
and when the gastric emptying rate is lower than the
measured flow rate which may suggest that the patient
is being overfed and at risk of aspiration pneumonia.
[0120] Alternatively or additionally, the volume and/or
level of fluid in the stomach is monitored, by comparing
the volume and/or fluid level to the gastric emptying to a
target requirement (e.g., threshold, range), for example,
defined based on risk of aspiration pneumonia. An indi-
cation of whether the volume of fluid in the stomach meets
the requirement or does not meet the requirement may
be generated and presented. The target requirement
may vary, for example, as a function of time, meal ad-
ministration, and/or drug delivery.
[0121] The comparison may be performed within a pre-
defined margin of tolerance.
[0122] At 118, control unit 214 generates instructions
to dynamically adjust the flow rate of fluid entering the
stomach lumen from an external source according to the
comparison. The instructions are designed to match the
flow rate to the gastric emptying rate, for example, to
increase or decrease the current flow rate according to
the calculated gastric emptying rate. The instructions are
outputted via flow interface 234 for implementation by

flow control mechanism 236, optionally automatically and
dynamically. In this manner, the flow rate is dynamically
and automatically adjusted, optionally in real time, to help
make sure that the patient is receiving adequate nutrition,
while reducing the risk of aspiration pneumonia due to
over feeding, and/or reducing the risk of malnutrition due
to under feeding.
[0123] Instructions may be formatted, for example, as
machine readable code, as a human readable script, as
network messages, and/or in other formats.
[0124] At 120, the fluid treatment plan is automatically
evaluated, optionally by control unit 214, and/or client
terminal 226, and/or an external server.
[0125] Optionally, an indication suggesting administra-
tion of a gastroprokinetic drug is generated when the gas-
tric emptying rate is lower than the target fluid delivery
rate according to a target gap. The indication may be
generated when the flow rate of fluid entering the stom-
ach is above the gastric emptying rate, and/or when the
fluid level in the stomach is rising. Such a scenario may
suggest that the gastrointestinal activity of the patient is
suppressed and needs medical assistance in order to be
able to receive the necessary nutrients. The indication
may be displayed as a message to health professionals,
for example, by GUI 232 and/or on use interface 224,
and/or transmitted to an automatic drug delivery machine
to automatically administer the drug. Reference is now
made to FIG. 8, which is a flowchart of an exemplary
method for generating an indication suggesting admin-
istration of the gastroprokinetic drug, in accordance with
some embodiments of the present invention. The indica-
tion for gastroprokinetic is generated when the stomach
is determined to be at a low fluid level state and/or the
calculated gastric emptying rate is low, and the daily nu-
trient requirements are not being met, or predicted to not
be met.
[0126] Referring now back to block 120 of FIG. 1A,
alternatively or additionally, a suggested personalized
nutrition regimen is created for the patient according to
the indication of the gastric emptying rate, by control unit
214, by client terminal 226, and/or by another server. GUI
232 presents the suggested personalized nutrition regi-
men on a display of client terminal 226. Code calculates
the suggested personalized nutrition regimen for the pa-
tient according to the indication of the gastric emptying
rate and the medical state of the patient.
[0127] The suggested personalized nutrition regimen
may be selected using a datastore storing at least one
medical state of the patient affecting diet, such as medical
records 222A, for example, whether the patient has kid-
ney impairment, diabetes, cardiovascular disease,
and/or other medical conditions that require special diets.
The ability of the patient to absorb and/or ingest the food,
which may be determined based on the calculated gastric
emptying rate, may be used to determine the fluid delivery
plan for the patient.
[0128] The fluid delivery plan may be automatically ad-
ministered and/or monitored by the systems and/or meth-
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ods described herein.
[0129] Reference is now made to FIG. 1B, which is a
flowchart of another exemplary method for automatic cal-
culation of the gastric emptying rate, in accordance with
some embodiments of the present invention. The method
of FIG. 1B may be implemented by system 200 of FIG.
2, for example, one or more acts of FIG. 1B are executed
by processor 216 of control unit 214 implementing code
stored in program store 218. The acts of the methods
may be performed during an enteral tube feeding session
(using the tube in the stomach of the patient) by a feeding
mechanism (e.g., flow control mechanism 236 of FIG. 2).
The method of FIG. 1B may be a variation of the method
described with reference to FIG. 1A. Reference will also
be made to FIG. 7 to illustrate the acts of the method.
[0130] At 150, a tube is disposed in the stomach, for
example, as described with reference to block 102 of
FIG. 1A.
[0131] Optionally, tube 202 includes one or more stom-
ach sensors 210 located at a predefined distance away
from the distal end of tube 202, and tube position is con-
tinuously monitored and in real time, optionally, using the
systems and/or methods (e.g., sensors) described in In-
ternational Patent Application No. IL2015/050262 filed
on March 12, 2015, incorporated herein by reference in
its entirety, for the verification that the portion of the tube
is in its supposed location, for example, about 5 centim-
eters (cm), or about 10 cm, or other distances. The loca-
tion of sensor 202 may be selected to be within the stom-
ach, in proximity to the lower esophageal sphincter
(LES), but not within the esophagus, for example, within
about 1 cm, or about 3 cm o the LES. The location of the
stomach sensor 210 may be selected (e.g., by the man-
ufacturer, which may fix the stomach sensor at the se-
lected location on a tube being sold) based on the pre-
dicted size and/or volume of the stomach, such that the
sensor is located within the fluid, close to the fluid-air
interface when the stomach is full or mostly full with fluid.
Optionally, a single sensor 210 is used. For example,
sensor 710 as shown in image 750 of FIG. 7. The stomach
may include a known or un-known amount of fluid, for
example, shown as a first fluid level 760 in image 750 or
can be completely empty.
[0132] At 152, a personalized nutrition plan for feeding
of the patient using tube 202 is received by control unit
214, for example, as discussed with reference to block
120 of FIG. 1A. The personalized nutrition plan includes
a target fluid delivery rate (e.g., mL/hour), which may
vary, for example, at different hours of the day retrieved
automatically by the dietician using an app on a tablet,
laptop or smartphone using patient data inserted or au-
tomatically collected from electronic patient medical
records, along with his personal restriction e.g. lactose
intolerance, and his condition using disease base algo-
rithm or harris benedict algorithm that are known in the
literature- as shown in figs. 13A-13D.
[0133] The personalized nutrition plan may be auto-
matically calculated for the patient based on one or more

patient parameters, using tables, equations, relation-
ships, and/or other methods of calculating personalized
nutrition plans, for example, as discussed with reference
to FIGs. 9-10.
[0134] Optionally, GUI 232, which may be implement-
ed by executing instruction code by client terminal 226
or control unit 214 (e.g., via user interface 224), allows
a healthcare worker to enter patient parameters and cal-
culate the personalized nutrition plan.
[0135] Reference is now made to FIGs. 13A-13D,
which are exemplary GUI screens for allowing a health-
care worker to enter patient parameters for automatic
determination of the personalized nutrition plan, in ac-
cordance with some embodiments of the present inven-
tion.
[0136] FIG. 13A is a GUI screen allowing the health-
care worker to enter patient data, such a demographics
(e.g., gender, date of birth, height, weight), and medical
restrictions on diet. GUI may allow the healthcare worker
to enter a patient ID, which may link to electronic patient
medical records.
[0137] FIG. 13B is another GUI screen, which may fol-
lowing the screen of FIG. 13A. The GUI of FIG. 13B may
display a suggested meal plan, and/or allow the user to
adjust the suggested plan. The GUI may allow the use
to select the method of calculating the suggested plan,
for example, based on Harris-Benedict equation, or
based on disease condition. The GUI may display patient
parameters calculated from the data entered using the
GUI of FIG. 13A, for example, age and body mass index
(BMI). The GUI may allow entering additional data, for
example, medical conditions the patient is currently ex-
periencing (e.g., acute conditions).
[0138] FIG. 13C is yet another GUI screen, which may
following the screen of FIG. 13B. The GUI of FIG. 13C
allows the user to select additional patient diseases (e.g.,
chronic conditions). The GUI may display different for-
mulas that are available, from which the user may select.
[0139] FIG. 13D is yet another GUI screen, which may
follow the screen of FIG. 13C. The GUI of FIG. 13D dis-
plays the determined personalized nutrition plan for the
patient, based on the patient data entered in earlier
screens. For example, a fluid deliver rate of 65 mL/hour,
to achieve a total daily delivered volume of 1568 mL this
allows a dietician or head of ICU to submit remotely the
nutrition plan and get real-time alerts on gastric emptying
problem and flow rate and suggest action.
[0140] The patient may be fed (i.e., delivery of fluid via
the tube) at the target fluid delivery rate based on the
personalized nutrition plan, for example, using the flow
control mechanism 236, as described herein.
[0141] Referring now back to FIG. 1B, at 154, outputs
of one or more stomach sensors 210 are analyzed to
detect a stop feeding condition. The stop feeding condi-
tion may be indicative of the stomach of the patient being
full, or mostly full. The stop feeding condition may be
selected to reduce risk of aspiration pneumonia in the
patient, by selecting the maximum tolerable volume of
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fluid that the stomach may contain.
[0142] Optionally, a first amount of fluid volume is de-
livered to the stomach of the patient until the stop feeding
condition is met. The delivery of fluid may be monitored,
for example, by flow sensor(s) 208. The volume delivered
until the stop feeding condition is met may be measured.
The fluid volume may be automatically delivered to the
patient via tube 202 as described herein, for example,
using flow control mechanism 236, and measured using
flow sensors 208 as described herein.
[0143] Optionally, the stop feeding condition is met
when the fluid level of the fluid inside the stomach reach-
es the stomach sensor 210 located on the tube within
the stomach, for example, as shown with reference to
image 752 of FIG. 7, which depicts fluid level 760 reach-
ing sensor 710.
[0144] The stop feeding condition may be detected
when sensor 210 detects a change from air to fluid, in-
dicating that the fluid level in the stomach rose to the
level sensor 210 is located at.
[0145] The measured delivered fluid volume may be
stored in a memory of control unit 214.
[0146] At 156, control unit 214 measures a predefined
period of time.
[0147] Optionally, the enteral tube feeding is paused
during the predefined period of time, for example, by gen-
erating instructions to halt flow of fluid by flow control
mechanism 236. Optionally, no additional fluid volume is
delivered during the period of time. Alternatively, the fluid
volume delivered during the period of time is measured
and added to update the second delivered fluid volume
(described with reference to block 158).
[0148] The enteral tube feeding may be paused, and/or
the predefined period of time may start, in response to
the detected stop feeding condition being met.
[0149] The predefined period of time may be automat-
ically determined, or manually entered by the user in ad-
vance, or marked by the user pressing a start/stop button
on the control unit. The predefined period of time may be
dynamically determined, for example, by measuring sig-
nals from stomach sensors and analyzing the signals to
detect stomach peristalsis indicative of stomach empty-
ing.
[0150] The predefined period of time may be selected
to correspond to approximately the amount of time ex-
pected for the patient’s stomach to empty itself of a fluid
meal. The predefined period of time may be selected
according to the next expected meal time of the patient.
[0151] The predefined period of time is, for example,
about 1 hour, about 2 hours, about 4 hours, about 6 hours,
or other periods of time.
[0152] Image 754 of FIG. 7 is an exemplary represen-
tation of the state of fluid level 760 at the end of the pre-
defined period of time, located substantially lower than
level sensor 710.
[0153] Optionally during the feeding session and/or
during the pause, at 157, a pattern indicative of stomach
emptying (i.e., fluid leaving the stomach for the intestines)

is detected. The pattern may be indicative of peristalsis
associated with stomach emptying. The pattern may be
based on an analysis of stomach sensors that measure
stomach activity, for example, electrical and/or mechan-
ical activity of stomach muscles that correlate to a pre-
defined pattern, which may be stored in a database (e.g.,
as shown and discussed with reference to FIGs. 5-6), for
example, as described with reference to block 108 of
FIG. 1A.
[0154] The detect pattern may be used to define the
pause of the period of time of block 156, for example, the
end of the period of time may be dynamically determined
when the pattern of stomach emptying is detected, or
when a set of peristalsis patterns indicating sufficient
emptying of the stomach are detected.
[0155] Alternatively or additionally, block 157 may be
performed during feeding of the patient, for example, de-
livery of the target fluid delivery rate as determined by
the personalized nutrition plan. The personalized nutri-
tion plan and/or the target fluid delivery rate may be ad-
justed (block 166) based on the detected stomach emp-
tying events, for example, by comparing the identified
stomach emptying events to expected stomach emptying
events (which may be calculated using functions, ob-
tained from a database, and/or manually entered). For
example, when fewer stomach emptying events are de-
tected than expected, the patient may be digesting slow-
er, and the target fluid delivery rate may be reduced,
and/or indications for administration of gastroprokinetics
may be generated.
[0156] At 158, the enteral tube feeding is restarted after
the predefined period of time, optionally by transmitting
instructions to flow control mechanism 236. The patient
is fed by delivery of fluid until the stop feeding condition
is redetected by an analysis of outputs of stomach sen-
sor(s) 210, for example, as described with reference to
block 154. Optionally, a second amount of fluid volume
is delivered to the stomach until the stop feeding condition
(i.e., of block 154) is re-detected. The second amount of
delivered fluid is measured. The delivery of fluid may be
monitored, for example, by flow sensor(s) 208.
[0157] Image 756 of FIG. 7 depicts that fluid level 760
again reaches sensor 710.
[0158] At 160, the gastric emptying rate is calculated.
The gastric emptying rate is calculated based on the
amount of fluid (i.e., feeding content) delivered during
the period between restarting of the feeding session and
re-detection of the stop feeding condition (e.g., the meas-
ured second volume).
[0159] The volume of fluid emptied by the stomach dur-
ing the predefined period of time is represented by the
measured second fluid volume. The rate of fluid emptying
by the stomach (i.e., gastric emptying rate) is calculated
by dividing the second fluid volume by the period of time,
to calculate the rate in terms of volume per unit of time
(e.g., mL/hour).
[0160] The gastric emptying rate may be calculated or
adjusted based on the detected stomach emptying pat-
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terns. The gastric emptying rate may be analyzed based
on the detected stomach emptying pattern(s), for exam-
ple, the gastric emptying rate may be correlated with the
emptying patterns using a table of values, equations,
and/or other methods. For example, one set of pattern
may be correlated with a first emptying rate, and another
second of pattern may be correlated with a different emp-
tying rate.
[0161] At 162, the calculated gastric emptying rate is
analyzed according to the received personalized nutrition
plan (i.e., block 152). The calculated gastric emptying
rate may be compared to the fluid delivery rate deter-
mined as part of the personalized nutrition plan, to de-
termine whether the patient is able to empty stomach
contents according to the plan (e.g., within a predefined
tolerance range), is unable to empty stomach fluid con-
tents according to the plan, or is able to empty more fluid
than the patient is determined to receive according to the
plan. Additional analysis details may be found, for exam-
ple, with reference to block 116 of FIG. 1A.
[0162] At 164, an indication is generated indicating the
calculate intake rate, optionally in comparison to the per-
sonalized nutrition plan, for example, as described with
reference to block 118 of FIG. 1A. For example, an alert
is transmitted to a mobile device of the healthcare work
in the form of a message for presentation on the display
of the mobile device.
[0163] Optionally, when the analysis determines that
the gastric emptying rate is less than the rate of the per-
sonalized nutrition plan, a message indicating possible
administration of gastroprokinetic medication is generat-
ed (and optionally transmitted) for presentation on the
display (e.g., of the mobile device).
[0164] Optionally, at block 166, instructions are gen-
erated and/or transmitted to the feeding mechanism
(e.g., flow control mechanism 236) to adapt the fluid de-
livery rate (i.e., feeding rate) of the enteral tube feeding
according to the calculated gastric emptying rate. In this
manner, the patient is fed at the rate at which the patient’s
stomach is actually able to empty itself into the intestines,
which may help prevent or reduce the risk of aspiration
pneumonia from overfeeding, and/or help prevent or re-
duce the risk of underfeeding the patient (e.g., due to a
fear of overfeeding and aspiration pneumonia).
[0165] Optionally, the personalized nutrition plan is ad-
justed according to the calculated gastric emptying rate.
The personalized nutrition plan may be dynamically ad-
justed to match the actual gastric emptying rate of the
patient, represented by the calculated gastric emptying
rate. Adjustments may be performed, for example, after
every elapsed period of time (e.g., block 156), or shorter
time intervals, or longer time intervals.
[0166] The adjustment may be automatic, optionally
by control unit 214 creating instructions that are trans-
mitted for implementation by flow control mechanism
236, for example, as described with reference to block
118.
[0167] Blocks 154-164 may be performed, optionally

multiple times during feeding of the patient at the target
fluid delivery rate, for example, at set intervals (e.g., every
4 hours, every 6 hours), and/or at events. Repeating
blocks 154-164 may be used to measure the current pa-
tient intake rate, and to adjust the target fluid delivery
rate accordingly.
[0168] The patient intake rate q (also referred to herein
as gastric emptying rate) may be estimated according to
the equation: 

[0169] Where Q denotes the volume of fluid needed to
fill the stomach from sensor Z1 (low fluid level) to sensor
Z2 (high fluid level).
[0170] T denotes the elapsed gastric emptying time
from fluid level Z2 to Z1, and t denotes the filling make
up time.
[0171] Alternatively, when fluid reaches Z2 feeding
stops for a time period T then, feeding is resumed until
level Z2 is reached and the required time t is measured.
[0172] The patient intake rate may be re-calculated ac-
cording to the above mentioned equation.
[0173] Reference is now made to FIG. 9, which is a
flowchart of an exemplary method for automatic gener-
ation of the personalized nutrition regimen, in accordance
with some embodiments of the present invention. The
method based on FIG. 9 may be implemented by
processing 216 of control unit 214 executing code stored
in program store 218, and/or by client terminal 226,
and/or another server. Branch points based on the med-
ical state of the patient, such as based on test results,
diagnosis, patient medical history, use of medications,
and physical exam findings, and/or other data stored in
patient medical records may be automatically (or manu-
ally) obtained by accessing medical records 222A. The
personalized nutrition regimen may be selected based
on data, for example, the table of FIG. 10, which may be
locally stored in data repository 220, and/or accessed
from a remote server.
[0174] Reference is now made to FIG. 11, which is a
dataflow diagram for dynamic adjustment of the rate of
fluid delivered to the stomach of the patient according to
the calculated gastric emptying rate using the systems
and/or methods described herein, in accordance with
some embodiments of the present invention. At 1102,
the desired feeding rate may be entered manually by a
user (e.g., using GUI 232) and/or automatically selected
by software (e.g., by accessing a database and/or using
an equation). At 1104, a flow controller adjusts the flow
rate of the fluid entering the stomach based on flow rate
data collected by flow sensor 1106, to achieve desired
feed rate 1102. The physiology of the stomach 1108 af-
fects the actual gastric emptying rate of food 1110 (i.e.,
actual rate at which the stomach empties itself into the
small intestine), for example, due to a disturbance, such
as sedatives, surgery, and/or infection. Level sensors
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1112 detect the level and/or volume of the fluid in the
stomach. A supervisory feeding rate processor 1114 cal-
culates the gastric emptying rate. The gastric emptying
rate is compared to desired feed rate 1102 and/or to the
measured fluid level in the stomach. Instructions to adjust
the flow rate of the fluid entering the stomach are auto-
matically generated and transmitted to flow control 1104
for dynamic adjustment of the rate of fluid entering the
stomach.
[0175] Essentially the system described by FIG. 11 is
a two level feedback control system with inner loop con-
trolled by a flow sensor feedback and a supervisory con-
trol loop controlled by the tube mounted level sensors.
Set point is provided by an operator or a nutrition algo-
rithm as explained herein.
[0176] Reference is now made to FIG. 12, which is a
flowchart of another method for dynamic adjustment of
the rate of fluid delivered to the stomach of the patient
using the systems and/or methods described herein, in
accordance with some embodiments of the present in-
vention. At 1202, a meal plan based on fluids delivered
using a tube to the stomach of the patient is selected,
manually and/or automatically, for example, using the
suggested personalized nutrition regimen instruction
code and/or method described herein. At 1204, fluid is
delivered to the patient according to the selected nutrition
regimen, using the systems and/or methods described
herein. At 1206, the stomach sensors detect a pattern
indicative of the level of fluid in the stomach. At 1208,
when the level of fluid in the stomach is below a require-
ment indicating that there is additional room in the stom-
ach (e.g., without increased risk of aspiration pneumo-
nia), the feeding continues as planned. At 1210, when
the level of fluid in the stomach is above the requirement
(e.g., increased risk of aspiration pneumonia, decreased
intestinal motility), a nurse may be alerted, for example,
by sending a wireless message to a mobile device (e.g.,
Smartphone, tablet) of the nurse. Instructions may be
automatically generated to slow down or stop the fluid
delivery. The control unit monitors the level of fluid in the
stomach until the fluid level falls below the requirement.
The control unit signals the flow control mechanism to
resume feeding. The control unit generates instructions
to dynamically adjust the flow rate of fluid being delivered
to the stomach, optionally based on the monitored level
of fluid, the calculated gastric emptying rate, and/or the
nutrition regiment. The generated instructions may in-
clude instructions to increase the feeding rate 1212, con-
tinue with the current feeding rate 1214, or decrease the
feeding rate 1216.
[0177] The descriptions of the various embodiments
of the present invention have been presented for purpos-
es of illustration, but are not intended to be exhaustive
or limited to the embodiments. The terminology used
herein was chosen to best explain the principles of the
embodiments, the practical application or technical im-
provement over technologies found in the marketplace,
or to enable others of ordinary skill in the art to understand

the embodiments disclosed herein.
[0178] It is expected that during the life of a patent ma-
turing from this application many relevant systems and
methods will be developed and the scope of the terms
stomach sensor, and fluid flow sensor are intended to
include all such new technologies a priori.
[0179] As used herein the term "about" refers to 6 10
%.
[0180] The terms "comprises", "comprising", "in-
cludes", "including", "having" and their conjugates mean
"including but not limited to". This term encompasses the
terms "consisting of" and "consisting essentially of".
[0181] The phrase "consisting essentially of" means
that the composition or method may include additional
ingredients and/or steps, but only if the additional ingre-
dients and/or steps do not materially alter the basic and
novel characteristics of the claimed composition or meth-
od.
[0182] 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.
[0183] The word "exemplary" is used herein to mean
"serving as an example, instance or illustration". Any em-
bodiment described as "exemplary" is not necessarily to
be construed as preferred or advantageous over other
embodiments and/or to exclude the incorporation of fea-
tures from other embodiments.
[0184] The word "optionally" is used herein to mean
"is provided in some embodiments and not provided in
other embodiments". Any particular embodiment of the
invention may include a plurality of "optional" features
unless such features conflict.
[0185] 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.
[0186] Whenever a numerical range is indicated here-
in, it is meant to include any cited numeral (fractional or
integral) within the indicated range. The phrases "rang-
ing/ranges between" a first indicate number and a second
indicate number and "ranging/ranges from" a first indi-
cate number "to" a second indicate number are used
herein interchangeably and are meant to include the first
and second indicated numbers and all the fractional and
integral numerals therebetween.
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[0187] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable subcombination or as
suitable in any other described embodiment of the inven-
tion. Certain features described in the context of various
embodiments are not to be considered essential features
of those embodiments, unless the embodiment is inop-
erative without those elements.
[0188] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications 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 scope of the ap-
pended claims.

Claims

1. A computer-implemented method for calculating a
gastric emptying rate from a stomach lumen into a
small intestine of a patient, comprising:
using at least one processor for executing the fol-
lowing during an enteral tube feeding of a stomach
of the patient by a feeding mechanism:

analyzing outputs of at least one stomach sen-
sor located within the stomach for detecting a
stop feeding condition;
pausing the enteral tube feeding in response to
a detection of the stop feeding condition;
after a predefined period of time, restarting the
enteral tube feeding until the stop condition is
redetected by an analysis of said outputs;
calculating a gastric emptying rate based on an
amount of feeding content delivered during a pe-
riod between the restarting and the redetection;
and
instructing the feeding mechanism to adapt a
feeding rate of the enteral tube feeding accord-
ing to the gastric emptying rate.

2. The method of claim 1, further comprising:

receiving a personalized nutrition plan including
a target fluid delivery rate;
performing the enteral tube feeding according
to the target fluid delivery rate; and
adapting the target fluid delivery rate according
to the calculated gastric emptying rate.

3. The method of claim 2, further comprising:

presenting within a GUI presented on a display,

at least one field for allowing a user to select or
enter at least one patient parameter;
calculating a plurality of feeding options accord-
ing to the at least one patient parameter;
presenting the plurality of feeding options within
the GUI;
receiving a selection of at least one of the plu-
rality of feeding options from a user using the
GUI; and
calculating the personalized nutrition plan and
target fluid delivery rate based on the received
selection.

4. The method of claim 3, wherein the at least one pa-
tient parameter includes at least one member select-
ed from the group consisting of: gender, age, height,
weight, diet restrictions, acute medical condition,
and chronic medical condition; wherein the plurality
of feeding options include at least one member se-
lected from the group consisting of: calories, protein
amount, method of calculation, and available formu-
las.

5. The method of claim 2, further comprising automat-
ically adjusting the personalized nutrition plan by ad-
justing the target fluid delivery rate to match the tar-
get fluid delivery rate within a tolerance.

6. The method of claim 2, further comprising presenting
a suggestion to administer gastroprokinetic medica-
tion on a display when the target fluid delivery rate
is higher than the calculated gastric emptying rate
based on a tolerance.

7. The method of claim 2, wherein the target fluid de-
livery rate includes different values defined accord-
ing to a time of day.

8. The method of claim 1, wherein fluid is delivered dur-
ing the period of time according to the target fluid
delivery rate, and the gastric emptying rate is calcu-
lated based on the fluid delivered during the period
of time.

9. The method of claim 1, wherein the predefined pe-
riod of time is selected to correspond to an estimated
amount of time expected for the stomach of the pa-
tient to empty itself of a fluid meal or automatically
determined based on an analysis of signals received
from stomach activity sensors located in the stomach
indicative of a stomach emptying event; wherein the
stomach emptying event is optionally automatically
detected by identifying at least one signal pattern
correlated with stomach peristalsis activity associat-
ed with the stomach emptying event.

10. The method of claim 1, wherein the calculating is
performed using the equation: 
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wherein:

q denotes the gastric emptying rate;
Q denotes the volume of fluid needed to fill the
stomach from a first sensor Z1 representing a
low fluid level to a second sensor Z2 represent-
ing a high fluid level;
T denotes the elapsed gastric emptying time
from fluid level Z2 to Z1; and
t denotes the filling make up time.

11. The method of claim 10, wherein:
when fluid reaches Z2 feeding is paused for a time
period T, then feeding is resumed until level Z2 is
reached and the time t is measured.

12. A system for calculating a gastric emptying rate from
a stomach lumen into a small intestine of a patient,
comprising:
a control unit, comprising:

an output interface;
a sensor interface that receives at least one sig-
nal from at least one stomach sensor located
within a stomach lumen of a patient;
a program store storing code; and
a processor coupled to the sensor interface, the
output interface, and the program store for im-
plementing the stored code, the code compris-
ing:
code to analyze outputs of the at least one stom-
ach sensor for detecting a stop feeding condi-
tion, pause enteral tube feeding in response to
a detection of the stop feeding condition, after a
predefined period of time restart the enteral tube
feeding until the stop condition is redetected by
an analysis of said outputs, calculate a gastric
emptying rate based on an amount of feeding
content delivered during a period between the
restarting and the redetection; and instruct the
feeding mechanism to adapt a feeding rate of
the enteral tube feeding according to the gastric
emptying rate.

13. The system of claim 12, wherein the at least one
stomach sensors include at least one impedance
sensor and the at least one signal includes at least
one impedance measurement.

14. The system of claim 12, wherein the at least one
stomach sensor includes at least one fluid sensor
disposed along a distal end portion of an enteral
feeding tube positioned in the stomach of the patient
such that the at least one fluid sensor is located within
the stomach in proximity to the lower esophageal

sphincter, and the at least one signal denotes the
presence of fluid in proximity to the respective sensor
at a respective position along the tube.

15. The system of claim 12, further comprising:

a graphical user interface (GUI) application in-
stalled on a client terminal in communication
with the control unit through a network interface,
the GUI application allowing a user to enter at
least one patient parameter;
code to determine a personalized nutrition plan
including a target fluid delivery rate based on
the at least one patient parameter, compare the
target fluid delivery rate to the calculated gastric
emptying rate, and adjust the personalized nu-
trition plan by adjusting the target fluid delivery
rate to match the target fluid delivery rate within
a tolerance.

Patentansprüche

1. Ein computerimplementiertes Verfahren zum Be-
rechnen einer Magenentleerungsgeschwindigkeit
von einem Magenlumen in einen Dünndarm eines
Patienten, das Folgendes beinhaltet:
Verwenden mindestens eines Prozessors, um wäh-
rend einer enteralen Sondenernährung eines Ma-
gens des Patienten durch einen Ernährungsmecha-
nismus Folgendes auszuführen:

Analysieren der Ausgaben mindestens eines
Magensensors, der sich im Mageninnern befin-
det, zum Detektieren einer Ernährungs-Stopp-
bedingung;
Pausieren der enteralen Sondenernährung als
Reaktion auf ein Detektieren der Ernährungs-
Stoppbedingung;
erneutes Starten der enteralen Sondenernäh-
rung nach einem vordefinierten Zeitraum, bis die
Stoppbedingung durch eine Analyse der ge-
nannten Ausgaben erneut detektiert wird;
Berechnen einer Magenentleerungsgeschwin-
digkeit auf der Grundlage einer Menge des Er-
nährungsinhalts, der während eines Zeitraums
zwischen dem erneuten Starten und dem erneu-
ten Detektieren zugeführt wurde; und
Anweisen des Ernährungsmechanismus, eine
Ernährungsgeschwindigkeit der enteralen Son-
denernährung gemäß der Magenentleerungs-
geschwindigkeit anzupassen.

2. Verfahren nach Anspruch 1, das ferner Folgendes
beinhaltet:

Empfangen eines personalisierten Ernährungs-
plans einschließlich einer Zielfluidzuführungs-
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geschwindigkeit;
Durchführen der enteralen Sondenernährung
gemäß der Zielfluidzuführungsgeschwindigkeit;
und
Anpassen der Zielfluidzuführungsgeschwindig-
keit gemäß der berechneten Magenentlee-
rungsgeschwindigkeit.

3. Verfahren nach Anspruch 2, das ferner Folgendes
beinhaltet:

Darstellen mindestens eines Felds innerhalb ei-
ner auf einem Display dargestellten GUI, um
dem Benutzer die Auswahl oder Eingabe min-
destens eines Patientenparameters zu gestat-
ten;
Berechnen einer Vielzahl von Ernährungsopti-
onen gemäß dem mindestens einen Patienten-
parameter;
Darstellen der Vielzahl von Ernährungsoptionen
innerhalb der GUI;
Empfangen einer Auswahl von mindestens ei-
ner von der Vielzahl von Ernährungsoptionen
von einem Benutzer unter Verwendung der GUI;
und
Berechnen des personalisierten Ernährungs-
plans und der Zielfluidzuführungsgeschwindig-
keit auf der Grundlage der empfangenen Aus-
wahl.

4. Verfahren nach Anspruch 3, wobei der mindestens
eine Patientenparameter mindestens ein Element
umfasst, das aus der Gruppe ausgewählt ist, die aus
den Folgenden besteht:

Geschlecht, Alter, Körpergröße, Gewicht, Di-
äteinschränkungen, akuter Krankheitszustand
und chronischer Krankheitszustand;
wobei die Vielzahl von Ernährungsoptionen
mindestens ein Element umfasst, das aus der
Gruppe ausgewählt ist, die aus den Folgenden
besteht: Kalorien, Proteinmenge, Berechnungs-
verfahren, und verfügbare Formeln.

5. Verfahren nach Anspruch 2, das ferner das automa-
tische Anpassen des personalisierten Ernährungs-
plans durch Anpassen der Zielfluidzuführungsge-
schwindigkeit, sodass sie der Zielfluidzuführungsge-
schwindigkeit innerhalb einer Toleranz entspricht,
beinhaltet.

6. Verfahren nach Anspruch 2, das ferner das Darstel-
len eines Vorschlags zum Verabreichen gastropro-
kinetischer Arzneimittel auf einem Display beinhal-
tet, wenn die Zielfluidzuführungsgeschwindigkeit
höher ist als die berechnete Magenentleerungsge-
schwindigkeit auf der Grundlage einer Toleranz.

7. Verfahren nach Anspruch 2, wobei die Zielfluidzu-
führungsgeschwindigkeit verschiedene, gemäß ei-
ner Tageszeit definierte Werte umfasst.

8. Verfahren nach Anspruch 1, wobei das Fluid wäh-
rend des Zeitraums gemäß der Zielfluidzuführungs-
geschwindigkeit zugeführt wird und die Magenent-
leerungsgeschwindigkeit auf der Grundlage des
während des Zeitraums zugeführten Fluids berech-
net wird.

9. Verfahren nach Anspruch 1, wobei der vordefinierte
Zeitraum so ausgewählt ist, dass er einer geschätz-
ten Menge an Zeit entspricht, in der erwartet wird,
dass der Magen des Patienten sich nach einer Flu-
idmahlzeit entleert, oder automatisch auf der Grund-
lage einer Analyse von im Magen befindlichen Sig-
nalen, die von Magenaktivitätssensoren empfangen
werden, bestimmt wird, die ein Magenentleerungs-
ereignis anzeigen; wobei das Magenentleerungs-
ereignis optional automatisch detektiert wird, indem
mindestens ein Signalmuster identifiziert wird, das
mit Magenperistaltikaktivität, die mit dem Magenent-
leerungsereignis assoziiert ist, korreliert ist.

10. Verfahren nach Anspruch 1, wobei das Berechnen
unter Verwendung der folgenden Gleichung durch-
geführt wird: 

 wobei:

q die Magenentleerungsgeschwindigkeit be-
zeichnet;
Q das zum Füllen des Magens von einem ersten
Sensor Z1, der einen niedrigen Fluidstand dar-
stellt, bis zu einem zweiten Sensor Z2, der einen
hohen Fluidstand darstellt, erforderliche Fluid-
volumen bezeichnet;
T die verstrichene Magenentleerungszeit von
Fluidstand Z2 bis Z1 bezeichnet; und
t die Füllausgleichszeit bezeichnet.

11. Verfahren nach Anspruch 10, wobei:
wenn das Fluid Z2 erreicht, die Ernährung für einen
Zeitraum T pausiert wird, dann die Ernährung wie-
deraufgenommen wird, bis Stand Z2 erreicht ist, und
die Zeit t gemessen wird.

12. Ein System zum Berechnen einer Magenentlee-
rungsgeschwindigkeit aus einem Magenlumen in ei-
nen Dünndarm eines Patienten, das Folgendes be-
inhaltet:
eine Steuereinheit, die Folgendes beinhaltet:

eine Ausgabeschnittstelle;
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eine Sensorschnittstelle, die mindestens ein Si-
gnal von mindestens einem Magensensor emp-
fängt, der sich im Magenlumen eines Patienten
befindet;
einen Programmspeicher-Speicherungscode;
und
einen Prozessor, der mit der Sensorschnittstel-
le, der Ausgabeschnittstelle und dem Pro-
grammspeicher zum Implementieren des ge-
speicherten Codes gekoppelt ist, wobei der Co-
de Folgendes beinhaltet:
Code zum Analysieren von Ausgaben des min-
destens einen Magensensors zum Detektieren
einer Ernährungs-Stoppbedingung, Pausieren
der enteralen Sondenernährung als Reaktion
auf das Detektieren der Ernährungs-Stoppbe-
dingung, erneutes Starten der enteralen Sonde-
nernährung nach einem vordefinierten Zeit-
raum, bis die Stopbedingung erneut durch eine
Analyse der genannten Ausgaben detektiert
wird, Berechnen einer Magenentleerungsge-
schwindigkeit auf der Grundlage einer Menge
des Ernährungsinhalts, der während eines Zeit-
raums zwischen dem erneuten Starten und dem
erneuten Detektieren zugeführt wurde; und An-
weisen des Ernährungsmechanismus, eine Er-
nährungsgeschwindigkeit der enteralen Sonde-
nernährung gemäß der Magenentleerungsge-
schwindigkeit anzupassen.

13. System nach Anspruch 12, wobei der mindestens
eine Magensensor mindestens einen Impedanzsen-
sor umfasst und das mindestens eine Signal min-
destens eine Impedanzmessung umfasst.

14. System nach Anspruch 12, wobei der mindestens
eine Magensensor mindestens einen Fluidsensor
umfasst, der entlang eines distalen Endanteils einer
enteralen Ernährungssonde angeordnet ist, die so
in dem Magen des Patienten positioniert ist, dass
der mindestens eine Fluidsensor sich innerhalb des
Magens in der Nähe des unteren Speiseröhrens-
phinkters befindet, und das mindestens eine Signal
das Vorliegen von Fluid in der Nähe des jeweiligen
Sensors an einer jeweiligen Position entlang der
Sonde bezeichnet.

15. System nach Anspruch 12, das ferner Folgendes be-
inhaltet:

eine grafische Benutzerschnittstellen(GUI)-An-
wendung, die auf einem Client-Terminal instal-
liert ist, die durch eine Netzwerkschnittstelle in
Kommunikation mit der Steuereinheit steht, wo-
bei die GUI-Anwendung es einem Benutzer ge-
stattet, mindestens einen Patientenparameter
einzugeben;
Code zum Bestimmen eines personalisierten

Ernährungsplans einschließlich einer Zielfluid-
zuführungsgeschwindigkeit auf der Grundlage
des mindestens einen Patientenparameters,
Vergleichen der Zielfluidzuführungsgeschwin-
digkeit mit der berechneten Magenentleerungs-
geschwindigkeit und Anpassen des personali-
sierten Ernährungsplans durch Anpassen der
Zielfluidzuführungsgeschwindigkeit, so dass sie
der Zielfluidzuführungsgeschwindigkeit inner-
halb einer Toleranz entspricht.

Revendications

1. Procédé mis en oeuvre par ordinateur destiné à cal-
culer un taux de vidange gastrique d’une lumière
d’estomac jusque dans l’intestin grêle d’un patient,
comprenant :
l’utilisation d’au moins un processeur destiné à exé-
cuter ce qui suit pendant une alimentation entérale
par sonde de l’estomac du patient par un mécanisme
d’alimentation :

l’analyse de sorties d’au moins un capteur d’es-
tomac situé au sein de l’estomac destiné à dé-
tecter un état d’arrêt d’alimentation ;
la pause de l’alimentation entérale par sonde en
réponse à une détection de l’état d’arrêt
d’alimentation ;
après une période de temps prédéfinie, le redé-
marrage de l’alimentation entérale par sonde
jusqu’à ce que l’état d’arrêt soit détecté à nou-
veau par une analyse desdites sorties ;
le calcul d’un taux de vidange gastrique sur la
base d’une quantité de contenu d’alimentation
délivré pendant une période entre le redémar-
rage et la nouvelle détection ; et
le fait de donner des instructions au mécanisme
d’alimentation pour qu’il adapte un taux d’ali-
mentation de l’alimentation entérale par sonde
selon le taux de vidange gastrique.

2. Procédé selon la revendication 1, comprenant en
outre :

la réception d’un plan de nutrition personnalisé
incluant un taux de délivrance de fluide cible ;
la réalisation de l’alimentation entérale par son-
de selon le taux de délivrance de fluide cible ; et
l’adaptation du taux de délivrance de fluide cible
selon le taux de vidange gastrique calculé.

3. Procédé selon la revendication 2, comprenant en
outre :

la présentation au sein d’une interface utilisateur
graphique (IUG) présentée sur un affichage,
d’au moins un champ destiné à permettre à un
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utilisateur de sélectionner ou de saisir au moins
un paramètre de patient ;
le calcul d’une pluralité d’options d’alimentation
selon l’au moins un paramètre de patient ;
la présentation de la pluralité d’options d’alimen-
tation au sein de l’IUG ;
la réception d’une sélection d’au moins une de
la pluralité d’options d’alimentation d’un utilisa-
teur utilisant l’IUG ; et
le calcul du plan de nutrition personnalisé et du
taux de délivrance de fluide cible sur la base de
la sélection reçue.

4. Procédé selon la revendication 3, dans lequel l’au
moins un paramètre de patient inclut au moins un
élément sélectionné parmi le groupe constitué par :
le genre, l’âge, la hauteur, le poids, les restrictions
de régime, l’affection médicale aiguë, et l’affection
médicale chronique ; dans lequel la pluralité d’op-
tions d’alimentation incluent au moins un élément
sélectionné parmi le groupe constitué par : les calo-
ries, la quantité de protéines, le procédé de calcul,
et les formules disponibles.

5. Procédé selon la revendication 2, comprenant en
outre l’ajustement automatique du plan de nutrition
personnalisé par l’ajustement du taux de délivrance
de fluide cible pour qu’il corresponde au taux de dé-
livrance de fluide cible dans les limites d’une tolé-
rance.

6. Procédé selon la revendication 2, comprenant en
outre la présentation d’une suggestion pour admi-
nistrer un médicament gastroprocinétique sur un af-
fichage quand le taux de délivrance de fluide cible
est supérieur au taux de vidange gastrique calculé
sur la base d’une tolérance.

7. Procédé selon la revendication 2, dans lequel le taux
de délivrance de fluide cible inclut des valeurs diffé-
rentes définies selon un moment de la journée.

8. Procédé selon la revendication 1, dans lequel du flui-
de est délivré pendant la période de temps selon le
taux de délivrance de fluide cible, et le taux de vi-
dange gastrique est calculé sur la base du fluide dé-
livré pendant la période de temps.

9. Procédé selon la revendication 1, dans lequel la pé-
riode de temps prédéfinie est sélectionnée pour cor-
respondre à une quantité estimée du temps escomp-
té pour que l’estomac du patient se vide d’un repas
liquide ou déterminée automatiquement sur la base
d’une analyse de signaux reçus de capteurs d’acti-
vité de l’estomac situés dans l’estomac qui indiquent
un événement de vidange de l’estomac ; dans lequel
l’événement de vidange de l’estomac est facultati-
vement détecté automatiquement par l’identification

d’au moins un modèle de signaux mis en correspon-
dance avec une activité de péristaltisme associée à
un événement de vidange d’estomac.

10. Procédé selon la revendication 1, dans lequel le cal-
cul est réalisé en utilisant l’équation : 

dans lequel :

q désigne le taux de vidange gastrique ;
Q désigne le volume de fluide nécessaire pour
remplir l’estomac d’une première valeur de cap-
teur Z1 représentant un niveau de fluide faible
à une deuxième valeur de capteur Z2 représen-
tant un niveau de fluide élevé ;
T désigne le temps de vidange gastrique écoulé
du niveau de fluide Z2 à Z1 ; et
t désigne le temps d’appoint de remplissage.

11. Procédé selon la revendication 10, dans lequel :
quand le fluide atteint Z2 l’alimentation est interrom-
pue pendant une période de temps T, puis l’alimen-
tation est reprise jusqu’à ce que le niveau Z2 soit
atteint et le temps t est mesuré.

12. Système destiné à calculer un taux de vidange gas-
trique d’une lumière d’estomac jusque dans l’intestin
grêle d’un patient, comprenant :
une unité de commande, comprenant :

une interface de sortie ;
une interface de capteur qui reçoit au moins un
signal d’au moins un capteur d’estomac situé au
sein d’une lumière d’estomac d’un patient ;
une mémoire de programme mémorisant un
code ; et
un processeur couplé à l’interface de capteur,
l’interface de sortie, et la mémoire de program-
me destinée à mettre en oeuvre le code mémo-
risé, le code comprenant :
un code pour analyser des sorties de l’au moins
un capteur d’estomac destiné à détecter un état
d’arrêt d’alimentation, interrompre l’alimentation
entérale par sonde en réponse à une détection
de l’état d’arrêt d’alimentation, après une pério-
de de temps prédéfinie redémarrer l’alimenta-
tion entérale par sonde jusqu’à ce que l’état de
d’arrêt d’alimentation soit détectée à nouveau
par une analyse desdites sorties, calculer un
taux de vidange gastrique sur la base d’une
quantité de contenu d’alimentation délivré pen-
dant une période entre le redémarrage et la nou-
velle détection ; et donner des instructions au
mécanisme d’alimentation pour qu’il adapte un
taux d’alimentation de l’alimentation entérale

43 44 



EP 3 223 688 B1

24

5

10

15

20

25

30

35

40

45

50

55

par sonde selon le taux de vidange gastrique.

13. Système selon la revendication 12, dans lequel l’au
moins un capteur d’estomac inclut au moins un cap-
teur d’impédance et l’au moins un signal inclut au
moins une mesure d’impédance.

14. Système selon la revendication 12, dans lequel l’au
moins un capteur d’estomac inclut au moins un cap-
teur de fluide disposé le long d’une partie d’extrémité
distale d’une sonde d’alimentation entérale position-
née dans l’estomac du patient de sorte que l’au
moins un capteur de fluide est situé au sein de l’es-
tomac à proximité du sphincter inférieur de l’oeso-
phage, et l’au moins un signal indique la présence
de fluide à proximité du capteur respectif au niveau
d’une position respective le long de la sonde.

15. Système selon la revendication 12, comprenant en
outre :

une application d’interface utilisateur graphique
(IUG) installée sur un terminal de client en com-
munication avec l’unité de commande par une
interface réseau, l’application d’IUG permettant
à un utilisateur de saisir au moins un paramètre
de patient ;
un code pour déterminer un plan de nutrition per-
sonnalisé incluant un taux de délivrance de flui-
de cible sur la base de l’au moins un paramètre
de patient, comparer le taux de délivrance de
fluide cible avec le taux de vidange gastrique
calculé, et ajuster le plan de nutrition personna-
lisé en ajustant le taux de délivrance de fluide
cible pour qu’il corresponde au taux de délivran-
ce de fluide cible dans les limites d’une toléran-
ce.
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