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There is provided system for monitoring spontaneous
breathing of a mechanically ventilated target individual,
comprising: a feeding tube for insertion into a distal end of
an esophagus of the individual, sensor(s) disposed on the
feeding tube at a location such that the sensor(s) is located
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SYSTEMS AND METHODS FOR TRACKING
SPONTANEOUS BREATHING IN A
MECHANICALLY VENTILATED PATIENT

RELATED APPLICATION

[0001] This application claims the benefit of priority under
35 USC § 119(e) of U.S. Provisional Patent Application No.
62/560,723 filed on Sep. 20, 2017, the contents of which are
all incorporated by reference as if fully set forth herein in
their entirety.

BACKGROUND

[0002] The present invention, in some embodiments
thereof, relates to treatment of mechanically ventilated
patients and, more specifically, but not exclusively, to sys-
tems and methods for tracking spontaneous breathing of a
mechanically ventilated patient.

[0003] Adjustment of ventilation to specific patient needs
is a key element in patient survival and recovery. Prolonged
mechanical ventilation is associated with significant mor-
bidity and mortality. Patients should be weaned off mechani-
cal ventilation as soon as possible. It is estimated that 40%
of the duration of mechanical ventilation is dedicated to the
process of weaning.

SUMMARY

[0004] According to a first aspect, a system for monitoring
spontaneous breathing of a mechanically ventilated target
individual comprises: a feeding tube for insertion into a
distal end of an esophagus of the mechanically ventilated
target individual, at least one sensor disposed near the distal
end of the feeding tube at a location such that the at least one
sensor is located at the distal end of the esophagus of the
target individual when the feeding tube is located within the
esophagus and in use, wherein the at least one sensor is
positioned for sensing values by contact with the tissue of
the esophagus including at least one of a lower esophageal
sphincter (LES) and tissue in proximity to the LES, and a
non-transitory memory having stored thereon a code for
execution by at least one hardware processor of a computing
device, the code comprising code for computing an indica-
tion of a frequency band of diaphragm movement of the
mechanically ventilated target individual according to an
analysis of values sensed by the at least one sensor, and
computing instructions for adjustment of at least one param-
eter of a mechanical ventilator for mechanically ventilating
the target individual, wherein the instructions for adjustment
of at least one parameter of the mechanical ventilator are
computed while the feeding tube is in use.

[0005] According to a second aspect, a method for moni-
toring spontaneous breathing of a mechanically ventilated
target individual, comprises: providing a feeding tube for
insertion into a distal end of an esophagus of the mechani-
cally ventilated target individual, the feeding tube including
at least one sensor disposed near a distal portion thereof,
sensing values by the at least one sensor, when the at least
one sensor is located at the distal end of the esophagus of the
target individual when the feeding tube is located within the
esophagus and in use, wherein the at least one sensor senses
values when contacting the tissue of the esophagus including
at least one of a lower esophageal sphincter (LES) and tissue
in proximity to the LES, computing an indication of a
frequency band of diaphragm movement of the mechani-
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cally ventilated target individual according to an analysis of
the values sensed by the at least one sensor, and computing
instructions for adjustment of at least one parameter of a
mechanical ventilator for mechanically ventilating the target
individual, wherein the instructions for adjustment of at least
one parameter of the mechanical ventilator are computed
while the feeding tube is in use.

[0006] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein improve the technology of treating mechanically
ventilated patients, by improving the process of weaning the
mechanically ventilated patient off the ventilator.

[0007] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein relate to the technical problem of weaning a patient
from a mechanical ventilator. The measurement of fre-
quency of the movement of the diaphragm is indicative of
natural breathing tendencies of the ventilated patient, and
may be used for synchronization (i.e., synchronization of
frequency and phase e.g., a phase-locked loop (PLL)) of the
ventilation rate administered by the mechanical ventilator
for weaning the patient off the ventilator. When the dia-
phragm is detected as starting to move to increase the
thoracic volume for inhalation of air, the ventilation machine
may be set to deliver air. When the diaphragm moves to
reduce the volume of the lungs to push out air, the ventila-
tion machine may be set to withdraw air from the lungs of
the patient.

[0008] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein sense the natural tendency of the intubated patient to
breathe without the ventilator. A signal indicating the natural
tendency of the intubated patient to breathe without the
ventilator may be otherwise difficult to detect, for example,
since the natural movement of the diaphragm of the patient
is overpowered by the ventilator that forces air in and out of
the patient at the frequency set by the ventilator. Signals that
include the natural movement of the diaphragm may be
drowned by much larger amplitude signals generated based
on the ventilator.

[0009] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein provide advantages over previously described sys-
tems and methods that adjust a ventilator, including:
[0010] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein are designed to adjust a conventional mechanical
ventilator that ventilates the patient at a frequency within a
normal respiratory rate, for example, about 25-40 breaths
per minute, about 20-30 breaths per minus, about 12-18
breaths per minute, about 10-30 breaths per minute, or other
values. The rate of the mechanical ventilator is adjusted
according to the frequency of the moving diaphragm option-
ally in an attempt to match the phase of the moving
diaphragm, computed as described herein. In contrast, other
systems and/or methods may be designed to adjust a high
frequency ventilator, which operates at very high ventilation
rates that are much higher than normal respiration, for
example, 4 times greater than normal.

[0011] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein obtain an accurate indication of the actual motion of
the diaphragm based on the analysis of the output of the
sensors located at and/or in proximity to the LES (as
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described herein). In contrast, some other systems and/or
methods use neural electrical activity as sensed in the
esophagus in the general area of the LES to synchronize the
ventilator to the diaphragm, in other words at least some
implementations of the system and/or method described
herein are designed so that the ventilator tracks as close as
possible the natural breathing biomechanical motion of the
diaphragm. The neural electrical activity is not indicative of
the actual motion of the diaphragm, but represents a demand
to inspire from the patient’s brain, and not the actual motion
of the diaphragm.

[0012] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein obtain an accurate indication of the actual motion of
the diaphragm based on filtering out neural signals, since the
neural signals form a common mode to the electrode pair.
Therefore, the obtained signal indicative of the frequency of
movement of the diaphragm, which may have a high mil-
livolt level, has a high signal to noise ratio, from which an
accurate value of the frequency of the motion of the dia-
phragm may be obtained.

[0013] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein improve the performance of existing feeding tubes
which are positioned with the esophagus of the patient for
delivering enteral feedings to the stomach and/or digestive
system of the patient. In some implementations, an inflatable
esophageal body (e.g., balloon), and/or electrode(s) which
may be used for other purposes, for example, to prevent
refluxing gastric contents from ascending along the esopha-
gus may be used to measure esophageal wall pressure
changes and/or measure impedance value changes which
may be analyzed to compute the frequency of patient
breathing.

[0014] In a further implementation form of the first and
second aspects, the at least one sensor comprises an at least
one electrode for sensing impedance values.

[0015] In a further implementation form of the first and
second aspects, the at least one electrode is mounted on an
inflatable balloon located at the distal end of the feeding
tube, wherein when the inflatable balloon is inflated the at
least one electrode contacts the tissue of the esophagus.
[0016] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises at least one
esophageal body having a pressure dependent volume,
coupled to a distal portion of the feeding tube, wherein the
at least one esophageal body contacts the tissue of the
esophagus when inflated, and wherein the at least one sensor
comprises a pressure sensor that senses the pressure in the at
least one esophageal body when inflated.

[0017] In a further implementation form of the first and
second aspects, the at least one sensor contracting at least
one of the LES and tissue in proximity to the LES comprises
a pressure sensor that senses pressure changes created by the
movement of the diaphragm.

[0018] In a further implementation form of the first and
second aspects, the at least one parameter comprises a
frequency of ventilation cycles.

[0019] In a further implementation form of the first and
second aspects, the at least one parameter of the mechanical
ventilator synchronizes administration of ventilation cycles
according to the computed frequency of diaphragm move-
ment.
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[0020] 1In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises computing a
Fourier transform of a current signal indicative of current
values sensed by the at least one sensor, identifying a
maximum value of the Fourier transform, and computing the
frequency of diaphragm movement according to the fre-
quency and amplitude corresponding to the maximum value.
[0021] In a further implementation form of the first and
second aspects, the maximum value of the Fourier transform
is identified within the range of about 0.2 to 0.5 hertz (Hz).
[0022] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises computing a
band pass filter based on values sensed by the at least one
sensor during a historical time interval, the band pass filter
computed according to a frequency corresponding to a
maximum value computed from a Fourier transform of the
pressure values obtained during a historical time interval,
and according to a frequency bandwidth based on the
maximum value, and code for applying the filter to the
current signal indicative of pressure values for computing
the frequency band of diaphragm movement.

[0023] In a further implementation form of the first and
second aspects, the frequency bandwidth is computed
according to a frequency range in which values of the
Fourier transform are at least half of the maximum value.
[0024] In a further implementation form of the first and
second aspects, the band pass filter comprises a cascade of
a low pass filter followed by a high pass filter.

[0025] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises computing a
band reject filter according to a spectrum band of the
mechanical ventilator, and wherein analyzing comprises
removing interference signals of the mechanical ventilator
from the values sensed by the at least one sensor by applying
the band reject filter to the values sensed by the at least one
Sensor.

[0026] In a further implementation form of the first and
second aspects, the at least one sensor is located within
about 0-5 centimeters from the lower esophageal sphincter
when contacting the tissue of the esophagus.

[0027] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises computing a
trend curve according to a plurality of diaphragm movement
frequencies measured over a plurality of time intervals, and
code for predicting a future frequency of diaphragm move-
ment at a future time interval according to the trend curve.
[0028] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises generating an
alert for presentation on a display of a client terminal when
the future frequency of diaphragm movement at the future
time interval is predicted to meet a requirement.

[0029] In a further implementation form of the first and
second aspects, the mechanical ventilator is a conventional
mechanical ventilator that ventilates the target individual at
a frequency within a normal respiratory rate.

[0030] In a further implementation form of the first and
second aspects, the system further comprises code instruc-
tions for and/or the method further comprises computing a
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filter for filtering of neural signals, and for applying the filter
to values sensed by the at least one sensor.

[0031] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly 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 specification, including defini-
tions, 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 illustrative
discussion of embodiments of the invention. In this regard,
the description taken with the drawings makes apparent to
those skilled in the art how embodiments of the invention
may be practiced.

[0033] In the drawings:

[0034] FIG. 1A is a flowchart of a method for monitoring
a frequency of diaphragm movement of a mechanically
ventilated target individual based on values sensed at the
LES and/or in proximity to the LES and adjusting parameter
(s) of a mechanical ventilator based on the monitored
frequency, in accordance with some embodiments of the
present invention;

[0035] FIG. 1B is a flowchart of an exemplary method for
analyzing values sensed at the LES and/or in proximity to
the LES by one or more sensors, in accordance with some
embodiments of the present invention;

[0036] FIG. 1C is the flowchart of the method of FIG. 1A
including additional features, in accordance with some
embodiments of the present invention;

[0037] FIG. 2 is a block diagram of a system for moni-
toring a frequency band of diaphragm movement of a
mechanically ventilated target individual based on values
sensed at the LES and/or in proximity to the LES and
adjusting parameter(s) of a mechanical ventilator based on
the monitored frequency, in accordance with some embodi-
ments of the present invention;

[0038] FIG. 3 is a schematic depicting a feeding tube
within an esophagus of a target individual mechanically
ventilated by a ventilator, and a blow-up of a lower portion
of the esophagus illustrating sensing of pressure within the
balloon and/or impedance values for computation of fre-
quency of movement of a diaphragm of the target individual,
in accordance with some embodiments of the present inven-
tion;

[0039] FIG. 4is a schematic of an example of a raw signal
output of a sensor placed at the LES and/or in proximity to
the LES, in accordance with some embodiments of the
present invention;

[0040] FIG. 5is a schematic depicting a Fourier transform
of a time domain signal of values measured by a sensor
located within the esophagus at the LES and/or in proximity
to the LES, in accordance with some embodiments of the
present invention;
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[0041] FIG. 6 is a schematic depicting processing of the
output of an impedance sensor by applying the matched
band pass filter, in accordance with some embodiments of
the present invention;

[0042] FIG. 7 is a schematic depicting processing of the
current output of the impedance sensor by applying the
tunable narrow band pass filter as described with reference
to FIG. 6, where the band pass filter is tuned according to an
analysis of a Fourier transform of historical output of the
impedance sensor. in accordance with some embodiments of
the present invention;

[0043] FIG. 8 is a schematic depicting a band pass filter
created based on an analysis of a Fourier transform of values
sensed by sensor(s), in accordance with some embodiments
of the present invention; and

[0044] FIG. 9 is a schematic of an exemplary architecture
of an analogue implementation of a band pass filter for
filtering time domain values outputted by a sensor, in
accordance with some embodiments of the present inven-
tion; and

[0045] FIG. 10 is a schematic of an exemplary architecture
of a digital implementation of a band pass filter for filtering
time domain values outputted by a sensor, in accordance
with some embodiments of the present invention.

DETAILED DESCRIPTION

[0046] The present invention, in some embodiments
thereof, relates to treatment of mechanically ventilated
patients and, more specifically, but not exclusively, to sys-
tems and methods for tracking spontaneous breathing of a
mechanically ventilated patient.

[0047] As used herein, the term frequency may refer to
frequency band.

[0048] An aspect of some embodiments of the present
invention relate to a system, an apparatus, and/or method for
monitoring spontaneous breathing of a mechanically venti-
lated target individual and adjusting parameter(s) of a
mechanical ventilator based on the monitored spontaneous
breathing signal as sensed by a sensor(s) located within the
esophagus. An indication of a frequency band of diaphragm
movement waveform of the mechanically ventilated target
individual is computed according to an analysis of output of
at least one sensor that senses values at the lower esophageal
sphincter (LES) and/or of tissues of the esophagus in prox-
imity to the LES. The frequency band is computed since the
motion of the diaphragm is not necessarily a pure single
harmonic but rather a more general waveform that includes
additional frequencies. At least one sensor is located on a
distal portion of a feeding tube inserted at least into the distal
end portion of the esophagus of the target individual. The
computed waveform of diaphragm movement provides an
indication of the natural tendency to breath unaided by the
target individual. One or more parameters of the mechanical
ventilator are adjusted according to the frequency of dia-
phragm movement for weaning the target individual off the
ventilator. The adjustment of the parameter(s) of the
mechanical ventilator are adjusted while the feeding tube is
in use for enterally feeding the ventilated patient.

[0049] Optionally, the at least one sensor includes one or
more impedance sensors, optionally electrodes, that sense
impedance values. It is noted that impedance may be com-
puted base on voltage value measured by one or more
electrodes when one or more currents, optionally alternating
currents, are applied. Impedance values measured over a
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time interval are analyzed to compute the indication of the
frequency of movement of the diaphragm.

[0050] Alternatively or additionally, the at least one sensor
includes a pressure sensor that senses pressure values in an
esophageal body (e.g., balloon) inflated within the distal end
portion of the esophagus, at the LES and/or in proximity to
the LES. Pressure values measured over a time interval are
analyzed to compute the indication of the frequency band of
movement of the diaphragm.

[0051] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein improve the technology of treating mechanically
ventilated patients, by improving the process of weaning the
mechanically ventilated patient off the ventilator.

[0052] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein relate to the technical problem of weaning a patient
from a mechanical ventilator. The measurement of fre-
quency of the movement of the diaphragm is indicative of
natural breathing tendencies of the ventilated patient, and
may be used for synchronization (i.e., synchronization of
frequency and phase e.g., a phase-locked loop (PLL)) of the
ventilation rate administered by the mechanical ventilator
for weaning the patient off the ventilator. When the dia-
phragm is detected as starting to move to increase the
thoracic volume for inhalation of air, the ventilation machine
may be set to deliver air. When the diaphragm moves to
reduce the volume of the lungs to push out air, the ventila-
tion machine may be set to withdraw air from the lungs of
the patient.

[0053] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein sense the natural tendency of the intubated patient to
breathe without the ventilator. A signal indicating the natural
tendency of the intubated patient to breathe without the
ventilator may be otherwise difficult to detect, for example,
since the natural movement of the diaphragm of the patient
is overpowered by the ventilator that forces air in and out of
the patient at the frequency set by the ventilator. Signals that
include the natural movement of the diaphragm may be
drowned by much larger amplitude signals generated based
on the ventilator.

[0054] At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein provide advantages over previously described sys-
tems and methods that adjust a ventilator, including:
[0055] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein are designed to adjust a conventional mechanical
ventilator that ventilates the patient at a frequency within a
normal respiratory rate, for example, about 25-40 breaths
per minute, about 20-30 breaths per minus, about 12-18
breaths per minute, about 10-30 breaths per minute, or other
values. The rate of the mechanical ventilator is adjusted
according to the frequency of the moving diaphragm option-
ally in an attempt to match the phase of the moving
diaphragm, computed as described herein. In contrast, other
systems and/or methods may be designed to adjust a high
frequency ventilator, which operates at very high ventilation
rates that are much higher than normal respiration, for
example, 4 times greater than normal.

[0056] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein obtain an accurate indication of the actual motion of
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the diaphragm based on the analysis of the output of the
sensors located at and/or in proximity to the LES (as
described herein). In contrast, some other systems and/or
methods use neural electrical activity as sensed in the
esophagus in the general area of the LES to synchronize the
ventilator to the diaphragm, in other words at least some
implementations of the system and/or method described
herein are designed so that the ventilator tracks as close as
possible the natural breathing biomechanical motion of the
diaphragm. The neural electrical activity is not indicative of
the actual motion of the diaphragm, but represents a demand
to inspire from the patient’s brain, and not the actual motion
of the diaphragm.

[0057] * At least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein obtain an accurate indication of the actual motion of
the diaphragm based on filtering out neural signals, since the
neural signals form a common mode to the electrode pair.
Therefore, the obtained signal indicative of the frequency of
movement of the diaphragm, which may have a high mil-
livolt level, has a high signal to noise ratio, from which an
accurate value of the frequency of the motion of the dia-
phragm may be obtained.

[0058] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein improve the performance of existing feeding tubes
which are positioned with the esophagus of the patient for
delivering enteral feedings to the stomach and/or digestive
system of the patient. In some implementations, an inflatable
esophageal body (e.g., balloon), and/or electrode(s) which
may be used for other purposes, for example, to prevent
refluxing gastric contents from ascending along the esopha-
gus may be used to measure esophageal wall pressure
changes and/or measure impedance value changes which
may be analyzed to compute the frequency of patient
breathing.

[0059] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein do not simply perform automation of a manual
procedure, but perform additional automated features which
cannot be performed manually by a human using pencil
and/or paper. According to current practice, patient weaning
is performed based on a spontaneous breathing trial, which
is a time consuming manual operation. Moreover, sponta-
neous breathing trials cannot be performed frequently,
which may result in extending patient intubation times
longer than necessary. In contrast, some implementations of
the systems, methods, apparatus, and/or code instructions
described herein gradually adjust the parameters of the
ventilator in order to slowly wean the patient off the venti-
lator guided by the patient’s own ability to breathe, rather
than a sudden disconnection from the ventilator based on
manual practice. Some implementations of the systems,
methods, apparatus, and/or code instructions described
herein provide automated, real-time, optionally continuous,
monitoring of frequency band of diaphragm movement,
based on an analysis of values sensed by sensor(s) of a
feeding tube which is already in use for feeding the patient.
The synchronization of the ventilation machine according to
the frequency of diaphragm movement may automate the
process of weaning the patient and/or may reduce the time
to wean the patient.

[0060] When the features related to by the systems, meth-
ods, apparatus, and/or code instructions described herein are
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taken as a whole, the combination of the features amounts to
significantly more than a simple mathematical calculation of
computing the frequency of diaphragm movement. The
systems, methods, apparatus, and/or code instructions
described herein do not merely relate to mathematical com-
putations (e.g., equations, Fourier transforms), but relate to
the particular data collected, stored, and the way the data is
collected by sensors located on the distal end portion of a
feeding tube located within the esophagus of the mechani-
cally ventilated target individual that senses values at the
LES and/or in proximity to the LES.

[0061] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein improve an underlying technical process within the
technical field of mechanical ventilation.

[0062] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein provide a unique, particular, and advanced technique
of weaning a patient off a ventilator.

[0063] A least some implementations of the systems,
methods, apparatus, and/or code instructions described
herein are tied to physical real-life components, for example,
one or more of: sensor(s) that sense values at the LES and/or
in proximity to the LES, a feeding tube (e.g., nasogastric
tube, enteral feeding tube), computational hardware (e.g.,
hardware processor(s), physical memory device) that ana-
lyzes the output of the pressure sensor, a mechanical ven-
tilator, and a display.

[0064] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or
carried out in various ways.

[0065] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0066] 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 electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, and any suitable combination of the foregoing.
A computer readable storage medium, as used herein, is not
to be construed as being transitory signals per se, such as
radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
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guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0067] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, 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 network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0068] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting 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 procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer 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 computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

[0069] 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 inven-
tion. 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 readable program instruc-
tions.

[0070] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
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in a computer readable storage medium that can direct a
computer, a programmable 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
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0071] The computer readable program instructions may
also be loaded onto a computet, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0072] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, 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 dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

[0073] Reference is now made to FIG. 1A, which is a
flowchart of a method for monitoring a frequency of dia-
phragm movement of a mechanically ventilated target indi-
vidual based on values sensed at the LES and/or in proximity
to the LES and adjusting parameter(s) of a mechanical
ventilator based on the monitored frequency, in accordance
with some embodiments of the present invention. Reference
is also made to FIG. 1B, which is a flowchart of an
exemplary method for analyzing values sensed at the LES
and/or in proximity to the LES by one or more sensors, in
accordance with some embodiments of the present inven-
tion. Reference is also made to FIG. 1C, which is the
flowchart of the method of FIG. 1A including some addi-
tional optional features, in accordance with some embodi-
ments of the present invention.

[0074] Reference is also made to FIG. 2, which is a block
diagram of a system 200 for monitoring a frequency band
and/or the waveform of diaphragm movement of a mechani-
cally ventilated target individual based on values sensed at
the LES and/or in proximity to the LES and adjusting
parameter(s) of a mechanical ventilator based on the moni-
tored frequency, in accordance with some embodiments of
the present invention. One or more of the acts of the method
described with reference to FIGS. 1A-1C may be imple-
mented by components of system 200, as described herein,
for example, by a processor(s) 204 of a computing device
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206 executing code instructions 208A stored in a memory
208 (also referred to herein as a data storage device).

[0075] A feeding tube 212 is implemented as an enteral
feeding tube for feeding the patient. The enteral feeding tube
is positioned within the gastrointestinal system of the
patient, for example, within the stomach, duodenum, or
upper small intestine. The frequency of diaphragm move-
ment of mechanically ventilated patients being enterally fed
may be monitored without requiring insertion of an addi-
tional probe, since the enteral feeding tube is already posi-
tioned within the esophagus for feeding the patient. The
enteral feeding tube provides an additional function of
monitoring the diaphragm movement of the patient i.e., the
wave form resulting from the diaphragm movement exerting
variable pressure and/or stress on the sensor producing the
measured corresponding electrical signal.

[0076] Alternatively or additionally, feeding tube 212 is
implemented as a nasogastric (NG) tube for evacuation of
contents from the stomach. The NG tube is positioned within
the gastrointestinal system of the patient, for example,
within the stomach, duodenum, or upper small intestine. The
said diaphragm movement and resulting signal of mechani-
cally ventilated patients having their stomach contents being
drained and/or stomach maintained in a drained state may be
monitored without requiring insertion of an additional
probe, since the NG tube is already necessary to treat the
patient.

[0077] Feeding tube 212 includes one or more sensors 202
located at a distal end portion thereof. When feeding tube
212 is in use and positioned within the esophagus for enteral
feeding of the patient, sensor(s) 202 is positioned for sensing
values within the tissue of the esophagus at the LES and in
proximity to the LES (e.g., at the inner wall of the esopha-
gus). Sensor(s) 202 may directly contact the LES and/or
tissue of the esophagus, and/or may perform measurements
of another element that contacts the LES and/or tissue of the
esophagus resulting from the variable pressure generated by
diaphragm motion.

[0078] Optionally, sensor(s) 202 include impedance sen-
sors, optionally intra-body electrode(s). Impedance sensor
(s) are positioned on the distal end of feeding tube 212, such
that when feeding tube 212 is inserted into the esophagus of
the target patient, Impedance sensor(s) are positioned at the
LES and/or in proximity to the lower esophageal sphincter
(LES), for example, above the LES within the esophagus, or
within the stomach (e.g., the antrum of the stomach).

[0079] Itis noted that intra-body electrode(s) represents an
exemplary implementation of an impedance sensor, and that
other implementations of impedance sensors for sensing
impedance in proximity to the LES may be used. The terms
electrode(s) and impedance sensor(s) may sometimes be
interchanged.

[0080] Impedance sensor(s) may be implemented, for
example, as wires that are exposed on some locations along
the feeding tube, where the exposed wires act as impedance
sensors, for example, as described with reference to U.S.
Pat. No. 9.226,878.

[0081] Impedance sensor(s) may located on an inflatable
balloon, such that when the balloon is expanded (e.g.,
inflated) when feeding tube 212 is positioned within the
esophagus, contact (optionally by applying a force) is
formed between impedance sensor(s) and the inner wall of
the esophagus and/or stomach. The contact transmits elec-
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trical signals and/or current between intra-body electrode(s)
(and/or other implementation of the impedance sensor(s))
and the nearby tissue.

[0082] Sensor(s) 202 may be associated with an attach-
ment mechanism, optionally a clip-on attachment, for
example, a clip, a C-shaped clip, for connection to existing
off-the-shelf feeding tubes 212. Alternatively, enteral feed-
ing tubes are manufactured integrally with sensor(s) 202, for
example, sensor(s) 202 are glue, crimped, injection molded,
and/or build-in to the outer surface of the enteral feeding
tube.

[0083] System 200 may include one or more extracorpo-
real electrode, optionally implemented as a pad electrode.
The extracorporeal electrode is designed for placement
externally to the skin of the target patient. The extracorpo-
real electrode may include a sticky portion for sticking to the
surface of the skin. The extracorporeal electrode may be
positioned over the surface of the skin, with an optional
conduction medium (e.g., gel) providing electrical conduc-
tivity between the extracorporeal electrode and the skin.

[0084] A currently, optionally an alternating current is
applied between the intra-body electrode(s) and the extra-
corporeal electrode(s). Impedance sensor(s) senses the volt-
age, and the impedance is computed according to the mea-
sured voltage.

[0085] Alternately, in some implementations. sensor(s)
202 includes one or more esophageal bodies, optionally
elastic, located on the distal end of feeding tube 212, for
example, an inflatable balloon(s). The esophageal body may
be designed to be inflated, for example, in response to
identification of an indication of reflux, and/or for sensing
lung fluid of the patient. In one example, when inflated, the
esophageal body contacts the inner wall of the esophagus,
preventing or reducing refluxing digestive (e.g., stomach)
contents from ascending via the esophagus. The indication
of reflux may be detected, for example, by an analysis of
impedance values measured by an electrode(s) located
within the esophagus, for example, at the distal end of
feeding tube 212. Additional details of an exemplary imple-
mentation of feeding tube 212 and esophageal body that is
inflated in response to identification of reflux may be found
with reference to U.S. Pat. No. 9,226,878, to common
inventors and the same assignee. The contents of U.S. Pat.
No. 9,226,878 are incorporated herein by reference in their
entirety.

[0086] Optionally, a pressure sensor senses the pressure in
the esophageal body. Pressure sensor at least senses the
pressure when the esophageal body is inflated is and con-
tacting the inner wall of the esophagus. The pressure sensor
may continuously sense the pressure within the esophageal
body, for example, for controlling the inflation and/or defla-
tion of the esophageal body.

[0087] Alternatively or additionally, miniature pressure
and/or stress sensor(s) are mounted on the feeding tube close
to the LES impedance sensors for detecting the diaphragm
movement as the diaphragm changes the pressure in the LES
area.

[0088] Optionally, a fluid controller delivers fluid for
inflating the esophageal body. The fluid controller may
evacuate the fluid out of the esophageal body 214 for
deflation of the esophageal body. The fluid controller may be
implemented as, for example, one or more pumps, valve(s),
fluid syringe(s), and/or combinations of the aforementioned.
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[0089] Exemplary fluids for inflation of esophageal body
include: liquids (e.g., saline, water), and/or gases (e.g.,
oxygen, nitrogen, carbon dioxide).

[0090] Computing device 206 may communicate with
sensor(s) 202 via one or more data interfaces 216, for
example, a network interface, a wire connection, a wireless
connection, a local bus, other physical interface implemen-
tations, and/or virtual interfaces (e.g., software interface,
application programming interface (API), software devel-
opment kit (SDK)).

[0091] Computing device 206 may be implemented as, for
example, a standalone integral unit, a virtual machine, a
client terminal, a server, a computing cloud, a mobile device,
a desktop computer, a thin client, a Smartphone, a Tablet
computer, a laptop computer, a wearable computer, glasses
computer, and a watch computer. Computing device 206
may be implemented as a customized unit that include
locally stored software and/or hardware that perform one or
more of the acts described with reference to FIGS. 1A-1C.
Alternatively or additionally, computing device 206 may be
implemented as code instructions loaded on an existing
computing device. Alternatively or additionally, computing
device 206 may be implemented as hardware and/or code
instructions (e.g., an accelerator card) installed and/or inte-
grated within an existing computing device.

[0092] Processor(s) 204 of computing device 206 may be
implemented, for example, as a central processing unit(s)
(CPU), a graphics processing unit(s) (GPU), field program-
mable gate array(s) (FPGA), digital signal processor(s)
(DSP), and application specific integrated circuit(s) (ASIC).
Processor(s) 204 may include one or more processors (ho-
mogenous or heterogeneous), which may be arranged for
parallel processing, as clusters and/or as one or more multi
core processing units. Processor(s) 204 may be hardware
processars.

[0093] Memory 208 stores code instructions executable by
processor(s) 204. Memory 208 is implemented as, for
example, a random access memory (RAM), virtual memory,
read-only memory (ROM), and/or a storage device, for
example, non-volatile memory, magnetic media, semicon-
ductor memory devices, hard drive, removable storage, and
optical media (e.g., DVD, CD-ROM). Memory 208 stores
code instructions 208A that implement one or more acts of
the method described with reference to FIGS. 1A-1C. Alter-
natively or additionally, one or more acts of the method
described with reference to FIGS. 1A-1C are implemented
in hardware.

[0094] Code instructions 208 A may perform one or more
features described with reference to act 116 of FIG. 1C, for
example: detect a gastric reflux event based on an analysis
of impedance value(s) measured by impedance sensor(s)
(e.g., electrodes) located on a distal end of the feeding tube
optionally at the LES area, and optionally one or more
externally located electrodes. When pressure and/or stress
sensors are used, the output of the pressure and/or stress
sensors is fed to the processor(s). Instructions may be
generated for automatically inflating the esophageal body in
response to the detected gastric reflux event. Alternatively or
additionally, code instructions 208 A may sense an amount of
lung fluid in the lungs of the target individual based on
impedance value(s) measured by impedance sensor(s) (e.g.,
electrodes) located on a distal end of the feeding tube 212,
and optionally one or more externally located electrodes.
Instructions may be generated for automatically periodically
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inflating the esophageal body for periodic sensing of the
amount of lung fluid. Computing device 206 may include a
data storage device 218 for storing data, for example, a
history of diaphragm movement frequencies. Data storage
device 218 may be implemented as, for example, a memory,
a local hard-drive, a removable storage unit, an optical disk,
a virtual memory, a storage device, and/or as a remote server
and/or computing cloud (e.g., accessed via a network con-
nection).

[0095] Computing device 206 includes and/or is in com-
munication with a user interface 220 that includes a mecha-
nism for a user to enter data (e.g., patient information)
and/or view presented data (e.g., computed frequency of
diaphragm movement, trend of diaphragm movement fre-
quencies). Exemplary user interfaces 220 include, for
example, one or more of, a touchscreen, a gesture device, a
display, a keyboard, a mouse, and voice activated software
using speakers and microphone. External devices, such as
client terminals 222 and/or server(s) 224 communicating
with computing device 206 over a network 226 may serve as
user interface 220, for example, a smartphone running an
application may establish communication (e.g., cellular,
network, short range wireless) with computing device 206
over network 226 using a communication interface (e.g.,
network interface, cellular interface, short range wireless
network interface). The user may enter data and/or view data
on the display of the smartphone, optionally via a graphical
user interface (GUI) application.

[0096] Computing device 206 may be in communication
with client terminal(s) 222 and/or server(s) 224 over net-
work 226 via a network interface 228. Network interface
228 may be implemented as, for example, a network inter-
face card, a hardware interface card, a wireless interface, a
physical interface for connecting to a cable, a virtual inter-
face implemented in software, communication software
providing higher layers of connectivity, and/or other imple-
mentations.

[0097] Client terminal(s) 222 and/or server(s) 224 may
receive indications and/or alerts generated by computing
device 206, for example, currently computed frequency
band of diaphragm movement, computed trend of frequency
band of diaphragm movement, warning that the frequency
band of diaphragm movement does not meet or requirement
or does meet the requirement. Exemplary client terminal(s)
222 include: a mobile device, a smartphone, a tablet com-
puter, a remotely located personal computer, a glasses com-
puter, and a watch computer. Exemplary server(s) 224
include: a hospital medical record server (e.g., the transmit-
ted data may be automatically logged into the patient
electronic medical record), and/or a remote monitoring
station (e.g., nurses station that monitors multiple patients
on the ward).

[0098] Computing device 206 may be in communication
via network 226 with a mechanical ventilator 230 that
mechanically ventilates the target individual. Instructions
for adjustment of one or more parameters of mechanical
ventilator 230 that are automatically generated by comput-
ing device 206 may be transmitted over network 226 to
mechanical ventilator 230. After a while the ventilator wave
form matches (e.g., as much as possible, and/or within a
matching requirement based on a correlation value) the
natural diaphragm motion, assisting in the weaning of the
patient.
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[0099] Referring now back to FIG. 1A, at 102, the feeding
tube 212 is inserted via the esophagus, into a distal end of
an esophagus of a target patient mechanically ventilated by
ventilator 230. The feeding tube 212 may be sized and
shaped for being disposed within the esophagus so that at
least a distal end of the feeding tube 212 is in the stomach
lumen of the mechanically ventilated patient, while the
segment(s) that include sensor(s) 202 is placed in the
esophagus of the patient, optionally the lower portion of the
esophagus, for example, above and/or in proximity to the
lower esophageal sphincter (LES), for example, at the level
of the LES, and/or within about 0-3 centimeters (cm), or
about 0-5 ¢cm, or about 0-10 cm of the LES, or other values.
[0100] The feeding tube 212 may be an oral tube inserted
via the mouth, and/or a nasogastric tube inserted via the
nose. The distal end of the feeding tube 212 is designed for
positioning within the digestive system when in use for
enteral feeding.

[0101] The feeding tube 212 is inserted for feeding the
mechanically ventilated target individual.

[0102] The indication of the frequency of diaphragm
movement is computed while the feeding tube is in use for
feeding the patient through the impedance sensors and/or the
pressure sensors.

[0103] Reference is now made to FIG. 3. which is a
schematic 302 depicting feeding tube 212 within an esopha-
gus of a target individual mechanically ventilated by venti-
lator 230, and a blow-up 304 of a lower portion of the
esophagus illustrating sensing of balloon pressure and/or
impedance values for computation of frequency band of
movement of a diaphragm 306 of the target individual, in
accordance with some embodiments of the present inven-
tion.

[0104] Abreathing tube 308 located in a trachea 310 of the
target individual delivers mechanical ventilation by ventila-
tor 230 to lungs 312 of the target individual. Feeding tube
212 is located within the esophagus of the target individual.
The lower portion of feeding tube 212 is positioned within
a stomach 314 of the target individual.

[0105] Optionally, an impedance sensor 316, optionally
implemented as electrode(s) is located on feeding tube 212
at a location in proximity to a lower esophageal sphincter
(LES) (and/or the pressure sensors) 318 when feeding tube
212 is in use for feeding the target individual. For example,
sensor 316 is located in-line with the LES 318, and/or within
about 1-10 centimeters (cm), or about 1-5 cm, or about 1-3
cm below and/or above the LES 318. Alternatively or
additionally, an esophageal balloon 320 located on the distal
end portion of feeding tube 212, at the location in proximity
to the LES 318, is inflated. The breathing pressure 322
within esophageal balloon 320 is sensed by a pressure
Sensor.

[0106] The sensor info signal 324 (i.e., measured imped-
ance values and/or pressure values) are transmitted to a
console 326 via sensor electrical connections 328. Console
326 generates instructions for manual and/or automatic
adjustment of parameters of ventilator 230 according to the
computed frequency band of diaphragm movements com-
puted from the sensor info signal 324.

[0107] Referring now back to FIG. 1A, at 104, sensor(s)
202 measure one or more values of the inner wall of the
esophagus in proximity to the LES and/or of the LES, for
example pressure values within the inflated esophageal body
(e.g., balloon), and/or impedance values sensed by electrode
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(s). Since the sensed values are affected by movement of the
diaphragm, an analysis of the sensed values is indicative of
the frequency of movement of the diaphragm.

[0108] The impedance values may be on the level of
millivolt (mV), for example about 1-10 mV, or about 1-100
mV.

[0109] When sensor(s) 202 is implemented as impedance
sensors (e.g., electrode(s)) that are positioned on a balloon,
the electrode(s) may be periodically placed in contact with
the inner esophageal wall by inflation of the balloon. Alter-
natively, the electrode(s) may be in (mostly) constant contact
with the tissue of the esophagus in proximity to the LES, for
example, when implemented as pairs of wires exposed via
an orifice of the feeding tube.

[0110] The code further includes instructions for extract-
ing cordial information for better filtering of the desired
diaphragm associated signal, for implementation when one
or more of the sensors (e.g., impedance and/or pressure) are
located near the area where the heart (e.g., apex thereof)
effects the esophagus.

[0111] In some implementations, sensor(s) 202 sense
impedance values with the assistance of one or more exter-
nally positioned electrode(s), for example, pad electrodes
positioned on the skin of the target individual.

[0112] Impedance values may be measured based on an
analysis of one or more applied currents, optionally alter-
nating currents, and a measured pressure drop across sensor
(s) 202 (e.g., electrode(s)) and/or the externally positioned
electrodes.

[0113] The values sensed by sensor(s) 202 are recorded
over a time interval that may be divided for analysis. Each
analyzed time interval is long enough to include multiple
ventilator and/or natural breathing cycles, for example,
about 1-5 minutes, or 5-10 minutes, or 1-10 minutes, or
other values.

[0114] The values sensed by sensor(s) 202 may be stored
as analogue signals that may be continuous over the time
interval, and/or as digital signals that include multiple dis-
crete values over the time interval.

[0115] Reference is now made to FIG. 4, which is a
schematic of an example of a raw signal output of a sensor
placed at the LES and/or in proximity to the LES, for
example, an impedance sensor and/or a pressure sensor, over
an interval of time, in accordance with some embodiments
of the present invention. The frequency of the motion of the
diaphragm is not easily discernible from the time domain
signal. For example, it is unclear whether any of the points
402A-C represent meaningful values, noise, or other irrel-
evant features.

[0116] Referring now back to FIG. 1A, at 106, an indica-
tion of the frequency of movement of the diaphragm is
computed according to an analysis of the values sensed by
the sensor(s) 202 located on the feeding tube, in contact with
the tissue of the esophagus, at the LES and/or in proximity
to the LES.

[0117] Ttis noted that neural signals are filtered out, since
the neural signals form a common mode to the electrode
pair. Alternatively or additionally, a filter may be designed to
filter out neural signals, optionally neural signals associated
with the diaphragm (e.g., Electromyography (EM()), Elec-
trocardiography (ECG) signals, and/or other neural signals
senses at the LES and/or in proximity of the LES. The filter
designed to filter out neural signals may be implemented, for
example, as a cascade filter to the other filter(s) described
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herein (e.g., bandpass filter, band reject filter), and/or the
other filter(s) described herein may be designed to also filter
out neural signals.

[0118] Reference is now made to FIG. 1B, which is a
flowchart of an exemplary method for analyzing values
sensed at the LES and/or in proximity to the LES by one or
more sensors, in accordance with some embodiments of the
present invention. The analysis is based on a transformation
of the time domain signal outputted by the sensor(s) into the
frequency domain to identify peaks within selected regions
of the frequency domain.

[0119] At 150, a Fourier transform of the values sensed by
sensor(s) over the time interval is computed. The Fourier
transform is designed to extract the frequency band of the
movement of the diaphragm that is “buried” in the pressure
and/or impedance signal.

[0120] In terms of mathematical representation, the Fou-
rier transform of the raw time domain signal may be denoted
as:

SYGI=FFT {s[k]}

[0121] Optionally, a maximum amplitude of the Fourier
transform is identified. The frequency of the diaphragm
movement is computed according to the frequency of the
Fourier transform corresponding to the maximum ampli-
tude.

[0122] The maximum amplitude of the Fourier transform
may be indicative of the frequency of the movement of the
diaphragm, and/or may be used to create a filter for improv-
ing the accuracy of identifying the frequency of the move-
ment of the diaphragm.

[0123] The maximum amplitude may be identified for a
local range of the Fourier transform. The local range is
selected according to the most likely range of frequency of
the diaphragm movement. For example, the local range is
selected as about 0.2 to 0.5 Hertz (Hz). Identification of the
maximum amplitude within the selected range helps exclude
other local peaks related to other physiological phenomena,
for example, of cardiac and/or neural origin.

[0124] A band width associated with the maximum ampli-
tude of the Fourier transform may be identified. The band
width may be denoted as the frequency range at which the
amplitude of the Fourier transform is at least half the
maximum amplitude. An exemplary band width is about 0.1
Hz, 0.2 Hz, or 0.3 Hz.

[0125] In terms of mathematical representation, the maxi-
mum amplitude of the Fourier transform and the band width
may be respectively denoted as:

fmax and Afmax

[0126] Reference is now made to FIG. 5, which is a
schematic depicting a Fourier transform 502 of a time
domain signal of values measured by a sensor located within
the esophagus at the LES and/or in proximity to the LES, in
accordance with some embodiments of the present inven-
tion. The maximum amplitude 504 of the Fourier transform
502 represents the frequency of the movement of the dia-
phragm, identified as 0.3 Hz.

[0127] Referring now back to FIG. 1B, at 152, a band pass
filter may be computed based on the values measured by the
sensor(s) over the time interval. The time interval may be a
historical time interval for computing a band pass filter for
applying to values of a current time interval, or a current
time interval for computing a band pass filter for applying to
values of a future time interval.
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[0128] The band pass filter is computed according to a
frequency corresponding to a maximum value computed
from a Fourier transform of the pressure changes obtained
during a historical time interval and/or according to the band
width computed according to the maximum value (e.g.,
corresponding to the frequency range in which the values of
the Fourier transform are at least half the maximum value),
and according to a frequency bandwidth based on the
maximum value, and applying the filter to the current signal
indicative of pressure changes for computing the frequency
of diaphragm movement.

[0129] The band pass filer may be implemented as a
cascade of a low pass filter followed by a high pass filter.

[0130] Alternatively or additionally, a band reject filter is
computed according to a spectrum band of the ventilator 230
that mechanically ventilates the target individual.

[0131] At 154, the band pass filter and/or band rejected
filter is applied to the Fourier transform of the values of the
current time interval (and/or a future time interval) measured
by the sensor(s).

[0132] The band pass filter and/or band rejected filter may
be tunable filters that are dynamically adjusted according to
dynamically computed Fourier transforms of values sensed
by the sensor(s) over multiple time intervals.

[0133] The band pass filter may remove signals originat-
ing from other sources which may interfere with the accu-
racy of obtaining the indication of frequency of movement
of the diaphragm, for example, from neural based sources,
cardiac based sources, instrument based sources, and/or may
avoid unaccounted for delays that may exist in systems
measuring neural signals.

[0134] The band pass filter may be implemented as a
tunable selective filter, where the tuning instructions are
obtained according to an analysis of the Fourier transform of
the values measured by the sensor(s).

[0135] The band pass filer may be implemented as an
analogue and/or digital filter.

[0136] Reference is now made to FIG. 6, which is a
schematic depicting processing of output of an impedance
sensor implementation of sensor 202 of FIG. 2, by applying
the band pass filter, in accordance with some embodiments
of the present invention. An LES impedance sensor 602
(e.g., electrode) outputs a raw time domain impedance
signal 604. It is noted that the LES impedance sensor 602 is
described as an example, but may be substituted by other
implementations of sensor(s) 202 of FIG. 2. The raw time
domain impedance signal 602 is filtered by applying a
tunable narrow band pass filter (NBPF) 604 to create a
filtered signal 606. The filtered signal 606 is analyzed 608 to
compute the frequency of diaphragm motion, which is used
to synchronize the ventilator for weaning the patient. Alter-
natively or additionally, the raw time domain impedance
signal 604 is analyzed 610 for other applications, for
example, for localization of the feeding tube, and/or detec-
tion of reflux, as described herein.

[0137] Reference is now made to FIG. 7, which is a
schematic depicting processing of the current output of the
impedance sensor 602 by applying the tunable narrow band
pass filter 604 as described with reference to FIG. 6, where
the band pass filter 604 is tuned according to an analysis of
a Fourier transform 702 of historical output of the imped-
ance sensor 602, in accordance with some embodiments of
the present invention. Alternatively or additionally, the band
pass filter 604 applied to the current raw output signal 604
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of the impedance sensor is tuned based on an analysis of the
Fourier transform of the raw signal 604 output of the
impedance sensor 602. The Fourier transform 702 of the
current and/or historical output signals of the impedance
sensor 602 is computed, and the maximum amplitude and/or
bandwidth of the Fourier transform is computed, as
described herein. The NBPF 604 is tuned according to the
maximum amplitude and/or bandwidth, as described herein.

[0138] Reference is now made to FIG. 8, which is a
schematic depicting a band pass filter created based on an
analysis of a Fourier transform of time domain values sensed
by sensor(s) 202 of FIG. 2, in accordance with some
embodiments of the present invention. The center peak value
of the band pass filter is set according to the maximum
amplitude of the Fourier transform of the sensor measured
values, denoted fmax 802. The bandwidth 804 of the band
pass filter is set according to the band width of frequencies
of the Fourier transform that have an amplitude of at least
half the maximum amplitude, denoted Afmax. The band-
width may be represented with f1 as the lower frequency of
the band width range and 2 as the upper frequency of the
band width range.

[0139] Reference is now made to FIG. 9. which is a
schematic of an exemplary architecture of an analogue
implementation of a band pass filter 902 for filtering time
domain impedance values outputted by sensor(s) 202 of
FIG. 2, in accordance with some embodiments of the present
invention. Band pass filter 902 is implemented as a cascade
of alow pass filter 904 component that filters out frequencies
above a threshold, optionally f2, followed by a high pass
filter 906 component that filters out frequencies below a
threshold, optionally f1. The respective time constants R, C,
and R,C, may be calculated according to the maximum
frequency and band width computed according to the Fou-
rier transform, for example, according to the following
equations:

1

k= 27(f max + A f max)

1

ke = 2r(fmax — A fmax)

[0140] Reference is now made to FIG. 10, which is a
schematic of an exemplary architecture of a digital imple-
mentation of a band pass filter 1002 for filtering time domain
values outputted by sensor(s) of FIG. 2, in accordance with
some embodiments of the present invention. Band pass filter
1002 may be implemented as a finite impulse response (FIR)
filter. The number of samples (i.e., values) for computation
is denoted as N.

[0141] The frequencies fl1 and {2 defining the band pass
may be computed according to the maximum frequency and
band width computed according to the Fourier transform, for
example, according to the following equations: fl1=fmax-
Afmax/2 and f2=fmax+Afmax/2.

[0142] Filter coeflicients h, are tuned by the band upper
and lower frequencies f1, £2. h[0] to h{N-1] characterize the
filter.

[0143] Filter coeflicients wk are tuned according to the
filter type. Window elements w[0] to w[N-1] are equal to 1
for the simple rectangular window and may poses other
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values when a more complex window is desired, for
example, Bartlett” s, Hamming’s, or other windows.
[0144] Arrow 1004 denotes h,*w, as an example.

[0145] The operation of the FIR filter 1002 may be math-
ematically represented by the following equation:

Y=g ™ HIK] s[-A]

[0146] Where:

[0147] y[n] 1006 denotes the current digital signal output
of the filtered signal.

[0148] s[n] 1008 denotes the digital input signal obtained
from the sensor(s) 202 of FIG. 2.

[0149] s[k] denotes the k” element of the signal input
vector (the last N samples, 0 to N-1) from the sensor(s) 202
of FIG. 2, a typical moving window digital window that, in
the general case uses the N last sensor outputs.

[0150] h[k] denotes the k” element of the finite impulse
response of the filter, where k=0 to k=N-1. The impulse
response of a band pass filter may be computed according to
the mathematical relationships:

_ sin(k —)wy  sin(k — )

k] = R Vk<N-1
My -1y=2"
27{ fmax— Af;nax]
“r= fsampling
271( fmax+ Af;nax]
o= fsampling
[0151] where fmax and Afmax are computed from the

Fourier transform as described herein.

[0152] Referring now back to FIG. 1A, at 106, the indi-
cation of frequency of diaphragm movement is computed
according to the Fourier transfer of the values sensed by
sensor(s) 202, optionally of the filtered Fourier transform.

[0153] Compensation of the filtered Fourier transform for
significant phase delay may be performed.

[0154] At 108, instructions for adjustment of one or more
parameters of ventilator 230 are generated according to the
computed frequency of diaphragm movement. The instruc-
tions may include instructions for adjustment of the venti-
lation frequency, by synchronizing administration of venti-
lation cycles according to the computed frequency of
diaphragm movement.

[0155] The natural diaphragm rhythm may be used to
trigger the ventilator in synchronization with the natural
diaphragm motion. The synchronization may speed up the
process of weaning the patient, and/or to restore normal
spontaneous breathing, which is the rationale behind at least
some of the systems, apparatus, methods, and/or code
instructions described herein.

[0156] The instructions may be transmitted to ventilator
230 from computing device 206 over network 226 for
automatic adjustment of ventilator 230 (via a phase-locked
loop (PLL) loop and/or a correlation tracking loop). The
instructions may be presented on a display, for review by a
user (e.g., attending physician, ventilation machine techni-
cian). The user may review the instructions and authorize the
automatic adjustment of the parameters. Alternatively or
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additionally, the instructions may be for manual adjustment
of ventilator 230 by a user. The manual instructions may be
presented on a display of computing device 206 and/or
transmitted to client terminal 222 and/or server 224 for
presentation on a display.

[0157] At 110, acts of blocks 104-108 are iterated over
multiple time intervals. The iterations monitor the frequency
of diaphragm movements of the ventilated target individual,
and may dynamically adjust the parameters of the ventilator
for weaning the target individual according to dynamic
changes of the frequency of diaphragm movements. Refer-
ence is now made to FIG, 1C, which is the flowchart of the
method of FIG. 1A including some additional optional
features, in accordance with some embodiments of the
present invention. Blocks 102-110 are as described with
reference to FIG. 1A,

[0158] At 112, a trend curve may be computed according
to multiple diaphragm movement frequencies measured
over multiple historic time intervals. The trend curve may be
computed, for example, as a linear regression according to
the multiple diaphragm movement frequencies.

[0159] Optionally, a future frequency of diaphragm move-
ment at a future time interval is predicted according to the
trend curve.

[0160] At 114, an alert may be generated. The alert may be
triggered when the diaphragm movement frequency is
according to a requirement, for example, above a threshold,
below a threshold, within a range, or outside of a range. The
alert may indicate that the target individual is attempting self
breathing and/or is otherwise ready for weaning.

[0161] The alert may be triggered when the predicted
diaphragm movement frequency is according to a require-
ment, for example, above a threshold, below a threshold,
within a range, or outside of a range. The alert may indicate
that the target individual is predicted to attempt self breath-
ing and/or otherwise is predicted to be ready for weaning.
[0162] The alert may be transmitted to another device, for
example, of a client terminal, a mobile device, and a
monitoring station server. The alert may, for example, pre-
sented on a screen, sent as an email and/or text message,
and/or played as an audio message (e.g., audio file and/or
phone call).

[0163] At 116, one or more additional features may be
executed based on computed impedance and/or pressure
measured by the sensor(s) (e.g., electrode(s)), optionally
located on a balloon at the distal end of the feeding tube
and/or on the tube itself at the LES area. The same electrodes
and/or balloon located on the feeding tube within the
esophagus may perform one or more additional features, in
addition to the estimation of the frequency band of move-
ment of the diaphragm:

[0164] Exemplary additional features include one or more
of:
[0165] * Estimating an amount of Tung fluid in the patient.

When inflated, electrode(s) located on the surface of the
balloon contacts the inner wall of the esophagus to measure
electrical parameters (e.g., impedance) for estimating an
amount of lung fluid in the patient. Additional details of an
exemplary implementation of feeding tube 212 and balloon
that is inflated to sense lung fluid may be found with
reference to International Patent Application No. IB2017/
057702, to the same inventors and the same assignee, the
contents of which are incorporated herein by reference in
their entirety.
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[0166] * Monitoring a position of the tube within the
digestive system based on an analysis of the applied altet-
nating current and measured voltage drop. For example, to
detect when the tube moves out of the correct position.
Impedance values sensed by the impedance sensor(s) are
analyzed for monitoring the position of the feeding tube 212
within the esophagus, for example, as described with refer-
ence to U.S. Pat. No. 9,713,579, by the same inventors of the
present application, to the same inventors and the same
assignee, the contents of which are incorporated herein by
reference in their entirety.

[0167] * Estimating a level of fluid within the digestive
system based on an analysis of the applied alternating
current and measured voltage drop. The enteral feeding rate
delivered by the feeding tube may be automatically adjusted
according to the estimated fluid level, for example, to
prevent reflux. Additional details of exemplary systems
and/or methods for estimating fluid levels based on imped-
ance measurements computed based on impedance sensor(s)
located on a feeding tube positioned within the esophagus
may be found with reference to International Patent Appli-
cation No. IL.2015/051156, by the same inventors of the
present application.

[0168] * Detecting a gastric reflux event based on an
analysis of the applied alternating current and measured
voltage drop. For example, to stop enteral feeding. Option-
ally, when a gastric reflux event is detected, the estimation
of lung fluid may be stopped and/or adjusted to account for
the gastric reflux event, for example, by subtracting the
computed impedance value (denoting total impedance due to
lung fluid and reflux) from the estimated impedance value
due to the presence of fluid in the esophagus due to the
reflux. When no gastric reflux event is detected, the mea-
sured impedance may be assumed to be an indication of Tung
fluid without interference effects due to the presence of fluid
within the esophagus (i.e., the reflux). Additional details of
exemplary systems and/or methods for detecting reflux
event based on impedance measurements computed based
on electrode(s) located on a tube positioned within the
esophagus may be found with reference to International
Patent Application No. IL2017/050634, by the same inven-
tors of the present application.

[0169] At 118, acts of blocks 104-116 are iterated over
multiple time intervals. The iterations monitor the frequency
of diaphragm movements of the ventilated target individual,
and may dynamically adjust the settings of the ventilator for
weaning the target individual according to dynamic changes
of the frequency of diaphragm movements. Additional fea-
tures may be executed during one or more of the iterations.

[0170] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

[0171] It is expected that during the life of a patent
maturing from this application many relevant sensors and
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feeding tubes will be developed and the scope of the terms
sensor and feeding tube are intended to include all such new
technologies a priori.

[0172] As used herein the term “about” refers to £10%.
[0173] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”. This term encompasses the terms “con-
sisting of” and “consisting essentially of”.

[0174] The phrase “consisting essentially of” means that
the composition or method may include additional ingredi-
ents and/or steps, but only if the additional ingredients
and/or steps do not materially alter the basic and novel
characteristics of the claimed composition or method.
[0175] 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 com-
pounds, including mixtures thereof.

[0176] The word “exemplary” is used herein to mean
“serving as an example, instance or illustration”. Any
embodiment described as “exemplary” is not necessarily to
be construed as preferred or advantageous over other
embodiments and/or to exclude the incorporation of features
from other embodiments.

[0177] 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.

[0178] Throughout this application, various embodiments
of this invention may be presented in a range format. 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 sub-
ranges 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.

[0179] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween.

[0180] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.
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[0181] Although the invention has been described in con-
Junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

[0182] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as neces-
sarily limiting.

What is claimed is:

1. A system for monitoring spontaneous breathing of a
mechanically ventilated target individual, the system com-
prising:

a feeding tube for insertion into a distal end of an
esophagus of the mechanically ventilated target indi-
vidual;

at least one sensor disposed near the distal end of the
feeding tube at a location such that the at least one
sensor is located at the distal end of the esophagus of
the target individual when the feeding tube is located
within the esophagus and in use, wherein the at least
one sensor is positioned for sensing values by contact
with the tissue of the esophagus including at least one
of a lower esophageal sphincter (LES) and tissue in
proximity to the LES; and

a non-transitory memory having stored thereon a code for
execution by at least one hardware processor of a
computing device, the code comprising code for com-
puting an indication of a frequency band of diaphragm
movement of the mechanically ventilated target indi-
vidual according to an analysis of values sensed by the
at least one sensor, and computing instructions for
adjustment of at least one parameter of a mechanical
ventilator for mechanically ventilating the target indi-
vidual;

wherein the instructions for adjustment of at least one
parameter of the mechanical ventilator are computed
while the feeding tube is in use.

2. The system according to claim 1, wherein the at least
one sensor comprises an at least one electrode for sensing
impedance values.

3. The system according to claim 2, wherein the at least
one electrode is mounted on an inflatable balloon located at
the distal end of the feeding tube, wherein when the inflat-
able balloon is inflated the at least one electrode contacts the
tissue of the esophagus.

4. The system according to claim 1, further comprising:

at least one esophageal body having a pressure dependent
volume, coupled to a distal portion of the feeding tube,
wherein the at least one esophageal body contacts the
tissue of the esophagus when inflated; and

wherein the at least one sensor comprises a pressure
sensor that senses the pressure in the at least one
esophageal body when inflated.
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5. The system according to claim 1, wherein the at least
one sensor contracting at least one of the LES and tissue in
proximity to the LES comprises a pressure sensor that senses
pressure changes created by the movement of the dia-
phragm.

6. The system according to claim 1, wherein the at least
one parameter comprises a frequency of ventilation cycles.

7. The system according to claim 1, wherein the at least
one parameter of the mechanical ventilator synchronizes
administration of ventilation cycles according to the com-
puted frequency of diaphragm movement.

8. The system according to claim 1, further comprising
code for computing a Fourier transform of a current signal
indicative of current values sensed by the at least one sensor,
identifying a maximum value of the Fourier transform, and
computing the frequency of diaphragm movement according
to the frequency and amplitude corresponding to the maxi-
mum value.

9. The system according to claim 8, wherein the maxi-
mum value of the Fourier transform is identified within the
range of about 0.2 to 0.5 hertz (Hz).

10. The system according to claim 8, further comprising
code for computing a band pass filter based on values sensed
by the at least one sensor during a historical time interval,
the band pass filter computed according to a frequency
corresponding to a maximum value computed from a Fou-
rier transform of the pressure values obtained during a
historical time interval, and according to a frequency band-
width based on the maximum value, and code for applying
the filter to the current signal indicative of pressure values
for computing the frequency band of diaphragm movement.

11. The system according to claim 10, wherein the fre-
quency bandwidth is computed according to a frequency
range in which values of the Fourier transform are at least
half of the maximum value.

12. The system according to claim 10, wherein the band
pass filter comprises a cascade of a low pass filter followed
by a high pass filter.

13. The system according to claim 1, further comprising
code for computing a band reject filter according to a
spectrum band of the mechanical ventilator, and wherein
analyzing comprises removing interference signals of the
mechanical ventilator from the values sensed by the at least
one sensor by applying the band reject filter to the values
sensed by the at least one sensor.

14. The system according to claim 1, wherein the at least
one sensor is located within about 0-5 centimeters from the
lower esophageal sphincter when contacting the tissue of the
esophagus.

15. The system according to claim 1, further comprising:

code for computing a trend curve according to a plurality
of diaphragm movement frequencies measured over a
plurality of time intervals; and

code for predicting a future frequency of diaphragm
movement at a future time interval according to the
trend curve.

16. The system according to claim 15, further comprising:

code for generating an alert for presentation on a display
of a client terminal when the future frequency of
diaphragm movement at the future time interval is
predicted to meet a requirement.
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17. The system according to claim 1, wherein the
mechanical ventilator is a conventional mechanical ventila-
tor that ventilates the target individual at a frequency within
a normal respiratory rate.

18. The system according to claim 1, further comprising
code for computing a filter for filtering of neural signals, and
for applying the filter to values sensed by the at least one
sensor.

19. A method for monitoring spontaneous breathing of a
mechanically ventilated target individual, the method com-
prising:

providing a feeding tube for insertion into a distal end of

an esophagus of the mechanically ventilated target
individual, the feeding tube including at least one
sensor disposed near a distal portion thereof;

sensing values by the at least one sensor, when the at least

one sensor is located at the distal end of the esophagus

Mar. 21, 2019

of the target individual when the feeding tube is located
within the esophagus and in use, wherein the at least
one sensor senses values when contacting the tissue of
the esophagus including at least one of a lower esopha-
geal sphincter (LES) and tissue in proximity to the
LES;

computing an indication of a frequency band of dia-
phragm movement of the mechanically ventilated tar-
get individual according to an analysis of the values
sensed by the at least one sensor; and

computing instructions for adjustment of at least one
parameter of a mechanical ventilator for mechanically
ventilating the target individual,

wherein the instructions for adjustment of at least one
parameter of the mechanical ventilator are computed
while the feeding tube is in use.

* ok %k



RiES

FRIRAA

RAAN

£
S\ EREERE

BEGF)

ATRENMBSEENETFRORENSE

US20190083725A1 ASIHUN=!
US16/000922 i H
ELIA LIRON

IDDAN GAVRIEL J

ELIA, LIRON
IDDAN, GAVRIEL J.

A61M16/00 A61B5/00 A61B5/03 A61J15/00

patsnap

2019-03-21

2018-06-06

A61M16/024 A61B5/7257 A61M16/0051 A61M16/0003 A61B5/037 A61J15/0084 A61M2016/0033
G16H40/63 A61B5/6847 A61B5/1107 A61B5/113 A61B5/4836 A61J15/0003 A61J15/0049 A61J15
/0069 A61M16/0434 A61M2016/0027 A61M2205/3334 A61M2205/3344 A61M2205/3375 A61M2205
/3553 A61M2205/3561 A61M2210/105 A61M2230/08 A61M2230/65 G16H20/40 G16H50/20

62/560723 2017-09-20 US

Espacenet USPTO

RHUT -—HATEUNMMBESHERMBBERTRNZS , 2 A
TRANMNRENZHRWIEDE  REEEE LNERRNVE-RSE
RiER (HERAEN , s ) U T M REENZR , HPERSREMKET

ESETAEEAN (LES) WA EAQEmRBNE. /HEELESH
A1 | SR T ARIE M SR 0 B 49 0 AT 1T BAMA R RS 2 O SR
MISTHRD , URATRRMNS KRN REE TR THRE
SHPRYL, EhEsAAENITERTIES, lorae

Position feeding tube
102

Sense values by sensor(s) at LES and/or
> in proximity to LES
104

l

Compute indication of frequency of
diaphragm movement
106

Generate instructions for adjustment of
settings of mechanical ventilation

machine
108



https://share-analytics.zhihuiya.com/view/004c9d27-858c-49ce-b380-8998a9458cbd
https://worldwide.espacenet.com/patent/search/family/065721003/publication/US2019083725A1?q=US2019083725A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190083725%22.PGNR.&OS=DN/20190083725&RS=DN/20190083725

