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WIRELESS CAPNOGRAPHY

This application claims the benefit of U. S. Provisional Application Serial No.
61/071,438 filed April 29, 2008, the content of which is incorporated herein by

reference in its entirety.

BACKGROUND

Medical monitoring Systems that are routinely used in various health care

settings, to track and monitor various patient related parameters may generally and
arbitrarily be divided into two main functional units: a patient interface unit and a
control unit. Those two main units interconnect with each other in order for the
medical monitoring system to function and provide measurements of the medical
parameters being sensed/measured/monitored. The connection between the units of
the monitoring system generally requires the use of various wires and/or tubes that
physically connect the units. However, the use of wires and/or tubes may have
several disadvantages. Some of the disadvantages may include, for example: 1.
Physical connections (such as by wires, cables or tubes) between the patient and the
medical monitoring systems that monitor the patient status may interfere with the
patient comfort. 2. In critical care settings, the patient may often be moved and the
patient movement may cause misplacement, kinking or disconnection of the patient
from the monitoring system. 3. Health care providers require the ability to reach the
patient from all directions, and hence physical connections (such as, for example by
tubes, tubing connections, wires, wiring and the like), may interfere with the
accessibility of the health care provider to the patient. 4. Patients in critical care may
often be transported to different locations to perform various testing and procedures,
such as, for example, x-rays, surgery and the like. Disconnecting and reconnecting
patients from bedside medical monitoring system to transportable monitoring systems
may cause mistakes, errors and the like and further dictates similarity between the
transportable and bedside monitors, in order to minimize such errors. 5. During
transport and emergency, wires and tubing are vulnerable to kinking, pulling out,
misplacing, breakage and the like. In addition, such wires and tubing may further
interfere (such as by causing tripping, and the like during transport). 6. Patient's

mobility considerations may be particularly relevant in pain management (as opposed
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to critical care). The patient may often desire to leave his bed, a task which may be
impeded by the wires and tubes which connect the patient to the monitoring systems.
7. Usually, a patient interface with several separate monitoring systems that cannot all
be kept at the same position relatively to the patient. This may lead to the creation of a
web of wires/tubes/lines in different direction. 8. In many cases, an optimal position
for the monitoring system (with regards of ease of operation by the health care
provider) may not be appropriate with respect to the wires/tubes connection to the
patient. There is thus a need in the art for improved medical monitoring systems and

improved functional connection of these systems to the patient.

SUMMARY

The following embodiments and aspects thereof are described and illustrated

in conjunction with systems, tools and methods which are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments, one or more of the above-
described problems have been reduced or eliminated, while other embodiments are

directed to other advantages or improvements.

According to some embodiments, there is provided a medical monitoring
system which includes more than one separable functional unit, wherein the
connection between at least some of the functional units is wireless and/or tubeless.
The medical monitoring system may be completely wireless and/or tubeless if none of
the separable functional units are physically connected. The medical monitoring
system may be at least partially wireless and/or tubeless if at least some of the
separable functional units are not physically connected. The medical monitoring
system may include various separable, functional units such as, for example, a patient
interface unit, adapted to sample/sense/measure/collect physiological parameters
related to a patient. The patient interface is functionally connected to a platform unit
that is adapted to receive input from the patient interface and optionally from
additional patient interfaces/devices and to transmit some or all of the information,
preferably by wireless route to a remote main analyzing unit (station). The remote
main analyzing unit is adapted to receive the information, process/analyze the

information and present the analyzed/raw information on a display panel. The main
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analyzing unit may be further adapted to transmit said information to a remote

location, such as, for example, a nurse station.

According to some exemplary embodiments, the wireless monitoring system
may include a wireless capnography device. The patient interface may include a
breath sampler, adapted to sample exhaled breath of a patient, for example, by use of
a cannula. The platform unit may receive the sample of exhaled breath and sense
within the sample the levels of CO,. The data may be wirelessly transferred to the
main analyzing unit that may further analyze the data and display the analyzed data,
such as, for example, CO, concentration in exhaled breath (optionally with additional
data, obtained from the measurements, such as, for example, the CO, waveform,
changes in CO; levels in exhaled breath over time, and the like). The main analyzing
unit may further include a patient interface that may allow the user (such as the health
care provider) to determine operation parameters and other related parameters of the

wireless capnography system.

According to some embodiments, there is thus provided a medical monitoring
system that includes separable functional umits, such as, for example, a patient
interface, adapted to sample a physiological parameter of a patient; a platform unit,
adapted to receive sample from said patient interface and sense a health related
parameter within said sample; and main analyzing unit adapted to wirelessly receive
information from said platform unit, analyze said information and display parameters
related to said information, wherein the physical connection between at least two of
the functional units is wireless and/or tubeless. The physiological parameter of the
patient sampled by the patient interface may include, for example, exhaled breath.

The health related parameter sensed by the platform unit may include a level of CO..

According to other embodiments, there is provided a medical monitoring
system that includes more than one separable functional units, such as, a patient
interface, adapted to sense a physiological parameter of a patient; a platform unit,
adapted to receive information from said patient interface and sense a health related
parameter within said sample; and main analyzing unit adapted to wirelessly receive

information from said platform unit, analyze said information and display parameters
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related to said information, wherein the connection between at least two of the
functional units is wireless and/or tubeless. The physiological parameter of the
patient sensed by the patient interface may include, for example, blood pressure, heart
rate, blood oxygen saturation levels, brain activity, heart electrical activity,
temperature, pulmonary related parameters, breath rate, and the like or any

combination thereof.

According to other embodiments, there is further provided a method for using
a medical monitoring device, wherein the device functions at least partially by

wireless and/or tubeless routes.

According to some exemplary embodiments, there is provided a
wireless/tubeless capnography system that may be used to monitor patient's CO;
levels in exhaled breath without the use of fluid tubing and other wiring to connect

between the patient interface, which includes a sampling unit and a remote main unit.

According to other embodiments, there is provided a fluid analyzing system
that includes a wireless and tubeless patient interface that includes a sensor adapted to
sense fluids of a patient, said patient interface further includes: a data converter
adapted to convert data obtained by the sensor to a digital data, a transmitter, adapted
to transmit the digital data from the converter to a remote main unit. The remote main
unit may include a receiver that is adapted to receive data transmitted from the
sampling unit. The system may further include one or more portable power source(s)
located in the patient interface. Alternatively, or in addition, the patient interface may
further include a miniature pump, which is adapted to transfer at least a sample of a
patient’s breath towards a fluid sensor. The patient interface may further include a
cannula, a breath guide, or any combination thereof, adapted to direct at least a

sample of the exhaled breath towards a sampling area.

According to additional embodiments, the fluid analyzing device may include
a capnograph adapted to detect (and optionally analyze and/or monitor) CO, levels in

exhaled breath. According to some embodiments, the sampling unit may include a
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fluid sensor, such as a CO, sensor. The CO; sensor may include an IR sensor, a semi-

conductive type sensor, or any combination thereof.

According to additional embodiments, there is provided a method for
conducting wireless/tubeless capnography, the method includes sensing CO; levels in
exhaled breath by a CO, sensor, converting the data obtained by the CO, sensor to
digital data by a converter, transmitting said digital data by a transmitter to a remote
main unit that includes a receiver, adapted to receive the digital data. The remote
main unit may further include one or more analyzers, one or mMOre Processors, Or any
combination thereof, that may be used to analyze, compute and/or calculate the data

received from the sampling unit.

According to additional embodiments, the wireless/tubeless fluid analyzing
system may be used in system and method with additional at least partially wireless
and/or tubeless monitoring systems. According to some embodiments, there is
provided a system and method for combined wireless and/or tubeless capnograph,
wireless and/or tubeless pulse oximetry and wireless and/or tubeless respiratory rate
measurement. According to some embodiments, there is provided a monitoring
system and method for combined wireless and/or tubeless capnography and oxygen
saturation measurements. According to additional embodiments, there is provided a
monitoring system and method for combined wireless and/or tubeless capnography

and non-invasive blood pressure measurements.

According to some embodiments, there is provided a breath monitoring device
which includes a patient interface unit, adapted to be positioned on the patient head,
said patient interface unit includes: i. a cannula, adapted to collect exhaled breath
from a patient; ii. a pump adapted to transfer at least a sample of the collected exhaled
breath from the cannula to a sampling area; iii. a CO, sensor located in or in
proximity to the sampling area; iv. a control logic adapted to compute at least one
CO, related parameter in the exhaled breath; and v. a transmitter adapted to wirelessly
transmit data corresponding to the at least one CO; related parameter to a remote unit.
The device may further include a tube connecting between the cannula and the

sampling area.
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According to further embodiments, the patient interface unit may further
include one or more power sources, one or more data converters adapted to convert
data obtained from the CO, sensor into digital data, or a combination thereof. The
pump may include a miniature pump, low powered pump, low flow rate pump, or any
combination thereof. The device may further include a carrying unit adapted to

position the patient interface on the patient head.

According to additional embodiments, the cannula may be adapted to direct
the exhaled breath from the mouth of the patient, from one or two nostrils of the

patient, or a combination thereof.

According to yet further embodiments, the at least one CO; related parameter
includes CO, concentration, CO, waveform, change in CO; concentration over time,
End Tidal CO, (Et CO,) or any combination thereof. According to additional
embodiments, the patient interface unit may further include one or more additional
sensors. The one or more additional sensors may include thermometer, blood oxygen
saturation sensor, blood pressure sensor, heart rate sensor, respiration rate sensor,

heart electrical activity sensor, brain activity sensor, or any combination thereof.

According to some embodiments, there is provided a breath monitoring device
which includes a patient interface unit, adapted to be positioned on the patient head,
said patient interface unit includes: i. a breathing guide, adapted to direct exhaled
breath from a nostril and/or mouth of the patient towards a sampling area located in or
in proximity to said breathing guide; ii. one or more CO, sensors located in the
sampling area; iii. a control logic adapted to compute at least one CO, related
parameter in the exhaled breath; and iv. a transmitter adapted to wirelessly transmit
data corresponding to the at least one CO, related parameter to a remote unit. The
one or more CO, sensors may include an infra red based CO; sensor, semi-conductor

based CO, sensor, nanotechnology based CO, sensor, or any combination thereof.

According to additional embodiments, the patient interface unit may further
include one or more power sources, one or more data converters adapted to convert

data obtained from the CO, sensor into digital data, or a combination thereof.
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According to further embodiments, the device may further include a carrying unit
adapted to position the patient interface on the patient head. According to additional
embodiments, the at least one CO, related parameter may include CO, concentration,
CO, waveform, change in CO, concentration over time, End Tidal CO, (Et CO,) or

any combination thereof.

According to additional embodiments, the patient interface unit further may
further include one or more additional sensors. The one or more additional sensors
may include: temperature sensor, blood oxygen saturation sensor, blood pressure
sensor, heart rate sensor, respiration rate sensor, heart electrical activity sensor, brain

activity sensor, or any combination thereof.

According to some embodiments, there is provided a breath monitoring device
which includes: a patient interface uni;c, adapted to be positioned on the patient head,
said patient interface unit comprises a cannula, adapted to collect a sample of exhaled
breath from a patient; and a platform unit which includes: i. one or more CO; sensors
adapted to sense CO, levels in the sample; ii. a pump adapted to transfer the sample
from the cannula to the one or more CO, sensors; and iii. a communication unit
adapted to wirelessly transmit data corresponding to the CO;, levels to a remote

analyzing unit.

According to additional embodiments, the platform unit may further include a
control center, one or more power sources, one or more adapters, one or more
additional sensors, or any combination thereof. The one or more additional sensors
may include temperature sensor, blood oxygen saturation sensor, blood pressure
sensor, heart rate sensor, respiration rate sensor, heart electrical activity sensor, brain
activity sensor, or any combination thereof. The adapters may include adapters for
connection to a monitoring device, sampler, O, supply, power source, Or any
combination thereof. According to further embodiments, the platform unit may be
adapted to regulate the O, supply, regulation of the O, supply is such that the Os

supply is stopped or reduced during the patient's exhalation.
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According to yet further embodiments, the platform unit may be portable. The
platform unit may be adapted to be connected with the patient's bed or chair.
According to additional embodiments, the communication unit is further adapted to

wirelessly receive information and/or data from the analyzing unit.

According to yet further embodiments, the data corresponding to the CO;
levels may include concentration, CO, waveform, change in CO, concentration over
time, End Tidal CO, (Et COy) or any combination thereof. According to further
embodiments, the one or more CO; sensors may include an infra red based CO,
sensor, semi-conductor based CO, sensor, nanotechnology based CO, sensor, or any

combination thereof.

According to some embodiments there is provided a breath monitoring system
which includes: a patient interface unit, adapted to be positioned on the patient head,
said patient interface unit comprises: 1. a cannula, adapted to collect exhaled breath
from a patient; ii. a pump adapted to transfer at least a sample of the collected exhaled
breath from the cannula to a sampling area; iii. a CO, sensor located in or in
proximity to the sampling area; iv. a control logic adapted to compute at least one
CO, related parameter in the exhaled breath; and v. a transmitter adapted to wirelessly
transmit data corresponding to the CO, related parameters to a remote unit; and; a
remote unit adapted to wirelessly receive from the patient interface unit the data
corresponding to the at least one CO, related parameter and to further process and/or
display said data or information related to said data. The system may further include

a tube connecting between the cannula and the sampling area.

According to additional embodiments, the patient interface unit of the system
may further include one or more power sources, one or more data converters adapted
to convert data obtained from the CO, sensor into digital data, or a combination

thereof.

According to yet additional embodiments, the pump of the system may include
miniature pump, low powered pump, low flow rate pump, or any combination thereof.

According to yet further embodiments, the system may further include a carrying unit



10

15

20

25

30

WO 2009/133561 PCT/IL2009/000457

adapted to position the patient interface on the patient head. According to additional
embodiments the cannula of the system may be adapted to direct the exhaled breath
from the mouth of the patient, from one or two nostrils of the patient, or any

combination thereof.

According to yet additional embodiments, the at least one CO, related
parameter comprises CO, concentration, CO, waveform, change in CO; concentration

over time, End Tidal CO, (Et CO,) or any combination thereof.

According to further embodiments, the patient interface of the system may
further include one or more additional sensors. The one or more additional sensors
comprise: thermometer, blood oxygen saturation sensor, blood pressure sensor, heart
rate sensor, respiration rate sensor, heart electrical activity sensor, brain activity

sensor, or any combination thereof.

According to some embodiments, there is provided a breath monitoring
system which include a patient interface unit, adapted to be positioned on the patient
head, said patient interface unit including: i. a breathing guide, adapted to direct
exhaled breath from a nostril and/or mouth of the patient towards a sampling area in
or in proximity to said breathing guide; ii. one or more CO, sensors located in the
sampling area; iii. a control logic adapted to compute at least one CO, related
parameter in the exhaled breath; and iv. a transmitter adapted to wirelessly transmit
data corresponding to the CO, related parameters to a remote unit; and; a remote unit
adapted to wirelessly receive from the patient interface unit the data corresponding to
the CO, related parameters and to further process and/or display said data or
information related to said data. The one or more CO, sensors of the system may
include an infra red based CO, sensor, semi-conductor based CO, sensor,

nanotechnology based CO, sensor, or any combination thereof.

According to further embodiments, the patient interface unit of the system
may further include one or more power sources, one or more data converters adapted
to convert data obtained from the CO, semsor into digital data, or a combination

thereof.
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According to further embodiments the system may further include a carrying

unit adapted to position the patient interface on the patient head.

According to yet further embodiments, the at least one CO, related parameter
include: CO, concentration, CO, waveform, change in CO, concentration over time,
End Tidal CO, (Et CO,) or any combination thereof. According to yet further
embodiments, the patient interface unit of the system may further include one or more
additional sensors. The one or more additional sensors comprise: temperature sensor,
blood oxygen saturation sensor, blood pressure sensor, heart rate sensor, respiration
rate sensor, heart electrical activity sensor, brain activity sensor, or any combination

thereof.

According to some embodiments, there is provided a breath monitoring
system which includes: a patient interface unit, adapted to be positioned on the patient
head, said patient interface unit comprises a cannula, adapted to collect a sample of
exhaled breath from a patient; and a platform unit including: i. one or more CO,
sensors adapted to sense CO, levels in the sample; ii. a pump adapted to transfer the
sample from the cannula to the one or more CO, sensors; iii. a communication unit
adapted to wirelessly transmit data corresponding to the CO, levels to a remote
analyzing unit; and; a remote analyzing unit adapted to wirelessly receive from the
platform unit the data corresponding to the CO, levels and to further process and/or

display said data or information related to said data.

According to additional embodiments, the platform unit of the system may
further include a control center, one or more power sources, one or more adapters, one
or more additional sensors, or any combination thereof. The one or more additional
sensors may include temperature sensor, blood oxygen saturation sensor, blood
pressure sensor, heart rate sensor, respiration rate sensor, heart electrical activity
sensor, brain activity sensor, or any combination thereof. The adapters may include
adapters for connection to a monitoring device, sampler, O supply, power source, or

any combination thereof. According to yet additional embodiments, the platform unit

10
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of the system may be adapted to regulate the O, supply. Regulation of the O supply
may be such that the O, supply is stopped or reduced during the patient's exhalation.

According to yet further embodiments, the platform unit of the system may be
portable. The platform unit is adapted to be connected with the patient's bed or chair.

According to yet further embodiments, the communication unit of the system
may be further adapted to wirelessly receive information and/or data from the
analyzing unit. The data corresponding to the CO, levels may include CO;
concentration, CO, waveform, change in CO, concentration over time, End Tidal CO,

(Et CO,) or any combination thereof.

According to yet additional embodiments, the one or more CO, sensors
comprise an infra red based CO, sensor, semi-conductor based CQO, sensor,

nanotechnology based CO; sensor, or any combination thereof.

According to further embodiments, the remote main analyzing unit may
include a processor subunit, a user interface, display, communication subunit, or any

combination thereof.
In addition to the exemplary aspects and embodiments described above,

further aspects and embodiments will become apparent by reference to the figures and

by study of the following detailed descriptions.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A — A block diagram of a wireless monitoring system, according to
some embodiments;

Fig. 1B — Schematic illustration of a perspective view of a monitoring system;

Fig. 1C — Schematic illustration of a perspective view of a wireless monitoring

system, according to some embodiments;

11
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Fig. 2A-C — Schematic illustration of a perspective view (Fig. 2A), front view
(Fig. 2B) and side view (Fig. 2C) of a patient’s head while wearing a sampling unit of
a wireless capnography device, according to some embodiments;

Fig. 3 — Schematic illustration of a perspective view (Fig. 3A), front view
(Fig. 3B) and side view (Fig. 3C) of a patient’s head while wearing a sampling unit of
a wireless capnography device, according to some embodiments; and

Fig. 4 — Schematic illustration of a perspective view (Fig. 4A), front view
(Fig. 4B) and side view (Fig. 4C) of a patient’s head while wearing a sampling unit of

a wireless capnography device, according to some embodiments.

DETAILED DESCRIPTION

In the following description, various aspects of the disclosure will be
described. For the purpose of explanation, specific configurations and details are set
forth in order to provide a thorough understanding of the disclosure. However, it will
also be apparent to one skilled in the art that the disclosure may be practiced without
specific details being presented herein. Furthermore, well-known features may be

omitted or simplified in order not to obscure the disclosure.

As referred to herein, the term "patient" relates to a subject, which is being
monitored by a medical monitoring system. For example, the medical monitoring
system may include capnograph that may be used to measure CO, levels in exhaled

breath of the patient.

As referred to herein, the terms "tube" and "tubing" may interchangeably be
used and relate to a physical connection means that is used for the transfer of fluids
from a patient to a monitoring system, and/or between various units of the monitoring
system.

non

As referred to herein, the term "wire", "wiring" may be interchangeably used

and relate to a physical connection means (such as wire) that may be used to transfer

signals other than fluids from a patient to a medical monitoring system, and/or

between various units of the medical monitoring system. The signals thus transferred

12
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may include any type of signals, data, and power, such as, for example, digital data,
electric signals, electrical power, and the like. The connection between the patient
and the wires (patient interface) may be direct or indirect and may involve the use of

various adaptors and mediators.

As referred to herein, the terms "wireless" and/or “tubeless” relates to
reducing or eliminating at least some of the physical connections between various
functional units of a medical monitoring system, wherein the monitoring system has
more than one separable functional unit. As a result of the reduction/elimination of the
physical connection between at least some of the various units of the monitoring
system, the system is referred to herein as a wireless and/or tubeless monitoring
system. The wireless and/or tubeless monitoring system may include a completely
wireless and/or tubeless system wherein all of the separable functional units of the
monitoring system are not physically connected. The wireless and/or tubeless
monitoring system may include a partially wireless and/or tubeless system, wherein

only some of the units of the monitoring system are not physically connected.

As referred to herein, the terms "health care provider", "caregivers”, "medical
staff" may interchangeably be used and may relate to a health care professional or
non-professional that may monitor, track the patient status and/or treat the patient.

For example, health care providers may include nurse, physician, therapist and the

like.

As mentioned above, in order to address various disadvantages of the use of
wires and/or tubes in the connection of a patient and medical monitoring systems and
between the various functional units of the monitoring system, several solutions may
be used when creating a wireless and/or tubeless medical monitoring system, either
completely wireless and/or tubeless or partially wireless and/or tubeless monitoring

systems.

According to some embodiments; the wireless medical monitoring system may
include a monitoring system that has more than one functional separable unit, and

wherein the connection between at least two of the units is wireless and/or tubeless.

13
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For example, the medical monitoring system may include an SpO, monitoring system,
an ECG monitoring system, blood pressure monitoring system, capnography
monitoring system, temperature monitoring system, EEG monitoring system, heart
rate monitoring system, breath rate monitoring system, and the like, and any

combination thereof.

According to some examples, the wireless monitoring system may be divided
into three functional units: a patient interface, which includes the unit that interfaces
with the patient and is generally used as the unit that is adapted to
collect/sense/measure samples or any other data (such as, for example, breath
samples) related to the patient. For example, the patient interface may include a
sampler, a sensor, a collection element, and the like. For example, the patient
interface unit may be used to collect/sense/measure such parameters as: breath
samples, CO, levels in exhaled breath, blood pressure, blood oxygen saturation, heart
rate, heart electrical activity, respiratory rate, and the like, or any combination thereof.
Depending on the type of the patient interface unit and the monitoring system, the
patient interface unit may further include, for example: a power source that may be
used, for example, to operate a sensor or a sensor related element (such as, for
example, a pump used for blood pressure measurements); a receiver/transmitter
interface adapted to wirelessly communicate with other functional units of the
monitoring system, and the like. An additional unit of the monitoring system may
include a platform unit that may include one or more sensors and a control center.
Optionally, the platform unit may be a portable unit. The platform unit may be a
screen-less platform. The platform unit may be attached/fixed (permanently or
transiently) to the patient bed, chair, body, and the like. For example, the platform
unit may be attached to the patient bed and may also be carried, at will, by the patient,
by a health care provider, and the like. The platform unit may be functionally
connected to the patient interface, wherein the connection between the patient
interface and the platform unit may be a physical connection or may include a
wireless and/or tubeless connection. For example, the platform unit may be
wirelessly and/or tubelessly connected to the patient interface. In such a setting an
appropriate wireless transmitter-receiver interface is located within the patient

interface unit and the platform unit.  For example, the platform unit may be
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physically connected to the patient interface, for example, by wires and/or tubes. The
connection between the patient interface and the platform unit may be used to transfer
information/data/signals/fluids that are collected/ sensed/measured/sampled by the
patient interface (and samplers/sensors therein) to the platform unit. The platform
unit may further include adapters for connection to various additional devices,
samplers, connectors, power sources, and the like. The platform unit may include an
internal power source, such as, for example, rechargeable battery that may provide
power for operation when the platform unit is being carried, for example, during
transport of the patient. The platform unit may also operate on mains power, while
being positioned on the patient bed. During the time that the platform unit is
connected to the mains power, the internal rechargeable battery may be recharged.
The platform unit may further include a transmitter/receiver unit adapted to send and
receive in a wireless manner data/information/signals from additional units of the
monitoring system. In addition to the patient interface and the platform unit, the
monitoring system may further include a main analyzing unit (station) that may
include such constituents and subunits as, but not limited to: processing subunit
(having appropriate hardware and/or software) adapted to process/analyze information
obtained from the platform unit; patient interface subunit, adapted to allow the user
(such as a health care provider) to control operating parameters and other parameters
that are related to the monitoring system; one or more display subunits (monitor(s))
adapted to visually display various parameters that are related to the operation of the
monitoring system and parameters being monitored/measured by the medical device;
a communication unit adapted to send/receive data/information/signals from the
platform unit. The communication unit may allow wireless communication between
the platform unit and the main analyzing unit and may include a receiver and/or
transmitter. Such a setting may allow the main analyzing unit to be placed at any
location/distance relatively to the patient, at the convenience of the health care

provider.

Such a wireless monitoring system may be useful in overcoming many of the
disadvantages of non-wireless/non-tubeless monitoring systems. For example, in
critical care settings, where physical connection between the patient and monitoring

systems limit and interfere with patient movement, the wireless monitoring system
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may replace the ad-hoc connection between monitors placed in the room where the
patient is hospitalized to a fixed connection from the patient to, for example, the back
of the patient bed, where the platform unit is located. For example, the use of such
wireless monitoring systems may aid the health care provider in reaching the patient
from all directions, since no tubes and/or wires reside outside of the bed where the
patient is located. For example, transportation of patients to other locations (such as,
x-rays, procedures, and the like) is simplified, since no disconnecting is necessary, as
the patient interface remains connected to the platform unit, which by itself is attached
to the patient bed. For example, mobility of the patient is greatly enhanced with the
use of the wireless monitoring system. This may be achieved since the platform unit
may be detached from its location on the bed and be carried with the patient. In
addition, the connections between the patient interface and the platform unit may
easily be removed and upon removing the connections a message may be transferred
to the main analyzing unit such that “disconnected” message is displayed on the
remote monitor of the main analyzing unit. In such an at least partially wireless
and/or tubeless setting, the tubes and wires are directed to one direction, ridding the

bed from the web, providing more comfort for the patient in the bed.

Reference is now made to Fig. 1A, which illustrates a block diagram of a
wireless monitoring system 100, according to some embodiments. Patient interface
such as patient interface 102, is the interface that is attached or in close proximity to
the patient. Patient interface 102 may include one or more samplers, sensors, guides,
collectors, and the like that may be adapted to sample/sense/collect a physiological
parameter related to the patient. For example, the patient interface may include a
breath sampler, such as, for example, a cannula, adapted to sample exhaled breath of
the patient. For example, the patient interface may include a heart related sensor
(such as, for example, ECG), brain activity related sensor (such as, for example, EEG)
a pulmonary related sensor, a blood pressure related sensor (such as, for example, a
non-invasive blood pressure (NIBP) cuff), a temperature related sensor (such as, for
example, a digital thermometer), a blood related sensor (such as, for example, an
SpO; sensor), a breath related sensor (such as, for example, a CO, sensor), and the
like, and any combination thereof. The patient interface may be connected to a

platform unit, 104. The connection between the patient interface and the platform
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unit may be completely or partially wireless and/or tubeless and may involve the use
of appropriate transmitter-receiver interface adapted to wireless and/or tubeless
connect between the patient interface and the platform unit. Alternatively, or in
addition, the connection between the patient interface and the platform unit may
include a physical connection, such as by use of wires and/or tubes (as exemplified by
connection 103 in Fig. 1A). The connection between the patient interface and the
platform unit may be used for the transfer of information/data and/or physical samples
(such as for example, fluids of exhaled breath) between the patient interface and the
platform unit. The platform unit may be placed in close proximity to the patient, such
as, for example, at the patient bed. The platform unit may include several constituents
and any combination of constituents, such as, but not limited to: one or more sensors,
such as sensor 106, adapted to sense desired parameters in the samples acquired by
the patient interface. For example, sensor 106 may include a CO; sensor, adapted to
measure the CO, levels in exhaled breath sample obtained by the patient interface;
control center, such as control center 108, adapted to control and coordinate operation
of the various constituents of the platform unit and of the patient interface. The
control center may be user accessible and may operate automatically; adapters, such
as adapter 110, used to allow for connection to various additional devices, samplers,
connectors, power sources, and the like. For example, adapter 110 may inciude one
or more connectors to connect to, for example, Oxygen (O2) supply of the patient.
For example, adapter 110 may include connection to a power supply that may provide
the platform unit with operating power and may also be used to recharge a
rechargeable internal power source, 112, that may reside in the platform unit. In
addition, the platform unit may optionally include a pump, such as pump 113. The
pump may be used to transfer fluids from, for example, the patient interface to a
sensor in the platform unit. For example, a pump may be used with an NIBP cuff, a
CO, sensor, and the like. In addition, the platform unit may further include a
communication unit 114. Communication unit 114 may include receiver and/or
transmitter adapted to send and receive information, preferably by wireless routes
(shown for example, as wireless route 115 in Fig. 1A), between the platform unit and
a remote main analyzing unit (station), 116 and/or to the patient interface, as
mentioned above. The main analyzing station 116 may include several subunits, such

as, for example, processor subunit 118, adapted to process/analyze/calculate
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information received from the platform unit. Processor subunit 118 may include any
applicable hardware and software. In addition, the main analyzing unit may include a
user interface subunit, 120, adapted to allow the user (such as a health care provider)
to control operating parameters and other parameters that are related to the monitoring
system. The main analyzing unit may further include one or more display subunits
(monitor), such as, for example, display 122, adapted to visually display various
parameters that are related to the operation of the monitoring system and parameters
being monitored/measured by the monitoring system. The main analyzing unit may
further include, a communication subunit, 124, adapted to send/receive
data/information/signals from the platform unit. Communication subunit 124 may
allow wireless communication between communication unit 114 of platform unit 104
and main analyzing unit 116 and may include a receiver and/or transmitter. The
wireless communication between platform unit 104 and main analyzing unit 116 may
include any type of interface and/or protocol that is known in the art for use in
wireless communication. In addition, main analyzing unit 116 may be further adapted
to use a transmitter/receiver interface to wirelessly connect to a remote location, such
as, for example, a nurse station, a physician's ofﬁce/clinic, that may be located in a

separate room from where the patient and the monitoring system are situated.

According to further embodiments, a platform unit (such as platform unit 104)
may be adapted to connect/interact with various main analyzing units. For example, a
main analyzing unit may include any type of medical analysis/monitoring system,
such as, for example: a capnography main analyzing unit, a blood pressure main
analyzing unit, an O, saturation (pulse oximetry) main analyzing unit, a heart rate
main analyzing unit, a respiratory rate main analyzing unit, an electrocardiography
(ECG) main analyzing unit, an electroencephalography (EEG) main analyzing unit,

and the like, or any combination thereof.

Reference is now made to Fig. 1B, which shows a schematic illustration of a

perspective view of a monitoring system, as currently practiced. As shown in Fig. 1B,

" a patient, such as patient 150, is connected by use of various wires, cables and/or

tubes (such as, for example, wires and cables 152A-H; tubes 154A-B) to various

monitoring or other health related devices (such as, fore example, monitoring devices
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156A-C) and/or various fluid supply (such as, for example, O, supply, 158). The
various monitoring devices may include such monitoring devices as, but not limited
to: a blood pressure monitoring device (such as, for example, NIBP), an O, saturation
(Oximeter) monitoring device, a heart rate monitoring device, a respiratory rate
monitoring device, an electrocardiography (ECG) monitoring device, an
electroencephalography (EEG) monitoring device, thermometer, and the like, or any
combination thereof. The various fluid supply may include such fluids as, but not
limited to: gaseous fluids, such as, for example, Oxygen (O2), that may be given via
tubes to the patient airway, such as mouth and nose; fluids such as, for example,
saline, various drug solutions, such as, for example, antibiotics, analgesics, salts,
supplements, and the like, that may be given, for example, via tubes intravenously,
into the patient blood circulation. As detailed above and as clearly illustrated in Fig.
1B, the use of the various wires, cables and/or tubes to connect the patient to the
various monitoring devices, fluid supply and other health related devices has many
disadvantages such as, for example, may prevent an health care provider (such as
health care provider, 160), from reaching the patient from all direction, limit patient
mobility, and the like.

Reference is now made to Fig. 1C, which illustrates a schematic view of a
perspective view of a wireless monitoring system, according to some embodiments.
As shown in Fig. 1C, to a patient, such as patient 200, a patient interface may be
attached or placed in close proximity. The patient interface, may include one or more
samplers, sensors, guides, collectors, and the like that may be adapted to
sample/sense/collect a physiological parameter related to the patient. As shown in
Fig. 1C, the exemplary patient interface includes a combination of
sensors/samplers/collectors, marked as patient interfaces 202A-F. For example, the
patient interface may include a breath sampler, such as, for example, a cannula,
adapted to sample exhaled breath of the patient (such as, for example, patient
interface 202A); For example, the patient interface (such as, for example, patient
interfaces 202B-C) may include a heart related sensor (such as, for example, ECG).;
For example, the patient interface (such as, for example, patient interfaces 202D) may
include a brain activity related sensor (such as, for example, EEG); For example, the

patient interface (such as, for example, patient interfaces 202E) may include a blood
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pressure related sensor (such as, for example, a non-invasive blood pressure (NIBP)
cuff); For example, the patient interface (such as, for example, patient interfaces
202F) may include a blood related sensor (such as, for example, an SpO sensor); For
example, the patient interface may include a pulmonary related sensor (not shown);
For example, the patient interface may include a breath related sensor (such as, for
example, a CO, sensor, (not shown)); For example, the patient interface may include a
temperature related sensor (such as, for example, a digital thermometer, (not shown));
and the like, or any combination thereof. ~ The patient interface may be connected to
a platform unit, such as, platform unit 204. The connection between the patient
interface and the platform unit may be completely or partially wireless and/or tubeless
and may involve the use of appropriate transmitter-receiver interface adapted to
wireless and/or tubeless connect between the patient interface and the platform unit.
Alternatively, or in addition, the connection between the patient interface and the
platform unit may include a physical connection, such as by use of wites and/or tubes.
The connection between the patient interface and the platform unit may be used for
the transfer of information/data and/or physical samples (such as for example, fluids
of exhaled breath) between the patient interface (such as, patient interfaces 202A-F)
and the platform unit (such as platform unit 204). The platform unit may be placed in
close proximity to the patient, such as, for example, at the patient bed (such as bed
250). The platform unit may be portable, such that it may be carried along with the
patient. The platform unit may include several constituents and any combination of
constituents, such as, but not limited to: one or more sensors, adapted to sense desired
parameters in the samples acquired by the patient interface; control center, such as
adapted to control and coordinate operation of the various constituents of the platform
unit and of the patient interface. The control center may be user accessible and may
operate automatically; adapters, used to allow for connection to various additional
devices, samplers, connectors, power sources, and the like. For example, adapter 210,
is adapted to connect to Oxygen (O,) supply that may be given to a patient in need.
The O, supply source may be from a central O, supply, or may come from a portable
0, supply source, such as illustrated for example in Fig. 3C, as a portable O, tank,
208). For example, the adapter may include connection to a power supply that may
provide the platform unit with operating power and may also be used to recharge a

rechargeable internal power source of the platform unit. In addition, the platform unit
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may optionally include a pump, that may be used to transfer fluids from, for example,
the patient interface to a sensor in the platform unit. For example, a pump may be
used with an NIBP cuff, a CO, sensor, and the like. In addition, the platform unit
may further include a communication unit. The communication unit may include
receiver and/or transmitter adapted to send and receive information, preferably by
wireless routes, between the platform unit and a remote main analyzing unit (station),
216 and/or to the patient interface, as mentioned above. The main analyzing station,
such as, main analyzing unit 216 may include several subunits, such as, for example,
processor subunit (control logic), adapted to process/analyze/calculate information
received from the platform unit. The processor subunit (such as processor subunit
218) may include any applicable hardware and software. In addition, the main
analyzing unit may include a user interface subunit, 220, adapted to allow the user
(such as a health care provider 230) to control operating parameters and other
parameters that are related to the monitoring system. The main analyzing unit may
further include one or more display subunits (monitor), such as, for example, display
222, adapted to visually display various parameters that are related to the operation of
the monitoring system and parameters being monitored/measured by the monitoring
system. The main analyzing unit may further include a communication subunit,
adapted to send/receive data/information/signals from the platform unit. The
communication subunit may allow wireless communication between the
communication unit of platform unit (204) and main analyzing unit 216 and may
include a receiver and/or transmitter. The wireless communication between platform
unit (204) and main analyzing unit (216) may include any type of interface and/or
protocol that is known in the art for use in wireless communication. In addition, main
analyzing unit 216 may be further adapted to use a transmitter/receiver interface to
wirelessly connect to a remote location, such as, for example, a nurse station, a
physician's office/clinic, that may be located in a separate room from where the

patient and the monitoring system are situated.

According to some embodiments, and as demonstrated by in Fig. 1A-C, the
use of a wireless and/or tubeless monitoring system (such as system 100 in Fig. 1A),
may facilitate operation of the monitoring systems by the health care provider,

increase accessibility of the medical stuff to the patient and increase comfort and
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mobility of the patient. In addition, since various sensors/samplers/devices are
interfacing the patient through a common unit (the platform unit), which commonly
controls the various sensors/samplers/devices, the accuracy of the measurements thus
obtained may be greatly enhanced. For example, with respect to capnography
monitoring systems, as further detailed below, it is known that supply of Oa to the
patient may interfere with the accuracy of the CO, measurements in exhaled breath of
the patient, since O, may mix and dilute said exhaled breath sample. Therefore, when
using a wireless capnography system as described herein, an O cannula, which
supplies O, to the patient may connect to the platform unit. Likewise, the O, supply
(such as from the main hospital supply, through a wall connection, or from a portable
O, cylinder) may also connect to the platform. By using such connections, the user
(such as the health care provider) may decide to connect the platform unit to the main
hospital supply, for example when the patient is in his room, or to connect the
platform unit to the portable O, cylinder, for example, when the patient is transferred
with his bed to X-ray, operation room or any other place. Furthermore, since the Oy
is delivered through the platform unit, which also include the controls and CO:
sampling elements, a temporal coordination between supplying 0, and measuring
CO, may be achieved. For example, to this aim, O, may only be delivered during
inhalation, thus reducing dilution of the CO, in the exhaled breath, which is a
common limitation when wusing capnography with non-intubated patients.
Alternatively, or in addition, during exhalation O, flow levels may be reduced such
that the dilution effect is minimal. For example, O, flow levels may be at 3-4 L/min
during inhalation and reduced to 1L/min during exhalation. Reducing or stopping O,
flow during exhalation may also save O, and thus cost. In addition, Reducing or
stopping O, flow during exhalation may lower the O concentration in the patient's
near environment and thus reduce the chance of ignition of the highly inflammable O,
by a spark, which may be caused, for example, by a cigarette or by an electrical

device.

According to some embodiments, there is provided a controller adapted to
regulate O supply, such that the O, supply will be stopped or reduced during
exhalation. The controller may be a part of a platform unit or a part of any other

device or system which may or may not be functionally connected with a platform
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unit. The controller may be adapted to regulate O, supply based on a signal indicative
of inhalation and/or exhalation. The signal may be received from any detector and/or
sensor such as a capnograph, CO, sensor, chest movement detector, flow meter or

any other detector and/or sensor.

According to some embodiments, any of the wireless and/or tubeless
monitoring system described herein may include any type of interface and/or protocol
that is known in the art for use in wireless communication, such as, for example, that
described in US Patent 7,215,991 which relates to wireless medical diagnosis and

monitoring equipment and is incorporated herein by reference in its entirety.

According to some exemplary embodiments, the wireless and/or tubeless
monitoring system may include a completely wireless and/or tubeless monitoring
system. As an example, a completely wireless and/or tubeless capnography that may
address at least some of the disadvantages of using wires/tubes with monitoring
systems may be used. Capnography is a non-invasive monitoring method used to
continuously measure CO, concentration in exhaled breath. Based upon the location
of the CO, sensor, capnographers may be divided into two groups: mainstream and
sidestream. In mainstream capnography, a CO, sensor is located directly between the
airway tube and the breathing circuit, and as such, mainstream capnography is
primarily limited to use on intubated patients. In sidestream capnography, the CO,
sensor is remote from the patient and it is located in the main unit. A sample of the
exhaled breath is aspirated by pumps from the airway towards the CO; sensor in the
main unit. This method can be used with both intubated patients, by connecting to the
intubation tube and with non-intubated patients, by connecting to a mask or nostrils of
the patient. By this method, capnography can be simultaneously performed with other

airways-involving procedures such as oxygen administration.

In general, mainstream capnography is tubeless, and side-stream capnography
is wireless. Wireless mainstream capnography may only be used with intubated
patients, since it is dependant on the fact that there is a patient airway tubing. For the
non-intubated patient, mainstream capngoraphers have nothing to latch/attach to on

the patient interface and therefore may not be as useful, unless “bagging” of the
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patient (manual ventilation) is performed. On the other hand, sidestream capnography
is wireless, but needs a pump or the like to suck/take in a sample of the patients breath
towards the remote main unit for detection, monitoring, analysis, and the like, of the
CO, levels. Usually, sidestream capnography sampling systems and patient interfaces
are designed while taking into consideration that a pump creating negative pressure is
being used. In a completely wireless, tubeless capnograph, the design of the sampling

unit must thus be changed so that this crucial difference is addressed.

According to some embodiments, there are several design considerations and
constraints that are taken into consideration when designing and creating patient
sampling interfaces to be used with completely wireless and/or tubeless capnography,
whether a pump is used or not. Such considerations may include, for example: 1. the
natural physiology of the mammalian breathing system is designed so that during
exhalation stage, the exhaled breath, which is rich in CO,, may be efficiently
dispersed well into the atmosphere so that the immediately proceeding inhalation
stage will consist of fresh atmospheric air with minimal CO, content. Hence, after
leaving the body's breathing cavities (such as nose and mouth), there is no major
region/area, in which the exhaled breath collects and can be used as a preferred site
for measuring CO, content. This dispersing mechanism of the exhaled breath may be
created by several mechanisms, such as, for example: the positive pressure and high
breath flow rate that is created while exhaling (for example, by the thoracic muscle,
diaphragm and the like) via small diameter nostrils; the exhaled breath is directed
downwards by the nose and outward by mouth; the higher temperature of the exhaled
breath as compared to the atmospheric air, creates a general upward flow after being
directed downwards from the mouth. 2. a patient may alternate his breathing pattern,
such as, for example, mainly breathing through his nose, but may also breath through
his mouth (typical, for example with deeply sedated patients, congested patients,
Obstructive sleep apnea patients, and the like). Hence the wireless sampling system
(interface) may be adapted to sample from the nose and/or the mouth. 3. In general
practice, non-intubated patients often receive supplementary O,. The O is provided at
flow rates of the same order of magnitude as the patient breathing parameters (for
example, in the range of 2 to 10 liters/minute). These high flow rates of O, may dilute

the breath to be sampled. 4. The patient's nostrils and/or mouth airways may not be
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sealed off in order to trap and monitor the patient’s breath. In addition, no interfering
or restricting the patient from breathing freely is acceptable. 5. The use of & pump
becomes extremely important when relating to the CO, response times, where a crisp
waveform requires fast responses to change. The pump is irnpoﬁant since it is
constantly cleaning the sampling region from the inhalation and exhalation stages that
pass by it. In addition, the pump may permit the use of small diameter tubing, which
otherwise may be restricting the free flow, and thus effecting the response time.
Hence in a design with a miniature pump integrated, a cannula design using a “Y”
junction and holes for O, delivery may be used. Such a cannula design has been
detailed, for example, in US Patent 6,422,240. 6. In order to provide an advantage of
mobility, wireless transmission/reception protocols may be used to determine which
wireless interface transmits to which monitoring system and which monitoring system
displays the information of which patient. Such communication protocols may also
be used to prevent different interfaces from communicating with the same monitoring
system and vice versa. Such circumstances may arise, for example, when several
patients are being monitored by wireless. 7. Zeroing process of the CO, detectors
may be performed by using the ambient atmospheric air as a “zero” reading (which is

sensitive to high CO; levels in the ambient air, especially close to the patients nose).

The constraints and consideration for a completely wireless and/or tubeless
capnography, such as those presented above herein may dictate novel designs to
permit accurate sampling of the exhaled CO, as well as ease of use. These novel
designs together with the negative pressure created by the miniature pump may reduce

the chance that the monitoring system will provide erroneous results.

According to some embodiments, there is provided a completely
wireless/tubeless capnograph with a miniature mechanical pump for sampling breath
samples of a patient. Such wireless capnograph may be designed, which has no tubes
that are connected to the remote main unit. Reference is now made to Fig. 2, which
schematically illustrates a perspective view (Fig. 2A), Front view (Fig. 2B) and side
view (Fig. 2C) of a patient’s head while wearing a patient interface unit of a wireless
capnography device, according to some embodiments. As shown in any of Figures

2A-2C, carrying unit (shown as carrying straps, 4) are used to position the various
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constituents of the patient interface unit, onto its location on the patient face (2). The
patient interface unit may include various constituents, such as, for example, cannula
10, which may be used to direct exhaled breath from the nostrils and/or mouth of a
patient to a desirable location, (such as, for example, a sampling area); a CO, sensor
(6) that may be used to detect/determine/analyze CO, levels in at least a sample of the
exhaled breath; and a housing (such as housing 8). In housing 8, which may be
located behind the patient’s ear (illustrated in Fig. 2, behind right ear, 9), various other
constituents of the patient interface unit may be positioned, such as, for example, a
miniature low powered pump used to pump a breath sample from cannula 10 (for
example, from the sampling area) towards the CO, sensor (6). The pump may be
used to pump at low flow rates (and thus allow low power consumption), such as, for
example at a flow rate of 20ml/min and with minimal resistance since the tubing (7)
over which length the fluids are pumped may be short, such as the distance from the
mouth to the location of the pump (in this example, the patient ears). In addition,
housing 8 may include one or more power sources, such as, for example, a
rechargeable battery that may provide the necessary power needed to operate the
miniature mechanical pump; a control logic adapted to compute CO, related
parameters in the exhaled breath, one or more data converters used to convert data
obtained from the CO, sensor into digital data; one or more transmitters and/or
antennas, adapted to transmit the data to the remote main unit; or any combination

thereof.

According to other embodiments, there is provided a wireless and/or tubeless
capnograph wherein no pump is used with the patient interface unit. Such wireless
capnograph may require the use of a measuring sensor that may use one or more
sensing technologies to monitor CO, levels. For example, one such technology may
include the Infra-Red (IR) technology méthod. For example, another such technology
may include the semi-conductor technology method. For example, another such

technology may include nanotechnology.

The IR technology method utilizes the spectral characteristics of the CO
molecule, which absorbs (and emits) radiation in the IR region of about 4.3 microns.

Common elements of this technology is an IR source of radiation, an optical detector
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and a space (channel) between them, over which gas sample is passed through.
Sometimes it may'be difficult to optimally position the sensor in proximity to the nose
and mouth. This may be solved by using optical fibers at, for example, 4.3 microns,
while retaining the source, detector (sensor) and power source at a location, which is
remote from the mouth (such as for example, seated on the ear or a similar position
that would not interfere, attached to a strap situated on the patients face, and the like,

such as illustrated, for example, in Fig. 4, herein).

The semi-conductor technology involves the use of sensors that consist of

semi-conductors that may include a sensitive coating layer (such as those known in

_ the art as nano-chains). When the sensitive layer is attracted (adsorbs) to molecules

such as CO,, their electric characteristics are changed. Thus, the electric
characteristics are proportional to the concentration of the molecule and can be
measured. This type of detectors may be very small in size and may require low
power to operate and hence may be appropriate for use with a wireless capnography

device, such as illustrated, for example, in Fig. 3 herein.

According to some embodiments, there are several design considerations and
constraints that are taken into consideration when designing and creating patient
sampling interfaces to be used with completely wireless and/or tubeless capnography
that does not involve the use of miniature pumps. Such considerations may include,
for example: 1. Necessity to provide free, unrestricted air flow. 2. Sampling should
be performed at regions located before dispersion of exhaled CO» into ambient air, in
order to avoid dilution of the exhaled CO, in ambient air. 3. Sampling of the CO,
should be separated from O, flow, if O, supply is provided to the patient to reduce the

chance of dilution.

Reference is now made to Fig. 3, which schematically illustrates a perspective
view (Fig. 3A), Front view (Fig. 3B) and side view (Fig. 3C) of a patient’s head while
wearing a patient interface unit of a completely wireless capnography device,
according to some embodiments. As shown in any of Figures 3A-C, carrying unit
(shown as carrying straps, 52) are used to position the various constituents of the

patient interface unit, onto its location on the patient face (50). The patient interface

27



10

15

20

25

30

WO 2009/133561 PCT/IL2009/000457

unit may include various constituents, such as cannula 56, which is used to direct
breath from the nostrils and/or mouth of a patient towards the sampling area wherein
housing 58A and 58B are located. In housings 58A and 58B, which may be located to
the sides of cannula 56, various other constituents of the patient interface unit may be
located, such as, for example, CO, sensor; one or more power sources, such as
rechargeable battery; a control logic adapted to compute CO, related parameters in the
exhaled breath; one or more data converters used to convert data obtained from the
CO, sensor into digital data; one or more transmitters, adapted to transmit the data to
the remote main unit; or any combination thereof. In addition, antenna, such as
antenna 56 may be identified that may aid in transmitting data from the transmitter

towards the remotely located main unit.

Reference is now made to Fig. 4, which schematically illustrates a perspective
view (Fig. 4A), Front view (Fig. 4B) and side view (Fig. 4C) of a patient’s head while
wearing a patient interface unit of a wireless capnography device, according to some
embodiments. As shown in any of Figures 4A-C, carrying unit (shown as carrying
straps, 82) is used to position the various constituents of the patient interface unit,
onto its location on the patient’s face (80). The patient interface unit may include
various constituents, such as breathing guide 90, which is used to direct breath from
the nostrils and/or mouth of a patient towards the sampling area wherein one or more
CO, sensors (shown as two sensors, 92A and 92B) are located. As shown in Figs.
4A-C, the one or more CO, sensors may be located in close proximity to the breathing
guide. The CO; sensors may include any type of sensor known in the art, as detailed
below herein, and may be used to directly or indirectly sense/measure CO, related
parameters of at least a sample of the patient’s breath. The information received by
the CO, sensors may be transferred to housing 86, which may be located behind the
patient ear, and may include various other constituents of the patient interface unit,
such as, for example one or more power sources, such as rechargeable battery; a
control logic adapted to compute CO, related parameters in the exhaled breath ; one
or more data converters used to convert data obtained from the CO, sensor into digital
data; one or more transmitters, adapted to transmit the data to the remote main unit; or
any combination thereof. The data transferred from the CO, sensors (92A and 92B)

towards housing 86, which includes the additional constituents of the patient interface
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unit, may be transferred, for example, by the use of optical fibers, such as, for
example, optical fibers 88. In addition, antenna, such as antenna 84 may be identified
that may aid in transmitting data from the transmitter towards the remotely located
main unit. In addition, or alternatively, data may be transferred by other means, such

as, for example, electrical wires.

Various examples of specific settings, considerations and configurations of
patient interface units of wireless capnograph device, which has been schematically

illustrated in Figures 2-4 are described herein.

According to additional embodiments, one nostril of the patient may be used
for O, delivery. All (100%) or at least the majority (> 75%) of O, may be delivered
to one nostril while the remaining dosage of O, may be delivered either to the mouth
or to the second nostril through a tube with small holes that are spread out. The
second nostril may be used for sampling of exhaled CO;. The holes for O, delivery
on the nostril side where the sampling of CO, is also performed may be covered with
light and thin plastic flap, so that during inhalation the force of the O, delivery opens
the flap easily, but during exhalation the force from the exhaled breath is sufficient to
close off the flap or at least to divert the direction of the O,. Such a setting may also
be used for reducing the dilution effect even when 50% of O, is provided to each

nostril.

According to additional embodiments, the patient interface unit may include a
CO, sampling unit and may further include a nasal interface that may include a prong
that may be used to direct the nasal breath towards the sensing/measuring region of
the sampling unit. The diameter of the CO, sampling nasal prong may be large, such
as, for example at least 1.6 mm and higher. The diameter of the CO, sampling nasal
prong may be about 5Smm. Further more, the diameter of the CO, sampling nasal

prong should not reduce in size as it exits the nostril.

According to further embodiments, when a nasal prong type is used, it may
also be combined with an oral scoop, such as described, for example in US Patent

6,422,240. In such a setting, the “Y” Junction of the prong may be the location where
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the CO, sensor is placed. For example, when using an IR radiation/detector CO,
sensor, this may be the measuring location (such as illustrated in Fig. 3A-C and Fig.
4A-C). Likewise, when using a semi-conductor type sensor, this may be the location
on which the semiconductor-type sensor is positioned (such as illustrated in Fig. 3A-C

and Fig. 4A-C).

According to other embodiments, a nasal prong may not necessarily be used
and inserted into the nostril. Rather, a breathing guide, that may include various types
of soft cover may be placed over the nose or one or two nostrils of the patient, such
that the exhaled breath is not dispersed in all directions when leaving the nostril but
may be guided as an extension of the nose to a desired region/location where the CO2
levels are more easily measure. For example, the CO, sensor may be located in that
region. In addition, optical fibers may be used to connect between the breathing guide

and the CO, sensor.

According to further embodiments, the breathing guide may further be placed
such that it may extend towards the patients mouth so that also mouth breathing may
be guided towards the CO, measuring sensor. The guiding section for the oral breath
may be connected to the bottom part of the patients lip since when a patient opens his
mouth the bottom lip is moved. Since the patient breath is warmer than the ambient
atmospheric air, the exhaled air tends to disperse upwards, hence guiding the exhaled
upwards with the aid of the breathing guide actually helps the exhaled air to move in

its natural direction.

According to further embodiments, a fixed distance between the source of
radiation (such as, for example, IR emission) and the detector of the CO; sensor may
be defined by the breathing guide. Likewise, a distance may be defined between the
two ends of an optical fiber that are positioned in the breath flow pathway that is
determined by the breathing guide (as exemplified in Fig. 4A-C). In such a setting, an
enclosed absorption cell into which exhaled breath may be collected is not necessary,
since the breathing guide is sufficient to create a defined pathway over which at least

a sample of the exhaled CO, may be measured.
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According to some embodiments, the source of radiation (such as IR) and
detector of the CO, sensor may not need be on different sides of the exhaled air flow
pathway. The breath guide may have a reflective surface that may allow the radiation
source and detector to be found on the same side. In such a setting, the radiation from
the radiation source may be reflected from the reflective surface of the breathing

guide towards the CO, detector.

According to other embodiments, some constituents of the patient interface
unit, such as for example, cannulas, nostril cannulas, breathing guide, and the like,
may be of the disposable type. Other constituents, such as housing, CO> sensor,
power source, transmitters, data converters and additional attached subunits may be

reusable with an appropriate interface.

According to some embodiments, there is provided a vital-sign monitoring
system with minimal physical connectivity between the patient and the monitoring
system. Preferably, the connectivity between the patient and the monitoring system is
completely wireless and tubeless. In such a system, the carrying (positioning) unit
(such as an headset) of the wireless capnograph units (such as, for example, the
patient interface unit, which may include a CO, sensor, exhaled breath sampling
interface, miniature mechanical pump, power source, transmitter, data converter, and
the like or any combination thereof) may also be attached to additional medical
sensor/sampling unit. All monitoring/sampling units may be connected to one
carrying unit (such as, for example, a headset), with a common communication unit
(that may include, for example, a transmitter) and a common power supply. The
additional medical sensor/sampling unit may include any type of medical sensor that
may be used to detect/sense/measure health related physiological condition of a
patient. For example, but not limited to, the additional medical sensor/sampling unit
may include breath related sensor, such as, for example a breath flow meter (for
example, of the thermocouple type); a respiratory rate sensor; a temperature sensor
(such as a thermometer that may be placed in close proximity to the patient skin); a
blood related sensor, such as a blood pressure monitor (for example, that may ‘be
attached to a patient ear lobe); an SpO, sensor that may be used to measure non-

invasively blood oxygenation (O, saturation level), most appropriately being of the
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type that connects to the ear lobe; An electroencephalography (EEG) device that may
be used to measure electrical activity of the brain; and the like and any combination

thereof.

According to some embodiments, there is provided a monitoring system for
combined wireless capnography and oxygen saturation measurements. The wireless
capnography may include any of the types of wireless capnography device described
herein. Oxygen saturation may be measured, for example, by a pulse oximeter, which
is a medical device that may be used to indirectly measure oxygen saturation of a
patient's blood. Typically, a pulse oximeter probe has a pair of small light-emitting
diodes (LEDs) facing a photodiode through a translucent part of the patient's body.
One LED is red, with wavelength of 660 nm, and the other is infrared, (for example at
the range of 905, 910, or 940 nm). Absorption at these wavelengths differs
significantly between oxygenated blood (which contain oxyhemoglobin) and its
deoxygenated form, therefore from the ratio of the absorption of the red and infrared
light the oxy/deoxyhemoglobin ratio can be calculated and hence, a measure of
oxygenation (the per cent of hemoglobin molecules bound with oxygen molecules)
can be made. The pulse oximetry probe may include any type of known pulse
oximetry probes, both reusable and disposable such as, for example a finger probe
(which attaches to the patient finger), an ear lobe probe (which is attached to the
patient ear lobe), a forehead probe (which is attached to a patient forehead), a foot
probe (which may be attached to a patient, (usually a neonatal) patient), and any
combination thereof. According to some embodiments, data obtained from the

wireless capnography sensor and data obtained from

According to further embodiments, there is provided a wireless monitoring
system for combined wireless capnograph, wireless pulse oximetry and wireless
respiratory rate measurement. The respiratory rate sensor may include any type of
wireless respiratory rate sensor, such as, for example, an acoustic respiratory rate
sensor. The wireless capnograph may include any of the types described above
herein. The pulse oximetry probe may include any type of known pulse oximetry
probes, both reusable and disposable such as, for example a finger probe (which

attaches to the patient finger), an ear lobe probe (which is attached to the patient ear
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lobe), a forehead probe (which is attached to a patient forehead), a foot probe (which
may be attached to a patient, (usually a neonatal) patient), and any combination

thereof.

According to further embodiments, there is provided a wireless monitoring
system for combined wireless pulse oximetry and wireless respiratory rate
measurement. The respiratory rate sensor may include any type of wireless
respiratory rate sensor, such as, for example, an acoustic respiratory rate sensor. The
pulse oximetry probe may include any type of known pulse oximetry probes, both
reusable and disposable such as, for example a finger probe (which attaches to the
patient finger), an ear lobe probe (which is attached to the patient ear lobe), a forehead
probe (which is attached to a patient forehead), a foot probe (which may be attached

to a patient, (usually a neonatal patient), and any combination thereof.

According to further embodiments, there is provided a wireless monitoring
system for combined wireless capnograph and respiratory rate measurement. The
respiratory rate sensor may include any type of wireless respiratory rate sensor, such
as, for example, an acoustic respiratory rate sensor. The wireless capnograph may

include any of the types described above herein.

According to additional embodiments, there is provided a wireless monitoring
system for combined wireless capnography and non-invasive blood pressure
measurements. The non-invasive blood pressure measurements may be performed by
any of the non-invasive methods known in the art, such as, for example, oscillatory
methods, oscillometric methods, or any combination thereof.  The wireless

capnograph may include any of the types described above herein.

According to additional embodiments, there is provided a wireless monitoring
system for combined wireless oxygen saturation and non-invasive blood pressure
measurements. The non-invasive blood pressure measurements may be performed by
any of the non-invasive methods known in the art, such as, for example, oscillatory
methods, oscillometric methods, or any combination thereof. The pulse oximetry

probe may include any type of known pulse oximetry probes, both reusable and
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disposable such as, for example a finger probe (which attaches to the patient finger),
an ear lobe probe (which is attached to the patient ear lobe), a forehead probe (which
is attached to a patient forehead), a foot probe (which may be attached to a patient,

(usually a neonatal) patient), and any combination thereof.

According to additional embodiments, there is provided a wireless monitoring
system for combined respiratory rate measurements and non-invasive blood pressure
measurements. The non-invasive blood pressure measurements may be performed by
any of the non-invasive methods known in the art, such as, for example, oscillatory
methods, oscillometric methods, or any combination thereof. The respiratory rate
sensor may include any type of respiratory rate sensor, such as, for example, an

acoustic respiratory rate sensor.

According to further embodiments, there is provided a wireless monitoring
system for combined wireless capnograph, wireless pulse oximetry, non-invasive
blood pressure measurements and wireless respiratory rate measurement. The
respiratory rate sensor may include any type of wireless respiratory rate sensor, such
as, for example, an acoustic respiratory rate sensor. The wireless capnograph may
include any of the types described above herein. The pulse oximetry probe may
include any type of known pulse oximetry probes, both reusable and disposable such
as, for example a finger probe (which attaches to the patient finger), an ear lobe probe
(which is attached to the patient ear lobe), a forehead probe (which is attached to a
patient forehead), a foot probe (which may be attached to a patient, (usually a
neonatal) patient), and any combination thereof. The non-invasive blood pressure
measurements may be performed by any of the non-invasive methods known in the
art, such as, for example, oscillatory methods, oscillometric methods, or any

combination thereof.

While a number of exemplary aspects and embodiments have been discussed
above, those of skill in the art will recognize certain modifications, permutations,
additions and sub-combinations thereof. It is therefore intended that the following
appended claims and claims hereafter introduced be interpreted to include all such
modifications, permutations, additions and sub-combinations as are within their true

spirit and scope.
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CLAIMS

What we claim is:

1.

A breath monitoring device comprising:

a patient interface unit, adapted to be positioned on the patient head,

said patient interface unit comprises:
i. a cannula, adapted to collect exhaled breath from a patient;

ii. a pump adapted to transfer at least a sample of the collected

exhaled breath from the cannula to a sampling area;

iii. a CO, sensor located in or in proximity to the sampling

area,

iv. a control logic adapted to compute at least one CO; related

parameter in the exhaled breath; and

v. a ftransmitter adapted to wirelessly transmit data
corresponding to the at least one CO» related parameter to a

remote unit.

The device of claim 1 further comprising a tube connecting between the

cannula and the sampling area.

The device of claim 1, wherein the patient interface unit further comprises one
or more power sources, one or more data converters adapted to convert data

obtained from the CO, sensor into digital data, or a combination thereof.

The device of claim 1, wherein the pump comprises a miniature pump, low

powered pump, low flow rate pump, or any combination thereof.

The device of claim 1 further comprising a carrying unit adapted to position

the patient interface on the patient head.
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6. The device of claim 1, wherein the cannula is adapted to direct the exhaled
breath from the mouth of the patient, from one or two nostrils of the patient, or

a combination thereof.

7. The device of claim 1, wherein said at least one CO, related parameter
comprises CO, concentration, CO, waveform, change in CO; concentration

over time, End Tidal CO, (Et CO,) or any combination thereof.

8. The device of claim 1, wherein the patient interface unit further comprises one

or more additional sensors.

9. The device of claim 8, wherein said one or more additional sensors comprise:
thermometer, blood oxygen saturation sensor, blood pressure sensor, heart rate
sensor, respiration rate sensor, heart electrical activity sensor, brain activity

sensor, or any combination thereof.
10. A breath monitoring device comprising:

a patient interface unit, adapted to be positioned on the patient head,

said patient interface unit comprises:

i. a breathing guide, adapted to direct exhaled breath from a
nostril and/or mouth of the patient towards a sampling area

located in or in proximity to said breathing guide;
ii. one or more CO, sensors located in the sampling area;

iii. a control logic adapted to compute at least one CO, related

parameter in the exhaled breath; and

iv. a transmitter adapted to wirelessly transmit data
corresponding to the at least one CO, related parameter to a

remote unit.

11. The device of claim 10, wherein the one or more CO, sensors comprise an
infra red based CO, sensor, semi-conductor based CO, sensor, nanotechnology

based CO, sensor, or any combination thereof.
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12.

13.

14.

15.

16.

17.

The device of claim 10, wherein the patient interface unit further comprises
one or more power sources, one or more data converters adapted to convert

data obtained from the CO, sensor into digital data, or a combination thereof.

The device of claim 10 further comprising a carrying unit adapted to position

the patient interface on the patient head.

The device of claim 10, wherein said at least one CO; related parameter
comprises CO, concentration, CO, waveform, change in CO; concentration

over time, End Tidal CO; (Et COy) or any combination thereof.

The device of claim 10, wherein the patient interface unit further comprises

one or more additional sensors.

The device of claim 15, wherein said one or more additional sensors comprise:
temperature sensor, blood oxygen saturation sensor, blood pressure sensor,
heart rate sensor, respiration rate sensor, heart electrical activity sensor, brain

activity sensor, or any combination thereof.
A breath monitoring device comprising:

a patient interface unit, adapted to be positioned on the patient head,
said patient interface unit comprises a cannula, adapted to collect a

sample of exhaled breath from a patient; and
a platform unit comprising:

i. one or more CO, sensors adapted to sense CO; levels in the

sample;

ii. a pump adapted to transfer the sample from the cannula to

the one or more CO,, sensors; and

iii. a communication unit adapted to wirelessly transmit data

corresponding to the CO; levels to a remote analyzing unit.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

The device of claim 17, wherein the platform unit further comprises a control
center, one Or more power sources, one or more adapters, one or more

additional sensors, or any combination thereof.

The device of claim 18, wherein the one or more additional sensors comprise
temperature sensor, blood oxygen saturation sensor, blood pressure sensor,
heart rate sensor, respiration rate sensor, heart electrical activity sensor, brain

activity sensor, or any combination thereof.

The device of claim 18, wherein said adapters comprise adapters for
connection to a monitoring device, sampler, O, supply, power source, or any

combination thereof.

The device of claim 20, wherein said platform unit is adapted to regulate the

O, supply.

The device of claim 21, wherein said platform unit is adapted to regulate the
O, supply such that the O, supply is stopped or reduced during the patient's

exhalation.
The device of claim 17, wherein the platform unit is portable.

The device of claim 17, wherein the platform unit is adapted to be connected

with the patient's bed or chair.

The device of claim 17, wherein the communication unit is further adapted to

wirelessly receive information and/or data from the analyzing unit.

The device of claim 17, wherein the data corresponding to the CO; levels
comprises concentration, CO, waveform, change in CO2 concentration over

time, End Tidal CO; (Et CO,) or any combination thereof.

The device of claim 17, wherein the one or more CO, sensors comprise an

infra red based CO, sensor, semi-conductor based CO, sensor, nanotechnology

‘based CO, sensor, or any combination thereof.

A breath monitoring system comprising:
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29.

30.

31.

32.

a patient interface unit, adapted to be positioned on the patient head,

said patient interface unit comprises:
i. a cannula, adapted to collect exhaled breath from a patient;

ii. a pump adapted to transfer at least a sample of the collected

exhaled breath from the cannula to a sampling area,

iii. a CO, sensor located in or in proximity to the sampling

area,

iv. a control logic adapted to compute at least one CO; related

parameter in the exhaled breath; and

v. a transmitter adapted to wirelessly transmit data

corresponding to the CO, related parameters to a remote unit;
and;

a remote unit adapted to wirelessly receive from the patient interface
unit the data corresponding to the at least one CO, related parameter
and to further process and/or display said data or information related to

said data.

The system of claim 28, further comprising a tube connecting between the

cannula and the sampling area.

The system of claim 28, wherein the patient interface unit further comprises
one or more power sources, one or more data converters adapted to convert

data obtained from the CO, sensor into digital data, or a combination thereof.

The system of claim 28, wherein the pump comprises miniature pump, low

powered pump, low flow rate pump, or any combination thereof.

The system of claim 28, further comprising a carrying unit adapted to position

the patient interface on the patient head.
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33. The system of claim 28, wherein the cannula is adapted to direct the exhaled
breath from the mouth of the patient, from one or two nostrils of the patient, or

any combination thereof.

34. The system of claim 28, wherein said at least one CO, related parameter
5 comprises CO, concentration, CO, waveform, change in CO, concentration

over time, End Tidal CO, (Et CO,) or any combination thereof.

35. The system of claim 28, wherein the patient interface unit further comprising

one or more additional sensors.

36. The system of claim 35, wherein said one or more additional sensors
10 © comprise: thermometer, blood oxygen saturation sensor, blood pressure
sensor, heart rate sensor, respiration rate sensor, heart electrical activity

sensor, brain activity sensor, or any combination thereof.
37. A breath monitoring system comprising:

a patient interface unit, adapted to be positioned on the patient head,

15 said patient interface unit comprises:

i. a breathing guide, adapted to direct exhaled breath from a
nostril and/or mouth of the patient towards a sampling area in

or in proximity to said breathing guide;
ii. one or more CO, sensors located in the sampling area;

20 iii. a control logic adapted to compute at least one CO, related

parameter in the exhaled breath; and

iv. a transmitter adapted to wirelessly transmit data

corresponding to the CO, related parameters to a remote unit;
and;

25 a remote unit adapted to wirelessly receive from the patient interface

unit the data corresponding to the CO, related parameters and to
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38.

39.

40.

41.

42.

43.

44,

further process and/or display said data or information related to said

data.

The system of claim 37, wherein the one or more CO, sensors comprise an
infra red based CO, sensor, semi-conductor based CO; sensor, nanotechnology

based CO, sensor, or any combination thereof.

The system of claim 37, wherein the patient interface unit further comprises
one or more power sources, one or more data converters adapted to convert

data obtained from the CO, sensor into digital data, or a combination thereof.

The system of claim 37, further comprising a carrying unit adapted to position

the patient interface on the patient head.

The system of claim 37, wherein said at least one CO; related parameter
comprises CO, concentration, CO, waveform, change in CO, concentration

over time, End Tidal CO, (Et CO,) or any combination thereof.

The system of claim 37, wherein the patient interface unit further comprising

one or more additional sensors.

The system of claim 42, wherein said one or more additional sensors
comprise: temperature sensor, blood oxygen saturation sensor, blood pressure
sensor, heart rate sensor, respiration rate sensor, heart electrical activity

sensor, brain activity sensor, or any combination thereof.
A breath monitoring system comprising:

a patient interface unit, adapted to be positioned on the patient head,
said patient interface unit comprises a cannula, adapted to collect a

sample of exhaled breath from a patient; and
a platform unit comprising:

i. one or more CO, sensors adapted to sense CO; levels in the

sample;
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45.

46.

47.

48.

49.

50.

51.

ii. a pump adapted to transfer the sample from the cannula to

the one or more CO, sensors;

iii. a communication unit adapted to wirelessly transmit data

corresponding to the CO, levels to a remote analyzing unit;
and;

a remote analyzing unit adapted to wirelessly receive from the platform
unit the data corresponding to the CO, levels and to further process

and/or display said data or information related to said data.

The system of claim 44, wherein the platform unit further comprises a control
center, one or more power sources, one or more adapters, one or more

additional sensors, or any combination thereof.

The system of claim 45, wherein the one or more additional sensors comprise
temperature sensor, blood oxygen saturation sensor, blood pressure sensor,
heart rate sensor, respiration rate sensor, heart electrical activity sensor, brain

activity sensor, or any combination thereof.

The system of claim 45, wherein said adapters comprise adapters for
connection to a monitoring device, sampler, O, supply, power source, or any

combination thereof.

The system of claim 47, wherein said platform unit is adapted to regulate the

O, supply.

The system of claim 48, wherein said platform unit is adapted to regulate the
O, supply such that the O supply is stopped or reduced during the patient's

exhalation.
The system of claim 44, wherein the platform unit is portable.

The system of claim 44, wherein the platform unit is adapted to be connected

with the patient's bed or chair.
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52. The system of claim 44, wherein the communication unit is further adapted to

wirelessly receive information and/or data from the analyzing unit.

53. The system of claim 44, wherein the data corresponding to the CO; levels
comprises CO, concentration, CO, waveform, change in CO, concentration

5 over time, End Tidal CO, (Et CO,) or any combination thereof.

54. The system of claim 44, wherein the one or more CO, sensors comprise an
infra red based CO, sensor, semi-conductor based CO, sensor, nanotechnology

based CO, sensor, or any combination thereof.

55. The system of claim 44, wherein the remote analyzing unit comprises a
10 processor subunit, a user interface, display, communication subunit, or any

combination thereof.

15

43



WO 2009/133561

PCT/IL2009/000457

Fig. 1A / 100
102 \
104 Patient Interface
103
Sensor Pump Control Adapter Power Communication
l Center source Unit
106 113 108 110 112 114
Platform unit
115
11 6\
Processor User Display Communication
Subunit Interface ' Subunit
118 120 122 124

Main Analyzing unit

1/5




WO 2009/133561 PCT/IL2009/000457

\/7\
-
Gy
N
X

FIG.1C
2/5

SUBSTITUTE SHEET (RULE 26)



WO 2009/133561 PCT/IL2009/000457

Fig. 2A

Fig. 2B

Fig. 2C

3/5



WO 2009/133561 PCT/IL2009/000457

Fig. 3A

Fig. 3B

Fig. 3C

f 54 52
50

4/5



WO 2009/133561 PCT/IL2009/000457

Fig. 4A
92B
88 82 92A
80
Fig. 4B
Fig. 4C

5/5



INTERNATIONAL SEARCH REPORT

International application No

PCT/IL2009/000457

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00 A61B5/083

Accarding to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, whetre practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with Indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2007/140478 A (MASIMO CORP [US]; AL-ALI 1-21,
AMMAR [US]; DIAB MOHAMED K [USI]) 23-48,
6 December 2007 (2007-12-06) 50-55
Y the whole document 22,49
Y WO 01/95971 A (SCOTT LAB INC [UST) 22,49
20 December 2001 (2001-12-20)
page 7, line 15 - page 8, line 18
page 10, 1ine 9 - 1line 21
X US 2005/171444 A1 (ONO KOHEI [JP] ET AL) 1-10,
4 August 2005 (2005-08-04) 12-19,
23-26,
28-37,
39-46,
50-55
paragraphs [0001] - [0003], [0005],
[0015], [0025], [0108]; figure 20
- / —_—

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered 1o be of particular relevance

*E* earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

invention

in the art.

*T* later document published after the intemé’ﬁonal filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled

*&" document member of the same patent family ‘

Date of the actual completion of the international search

2 September 2009

Date of mailing of the intemational search report

08/09/2009

‘Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Koprinarov, Ivaylo

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 6f 2




INTERNATIONAL SEARCH REPORT

internationat application No

PCT/1L2009/000457
C(Continuation). -DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Chation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 921 369 Bl (GEHRKE MATTHIAS [DE] ET 1-10,
AL) 26 July 2005 (2005-07-26) 12-19,
23-26,
28-37,
39-46,
50-55

column 1 - column 4

Famn PCT/ASA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

International application No

Information on patent fémlly members PCT /I L 2009 /O 00457
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2007140478 A 06-12-2007 US 2007277823 Al 06-12-2007

WO 0195971 A 20-12-2001 AU 6834901 A 24-12-2001
AU 2001268349 B2 17-11-2005
CA 2412485 Al 20-12-2001
CN 1455690 A 12-11-2003
EP 1359960 A2 12-11-2003
JP 3842212 B2 08-11-2006
JP 2004506457 T 04-03-2004
MX  PA02012452 A 26-01-2004
us 6938619 Bl 06-09-2005
US 2007095347 Al 03-05-2007
US 2002017300 A1l 14-02-2002

US 2005171444 Al 04-08-2005 JP 4296570 B2 15-07-2009
JP 2005168600 A 30-06-2005

US 6921369 Bl 26-07-2005 AT 285707 T 15-01-2005
CA .2390836 Al 17-05-2001
WO 0134022 Al 17-05-2001
EP 1227751 Al 07-08-2002
JP 2003513692 T 15-04-2003

Form PCT/ISA/210 (patent tamily annex) (April 2005)




THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RAAN

IPCH &S

CPCH¥%S

LR
L M2 TF S0k
S\EReERR

BEG®)

Pt k= | ;4

EP2285269A1 ASHON !
EP2009738574 i B
ORIDION MEDICAL 19874LTD.

ORIDION MEDICAL 19874LTD.

COLMAN JOSHUA LEWIS
BOTESAZAN ZION
DAVID URI

COLMAN, JOSHUA LEWIS
BOTESAZAN, ZION
DAVID, URI

A61B5/00 A61B5/083 A61M16/06

patsnap

2011-02-23

2009-04-30

A61B5/002 A61B5/0022 A61B5/0836 A61B5/097 A61B5/6814 A61M16/0666 A61M16/0672 A61M16
/0694 A61M2016/103 A61M2202/0216 A61M2205/3569 A61M2205/3592 A61M2205/502 A61M2230
/04 A61M2230/06 A61M2230/10 A61M2230/205 A61M2230/30 A61M2230/42 A61M2230/432

A61M2230/50

61/071438 2008-04-29 US
EP2285269B1

Espacenet

RIF-LEKHEH , BET -—HFRENRENRS  HEBETENE

BEABENBEROR T, MABRERORTEBEEE  MAEEE

THERBBENFHSERMFEERT , G5 . —PHZIMCO24&
R, BEATRUHERPHCO2KE; I, R, ETHHERMNEERBE
—ANHZACO 2tk Rigs: Miii, BEE T , & THX BT CO2KF I #HF
TEARITRD TR,


https://share-analytics.zhihuiya.com/view/a9102ae6-0b00-493f-9b17-1c44574c93cf
https://worldwide.espacenet.com/patent/search/family/040933564/publication/EP2285269A1?q=EP2285269A1

