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DEVICE AND METHOD FOR BREATH ANALYSIS USING

ACOUSTIC RESONANCE FLOW RATE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.

61/389,388, filed October 4, 2010. The contents of the forgoing application is hereby

incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to devices and methods of use for monitoring of

exhaled breath, detection of biomarkers from breath, and diagnostic health monitoring.

BACKGROUND

[0003] The control and monitoring of gas flow is important in many applications,

from fluid transport and delivery, to medical applications such as breath analysis, for

anesthesiology and diagnostic monitoring.

[0004] Volatile organic compounds (VOCs) are a diverse group of carbon-based

chemicals that are volatile at ambient temperature. VOC analysis is used in the fields of

environmental contamination monitoring, forensic science, mining, chemical

manufacture and process control, and fragrance and flavor industries. VOCs emitted from

breath may include biomarkers useful in the diagnosis of a plurality of diseases, including

but not limited to asthma, breast cancer, chronic obstructive pulmonary disease, diabetes,

schizophrenia, cystic fibrosis, and arthritis. For example Nitric Oxide (NO), Pentane,

ethane, and 8-isoprotane have been found as potential diagnostic markers in human

breath of patients with asthma, while acetone, ethanol, and methyl nitrate have been

found in diabetes. Other VOCs that could be used as biomarkers in breath include, but are

not limited to carbon dioxide, oxygen, and ammonia.

[0005] In general, biomarker monitoring offers a lower cost, less invasive method

of obtaining important medical information from a patient. Since the discovery of NO in



human breath, it has been quite intensively studied with association in allergen-induced

airway inflammation, as a marker of eosinophilic airway inflammation, and its utility to

assess response to anti-inflammatory therapy. NO levels are affected by age, height,

weight, gender, and race and NO is generally free of day-to-day variation making it

highly reproducible. Also, NO concentrations in exhaled breath are dependent on the

flow rate making NO the most widely studied and standardized noninvasive biomarker

for asthma.

[0006] Biomarker analysis through exhaled-breath monitoring has not yet been

introduced into every day diagnostic clinical practice. This is mainly due to the lack of

standardization and normalization of sampling procedures and the lack of a uniformly

accepted evaluation criteria for data. However, with the recent development of flow rate

sensors, measurement of biomarkers such as NO has been greatly simplified.

[0007] The alternative to assessing airway inflammation is bronchial biopsy

which is expensive, invasive, complex, and not widely available to physicians. Bronchial

biopsy does not fit the trend of moving towards non-invasive and rapid diagnostic tools

which are simpler to perform, painless, and more agreeable to patients. This new trend

opens up a new promising area for a noninvasive diagnostic tool with various advantages.

Tests can be repeatedly performed without discomfort to patients. They also can be

applied to children including infants and to patients with severe disease in whom more

invasive procedures are not possible.

[0008] Existing methods and devices may detect such unknown biomarkers, but

they are generally slow and complicated. Miniaturized sensors and methods generally

lack sufficient sensitivity, selectivity, and/or reliability; and may be especially deficient

for detecting one or more biomarkers in human breath.

[0009] Even though flow sensors can be quite affordable, a simpler, less

expensive and more reliable sensor can be tremendously useful, particularly in

applications targeting in-home medical treatment/management tools. Other flow sensors

in the art tend to use complicated detection methods such as thermal mass transport

based, optical based, mechanical (both flow and pressure based), Doppler,



electromagnetic, and Coriolis effects. One of the more common techniques to measure

flow rate is using an ultrasound transducer.

[0010] U.S Pat. Nos. 4,603,589 uses two ultrasound bi-directional transducers,

each include transmitting and receiving circuits, to measure the flow parameters between

the two transducers. The international patent application WO 2007/065476 also uses two

ultrasound bi-directional transducers but instead calculates a mass flow of gas by

obtaining time of flight signals for the upstream and downstream. U.S Pat. Nos.

2002/0062681 uses two ultrasound transducers, one near the gas inlet port to a gas flow

path and one near the outlet of the gas outlet port. A microcontroller compares the

difference in time between the ultrasonic pulse from the ultrasound transducer near the

inlet and the ultrasound transducer near the outlet and measures the concentration of gas

flowing through the device.

[0011] The above prior art systems incorporate ultrasound or time and flight or a

combination of both to calculate gas concentration or flow rates. These methods involve

complicated and expensive circuitry and electronics.

[0012] Thus, there is a need in the art for a simple and inexpensive technology for

measuring air flow, one that can be reliably integrated with a sensor system for biomarker

monitoring.

BRIEF SUMMARY OF THE INVENTION

[0013] The present invention addresses a need for a novel, simple, reliable, low cost,

acoustic resonance flow rate measurement method and device.

[0014] The present invention is an improvement over other those flow sensors and others

in its simplicity, mobility and versatility. The invention uses very simple and low cost

electronics that do not require flow information to travel upstream and downstream, but

rather in a linear direction, for quick, easy results. In terms of versatility, the invention

can be a standalone device or built into part of system that needs to be monitored with

minimal additional costs. The present invention can also be attached to a cellular phone;

opening the door to a variety of applications. The invention could make a significant



impact in developing countries as a stand-alone device or by taking advantage of the

spread of cell phones worldwide.

[0015] In a first aspect, the present invention relates to a device for measuring flow rate

from air flow using acoustic resonance. The device can be used to measure breath flow

rate, and can be further integrated with other sensor platforms to measure any gaseous

biomarkers from human breath. Those biomarkers can be, for example, NO, oxygen,

carbon dioxide, acetone, and ammonia.

[0016] Thus the invention provides a device for measuring flow rate in air flow

comprising: a flow sensor containing an audio transducer, an acoustic chamber; an

acoustic sensor connected to the flow sensor; and a processor connected to the acoustic

sensor, wherein the device is comprised of a housing that allows for the conversion of

flow information into an characteristic acoustic signal, wherein the acoustic sensor picks

up the characteristic acoustic signal, and wherein the acoustic sensor is linked to a

processor that analyzes said acoustic signal using acoustic resonance.

[0017] The flow sensor contains a housing with an inlet for receiving a sample

gas, an outlet and an acoustic chamber in between the gas inlet and the gas outlet. The

audio transducer is located near the inlet of the acoustic chamber and capable of

transmitting an acoustic signal through the acoustic chamber towards the gas outlet. The

gas outlet is a narrow opening, creating backpressure within the acoustic chamber thus

slowing flow rate and causing a linear relationship between flow rate and frequency.

[0018] The housing is made of a material such a polymer material, but can be

constructed of any material known in the art for use in construction of medical devices,

such as metal, ceramic, wood, composites, or mixtures thereof.

[0019] The audio transducer is created by standard fabrication techniques [1]

such as building an acoustic flute or other standard flute fabrication techniques. Materials

such as plastics are used to fix the audio transducer to the acoustic chamber.

[0020] The audio transducer can be an acoustic flute, a whistle, or a single reed

instrument.

[0021] The acoustic sensor can be any standard microphone, an A/D converter, or

the human ear.



[0022] The processer can be a computer, a cell phone, or a human brain.

[0023] In another aspect, the present invention also provides a method for

measuring breath flow rate and biomarker concentrations using acoustic resonance

comprising receiving air flow into the flow sensor of the device, thereby creating a

backpressure; converting the flow information into an acoustic signal to be picked up by

the acoustic sensor of the device; and sending the acoustic signal to the processor of the

device to determine the presence of the biomarker in the breath.

[0024] This device could be used as a means for breath biomarker analysis;

providing critical information to asthma patients as a way to measure NO concentrations

in breath. Patients can monitor their NO concentrations with a simple device without

leaving the comfort of their home. Such a device could be a stand alone device or

conveniently built into existing devices and be molded into part of the housing, thus

having potentially high impact applications in both developed and underdeveloped

countries.

[0025] In specific embodiments, the biomarker is Nitric Oxide.

[0026] Unless otherwise defined, all technical and scientific terms used herein

have the same meaning as commonly understood by one of ordinary skill in the art to

which this invention belongs. Although methods and materials similar or equivalent to

those described herein can be used in the practice or testing of the present invention, the

exemplary methods and materials are described below. All publications, patent

applications, patents, and other references mentioned herein are incorporated by reference

in their entirety. In case of conflict, the present application, including definitions, will

control. The materials, methods, and examples are illustrative only and not intended to

be limiting.

[0027] Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.

EXPERIMENTAL PROCEDURES

[0028] Air, either from a gas cylinder or human breath, was introduced at unknown

flow rate through our acoustic sensor in series with a calibrated commercial flow sensor.

Acoustic output from our flow sensor was recorded with a microphone which was



connected to a computer. Digital output from the commercial flow sensor was recorded

simultaneously with the same computer to compare with results from our flow sensor.

BRIEF DESCRIPTIONS OF THE FIGURES

[0029] FIG. 1 shows a schematic arrangement for measuring flow rate according

to the present invention.

[0030] FIG. 2 shows a schematic view of a vibrating reed acting as audio

transducer as a means for creating an acoustic sound.

[0031] FIG. 3 shows a schematic view of a vibrating reed acting as an audio

transducer within the flow sensor.

[0032] FIG. 4 shows a schematic view of a whistle acting as an audio transducer

as a means for creating an acoustic sound.

[0033] FIG. 5 shows a schematic view of a whistle acting as an audio transducer

within the flow sensor.

[0034] FIG. 6 shows a schematic view of a breath sensor for measuring breath

flow rate and biomarkers in human breath.

[0035] FIG. 7 shows a block diagram for picking up acoustic output from the

flow sensor.

[0036] FIG. 8 shows a schematic view of a breath sensor for measuring breath

flow rate and biomarkers in human breath with an acoustic sensor attached.

[0037] FIG. 9 shows a block diagram of the direction of the acoustic signal within

the flow sensor.

[0038] FIG. 10 shows the calibration of the device measuring flow rate (milliliter

per minute) against the fundamental frequency (Hertz). The graph shows a linear

relationship between flow rate and frequency.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS



[0039] In a first aspect, the present invention provides a device for measuring

flow rate from a gas source using acoustic resonance. The device contains a flow sensor

into which the gas is collected. The flow sensor has a housing comprising a gas inlet for

receiving a gas sample, an outlet configured to produce a backpressure dependant on gas

flow, and an acoustic chamber between the gas inlet and the gas outlet. The audio

transducer, created by standard fabrication techniques, is located near the inlet of an

acoustic chamber. An acoustic sensor can be located anywhere where the generated

acoustic signal can be picked up. There is also a processor connected to the acoustic

sensor. The device also has the potential to measure biomarkers within human breath

when apparatus described is arranged to measure exhaled breath from patients.

[0040] Referring to the drawings in particular, FIG. 1 shows a schematic

arrangement for measuring flow rate according to the present invention. A flow sensor

housing 5 is arranged between a gas source 1 and an outlet 6 . A gas source 1 enters

through the audio transducer 2, which acts as a gas flow inlet generating a characteristic

acoustic signal 3 depending on the flow rate of the gas. The audio transducer 2 and the

gas flow outlet 6 are configured to produce a back-pressure within the acoustic chamber 4

dependant on the gas flow. The acoustic signal 3 , which is modulated by the back

pressure, travels through the acoustic resonance chamber 4 exiting through the gas outlet

6 creating an acoustic output 7 that can be picked up by a microphone 8 located near the

gas outlet 6 . The microphone 8 is connected to a computer 10 by a wired connection 9 .

The computer 10 analyzes the flow rate of the gas source based on the frequency of the

acoustic sound.

[0041] FIG. 2 shows a schematic view of a vibrating reed acting as an audio

transducer as a means for creating an acoustic sound. The gas source 1 enters the

mouthpiece 3, which contains a reed 4 on the upper wall. The reed 4 oscillates generating

an acoustic signal whose frequency and intensity depends on the direction and the speed

of the gas flow. Now, referring to FIG. 3 which shows a schematic view of a vibrating

reed acting as an audio transducer within the flow sensor. The vibrating reed 2 is attached

to the inlet of the flow sensor housing 5 allowing the acoustic signal 7, which is

modulated by the back-pressure, to travel through the acoustic resonance chamber 6



exiting through the gas outlet 8 creating an acoustic output 9 . The acoustic output 9 can

be picked up by the human ear and analyzed by the human brain.

[0042] FIG. 4 shows a schematic view of a whistle acting as an audio transducer

as a means for creating an acoustic sound. The gas source 1 enters the narrow air channel

3 and travels towards the outlet 4, which contains a notch 6 . The air flow 5 moves above

and below the notch 6 causing the notch 6 to oscillate, thus generating an acoustic sound.

The acoustic sound's frequency and intensity depend on the direction and speed of the

gas flow. Now, referring to FIG. 5 which shows a schematic view of a whistle acting as

an audio transducer within the flow sensor. The whistle 2 is attached to the inlet of the

flow sensor housing 8 allowing the acoustic signal 9, which is modulated by the back

pressure, to travel through the acoustic resonance chamber 7 existing through the gas

outlet 10 creating an acoustic output 11. The acoustic output 11 can be picked up by the

human ear and analyzed by the human brain. The device can also be used with a

microphone and a processor as shown by FIG. 1.

[0043] FIG. 6 shows a schematic view of a breath sensor for measuring breath

flow rate and biomarkers in human breath. Exhaled breath 1 enters through the audio

transducer 2, which acts as a gas flow inlet generating a characteristic acoustic signal 5

depending on the flow rate of the gas. The acoustic signal 5, which is modulated by the

back-pressure, travels through the acoustic resonance chamber 3 . Chemical information is

measured through chemical analysis, and is analyzed by the chemical sensor 6, which is

within the flow sensor housing 4 and the biomarker concentration of the specified analyte

can be determined by the flow rate of the breath.

[0044] In operation, the exhaled breath, containing the biomarker or analyte of

interest is exposed to the device. The term "analyte" refers to a substance being tested.

Examples of measurable analytes to be measured by the device of the invention include

NO, oxygen, carbon dioxide, acetone, and ammonia.

[0045] The device for measuring flow rate from a gas source using acoustic

resonance can be optimized such that an audible sound to humans, between the

frequencies of 12 Hz and 20,000 Hz, will only be produced within a given range of flow

rates. This would be particularly useful in applications where measurements have to be



made within a specified range of flow rate for the measurement to be valid, such as NO

measurements in asthmatic patients. For sounds waves that cannot be picked up by the

human ear, the audible sound can be picked up by a suitable acoustic sensor, sensitive to

the specific acoustic frequency range. The sensor would blink if the specified range is

met. Having the sensor give such feedback allows for a user-friendly feature by

producing an audible sound or a blinking light, or both only when the device is used

properly. This would be particularly useful in home medical treatment applications where

patients may not have professional assistance and still require a reliable and accurate NO

measurement.

[0046] FIG. 7 shows a block diagram for picking up acoustic output from the

flow sensor. An acoustic sound exists the flow sensor and is picked up auditory or by a

microphone. If a microphone is used a computer or a cell phone is used to analyze the

flow rate of the gas. If the acoustic sound is picked up auditory then the human brain

analyzes the flow rate of the gas. In such an embodiment an acoustic sensor would be

helpful in determining if a specific acoustic range is met. Referring to FIG. 8 which

shows a schematic view of a breath sensor for measuring breath flow rate and biomarkers

in human breath with an acoustic sensor attached. The exhaled breath 1 enters the

acoustic resonance chamber 3 through the audio transducer 2 . Chemical information is

measured through chemical analysis, and is analyzed by the chemical sensor 6, which is

within the flow sensor housing 4, only if a specific acoustic frequency range is met. The

acoustic sensor 7 acts as such a threshold for chemical analysis. If the specific acoustic

frequency 5 is met then the acoustic sensor 7 will emit a visual cue in the form of a

blinking light 8 .

[0047] FIG. 9 shows a block diagram of the direction of the acoustic signal within

the flow sensor. The gas enters the acoustic generator creating a characteristic acoustic

signal depending on the flow rate of the gas. The acoustic sound enters the acoustic

chamber, which is connected to the acoustic generator and exits through the gas outlet.

[0048] FIG. 10 shows the calibration of the device measuring flow rate (milliliter

per minute) against the fundamental frequency (Hertz). An air cylinder was used to create



an air flow to measure against fundamental frequency. The graph shows a monotonically

linear relation between flow rate and frequency.

[0049] In addition, the present invention could also be used in a variety of other

fields. For example, in measuring wind speeds, temperatures, or humidity. Knowledge of

wind speeds could be very useful in a variety of sports including but not limited to golf,

sailing, surfing, and windsurfing.

[0050] The device offers a simple and cost efficient method for obtaining flow

rate measurements from biomarkers in breath to wind speeds, temperatures, and

humidity.

REFERENCES

1. "How to Make a Flute." eHow. n.d. 23 June 2010. <http://www.ehow.com/

how 4441928 make-flute.html>

OTHER EMBODIMENTS

While the invention has been described in conjunction with the detailed

description thereof, the foregoing description is intended to illustrate and not limit the

scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.



WE CLAIM:

1. A device for measuring gas flow for chemical analysis, comprising:

a) at least one acoustic generator;

b) an acoustic chamber connected to said acoustic generator, wherein said acoustic

chamber comprises at least one gas flow inlet and at least one gas flow outlet

configured to produce a back-pressure dependent on gas flow; and

c) a chemical sensor.

2 . The device of claim 1, wherein said acoustic generator comprises an acoustic flute, a

single reed instrument, or a whistle.

3 . The device of claim 1, wherein the chemical sensor comprises an nitric oxide (NO)

sensor.

4 . The device of claim 1, further comprising an acoustic sensor.

5 . The device of claim 4, wherein the acoustic sensor comprises a microphone, an A/D

converter or a human ear.

6 . The device of claim 5, wherein the acoustic sensor is operably linked to a processor

for measurement of air flow rate using acoustic resonance.

7 . The device of claim 6, wherein said processor comprises a computer, a cell phone, or

a human brain.

8. An apparatus according to any one of the preceding claims, arranged to measure

exhaled-breath from a patient.

9 . A method for measuring exhaled breath air flow comprising:

a) receiving exhaled breath flow into the device of claim 1;

b) generating a back-pressure;

c) producing an acoustic signal in the acoustic chamber, wherein said acoustic signal is

modulated by the back-pressure;

d) detecting said acoustic signal with an acoustic sensor;



e) analyzing said acoustic signal;

f) determining the air flow rate based on the steps (c) and (d) and (e); and

g) optionally altering the flow rate based on step (f); and/or

h) optionally exposing the controlled flow exhaled breath to a chemical sensor.

10. The method of claim 9, where the chemical sensor comprises an NO sensor.
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