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(7) ABSTRACT

Provided are systems and methods for combined respiratory
therapy and respiratory monitoring. A respiratory therapy and
respiratory monitoring apparatus as described herein may
include a spacer portion having firstand second ends, wherein
the first end includes a patient interface and the second end
includes a respiratory therapy device. A monitoring device
such as, for example, a microphone is incorporated into the
spacer portion so as to record sounds from within the appa-
ratus. The sounds may be processed and otherwise analyzed
to derive one or more characteristics therefrom. These char-
acteristics may be used to make one or more determinations

27,2011. relevant to the monitored and treated patient.
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SYSTEMS AND METHODS FOR COMBINED
RESPIRATORY THERAPY AND
RESPIRATORY MONITORING

[0001] The present disclosure pertains to systems and
methods for combined respiratory therapy and respiratory
monitoring.

[0002] Respiratory diseases are often managed using res-
piratory therapy devices. For example, drug delivery devices
such as metered dose inhalers (MDIs) and other drug delivery
devices may be used to provide treatment/therapy to the res-
piratory system of a patient. MDI’s and other drug delivery
devices (e.g., dry powdered inhalers, nebulizers, etc.) can be
combined with spacers, valved chambers or other implements
to help patients (e.g., children) to coordinate the inhalation of
delivered drug. Other respiratory therapy devices include
ventilators, positive airway pressure (PAP) devices, and/or
other devices that provide a flow of gas or pressure to the
respiratory system of a patient. Often times, a mask or other
patient interface is also used to facilitate respiratory therapy.
[0003] Respiratory disease treatment and management also
often involves monitoring of lung function. This is sometimes
accomplished using peak flow meters (PFMs) to detect
upcoming adverse events (exacerbations), assess patient con-
dition, assess disease status, and/or assess treatment/manage-
ment progression. However, PFMs require patient coopera-
tion, thus, their usefulness is dependent on patient effort.
Accordingly, PFMs and other effort dependent monitoring
methods are not advantageous for use with children.

[0004] Monitoring of lung sounds may provide an effort
independent method for lung monitoring. However, complete
treatment and monitoring even with the use of lung sound
monitoring, is made more difficult because respiratory
therapy devices (e.g., drug sources, ventilators, etc.) are com-
pletely separate from sound-based lung monitoring systems.
Accordingly, system setup can be unwieldy and problematic,
especially for use with children. Furthermore, separate sys-
tems lead to patients being asked to separately perform moni-
toring protocols on top of treatment protocols. This creates
additional effort for the patient that might lead to a lack of
compliance for either or both of the prescribed protocols.
Additional difficulties include those related to coordination
of lung sound events with treatment events. Separate systems
also increase costs, setup and removal time, patient discom-
fort, and/or present other difficulties.

[0005] These and other problems exist.

[0006] Accordingly, it is an object of one or more embodi-
ments of the present invention to provide an apparatus for
combined respiratory therapy and respiratory monitoring
comprising: a spacer portion having first and second ends, the
first end having a patient interface configured to engage a
respiratory system of a patient; at least one respiratory
therapy device connected to the second end of the spacer
portion; and a monitoring portion connected to the spacer
portion configured to monitor sounds from within the appa-
ratus.

[0007] Itis yet another aspect of one or more embodiments
of the present invention to provide a method for providing
combined respiratory therapy and respiratory monitoring,
comprising: engaging a combined respiratory therapy and
monitoring apparatus to a respiratory system of a patient, the
apparatus including a spacer portion having first and second
ends, the first end having a patient interface, at least one
respiratory therapy device connected to the second end of the
spacer portion, and a monitoring portion connected to the
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spacer portion; monitoring sounds within the apparatus using
the monitoring portion; and delivering respiratory therapy
from the respiratory therapy device, through the spacer por-
tion, to the respiratory system of the patient.

[0008] Itis yet another aspect of one or more embodiments
to provide an apparatus for combined respiratory therapy
delivery and respiratory monitoring, comprising: spacer
means having first and second ends, the first end having a
patient interface configured to engage a respiratory system of
a patient; respiratory therapy means connected to the second
end of the spacer means; and monitoring means connected to
the spacer means configured to monitor sounds from within
the apparatus.

[0009] These and other objects, features, and characteris-
tics of the present invention, as well as the methods of opera-
tion and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate cor-
responding parts in the various figures. It is to be expressly
understood, however, that the drawings are for the purpose of
illustration and description only and are not intended as a
definition of the limits of the invention.

[0010] FIG. 1 is an example of a combined respiratory
therapy and respiratory monitoring apparatus, according to
various embodiments of the invention.

[0011] FIG. 2 is an example of an analysis portion for a
combined respiratory therapy and respiratory monitoring
apparatus, according to various embodiments of the inven-
tion.

[0012] FIG. 3 is an example of a process for combined
respiratory therapy and respiratory monitoring, according to
various embodiments of the invention.

[0013] FIG. 4 is an example of time-frequency plots of
respiratory sound recordings.

[0014] FIG.5A is an example of respiratory sound process-
ing for wheeze extraction, according to various embodiments
of the invention.

[0015] FIG. 5B is an example of an input plot and a plot
which indicates wheezes, according to various embodiments
of the invention.

[0016] FIGS.6A-6D are examples of combined respiratory
therapy and respiratory monitoring apparatus, according to
various embodiments of the invention.

[0017] As used herein, the singular form of “a”, “an”, and
“the” include plural references unless the context clearly
dictates otherwise. As used herein, the statement that two or
more parts or components are “coupled” shall mean that the
parts are joined or operate together either directly or indi-
rectly, i.e., through one or more intermediate parts or compo-
nents, so long as a link occurs. As used herein, “directly
coupled” means that two elements are directly in contact with
each other. As used herein, “fixedly coupled” or “fixed”
means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each
other.

[0018] As used herein, the word “unitary” means a compo-
nent is created as a single piece or unit. That is, a component
that includes pieces that are created separately and then
coupled together as a unit is not a “unitary” component or
body. As employed herein, the statement that two or more
parts or components “engage” one another shall mean that the
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parts exert a force against one another either directly or
through one or more intermediate parts or components. As
employed herein, the term “number” shall mean one or an
integer greater than one (i.e., a plurality).

[0019] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate to the
orientation of the elements shown in the drawings and are not
limiting upon the claims unless expressly recited therein.
[0020] The systems and methods described herein enable
combined respiratory therapy and high-compliance respira-
tory monitoring. In some embodiments, the respiratory moni-
toring requires little to no effort or breathing maneuvers from
a patient and provides an improved patient experience. In
some embodiments, these systems and methods may be use-
ful in treatment involving metered dose inhalers (MDIs) that
may need to be used daily (or more or less frequently). In
some embodiments, these systems may be useful in treatment
involving ventilators or other flow or pressure based respira-
tory therapy devices. Combined respiratory therapy and res-
piratory monitoring can therefore obtain daily (or more or
less frequent) data without any extra effort from the patient or
clinician. As MDIs are commonplace among asthma suffer-
ers, sound monitoring may be particularly advantageous for
monitoring asthma indicators due to the fact that sound indi-
cators (e.g., wheezes) are highly informative in asthma man-
agement.

[0021] FIG. 1 illustrates an apparatus 100, which is an
example of an apparatus for combined respiratory therapy
and respiratory monitoring. In some embodiments, apparatus
100 includes a spacer portion 101, a respiratory therapy
device 103, a monitoring device 105, and/or other elements.
[0022] In some embodiments, spacer portion 101 may
separate respiratory therapy device 103 and a patient so as to
better coordinate patient inhalation with respiratory therapy
and/or to provide other features. In some embodiments,
spacer portion 101 include body 107, which may have a first
end and a second end. In some embodiments, body 107 may
be or include a cylinder of plastic, glass, polymer, or other
material. In some embodiments, body 107 may be or include
a valved holding chamber. The valved holding chamber may
have a valve therein for gating delivery of respiratory therapy
to the patient and/or for providing other features.

[0023] In some embodiments, body 107 may include a
patient interface 109 at a first end thereof. In some embodi-
ments, patient interface 109 may be or include a mouthpiece,
mask, tube, or other interface with the respiratory system of
the patient. In some embodiments, body 107 may include a
respiratory therapy device adapter 111 at a second end
thereof. In some embodiments, respiratory therapy device
adapter 111 may be or include a cover or cap for the second
end of body 107, the cover or cap having an opening therein
to receive an output of respiratory therapy device 103. In
some embodiments, the opening is sized and/or includes flex-
ible material (e.g., rubber) so as to create a seal with the output
of respiratory therapy device 103 so that only material/gas
flowing from respiratory therapy device 103 is delivered to
spacer portion 101 and consequently to the patient.

[0024] In some embodiments, respiratory therapy device
103 may be or include a source of medicament/drug (“a drug
source”). For example, in some embodiments, a drug source
may include a metered dose inhaler (MDI) having a body 113
and a compressed source of drug 115. Body 113 may include
an aerosolizer/nebulizer/atomizer (not illustrated) through
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which drug is aerosolized when the drug is released from
compressed source of drug 115 (e.g., via a pressure-based
release—valve not illustrated). Examples of MDI’s that may
be used as a respiratory therapy device 103 may include
inhalers typically used to treat asthma in adults and children.
In some embodiments, an inhaler used as respiratory therapy
device 103 may include a mouthpiece that is, in some
instances, used by a patient to interface with the patient’s
mouth/respiratory system. In some embodiments, this
mouthpiece may be the output of respiratory therapy device
103 that fits into a sized opening of drug source adapter 111.
In some embodiments, drug sources other than MDI’s may be
used (e.g., dry powder inhalers, nebulizers, etc.).

[0025] Insome embodiments, a respiratory therapy device
used with the systems and methods described herein may be
or include a device that provides a flow of gas to the respira-
tory system of a patient. For example, the respiratory therapy
device may be a ventilator or respiratory device used in the
treatment of numerous ailments/conditions (see e.g., FIG.
6D). In some embodiments, the respiratory therapy device
may include a positive airway pressure (PAP) device.

[0026] In some embodiments, monitoring device 105 may
be or include a microphone or other sound receiving device.
For example, in some embodiments, monitoring device 105
may include a sound receiving portion 119, abody 121, one or
more connections 123 and/or other elements. Sound receiv-
ing portion 119 may include a microphone tip that receives
the sounds from within body 107 of spacer portion 101. These
sounds may, for example, include respiratory sounds of a
patient using apparatus 100 (e.g., inhalation sounds, exhala-
tion sounds, wheezes, crackles, or other respiratory sounds).
These sounds may also include sounds relating to delivery of
respiratory therapy such as, for example, sounds relating to
gas flow within spacer portion 101 (which may be caused by
respiration of the patient, by a respiratory therapy device
and/or other sources), the firing or other operation of a respi-
ratory therapy device (e.g., the firing of a drug delivery
device, operation of components of a ventilator, or other
operating sounds of a respiratory therapy device), and/or
other sounds.

[0027] In some embodiments, to receive these sounds,
sound receiving portion 119 may be disposed within body
107 of spacer portion 101. In some embodiments, this posi-
tioning may be facilitated by an adapter 117, which may be or
include a collar, ring (e.g., rigid, elastic) or other device that
is attached to body 107 and holds body 121 of monitoring
device 105 to body 107 of spacer portion 101. While illus-
trated in FIG. 1 as disposed within body 107 of spacer portion
101, monitoring device 105 may be connected to patient
interface 109, drug source adapter 111, and/or otherwise
attached so as to sample a patient’s respiratory sounds or
sounds from within an apparatus for combined respiratory
therapy and respiratory monitoring.

[0028] In some embodiments, placement of a monitoring
device may be made so as to not (or minimally) obstruct
provision of therapy (e.g., a flow of gas or drug) to the patient.
For example, FIG. 1 illustrates that sound receiving portion
119 is positioned in the upper portion of spacer portion 101 so
as to avoid interfering with delivery of therapy. FIGS. 6B-6C
illustrate placement of a monitoring device over a hole or
designated portion of a spacer portion so that the monitoring
device does not protrude (or minimally protrudes) into the
body of a spacer portion of the device. FIG. 6D illustrates that
a monitoring portion 685 may be located at the back of a
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spacer portion 681 of the device (e.g., adjacent to the inlet of
respiratory therapy device 683 and opposite the end of spacer
portion 681 closest to patient interface 687). Other place-
ments of a monitoring device may be used.

[0029] The sounds received/monitored by sound receiving
portion 119 may be transmitted to an analysis portion 125
(e.g., via connections 123) to be stored and/or analyzed. FIG.
2 illustrates an example of an analysis portion 125 that may be
used with apparatus 100. Analysis portion 125 may be or
include one or more computing devices 201 that provide
storage, analysis, and or output related to the sounds moni-
tored by monitoring device 105. One or more computing
devices 201 of analysis portion 125 may include one or more
data processing devices (e.g., microprocessors), volatile and/
or nonvolatile memory devices (e.g., hard disks, RAM, etc.),
communication interfaces, input/output devices, and/or other
elements. In some implementations, one or more computing
devices 201 may run, execute, or host an analysis application
203, which may be or include a software application having
one or more modules 205a-205%. Modules 205a-2057 may
include instructions for causing the one or more processors of
oneormore computing devices 201 to perform one or more of
features and functions relating to respiratory and/or other
sound analysis such as, for example, receiving sounds from
within device 100 (e.g., from monitoring device 105), storing
received sounds, analyzing/filtering/processing received
sounds, producing one or more outputs based at least partially
on received sounds (e.g., making diagnosis or treatment
determinations), and/or other features and functions.

[0030] In some embodiments, one or more computing
devices 201 may receive and send information through wired
connections (e.g., connections 123), through wireless con-
nections, and/or a combination of both. In some embodi-
ments, one or more computing devices 201 may receive and
send information or otherwise be connected to one ore more
computer networks such as, for example, a local area network
(LAN), a wide area network (WAN), an intranet, the Internet,
and/or other computing networks.

[0031] FIG. 3 illustrates a process 300, which is a process
for providing combined respiratory therapy and respiratory
monitoring. Process 300 may include an operation 301,
wherein an apparatus for combined respiratory therapy and
respiratory monitoring (e.g., apparatus 100, 600, 630, 660,
680, or other device according to the descriptions provided
herein) is engaged with a patient. In some embodiments, this
may include the patient placing a patient interface (e.g.,
patient interface 109) in (e.g., when the interface is a mouth-
piece) orover (e.g., when the interface is a mask) the patient’s
mouth. Other methods of engaging an apparatus for com-
bined drug delivery and respiratory monitoring to a patient
may be used (e.g., via trans-tracheal tube, via intubation,
etc.).

[0032] In an operation 303, monitoring, by the apparatus
(e.g., monitoring device 105 of apparatus 100), of the
patient’s respiratory sounds or other sounds within the appa-
ratus, may commence. This monitoring may include record-
ing/detecting breath and other respiratory sounds of the
patient such as, for example, inhalation sounds, exhalation
sounds, wheezes, crackles, and/or other respiratory sounds.
This monitoring may also include recording/detecting other
sounds such as, flow related sounds within the apparatus,
operation of respiratory therapy devices, or other sounds. The
monitored sounds may be recorded/stored via a computer
implemented device (e.g., computing device 201 of analysis
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portion 125), on an analog sound recording device (e.g., tape
recorder), digital sound recording device (e.g., digital voice
recorder), or otherwise stored. In some embodiments, moni-
toring of sounds may occur for a predetermined period of time
or may occur indefinitely.

[0033] Monitoring of operation 303 may occur before, dur-
ing, and/or after performance of respiratory treatment or may
be independent of respiratory treatment. The duration of
monitoring may be determined based on what is needed for a
specific analysis (e.g., one respiration cycle, 2 cycles, 3
cycles, or more). In some embodiments, monitoring events
may be conducted once a day. In some embodiments, moni-
toring events may be conducted more or less frequently, as
desired or necessary.

[0034] In an operation 305, respiratory treatment may be
delivered from the apparatus. For example, drugs or other
therapeutic substances may be delivered from the apparatus
to the patient. If a metered dose inhaler is attached to or part
of the respiratory therapy and respiratory monitoring appara-
tus, then the patient, medical professional, or other person
may actuate the metered dose inhaler so that drug is released
to the patient. The patient may inhale the released drug,
thereby delivering it to the respiratory system. An example of
the drug delivered may include any one or more of a number
of bronchodilators, for example, those used to treat asthma.
Other drugs may also be used.

[0035] As described herein, while apparatus 103 is illus-
trated as a drug delivery apparatus (an MDI), the treatment
provided in operation 305 need not be drug delivery. For
example, in some embodiments, the apparatus may include a
ventilator or other respiratory therapy device providing a flow
of air to the patient. In some embodiments, the respiratory
sounds detected/recorded are not limited to those associated
with asthma or COPD, but may be those providing informa-
tion relating to pneumonia or other respiratory conditions.

[0036] In an operation 307, the monitored sounds may be
analyzed. In some embodiments, this operation may include
the monitored sounds being received by an analysis portion of
an apparatus for combined respiratory therapy and respira-
tory monitoring (e.g., analysis portion 125 of apparatus 100).
The analysis portion may include a data reception module
(e.g., one of modules 205a-205r) for receiving sound data
from a monitoring portion (monitoring portion 105).

[0037] In one example of analysis performed in operation
307, wheeze sounds may be extracted from the monitored
sounds for determinations of the state of an asthmatic
patient’s respiratory system. FIG. 4 illustrates sound record-
ings of patient respiratory sounds (plotted in frequency vs.
time). Recording 401 illustrates a recording of respiratory
sounds using a tracheal setup and recording 403 illustrates a
recording of the same respiratory sounds taken from a spacer
of arespiratory therapy apparatus. Wheezes are apparent in a
time-frequency plot as high intensity curves with narrowband
and usually frequency-varying character, as is evident in FIG.
4. Prevailing wisdom has been that tracheal-based sound
monitoring is necessary for certain monitoring (e.g., wheeze
detection). However, FIG. 4 illustrates that wheezes produced
by a patient can be detected using a spacer mounted monitor
and therefore that a separate, tracheal placed monitor is not
necessary. While recording 403 includes a worse signal to
noise ratio, the wheeze is still clearly visible, therefore dis-
playing the viability of drug-delivery-apparatus-based moni-
toring,
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[0038] Because of the presence of the normal wideband
breathing sound and the aforementioned presence of noise in
a spacer-based recording, certain processing may be per-
formed to enhance wheeze (or other sound) detection. Pro-
cesses and procedures used to detect wheezes may be simi-
larly adapted to detect crackles. The exemplary process
described herein is based on a combination of conventional
one-dimensional filtering followed by the application of
image processing techniques to a spectrogram of a respiratory
sound recording.

[0039] The fact that wheezes exhibit non-vertical narrow-
band edges in the time-frequency plane (i.e. they possess a
musical character) can be used for detection. These non-
vertical narrowband edges make wheezes distinguishable
from background wideband breathing sound. Crackles
exhibit (near-)vertical narrowband edges in the time-fre-
quency plane, which also makes them distinguishable from
the background wideband breathing sound. Accordingly,
these (near-)vertical narrowband edges can be used to distin-
guish crackles from background breathing sound.

[0040] FIG.5A provides an example wheeze detection pro-
cess 500. However, as discussed above, modified processes
may be used to detect other respiratory sounds such as, for
example, crackles or other respiratory sounds. Additionally,
other processes may be used to detect wheezes or other res-
piratory sounds.

[0041] Process 500 may include an initialization operation
501, wherein various parameters are specified. This may
include parameters related to spectral analysis such the fast
fourier transform (FFT) length used for computing the Short-
Time Fourier Transform (STFT), the window used for taper-
ing during STFT computation, the overlap between windows,
and so on. In addition, cut-off frequencies of the employed
band-pass filter (BPF), some thresholds, and some criteria for
wheeze detections may also be specified.

[0042] In an operation 503, recorded data samples may be
resampled for further analysis. For example, in some
instances, recorded data samples are sampled with a fre-
quency of, for example, 44100 Hz. These samples may be
resampled to 11025 Hz or other frequency convenient for
further processing.

[0043] Inanoperation 505, aband-pass filter (BPF) may be
applied to the samples to filter out low and high frequencies.
This is done because it is known that (almost) no wheeze is
present at such frequencies. Accordingly, the PBF is used to
get rid of noise and other undesired spectral contents.

[0044] In an operation 507, a Short-Time Fourier Trans-
form (STFT) may be computed. In some instances, only the
magnitude of the STFT is used. This is usually referred to as
the spectrogram. Plots of the spectrogram clearly exhibit
wheezes (if present), while plots of the phase of the STFT do
not. The parts of the time-frequency plane where the spectro-
gram has a certain absolute magnitude are not of particular
interest. Rather, the narrowband signal components that rise
above the local breathing background are of more interest.
For this reason, the dynamic range may be limited in an
operation 509 by applying a logarithmic (dB) function.

[0045] In order to make the subsequent analysis as inde-
pendent as possible from the chosen parameter values, and to
reduce the effects of different recording conditions and dif-
ferent subjects, the spectrogram may be normalized in an
operation 511. In particular, the spectrogram expressed in
dB’s (i.e., from application of the logarithmic function in
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operation 509) is translated and scaled in such a way that its
minimum and maximum are given by 0 and 1 respectively.
[0046] Inorderto getrid of noise and breathing background
smoothing and spectral subtraction may be performed in an
operation 513. The spectrogram/image resulting from opera-
tion 513 may then be converted to Black-White (BW) by
means of thresholding in an operation 515. Effectively, an
image with the logical values 0 and 1 is obtained, where the
ones indicate wheezing candidates.

[0047] Inan operation 517, the result of operation 515 may
be subjected to morphological image processing operations
such as image opening, closing, dilation and erosion. In some
instances, only (binary) image opening may be used.

[0048] In an operation 519, image components whose pix-
els are connected are determined. In an operation 521, one or
more properties of each component such as, for example,
area, maximum width (representing duration), maximum
height (representing frequency variation), and/or other prop-
erties are computed.

[0049] In an operation 523, connected components having
certain properties are selected as wheezes. For example, the
area of a component is required to lie in a certain interval and
the duration and frequency variation of each component must
be larger and smaller respectively than certain bounds.
[0050] Finally, in an operation 525, wheeze features such
as, for example, duration and frequency variation are com-
puted for each connected component. These may be used be
used to define an overall measure of wheezing severity such
as, for example, the percentage of time in which a patient is
wheezing. FIG. 5B illustrates plots 550 and 560, which show
an example of the application of the algorithm to recorded
data. Plot 550 illustrates the input signal, while plot 560
illustrates the input signal with identified/detected wheezes.
[0051] Insome implementations, extracted wheeze sounds
may be used to determine a percentage of time in which a
patient is wheezing, evaluate the intensity of wheezes, the
frequency of wheezes, and/or other metrics for the patient.
These characteristics may be used to monitor the state of a
patient’s respiratory system, adjust treatment parameters,
and/or for other purposes. For example, respiratory sounds
may be used to reflect a level of asthma control. In some
embodiments, such level of control or other use of sound data
may be displayed visually to users via a display such as, for
example a series of lights, a textual display, or other display.
In some implementations, sound data may be used as input for
determining medication levels (e.g., step-up/step-down sce-
narios). In some embodiments, data may be stored and com-
municated to a medical professional or other person so as to
enable evaluation of trends over a long term period of time so
that treatment can be altered accordingly.

[0052] While the above sound processing is described with
respect to extracting wheeze sounds, those having skill in the
art would recognize that similar operations may be used to
process/extract crackle or other sounds as well. Crackle
sounds from the respiratory system of a patient may be indica-
tive of chronic obstructive pulmonary disease (COPD). Other
types of sounds may be processed/extracted from respiratory
sounds for use in conjunction with asthma, COPD, and/or
other respiratory ailments.

[0053] Any processing (e.g., de-noising, de-convoluting)
and/or other analysis (e.g., wheeze detection) may be per-
formed by one or more modules of an analysis portion of an
apparatus for combined drug delivery and respiratory moni-
toring (e.g., one or more of modules 205a-205# of analysis
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portion 125) specifically programmed for such processing
and analysis. The above wheeze extraction process is an
example only. Other analysis may be performed on sound
data from an apparatus for combined respiratory therapy and
respiratory monitoring, including detection of breathing pat-
ters or other breathing characteristics such as, for example,
the presence of crackles (e.g., for COPD patients). In some
embodiments, processing steps may be performed in a differ-
ent order than the examples given herein.

[0054] Analysis of monitored sounds can also be used to
determine (e.g., by computer-implemented analysis portion
125) whether a respiratory treatment device is effectively
delivering the intended respiratory therapy to the respiratory
system of the patient. Based on this determination, one or
more recommendations or instructions may be formulated
(e.g., by medical personnel or by analysis portion 125) to
correct the use of the respiratory therapy device so as to
ensure that respiratory therapy is effectively delivering the
intended respiratory therapy to the patient. For example, fir-
ing of'a drug delivery burst from a respiratory therapy device,
shaking sounds, and/or other sounds can be detected and
analyzed to make one or more determinations relating to the
effectiveness of respiratory treatment. For example, the time
between firing of a drug source and inhalation (which can be
detected using respiratory sounds) should not exceed a cet-
tain calculated threshold. If such a threshold is exceeded, the
timing of firing of a drug source can be adjusted. In another
example, the amount of noise during inhalation or exhalation
can be analyzed to determine the strength of airflow and
whether such flow needs to be adjusted. For example, based
on this flow, timing of medication/drug delivery may be
adjusted (e.g., if inhalation flow is too high, drug may be
delivered to the throat rather than the lungs, which is unde-
sirable; therefore, flow may be adjusted based on this flow
estimate so that drug is properly delivered to the lungs).

[0055] Returning to FIG. 3, in an operation 309, one or
more determinations may be made using the analyzed/pro-
cessed data and/or other data. For example, as discussed
herein, treatment for patients may be formulated or altered
based on the analyzed data (e.g., wheeze rate may lead to an
increase or decrease in dispensed drug to the patient). In
another example a state of a patient or diagnosis may be
determined using the analyzed data (e.g., wheeze rate may be
used to diagnose a patient with asthma). These determina-
tions may be made by medical professionals or other person-
nel, or may be made (or assisted) by one or more computer-
implemented modules (e.g., modules 2054-205#) having
rules or decision-making logic therein facilitating such deci-
sions (e.g., intense/more-frequent wheezes=higher doses or
more frequent doses of drug). In one example, a determina-
tion made by one or more computer-implemented modules
may include a suggestion to see a medical professional (e.g.,
due to detection of a worsening condition). In some embodi-
ments, these determinations may be based on a single mea-
surement of respiratory sound. However, in some embodi-
ments, these determinations may be made using trends in
sound sampling. For example, if an amount of wheezing is
increasing rapidly, a determination to see a doctor may be
made. In another example, if wheezing is detected, but it is
improving, a determination that no doctor visit is needed may
be made.

[0056] The systems described herein are exemplary system
configurations. Other configurations may exist. The compo-
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nents of the example systems illustrated and described herein
may be mixed and matched as would be appreciated by those
of ordinary skill in the art.

[0057] As mentioned herein, the placement of a monitoring
device in a drug delivery apparatus may introduce additional
noise into respiratory recordings (see e.g., FIG. 4). Airflow in
a spacer portion may contribute to this noise. Accordingly,
design of the chamber provided by the spacer portion and the
placement of the monitoring device (e.g., microphone)
therein may be manipulated to reduce such noise as much as
possible. For example, the size and material of the spacer
portion may be chosen such that no resonance or evident
coloring appears at those frequencies in which wheezes (or
other significant breath sounds) are expected (for wheezes,
the 200-1200 Hz band). Moreover, integration of the moni-
toring device into the patient interface (e.g., a mask or mouth-
piece) or between the interface and the spacer portion may be
used. Also, for practical reasons (e.g., hygiene), it may be
desirable to implement a monitoring portion that is not fully
embedded into the apparatus, but as an add-on or snap-on
module. This may enable removal of electronic components
during cleaning for re-use of the delivery apparatus. Also, if
the relatively low cost delivery apparatus needs to be dis-
carded, the higher cost electronic components may be re-used
with a new delivery apparatus. As such, the monitoring por-
tion may be part of a removable device that can be integrated
with a drug delivery apparatus.

[0058] FIGS. 6A-6D illustrate examples of some varying
configurations of a combined respiratory therapy and respi-
ratory monitoring apparatus. FIG. 6 A illustrates a combined
respiratory therapy and respiratory monitoring apparatus
600, which includes a spacer portion 601, a respiratory
therapy device 603, a monitoring portion 605, and a patient
interface 607. As illustrated, monitoring portion 605 is posi-
tioned between patient interface 607 and spacer portion 601.
[0059] FIG. 6B illustrates a combined respiratory therapy
and respiratory monitoring apparatus 630, which includes a
spacer portion 631, a respiratory therapy device 633, a moni-
toring portion 635, and a patient interface 637. As illustrated,
monitoring portion 635 may be a ring (e.g., rigid ring, elastic
band, etc.) that includes a microphone 639. The ring can be
slid over spacer portion 631 such that microphone 639 is
positioned over microphone hole 641.

[0060] FIG. 6C illustrates a combined respiratory therapy
and respiratory monitoring apparatus 660, which includes a
spacer portion 661, a respiratory therapy device 663, a moni-
toring portion 665, and a patient interface 667. Similar to
apparatus 630, monitoring portion may be a ring that includes
a microphone 669 that is slid over spacer portion 661. How-
ever, rather than a hole for microphone 669, spacer portion
661 may include a microphone location 671 that is of a
different thickness than the remainder of spacer portion 661
or is made of a different material for the purposes of better
capturing respiratory sound.

[0061] FIG. 6D illustrates a combined respiratory therapy
and respiratory monitoring apparatus 680, which includes a
spacer portion 681, a respiratory therapy device 683, a moni-
toring portion 685, and a patient interface 687. As illustrated
in FIG. 6D, monitoring device 685 is located at the back of
spacer portion 681 so as not to interfere with respiratory
therapy. In this manner, monitoring device 685 is located
generally out of the pathway of a flow associated with respi-
ratory therapy (e.g., a flow of drug and/or a flow of air, etc.).
As illustrated in FIG. 6D, respiratory therapy device 683 is a
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ventilator. However, as discussed herein, a drug source (e.g.,
MDI) or other respiratory therapy device may be used. Loca-
tion of a monitoring device at the back of a spacer portion is
not limited to use with respirators as therapy devices, but can
also be used with drug sources or other therapy devices.
[0062] Those having skill in the art will appreciate that the
invention described herein may work with various configu-
rations. Accordingly, more or less of the aforementioned sys-
tem components may be used and/or combined in various
embodiments. It should also be understood that various soft-
ware modules that are utilized to accomplish the functional-
ities described herein may be maintained on different com-
ponents than computer-implemented device 201, as desired
or necessary. In other embodiments, as would be appreciated,
the functionalities described herein may be implemented in
various combinations of hardware and/or firmware, in addi-
tion to, or instead of, software. Furthermore, various opera-
tions of the methods described herein, while described in a
particular order, may be performed in different orders as
would be appreciated by those having skill in the art. In some
embodiments, more of less of the described operations may
be used.

[0063] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word “comprising” or “including” does not exclude the pres-
ence of elements or steps other than those listed in a claim. In
a device claim enumerating several means, several of these
means may be embodied by one and the same item of hard-
ware. The word “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. In any
device claim enumerating several means, several of these
means may be embodied by one and the same item of hard-
ware. The mere fact that certain elements are recited in mutu-
ally different dependent claims does not indicate that these
elements cannot be used in combination.

[0064] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover modi-
fications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to
be understood that the present invention contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

1. An apparatus for combined respiratory therapy and res-
piratory monitoring, comprising:

a spacer portion having first and second ends, the first end
having a patient interface configured to engage a respi-
ratory system of a patient;

at least one respiratory therapy device connected to the
second end of the spacer portion; and

a monitoring portion connected to the spacer portion con-
figured to monitor patient breathing sounds from within
the apparatus when the patient interface is engaged to the
patient respiratory system to determine a condition of
the respiratory system of the patient.

2. The apparatus of claim 1, wherein the at least one res-
piratory therapy device includes a drug source that, when
actuated, delivers a dose of a drug through the spacer portion
to the respiratory system of the patient when the respiratory
system of the patient is engaged to the patient interface.
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3. The apparatus of claim 1, wherein the at least one res-
piratory therapy device includes a ventilator that delivers a
pressurized flow of air through the spacer portion to the
respiratory system of the patient when the respiratory system
of the patient is engaged to the patient interface.

4. The apparatus of claim 1, wherein the monitoring por-
tion includes a microphone that provides the monitored
sounds to a computer-implemented analysis portion, and
wherein the computer-implemented analysis portion is con-
figured to determine, using the monitored sounds, whether
the respiratory therapy device is effectively delivering
therapy to the respiratory system of the patient.

5. The apparatus of claim 1, wherein the monitoring por-
tion includes a microphone that provides the monitored
sounds to a computer-implemented analysis portion for the
determination of a condition of the respiratory system of the
patient, and wherein the computer implemented analysis por-
tion is configured to extract one or more of wheeze sounds or
crackle sounds from the monitored sounds.

6. A method of monitoring sounds from within an appara-
tus for providing combined respiratory therapy and respira-
tory monitoring, comprising:

engaging a combined respiratory therapy and monitoring

apparatus to a respiratory system of a patient, the appa-
ratus including a spacer portion having first and second
ends, the first end having a patient interface, at least one
respiratory therapy device connected to the second end
of the spacer portion, and a monitoring portion con-
nected to the spacer portion;

monitoring patient breathing sounds from within the appa-

ratus using the monitoring portion when the patient
interface is engaged to the patient respiratory system to
determine a condition of the respiratory system of the
patient; and

delivering respiratory therapy from the respiratory therapy

device, through the spacer portion, to the respiratory
system of the patient.

7. The method of claim 6, wherein the at least one respira-
tory therapy device includes a drug source.

8. The method of claim 6, wherein the at least one respira-
tory therapy device includes a ventilator.

9. The method of claim 6, wherein the monitoring portion
includes a microphone, and wherein monitoring sounds from
within the apparatus further comprises providing the moni-
tored sounds to a computer-implemented analysis portion, the
method further comprising determining, at the computer-
implemented analysis portion, using the monitored sounds,
whether the respiratory therapy device is effectively deliver-
ing therapy to the respiratory system of the patient.

10. The method of claim 6, wherein the monitoring portion
includes a microphone, and wherein monitoring sounds from
within the apparatus further comprises providing the moni-
tored sounds to a computer-implemented analysis portion, the
method further comprising determining, at the computer-
implemented analysis portion, a condition of the respiratory
system of the patient using the monitored sounds, and
wherein determining a condition of the respiratory system of
the patient includes extracting one or more of wheeze sounds
or crackle sounds from the monitored sounds.

11. Anapparatus for combined respiratory therapy delivery
and respiratory monitoring, comprising:

spacer means having first and second ends, the first end

having a patient interface configured to engage a respi-
ratory system of a patient;
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respiratory therapy means connected to the second end of

the spacer means; and

monitoring means connected to the spacer means config-

ured to monitor patient breathing sounds from within the
apparatus when the patient interface to the patient res-
piratory system to determine a condition of the respira-
tory system of the patient.

12. The apparatus of claim 11, wherein the respiratory
therapy means includes a drug source that, when actuated,
delivers a dose of a drug through the spacer means to the
respiratory system of the patient when the respiratory system
of the patient is engaged to the patient interface.

13. The apparatus of claim 11, wherein the respiratory
therapy means includes a ventilator that delivers a pressurized
flow of air through the spacer means to the respiratory system
of the patient when the respiratory system of the patient is
engaged to the patient interface.

14. The apparatus of claim 11, wherein the monitoring
means includes a microphone that provides the monitored
sounds to a computer-implemented analysis means, and
wherein the computer implemented analysis means is config-
ured to determine, using the monitored sounds, whether the
respiratory therapy means is effectively delivering therapy to
the respiratory system of the patient.

15. The apparatus of claim 11, wherein the monitoring
means includes a microphone that provides the monitored
sounds to a computer-implemented analysis means for the
determination of a condition of the respiratory system of the
patient, and wherein the computer implemented analysis
means is configured to extract one or more of wheeze sounds
or crackle sounds from the monitored sounds.

® % % % %
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