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Description

[0001] The presentinvention pertains to the diagnosis
of obstructive sleep apnea, and, in particular, to appara-
tus and methods for collecting information from a patient
that is awake and that can be used in diagnosing obstruc-
tive sleep apnea in the patient.

[0002] Obstructive sleep apnea (OSA) is a condition
in which a subject experiences a decrease or complete
stop in airflow while asleep, despite the subject continu-
ing to try to breathe. These events occur when the mus-
cles relax during sleep, causing soft tissue in the back of
the throat to collapse and block the upper airway. This
leads to partial reductions (known as hypopneas) and
complete pauses (known as apneas) in breathing. An
apnea event is defined as a cessation of airflow for at
least 10 seconds during sleep. Hypopnea is defined as
an abnormal respiratory event lasting at least 10 seconds
with at least a 30 percent reduction in thoracoabdominal
movement or airflow as compared to a baseline, with at
least a 4 percent oxygen desaturation. Most apnea
events last between 10 and 30 seconds, but some may
persist for one minute or longer. This can lead to abrupt
reductions in blood oxygen saturation, with oxygen levels
falling as much as 40 percent or more in severe cases.
[0003] These apnea events cause the subject to wake
briefly which restores normal breathing. As these apneas
can occur tens or hundreds of times per night, the dis-
ruption caused results in the subject being excessively
tired during the day.

[0004] A common measurement of sleep apnea is the
apnea-hypopnea index (AHI). This is a number that rep-
resents the combined number of apneas and hypopneas
that occur per hour of sleep. The following classification
is frequently used:

AHI < 5: No OSA/Healthy
5<AHI<15: Mild OSA
15<AHI<30: Moderate OSA
30 < AHI Severe OSA

[0005] Generally, obstructive sleep apnea is diag-
nosed in a sleep laboratory. However, most patients suf-
fering from obstructive sleep apnea are never properly
diagnosed since primary care physicians frequently deal
with the symptoms of daytime fatigue and poor sleep by
prescribing sleeping pills or similar medication. Physi-
cians can be hesitant to send patients to a sleep labora-
tory immediately because of the high cost involved and
the long waiting times. Usually patients are only sent
when all other treatment attempts have failed and the
patient keeps on complaining about bad sleep and day-
time sleepiness. However, once a patient with suspected
OSA is sent to a sleep laboratory, OSA is confirmed in
around 85% of the cases.

[0006] OSA is diagnosed in a sleep laboratory with the
help of "polysomnography" which is performed over one
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or more nights while the patient is asleep. Polysomnog-
raphy can involve the use of an electroencephalogram
(EEG), an electrocardiogram (ECG), an electroculogram
(EOG), an electromyogram (EMG) and/or respiratory
chestbands and the measurement of nasal airflow, blood
oxygen levels and/or other physiological parameters. As
a large number of sensors and devices are required for
polysomnography, this procedure is not very comfortable
or convenient for the patient.

[0007] Generally, the events of apnea and hypopnea
inthe polysomnography data are identified by a physician
manually inspecting short intervals (roughly 30 seconds)
of data, and individually rating the relevance of those
intervals. Apnea events are characterized by the airflow
through the patient’s nasal passage stopping (or nearly
stopping) while the thoracic and abdominal breathing
movement continues. The number of identified events
are counted and the average number of events per hour
is used as an indicator of whether the patient has OSA
and, if so, its severity. However, a substantial amount of
effort is required to scan the data covering a whole night
in order to detect and count all apnea and hypopnea
events, and to determine the AHI value for a patient.
[0008] Alternative techniques for diagnosing OSA
have been proposed that involve the investigation of the
snoring sounds of a patient. One such technique is de-
scribed in "Investigation of Obstructive Sleep Apnea Us-
ing Nonlinear Mode Interactions in Nonstationary Snore
Signals" by Ng et al., Annals of Biomedical Engineering,
Vol. 37, No. 9, September 2009, pp. 1796-1806. Howev-
er, this technique again requires the patient to attend a
sleep laboratory and to be monitored while they are
sleeping.

[0009] WO 99/20339 A1 discloses a device for mag-
netic stimulation of muscles for the diagnosis and relief
of a breathing disorder, such as obstructive sleep apnea.
Magnetic stimulation is used to stimulate muscles which
serve to stabilize the upper airway of anindividual whose
nocturnal apneic events are related to diminished muscle
tone. A sensor monitors a physiologic characteristic of
the patient, a coil is energized to stimulate the appropriate
muscles associated with the upper airway, a power sup-
ply provides power for energizing the coil, and a control
system controls the application of power to the coil based
on the output of the sensor. Diagnosis of obstructive
sleep apnea is accomplished by measuring the subject’s
compliance in the presence and absence of the magnetic
stimulation of the upper airway muscles.

[0010] Therefore, there is a need for a more efficient
apparatus for diagnosing OSA screening that can be
used while the patientis awake. Such an apparatus would
allow more patients with suspected or possible OSA to
be diagnosed and would increase the number of patients
with OSA that receive appropriate treatment for their con-
dition.

[0011] According to claim 1, an apparatus for use in
diagnosing the presence of obstructive sleep apnea
(OSA) in a patient is provided that includes a sensing
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module structured to measure a parameter indicative of
a tremor in the patient’s neck, tongue and/or throat mus-
cles while the patientis awake, the parameter not unique-
ly being airflow through the patient’s airway. The sensing
module generates one or more electrical signals based
on the measured parameter while the patient is awake.
The sensing module comprises one of the following sen-
sor modules: (i) a source electrode and one or more col-
lection electrodes; (ii) an EMG sensor; (iii) an actimetry
sensor; (iv) an ultrasonic transducer probe; (v) a sound
module that includes a sound emitter and a sound de-
tector; (vi) a strain detector; (vii) a fluid filled bladder struc-
tured to be positioned on or in the head, neck or mouth
of the patient and a sensor operatively coupled to the
bladder; (viii) a pharyngometer; or (ix) one or more stim-
ulation electrodes and one or more sensing electrodes.
The apparatus also includes a processor operatively cou-
pled to the sensing module, the processor being struc-
tured to receive the one or more electrical signals, per-
form an analysis of the one or more electrical signals,
and based on the analysis determine whether the tremor
has a frequency in at least one predetermined frequency
range that is indicative of OSA, the at least one prede-
termined frequency range being associated with and
characteristic of an increased compensatory muscular
activation of the upper airway during wakefulness.

FIG. 1 is a schematic diagram of an exemplary ap-
paratus that can be used in the detection of OSA in
a patient based on airflow data that is collected from
the patient while he or she is awake;

FIG. 2 is a functional diagram illustrating the opera-
tions performed by or in the apparatus of FIG. 1;
FIG. 3 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that is based on de-
tecting modulated impedance in the patient’s neck
or throat area;

FIG. 4 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that is based on de-
tecting throat muscle potential changes;

FIG. 5 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that employs actimetry;
FIG. 6 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on motion/position data that is collect-
ed from the patient while he or she is awake that is
based on both detecting throat muscle potential
changes and actimetry;

FIG. 7 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that employs ultra-
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sound measurements;
FIG. 8 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that employs sound
generation and detection;
FIG. 9 a schematic diagram of an exemplary appa-
ratus that can be used in the detection of OSA in a
patient based on data that is collected from the pa-
tient while he or she is awake that employs airway
sound detection;
FIG. 10 a schematic diagram of an exemplary appa-
ratus that can be used to implement a method of
OSA detection based on strain measurements;
FIG. 11 a schematic diagram of an exemplary appa-
ratus that can be used to implement a method of
OSA detection using a fluid filled bladder;
FIG. 12 a schematic diagram of an exemplary appa-
ratus that can be used to implement a method of
OSA detection using acoustic pharyngometry;
FIG. 13 a schematic diagram of an exemplary appa-
ratus that can be used to implement a method of
OSA detection using evoked potential/nerve con-
duction;
FIG. 14 a schematic diagram of an exemplary appa-
ratus for detecting OSA that employs multiple meth-
ods and/or apparatus that detect the characteristic
tremor associated with OSA;
FIGS. 15 and 16 are schematic diagrams of exem-
plary apparatus for detecting OSA that employ a
combination of methods including one that is based
on detecting the characteristic tremor associated
with OSA and one that is not based on detecting the
characteristic tremor associated with OSA; and
FIG. 17 a schematic diagram of an exemplary appa-
ratus for detecting OSA that employs a method that
is based on detecting the characteristic tremor as-
sociated with OSA and a flow loading/control device.
[0012] 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 indirectly, i.e., through one or more intermedi-
ate parts or components, 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.
[0013] As used herein, the word "unitary" means a
component is created as a single piece or unit. That is,
a component that includes pieces that are created sep-
arately and then coupled together as a unit is not a "uni-
tary" component or body. As employed herein, the state-
ment that two or more parts or components "engage" one
another shall mean that the parts exert a force against
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one another either directly or through one or more inter-
mediate parts or components. As employed herein, the
term "number" shall mean one or an integer greater than
one (i.e., a plurality).

[0014] 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.

[0015] Those afflicted with OSA have an increased
compensatory muscular activation of the upper airway
(the muscles of the neck, tongue and/or throat) during
wakefulness. This muscular activation appears to be par-
ticularly prevalent in the genioglossus (GG) muscle,
which is a muscle of the human body that runs from the
chin to the tongue. The GG muscle is the major muscle
responsible for protruding (or sticking out) the tongue.
This increased compensatory muscular activation ap-
pears to be a product of an increased tonic activation of
the muscle, combined with increased negative-pressure
generation during inspiration.

[0016] In addition, the increased compensatory mus-
cular activation during wakefulness results in a charac-
teristic tremor in the upper airway. Testing performed by
the assignee of the present invention has determined
that the tremor exhibits a particular characteristic fre-
quency that has an association with OSA and a disasso-
ciation with non-OSA patients. One such characteristic
frequency has been found to be in the 30-40 Hz range,
although other ranges are also possible. There is thus a
lingering specific daytime signature of the assault caused
by the sleeping disease OSA.

[0017] Furthermore, the assignee of the presentinven-
tion has hypothesized that the tremor resulting from in-
creased muscle (e.g., GG) activation modulates the res-
piratory airflow (at the characteristic frequency or fre-
quencies) during wakefulness in those suffering from
OSA, and has developed a system and method for diag-
nosing OSA that includes detecting the modulation of the
respiratory airflow caused by the characteristic tremor.
That system and method is described in detail in Euro-
pean patent application no. EP 10185347.1, entitled "Ap-
paratus and Method for Collecting Information". That sys-
tem and method is also described below.

[0018] FIG. 1 shows an exemplary apparatus 2 of the
above-described EP application that can be used in the
detection of OSA in a patient based on data that is col-
lected from the patient while he or she is awake. In the
exemplary embodiment, the apparatus 2 comprises an
air flow measuring device 4, such as a pneumotacho-
graph, for providing measurements of the flow of air dur-
ing inhalations and exhalations by a patient. As is known,
a pneumotachograph 4 comprises a nasal mask, facial
mask or mouthpiece 6 that can be worn by the patient,
a pneumotachometer 8 that is connected to the nasal
mask, facial mask or mouthpiece 6, that measures the
flow of air being inhaled and exhaled by the patient
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through the nasal mask, facial mask or mouthpiece 6 and
provides an output in terms of a differential pressure, and
a pressure transducer 10 that is connected to the pneu-
motachometer 8 and that converts the differential pres-
sure output into an electrical signal, preferably digital
samples.

[0019] The electrical signal is provided from the pres-
sure transducer 10 in the pneumotachograph 4 to a proc-
essor 12 where it is processed to determine information
that can be used by a physician to determine whether
the patient has a sleep-related breathing disorder, such
as OSA. The processor 12 is connected to a display 14
that provides a visual indication of the result of the
processing (such as the information to be used by the
physician in diagnosing the patient, and/or, in some im-
plementations, an indication of whether the patient has
OSA or other breathing disorder). The processor 12 is
also connected to a memory 16 that can store the elec-
trical signals output from the pneumotachograph 4 prior
to processing by the processor 12, as well as any result
or results of the processing performed by the processor
12 on the electrical signals.

[0020] Intheillustrated embodiment, the processor 12,
display 14 and memory 16 are contained in a processing
unit 18 that forms a separate unit to the pneumotacho-
graph 4. In this case, the electrical signals from the pneu-
motachograph 4 can be provided to the processor 12 in
the processing unit 18 via a connecting wire, wirelessly
using WiFi, Bluetooth, etc., or by any other suitable
means. However, in alternative implementations, the
pneumotachograph 4 and processing unit 18 can be pro-
vided within a single housing. In either case, the appa-
ratus 2 is preferably implemented as a lightweight device
that can be easily held or worn by the patient during a
testing procedure without causing the patient undue dis-
comfort.

[0021] Although not shown in FIG. 1, it will be appre-
ciated that the apparatus 2 (and in particular the process-
ing unit 18) may include additional components, such as
a user interface for allowing a user of the apparatus 2 to
input commands and/or patient-specific data to the proc-
essor 12 and/or an internal power supply such as a bat-
tery if the apparatus 2 is to be operated independently
of an external power supply.

[0022] In addition, in alternative embodiments, the
pneumotachograph 4 can be replaced by an alternative
means that can provide measurements of air flow, such
as a nasal cannula.

[0023] FIG. 2 is a functional diagram illustrating the
operations performed by or in the apparatus 2. In a first
step 32, electrical signals representing the air flow to and
from the patient’s lungs during breathing while the patient
is awake are acquired from the pneumotachograph 4.
The electrical signals preferably comprise digital sam-
ples representing the magnitude (i.e. rate) of the air flow
atrespective sampling instants. As suggested above, the
first step 32 is performed while the patient is awake.
[0024] The air flow rate samples are passed to the



7 EP 2 629 661 B1 8

processor 12 where they are processed to provide infor-
mation relating to the breathing condition of the patient.
In some embodiments this information is presented to a
physician to assist the physician in diagnosing obstruc-
tive sleep apnea. In other embodiments, the processor
12 can further process the information to provide an in-
dication of whether the patient has OSA, which can be
output by the apparatus 2 to an operator (such as a phy-
sician), for example using the display 14.

[0025] It has been found that the raw sample data can
contain artifacts, which can affect the quality of the anal-
ysis performed in subsequent processing steps. There-
fore, it is desirable to provide a step that assesses the
quality of the raw sample data and selects a subset of
the data for one or more breathing cycles that are to be
used in the subsequent processing steps. Thus, the first
processing step performed by the processor 12 is a pre-
processing step (step 34 in FIG. 2) in which the raw sam-
ple data is processed to identify N breathing cycles (with
a single breathing cycle comprising a consecutive inha-
lation and exhalation) that are to be used in subsequent
processing steps. Preferably, the N breathing cycles se-
lected are those breathing cycles that best fit a mean
breathing cycle for the patient. In one particular embod-
iment, N is 12, although N can take any positive integer
value.

[0026] The selection of the N breathing cycles is, in the
exemplary embodiment, performed as follows. Firstly,
the raw sample data is separated into individual breathing
cycles, and preferably individual inhalation and exhala-
tion segments. The transition points between each inha-
lation and exhalation (i.e. where the patient starts to ex-
hale after inhaling and exhaling after inhaling) can be
easily identified from the zero-crossings in the sample
data.

[0027] Next, the breathing cycles or individual inhala-
tion and exhalation segments are filtered using one or
more criteria, for example, a minimum length, the devi-
ation from a mean length (in total and also separately for
inhalation and exhalation segments) and deviation from
a mean shape. The N cycles or segments best meeting
the required criteria are then selected for further analysis
by the processor 12.

[0028] In one embodiment of the invention, in order to
reduce the amount of time that a patient has to be at-
tached to the testing apparatus 2, the processor 12 can
perform the pre-processing step while the data is being
collected, and can provide an indication to the patient or
other user of the apparatus 2 that the test can be stopped
once the data for N breathing cycles has been collected.
[0029] After the preprocessing step, the processor 12
performs a frequency analysis step 36 in which the sam-
ple data is converted into the frequency domain and a
mean frequency spectrum is calculated. In particular, a
sliding window Fast Fourier Transform (FFT) is applied
to each individual breathing cycle to give a frequency
spectrum.

[0030] In some implementations, the sliding window
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FFT can be applied to each complete inhalation or ex-
halation segment. Alternatively, in other embodiments,
the sliding window FFT is applied to only a part of each
inhalation or exhalation segment around the peak air flow
(i.e. where the air flow rate is at a local maximum). In
other words, the sliding window FFT is applied at and
around the samples where the peak air flow occurs during
each inhalation and exhalation. It has been found that
this narrow sliding window approach provides a better
data set for use in subsequent analysis by the processor
12. The N frequency-transformed breathing cycles are
then averaged to provide separate mean frequency spec-
trums for inhalation and exhalation.

[0031] It has been found that the frequency spectrum
obtained from air flow sample data for patients with a
breathing disorder, such as OSA, differs from the fre-
quency spectrum obtained from healthy patients. For ex-
ample, changes have beenidentified in certain frequency
ranges or bands below 100Hz, most notably the 18-22
Hz and 30-40 Hz frequency bands. In particular, there is
an elevation in the 30-40 Hz frequency band and a re-
duction in the 18-22 Hz frequency band for a patient with
OSA compared to a healthy patient. Similar characteris-
tics have been found in the mean inhalation frequency
spectrum.

[0032] Thus, the processor 12 extracts values for one
or more parameters from the frequency spectrum or
spectrums determined in the frequency analysis
processing step 36. In particular, the value for at least
one parameter is determined from the signals in one or
more frequency bands covering frequencies that are be-
low 100 Hz. Various different parameters can be extract-
ed in the feature extraction step 38 according to the in-
vention.

[0033] One parameter that can be extracted is the dif-
ference between the mean exhalation frequency ampli-
tude in a first frequency band, for example the range of
20-50 Hz, or, more specifically, 25-45 Hz, or, even more
specifically, 30-40 Hz (denoted fg,30.49), and the mean
exhalation frequency amplitude in a second frequency
band, for example the range of 12-30 Hz, or, more spe-
cifically, 15-25 Hz, or, even more specifically, 18-22 Hz
(denoted fgy45.0). The parameter value can be given by
fox30-40 - fex18-22, @nd according to the observation de-
scribed above, the value of the parameter for a healthy
patient will generally be negative, whereas the value will
generally be higher for a patient with OSA. Thus, the
value of this parameter can be used by a physician or
the apparatus 2 to diagnose whether the patient has
OSA. It will be appreciated by those skilled in the art that
a value for a similar parameter can be obtained from the
difference between the mean inhalation frequency am-
plitude in these or similar frequency ranges.

[0034] Another parameter that can be extracted is the
difference between the mean exhalation frequency am-
plitude in a third frequency band, for example the range
of 0-20 Hz, or, more specifically, 0-15 Hz, or, even more
specifically, 0-10 Hz (denoted f,,q_1¢) and the mean in-
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halation frequency amplitude in the same or a similar
frequency band, for example the range 0-20 Hz, or, more
specifically, 0-15 Hz, or, even more specifically, 0-10 Hz
(denoted fi.10)- The parameter value can be given by
faxo-10 - fino-10- The value of the parameter will be gener-
ally close to zero for a healthy patient, whereas the value
will generally be higher for a patient with OSA. Thus, as
with the first parameter above, the value of this parameter
can be used by aphysician or the apparatus 2 to diagnose
whether the patient has OSA.

[0035] A further parameter that can be extracted is the
difference between the mean frequency amplitude in the
range 0-100 Hz for inhalation or exhalation (denoted
fino-100 OF fexo-100 @S appropriate) and a ’'noise’ level at
frequencies above 100 Hz.

[0036] Those skilled in the art will appreciate that the
mean exhalation or inhalation frequency amplitude in a
particular frequency band can be obtained from the out-
put of the frequency analysis step 36 by averaging the
amplitude of the frequency domain signal in the specified
frequency band.

[0037] It will also be appreciated that the invention is
not limited to the extraction of the specific parameters
set out above, and that information useful for character-
izing the breathing condition of a patient can be obtained
from various other parameters that can be readily con-
templated by those skilled in the art. In particular, param-
eters can be extracted from frequency bands other than
those specified above. Furthermore, itis not essential for
the parameter or parameters to be based on the mean
amplitude in a specified frequency band, since compa-
rable results can be derived using other mathematical
operations such as the area under the plot of the frequen-
cy spectrum in the frequency band or from the square of
the amplitude.

[0038] In addition to extracting values for one or more
parameters from the signals in the frequency domain,
the processor 12 can extract values for other parameters
from the time domain samples provided by the pneumo-
tachograph 4 (whether the raw data or the data following
the preprocessing step 34) during the feature extraction
step 38. For example, the processor 12 can extract time-
domain features such as mean breathing cycle length
and mean ratio between the length of the inhalation and
length of the exhalation

[0039] Once the required parameter values have been
extracted from the data, the processor 12 can either
present the parameter values to a physician or other
healthcare professional via the display 14 (or other visual
output such as a printer-generated document) for use in
assisting the physician to arrive at a diagnosis for the
patient, or the processor 12 can perform a further
processing step to combine the parameter values into a
single useful score value. In this feature combination step
40, the processor 12 can combine the extracted values
of multiple parameters into a single score that can be
used to assist in the diagnosis of a breathing disorder,
as it has been found that a score based on the value of
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a number of the parameters described above is more
useful in the reliable diagnosis of a breathing disorder
than individual parameter values.

[0040] In further embodiments, the score can also be
based on other patient-related parameters, such as
body-mass index (BMI), age, sex, Mallampati score, etc.
which can be manually input to the apparatus 2 by the
patient or operator.

[0041] The present inventors have conceived a
number of alternative measurement devices and/or
methods which may be used to detect the characteristic
tremor described above and/or the volumetric changes
of the airway structures resulting from the characteristic
tremor described above. One or more of these alternative
sensing devices and/or methods may be employed
alone, in combination with the method of detecting the
modulation of the respiratory airflow caused by the char-
acteristic tremor described above, or in any combination,
to improve the accuracy of the OSA diagnosis and/or
assessment

[0042] In accordance with one such alternative meth-
od, it has been hypothesized that the tremor resulting
from increased muscle (e.g., GG muscle) activation mod-
ulates the impedance across the throat or jaw (at the
characteristic frequency or frequencies) during wakeful-
ness in those suffering from OSA. FIG. 3 shows an ex-
emplary apparatus 50 that can be used in the detection
of OSA in a patient based on data that is collected from
the patient while he or she is awake that is based on
detecting the modulated impedance described above. In
the exemplary embodiment, the apparatus 50 comprises
a source electrode 52 and one or more collection elec-
trodes 54. Source electrode 52 and collection elec-
trode(s) 54 are structured to be selectively positioned on
opposing sides or separated surfaces of the patient’s
neck or head. Apparatus 50 also includes a main housing
56 which houses an alternating current (AC) source 58,
a processor 60, a memory 62 and a display 64.

[0043] In operation, a small alternating current (e.g.
100 KHz, at less than 0.5 mA of current) is generated by
AC source 58 and caused to flow from source electrode
52 to collection electrode(s) 54. The current and/or volt-
age signal’s amplitude will be modulated by the move-
ment (tremor) of the muscles of the throat (e.g., the GG
muscle). The electrical signal collected by the collection
electrode(s) 54 is provided to processor 60 which (using
one or more software program routines) examines the
amplitude of the received signal in order to identify the
characteristic modulation (e.g., 30-40 Hz or some other
frequency range or ranges) associated with OSA, if
present, to determine whether the patient has OSA. The
programmed processor 60 is connected to display 64,
which provides a visual indication of the result of the
processing. Processor 60 is also connected to memory
62 so that memory 62 can store the electrical signals
collected by the collection electrode(s) 54 prior to
processing by processor 60, as well as any result or re-
sults of the processing performed by processor 60 on the



11 EP 2 629 661 B1 12

electrical signals. The blood flow pulse and respiration
of the patient, as well as other parameters, may also be
detected separately from the signal collected by the col-
lection electrode(s) 54, and used for diagnostic purposes.
In the exemplary embodiment, apparatus 50 is imple-
mented as a lightweight device that can be easily held
or worn by the patient during a testing procedure without
causing the patient undue discomfort. Although not
shown in FIG. 3, it will be appreciated that the apparatus
50 (and in particular the housing 56) may include addi-
tional components, such as a user interface for allowing
a user of the apparatus 50 to input commands and/or
patient-specific data to the processor 60 and/or an inter-
nal power supply such as a battery if the apparatus 50
is to be operated independently of an external power sup-
ply.

[0044] In accordance with another alternative method,
it has been hypothesized that the tremor resulting from
increased muscle (e.g., GG muscle) activation can be
measured directly during wakefulness in order to identify
the characteristic modulation (e.g., 30-40 Hz or some
other frequency range or ranges) associated with OSA
to determine whether the patient has OSA. In this meth-
od, the airway muscle movement nerve potential chang-
es (i.e., electrical potential changes generated by mus-
cles cells) are detected with an electromyogram (EMG)
sensing technique in order to detect the characteristic
modulation associated with OSA. FIG. 4 shows an ex-
emplary apparatus 70 that can be used in the detection
of OSA in a patient based on data that is collected from
the patient while he or she is awake that is based on
detecting throat muscle potential changes. In the exem-
plary embodiment, the apparatus 70 comprises an EMG
sensor 72 that comprises two or more surface electrodes
that are structured to be selectively placed in locations
on the neck and/or head (e.g. right-left sides of the neck
just under the mandible and/or lower, front-back of the
neck, right-left sides of the jaw, cantered under the jaw
with a return electrode on the face or neck, etc.). The
EMG sensor 72 detects EMG signals indicative of hy-
poglossal nerve (CN Xll) activation of the genioglossus
(GG) muscle or other related nerves or muscles of the
airway and head. As an alternative to surface electrodes
as just described, although more invasive, EMG sensor
72 may comprise a needle electrode adapted to be in-
serted into muscle tissue for measuring intramuscular
EMG. As seen in FIG. 4, apparatus 70 also includes a
main housing 74 which houses a processor 76, amemory
78 and a display 80.

[0045] Inoperation,the EMG signals collected by EMG
sensor 72 are provided to processor 76 which (using one
or more software program routines) examines the signals
in order to identify in the EMG signals the characteristic
modulation (e.g., 30-40 Hz or some other frequency
range or ranges) associated with OSA, if present, to de-
termine whether the patient has OSA (the EMG signal
will be a collection of muscle potential signals from all
near-by muscle activity, so the characteristic frequency
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signal will be a repetitive modulation of at least a part of
the signal energy). Processor 76 is connected to display
80, which provides a visual indication of the result of the
processing. Processor 76 is also connected to memory
78 so that memory 78 can store the EMG signals prior
to processing by processor 76, as well as any result or
results of the processing performed by processor 76 on
the EMG signals. In the exemplary embodiment, appa-
ratus 70 is implemented as a lightweight device that can
be easily held or worn by the patient during a testing
procedure without causing the patient undue discomfort.
Although not shown in FIG. 4, it will be appreciated that
the apparatus 70 (and in particular the housing 74) may
include additional components, such as a user interface
for allowing a user of the apparatus 70 to input commands
and/or patient-specific data to the processor 76 and/or
an internal power supply such as a battery if the appa-
ratus 70 is to be operated independently of an external
power supply.

[0046] Inaccordance with another alternative method,
the tremor resulting from increased muscle (e.g., GG
muscle) activation is measured directly during wakeful-
ness using actimetry (also known as actigraphy) in order
to identify the characteristic modulation (e.g., 30-40 Hz
or some other frequency range or ranges) associated
with OSA to determine whether the patient has OSA.
More specifically, in this method, actimetry is used to
monitor the motion of the neck to identify the character-
istic modulation. FIG. 5 shows an exemplary apparatus
90 that can be used in the detection of OSA in a patient
based on data that is collected from the patient while he
or she is awake that employs actimetry. In the exemplary
embodiment, the apparatus 90 comprises one or more
actimetry sensors 92 that are structured to be selectively
placed in locations on the neck and/or head to detect the
tremor motion of respiratory muscles. In the exemplary
embodiment, each of the actimetry sensors 92 comprises
a piezoelectric or other electronic or optical based accel-
erometer coupled to a filter which filters out undesirable
signals, such as those due to external vibrations. The
actimetry sensor(s) 92 generate electrical signals indic-
ative of movement of the muscles of the neck, tongue
and/or throat (e.g., the genioglossus (GG) muscle). As
seenin FIG. 5, apparatus 90 also includes a main housing
94 which houses a processor 96, a memory 98 and a
display 100.

[0047] Inoperation, the electrical signals generated by
the actimetry sensor(s) 92 are provided to processor 96
which (using one or more software program routines) ex-
amines the signals in order to identify in the signals the
characteristic modulation (e.g., 30-40 Hz or some other
frequency range or ranges) associated with OSA, if
present, to determine whetherthe patienthas OSA. Proc-
essor 96 is connected to display 100, which provides a
visual indication of the result of the processing. Processor
96 is also connected to memory 98 so that memory 98
can store the electrical signals generated by the actimetry
sensor(s) 92 prior to processing by processor 96, as well
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as any result or results of the processing performed by
processor 96 on the electrical signals generated by the
actimetry sensor(s) 92. In the exemplary embodiment,
apparatus 90 is implemented as a lightweight device that
can be easily held or worn by the patient during a testing
procedure without causing the patient undue discomfort.
Although not shown in FIG. 5, it will be appreciated that
the apparatus 90 (and in particular the housing 94) may
include additional components, such as a user interface
for allowing a user of the apparatus 90 to input commands
and/or patient-specific data to the processor 96 and/or
an internal power supply such as a battery if the appa-
ratus 90 is to be operated independently of an external
power supply.

[0048] FIG. 6 shows an exemplary apparatus 70’ that
can be used in the detection of OSA in a patient based
on data that is collected from the patient while he or she
is awake that is based on both detecting throat muscle
potential changes and actimetry. Apparatus 70 is similar
to apparatus 70 shown in FIG. 4, and thus like compo-
nents are labeled with like reference numerals. In this
embodiment, the EMG signals collected by EMG sensor
72 are examined as described elsewhere herein in order
to identify the characteristic modulation (e.g., 30-40 Hz
or some other frequency range or ranges) associated
with OSA, if present, and the electrical signals generated
by the actimetry sensor(s) 92 are analyzed and employed
to remove unwanted motion-related artifacts from the
EMG signals.

[0049] In accordance with still another alternative
method, the tremorresulting fromincreased muscle (e.g.,
GG muscle) activation is measured directly during wake-
fulness using ultrasonic dimensional measurements in
ordertoidentify the characteristic modulation (e.g., 30-40
Hz or some other frequency range or ranges) associated
with OSA to determine whether the patient has OSA.
Tissue thickness measurements of the muscle could be
indicative of apnea similar to the way that heart wall thick-
ness is used in cardiology, and/or the muscle dimensions
can be dynamically measured to detect the subject char-
acteristic motion (e.g., 30-40 Hz motion) of the genioglos-
sus and/or other airway patency muscles. The motion of
the size of the tongue or throat or other airway structures
may be measured in the same way to detect the modu-
lation caused by increased compensatory muscular ac-
tivation of the upper airway.

[0050] FIG. 7 shows an exemplary apparatus 110 that
can be used in the detection of OSA in a patient based
on data that is collected from the patient while he or she
is awake that employs ultrasound measurements. In the
exemplary embodiment, the apparatus 110 comprises
an ultrasonic transducer probe 112, which, as is well
known in the art, is structured to emit ultrasound waves
that will pass through the body and detect returning ech-
oes that are caused when the ultrasound waves strike
objects within the body. These returning echoes are used
to identify the size, shape and distance from the probe
of those objects. Usually a gel is applied to lubricate the
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area of the skin which lies above the internal structures
which must be scanned to enable the ultrasonic trans-
ducer probe 112 to slide around easily and to increase
the conduction of the sound into the body.

[0051] Inthe exemplary embodiment, ultrasonic trans-
ducer probe 112 willgenerate electrical signals indicative
of the dimensions and movement of the muscles of the
neck, tongue and/or throat (e.g., the genioglossus (GG)
muscle). As seen in FIG. 7, apparatus 110 also includes
a main housing 114 which houses a processor 116, a
memory 118 and a display 120.

[0052] Inoperation, the electrical signals generated by
the ultrasonic transducer probe 112 based on the re-
turned sound waves (echoes) are provided to processor
116 which (using one or more software program routines)
examines the signals in order to identify in the signals
the characteristic modulation (e.g., 30-40 Hz or some
other frequency range or ranges) associated with OSA ,
if present, to determine whether the patient has OSA.
Processor 116 is connected to display 120, which pro-
vides a visual indication of the result of the processing.
Processor 116 is also connected to memory 118 so that
memory 118 can store the electrical signals generated
by the ultrasonic transducer probe 112 prior to process-
ing by processor 116, as well as any result or results of
the processing performed by processor 116 on the elec-
trical signals generated by the ultrasonic transducer
probe 112. In the exemplary embodiment, apparatus 110
is implemented as a lightweight device that can be easily
held or worn by the patient during a testing procedure
without causing the patient undue discomfort. Although
not shown in FIG. 7, it will be appreciated that the appa-
ratus 110 (and in particular the housing 114) may include
additional components, such as a user interface for al-
lowing a user of the apparatus 110 to input commands
and/or patient-specific data to the processor 116 and/or
an internal power supply such as a battery if the appa-
ratus 110 is to be operated independently of an external
power supply.

[0053] Apparatus 110 may also be used to make ultra-
sonic velocity measurements in order to detect the char-
acteristic modulation of the airway (e.g., 30-40 Hz or
some other frequency range or ranges) associated with
OSA. The velocity of the tongue’s surface or internal fea-
tures would have an oscillation characteristic of the sub-
ject tremor motion described herein. The motion of the
tongue or throat or other airway structures may be meas-
ured using ultrasound to detect the modulation caused
by increased compensatory muscular activation of the
upper airway. In particular, ultrasonic transducer probe
112 may be used to emit ultrasonic pulses and collect
resulting reflections, with Doppler-based motion meas-
urements being used to detect the characteristic motion
(e.g., 30-40 Hz motion) of the genioglossus and/or other
airway patency muscles in order to diagnose OSA.
[0054] In accordance with yet another alternative
method, the tremor resulting fromincreased muscle (e.g.,
GG muscle) activation is measured during wakefulness



15 EP 2 629 661 B1 16

using sound generation and detection in order to identify
the characteristic modulation (e.g., 30-40 Hz or some
other frequency range or ranges) associated with OSA
to determine whether the patient has OSA. More specif-
ically, in this method, a sound generator with a particular
tone or more complex waveform is used to emit a sound
into the patient’s throat. Sounds that are emitted by the
patient in response to the original sound are detected,
and changes between the emitted sound and the detect-
ed sound are analyzed in order to determine whether the
characteristic modulation associated with OSA is
present.

[0055] FIG. 8 shows an exemplary apparatus 130 that
can be used in the detection of OSA in a patient based
on data that is collected from the patient while he or she
is awake that employs sound generation and detection
as just described. In the exemplary embodiment, the ap-
paratus 130 includes a sound module 132 that includes
a sound emitter 134 and a sound detector 136. Sound
emitter 134 is a device that is structured to emit sonic
(audible), subsonic or ultrasonic sounds (having a par-
ticular tone or more complex waveform), and may com-
prise, for example and without limitation, a small audio
speaker and calibrated microphone, or a configuration
similar to a professional room audio analyzer (which
emits a tone or tones, static or time varying, to detect the
sound absorption or resonant properties of a chamber or
room). Sound detector 136 is a device that is structured
to detect sounds that are generated by the patient in re-
sponse to the sounds generated by sound emitter 134,
and may comprise, for example and without limitation, a
microphone. In addition, sound module 132 is structured
to be selectively positioned near the outside of the mouth
or in the mouth or throat, or selectively inserted down the
throat and into the pharyngeal region of the patient. When
positioned as described, sound detector 136 is config-
ured to detect a resonance of one or more chambers of
the airway. The presentation of various selected audio
emissions also may be used to "probe" various parts of
the respiratory system as well. As an example, the res-
onant frequency of the mouth cavity is different than the
longer more narrow trachea, or the even more narrow
bronchial passages. By selecting an emitted sound close
to at least one resonant frequency of the trachea, the
system will be more sensitive to movement or change of
dimension of the trachea, and be less sensitive to that of
the bronchial passages or mouth cavity. As seen in FIG.
8, apparatus 130 also includes a main housing 138 which
houses a processor 140, a memory 142 and a display
144.

[0056] The mouth or trachea cavities of the patient are
expected to be modulated by the characteristic tremor of
the airway muscles described elsewhere herein. As a
result, the resonant frequency amplitude of sounds that
are emitted by the patient in response to the original
sound will be modulated by small changes in the dimen-
sions of the airway caused by the tremors. Thus, in op-
eration, sound emitter 134 is caused to emit sounds as
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described elsewhere herein, and sound detector 136 de-
tects the sounds that are generated by the patient in re-
sponse thereto. The sound signals detected by sound
detector 136 are provided to processor 140, which ex-
amines the signals in order to identify from the signals
(and based on the originally emitted sounds) the charac-
teristic modulation (e.g., 30-40 Hz or some other frequen-
cy range or ranges) associated with OSA, if present.
Processor 140 is connected to display 144, which pro-
vides a visual indication of the result of the processing.
Processor 140 is also connected to memory 142 so that
memory 142 can store the sound signals detected by
sound detector 136 prior to processing by processor 140,
as well as any result or results of the processing per-
formed by processor 140. In the exemplary embodiment,
apparatus 130 is implemented as a lightweight device
that can be easily held or worn by the patient during a
testing procedure without causing the patient undue dis-
comfort. Although not shown in FIG. 8, it will be appreci-
ated that the apparatus 130 (and in particular the housing
138) may include additional components, such as a user
interface for allowing a user of the apparatus 130 to input
commands and/or patient-specific data to the processor
140 and/or an internal power supply such as a battery if
the apparatus 130 is to be operated independently of an
external power supply.

[0057] Inaccordance with another alternative method,
the tremor resulting from increased muscle (e.g., GG
muscle) activation is measured during wakefulness by
detecting airway sounds in order to identify the charac-
teristic modulation (e.g., 30-40 Hz or some other frequen-
¢y range or ranges) associated with OSA to determine
whether the patient has OSA. More specifically, the
sound of air travelling through the airway (during patient
respiration) will be modulated by the characteristic mus-
cle movements associated with OSA described else-
where herein, because as air passes through the airway,
while breathing, turbulence is changed by the slight
changes in throat dimension caused by the subject move-
ments. This method employs common signal processing
methods to detect the characteristic modulation (e.g.,
30-40 Hz or some other frequency range or ranges) as-
sociated with OSA the breathing sounds.

[0058] FIG. 9 shows an exemplary apparatus 150 that
can be used in the detection of OSA in a patient based
on data that is collected from the patient while he or she
is awake that employs airway sound detection as just
described. In the exemplary embodiment, the apparatus
150 includes a sound detector 152 that is structured to
detect airway sounds that are generated by the patient
while breathing, and may comprise, for example and
without limitation, a microphone. In addition, sound de-
tector 152 is structured to be selectively positioned near
the outside of the mouth or in the mouth or throat, or
selectively inserted down the throat and into the pharyn-
geal region of the patient. As seen in FIG. 9, apparatus
150 also includes a main housing 154 which houses a
processor 156, a memory 158 and a display 160.
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[0059] In operation, sound detector 152 detects airway
sounds that are generated by the patient while breathing.
The sound signals detected by sound detector 152 are
provided to processor 140, which (using one or more
software program routines) examines the signals in order
to identify from the signals the characteristic modulation
(e.g., 30-40 Hz or some other frequency range orranges)
associated with OSA, if present. Processor 156 is con-
nected to display 160, which provides a visual indication
of the result of the processing. Processor 156 is also
connected to memory 158 so that memory 158 can store
the sound signals detected by sound detector 152 prior
to processing by processor 156, as well as any result or
results of the processing performed by processor 156.
In the exemplary embodiment, apparatus 150 is imple-
mented as a lightweight device that can be easily held
or worn by the patient during a testing procedure without
causing the patient undue discomfort. Although not
shown in FIG. 9, it will be appreciated that the apparatus
150 (and in particular the housing 154) may include ad-
ditional components, such as a userinterface for allowing
a user of the apparatus 150 to input commands and/or
patient-specific data to the processor 156 and/or an in-
ternal power supply such as a battery if the apparatus
150 is to be operated independently of an external power
supply.

[0060] In accordance with still another alternative
method, the tremorresulting fromincreased muscle (e.g.,
GG muscle) activation is measured during wakefulness
by detecting the strain caused thereby in order to identify
the characteristic modulation (e.g., 30-40 Hz or some
other frequency range or ranges) associated with OSA
to determine whetherthe patienthas OSA. FIG. 10 shows
an exemplary apparatus 170 that can be used to imple-
ment such a method of OSA detection. The apparatus
170 includes a strain detector 172 that is structured to
detect motion caused by the muscles of the neck, tongue
and/or throat (e.g., the genioglossus (GG) muscle) by
detecting strain caused by such motion. In the exemplary
embodiment, strain detector 172 comprises a flexible
substrate 174, made of, for example and without limita-
tion, a polymer material, steel or another metal, an elastic
material, or fiber composite material, on which one or
more strain gauges 176 is/are attached. Flexible sub-
strate 174 is structured to be fixed over its length or at
its ends by an adhesive or mechanical holding arrange-
ment against the skin or other structures of the head
and/or neck or inside the mouth. Each strain gauge 176
may be, for example, a foil strain gauge, although other
types of strain gauges may also be used. As is known in
the art, a typical foil strain gauge consists of an insulating
flexible backing which supports a metallic foil pattern. As
the object to which the strain gauge is attached is de-
formed, the foil is deformed, causing its electrical resist-
ance to change. This resistance change, usually meas-
ured using a Wheatstone bridge, is related to the strain
by the quantity known as the gauge factor. As seen in
FIG. 10, apparatus 170 also includes a main housing 178

10

15

20

25

30

35

40

45

50

55

10

which houses a processor 180, a memory 182 and a
display 184.

[0061] In operation, the electrical strain signals gener-
ated by each strain gauge 176 in response to movements
caused by the muscles of the neck, tongue and/or throat
are provided to processor 180, which (using one or more
software program routines) examines the strain signals
in order toidentify from the signals the characteristic mod-
ulation (e.g., 30-40 Hz or some other frequency range or
ranges) associated with OSA, if present. Processor 180
is connected to display 184, which provides a visual in-
dication of the result of the processing. Processor 180 is
also connected to memory 182 so that memory 182 can
store the strain signals prior to processing by processor
180, as well as any result or results of the processing
performed by processor 180. In the exemplary embodi-
ment, apparatus 170 is implemented as a lightweight de-
vice that can be easily held or worn by the patient during
a testing procedure without causing the patient undue
discomfort. Although not shown in FIG. 10, it will be ap-
preciated that the apparatus 170 (and in particular the
housing 178) may include additional components, such
as a user interface for allowing a user of the apparatus
170 to input commands and/or patient-specific data to
the processor 180 and/or an internal power supply such
as a battery if the apparatus 170 is to be operated inde-
pendently of an external power supply.

[0062] In addition, in connection with apparatus 170,
or the other embodiments described herein, various re-
straining apparatus, such as, without limitation, a chin
rest, may be used to restrain the motion of the head and
body of the patient to remove unwanted artifacts. Also,
various different patient positions, such as supine or erect
positions, may be beneficial to signal to noise of the
measurements made in the various embodiments de-
scribed herein, or to enhance the effect or diminish the
effect being measured.

[0063] In accordance with still another alternative
method, the tremor resulting fromincreased muscle (e.g.,
GGQG) activation is measured during wakefulness by de-
tecting the volumetric changes in the volume of or dis-
placement of a fluid from a bladder in order to identify
the characteristic modulation (e.g., 30-40 Hz or some
other frequency range or ranges) associated with OSA
todetermine whether the patienthas OSA.FIG. 11 shows
an exemplary apparatus 190 that can be used to imple-
ment such a method of OSA detection. In the illustrated
embodiment, the apparatus 190 includes a fluid (i.e. air
or liquid) filled bladder 192 that is fluidly coupled to a
reservoir 194. A sensor 196 is operatively coupled to
bladder 192 and is configured to measure the amount of
fluid that is displaced from the bladder 192 into the res-
ervoir 194 as a result of forces acting thereon. In this
embodiment, a flow sensor between the bladder and the
reservoir, or a pressure sensor in the reservoir may be
used to monitor the variation in volume of the bladder,
the volume of which is being modulated by the motion of
the neck and internal muscles. In an alternative embod-
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iment, reservoir 194 is not present, and the sensor 196
is configured to measure the volumetric changes in the
bladder 192 as a result of forces acting thereon. In this
embodiment, the sensor 196 may be a pressure sensor.
If the bladder 192 is relatively thin and conforms closely
to the contour of the neck just below the mandible for
instance and the outer surface away from the body is
more rigid or thicker, then motion of the throat surface
will translate to a small fluctuation of pressure within the
bladder, which may be sensed by sensor 196.

[0064] AsseeninFIG. 11, apparatus 190 alsoincludes
a main housing 198 which houses a processor 200, a
memory 202 and a display 204.

[0065] In operation, bladder 192 (and reservoir 194, if
present) is placed under the mandible, along/around the
neck, or into the mouth of the patient (suitable attachment
means may be employed, such as one or more straps).
When bladder 192 is so positioned, forces caused by
movement of the muscles of the neck, tongue and/or
throat will act upon the bladder 192, and either cause
some of the fluid to be displaced into reservoir 194, if
present, or cause the internal volume of bladder to
change. This will be sensed by sensor 196, and the elec-
trical signals generated by sensor 196 are provided to
processor 200, which (using one or more software pro-
gram routines) examines the signals in order to identify
from the signals the characteristic modulation (e.g.,
30-40 Hz or some other frequency range or ranges) as-
sociated with OSA, if present. Processor 200 is connect-
ed to display 204, which provides a visual indication of
the result of the processing. Processor 200 is also con-
nected to memory 202 so that memory 202 can store the
sensor signals prior to processing by processor 200, as
well as any result or results of the processing performed
by processor 200. In the exemplary embodiment, appa-
ratus 190 is implemented as a lightweight device that can
be easily held or worn by the patient during a testing
procedure without causing the patient undue discomfort.
Although not shown in FIG. 11, it will be appreciated that
the apparatus 190 (and in particular the housing 198)
may include additional components, such as a user in-
terface for allowing a user of the apparatus 190 to input
commands and/or patient-specific data to the processor
200 and/or an internal power supply such as a battery if
the apparatus 190 is to be operated independently of an
external power supply.

[0066] In accordance with another alternative method,
the tremor resulting from increased muscle (e.g., GG
muscle) activation is measured during wakefulness using
acoustic pharyngometry in order to identify the charac-
teristic modulation (e.g., 30-40 Hz or some other frequen-
cy range or ranges) associated with OSA to determine
whether the patient has OSA. As is known in the art,
acoustic pharyngometry is a dynamic test that deter-
mines dimensions of the oral airway past the glottis while
the patient is breathing. In particular, acoustic pharyn-
gometry uses an acoustic reflection technique to meas-
ure the cross-sectional area of at least a portion of the
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patient’s upper airway during inspiration.

[0067] FIG. 12showsanexemplaryapparatus210that
can be used to implement such an acoustic pharyngom-
etry method of OSA detection. The apparatus 210 in-
cludes a pharyngometer 212 that comprises a sound
source for generating sound pulses, two microphones
for detecting sounds, a wave tube portion and a mouth-
piece coupled to the wave tube portion. Apparatus 210
also includes a main housing 214 which houses a proc-
essor216,amemory 218 and adisplay 220. In operation,
pharyngometer 212 continuously causes sound pulses
to be propagated from the sound source along the wave
tube portion and into the airway of the patient through
the mouthpiece. As theincidentsound wave travels along
the patient’s airway, a reflection wave is generated due
to the axial gradients in acoustic impedance within the
airway. Both the incident and the reflected sound signals
are recorded by the microphones in pharyngometer 212.
These signals are output to processor 216 that uses
these signals to determine a cross-sectional area of the
patient’s airway along at least a portion of the length of
the patient's airway using a known technique. The
processing of the incident and reflected sound waves
from the airway by processor 216 provides an area dis-
tance curve representing the lumen from which minimal
cross-sectional area and volume the patient’s upper air-
way can be derived. For a more detailed discussion of
an acoustic pharyngometer and its operation, please re-
fer to the "Eccovision Acoustic Pharyngometry System
Operator Manual," published by E. Benson Hood Labo-
ratories, Inc., the contents of which are incorporated
herein by reference. An example of a pharyngometer
suitable for use as pharyngometer 212 is the device man-
ufactured by Hood Industries under the trade name, "Ec-
covision Acoustic Pharyngometry System." Itis to be un-
derstood, however, that other pharyngometer devices,
including one microphone pharyngometers, can be used
in the present invention.

[0068] According to a further aspect of the presentem-
bodiment, after processor 216 makes measurements of
the dynamic state of the patient’s upper airway as just
described, processor 216 further analyzes those meas-
urements in order to determine from them whether the
dimensions of the patient’s airway, at a point, set of
points, or all along the length of the airway, are varying
according to the characteristic modulation (e.g., 30-40
Hz or some other frequency range or ranges) associated
with OSA. Processor 216 is connected to display 220,
which provides a visual indication of the result of the
processing. Processor 216 is also connected to memory
218 sothatmemory 218 can store the dimensional meas-
urements prior to processing by processor 216, as well
as any result or results of the processing performed by
processor 216. In the exemplary embodiment, apparatus
210 is implemented as a lightweight device that can be
easily held or worn by the patient during a testing proce-
dure without causing the patient undue discomfort. Al-
though not shown in FIG. 12, it will be appreciated that
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the apparatus 210 (and in particular the housing 214)
may include additional components, such as a user in-
terface for allowing a user of the apparatus 210 to input
commands and/or patient-specific data to the processor
216 and/or an internal power supply such as a battery if
the apparatus 210 is to be operated independently of an
external power supply.

[0069] Furthermore, the measurements of the patient
upper airway made by pharyngometer 212 in cooperation
with processor 216 may be separately examined to de-
tect airway dimensional characteristics (not based on the
characteristic tremor described herein) that have been
found to be indicative of OSA according to any of a
number of methodologies known in the art. One such
methodology is described in United States Patent No.
6,379,311 to Gaumond et al., assigned to the assignee
of the present invention and entitled "Breathing Disorder
Prescreening Device and Method", the disclosure of
which is incorporated herein by reference.

[0070] In accordance with another alternative method,
the tremor resulting from increased muscle (e.g., GG
muscle) activation modulates the impedance across the
throat or jaw (at the characteristic frequency or frequen-
cies) during wakefulness in those suffering from OSA is
detected/measured using evoked potential/nerve con-
duction. Evoked potential/nerve conduction involves
nerve potential sensing electrodes placed near or into a
target nerve by a needle electrode, and a second elec-
trode or mechanical stimulation electrode is applied to
stimulate the target nerve or an up-stream nerve (i.e.
another nerve site which innervates the target nerve that
is being sensed). The reaction time, firing rate or ampli-
tude of the target nerve firing in response to the stimula-
tion is measured in an evoked potential measurement,
and the propagation time and/or the intensity of reaction
of the target nerve to the stimulation is measured in a
nerve conduction measurement. In this embodiment,
evoked potential may be used to measure the character-
istic tremor/motion of the GG muscle or other muscles
of the patient’s neck, tongue and/or throat by looking for
the 30-40 Hz (or other characteristic frequency) in the
firing rate of individual or groups of nerves. The fatigue
related motion of the GG muscle or other muscles of the
patient’s neck, tongue and/or throat will evoke the mod-
ulation to the measured rates. Nerve conduction may be
used to demonstrate that the potential fatigue due to OSA
assault alters the reaction time or intensity of nerve puls-
es transmitted to or along the GG muscle or other mus-
cles of the patient's neck, tongue and/or throat and/or
connected nerves.

[0071] FIG. 13 shows anexemplary apparatus 222 that
can be used in the detection of OSA in a patient based
on data that is collected from the patient while he or she
is awake that is based on evoked potential/nerve con-
duction. In the exemplary embodiment, the apparatus
222 comprises one or more stimulation electrodes 223
and one or more sensing electrodes 224. Apparatus 222
also includes a main housing 225 which houses a power
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source 226 which drives the one or more stimulation elec-
trodes 223, a processor 227, amemory 228 and a display
229.

[0072] In operation, the one or more stimulation elec-
trodes 223 are caused to stimulate the target nerve or
an up-stream nerve, and the reaction of the target nerve
is measured by the one or more sensing electrodes 224.
The electrical signals collected by the one or more sens-
ing electrodes 224 is/are provided to processor 227.
Processor 227 determines the reaction time, firing rate
or amplitude of the target nerve firing in response to the
stimulation in the case where evoked potential is em-
ployed, and the propagation time and/or the intensity of
reaction of the target nerve to the stimulationis measured
in the case where nerve conduction is employed. Proc-
essor 227 then analyzes those parameters (using one or
more software program routines) in order to identify the
characteristic modulation (e.g., 30-40 Hz or some other
frequency range or ranges) associated with OSA, if
present, to determine whether the patient has OSA. The
programmed processor 227 is connected to display 229,
which provides a visual indication of the result of the
processing. Processor 227 is also connected to memory
228 so that memory 228 can store the electrical signals
collected by the one or more sensing electrodes 224 prior
to processing by processor 227, as well as any result or
results of the processing performed by processor 227 on
the electrical signals.

[0073] Thusanumber of different apparatus and meth-
ods have been described herein for detecting OSA by
detecting the characteristic tremor resulting from in-
creased muscle (e.g., GG muscle) activation that is as-
sociated with OSA. In still further embodiments, two or
more of those methods and/or apparatus are used in
combination in order to detect OSA with increased accu-
racy. FIG. 14 shows an exemplary apparatus 230 for de-
tecting OSA that employs multiple methods and/or ap-
paratus that detect the characteristic tremor described
herein. Apparatus 230 includes a first characteristic trem-
or based sensing module 232A and a second character-
istic tremor based sensing module 232B. First charac-
teristic tremor based sensing module 232A may be any
of the sensing modules described herein in connection
with FIGS. 1 and 3-12, and thus may be flow measuring
device 4 (FIG. 2), electrodes 52 and 54 (FIG. 3), EMG
sensor 72 (FIG. 4), actimetry sensor 92 (FIG. 5), EMG
sensor 72 and actimetry sensor 92 (FIG. 6), ultrasound
transducer probe 112 (FIG. 7), sound module 132 (FIG.
8), sound detector 152 (FIG. 9), strain detector 172 (FIG.
10), a bladder system including bladder 192 and sensor
196 (FIG. 11), pharyngometer 212 (FIG. 12), stimulation
electrode(s) 223 and sensing electrode(s) 224 (FIG. 13).
Second characteristic tremor based sensing module
232B may be any of the sensing modules just described
that is different than first characteristic tremor based
sensing module 232A. Apparatus 230 also includes a
main housing 234 which houses a processor 236, amem-
ory 238 and a display 240.
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[0074] In operation, first and second characteristic
tremor based sensing modules 232A, 232B will make
measurements as described herein and in conjunction
with processor 236 will determine whether the charac-
teristic tremor can be identified based on those meas-
urements (as also described herein). Processor 236 will
then determine whether OSA is present based on that
processing. In one, non-limiting embodiment, processor
236 will determine that OSA is present only if the char-
acteristic tremor can be identified based on the meas-
urements made by both first and second characteristic
tremor based sensing modules 232A, 232B. In addition,
although only two characteristic tremor based sensing
modules 232 are shown in FIG. 14, it will be understood
that that is meant to be exemplary only and that more
than two such modules may be employed. In such a case,
processor 236 may determine that OSA is present only
if the characteristic tremor can be identified based on the
measurements made by all of the characteristic tremor
based sensing modules. Alternatively, processor 236
may determine that OSA is present if the characteristic
tremor can be identified based on the measurements
made by some predetermined percentage or fraction of
the characteristic tremor based sensing modules (e.g.,
at least 1/2 or 2/3 of the modules).

[0075] Furthermore, rather than simply using frequen-
cy analysis to detect the characteristic tremor resulting
from increased muscle (e.g., GG) activation that is asso-
ciated with OSA as described herein, othertypes of wave-
form/signal analysis could also be used to detect the ap-
nea signature, such as, without limitation, analysis of am-
plitude, area, and/or temporal or sequential patterns.
[0076] In still further embodiments, one or more of the
methods and/or apparatus for detecting OSA by detect-
ing the characteristic tremor resulting from increased
muscle (e.g., GG muscle) activation that is associated
with OSA is/are used in combination with an OSA detec-
tion method that is not based on detecting the character-
istic tremor in order to detect OSA with increased accu-
racy. A number of exemplary combinations are described
below.

[0077] FIG. 15 shows an exemplary apparatus 250 for
detecting OSA that employs a combination as just de-
scribed. Apparatus 250 includes a characteristic tremor
based sensing module 232 as described elsewhere here-
in. Apparatus 250 also employs an acoustical OSA de-
tection method as described in United States Patent No.
7,559,903 to Moussavi et al., entitled "Breathing Sound
Analysis For Detection of Sleep Apnea/Popnea Events",
the disclosure of which is incorporated herein by refer-
ence. As described in greater detail in United States Pat-
ent No. 7,559,903, the described method uses sounds
transmitted through the walls of the lower neck (i.e. su-
prasternal notch) while breathing while the subject is ei-
ther supine or sitting erect, and in particular processes
breathing related sounds in the frequency range of 150
- 800 Hz. In connection therewith, apparatus 250 further
includes a collector module 252. As seen in FIG. 15, col-
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lector module 252 includes airway microphone 254 for
recording airway sounds, oximetry sensor 256 for col-
lecting conventional SaO, data or other oximetry data
(e.g., a known optical based sensor structured to be
placed on the finger of the patient), and external micro-
phone 258 for recording environmental sounds. As de-
scribed in the ‘903 patent, airway microphone 254 may
comprise a neck band with a microphone mounted in a
chamber placed over the supra-sternal notch, or, alter-
natively, a wireless microphone inside the ear. The three
sensors allow for simultaneous data acquisition of the
sound signals and the SaO, data. Apparatus 250 also
includes a main housing 260 which houses a processor
262, a memory 264 and a display 266.

[0078] As also described in detail in the 903 patent,
processor 262 will de-noise the recorded sound, sepa-
rate snoring sounds, estimate the flow acoustically, de-
tect apnea and/or hypopnea episodes, and count the du-
ration and the frequency of apnea and/or hypopnea ep-
isodes. More specifically, the signal processing of the
sound signals has three stages. First an automated al-
gorithm finds the artifacts (that normally appear as im-
pulses in the signal) and removes them from further anal-
yses. Secondly, the snoring sounds, if they exist, are
identified and separated from the respiratory sounds. Fi-
nally, from the cleaned respiratory sounds, the entropy
of the signal is calculated, the effect of heart sounds is
removed, and apnea episodes are detected and identi-
fied using Otsu’s thresholding method described in detail
in the ‘903 patent.

[0079] In operation, characteristic tremor based sens-
ing module 232 will make measurements as described
herein and in conjunction with processor 262 will deter-
mine whether the characteristic tremor can be identified
based on those measurements (as also described here-
in). Processor 262 will then determine whether OSA is
present based on that processing and the processing
done by processor 262 on the signals obtained by col-
lection module 252 as just described. In one, non-limiting
embodiment, processor 262 will determine that OSA is
present only if the characteristic tremor can be identified
based on the measurements made by the characteristic
tremor based sensing module 232 and if the processor
262 also detects OSA based on the signals obtained by
collection module 252. In addition, although only one
characteristic tremor based sensing module 232 is
shown in FIG. 15, it will be understood that that is meant
to be exemplary only and that two or more such modules
may be employed. In such a case, processor 262 may
determine that OSA is present only if the characteristic
tremor can be identified based on the measurements
made by all of the characteristic tremor based sensing
modules and if the processor 262 also detects OSA
based on the signals obtained by collection module 252.
Alternatively, processor 262 may determine that OSA is
present if the characteristic tremor can be identified
based on the measurements made by some predeter-
mined percentage or fraction of the characteristic tremor
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based sensing modules (e.g., at least 1/2 or 2/3 of the
modules) and if the processor 262 also detects OSA
based on the signals obtained by collection module 252.
[0080] The measurements of the method of the '903
patent and those based on the characteristic tremor
based sensing module(s) 232 are thought to be inde-
pendentto a significant degree, since the physical signals
measured in each have their source in two different
mechanisms (i.e. muscle movement detection vs. airway
breathing sounds most likely caused by airway shape or
resistance), plus the frequency range of the two signals
detected are significantly different.

[0081] FIG. 16 shows an exemplary apparatus 270 for
detecting OSA that employs a combination of an OSA
detection method that is based on detecting the charac-
teristic tremor described herein and an OSA detection
method that is not based on detecting the characteristic
tremor described herein. Apparatus 270 includes a char-
acteristic tremor based sensing module 232 as described
elsewhere herein. Apparatus 270 also employs an OSA
detection method based on oral cavity measurements as
described in United States Patent Nos. 6,048,322 and
6,213,959 to Kushida, entitled "Morphometric Measuring
Tool"and "Morphometric Modeling System and Method",
respectively, the disclosures of which are incorporated
herein by reference. In connection therewith, apparatus
270 further includes an oral cavity measurement tool 272
as described in the '322 and '959 patents. Apparatus 270
also includes a main housing 274 which houses a proc-
essor 276, a memory 278 and a display 280.

[0082] Oral cavity measurement tool 272 is structured
to measure a first value indicative of a distance between
the highest point of the patient’s palate and the patient’s
tongue, a second value indicative of an overlap of the
upper and lower right central incisors, a third value indic-
ative of a distance between a molar on the right side of
the upper jaw and a molar on the left side of the upper
jaw, and a fourth value indicative of a distance between
a molar on the right side of the lower jaw and a molar on
the left side of the lower jaw. Processor 276 is structured
to receive those anatomical values (e.g., by manual input
or electronic transfer (wired or wireless) from oral cavity
measurement tool 272 if it is configured to do so) and
determine a morphometric model value for the patient
based on the anatomical values that is indicative of a
likelihood that the patient suffers from OSA. In one em-
bodiment, the morphometric model value is also based
on the patient’s neck circumference at the level of the
cricothyroid membrane and the patient’s BMI. The par-
ticulars of the morphometric model are described in detail
in the 322 and '959 patents.

[0083] In operation, characteristic tremor based sens-
ing module 232 will make measurements as described
herein and in conjunction with processor 276 will deter-
mine whether the characteristic tremor can be identified
based on those measurements (as also described here-
in). Processor 276 will then determine whether OSA is
present based on that processing and the determined
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morphometric model value as just described. Inone, non-
limiting embodiment, processor 262 will determine that
OSA is present only if the characteristic tremor can be
identified based on the measurements made by the char-
acteristic tremor based sensing module 232 and if the
morphometric model value indicates a likelihood for OSA.
In addition, although only one characteristic tremor based
sensing module 232 is shown in FIG. 16, it will be under-
stood that that is meant to be exemplary only and that
two or more such modules may be employed. In such a
case, processor 276 may determine that OSA is present
only if the characteristic tremor can be identified based
on the measurements made by all of the characteristic
tremor based sensing modules and if the morphometric
model value indicates a likelihood for OSA. Alternatively,
processor 276 may determine that OSA is present if the
characteristic tremor can be identified based on the
measurements made by some predetermined percent-
age or fraction of the characteristic tremor based sensing
modules (e.g., at least 1/2 or 2/3 of the modules) and if
the morphometric model value indicates a likelihood for
OSA.

[0084] In addition, findings of recent research studies
show preliminary evidence that specific concentrations
of substances in the blood, saliva, and/or urine indicate
the likelihood of OSA in certain populations. Forexample,
the amino acid cysteine may be a biomarker for the de-
velopment of OSA in obese and nonobese patients. Re-
sults showed that cysteine plasma levels were higher in
patients with OSA compared with the control subjects. A
subgroup of lean patients (BMI < 25) with OSA also had
higher cysteine levels than the control subjects. Re-
searchers conclude that cysteine is a potential biomarker
for OSA and that obesity does not influence its function
as a biomarker. See, for example, Chest 2011;
139(2):246-252.

[0085] Finally, it should be understood that OSA de-
tection methods that are not based on detecting the char-
acteristic tremor other than those specifically described
herein may also be employed.

[0086] In still further embodiments, the use of breath
flow loading/control to precipitate or enhance/intensify
tremors (or damp-out the tremors) may be used for meas-
urement. FIG. 17 shows an exemplary apparatus 290 for
detecting OSA that employs such breath flow load-
ing/control. Apparatus 290 includes a characteristic trem-
or based sensing module 232 as described elsewhere
herein. Apparatus 290 also includes a flow loading/con-
trol device 292 that is structured to be placed over the
nasal openings and/or mouth of the patient, and which
provides a predetermined amount of airflow resistance
or level of pressure above/below atmospheric pressure
to change the loading and/or bias pressure of the pa-
tient’s breathing. The parameters of resistance and pres-
sure may vary differently in the inspiratory and expiratory
phases of respiration, or any time along the respiratory
cycle. This change of ambient flow and/or pressure chal-
lenges or aids the breathing of the patient, enhancing or
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diminishing the lingering effects of OSA being measured
by characteristic tremor based sensing module 232 de-
scribed elsewhere herein. A number of embodiments of
a suitable exemplary flow loading/control device 292 are
described in United States Provisional Patent Application
No. 61/361,037, assigned to the assignee of the present
invention and entitled "System and method for Perform-
ing Respiratory Diagnostics", the disclosure of which is
incorporated herein by reference. Apparatus 290 also
includes a main housing 294 which houses a processor
296, a memory 298 and a display 300. In the illustrated
embodiment, flow loading/control device 292 is provided
as an integral part of apparatus 290 coupled to main
housing 294 and controlled by processor 296. It should
be understood, however, that flow loading/control device
292 could also be a separate device separate from main
housing 294 and simply used in conjunction with char-
acteristic tremor based sensing module 232.

[0087] In operation, flow loading/control device 292 is
first placed over the nasal openings and/or mouth of the
patient, and caused to provide a predetermined amount
of airflow resistance or level of pressure above/below
atmospheric pressure to change the loading and/or bias
pressure of the patient’s breathing in order to enhance/in-
tensify tremors. Then, characteristic tremor based sens-
ing module 232 is used to make measurements as de-
scribed herein. Processor 296 then determines whether
the characteristic tremor associated with OSA can be
identified based on those measurements (as also de-
scribed herein). Flow loading/control device 292 may be
used with any of the particular embodiments described
herein.

[0088] In addition to hyper-excited muscle activity, itis
also possible to look for a subdued response to breathing
challenges or other physiological functional challenges
(e.g. speech, tone formation, swallowing, whistling,
tongue movements, etc.), in cases where the muscle is
fatigued sufficiently to not be up to the challenge. The
range of sensing and detecting methods described here-
in may be used to monitor variations caused by this sub-
dued physical response.

[0089] Standard questionnaires or physiologic assess-
ment tools (e.g. Berlin Questionnaire for OSA, Epworth
Sleepiness Scale questionnaire for daytime sleepiness,
Mallampati throat opening classification, BANG, BANG-
STOP, etc.) may be administered in conjunction with or
be integrated into the functionality of the embodiments
described herein in order to increase sensitivity and/or
specificity of the OSA assessment. Parameters from
these standard assessment tools may be entered
through a user interface as describe herein, and the data
may be mathematically combined with the measured
sensory data of the embodiments described herein to
produce an improved assessment predicting OSA.
[0090] The signals and detection methods described
herein may also be applied during sleep as part of a PSG
diagnostic session, which could potentially provide addi-
tional information to be used in the diagnostic/phenotyp-
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ical assessment of the patient. In addition, the sen-
sors/sensing modules and diagnostic methods could be
incorporated into other devices such as a cannula or
mask which are primarily used for therapy.

[0091] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word "comprising" or "including" does not ex-
clude the presence 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 hardware. The word "a" or "an"
preceding an element does not exclude the presence of
a plurality of such elements. In any device claim enumer-
ating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain elements are recited in mutually
different dependent claims does not indicate that these
elements cannot be used in combination.

[0092] Although the invention has been described in
detail for the purpose of illustration based on what s cur-
rently considered to be the most practical and preferred
embodiments, 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 modifications and equivalent arrange-
ments that are within the scope of the appended claims.
For example, it is to be understood that the present in-
vention 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.

Claims

1. An apparatus for use in diagnosing the presence of
obstructive sleep apnea (OSA) in a patient, compris-

ing:

a first sensing module structured to measure a
first parameter indicative of a tremor in the pa-
tient’s neck, tongue and/or throat muscles while
the patient is awake, the first parameter not be-
ing airflow through the patient’s airway, the first
sensing module generating one or more electri-
cal signals based on the measured first param-
eter while the patient is awake, wherein the first
sensing module comprises one of the following
sensor modules: (i) a source electrode (52) and
one or more collection electrodes (54); (ii) an
EMG sensor (72); (iii) an actimetry sensor (92);
(iv) an ultrasonic transducer probe (112); (v) a
sound module (132) that includes a sound emit-
ter (134) and a sound detector (136); (vi) a strain
detector (172); (vii) a fluid filled bladder (192)
structured to be positioned on or in the head,
neck or mouth of the patient and a sensor (196)
operatively coupled to the bladder (192); (viii) a
pharyngometer (212); or (ix) one or more stim-
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ulation electrodes (223) and one or more sens-
ing electrodes (224); and

aprocessor operatively coupled to the first sens-
ing module, the processor being structured to
receive the one or more electrical signals,

characterized in that the processor is further con-
figured to perform a frequency analysis of the one
or more electrical signals, and based on the analysis
determine whether the tremor has a frequency in at
least one predetermined frequency range that is in-
dicative of OSA, the at least one predetermined fre-
quency range being associated with and character-
istic of an increased compensatory muscular activa-
tion of the upper airway during wakefulness.

The apparatus according to claim 1, wherein the at
least one predetermined frequency range is below
100 Hz.

The apparatus according to claim 2, wherein the at
least one predetermined frequency range is 30-40
Hz.

The apparatus according to claim 1, further compris-
ing an AC source (58), wherein the first sensing mod-
ule comprises the source electrode (52) and the one
or more collection electrodes (54) structured to be
selectively positioned on separated surfaces of the
patient’s neck or head, wherein an alternating cur-
rent generated by the AC source will flow from the
source electrode, wherein the first parameter com-
prises a modulated electrical signal collected by the
one or more collection electrodes, the modulated
electrical signal being modulated by the tremor.

The apparatus according to claim 1, wherein the first
sensing module comprises the EMG sensor (72),
wherein the first parameter comprises muscle po-
tential changes in the patient’s neck, tongue and/or
throat muscles.

The apparatus according to claim 1, wherein the first
sensing module comprises the actimetry sensor (92)
structured to be selectively positioned on the pa-
tient’s neck or head, wherein the first parameter com-
prises motion caused by the tremor.

The apparatus according to claim 1, wherein the first
sensing module comprises the ultrasonic transducer
probe (112) structured to emit ultrasound waves that
will pass through the patient’'s body and detect re-
turning echoes that are generated responsive to the
emitted ultrasound waves, wherein the first param-
eter comprises the returning echoes.

The apparatus according to claim 1, wherein the first
sensing module comprises the sound module (132)
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that includes the sound emitter (134) and the sound
detector (136), wherein the sound module is struc-
tured to be selectively positioned near the outside of
the patient’s mouth or in the patient’'s mouth or throat
or selectively inserted down the patient’s throat and
into the patient’'s pharyngeal region, wherein the
sound emitter is structured to emit first sounds and
the sound detector structured to detect second
sounds that are generated in response to the first
sounds, and wherein the first parameter comprises
the second sounds.

The apparatus according to claim 1, wherein the first
sensing module comprises the strain detector (172)
that is structured to be selectively positioned on the
patient’s neck and to detect strain resulting from mo-
tion caused by the muscles of the patient’'s neck,
tongue and/or throat, and wherein the first parameter
comprises the strain.

The apparatus according to claim 1, wherein the first
sensing module comprises the fluid filled bladder
(192) structured to be positioned on or in the head,
neck or mouth of the patient and the sensor (196)
operatively coupled to bladder, wherein the sensor
is configured to measure an amount of fluid dis-
placed from the bladder or a volumetric change of
the bladder as aresult of forces acting on the bladder,
and wherein the first parameter comprises the
amount of fluid displaced from the bladder, the vol-
umetric change of the bladder, or the change of pres-
sure within the bladder.

The apparatus according to claim 1, wherein the first
sensing module comprises the pharyngometer (212)
structured to propagate sound pulses into the pa-
tient's airway and detect reflection waves generated
in response to the sound pulses, wherein the first
parameter comprises the reflection waves, wherein
the one or more signals are based the sound pulses
and the reflection waves, and wherein the analysis
performed by the processor comprises generating a
plurality of patient airway dimensional measure-
ments based on the one or more signal.

The apparatus according to claim 1, wherein the first
sensing module comprises the one or more stimu-
lation electrodes (223) and the one or more sensing
electrodes (224), the one or more stimulation elec-
trodes being structured to stimulate a target nerve
or a nerve which innervates the target nerve, the
targetnerve being associated with the patient’s neck,
tongue and/or throat muscles, wherein the first pa-
rameter comprises a one or more target nerve sig-
nals collected by the one or more sensing electrodes,
the one or more target nerve signals being modulat-
ed by the tremor.



13.

14.

15.

31 EP 2 629 661 B1 32

The apparatus according to claim 1, further compris-
ing a flow loading/control device (292) that is struc-
tured to be placed over the nasal openings and/or
mouth of the patient and to provide a predetermined
amount of airflow resistance or level of pressure
above or below atmospheric pressure to change the
loading or bias pressure of the patient’s breathing
prior to the first sensing module measuring the first
parameter.

The apparatus according to claim 1, further compris-
ing:

a second sensing module structured to measure
a second parameter indicative of a tremor in the
patient’'s neck, tongue and/or throat muscles
while the patient is awake, the second parame-
ter being different than the first parameter, the
second sensing module generating one or more
second electrical signals based on the meas-
ured second parameter; and

aprocessor operatively coupled to the first sens-
ing module and the second sensing module, the
processor being structured to: (i) receive the one
or more first electrical signals, perform a first
analysis of the one or more first electrical sig-
nals, and based on the first analysis make a first
determination as to whether the tremor has a
frequency in at least one predetermined fre-
quency range that is indicative of OSA, (ii) re-
ceive the one or more second electrical signals,
perform a second analysis of the one or more
second electrical signals, and based on the sec-
ond analysis make a second determination as
to whether the tremor has a frequency in the at
least one predetermined frequency range that
is indicative of OSA, and (iii) determine whether
the patient has OSA based on at least the first
determination and the second determination.

The apparatus according to claim 14, wherein the
processor is structured to determine that the patient
has OSA only if both the first determination and the
second determination determines that the tremor
has a frequency in the at least one predetermined
frequency range.

Patentanspriiche

1.

Vorrichtung zur Verwendung bei der Diagnose des
Vorliegens von obstruktiver Schlafapnoe (OSA) bei
einem Patienten, die Folgendes umfasst:

ein erstes Sensormodul, das strukturiert ist, um
im Wachzustand des Patienten einen ersten Pa-
rameter zu messen, der einen Tremor in Hals-,
Zungen- und/oder Rachenmuskeln des Patien-
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ten angibt, wobei der erste Parameter nicht die
Luftstromung durch die Atemwege des Patien-
ten ist, wobei das erste Sensormodul ein oder
mehrere elektrische Signale basierend auf dem
im Wachzustand des Patienten gemessenen
ersten Parameter erzeugt, wobei das erste Sen-
sormodul eines der folgenden Sensormodule
umfasst: (i) eine Quellenelektrode (52) und eine
oder mehrere Erfassungselektroden (54); (i) ei-
nen EMG-Sensor (72); (iii) einen Aktimetriesen-
sor (92); (iv) eine Ultraschallwandlersonde
(112); (v) ein Tonmodul (132), das einen Tone-
mitter (134) und einen Tondetektor (136) um-
fasst; (vi) einen Beanspruchungsdetektor (172);
(vii) eine fluidgefiillte Blase (192), die strukturiert
ist, um am oder im Kopf, Hals oder Mund des
Patienten positioniert zu werden, und einen be-
triebsfahig mitder Blase (192) gekoppelten Sen-
sor (196); (viii) ein Pharyngometer (212); oder
(ix) eine oder mehrere Stimulationselektroden
(223) und eine oder mehrere Messelektroden
(224); und

einen Prozessor, der betriebsfahig mit dem ers-
ten Sensormodul gekoppelt ist, wobei der Pro-
zessor strukturiertist, um das eine oder mehrere
elektrische Signale zu empfangen,

dadurch gekennzeichnet, dass der Prozessor wei-
terhin konfiguriert ist, um eine Frequenzanalyse an
dem einen oder mehreren elektrischen Signalen
durchzufiihren und basierend auf der Analyse zu er-
mitteln, ob der Tremor eine Frequenz in mindestens
einem vorgegebenen Frequenzbereich hat, die auf
OSA hinweist, wobei der mindestens eine vorgege-
bene Frequenzbereich zu einer erhéhten ausglei-
chenden Muskelaktivierung der oberen Luftwege
wahrend des Wachzustands gehdrig und hierflr
charakteristisch ist.

Vorrichtung nach Anspruch 1, wobei der mindestens
eine vorgegebene Frequenzbereich unter 100 Hz
liegt.

Vorrichtung nach Anspruch 2, wobei der mindestens
eine vorgegebene Frequenzbereich 30 bis 40 Hz be-
tragt.

Vorrichtung nach Anspruch 1, weiterhin umfassend
eine Wechselstromquelle (58), wobei das erste Sen-
sormodul die Quellenelektrode (52) und eine oder
mehreren Erfassungselektroden (54) umfasst, wel-
che strukturiert sind, um selektivaufseparaten Ober-
flachen des Patientenhalses oder -kopfs positioniert
zu werden, wobei ein durch die Wechselstromquelle
erzeugter Wechselstrom von der Quellenelektrode
ausgehend flie3t, wobei der erste Parameter ein mo-
duliertes elektrisches Signal umfasst, das durch die
eine oder mehrere Erfassungselektroden erfasst
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wird, wobei das modulierte elektrische Signal durch
den Tremor moduliert wird.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul den EMG-Sensor (72) umfasst, wobei der
erste Parameter Muskelpotenzialanderungenin den
Hals-, Zungen- und/oder Rachenmuskeln des Pati-
enten umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul den Aktimetriesensor (92) umfasst, der
strukturiert ist, um selektiv am Hals oder Kopf des
Patienten positioniert zu werden, wobei der erste Pa-
rameter durch den Tremor verursachte Bewegung
umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul die Ultraschallwandlersonde (112) um-
fasst, die strukturiert ist, um Ultraschallwellen zu
emittieren, die den Korper des Patienten durchque-
ren werden, und zurlickkehrende Echos zu detek-
tieren, die in Reaktion auf die emittierte Ultraschall-
wellen erzeugt werden, wobei der erste Parameter
die zurtickkehrenden Echos umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul das Tonmodul (132) mit dem Tonemitter
(134) und dem Tondetektor (136) umfasst, wobei
das Tonmodul strukturiert ist, um selektiv nahe dem
aulBeren Mundbereich des Patienten oder in dem
Mund oder Rachen des Patienten positioniert zu
werden oder selektiv den Rachen des Patienten hi-
nunter und in die pharyngeale Region des Patienten
eingefiihrt zu werden, wobei der Tonemitter struktu-
riert ist, um erste Tone zu emittieren, und der Ton-
detektor strukturiert ist, um zweite Tone zu detektie-
ren, die in Reaktion auf die ersten Tone erzeugt wer-
den, und wobei der erste Parameter die zweiten T6-
ne umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul den Beanspruchungsdetektor (172) um-
fasst, der strukturiert ist, um selektiv am Hals des
Patienten positioniert zu werden und Beanspruchun-
gen aufgrund der durch die Hals-, Zungen- und/oder
Rachenmuskeln des Patienten verursachten Bewe-
gung zu detektieren, und wobei der erste Parameter
die Beanspruchung umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul die fluidgefillte Blase (192), die strukturiert
ist, um am oder im Kopf, Hals oder Mund des Pati-
enten positioniert zu werden, und den betriebsfahig
mit der Blase gekoppelten Sensor (196) umfasst,
wobei der Sensor konfiguriert ist, um eine Menge
des aus der Blase verdrangten Fluids oder eine Vo-
lumendnderung der Blase infolge von auf die Blase
wirkenden Kréften zu messen, und wobei der erste
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Parameter die aus der Blase verdrangte Fluidmen-
ge, die Volumenanderung der Blase oder die
Druckanderung innerhalb der Blase umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul das Pharyngometer (212) umfasst, das
strukturiert ist, um Tonimpulse in die Atemwege des
Patienten zu verbreiten und in Reaktion auf die To-
nimpulse erzeugte Reflexionswellen zu detektieren,
wobei der erste Parameter die Reflexionswellen um-
fasst, wobei das eine oder mehrere Signale auf den
Tonimpulsen und den Reflexionswellen basieren
und wobei die durch den Prozessor durchgefihrte
Analyse das Erzeugen einer Vielzahl von Patien-
tenatemweg-Dimensionsmessungen basierend auf
dem einen oder mehreren Signalen umfasst.

Vorrichtung nach Anspruch 1, wobei das erste Sen-
sormodul die eine oder mehrere Stimulationselekt-
roden (223) und die eine oder mehrere Messelekt-
roden (224) umfasst, wobei die eine oder mehrere
Stimulationselektroden strukturiert sind, um einen
Zielnerv oder einen Nerv, der den Zielnerv anregt,
zu stimulieren, wobei der Zielnerv zu den Hals-, Zun-
gen- und/oder Rachenmuskeln des Patienten geho-
rig ist, wobei der erste Parameter ein oder mehrere
Zielnervsignale umfasst, die durch die eine oder
mehrere Messelektroden aufgenommen wurden,
wobei das eine oder mehrere Zielnervsignale durch
den Tremor moduliert werden.

Vorrichtung nach Anspruch 1, weiterhin umfassend
eine Strémungslade-/Steuerungsvorrichtung (292),
die strukturiert ist, um Uber den Nasenléchern
und/oder dem Mund des Patienten platziert zu wer-
den und einen vorgegebenen Luftstrémungswider-
stand oder Druckpegel tber oder unter dem atmos-
pharischen Druck bereitzustellen, um den Lade-
oder Vordruck der Patientenatmung zu éndern, be-
vor das erste Sensormodul den ersten Parameter
misst.

Vorrichtung nach Anspruch 1, die weiterhin Folgen-
des umfasst:

ein zweites Sensormodul, das strukturiert ist,
um im Wachzustand des Patienten einen zwei-
ten Parameter zu messen, der einen Tremor in
Hals-, Zungen- und/oder Rachenmuskeln des
Patienten angibt, wobei sich der zweite Para-
metervon dem ersten Parameter unterscheidet,
wobei das zweite Sensormodul ein oder meh-
rere elektrische Signale basierend auf dem ge-
messenen zweiten Parameter erzeugt; und

einen Prozessor, der betriebsfahig mit dem ers-
ten Sensormodul und dem zweiten Sensormo-
dul gekoppelt ist, wobei der Prozessor struktu-
riertist, um: (i) das eine oder mehrere erste elek-
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trische Signale zu empfangen, eine erste Ana-
lyse an dem einen oder mehreren elektrischen
Signalen durchzufiihren und basierend auf der
Analyse eine erste Ermittlung dahingehend
durchzufiihren, ob der Tremor eine Frequenzin
mindestens einem vorgegebenen Frequenzbe-
reich hat, die auf OSA hinweist, (ii) das eine oder
mehrere zweite elektrische Signale zu empfan-
gen, eine zweite Analyse an dem einen oder
mehreren zweiten elektrischen Signalen durch-
zuflihren und basierend auf der zweiten Analyse
eine zweite Ermittlung dahingehend durchzu-
fihren, ob der Tremor eine Frequenz in mindes-
tens einem vorgegebenen Frequenzbereich
hat, die auf OSA hinweist, und (iii) basierend auf
der ersten Ermittlung und der zweiten Ermittlung
festzustellen, ob der Patient OSA hat.

15. Vorrichtung nach Anspruch 14, wobei der Prozessor

strukturiert ist, um nur dann zu ermitteln, dass der
Patient OSA hat, wenn sowohl die erste Ermittlung
als auch die zweite Ermittlung ergeben, dass der
Tremor eine Frequenz in dem mindestens einen vor-
gegebenen Frequenzbereich hat.

Revendications

Appareil pourl'utilisation dans le diagnosticde la pré-
sence d’apnée obstructive du sommeil (OSA) chez
un patient, comprenant :

un premier module de détection structuré pour
mesurer un premier paramétre indicatif d’'un
tremblement dans les muscles du cou, de la lan-
gue et/ou de la gorge du patient alors que le
patient est éveillé, le premier parameétre n’étant
pas un flux d’air a travers les voies respiratoires
du patient, le premier module de détection gé-
nérant un ou plusieurs signaux électriques en
fonction du premier paramétre mesuré alors que
le patient est éveillé, dans lequel le premier mo-
dule de détection comprend un des modules
capteurs suivants : (i) une électrode source (52)
etune ou plusieurs électrodes collectrices (54) ;
(ii) un capteur EMG (72) ; (iii) un capteur acti-
métrique (92) ; (iv) une sonde a transducteur ul-
trasonique (112) ; (v) un module sonore (132)
qui inclut un émetteur sonore (134) et un détec-
teur sonore (136); (vi) un détecteur d’effort
(172) ; (vii) une vessie remplie de fluide (192)
structurée pour étre positionnée sur ou dans la
téte, le cou ou la bouche du patient et un capteur
(196) couplé fonctionnellement a la vessie
(192) ; (viii) un pharyngometre (212) ; ou (ix) une
ou plusieurs électrodes de stimulation (223) et
une ou plusieurs électrodes de détection (224) ;
et
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un processeur couplé fonctionnellement au pre-
mier module de détection, le processeur étant
structuré pour recevoir le ou les signaux électri-
ques,

caractérisé en ce que le processeur est en outre
configuré pour effectuer une analyse de fréquence
du ou des signaux électriques, et en fonction de
I’'analyse déterminer si le tremblement présente une
fréquence dans au moins une plage de fréquences
prédéterminée qui est indicative d’OSA, I'au moins
une plage de fréquences prédéterminée étant asso-
ciée a une, et caractéristique d’'une, activation mus-
culaire compensatoire augmentée des voies respi-
ratoires supérieures durant I'éveil.

Appareil selon la revendication 1, dans lequel l'au
moins une plage de fréquences prédéterminée est
inférieure a 100 Hz.

Appareil selon la revendication 2, dans lequel l'au
moins une plage de fréquences prédéterminée est
30 a 40 Hz.

Appareil selon la revendication 1, comprenant en
outre une source CA (58), dans lequel le premier
module de détection comprend I'électrode source
(52) et la ou les électrodes collectrices (54) structu-
rées pour étre sélectivement positionnées sur des
surfaces séparées du cou ou de la téte du patient,
dans lequel un courant alternatif généré a partir de
la source CA passera a partir de I'électrode source,
dans lequel le premier paramétre comprend un si-
gnal électrique modulé collecté par la ou les électro-
des collectrices, le signal électrique modulé étant
modulé par le tremblement.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend le capteur EMG
(72), dans lequel le premier paramétre comprend
des changements musculaires potentiels dans les
muscles du cou, de la langue et/ou de la gorge du
patient.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend le capteur acti-
meétrique (92) structuré pour étre sélectivement po-
sitionné sur le cou ou la téte du patient, dans lequel
le premier paramétre comprend un mouvement cau-
sé par le tremblement.’

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend la sonde a
transducteur ultrasonique (112) structurée pour
émettre des ondes ultrasonores qui passeront a tra-
vers le corps du patient et détecter des échos de
retour qui sont générés en réponse aux ondes ultra-
sonores émises, dans lequel le premier paramétre
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comprend les échos de retour.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend le module so-
nore (132) qui inclut 'émetteur sonore (134) et le
détecteur sonore (136), dans lequel le module so-
nore est structuré pour étre sélectivement positionné
prés de I'extérieur de la bouche du patient ou dans
la bouche ou la gorge du patient ou sélectivement
inséré dans la gorge du patient et dans la région
pharyngienne du patient, dans lequel 'émetteur so-
nore est structuré pour émettre des premiers sons
et le détecteur sonore est structuré pour détecter
des seconds sons qui sont générés en réponse aux
premiers sons, et dans lequel le premier paramétre
comprend les seconds sons.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend le détecteur
d’effort (172) qui est structuré pour étre sélective-
ment positionné sur le cou du patient et pour détecter
un effort résultant d'un mouvement causé par les
muscles du cou, de la langue et/ou de la gorge du
patient, et dans lequel le premier paramétre com-
prend I'effort.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend la vessie rem-
plie de fluide (192) structurée pour étre positionnée
sur ou dans la téte, le cou ou la bouche du patient
etle capteur (196) couplé fonctionnellementala ves-
sie, dans lequel le capteur est configuré pour mesu-
rer une quantité de fluide déplacé a partirde lavessie
ou un changement volumétrique de la vessie en con-
séquence de forces agissant sur la vessie, et dans
lequel le premier paramétre comprend la quantité de
fluide déplacé a partir de la vessie, le changement
volumétrique de la vessie, ou le changement de
pression a l'intérieur de la vessie.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend le pharyngome-
tre (212) structuré pour propager des impulsions so-
nores dans les voies respiratoires du patient et dé-
tecter des ondes de réflexion générées en réponse
aux impulsions sonores, dans lequel le premier pa-
rametre comprend les ondes de réflexion, dans le-
quel le ou les signaux sont fondés sur les impulsions
sonores et les ondes de réflexion, et dans lequel
'analyse effectuée par le processeur comprend la
génération d’'une pluralité de mesures dimension-
nelles des voies respiratoires du patient en fonction
du ou des signaux.

Appareil selon la revendication 1, dans lequel le pre-
mier module de détection comprend la ou les élec-
trodes de stimulation (223) et la ou les électrodes de
détection (224), la ou les électrodes de stimulation
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étant structurées pour stimuler un nerf cible ou un
nerf qui innerve le nerf cible, le nerf cible étant as-
socié aux muscles du cou, de la langue et/ou de la
gorge du patient, dans lequel le premier parameétre
comprend un ou plusieurs signaux de nerf cible col-
lectés parla ou les électrodes de détection, le ou les
signaux de nerf cible étant modulés par le tremble-
ment.

Appareil selon la revendication 1, comprenant en
outre un dispositif de chargement/de commande de
flux (292) qui est structuré pour étre placé sur les
ouvertures nasales et/oulabouche du patient et pour
fournir une quantité prédéterminée de résistance au
flux d’air ou un niveau de pression supérieur ou in-
férieur a la pression atmosphérique pour changer la
pression de chargement ou de sollicitation de lares-
piration du patient avant que le premier module de
détection mesure le premier parameétre.

Appareil selon la revendication 1, comprenant en
outre :

un second module de détection structuré pour
mesurer un second paramétre indicatif d’'un
tremblement dans les muscles du cou, de la lan-
gue et/ou de la gorge du patient alors que le
patient est éveillé, le second paramétre étant
différent du premier parameétre, le second mo-
dule de détection générant un ou plusieurs se-
conds signaux électriques en fonction du se-
cond paramétre mesuré ; et

un processeur couplé fonctionnellement au pre-
mier module de détection et au second module
de détection, le processeur étant structuré
pour : (i) recevoir le ou les premiers signaux
électriques, effectuer une premiere analyse du
ou des premiers signaux électriques, et en fonc-
tion de la premiére analyse réaliser une premie-
re détermination que le tremblement posséde
ou non une fréquence dans au moins une plage
de fréquences prédéterminée qui est indicative
d’OSA, (ii) recevoir le ou les seconds signaux
électriques, effectuer une seconde analyse du
ou des seconds signaux électriques, et en fonc-
tion de la seconde analyse réaliser une seconde
détermination que le tremblement posséde ou
non une fréquence dans I'au moins une plage
de fréquences prédéterminée qui est indicative
d’'OSA, et (iii) déterminer si le patient souffre
d’OSA en fonction d’au moins la premiére dé-
termination et la seconde détermination.

Appareil selon la revendication 14, dans lequel le
processeur est structuré pour déterminer que le pa-
tient souffre d’OSA seulement si la premiére déter-
mination ainsi que la seconde détermination déter-
minent que le tremblement possede une fréquence
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dans I'au moins une plage de fréquences prédéter-
minée.
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