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7) ABSTRACT

The present invention provides a method for managing a
patient having a sleep disorder, e.g. sleep apnea, snoring,
sleep bruxism, upper airway resistance syndrome, etc. The
method comprises monitoring physiological information
from the patient, converting the physiological information to
digital data, storing the digital data in a digital memory,
identifying and characterizing epochs based on the digital
data, and storing the identifying and characterizing informa-
tion of the epochs in a digital memory. The method further
comprises organizing the epochs according to an organization
function that considers at least characterization information
of the epochs, selecting an epoch based on the organizing of
the epochs, and generating sound derived from the stored
digital data associated with the selected epoch such that the
patient hears the sound. In a specific embodiment, the physi-
ological information monitored may include sound, e.g. res-
piratory sound emanating from the trachea, and/or tooth-
grinding sounds.
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Fig. 2A

Subject Study Time Study Duration

Jim Smith Aug. 1,2002 11:21 pm PDT through & hr 4 min 33 sec
| | Aug. 2,2002 07:25 am PDT ’

Epoch Summary -- by Category

Category # Epochs ;i Total Duration Audio

52§ 3hr 56 min 08 sec

Apnes 23 7 min 20 sec | { Play Example § |

Hypopuoes 115 24 min 17 sec ig'Piay"Examip!efE}

RERA 16 4 1nin 48 sec i { Play Example § |

| Simple Snosing L 27 3he 11 min 3 sec | (Fay brample )

: Lost Signal 0 -

| Non-recording 1 20 min 29 sec § { Play Example |

i Talking 0 - I;E‘Piay"&xamrpie*i}

| Total for All Categorics | 234 | 8 hr 04 min 33 sec | { Pay Exampie }

x Playback-Next Epoch




Patent Application Publication  Apr. 25,2013 Sheet 3 of 12 US 2013/0102928 A1

Fig. 2B

Suhbject Study Time Study Duaration

| Jim Smith | Aug. 1,2002 11:21 pm PDT through § 8 hr 4 min 33 sec |
| Aug.2,200207:25 am PDT : i

Summary of "Apnea" Epochs

1501640 I {1-15 136-20 1 20-23 11 A

Listed by Start Time
Audio Apnea # Event # St?;:)cll?)n ¢ S&;;z;i:ll;e Duration End-Snort
1 4 11:58 pm 0 hr 37 min 17 sec No
2 8 1202 am O hr 4l min i} 12 sec Yes
300 10 | 1206am OhrdSmin| 22se | No
4 15 1211 am { Ohr 50 min | 14 sec No
{ Phayback § 5 63 1:18 am 1 hr 57 min 10 sec No

 Show Next-Page |
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Fig. 2C

Subject 3 Study Time Study Duration

Jim Smith ] Aug. 1,2002 11:21 pm PDT through 8 hr 4 min 33 sec
Aug. 2,2002 07:25 am PDT ’ :

Summary of "Apnea" Epochs

150040 0N 11-15 1 16-20 11 23-23 1 Al

Listed by End-Snort (Y/N)

Audio Apnea# i Event # %ﬁm S(t;;tp::ge Durati(mé End-Snort
2 8 12:02 am 0 hr41 mm 12 sec Yes
1 4 11:58 pm i Ohr 37 min if 17 sec No
3 10 1206 am 0 hr 45 min 22 sec No
4 {5 [2:1tam i Ohr SO min 14 sec No
50063 118 am | 1hrS7 min | 10 sec No

™
i Show Next Page



Patent Application Publication  Apr. 25,2013 Sheet 5 of 12 US 2013/0102928 A1

Fig. 3
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Fig.4A

Subject Study Time Study Duration

Jim Smith Aug. 1,2002 11:21 pm PDT through 8 hr 4 min 33 sec
: | Aug. 2,2002 07:25 am PDT 3 i

Highlight Reel

6 events

Duration: 2 min 07 sec

{ playback Highlight Ree!
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Fig. 4B

Subject Study Time Study Duration

Jim Smith Aug. 1,2002 11:21 pm PDT through 8 hr 4 min 33 sec
| Aug.2,2002 07:25 am PDT :

Highlight Reel

6 epochs -- Duration: 2 min 07 sec

H# Epoch Audio

Hypopnea #4 | { Playback Epoch ¢

Snore #43-55 { Playback Epoch } |

Hypopnea #17 { Playback Epoch

RERA #11

54 Obstructive Apnea #32

6 | Post-apnea hyperventilation | { Playback Epoch s |
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Fig. 4C

Subject Study Time Study Duration

Jim Smith | Aug. 1,2002 11:21 pm PDT through | 8 hr 4 min 33 sec
Aug.2,2002 07:25 am PDT 5

Highlight Reel
6 epochs -- Duration: 2 min 07 sec
Status # Epoch
1 Hypopnea #4
2 Snore #43-55
E Currently playing 3 Hypopnea #17
| 14 RERA #11
5 Obstructive Apnea #32
6 i Post-apnea hyperventilation

{ Playback Next Epoch §
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SYSTEM AND METHOD FOR MANAGING
SLEEP DISORDERS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This is a continuation application claiming priority
to U.S. patent application Ser. No. 11/139,294 filed May 27,
2005, commonly assigned, and hereby incorporated by ref-
erence for all purposes.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to health
related disorders. More particularly, the invention provides a
method and apparatus for managing behaviors related to
sleep disorders. Merely by way of example, the invention is
applied using digital hardware and software.

[0003] Sleep apnea is a common disorder associated with
severe adverse health consequences in some patients. It is
generally recognized that continuous positive airway pres-
sure (CPAP) and other forms of positive airway pressure
(PAP) can be effective treatments for the obstructive type of
sleep apnea (OSA). Unfortunately, studies have found that
compliance with CPAP among OSA patients is poor [L.
GROTE, et. al. Therapy with nCPAP: incomplete elimination
of sleep related breathing disorder. Eur Resp J. 2000; 16:921-
7.] IN. McARDLE, et. al. Long-term use of CPAP therapy for
sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med.
1999; 159(4 Pt 0:1108-14.].

[0004] The medical profession often views non-compli-
ance or under-compliance with advice/ecommendations from
a healthcare professional as undesirable, i.e. a “negative”
behavior on the part of the patient. Thus, there have been
efforts to increase CPAP/PAP compliance among OSA
patients. Some such efforts have, for example, employed
alternate types of facemasks, humidified air, alternate pres-
sure schedules (e.g. bi-level positive airway pressure), and the
like. Compliance-enhancing efforts have also included sup-
port or behavioral-cognitive elements [C. J. HOY, et. al. Can
intensive support improve continuous positive airway pres-
sure use in patients with the sleep apnea/hypopnea syn-
drome? Am J Respir Crit Care Med. 1999; 159(4):1096-
1100.]

[0005] In their review of CPAP compliance, Zozula and
Rosen [R. ZOZULA, R. ROSEN. Compliance with continu-
ous positive airway pressure therapy: assessing and improv-
ing treatment outcomes. Curr Opin Pulm Med. 2001; 7(6):
391-8.] observe: (1) Motivational factors are strongly
associated with both acceptance of the diagnosis of OSA, as
well as overall treatment compliance; (2) Evidence suggests
that patients’ initial perception of improvement after initiat-
ing CPAP therapy is a strong predictor of subsequent treat-
ment compliance use; (3) Successful compliance is often
affected by the type and degree of patient education about the
specific medical condition; (4) Initial perceptions are often
decisive; therefore the timing of an intervention aiming to
increase compliance is essential; (5) There is an increasing
demand to find effective interventions to increase CPAP com-
pliance.

[0006] Zozula and Rosen further note that social-psycho-
logical models are used widely to account for patient behavior
change in medical settings. As one example, they summarize
the “stages of change” model (usually attributed to
Prochaska), in which individuals progress through predict-
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able psychological stages in their efforts to adopt new health-
related behaviors. Under the Prochaska model, a patient who
transitions to a stage characterized by greater readiness to
change is more apt to adopt new behaviors.

[0007] TIssuesof compliance and other patient behaviors are
not restricted to OSA or CPAP. In general, any phase of a
diagnostic or therapeutic process that requires action from a
patient (or the patient’s caretaker) may carry a risk of non-
compliance. Some patients, for example, may delay action
until convinced they have a problem. Furthermore, convinc-
ing some patients that they have a problem can be difficult,
especially those unwilling to accepta physician’s pronounce-
ment of illness without accompanying proof they can under-
stand. This difficulty may be a significant factor in many
patients having a sleep disorder associated with no noticeable
manifestations during or only minor noticeable manifesta-
tions wakefulness.

[0008] In the case of snoring, recording and playing back
the sounds of a person’s snoring have been used to prove to
the person that they snore. There are limitations, however, to
expanding the use of this technique for snoring and to extend-
ing this general approach to laypersons having other sleep
disorders such as sleep apnea.

[0009] For example, although the sound of snoring is gen-
erally recognized correctly and readily by many laypersons,
other abnormal sleep breathing events (e.g. hypopneas and
respiratory effort related arousals) most likely cannot be
readily and correctly recognized from their sound by the vast
majority of laypersons without explanation or training. This
suggests that mere audio recording and playback of sleep
breathing sounds will have little influence on the behavior of
an untrained lay patient who has a sleep disorder predomi-
nantly characterized by these pathological events.

[0010] An additional shortcoming arises because events
associated with sleep disorders may vary in occurrence and
severity during the course of a sleep period. For example, a
sleeping person may snore at some times and not at others
during the night. As an additional example, a sleeping person
may have frequent apneas in the hours just before awakening,
but not in the hours immediately after going to bed. Thus,
proper characterization of a patient’s sleeping may require
assessment of audio recordings that span several hours of
patient sleep time. Because human attention spans are gener-
ally limited, most people are unlikely to listen to such record-
ings for periods of hours.

[0011] From the above, it is desirable to have improved
techniques for managing health related disorders. It is also
desirable to have improved techniques to increase compli-
ance with therapy and/or lead to other desired behavioral
changes.

BRIEF SUMMARY OF THE INVENTION

[0012] According to the invention, techniques including a
system and method for managing certain types of behaviors in
patients with a sleep disorder are provided. More specifically,
the invention relates to a system and method for increasing the
likelihood that a patient will adopt desirable behaviors with
respect to his or her sleep.

[0013] Inaspecificembodiment, the present invention pro-
vides a method for managing a patient having a sleep disor-
der, e.g. sleep apnea, snoring, sleep bruxism, upper airway
resistance syndrome, etc. The method comprises monitoring
physiological information from the patient, converting the
physiological information to digital data, storing the digital
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data in a digital memory, identifying and characterizing
epochs based on the digital data. and storing the identifying
and characterizing information of the epochs in a digital
memory. The method further comprises organizing the
epochs according to an organization function that considers at
least characterization information of the epochs, selecting an
epoch based on the organizing of the epochs, and generating
sound derived from the stored digital data associated with the
selected epoch such that the patient hears the sound. In a
specific embodiment, the physiological information moni-
tored may include sound, e.g. respiratory sound emanating
from the trachea, and/or tooth-grinding sounds.

[0014] Various additional objects, features, and advantages
of the present invention can be more fully appreciated with
reference to the detailed description and accompanying draw-
ings that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1 shows one embodiment of a method for man-
aging behaviors related to sleep disorders.

[0016] FIGS. 2A, 2B, and 2C show web pages that reflect
organization of epochs.

[0017] FIG. 3 shows flowchart detail of an embodiment of
organizing epochs.

[0018] FIGS. 4A, 4B, and 4C show web page front ends to
a highlight reel.

[0019] FIG. 5 shows flowchart detail of preparing data for
playback.

[0020] FIGS. 6A, 6B, 6C, and 6D show examples of
dynamic graphical displays synchronized to audio playback.

DESCRIPTION OF THE SPECIFIC
EMBODIMENT

[0021] Wehave discovered that some persons who listen to
selected sounds they made while sleeping will, as a result the
listening, change elements of their behavior in a positive
direction (i.e. behave more in line with the recommendations
of a health care professional such as a physician). This dis-
covery may be used in some cases to improve the manage-
ment of patients with a sleep disorder.

[0022] We believe this phenomenon arises, at least in part,
from the nature of the sounds and their emotional overtones.
For example, in the case of a person with sleep apnea, respi-
ratory sound may vanish completely or almost completely
during an apnea. In the case of a person with obstructive sleep
apnea, the relative quiet of an apnea may be punctuated by
“struggle sounds” (we prefer the term “quackles”) which
sound very much like choking noises. Persons with sleep
apnea may also have post-apnea hyperventilation, the sound
of which can sometimes give the impression of almost-des-
perate attempts to catch one’s breath. Similarly, in the case of
sleep bruxism, the sound of teeth grinding may sometimes be
distressing to a human listener.

[0023] Several sources teach the use of electronic equip-
ment and respiratory sound in the diagnosis of sleep apnea,
but fewer mention the playback of recorded sleep-breathing
sounds to human ears.

[0024] Gavriely (U.S. Patient No. 6,168,568) teaches the
playback of recorded breath sounds to the operator of his
invention, but does not describe the playback of recorded
sound to the patient. He specifically mentions, as a feature of
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his invention, that playback of sound from his invention may
be done while the patient is acoustically isolated from the
invention.

[0025] Sullivan (U.S. Pat. No. 5,989,193), Lynn and Lynn
(U.S. Pat. No. 6,223,064), and Raviv and Weingarten (U.S.
Pat. Nos. 5,671,733;5,782,240; 5,879,313; 5,961,447, 6,045,
514) teach listening to breathing sounds recorded from a
sleeping subject, but only in the context of a physician, clini-
cian, or operator of their respective inventions analyzing
potential breathing problems of the patient. Publications in
the medical literature teach playback of respiratory audio
recorded from a sleeping patient, but, again, in the context of
analysis; they do not mention playback to the patient or, in the
case of children, to the patient’s parent [P. MARSH, et al.
Recorder for assessment of upper airway disorders. Otolaryn-
gol Head Neck Surg. 1983; 91:584-585.) (M. S.
SCHECHTER, et al. Technical report: diagnosis and man-
agement of childhood obstructive sleep apnea syndrome.
Pediatrics. 2002 April; 109(4):e69.)

[0026] The present disclosure teaches a method and system
for using sleep sounds to influence patient behavior. It aims to
provide a flexible and efficient approach to acquiring, select-
ing, and delivering sounds that have a high likelihood of
positively impacting a patient behavior.

[0027] FIG. 1 shows one embodiment of a method for man-
aging certain behavioral aspects of a sleep disorder in a
patient. The patient may be any organism that sleeps. Certain
steps depicted in FIG. 1 are amplified in later figures.

[0028] One or more physiological and/or environment
parameters related to the patient are monitored 105. In cases
where parameter values are in analog form, they may be
converted 110 to data in digital form. For example, sound
arising in the patient’s airway may be picked up by a micro-
phone and converted into corresponding digital values by an
analog-to-digital converter, with or without additional pro-
cessing. Persons with ordinary skill in the art will know of
similar examples.

[0029] There are several possible patient parameters that
may be monitored 105, including but not restricted to: elec-
trocardiographic ~ parameters,  electroencephalographic
parameters, electrooculographic parameters, myographic
parameters, oximetric parameters, movement and location
parameters (e.g. body position, limb movement, chest
motion, abdominal motion), pressure and/or flow parameters
(e.g. oronasal airflow, positive pressure delivery, esophageal
pressure), gas exchange parameters (e.g. end-tidal carbon
dioxide concentrations), temperature parameters, sound
parameters (e.g. tracheal sound, tooth-grinding sound, mus-
culo-skeletal sound, cardiovascular sound), parameters
related to (or indicative of) arterial tone, and the like. Simi-
larly, there are several possible environmental parameters that
may be monitored 105, including but not restricted to: instru-
mentation-status parameters, noise (sound) parameters,
ambient temperature and lighting, movement parameters, and
the like. If two patients share a sleep environment, physiologi-
cal parameters of the first patient may sometimes be consid-
ered as environmental parameters for the second patient.

[0030] U.S. patent application Ser. No. 10/721,115, for
example, teaches a system and method for monitoring param-
eters related to tracheal sound, body position, arm movement,
and battery voltage.

[0031] In one embodiment, some or all of the digital data
are stored 115 in digital memory.
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[0032] In one embodiment, epochs of data are identified
and characterized 120. In this context, “identification” may
refer to determining temporal boundaries that define an epoch
of time, and “characterization” may refer to assigning
attribute values reflecting the data associated with an epoch.
For example, data obtained during a polysomnogram is often
divided into 30-second epochs, i.e. each epoch normally has
a start-time and also has an end-time that is 30 seconds later.
To continue the example, a state of consciousness is normally
assigned to each epoch on the basis of epoch-associated poly-
somnographic data. (Wakefulness, stage 1 sleep, stage 2
sleep, rapid eye movement sleep, etc. are examples of states
of consciousness.) Thus, in this example, each 30-second
epoch can be conceptualized as having an attribute called
STATE-OF-CONSCIOUSNESS and for each epoch this
attribute may take the values WAKEFULNESS, STAGE-1-
SLEEP, etc.

[0033] Epochs may be defined by a start time and a stop
time, or, equivalently, by a start-time and a duration. Times
that define an epoch may be expressed in absolute terms (e.g.
as given by a clock) or in relative terms (e.g. a quantity of time
before or after a reference event). In one embodiment, there is
no requirement for epochs to be of uniform duration. Epochs
of several durations may be present in a single patient study.

[0034] A plurality of attributes may be associated with a
given epoch. We call the set of all possible attributes and
attribute values for epochs the “attribute scheme.” In some
cases, the same information may be captured with different
attribute schemes. For example, in some circumstances the
two attribute schemes, A and B, below, capture approximately
the same information:

Attribute Scheme A Attribute Scheme B

Attribute Possible Values ~ Attributes Possible Values
RESPIRATION- APNEA, APNEA YES,NO
TYPE HYPOPNEA, HYPOPNEA YES,NO
NORMAL NORMAL- YES,NO
RESPIRATION
[0035] Different embodiments may use different attribute

schemes. Merely by way of example, attribute schemes may
differ when different physiological parameters are moni-
tored. In one embodiment, epoch attributes (but not attribute
values) are pre-determined and stored in memory 190.

[0036] Possible epoch attributes include, but are not
restricted to:
Attribute Possible Values

RESPIRATION-TYPE APNEA, HYPOPNEA, RERA,

NORMAL, OTHER

SNORING YES, NO, BORDERLINE
MOVEMENT-STATE TRANQUIL, RESTLESS
ARM-MOVEMENT YES, NO, BORDERLINE
BODY-POSITION FACE-UP, FACE-RIGHT,

BODY-POSITION-CHANGE
DOMINANT-FREQUENCY

SOUND-INTENSITY-MEAN

FACE-LEFT, FACE-DOWN
YES, NO, BORDERLINE
numerical value, in inverse time
units (e.g. Hertz)

numerical value, in sound
intensity units
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-continued

Attribute Possible Values

SOUND-INTENSITY- numetical value, in units derived

VARIANCE from sound intensity
QUACKLES-PRESENT YES, NO, INDETERMINATE
END-SNORT YES, NO, INDETERMINATE
DESATURATION numerical value, in desaturation percent

DESATURATION-SEVERITY  NONE, MILD, MODERATE, SEVERE

APNEA-TYPE CENTRAL, OBSTRUCTIVE, MIXED
BRUXISM YES, NO, BORDERLINE

TALKING YES, NO, BORDERLINE
AIRWAY-RESISTANCE numetrical value, in resistance units
AIRWAY-HYPER- NONE, MILD, MODERATE, SEVERE
RESISTANCE-SEVERITY

PAP-MODE NONE, CONTINUQUS, BILEVEL,

AUTO, OTHER
numerical value, in pressure
units (e.g. mmHg)

CPAP-PRESSURE

MEAN-RESPIRATION- numerical value, in time units
DURATION (e.g. seconds)
AROUSAL YES, NO, BORDERLINE

Note 1:

In this table, when the “Possible Values” entry for an attribute consists of comma-separated
symbols all in capital letters, the symbols are possible values of'an enumerated set. When the
“Possible Values” entry is in lower case, or mixed upper and lower case letters, the entry
describes possible attribute values.

Note 2:

RERA stands for “respiratory effort related arousal,” a feature that has been seen in the upper
airway resistance syndrome.

[0037] Some attributes may take more than one value for a
given epoch, e.g. under one attribute scheme a RESPIRA-
TION-TYPE attribute for a certain epoch could simulta-
neously take both the SNORING and RERA values (since
both phenomena can occur simultaneously).

[0038] Inoneembodiment, all attributes could also take the
value INDETERMINATE or UNCERTAIN. In some
embodiments, a measure of certainty may be attached to
attribute values. For example, a set of computer codes may
classify an epoch’s RESPIRATORY-TYPE as HYPOPNEA,
but with only 51% “confidence” that is the correct classifica-
tion. In some embodiments, epoch attribute values may have
associated confidence limits, derived statistically.

[0039] In one embodiment, the duration of an epoch is not
an attribute of the epoch; duration and start-time define an
epoch. (Equivalently, start-time and stop-time define an
epoch.)

[0040] Epochs may overlap in an embodiment. That is, a
given point in time may be included within the boundaries of
aplurality of epochs. For example, 20 minutes of monotonous
uninterrupted snoring may be classified as one epoch, and
each of the individual snoring breaths within the 20 minutes
may also be classified as an epoch, and the inspiratory and
expiratory phases of each breath may themselves each be an
epoch. As a further example, epoch X may be defined to
correspond to the period of apnea, and epoch Y may include
both the period of apnea and the snort that terminates the
period of apnea.

[0041] Identification and characterization of epochs 120
may include dependent sub-steps. For example, the start and
end times of epoch Y (see paragraph above) can be deter-
mined with finality only when the beginning of the apneic
period is known and the end of the snort is known.

[0042] Returning to FIG. 1, in one embodiment identifica-
tion and characterization information produced by step 120
may be stored 125 in memory.

[0043] In one embodiment, steps 105 through 125 may
proceed at least partially in parallel. For example, identifica-
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tion and characterization 120 of epochs associated with pre-
viously-acquired data may occur while monitoring 105 con-
tinues.

[0044] In one embodiment, organization of epochs 130
involves ranking and/or collecting epochs. In one embodi-
ment organization 130 of epochs occurs on the basis of one or
more attribute values of the epochs. Timing characteristics of
an epoch may also be considered. In one embodiment orga-
nization 130 is performed by applying an organization func-
tion (not shown in FIG. 1) to epochs stored 125 in memory.
Merely by way of example, an organization function may be
implemented as software codes. In another embodiment,
organization 130 may be performed by a human. In still
another embodiment, both software codes and a human may
be involved in the organization step 130.

[0045] In one embodiment, one or more epochs are pre-
sented 135 to a human in a way that reflects some or all of the
results of organization 130. For example, a computer inter-
face may display a collection of epochs having APNEA as a
value for the RESPIRATION-TYPE attribute. FIGS. 2A, 2B,
and 2C shows examples of web pages displaying information
related to identification, characterization, and organization of
epochs in a sleep study (of unspecified type) performed on a
patient named “Jim Smith.” FIG. 2A shows information about
several categories of epochs, including the number and
summed duration of all epochs within each category. (“Cat-
egory” is an epoch attribute in the examples shown in FIG. 2,
approximately corresponding to RESPIRATION-TYPE.)
FIG. 2B shows information about a subset of epochs having
the APNEA RESPIRATION-TYPE. FIG. 2C is the same as
FIG. 2B, except that the epochs are sorted according to the
value of epoch attribute END-SNORT (indicating whether an
apnea was terminated by a snort or not). In the sleep study
shown, only one apnea epoch was terminated by a snort, and
so it is listed first in FIG. 2C. Presentation 135 is an optional
step.

[0046] Returning to FIG. 1, one or more epochs are selected
140 for playback 150. In one embodiment, a human user
makes the selection 140 in conjunction with presentation 135,
e.g. using a mouse or other computer pointing device to
indicate an epoch having a visible reference on an interactive
computer display. In another embodiment, a set of software
codes implemented on a digital computing device may per-
form selection 140. Selection 140 may select a collection of
epochs, rather than just one epoch. In one embodiment, selec-
tion 140 may select one or more epochs.

[0047] An epoch selected in step 140 is prepared 145 for
audio playback 150. Preparation 145 may employ data stored
earlier (e.g. in step 115, in step 125, etc.); in cases where
digital sound data were stored, such data may be retrieved and
readied for conversion to (hearable) sound.

[0048] Preparation 145 assembles data associated with the
selected epoch(s). For example, preparation 145 may retrieve
tracheal sound data corresponding to the selected epoch(s)
and convert them into a Quicktime® audio file. Preparation
145 is discussed further in connection with FIG. 5.

[0049] Playback 150 includes the actual generation of
sound or other vibratory phenomena.

[0050] A human (not shown in FIG. 1) listens to the sound
played back 150. The human is normally the patient, but may
be a caretaker or loved one of the patient. Before hearing
playback 150, the human may be conceptualized as being in
a certain state A 160 with respect to his or her readiness to
change one or more sleep-related behaviors. After hearing
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playback 150 and after receiving explanation 155 of the
sound played back, the human may be conceptualized as
being in state B 165 with respect to his or her readiness to
change one or more sleep-related behaviors. Advice 170 to
the human may further influence the human’s readiness to
change. In one embodiment, explanation 155 is optional.
[0051] Inoneembodiment “change” may include, butisnot
restricted to, altering, starting, and stopping. In another
embodiment “behavior” may include, but is not restricted to,
decisions (e.g. to undergo or decline surgery), externally vis-
ible actions, and mental actions (e.g. counting sheep as an
insomniac might). In still another embodiment a “sleep-re-
lated behavior” may be a behavior that is expected to have an
effect on the sleep of the patient. (Note that sleep-related
behavior may occur during wakefulness).

[0052] Thus, examples of changes in sleep-related behavior
include, but are not restricted to: increasing compliance with
a prescribed treatment for a sleep disorder (e.g. continuous
positive airway pressure, wearing of an oral appliance for the
treatment of sleep bruxism or obstructive sleep apnea, sleep-
ing with positional therapy, weight loss), increasing compli-
ance with a preventive regimen forestalling a sleep disorder
(e.g. maintaining weight, avoiding alcohol near bedtime), and
deciding to accept more vigorous treatment of a sleep disor-
der (e.g. opting for uvulopalatopharyngoplasty as a surgical
treatment for sleep apnea after failure of weight loss).
[0053] In one embodiment explanation 155 of the sound
played back is brief and is delivered to the human at or near
the time of playback 150. For example, after the sound of a
hypopnea is played 150, the patient’s physician could say to
the human: “That was a near-stoppage of breathing” or, more
dramatically, “That was a near choking.” We have found that
a short explanation is often adequate for even a lay human
listener, as he or she can afterwards generally associate the
sound with a past experience from life—often an experience
with a significant emotional overlay (e.g. choking). There are
several possible routes by which to deliver explanation 155,
including, but not restricted to: orally, in print, by an anima-
tion, by a physical model, and electronically (e.g. as on a
computer or telephone display).

[0054] In one embodiment advice 170 may include, but is
not restricted to, a recommendation from a health care pro-
fessional, or an ostensibly neutral statement of fact (e.g. “the
mortality rate of the operation is 1%”) that may factorinto one
or more changes the human is contemplating. Advice 170
may be delivered by one or more routes, as was taught for
explanation 155.

[0055] Having transitioned to state B 165, the human may
be confront the same or different possible changes as in state
A 160.

[0056] If multiple epochs are selected 140 in one embodi-
ment, the order of their playback 150 optionally reflects a
ranking within organization 130.

[0057] The timing of playback 150 may be controlled in
various ways. For example, the selection step 140, when
performed by a human, may function to initiate preparation
145 and playback 150 soon thereafter. In another example, a
separate trigger step (not shown in FIG. 1) may be employed
between preparation 145 and playback 150, such that play-
back occurs only when the trigger step has been completed
(e.g. a human user indicates he or she is ready to hear the
playback). As a further example, when multiple epochs are
selected 140, their associated sounds may be played back
sequentially and uninterruptedly, or with a trigger step
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between epochs. FIG. 6A shows still another example of
controlling playback 150: a computer interface with controls
610 that allow a user, among other actions, to start and pause
sound playback. Other approaches are possible.

[0058] After listening to some or all sounds played back
150, the human may act in zero or more ways. For example,
human 155 may deliver one or more inputs (not shown in FIG.
1) to selection step 140 and/or organization step 130. Such
input(s) may specify different epochs for playback 150 or
replay already-played sounds. Merely by way of example,
such input(s) may occur through an interactive computer
interface coupled to selection step 140 and/or organization
step 130.

[0059] In one embodiment, organization 130 may involve
ranking and/or collecting epochs. In such an embodiment,
ranking may involve an ordering of epochs according to at
least one or more attribute values, e.g. according to the value
of the MEAN-SOUND-INTENSITY attribute; epochs may
then be treated differently in subsequent processing depend-
ing on their rank. Collecting may involve dividing a set of
epochs into subsets, e.g. according to the value of each
epoch’s RESPIRATION-TYPE attribute; subsets may then
be treated differently in subsequent processing. Organization
130 may include both ranking and collecting, e.g. first creat-
ing collections of epochs according to their RESPIRATION-
TYPE, then ranking within each collection according to
MEAN-SOUND-INTENSITY.

[0060] Organization 130 is often an important step. Some
patients may have hundreds of epochs of abnormal breathing
during a single night, e.g. a patient having severe obstructive
sleep apnea. Determining which epochs and when the epochs
should be played back 150 to the human may become impor-
tant in cases where (a) all epochs cannot be reasonably played
back (e.g. owing to limited human attention span) and (b)
playback sounds associated with different epochs have dif-
ferent effects on the human’s readiness to change. We believe
such cases are the norm.

[0061] FIG. 3 shows an embodiment of organization step
130. In this embodiment, an organizing function 305 per-
forms the organization of epochs. It may do so by considering
attribute values associated with epochs, i.e. by ranking and/or
collecting epochs based on one or more of their attribute
values. Organizing function 305 may consider other informa-
tion. Merely by way of example, organizing function 305 may
be implemented as a set of computer codes (e.g. software). In
an embodiment where a plurality of organization functions
are possible, organizing function 305 should generally be
chosen and/or configured 310 before use. In one embodiment,
organizing function 305 may vary from invocation to invoca-
tion. Similarly, an embodiment may iteratively “evolve” an
organizing function 305.

[0062] In one embodiment, choosing and/or configuring
310 organizing function 305 may be influenced by various
factors. For example, choosing/configuring 310 may be per-
formed on the basis of one or more inputs 315 from a human
user (e.g. acommand to select only epochs with a RESPIRA-
TION-TYPE of APNEA), from a database of user models
325, or from a database of algorithms 330. To choose or
configure items from the databases (325, 330), it is possible to
use inputs 315, characteristics of the patient 320, and/or
desired effects 335. Other approaches are possible. We con-
sider constructing and configuring an organizing function
305 as equivalent.
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[0063] Characteristics 320 of the patient may derive from
information obtained during monitoring 105 (e.g. character-
ized epochs 120) or other sources (e.g. age, sex, suspected
sleep disorder).

[0064] In an embodiment a “user model” is an organizing
function that has been adapted for a specific listener (or group
of listeners or class of listeners). Thus, a user model may
relate one or more characteristics of the patient (plus/minus
the human listener, if different), an effect, and one or more
possible organizing functions (or templates for organizing
functions). For example, one user model might represent the
heuristic “If the patient has a known diagnosis of obstructive
sleep apnea (OSA) and is not compliant with CPAP therapy,
then organize epochs so that the most distressing epoch-
sounds compatible with OSA are given the highest priority
(so that the patient will be scared into complying with CPAP
afterwards).” In this example, “diagnosis of OSA” and “non-
compliant with CPAP” are characteristics of the patient, “pri-
oritizing distressing sounds compatible with OSA” refers to a
possible organizing function, and “complying with CPAP
afterwards” refers to an effect. (All of a user model’s relations
need not be explicit.)

[0065] Thus, in anembodiment it is possible to choose user
model(s) from database 325 that have patient characteristic(s)
and/or effect(s) which match supplied patient characteristics
320 and desired effects 335. In one embodiment, user models
may be implemented as software objects.

[0066] A potential advantage of embodiments of the
present invention is flexibility in determining which epoch-
associated sounds to playback 150. For example, separate
user models may be implemented for snorers, for children, for
persons in denial, for tooth-grinders, for sleep-talkers, for
persons with sleep apnea, and so on. Over time, users of the
invention may increase their ability to predict what types of
sounds are most likely to positively affect behavior in certain
classes of patients. The ability of a component of the present
invention to identify and characterize epochs may be advan-
tageous because it could spare a human operator from the
potentially tedious work of listening to hours of sleep sound
in order to identify the most impactful subsets.

[0067] The invention aims to allow experimentation with
heuristics for organizing epochs. We have already discovered
certain characteristics of impactful sounds, e.g. sounds simi-
lar to choking noises, sounds conveying a sense of abnor-
mally high work of breathing, prolonged absence of respira-
tory sound, and hyperventilatory sounds after a period of
absent or choking sound, among others. These sounds often
carry an emotional overtone when perceived by an adult
human. It is generally desirable to present such impactful
sounds to a patient before the patient’s attention span wanes
or the patient’s time with a healthcare provider ends.

[0068] We have also found that tracheal sounds are a useful
source of sleep breathing sounds for playback 150. Tracheal
sounds, when reproduced (to within a reasonable degree of
fidelity to the original sound) through a loudspeaker or
through headphones, can frequently be impactful if the
patient has a sleep breathing disorder.

[0069] In one embodiment, selected epoch-associated
sounds may be included in a *“highlight reel” of a sleep study.
The term is borrowed from sports broadcasting: a sports
highlight reel normally consists of dramatic or otherwise
noteworthy images, and comprises only a fraction of all
images collected during a sports contest.
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[0070] By analogy, an embodiment of a highlight reel for a
sleep study will usually contain dramatic or noteworthy
occurrences found in the playback audio associated with the
sleep study. There are several possible definitions for “dra-
matic” and “noteworthy” in this context; such definitions may
be implemented as user models or algorithms, as noted above.
For example all other factors being equal, an apnea having
struggle sounds is often more dramatic sounding than one that
does not, a louder snore is generally more dramatic sounding
than a softer snore, and so on.

[0071] Inone embodiment, the contents of a highlight reel
of a study is determined via one or more organization steps
130, possibly with the aid of a user model. In one embodiment
the results of one or more preparation 145 steps become the
highlight reel. A highlight reel may contain images in addi-
tion to sound, similar to the playback step 150.

[0072] A highlight reel may be composed automatically
(e.g. by a computer), manually (e.g. by a physician), or a
combination of both. For example, a human may edit or
approve the contents of a highlight reel compiled or proposed
by a computer.

[0073] In one embodiment the highlight reel contains
epoch-related data that are anticipated to have the highest (or
a significant) effect on influencing the behavior of the human
that listens to (and possibly watches) the highlight reel. In
many cases, the highlight reel will be relatively short when
compared to the duration of the sleep study. A highlight reel
offers a venue for the concentration of the most impactful
sounds identified in a sleep study.

[0074] FIGS. 4A, 4B, and 4C show examples of web page
front-ends to the same highlight reel. The highlight reel is
derived from a sleep study (of unspecified type) performed on
apatientnamed “Jim Smith.” In FIG. 4A the user may play the
entire 2 minute 7 second highlight reel with the click of a
single button. In FIG. 4B the web page enumerates all 6
epochs within the highlight reel and allows random-access
control of playback for individual epochs. In FIG. 4C the web
page enumerates all epochs within the highlight reel and
allows serial-access control of playback for individual
epochs.

[0075] FIG. 5 shows an embodiment of preparation step
145 in which it is decomposed into sub-steps.

[0076] After receiving a reference to an epoch from selec-
tion step 140, information retrieval step 510 may retrieve
epoch-related digital data (stored in step 115) and/or epoch-
related attributes and attribute values (stored in step 125).
[0077] In one embodiment, context generation 515 may
occur. Here, “context” refers to those elements of an epoch’s
playback that are, strictly speaking, outside the temporal
boundaries of the epoch. For example, if an epoch of apnea is
to be played back, the audio data corresponding to that epoch
may be nearly silent (because apnea can be nearly silent). A
human listener may better appreciate the significance of the
silence if additional sound is presented, e.g. the sound made
in the few seconds before the apnea and the few seconds after
the apnea. In this example, these few seconds of sound are
“context” for the apnea epoch. Thus, context generation 515
is an optional step that may add additional data for playback
of an epoch.

[0078] In one embodiment, synthesis 520 uses data
retrieved in step 510 to create an intermediate digital repre-
sentation (IDR) of the playback. The IDR contains audio data
that may later be rendered into sound. For example, synthesis
520 may generate a file formatted for playback using Quick-
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time®, Windows Media Viewer, Real Player, Flash, or a
structured vector graphics player, etc. In one embodiment,
audio elements such as narration may be added to the IDR.
Graphical elements may optionally be included as well.
When included, certain graphical elements may optionally
change appearance in synchrony with certain audio elements.

[0079] Optionally, the IDR may be copied 525 to a non-
volatile medium, e.g. audio tape, hard disk, optical disk,
certain MP3 players, Apple® iPod, and the like. In one
embodiment, IDRs corresponding to a plurality of epochs
may be so copied. In some cases, digital-to-analog conversion
may occur (e.g. in copying to analog audio tape). Some per-
sons may find it convenient to be able to transport a playable
version of one or more epoch-associated playback sounds.

[0080] Optionally, the IDR may be distributed 530 over an
electronic network (e.g. a local area network, the Internet,
etc.), possibly in a streaming fashion.

[0081] Playback 150 takes the output of step 520 as its
input. In cases where the input is in digital format, a digital-
to-analog conversion will ordinarily be necessary. During
playback 150 sound is emitted, possibly with an accompany-
ing graphical display 545. We have found that sound derived
from 16-bit digital sampling at 2000 Hz yields an acceptable
tradeoff between storage space and fidelity.

[0082] Inanembodiment where sound data were not stored
in step 115, “sonification” of non-audio data may be pet-
formed as part of synthesis 520. Sonification, i.e. the conver-
sion of non-audio data into sound, may be useful when it
discloses a pattern or transient in time-varying data that is
detectable by the human ear/brain system.

[0083] As one example of sonification, oxygen saturation
data acquired during a sleep study may be used to modulate
the frequency of an audible sound (e.g. a 440 Hz sine wave).
For example, if the oxygen saturation level drops at some
point, the frequency of a sine wave can be made to drop ata
corresponding point. If the frequency change were above
some threshold(s), a human listener would be able to hear it.
Rapid variations in oxygen saturation might, therefore, be
perceivable as rapid variations in the frequency of the sine
wave. In one embodiment, modulation occurs at a faster rate
than the sampling rate of the original data, so that long seg-
ments of data may, after sonification, occupy a shorter time.
As an additional example, a library of sounds may be used for
sonification, e.g. an epoch with a RESPIRATION-TYPE of
HYPOPNEA could be represented acoustically by emitting a
hypopnea sound of the proper duration taken from the library
of sounds. These are merely examples.

[0084] In some cases, graphical displays can increase the
clarity and informativeness of audio playback 150.

[0085] FIGS.6A, 6B, 6C,and 6D show examples of graphi-
cal displays 545 associated with audio playback 150. FIG. 6 A
shows a window containing a Quicktime movie correspond-
ing to an epoch of 0.3 minutes in duration. Horizontal axis
605 shows time in minutes. Standard Quicktime movie con-
trols (e.g. rewind, play, and volume control) are at the bottom
of the window in region 610. The envelope of the epoch’s
associated audio signal is plotted as a line 615, with vertical
axis 606 showing increasing sound intensity toward the top.
Three peaks in the line 6154, 6155, and 615¢ correspond to
sounds associated with individual breaths taken by the
patient. A sweep bar 620 moves from left to right across the
window when the audio signal is played back 150. Its position
in the window at a particular moment corresponds to the
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portion of the epoch’s audio that is playing at that moment.
Thus, the graphical display of FIG. 6A is synchronized to
sound emission 150.

[0086] FIG. 6B is similar to FIG. 6A in showing a sweep
bar 630 in a Quicktime movie window that plots the envelope
635 of an audio signal. Additionally, however, it shows an
alphanumeric attribute value, “APNEA,” as a legend 640 in
the window. The legend is visible only during the time the
sweep bar (and, therefore, audio playback) is within the time
boundaries of a period of apnea. The apneic period in FIG. 6B
extends from approximately minute 187.5 to 187.7 on the
horizontal axis. When sweep bar 630 and audio playback 150
are at minute 187.9, for example, the APNEA legend is not
visible (because the patient was not apneic at that time). A
precise synchronization between graphical display and audio
playback may assist humans in understanding the sounds they
hear.

[0087] FIG. 6C illustrates a graphical display containing
more than envelope and timing information. Time (in min-
utes) runs across the horizontal axis. The sound envelope is
plotted as a blue line 645, and oxygen saturation in the
patient’s blood is plotted as a red line 650 (according to the
vertical-axis scale 651 on the right). Arm movement of the
patient is indicated by light blue shading 655 above the level
of the envelope 645. Red shading 660 below the level of the
envelope 645 indicates snoring sound. The sweep bar 665 is
present as a vertical black line. U.S. patent application Ser.
No. 11/095,154 teaches a similar approach to data visualiza-
tion.

[0088] FIG. 6D shows that multiple data channels (as in
FIG. 6C) can be separated into non-overlapping subplots, e.g.
body position 670, sound envelope 671, oxygen saturation
672, and pulse 673. All plots have the same time (horizontal)
axis, upon which the sweep bar 675 is based.

[0089] Although FIG. 6 uses a sweep bar, other interface
constructs may perform similar functions.

[0090] The present invention may be applied, for example,
in a standalone sleep laboratory in conjunction with polysom-
nography, or in cases where the patient is tested in his or her
home using a portable diagnostic device. U.S. patent appli-
cation Ser. No. 11/095,154 teaches a method and system
compatible with the current invention.

[0091] We have discovered several potential advantages of
playing back sleep-related sound as an intervention to affect
a patient’s behavior. These potential advantages include, but
are not restricted to: (1) Timing: The intervention can be
applied early in the patient’s course, e.g. almost immediately
upon notifying the patient of the diagnosis; (2) Simplicity:
Given elements of the present invention, the intervention can
be simple to perform; (3) Impact: The intervention can have a
powerful impact on the patient, e.g. an emotional impact; (4)
Retention: The intervention is in many cases inherently
memorable; (5) Expense: It is possible to implement the
intervention inexpensively in comparison with the cost of
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protracted teaching by health care professionals; (6) Lan-
guage independence: Although the intervention will usually
require some communication with the patient in a language
he or she understands, the crux of the intervention is generally
sounds that are independent of the patient’s ability to speak a
given language (e.g. the language of the health care profes-
sional interacting with the patient).

[0092] Itshould be noted that the above sequence of steps is
merely illustrative. The steps can be performed using com-
puter software or hardware or a combination of hardware and
software. Any of the above steps can also be separated or be
combined, depending upon the embodiment. In some cases,
the steps can also be changed in order without limiting the
scopeofthe invention claimed herein. One of ordinary skill in
the art would recognize many other variations, modifications,
and alternatives. It is also understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be
included within the spirit and purview of this application and
scope of the appended claims.

What is claimed is:

1. A system for communicating information about a
patient’s sleep, the system comprising:

a memory for storing in digital format sound information
spontaneously emitted from a patient during a period of
time associated with a sleep period of the patient;

means for dividing a portion of the period of time associ-
ated with the sleep period into a plurality of epochs, each
of the plurality of epochs having an attribute, the
attribute being the same for each of the plurality of
epochs;

means for determining a value of the attribute for each of
the plurality of epochs;

means for selecting an epoch in which the value of the
attribute satisfies a specified criterion;

means for retrieving from the memory the sound informa-
tion associated with the selected epoch;

means for converting the retrieved sound information into
an analog form,

means for outputting the analog form of the retrieved sound
information to a listener.

2. The system of claim 1 wherein the means for selecting an

epoch includes a user interface.

3. The system of claim 2 wherein the user interface displays
references to epochs of the period of time associated with the
sleep period.

4. The system of claim 3 wherein the user interface further
displays information about a value of an attribute of a plural-
ity of epochs having references displayed.

5. The system of claim 4 wherein the display of refererces
to epochs is organized based on the value of an attribute of the
epochs.
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