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1
DETECTION AND DIFFERENTIATION OF
SLEEP DISORDERED BREATHING

CROSS REFERENCE TO RELATED
APPLICATION

This application claims filing-date priority to currently
copending U.S. Provisional Patent Application Ser. No.
61/280,558, filed Nov. 5, 2009, for “Detection and Differ-
entiation of Sleep Disordered Breathing Patterns”. The
entire disclosure content of this prior-filed provisional appli-
cation is hereby incorporated herein by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates (a) to the detection of sleep-disor-
dered breathing, (b) to the differentiation of its various
manifestations and to their timing and prevalence of occur-
rence, and (c) to associated cardiovascular impact. In this
important health-assessment setting and field, the invention
particularly features, for such detection and differentiation
purposes, the novel use of an anatomy-attached, three-
orthogonal-axis accelerometer as the principal agency for
acquiring, in simultaneity, certain key, mechanical, multi-
facet anatomical information, featuring highly-persuasive,
three-dimensional, vector information, which is fundamen-
tally relevant to finding and characterizing disordered
breathing. The use of such an accelerometer has been
discovered by us to yield data which, at least in part because
of its three-dimensional vector nature, in relation to the best
known prior art practices in this area, significantly improves
the critical, detection and differentiation medical focus on,
and understanding of, a multifaceted breathing condition
which is serious, often elusive, and in some undetected and
unmanaged circumstances, fatal.

Sleep disordered breathing is a condition characterized by
repeated episodes of underbreathing (hypopnea) and not
breathing (apnea). It is believed that a significant population
of adults experience sleep-disordered breathing.

There are two main forms of sleep apnea—central and
obstructive. Central sleep apnea is related to a dysfunction
of the autonomous nervous system that reduces respiratory
drive, and which can lead to long breathing pauses.
Obstructed airway paths cause obstructive sleep apnea. The
differential diagnosis of both forms of apnea is non-trivial,
and multiple vital signs are needed to be recorded and
analyzed, including the presence and frequency of snoring
episodes as one of the helpful markers, in order to diagnose
obstructive sleep apnea.

Both obstructive and central sleep apnea are associated
with increased morbidity and mortality. Sleep-disordered
breathing can cause temporary elevations in blood pressure
in association with lowered blood oxygen levels, and may
cause elevated blood pressure during the day, and eventu-
ally, sustained high blood pressure (hypertension). The
medical complications of sleep apnea are associated with an
increased prevalence of hypertension, heart failure, myocar-
dial ischemia and infarction, arrhythmias and sudden death,
often related to the lack of oxygen (hypoxia) and the abrupt
increases in sympathetic tone associated with repeated
apneic episodes. Also, previously unsuspected sleep apnea
may contribute to the apparent refractoriness of cardiac
disease and inability to adequately treat heart failure. Other
symptoms include cerebrovascular accident and arrhyth-
mias. In addition, the daytime sleepiness or somnolence
associated with untreated sleep apnea constitutes a hazard to
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2

the public health because of its implications for driving and
the operation of industrial machinery.

These considerations combined with the availability of
effective therapeutic techniques like continuous positive
airway pressure (CPAP) and bi-level positive airway pres-
sure (BIPAP) make it extremely important to detect sleep
apnea and its complications accurately and confidently.

In the current state of the art, polysomnography is a
well-established procedure to detect sleep apnea, but it is
expensive and requires elaborate equipment and specially
trained personnel. Therefore, it would be desirable to have
a technique for detecting, differentiating and evaluating the
cardiovascular effects of sleep apnea that is inexpensive,
easy to use and that can be employed in a patient’s home as
well as in the hospital setting. The availability of such a
convenient and cost-effective technique would make it pos-
sible to provide diagnostic evaluations for sleep apnea to
many more patients than is currently feasible.

Furthermore, although traditional polysomnography pro-
vides detailed information about the various stages of sleep
and wakefulness through brain activity (EEG) and eye
movements (EOG), its ability to provide information about
the cardiovascular complications of sleep apnea is extremely
limited. This is especially important because of the inability
of patients to report symptoms from events that occur during
sleep. Therefore, furnishing objective evidence of previ-
ously unsuspected cardiovascular complications can alert
physicians of the need to provide important treatment to
patients who otherwise might not have received it.

The present invention is especially, though not exclu-
sively, intended for both daytime and nocturnal monitoring
applications. Preferably, it involves, combinationally, the
cooperative, simultaneous “gathering”, in addition to a num-
ber, such as three, “leads” of ECG data, heart sounds and
several other categories, or facets, of mechanical anatomi-
cal, three-dimensional, vector data derived from a single,
suitably anatomy-attached, three-orthogonal-axis acceler-
ometer. This combination of ECG, and three-axis-accelet-
ometer heart sound and additional anatomical data, allows
readily for the confident detection and differentiation of
sleep-disordered breathing.

In connection with practice of the present invention, the
fact that what is proposed involves a three-dimensional
vector method utilizing a three-axis accelerometer, is impor-
tant for various reasons, including the conditions that chest
and abdominal movements don’t simply have a normal
component (z axis only) to the chest, and that gravity and
body position each influence these movements. As well, in
this setting, such vector information is important to supply
accurate magnitude information for respiration evaluation.
Three-dimensional spatial directionality of such vector
information is important also in obtaining, for evaluation
use, body posture information from a subject.

A key element in this vector practice of the present
invention centers on the true, multi-faceted use of a three-
orthogonal-axis accelerometer to gather, in simultaneity, a
large family of mechanical information from a subject, from,
and in relation to, which information it is possible to
analyze, interpret and display, accurate, related heart sound,
respiratory, posture and body-activity data facets in order
thereby to provide clinical experts with powerful evaluation
and assessment insights into a subject’s cardio-pulmonary
condition for both acute and chronic kinds of situations.

In the preferred and best mode implementation of the
invention, an accelerometer, placed preferably at, or very
closely adjacent, the well-recognized V4, precordial ECG
chest site, performs all signal data gathering, except for the
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gathering of ECG electrical information which also plays a
role in the practice of the invention. However, in some cases,
it may be useful to employ an independent microphone for
sound-collecting purposes. Such an independent micro-
phone could be either a physically and spatially independent
device, or it could be physically “package-integrated” with
the employed accelerometer.

Given the state of the art today involving the making of
extremely tiny mechanical and electromechanical structures,
a three-orthogonal-axis accelerometer of the kind which is
usable conveniently in the practice of the present invention,
referred to also herein simply as a three-axis accelerometer,
might typically have dimensions on the order of about
5x5%x2-mms. Such a device might be “stand-alone” in
nature, limited just to the basic acquisition of three-axis
signal data, or it might be structured in combination (inter-
nally in an integrated package) with relevant, appropriate,
algorithmically programmed, signal-data-processing and
recording micro-circuitry, either “structural approach”, of
course, coming with appropriate, readily externally acces-
sible, signal-output connection structure(s).

In this connection, it will be immediately apparent to
those skilled in the art that such an accelerometer, as well as
all, appropriate signal-data-processing circuitry, including
digital computer data-processing and recording circuitry,
and algorithmic methodology (as such are described func-
tionally and organizationally below both in high-level text
and in block/schematic drawing form) needed to implement
the data-handling processing and analyzing aspects of the
invention, may be conventional in nature, and may take on
anumber of different, entirely adequate forms. The details of
these matters do not form any part of the present invention,
and they are, accordingly, not discussed or elaborated herein
in great detail. Rather, they are mentioned in the practice of
the invention, as just suggested, in appropriate, high-level
disclosure terms.

Useful background information regarding such data-pro-
cessing and algorithmic circuitry and methodology employ-
ing digital computer structure may be found in the following
documents, the entire contents of which are hereby incor-
porated herein by reference: U.S. Pat. No. 7,096,060 to
Arand et al., issued Aug. 22, 2006, for “Method and System
for Detection of Heart Sounds™; U.S. Patent Application
Publication No. 2007/0191725 of Nelson, published Aug.
16, 2007, for “Wavelet Transform and Pattern Recognition
Method for Heart Sound Analysis”; and U.S. Patent Appli-
cation Publication No. 2010/0094148 of Bauer et al., pub-
lished Apr. 15, 2010, for “Differential Apneic Detection in
Aid of Diagnosis and Treatment”. Signal-processing algo-
rithmic methodology and other relevant matters described in
these documents may be employed very satisfactorily in the
signal-processing and data handling and analyzing environ-
ment associated with practice of the present invention.

Preferably, the main signal-gathering device, the three-
axis accelerometer, will be located on the subject’s chest in
a position on the thorax, such as the one mentioned above,
so it can easily pick up respiratory movement. Acquired data
may be recorded onto associated digital media, such as onto
an accelerometer-package-integrated SIM chip similar to
those used in digital cameras, with such data being easily
downloadable to an external computer.

According to a preferred and best-mode manner of
describing the present invention, it proposes a method for
monitoring sleep-disordered breathing including the steps of
(a) collecting, simultaneously, multi-facet, three-axis data
from a sleeping subject utilizing an anatomy-attached, three-
orthogonal-axis accelerometer, and (b) following such col-
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4

lecting, processing and analyzing the collected data to detect
associated, disordered breathing including assessing the
presence of at least one of (a) sleep-disordered breathing
generally, (b) sleep apnea specifically, (c) differentiation
between central and obstructive sleep apnea, and (d) hypo-
pnea.

The invention may also be expressed as a method for
detecting sleep disordered breathing involving (a) using a
three-orthogonal-axis accelerometer attached to a selected
site on a subject’s anatomy, collecting from that site, over a
chosen, or selected, time interval, multi-facet, three-axis
accelerometer signal data which may include, as collected
components, two or more of activity, posture, heart sounds,
snoring, and respiration, (b) independently facet-filtering
this collected data through one or more independent, facet-
specific filtering agencies which produce, respectively, fil-
tered data reflecting, and specific to, one or more of the
mentioned components, (¢) selectively and combinationally
processing and analyzing such filtered data, and (d) from the
steps of processing and analyzing, producing output infor-
mation associated with the selected anatomical site describ-
ing any detected sleep disordered breathing.

Added as steps to these representative, methodologic
characterizations of the invention in a further embodiment
are the additional steps of (a) simultaneously acquiring,
during a chosen time interval such as the one mentioned
above, ECG electrical data, and (b) including information
contained in such acquired electrical data in the mentioned
processing and analyzing steps.

Further included in the implementation of the present
invention may be the practice, based upon the analyzing
step, of producing, as output, at least presentable graphics
information relating to at least one of (a) sleep-disordered
breathing generally, (b) sleep apnea specifically, (¢) differ-
entiation between central and obstructive sleep apnea, and
(d) hypopnea.

These and other important features and advantages of the
invention will become more fully evident as its detailed
description which follows shortly is read in conjunction with
the accompanying drawings.

DESCRIPTIONS OF THE DRAWINGS

FIG. 1, which is to be viewed in two different manners for
explaining the present invention, is, generally speaking, a
block/schematic diagram which illustrates, in a preferred
and best-mode manner, both the basic methodology of the
present invention (in both of its functional appearances), and
a system for performing it. More particularly, this figure
presents a stylized, schematic illustration picturing a frag-
mentary portion of an anatomical setting regarding which
two, different, broad-level implementations, or modifica-
tions, of the invention are shown. In one of these imple-
mentations, a single, three-orthogonal-axis accelerometer is
attached at an appropriate, stabilized anatomical location to
the outside of the anatomy. In the other, a single, internal,
implanted accelerometer is employed.

In this figure, only the first-mentioned accelerometer i.e.,
the single, external accelerometer, is represented by a block
in the figure. The other, internal, implanted accelerometer is
simply represented by a darkened cross mark.

FIG. 2, which links with FIG. 1 as will shortly be
explained, is another block/schematic diagram, here pictur-
ing a single, three-orthogonal-axis accelerometer operation-
ally posed in relation to five, signal-data, facet-specific,
filtering agencies, and five, respectively associated data
analysis agencies, which, in the practice of the invention,
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filter, process and analyze three-axis accelerometer data
relating to subject activity level, posture, heart sounds,
snoring and respiration.

FIGS. 3-9, inclusive, offer several, graphical, actual dis-
play-screen presentations, based upon experimental practice
tests of the invention, variously showing collected, filtered,
processed and analyzed vector-mechanical (accelerometer)
and ECG electrical information and data, extending over a
selected interval of time embracing a plurality of cardiac
cycles.

FIGS. 3-6, inclusive, are in the nature of actual output
reports—FIG. 3 having the nature of a major, overall analy-
sis-summary report, and the other three figures showing
selected aspects of (or leading to) that summary report. In
FIG. 3, the lower, lefi-hand column, from top to bottom,
identifies the following, seventeen topics, known to those
skilled in the art as: Bradycardia, Tachycardia, Afib, VES,
S3, S4, EMAT, EMAT/RR, Snoring, Arousals, Apnea,
Hypopnea, “11:26” (a time stamp for the presented data,
Heart Rate, Respiration Rate, Activity, and Position (STOM-
ACH, BACK, SIDE, UPRIGHT).

In the listing above of “topic”, it may be useful here to
include definitions for several, as follows:

VES—Ventricular extrasystole.

S3—The third heart sound, associated with an abnormal
diastolic filling pattern, the most likely explanation for
which is that vigorous and excessively rapid filling of
blood into a stiff ventricle is suddenly halted, causing
audible vibrations.

S4—The fourth heart sound—a sound which occurs after
T-wave onset and before the first heart sound in a
cardiac cycle, occurring as blood enters a relatively
non-compliant ventricle late in diastole because of
atrial contraction, resulting in vibrations of (a) the left
ventricular muscle, (b) the mitral valve structure, and
(c) the left ventricular blood mass often associated with
left ventricular hypertrophy due to the decreased com-
pliance and frequency present in acute myocardial
infarction.

EMAT—The electromechanical activation time measured
from Q-wave onset (from ECG information) to the time
of closure of the mitral valve within the first heart
sound. The time value of EMAT reflects the time
required for the left ventricle to generate sufficient
force to close the mitral valve, and is therefore related
to the acceleration of the pressure curve in the left
ventricle.

EMAT/RR—The ratio of EMAT divided by the duration
from an R-peak time to the next successive R-peak
time.

FIGS. 4, 5 and 6 focus attention on selected features of
detected apnea: Histogram (FIG. 4), Full Trace (FIG. 5) and
Events (FIG. 6), respectively.

FIGS. 7-9, inclusive, picture specifically information
gathered from a subject during three, different, breathing-
characteristic episodes—FIG. 7 showing, progressing down-
wardly through this figure, ECG, sound and direct-from-
accelerometer signals during normal breathing, FIG. 8, also
so downwardly progressing, showing the same signals dur-
ing a period of normal breathing with repetitive snoring, and
FIG. 9 presenting the same three signals, but here illustrating
an example of an obstructive apneic event. (Central apneas
are defined as periods of apnea with no snoring detections).

Timing information comes from the evident, simultane-
ously acquired, and thereafter conventionally marker-event
processed, three-lead, ECG electrical data.
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The report information presented in FIGS. 3-9, inclusive,
and the various manners shown for presenting it, are basi-
cally conventional, and very familiar to those skilled in the
relevant medical art, and therefore do not require elaboration
in this text. The specific content and format of these reports,
of course, does not form any part of the present invention.
What is important in relation to the practice of the present
invention is (1) that this content has been gathered in a
multifaceted, simultaneous fashion, and (2), has been so
gathered, insofar as the anatomical mechanical data is con-
cerned, in a three-dimensional vector manner to provide
three axis magnitude and directional information, either
externally or internally relative to a subject’s anatomy.

DETAILED DESCRIPTION OF THE
INVENTION

Turning now to the drawings, and referring first of all to
FIGS. 1 and 2, indicated generally at 20 in FIG. 1 is a largely
self-explanatory, high-level, overall, block/schematic dia-
gram fully illustrating the structure, and the methodologic
implementation, of two preferred and best-mode embodi-
ments of, and manners of practicing, the sleep disordered
breathing-monitoring practice of the present invention. FIG.
2, which is also very self-explanatory, illustrates at 22
another high-level block/schematic diagram which pictures
individual data-component (individual facet) filtering which
takes place within a portion of what is shown in FIG. 1 in
accordance with practice of the invention. More will be said
shortly about the disclosure relationship of these two draw-
ing figures.

FIG. 1, in particular, presents a stylized, schematic illus-
tration of a fragmentary portion of a subject’s anatomy in a
setting regarding which the present invention is to be
practiced. Even more particularly, and as was mentioned
briefly above, FIG. 1 pictures two, different, broad-level
implementations, or modifications, of the invention.

As earlier stated, in the preferred implementation where a
single, external, three-orthogonal-axis accelerometer is to be
employed, such an accelerometer is preferably attached in a
stabilized condition at the V4 anatomical location to the
outside of the subject’s chest—here shown by a line 24.
Such a single accelerometer in FIG. 1 is represented by
block 26.

In the second preferred implementation of the invention,
a single, implanted internal accelerometer is suitably
installed inside the anatomy at an appropriate location, such
as that marked by a small, darkened cross mark 30, adjacent
and above the subject’s heart (not shown).

Preferably, though not necessarily as has already been
pointed out, all relevant, anatomical, mechanical activities,
including heart sound events, are captured/collected directly
by the employed accelerometer. The two embodiment-illus-
trations presented in FIG. 1, at least as they may initially be
thought about, are intended to reflect this “all-mechanical-
events-collection” use of an accelerometer. As was men-
tioned earlier, it may be desirable in certain instances, with
respect to an externally employed accelerometer, to employ,
either directly associated in a package with it, or as an
independent device closely adjacent it, an independent
microphone. Those skilled in the art will immediately under-
stand how to implement such a variation of the invention
which is not specifically pictured in the drawings herein.

Operatively connected by various information-, and data-
processing, flow lines that are evidenced in FIG. 1 are
various, other, text-labeled blocks which, collectively with
the data- and signal-flow lines presented in this figure,



US 9,675,268 B2

7

describe the systemic structure and methodologic operation
of the present invention. More specifically, included as
shown, directly connected to accelerometer 26, are a block
32, labeled Body Posture Detection, a block 34, labeled
Activity Level, a block 36, labeled Breath Detection, and a
block 38, labeled Acoustic Signature Filter and Analysis.
Additionally pictured, but not connected to the accelerom-
eter, 1s a block 40, labeled Multiple Lead ECG Input. Further
shown, either indirectly connected to the accelerometer, or
directly connected in a flow path leading from block 40, are
a final-output, analysis-summarizing block 42, labeled Sleep
Summary, a block 44, labeled Wake Summary, a block 46,
labeled Heart Sound Measurements, a block 48, labeled
Snore Sound Detection, a block 50, labeled R-wave Detec-
tion, a block 52, labeled Hypopnea/Apnea Detection, and a
block 54 labeled ECG Measurements: Timing Morphology.

The data and signal-flow connections which interconnect
these blocks are clearly indicated by arrow-headed lines. A
dual-illustration-purpose bracket 56 which appears horizon-
tally adjacent the bottom of FIG. 1 represents either an
included, or an external, suitably algorithmically pro-
grammed digital computer. This computer, whereby appro-
priate signal processing and data analyzing take place, if
“internal”, simply means that its various data-handling fea-
tures that are relevant to the operations of certain ones of the
above-identified blocks are incorporated in those blocks, or
if “external”, means that there are appropriate operative
connections between the relevant blocks and the associated,
external computer. Appropriate algorithmic, data-handling
programming and processing, per se, may be entirely con-
ventional, are well within the skill and knowledge of those
generally skilled in the relevant art, do not require detailed
elaboration herein, and may be guided effectively and very
satisfactorily by the disclosure contents of the above-refer-
enced, prior art documents.

Not conventional, of course, is that all relevant data
involved in the practice of the invention is collected simul-
taneously, with all of that collected data (except where a
microphone is employed which is not the case in the
preferred practice of the invention) which is mechanical in
nature being collected three-dimensionally in order to estab-
lish extremely useful spatial vector magnitude and direc-
tionality information that leads to a notably higher-than-
conventional quality-level of sleep disordered assessment
capability in the “hands” of skilled medical personnel.

As a final mention of structure which is illustrated in FIG.
1, block 40, which represents a conventional, multiple-lead
ECG structure is suitably and conventionally connected to
the subject’s anatomy, as indicated by a broad, darkened,
upwardly pointing arrow 58 in this figure.

Within the collection of blocks presented in FIG. 1, we
here mention the basic involvements of several. Activity
Level block 34 relates generally to a subject’s physical
activity as measured by a three-axis accelerometer, through-
out the day, expressible by a parameter ranging from 0% to
100%. Wake Summary block 44 identifies those times
during a subject-recording-period wherein he/she was
awake or asleep. Sleep Summary block 42, a key output-
information block, pointedly identifies to identify abnormal
breathing findings during a subject’s sleep time—i.e., the
presences and durations of all relevant categories of sleep
disordered breathing. It is from this block (under computer
control) that much of the information seen in the illustrations
furnished in several of FIGS. 3-9, inclusive, is presented for
medical-expert appraisal.

Turning attention now to the contents of FIG. 2 in the
drawings before discussing its linkage with FIG. 1, the
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schematic arrangement (previously mentioned) which is
generally illustrated at 22 is specifically pictured in this
figure including, adjacent its left side, the same, single
accelerometer 26 which is pictured in schematic block form
in FIG. 1. Adjacent the right side of FIG. 2 is a vertical stack
of five blocks which directly relate, progressing downwardly
through this stack in the figure, to previously mentioned
blocks 34, 32, 46, 48 and 36. Accordingly, these five blocks
have been identified with the same, five, respective reference
numerals. As can be seen, these five blocks, in a the
“downward-reading” order of them just indicated, are text
labeled, respectively, Activity Analysis, Posture Analysis,
Heart Sound Analysis, Snoring Analysis, and Breath Analy-
sis.

In FIG. 2, operatively interposed, in a data-flow manner,
accelerometer 26 and the five “Analysis” blocks which have
just been mentioned, are five, independent, appropriately
algorithmically controlled, facet-specific, signal filters rep-
resented by five blocks which are pictured at 60, 62, 64, 66
and 68. These five filter blocks are labeled, respectively,
Filter I, Filter 11, Filter III, Filter IV and Filter V. Data-flow
arrows, not specifically labeled, furnish operative data-flow
connections extending appropriately toward the right from
accelerometer 26 to the stack of blocks pictured at the right
side of FIG. 2.

In relation now to the connection which exists between
FIGS. 1 and 2, the signal data filtering arrangement which is
pictured in FIG. 2 may either be interpreted to describe (1)
an arrangement wherein there are indeed, free-standing
independent filters that operate upon accelerometer data to
apply conventional signal filtering so that the blocks to
which they feed information receive only that information
relevant to what that block is to handle, or (2) an arrange-
ment wherein independent filtering takes place with the
“contents” of blocks 60, 62, 64, 66, 68 effectively taking the
form of computer-based circuitry and algorithmic program-
ming which is resident within each one of the respectively
associated analysis blocks.

It makes no difference from the standpoint of the ultimate
operation and practice of the present invention which of
these conditions is selected for implementation in a system
designed to carry out and enable the practice of the present
invention. What is important, regarding filtering, is that
three-axis vector data acquired by accelerometers, such as
by accelerometer 26, will be adequately filtered so that only
the appropriate data for each of the five, different analysis
blocks ultimately gets supplied to that block. How such
filtering is designed to accomplish this is entirely conven-
tional in nature, and is well within the skill and understand-
ing of those generally skilled in the relevant art.

Still staying principally with a description of the meth-
odology of the invention in the context of employing a
single, externally utilized, anatomy-attached accelerometer,
in the implementation of the invention, such an accelerom-
eter is suitably anchored (as already mentioned) to, prefer-
ably, the V4 anatomical site using any conventional device-
attachment methodology, such as one of the methodologies
typically employed to attach the contact ends of conven-
tional ECG leads. Additionally, an appropriate, plural-lead
set (such as a three-lead set) of ECG conductors is attached
to the anatomy as generally, suggestively indicated by
previously mentioned arrow 58.

Assuming that all data-processing, filtering and calculat-
ing, etc. will be performed by digital computer circuitry
which is not included within the directly anatomy-attached
accelerometer device, suitable connection structure provider
therefor is coupled to an appropriately programmed, inde-
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pendent digital computer, such as the one represented by
previously described bracket 56 in FIG. 1, with that com-
puter being armed algorithmically to perform all of the
data-processing, data-analyzing and assessing functional-
ities required ultimately to generate output information such
as that presented graphically in FIGS. 3-9, inclusive. As has
been mentioned several times herein, such algorithmic pro-
gramming may be designed in a number of different con-
ventional ways, several of which are fully described in the
several prior art documents which have been referenced in
the text above herein.

With the systemic structure that has just been described
appropriately connected to a subject, and with this equip-
ment in a condition ready to function, data in a multifaceted
sense is collected simultaneously during the one or more
selected time intervals. These intervals may be relatively
close together, or they may be separated by fairly long
periods of time, recognizing, of course, that a long-term
separation will most probably necessitate disconnection and
later reconnection of the anatomy attached equipment.

The data collected includes mechanical, three-dimen-
sional vector data acquired from the attached accelerometer,
and ECG electrical data acquired from the attached ECG
structure. Mechanical data so acquired includes the facets of
a subject’s body position (or posture), respiration activity,
basic physical activity level, heart-produced sound informa-
tion, including the classic heart sounds and murmur, and, of
course, electrical data includes the collected ECG informa-
tion.

FIG. 1 in the drawings illustrates the flow of collected and
processed data which now takes place with respect to that
which is “simul-collected” during the mentioned one or
several, selected time intervals. With regard to collected
mechanical data, this is filtered appropriately so that only
that mechanical data which relates correctly to each of the
relevant facet categories of such data involved in the prac-
tice of the invention makes its way to the appropriate
analysis “portion, or region,” of the invention. Mechanical
data so filtered and directed appropriately is vector calcu-
lated to determine spatial vectors that give three-axis mag-
nitude and directionality information, and collected ECG
information is processed in accordance with the task indi-
cations provided in the labeling of blocks 50, 54 in FIG. 1.
Such ECG-related data is employed, among other reasons,
for furnishing appropriate timing information useful in rela-
tion to what ultimately gets presented, in an output sense, to
skilled medical personnel.

Blocks 42, 52 in FIG. 1 develop comprehensive sleep
disordered breathing data, as indicated in their respective
labelings, to produce, and thereby make available to skilled
medical personnel, time-based, processed and analyzed
sleep disordered breathing information, such as that pre-
sented in great detail in the several graphical images
included in drawing FIGS. 3-9, inclusive. And, as can
readily be seen from these seven drawing figures, furnished
indeed is a rich literature of sleep disordered, and tangen-
tially other, information.

It should now be apparent how what has just been
described principally in conjunction with the employment of
a single, external accelerometer may be modified appropri-
ately to fit with the other, single-accelerometer implanted
internal implementation style of the invention described
earlier herein.

It should also now be completely evident, from the a
reading of the descriptive material provided hereinabove,
taken along with a view of the several drawings figures,
exactly how the methodology of the invention may be
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performed, and how a system to implement this methodol-
ogy in the hands, and under the control, of, for example, a
skilled medical person, may be accomplished. Great value is
furnished to such a skilled person by virtue of the fact, and
really by virtue of two facts, that all data, mechanical and
electrical, are acquired simultaneously throughout one or
more selected time intervals. Acquired electrical ECG infor-
mation furnishes, among other things which are evident
from the contents of drawing FIGS. 3-9, inclusive, important
timing information which is useful in relation to the various
categories and facets of mechanical information derived
from accelerometers. Conventionally performed vector cal-
culations with respect to each of the multi-faceted, collected
mechanical data categories produces extremely useful three-
axis magnitude and directionality information which fur-
nishes a skilled medical person with a high-level capability
for analyzing and assessing a subject’s sleep disordered
condition, if one exists.

It will be very evident from the contents of the graphical
presentations in FIGS. 3-9, inclusive, that a very wide range
of simultaneously collected, processed and analyzed infor-
mation, characterized in a number of different useful ways,
may be called for and presented in accordance with practice
of the present invention. While much summary information
is of course callable from Sleep Summary block 42, it will
be evident to those skilled in the art, inasmuch as digital
computer circuitry is involved, that data at various different
operational levels within the practice of the invention may
be called forth, for example, from other ones of the blocks
presented in FIG. 1 to furnish graphical output data, such as
that which is evidently presented in certain ones of the
just-identified, several, graphical drawing figures.

Accordingly, while a preferred and best-mode embodi-
ment, and two important preferred and best-mode modifi-
cations, of the methodology of the present invention have
been illustrated and described herein, we appreciate that
variations and modifications not expressly presented herein
may come to the minds of those generally skilled in the art,
and it is our intention that the following claims to invention
will be interpreted to cover all such variations and modifi-
cations.

We claim:

1. An external-only method for detecting and differenti-
ating a sleeping subject’s manifestations of sleep-disordered
breathing comprising

attaching a single, three-axis accelerometer to a subject’s

chest,

acquiring data from the three axis accelerometer during a

subject-recording period,

identifying, based on accelerometer data, sleep times

during the subject-recording period when the subject is
asleep, and generating, based on accelerometer data, a
wake summary,

during the identified sleep times, utilizing solely the

attached accelerometer, simultaneously collecting,
externally-only, sleeping-subject-specific, three-axis,
vector-mechanical accelerometer data,

filtering the accelerometer data through five independent

facet-specific signal filters outside the subject to gen-
erate components specific to (a) heart sounds, (b) body
position, (¢) body activity, (d) snoring, and (e) chest-
movement-based respiration,

collecting sleeping-subject-specific ECG data outside the

subject, and

generating a sleep summary based on the wake summary

including processing and analyzing the components of
the accelerometer data and the ECG data outside the
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subject, to detect and differentiate the presences of (a)
sleep-disordered breathing generally, (b) sleep apnea
generally, (c) differentiated central and obstructive
sleep apnea specifically, and (d) hypopnea specifically.
2. The external-only method of claim 1, wherein attaching 5
a single, three-axis accelerometer to a subject’s chest is
adjacent a V4, precordial ECG site.
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