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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method and
apparatus for the non-invasive detection of certain med-
ical conditions, particularly certain sleep-state condi-
tions, in an individual by monitoring the peripheral vas-
cular system of the individual.

[0002] PCT Applications No. PCT/IL97/00249pub-
lished February 5, 1998 (International Publication No.
WO 98/04182); No. PCT/IL99/00292 published Decem-
ber 16, 1999 (WO 99/63884), No. PCT/IL00/00307 pub-
lished December 14, 2000 (International Publication No.
WO 00/74551), No. PCT/IL0O0/00403 published January
18,2001 (WO 01/03569), describe non-invasive devices
for measuring blood pressure and for detecting various
medical conditions, including: myocardial ischemia, cer-
tain sleep state conditions, endothelial dysfunction (ED),
and stress-induced myocardial ischemia. In the preferred
embodiments described in those applications, the de-
scribed non-invasive devices used volume-measuring
sensors and optical sensors for measuring changes in
the peripheral arterial bed volume of the individual, which
changes were translated to changes in the peripheral
arterial tone.

[0003] The present application is directed to detecting
certain sleep-state conditions, particularly sleep disor-
dered breathing in an individual.

[0004] The broad area of sleep disordered breathing
encompasses a number of recognized abnormal condi-
tions. including: the obstructive and central sleep apnea
syndrome, which results in complete cessations of
breathing that occur repeatedly during sleep; obstructive
hypopneas, which results in partial upper airway obstruc-
tion and reduced ventilation; and the upper airway resist-
ance syndrome (UARS), which results in subtle respira-
tory changes even though the airflow may appear to be
normal. All the foregoing conditions produce frequent
awakenings and sleep fragmentation which result in im-
paired sleep quality and daytime functioning.

[0005] Even with the comprehensive battery of meas-
urements used in laboratory based polysomnographic
evaluations, the diagnosis of UARS is extremely prob-
lematical due to the difficulty in visibly scoring the subtle
respiratory changes. [Guilleminault C, Stoohs R, Clark
A, Cetel M and Maistros P, "A Cause of Excessive Day-
time Sleepiness. The Upper Airway Resistance Syn-
drome", Chest 104:781-787 (1993)]. A proper diagnosis
of this syndrome necessitates the insertion of an esopha-
geal balloon to measure the patient’s intra-thoracic pres-
sure. This technique causes great inconvenience and is
not well tolerated.

[0006] A possible measurable parameter for aiding in
the diagnosis of UARS may be the occurrence of frequent
cortical or autonomic arousals during sleep. This may be
marked by bursts of alpha electro-encephalographic
(EEG) activity which signify awakening, or by increased
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sympathetic activation. In many cases, however, there
is only increased sympathetic activity with no evidence
of cortical arousal in the EEG.

[0007] A simple and robust method and apparatus, ca-
pable of being used outside the confines of the sleep
laboratory for monitoring the sleep state condition, and
particularly for marking arousals, would be a very impor-
tant diagnostic tool in the identification of what might oth-
erwise be an unrecognizable disease state.

BRIEF SUMMARY OF THE PRESENT INVENTION

[0008] According to one aspect of the present inven-
tion, there is provided a method of monitoring an individ-
ual for acquiring data useful with other data for determin-
ing the occurrence of a particular condition during the
sleep state of the individual, comprising: applying an ex-
ternal probe to an external surface at a peripheral body
location on the individual’'s body for monitoring the pe-
ripheral vascular bed volume of the individual at the pe-
ripheral body location by applying a predetermined pres-
sure field to the distal end of the peripheral body location
including Its distal-most extremity so as to prevent the
occurrence of venous pooling within and distal to the pe-
ripheral body location, and thereby to produce an output
signal from the probe corresponding to changes in the
peripheral arterial bed volume at the peripheral body lo-
cation; while the individual is in a sleep state, utilizing the
probe to monitor changes in the peripheral body location
and to produce an output corresponding thereto; and de-
termining the sleep state condition of the individual ac-
cording to the output of thermoelectric cooling device ex-
ternal probe; wherein the sleep state condition of the in-
dividual is determined when a predetermined attenua-
tion, and a predetermined time interval between attenu-
ations, are detected in the output of said external probe.
[0009] Preferably, the external probe used is one of
the several non-invasive finger-probes described in the
above-cited PCT applications for monitoring the periph-
eral vascular bed volume of the individual, and for trans-
lating the measurements to changes in peripheral arterial
tone. Particularly described were volume-measuring
probes and light-measuring probes applied to a finger (or
toe) of the individual. Such probes were found to confer
numerous advantages in monitoring the individual’'s vas-
cular system for changes in the peripheral arterial bed
volume, particularly in the following respects:

1) By applying near diastolic pressure over the sur-
face of the finger, which is transmitted to the arteries
within the finger, they reduce the transmural pres-
sure within those arteries, thereby freeing the arterial
walls of tension and increasing their compliance al-
lowing them to move more freely;

2) By providing such pressure, they are able to pre-
vent the pooling of venous blood in the measured
part of the finger, thereby avoiding the occurrence
of venous distention and possible reflex arterial con-
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striction as a result of the venous distention;

3) By providing a contiguous buffer region proximal
to the measurement site, they are able to reduce the
effects of retrograde venous pressure perturbations
and to extend the effective boundary of the pressure
field in the measurement portion of the probe.

[0010] The foregoing features of the finger probes de-
scribed in the above-cited patent applications, which are
also present in the finger probes described below, have
been found to enhance their performance for the many
described uses of the probe. While such probes remain
the preferred ones due to these advantageous charac-
teristics, it will be appreciated that the invention described
below can also be implemented by using other peripheral
vascular bed volume monitoring devices for detecting the
specific markers to be described below. Examples of oth-
er types of devices for monitoring the changes in the pe-
ripheral vascular bed volume include; segmental plethys-
mographs, circumferential strain gage devices, optical
plethysmographs, Doppler or laser Doppler sensors,;
isotope washoutdevices, thermal washout devices, elec-
tromagnetic devices, and any other devices which are
affected by a change in the geometry of the finger (or
other peripheral body part, e.g. toe, ear-lobe) in response
to blood volume changes.

[0011] Examples of different sleep state conditions de-
tected in accordance with the invention described below
include: arousals during the sleep state, apneas, hypop-
neas, UARS events, a Cheynes-Stokes breathing pat-
tern, periodic leg movements syndrome (PLMS) and rap-
id eye movement sleep state (REM).

[0012] According to another aspect of the present in-
vention, there is provided apparatus for monitoring an
individual to detect the occurrence of a particular condi-
tion during the sleep state of the individual, comprising:
an external probe to be applied to an external surface at
a peripheral location on the individual’'s body for moni-
toring the peripheral vascular bed volume of the individ-
ual at the peripheral body location; the external probe
including a pressure applicator for applying a predeter-
mined pressure field to the peripheral body location in-
cludingits distal-most extremity to reduce venous pooling
and thereby to produce an output signal from the probe
corresponding to changes in the peripheral arterial bed
volume at the peripheral body location; and a signaling
device for producing a signal indicating the predeter-
mined sleep state condition when a predetermined
change in the output of the probe is detected; wherein
said signaling device produces a signal indicating said
sleep state condition when the output of said probe de-
tects a predetermined attenuation, and a predetermined
time interval between attenuations.

[0013] According to further features in the described
preferred embodiments, the apparatus may further in-
clude a sleep-wake detector for detecting the sleep/wake
state of the individual; a pulse oximeter for monitoring
the blood oxygen saturation level of the individual and
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which can be either added as a separate detector, or can
be incorporated within the probe which detects the pe-
ripheral volume changes; an oral-nasal airflow sensor for
monitoring the oral/nasal airflow of the individual; and/or
an electrocardiographic (ECG) electrode depole for per-
mitting aspects of the patient's ECG to be determined.
Such detectors may produce outputs which may be used
by the signaling device with the external probe output
and/or with other sensors commonly included in polys-
omnographs, to determine the sleep state condition of
the individual.

[0014] Further features and advantages of the inven-
tion will be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention is herein described, by way of
example only, with reference to the accompanying draw-
ings, wherein:

Fig. 1illustrates one form of apparatus, as described
in the above-cited PCT applications, that may be
used to implement the present invention as de-
scribed below;

Fig. 2 illustrates another finger-probe, including an
optical sensor, which may be used in the apparatus
of Fig. 1;

Fig. 3is a block diagram illustrating one form of over-
all system constructed in accordance with the
present invention particularly useful for monitoring
various conditions during the sleep state of the indi-
vidual;

Fig. 4 is a block diagram illustrating the incorporation
of a finger-probe in accordance with the present in-
vention as one input in a known polysomnograph
system;

Fig. 5is illustrates the finger-probe output waveform
of a sleeping individual compared to the individual’s
EEG waveform showing sleep arousals;

Fig. 6 illustrates the finger-probe output waveform
of a sleeping individual compared to the individual’s
EEG spectrum, also showing sleep arousals;

Fig. 7 illustrates the finger-probe output waveform
of a sleeping individual compared to the individual’s
breathing pattern showing Cheyne-Stokes breath-
ing;

Figs. 8a and 8b illustrate the finger-probe output
waveforms of a sleeping individual compared to oth-
er sensor waveforms of the individual showing both
apnea events and sleep arousals;

Fig. 9is a scattergraph showing how the finger-probe
output can be used in the known Detrended Fluctu-
tation Analysis (DFA) method for the detection of
congestive heart failure (CHF); and

Fig. 10 is a scattergraph showing how the finger-
probe output can be used in the known DFA method
forthe detection of rapid eye movement (REM) stage
sleeping.
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DESCRIPTION OF PREFERRED EMBODIMENTS

[0016] Fig. 1 illustrates apparatus corresponding to
that described in the above-cited PCT applications in-
cluding a finger probe, generally designated 2. Finger-
probe 2 comprises a thimble-shaped end cap 30 and a
pressure cuff 40 connected to a pneumatic system, gen-
erally designated 80, which is in turn connected to a
processing system, generally designated 90. The pneu-
matic system 80 includes a pressure source 10 connect-
ed to a pneumatic tubing system, generally designated
85. The tubing system includes tubes 7a and 44a, which
deliver the pressure from the pressure source to the fin-
ger-probe 2, and electronic solenoid valves 12 and 46,
which can be controlled by the processor 23 to be de-
scribed later.

[0017] The pneumatic system 80 further includes a
pressure transducer 13 for monitoring the pressure ap-
plied by source 10, and a differential pressure transducer
14 measuring the difference between the variable pres-
sure in the finger-probe chambers and the constant pres-
sure existing between valves 12 and 46. Optionally, the
pneumatic tube 85 may be further provided with reser-
voirs 47, 48 and 49.

[0018] The processing system 90 includes an A/D con-
verter 22, a processor 23, and a monitoring device, gen-
erally indicated as monitor 24 and alarm 25. The process-
ing system is responsible for controlling the operation
source 10 and solenoids of valves 12 and 46, and also
processes the detected signals to provide a decipherable
output

[0019] In order to perform a diagnostic procedure, the
valves 12 and 46 are first open and the chambers 5 and
43 of the finger-probe are evacuated to allow the patient
to insert a finger into the probe. Then, the pressure is
raised to a pressure which is sufficient to unload the ar-
terial walls and to prevent venous pooling. The pressure
applied by source 10 is measured by a pressure trans-
ducer 13 upstream of valves 12 and 46. In the preferred
embodiment, the pressure in the pneumatic compart-
ments is automatically raised to 70 mm Hg.

[0020] At this point, valves 12 and 46 are closed, so
that the pressure in the right chamber of pressure differ-
ential transducer 14 is kept constant. On the other hand,
the pressure on the left chamber of transducer 14 varies
depending onthe pressureinside chamber 5 of the finger-
probe 2. Notably, for detection of peripheral vasocon-
striction, no calibration of the inventive device is neces-
sary, since the measurement is comparative with the pa-
tient’s own baseline results observed during the test.
[0021] Changes in the volume of the subject’s finger
which are due to arterial blood pressure pulse waves
produce an expansion or contraction of chamber 5, and
a corresponding decrease or increase in the gas pres-
sure within chamber 5. Chamber 5 is connected via its
port 7 and tube 7a to the pneumatic tubing 85. However,
since valve 12 is closed, the pressure changes affect
only the left chamber of differential-pressure sensor 14.
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The differential pressure sensor 14 detects these pres-
sure changes and provides an output corresponding to
the pressure changes.

[0022] The A/D converter 22 shown in Fig. 1 receives
the analog outputs of pressure transducers 13 and 14,
and converts them into digital form before introducing
them into a CPU processor 23. The processor 23 proc-
esses the measured finger volume (or optical density)
changes to produce output 24a of the volume measure-
ments, and/or an output 24b of the changes in the volume
measurements with respect to time. Either one or both
measurements can be displayed on the monitor 24 as
well as recorded in the memory.

[0023] If the displayed output 24 shows a change in
the measured volume, indicating peripheral vasocon-
striction, this will be immediately seen by the observer
viewing monitor 24.

[0024] The peak to trough amplitude of the signal is
generally proportional to the arterial pulsatile volume
changes, and will decrease or attenuate upon peripheral
vasoconstriction. Therefore, when the system of Fig. 1
is used for detecting peripheral vasoconstriction, the ob-
server would be interested in relative changes of the am-
plitude of the trough to peak values, as opposed to the
absolute values of the pressure.

[0025] As previously described, it is preferable that the
finger-probe include an annular pressure cuff 40 coaxial
with and contiguous to the end cap 30, on the proximal
(heart) side of the device. The main purpose of the pres-
sure cuff is to extend the boundary of the constant pres-
sure field beyond the borders of the sensing probe, so
as to avoid edge effects. Chamber 43 of the pressure
cuff is also filled with a pressurized gas via a port 44;
however, solenoid valve 46 isolates conduit 44 from
transducer 14. Cuff 40 thus extends the static pressure
field for a distance in the proximal (heart) direction from
the site of measurement of the finger volume changes
accompanying blood pressure waves. The annular pres-
sure cuff 40 acts as a venous tourniquet which, together
with the pressure field produced in the thimble-shaped
end cap 30, prevents venous pooling in the distal end
(particularly the most distal phalange) of the finger. It also
substantially prevents uncontrolled venous back flow;
and further, it partially unloads the wall tension of, but
does not occlude, the arteries in the distal end of the
finger when the finger is at heart level. While the pressure
in the pressure cuff may differ from that in the sensing
chambers 35, 36, it should not exceed it.

[0026] Fig. 2illustrates an apparatus also described in
the above-cited PCT applications. It is similar to that of
Fig. 1 except that changes in the optical density are di-
rectly sensed and measured to provide a measurement
of the changes in the finger accompanying the blood
pressure waves. Except for the optical sensing elements
the finger-probe illustrated in Fig. 2 is similarly construct-
ed as described above with respect to Fig. 1. To facilitate
understanding, the finger-probe in Fig. 2 is generally des-
ignated 102; and its elements generally corresponding
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to those described above in Fig. 1, particularly elements
3, 3a, 3b, 4, 4b, 5, 6 and 7, are identified by the same
reference numerals except increased by "100", i.e., as
elements 103, 103a, 103b, 104, 104b, 105, 106 and 107,
respectively. The optical elements in Fig. 2 include a light
source 110, and a light receiver 111.

[0027] Thus, in the apparatus illustrated in Fig. 2,
chamber 105 is pressurized to a fixed predetermined val-
ue, as described above with respect to Fig. 1. In this case,
however, the tubular diaphragm 104 defining chamber
105 is provided on one side with the light source 110,
and on the opposite side with the light receiver 111, such
that pulsatile blood volume changes in the finger received
within the tubular diaphragm 104 will be detected as
changes in optical density by the light receiver 111. This
information is fed via conductors 112 to an amplifier cir-
cuit 113 where it is amplified and filtered, and then fed
to the A/D converter (22, Fig. 1) for processing by the
processor (23, Fig. 1) as described above.

[0028] In the arrangement illustrated in Fig. 2, the
measurement site, namely the location of the light source
110 and light receiver 111, is considerably inward of the
open end of the rigid casing 103 of the probe 102 which
applies the static pressure field uniformly around the out-
er end of the finger, and therefore the annular pressure
cuff (40, Fig. 1) need not be included. However, if it is
desired to locate the light source and light collector doser
to the open end of the rigid casing of the probe 102, the
annular pressure cuff (corresponding to pressure cuff 40
in Fig. 1), may also be used in the system illustrated in
Fig. 2.

[0029] Further details of such apparatus and various
modifications thereof, as well as methods of using the
apparatus for diagnosing various medical conditions, are
described in the above-cited PCT Applications.

[0030] While the descriptions in the above-cited PCT
applications focus mainly on measuring blood pressure
and detecting myocardial ischemia, the method and ap-
paratus of the present invention are directed primarily to
monitoring various sleeping conditions of a subject, par-
ticularly the rapid eye movement (REM) sleep stage,
sleep arousals, sleep apnea, sleep hypopnea, upper air-
ways resistance, periodic leg movement syndrome,
Cheyne-Stokes breathing, and congestive heart failure.
[0031] Sleep staging, in particular the determination of
REM (Rapid Eye Movement) stage sleep, is a vital tool
for diagnosing sleep disorders and numerous other con-
ditions. During REM sleep, altered control of breathing
occurs with greatly reduced chemosensitivity resulting in
highly irregular breathing patterns and the greatest de-
clines in blood oxygen saturation.

[0032] Changes in REM latency have been reported
in a plethora of affective illnesses including endogenous
depression, schizophrenia, anxiety disorders, obses-
sive-compulsive disorders, eating disorders as well as in
narcolepsy, alcoholism, Alzheimer’s disease and impo-
tence. REM latency is important not only in the diagnosis
ofthese conditions but also in therapy and follow up since
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it is a sensitive indicator of the patient’s condition.
[0033] A robust association was found between REM
stage sleep and the attenuation of the finger-probe output
signal. This attenuation was of a substantial magnitude
compared to the prior non REM period. Three represent-
ative examples showing the time-course of the probe-
output signal and sleep hypnograms were shown in Fig.
21 of PCT/IL97/00249. It is important to note that the
attenuation of the finger-probe output signal amplitude
was not triggered by REM sleep, but appeared to be re-
lated to an ongoing cycle that was synchronized with the
sleep stages cycle in such a way that the nadirs of this
cycle coincided with REM sleep.

[0034] Currently, REM stage sleepis identified by poly-
somnography, which requires costly apparatus, consid-
erable patient instrumentation and specialized staff. One
simplified REM detector is the "night cap" disclosed in
USA Patent No. 4,836,219 to Hobson et al. which relies
on two channels of information to detect REM sleep; body
movements and eye movements. However, this method
requires substantial instrumentation which may be un-
comfortable for the patient and detrimental to sleep. An-
other patented device (USA Patent No. 5,280,791 to La-
vie) employs a heart rate variability method. However,
this method requires demanding signal analysis, and
may not be as reliable as the method utilizing the output
signal of the finger-probe.

[0035] REM detection utilizing the above-described
probe could be an extremely useful adjunct to existing
ambulatory monitoring systems, since it yields important
information with a minimum of patient instrumentation in
a highly cost effective manner. It could be used to provide
intensive, long term, follow up in the patient’s own home,
which would be a logistic impossibility in the sleep lab
setting. The probe could be readily used in combination
with oxygen saturation monitoring and ambulatory apnea
screening. It could eliminate the need for subjective op-
erator evaluation of sleep studies and the dependency
on the specialized and expensive instruments needed
for laboratory based sleep staging, such as EEG, EOG
and EMG measurements.

[0036] Fig. 3 illustrates an example of a set-up which
may be used for performing these tests. In this illustrated
set-up, the finger-probe 202 (e.g., of the construction de-
scribed above in Fig. 1 or Fig. 2) provides one input, via
an analog-digital converter 203, to a processor 204. The
processor 204 includes additional inputs from a pulse
oximeter 205, which measures the oxygen saturation lev-
el of the blood; from an actigraph 206, which serves as
a sleep-wake detector; and from a nasal-oral airflow sen-
sor 207, such as a thermistor, which measures the nasal-
oral air flow of the sleeping patient; and from at least a
single electrocardiograph electrode dipole for registering
the patient’'s ECG.

[0037] The foregoing inputs are processed by proces-
sor 204, which produces outputs to a monitor 208, a sig-
nal and/or alarm unit 209, a storage device 210, a post-
processor device 211.
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[0038] Fig. 4 illustrates another set-up including a con-
ventional polysomnograph 300, which includes the out-
put from the finger-probe 302 as one of the inputs, to-
gether with the other inputs 303 commonly provided in
such apparatus.

[0039] During numerous highly controlled sleep stud-
ies in elite sleep laboratories, it was also found that there
was a highly robust association between the appearance
of alpha wave encephalographic activity signifying awak-
ening during sleep, and attenuation of the finger-probe
signal. This attenuation was of a substantial magnitude
and was tightly linked to the appearance of the alpha
wave activity, with a consistent time delay between the
two phenomena.

[0040] A representative example showing the time-
course of the finger-probe signal and the patient’'s EEG
signal associated with such alpha wave activity is shown
in Fig. 5 illustrating a compressed record of a series of
K-alpha events. These are typical microarousals, each
comprised of a K complex with a tail of alpha EEG activity.
These events are the hallmark of the upper airway re-
sistance syndrome (UARS) and may therefore be used
for detecting UARS.

[0041] Itis important to note that the maximum atten-
uation of the finger-probe signal amplitude always oc-
curred after the appearance of the alpha wave. The fin-
ger-probe signal may therefore also be used for detecting
UARS.

[0042] The same strong temporal linkage is clearly
seen in the spectrum of the EEG signal which can also
be considered as a marker of the alpha activity. This is
shown in Fig. 6 wherein the upper waveform is the finger-
probe output signal envelope, and the lower waveform
is the EEG spectrum of the sleeping individual.

[0043] In addition to the highly consistent linkage be-
tween alpha activity and finger-probe output over time,
it was found the attenuation of the finger-probe output
reached its nadir (trough) several milliseconds after the
peak alpha activity Thus, alpha activity leads the nadir
attenuation. This delay has been consistently found in a
large number of patients and normals and therefore can
also be used as an indication of UARS.

[0044] An additional finding of diagnostic significance
is that it is possible to distinguish between arousals re-
lated to the periodic leg movement syndrome (PLMS)
and arousals related to disordered breathing events dur-
ing sleep on the basis of the time interval between probe
signal attenuation events. For example, the average time
interval between probe signal attenuation events in
PLMS is 24.8 seconds while respiratory related attenu-
ation events related to hypopneas had a mean interval
of 34.1 seconds. Based on the interval between attenu-
ations it is possible to distinguish between the non-res-
piratory and respiratory related events with a very high
degree of sensitivity of about 85%.

[0045] Briefarousal detection by the finger probe could
be an extremely useful adjunct to existing ambulatory
monitoring systems, since it yields important information
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with a minimum of patient instrumentation in a highly cost
effective manner. Furthermore, adding the finger-probe
signal to existing sleep laboratory recordings can aid in
the rapid identification of brief arousals. Such a probe
could also be used to provide intensive, long term, follow
up in the patient’s own home, as well as a means for
assessing treatment effectiveness, which would be a lo-
gistic impossibility in the sleep lab setting.

[0046] Addingthe probe to provide aninputto the poly-
somnograph apparatus, as illustrated in Fig. 3 or 4, en-
ables the probe to be readily used in combination with
respiratory indices currently used for apnea screening,
such as oro-nasal airflow and pulse oximetry. Such ap-
paratus would better enable a differential diagnosis to be
made between arousals related to obstructive sleep dis-
ordered breathing, non-obstructive sleep disordered
breathing disorders, or arousal from sleep such as those
occurring in the periodic leg movement syndrome
(PLMS). Generally speaking, such a probe would enable
UARS, and the other respiratory and non-respiratory con-
ditions which are associated with arousal, to be identifi-
able both under the sleep laboratory environment, as well
as under circumstances in which contemporary sleep ap-
nea ambulatory screening methods would be unable to
detect the condition. Also, the conventional arousals
scoring which is EEG based, is insensitive to non-cortical
arousals and suffers from large inter and intra scorers
variability. The analysis of the suggested add on signal
to the polysomnography, can be readily done automati-
cally with no such variabilities and, as mentioned before,
can add the detection of arousals having non-cortical in-
dices.

[0047] Inaddition to the above described sleep related
breathing disorders, there exists a different class of
breathing disorders which are not obstructive in nature
but which are in fact related to aberrant central nervous
system control of breathing during sleep. The phase re-
lationship between the probe output and the alpha
waves, as well as the phase relationship between the
probe output and the variations in oxygen saturation, can
provide important information about the type of the apnea
as well as the associated hemodynamic changes.
[0048] For example a characteristic intermittent
breathing pattern, known as "Cheyne-Stokes breathing",
occurs in patients suffering from advanced congestive
heart failure. In this condition the patients breathing is
remarkable in that it consists of alternating crescendo
and decrescendo patterns of breathing. The existence
of this breathing pattern can be detected by the described
finger-probe since a remarkable concordance has been
found to exist between the periodic breathing and peri-
odic changes in the amplitude of the finger-probe signal.
An example of this is shown in Fig. 7.

[0049] It was also found that when the probe output
signal, and the oxygen saturation level of the blood, are
considered in this condition, the nadirs of the probe output
signal coincide with nadirs of blood oxygen saturation
levels in some individuals, while it coincides with peak
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values in others. These differences may be related to
cyclic activation of sympathetic nervous activity in re-
sponse to the accumulating respiratory debt. The probe
output signal begins to attenuate at the start of the res-
piratory crescendo phase in some cases, whereas in oth-
er cases, the probe output signal may only begin to in-
crease in amplitude with the onset of the crescendo
breathing phase, possibly related to improving cardiac
function with the improvement of ventilation.

[0050] The probe output signal has also been found to
be a highly effective in detecting disordered breathing in
sleep based on the circulatory responses to what is pri-
marily a condition of disordered breathing. For example,
it is known that apneas terminate in brief arousals, which
are associated with tachycardia and elevated blood pres-
sure suggestive of sympathetic activation (Morgan,
Crabtree, Puleo. et al., 1996; Pitson and Stradling, 1998).
[0051] Thus, using the probe for monitoring the pulse
wave in patients with full-blown sleep apnea syndrome
revealed that terminations of the apneas are associated
with marked attenuation of the pulse wave amplitude and
usually with evidence of an increase in pulse rate. The
attenuations coincided with the rebreathing phase, main-
taining a constant phase relationship with the associated
electroencepalographic waking activity. It was found that
maximal vasoconstriction was delayed by approximately
7 seconds with respect to the first sign of arousal.
[0052] In about 10% of the patients with severe sleep
apnea syndrome, using the finger-probe for monitoring
the pulse wave during sleep revealed a different picture.
In addition to the arousal-related attenuation in the probe
output, in these patients the probe output was also pro-
foundly attenuated during the initial stages of the apnea.
[0053] This is exemplified in Figs. 8a and 8b showing
that each apnea was associated with two attenuations
rather than with one: the first was associated with the
onset of the apnea, and the second with the arousal re-
sponse at the end of the apnea.

[0054] In Fig. 8a, the large arrows indicate periods of
the probe signal attenuation associated with the apneic
periods. The smaller arrows indicate attenuations in the
probe amplitude associated with brief arousal which are
also associated with renewal of airflow and increased
pulse rate. This can be clearly seen in the ECG tracing
in Fig. 8b where the distance between the individual ECG
signalsis noticeably smaller. Similar changes of the pulse
rate are seen in the probe signal as well.

[0055] In Fig. 8b, the probe attenuation is observed to
occur at the termination of apnea as well as during each
of the three periods of apnea as in Fig. 8a. During one
such apnea, a clear reduction in the arterial blood pres-
sure was observed (area marked in black).

[0056] It can clearly be seen that when the attenuation
of the probe signal occurs during the brief arousal at the
end of the apnea (grey areas), an increase in the pulse
rate, and a large increase in blood pressure also occur.
The attenuation of the probe signal at such times reflects
increased vascular resistance, which is associated with
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the increased blood pressure.

[0057] It is possible to consider the relationship of
blood pressure, vascular resistance and cardiac output
as being respectively analogous to voltage, resistance
and current in Ohm’s equation, such that cardiac output
is proportional to the ratio between blood pressure and
vascular resistance. Thus the increased blood pressure
and increased vascular resistance as depicted in the at-
tenuation of the probe signal, could occur in the absence
of a change in cardiac output.

[0058] In contrast to this situation, a decrease in the
probe signal without increased blood pressure could in-
dicate a reduction in cardiac output. A reduction in the
probe signal associated with a reduction in blood pres-
sure (as seen in Fig. 8b), would be reflective of an even
more substantial decrease in cardiac output.

[0059] Itis unlikely thatthe changesin probe amplitude
would be related to thermoregulatory affects, or other
local regulatory effects, since their duration and repetitive
nature are matched to the apnea cycles. It is possible to
use the time interval between the appearance of ECG
features, such as the QRS complex or the R wave, and
features of the pulse-wave such as the peak or start of
the upstroke, as anindex of pulse transittime (PTT) which
is known to be a surrogate of blood pressure. By com-
paring the PTT during episodes of probe signal attenu-
ation to the intervening periods, it will be possible to dif-
ferentiate between attenuation episodes associated with
increased blood pressure and those not associated with
increased blood pressure.

[0060] Detrended Fluctuation Analysis (DFA) is a
known method for characterizing beat-to-beat variability
for ECG heart rate pulses (Peng C-K, Hausdorff JM,
Goldberger AL. Fractal mechanisms in neural control:
Human heartbeat and gait dynamics in health and dis-
ease. In: Walleczek J, ed. Nonlinear Dynamics, Self-Or-
ganization, and Biomedicine. Cambridge: Cambridge
University Press, 1999). The DFA method is described
elsewhere (C.-K.Peng, S. V. Buldyrev, S. Havlin, M. Si-
mons, H.E. Stanley, and A. L. Goldberger, Phys. Rev. E
49,1685 (1994). The alpha value provided by this method
represents an index related to variability.

[0061] It has been shown that by applying the DFA
method to the signal outputted by the finger-probe de-
scribed above, both the variability in the beat-to-beat
pulse wave amplitude, and the pulse period, can be used
for the detection of CHF (using the scaling alpha expo-
nent alpha, which is the result of the DFA method), and
that the diagnostic performance can be improved when
using both DFA results applied to both amplitude and
period of the time series.

[0062] Fig. 9 is a scatter-graph showing alpha values
of interbeat period (pulse rate PR) plotted against alpha
values of amplitude for CHF patients (stars) and for nor-
mal subjects (circles). It can be seen that the separation
of the CHF and normal populations is enhanced when
both values are considered.

[0063] 64 subjects (30 normals, 34 CHFs) participated
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in the study. The area under the curve values for receiver
operating characteristics defining the sensitivity and spe-
cificity at a range working points of the method for detec-
tion of CHF patients are listed in Table 1 below. Also
given are corresponding p values.

Table 1
Amponly | PRonly | Both Amp & PR
0.93 0.89 0.94
p<0.001 p<0.001 | pPR=0.155; pAmp=0.003
[0064] DFA has also previously been used for REM

detection in ECG recording (Bunde A., Havlin S., Kan-
telhardt J.W., Penzel T., Peter J.-H. Peter, and Voigt K.
Correlated and uncorrelated regions in heart-rate fluctu-
ations during sleep, Physical Rev Lett 2000, Oct. 23;85
(17) 3736-9).

[0065] It has been shown that by applying the DFA
method to the signal outputted by the finger-probe, either
the variability in the beat-to-beat pulse wave amplitude,
orthe pulse period, can be used for the detection of Rapid
Eye Movement (REM) using the scaling exponent (al-
pha), which is the result of the DFA method. It has also
been shown that diagnostic performance is improved
when using the combined results of both DFA results
from the probe output amplitude (alpha Amp) and period
(alpha PR) time series.

[0066] 25 subjects participated in the study. For each
subjects only the last REM and last NREM section (with
at least 15 minutes) were analyzed.

[0067] The ROC area and the p-value for each test are
listed in Table 2 below:

Table 2
PRonly | Both Amp & PR

0.90 0.94

p<0.001 | PPR=.004; pAmp=.008

Amp only
0.89
p=0.001

[0068] Fig. 10is a scattergraph showing alphaPR plot-
ted against alphaAmp for the N(non-REM) and O(REM)
groups: It is clear that the combined use of both pulse
rate alpha value and amplitude alpha values results in a
better separation between the REM and non-REM sleep
stages than was provided by either value alone.

[0069] As indicated earlier, the finger probes of Figs.
1and 2, which measure changes in the peripheral arterial
bed volume, translated into changes in the peripheral
arterial tone, have been found to produce the best results
in detecting the various sleep state conditions in accord-
ance with the present invention.
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Claims

1. Amethod of monitoring an individual for determining
the occurrence of a particular sleep state condition
of the individual, comprising:

applying an external probe to an external sur-
face at a peripheral body location on the individ-
ual’s body for monitoring the peripheral vascular
bed volume of the individual at said peripheral
body location by applying a predetermined pres-
sure field to the distal end of said peripheral body
location including its distal-most extremity so as
to prevent the occurrence of venous pooling
within and distal to said peripheral body location,
and thereby to produce an output signal from
the probe corresponding to changes in the pe-
ripheral arterial bed volume at said peripheral
body location;

while the individual is in a sleep state, utilizing
said probe to monitor changes in the peripheral
vascular bed volume of the individual at a mon-
itoring site of said peripheral body location and
to produce an output corresponding thereto;
and determining the sleep state condition of the
individual according to the output of said exter-
nal probe; characterized in that

the sleep state condition of the individual is de-
termined when a predetermined attenuation,
and a predetermined time interval between at-
tenuations, are detected in the output of said
external probe.

2. The method according to Claim 1, wherein changes
in the individual’s pulse rate and/or pulse amplitude
are also monitored while the individual is in the sleep
state, and such changes are used with said detected
attenuations in determining the sleep state condition
of the individual.

3. Themethod according to Claim 1, wherein said pres-
sure field is extended for a distance from said mon-
itoring site towards the heart side of said peripheral
body location such as to prevent the occurrence of
venous pooling also thereat.

4. The method according to Claim 3, wherein said ex-
ternal probe measures changes in the peripheral ar-
terial tone at said peripheral body location.

5. The method according to Claim 1, wherein said pe-
ripheral body location of the individual is a finger, toe
or ear lobe of the individual.

6. The method according to Claim 1, wherein said ex-
ternal probe is a volume measuring device.

7. The method according to Claim 1, wherein said ex-
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ternal probe is an optical measuring device.

The method according to Claim 1, wherein said par-
ticular condition is an arousal during the sleep state,
and is indicated at least by a predetermined attenu-
ation in the probe output.

The method according to Claim 1, wherein said par-
ticular condition is an apnea event and is indicated
at least by a predetermined attenuation in the probe
output.

The method according to Claim 1, wherein said par-
ticular condition is a hypopnea event and is indicated
at least by a predetermined attention in the probe
output.

The method according to Claim 1, wherein said par-
ticular condition is a Cheynes-Stokes breathing pat-
tern and is indicated at least by a predetermined at-
tenuation in the probe output.

The method according to Claim 1, wherein said par-
ticular condition is a REM (rapid eye movements)
and is indicated at least by a predetermined attenu-
ation in the probe output.

The method according to Claim 1, wherein the time
intervals between attenuations in the probe output
are used to distinguish between arousals related to
periodical leg movement syndrome (PLMS) and
arousals related to disordered breathing events dur-
ing sleep.

The method according to Claim 1, wherein the blood
oxygen saturation level of the individual is also mon-
itored to produce an output which is used with the
output of said external probe to determine the steep
state condition of the individual.

The method according to Claim 1, wherein, the oral-
nasal airflow of the individual is also monitored to
produce an output which is used with the output of
said external probe to determine the sleep state con-
dition of the individual.

The method according to Claim 1, wherein, the ECG
pulse of the individual is also monitored to produce
an output which is used with the output of said ex-
ternal probe to determine the sleep state condition
of the individual and particularly Pulse Transit Time
(PTT).

Apparatus for monitoring an individual to detect the
occurrence of a particular condition during the sleep

state of the individual, comprising:

an external probe to be applied to an external
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surface at a peripheral body location on the in-
dividual’s body for monitoring the peripheral
vascular bed volume of the individual at said pe-
ripheral body location;

said external probe including a pressure appli-
cator for applying a predetermined pressure
field to the distal end of said peripheral body
location including its distal-most extremity to re-
duce venous pooling and thereby to produce an
output signal from the probe corresponding to
changes in the peripheral arterial bed volume at
said peripheral body location;

and a signaling device for producing a signal
indicating said predetermined sleep state con-
dition when a predetermine change in the output
of said probe is detected; characterized in that
said signaling device produces a signal indicat-
ing said sleep state condition when the output
of said probe detects a predetermined attenua-
tion, and a predetermined time interval between
attenuations.

The apparatus according to Claim 17, wherein said
signaling device produces a signal indicating said
sleep state condition when a predetermined change
in the pulse rate and/or pulse amplitude is also de-
tected.

The apparatus according to Claim 17, wherein said
probe extends said pressure field for a distance from
the signaling device towards the heart side of said
peripheral body location such as to prevent the oc-
currence of venous pooling also thereat.

The apparatus according to Claim 17, wherein said
external probe measures changes in the peripheral
arterial tone at said peripheral body location.

The apparatus according to Claim 17, wherein said
peripheral body location of the individual is a finger,
toe or ear lobe of the individual.

The apparatus according to Claim 17, wherein said
external probe is a volume measuring device or a
device capable of providing an index related to vol-
ume.

The apparatus according to Claim 17, wherein said
external probe is an optical measuring device.

The apparatus according to Claim 17, wherein the
apparatus further includes a pulse oximeter for mon-
itoring the blood oxygen saturation level of the indi-
vidual to produce an output which is used by said
signaling device with said external probe output to
determine the sleep state condition of the individual.

The apparatus according to Claim 17, wherein the
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apparatus further includes an oral-nasal airflow sen-
sor for monitoring the oral-nasal airflow of the indi-
vidual to produce an output which is used by said
signaling device with said external probe output to
determine the sleep state condition of the individual.

The apparatus according to Claim 17, wherein said
apparatus further includes a sleep-wake detector for
detecting the sleep/wake status of the individual.

Patentanspriiche

1.

Verfahren fiir das Uberwachen eines Individuums
fur das Bestimmen des Auftretens einer bestimmten
Schlafzustandsphase des Individuums, wobei das
Verfahren Folgendes umfasst:

Anwenden eines externen Sensors an einer ex-
ternen Oberflache an einem peripheren Korper-
teil auf den Korper des Individuums fir das
Uberwachen des Volumens des Systems peri-
pherer Gefalte des Individuums an dem peri-
pheren Korperteil durch Anwenden eines zuvor
bestimmten Druckfelds am distalen Ende des
peripheren Korperteils einschliellich dessen
auBerste distale Ende, um das Auftreten von ve-
nésem Pooling in und distal zu dem peripheren
Kérperteil zu verhindern und somit ein Ausga-
besignal von dem Sensor entsprechend den
Veranderungen des Volumens des Systems pe-
ripherer Arterien an dem peripheren Kérperteil
Zu erzeugen;

Verwenden des Sensors, wahrend sich das In-
dividuum in einem Schlafzustand befindet, fir
das Uberwachen von Uberwachungen des Vo-
lumens des Systems peripherer Gefalke des In-
dividuums an einer Uberwachten Stelle des pe-
ripheren Korperteils und das Erzeugen einer
dementsprechenden Ausgabe;

und Bestimmen der Schlafzustandsphase des
Individuums gemaf der Ausgabe des externen
Sensors; dadurch gekennzeichnet, dass

die Schlafzustandsphase des Individuums be-
stimmtwird, wenn eine zuvor bestimmte Abnah-
me und ein zuvor bestimmtes Zeitintervall zwi-
schen Abnahmen in der Ausgabe des externen
Sensors detektiert werden.

Verfahren gemal Anspruch 1, wobei Veranderun-
gen der Pulsfrequenz und/ oder der Pulsamplitude
des Individuums ebenfalls Giberwacht werden, wah-
rend sich das Individuum in dem Schlafzustand be-
findet, und solche Veranderungen werden mit den
detektierten Abnahmen bei dem Bestimmen der
Schlafzustandsphase des Individuums verwendet.

Verfahren gemafR Anspruch 1, wobei das Druckfeld
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auf einen Abstand von der Uberwachten Stelle hin
zur Herzseite des peripheren Koérperteils erweitert
wird, um das Auftreten von venésem Pooling eben-
falls an der besagten Stelle zu verhindern.

Verfahren gemafl Anspruch 3, wobei der externe
Sensor Veranderungen des Tonus der peripheren
Arterien an dem peripheren Kérperteil misst.

Verfahren gemaf Anspruch 1, wobei es sich bei dem
peripheren Korperteil des Individuums um einen Fin-
ger, einen Zeh oder ein Ohrldppchen des Individu-
ums handelt.

Verfahren gemaR Anspruch 1, wobei es sich beidem
externen Sensor um eine Vorrichtung fiir Volumen-
messung handelt.

Verfahren gemaf Anspruch 1, wobei es sich beidem
externen Sensor um eine Vorrichtung fur optische
Messung handelt.

Verfahren gemaf Anspruch 1, wobei es sich bei der
bestimmten Phase um eine Weckreaktion wéhrend
des Schlafzustands handelt und dieselbe durch zu-
mindest eine zuvor bestimmte Abnahme bei der
Sensor-Ausgabe angezeigt wird.

Verfahren gemaf Anspruch 1, wobei es sich bei der
bestimmten Phase um ein Apnoe-Ereignis handelt
und dieselbe durch zumindest eine zuvor bestimmte
Abnahme bei der Sensor-Ausgabe angezeigt wird.

Verfahren gemafR Anspruch 1, wobei es sich bei der
bestimmten Phase um ein Hypopnoe-Ereignis han-
delt und dieselbe durch zumindest eine zuvor be-
stimmte Abnahme bei der Sensor-Ausgabe ange-
zeigt wird.

Verfahren gemaf Anspruch 1, wobei es sich bei der
bestimmten Phase um ein Cheynes-Stokes-At-
mungsmuster handelt und dieselbe durch zumindest
eine zuvor bestimmte Abnahme bei der Sensor-Aus-
gabe angezeigt wird.

Verfahren gemafR Anspruch 1, wobei es sich der be-
stimmten Phase um REM (Rapid Eye Movements)
handelt und dieselbe durch zumindest eine zuvor
bestimmte Abnahme bei der Sensor-Ausgabe ange-
zeigt wird.

Verfahren gemaf Anspruch 1, wobei die Zeitinter-
valle zwischen Abnahmen bei der Sensor-Ausgabe
verwendet werden, um zwischen Weckreaktionen in
Zusammenhang mit periodischen Beinbewegungen
im Schlaf (PLMS, Periodic Limb Movements in
Sleep) und Weckreaktionen in Zusammenhang mit
Atemstérungen wahrend des Schlafes zu unter-
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Verfahren gemal Anspruch 1, wobei der Wert der
Sauerstoffsattigung im Blut des Individuums eben-
falls Giberwacht wird, um eine Ausgabe zu erzeugen,
die mit der Ausgabe des externen Sensors fiir das
Bestimmen der Schlafzustandsphase des Individu-
ums verwendet wird.

Verfahren gemaf Anspruch 1, wobei der oral-nasale
Luftstrom des Individuums ebenfalls Gberwacht wird,
um eine Ausgabe zu erzeugen, die mit der Ausgabe
des externen Sensors fiir das Bestimmen der Schlaf-
zustandsphase des Individuums verwendet wird.

Verfahren gemaf Anspruch 1, wobei der EKG-Puls
des Individuums ebenfalls Giberwacht wird, um eine
Ausgabe zu erzeugen, die mit der Ausgabe des ex-
ternen Sensors fir das Bestimmen der Schlafzu-
standsphase des Individuums und insbesondere der
Puls-Transit-Zeit (PTT) verwendet wird.

Vorrichtung fir das Uberwachen eines Individuums,
um das Auftreten einer bestimmten Phase wahrend
des Schlafzustands des Individuums zu detektieren,
wobei die Vorrichtung Folgendes umfasst:

einen externen Sensor, die an einer externen
Oberflache an einem peripheren Kérperteil auf
den Kérper des Individuums fiir das Uberwa-
chen des Volumens des Systems peripherer
Gefale des Individuums an dem peripheren
Korperteil angewendet werden soll;

wobei der externe Sensor einen Druckapplikator flr
das Anwenden eines zuvor bestimmten Druckfelds
auf das distale Ende des peripheren Korperteils ein-
schliefllich dem auRersten distalen Ende ein-
schliefdt, um vendses Pooling zu reduzieren und so-
mit ein Ausgabe-Signal von dem Sensor entspre-
chend den Veranderungen des Volumens des Sy-
stems peripherer Arterien an dem Korperteil zu er-
zeugen;

und eine Signalisierungsvorrichtung fiir das Erzeu-
gen eines Signals, das die zuvor bestimmte Schlaf-
zustandsphase anzeigt, wenn eine zuvor bestimmte
Veranderung bei der Ausgabe des Sensors detek-
tiert wird, dadurch gekennzeichnet, dass

die Signalisierungsvorrichtung ein Signal erzeugt,
das die Schlafzustandsphase anzeigt, wenn die
Ausgabe des Sensors eine zuvor bestimmte Abnah-
me und ein zuvor bestimmtes Zeitintervall zwischen
Abnahmen detektiert.

Vorrichtung gemanR Anspruch 17, wobei die Signa-
lisierungsvorrichtung ein Signal erzeugt, das die
Schlafzustandsphase anzeigt, wenn ebenfalls eine
zuvor bestimmte Verédnderung der Pulsfrequenz
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und/ oder der Pulsamplitude detektiert wird.

Vorrichtung gemafR Anspruch 17, wobei der Sensor
das Druckfeld auf einen Abstand von der Signalisie-
rungsvorrichtung hin zur Herzseite des peripheren
Korperteils erweitert, um ebenfalls an dieser Stelle
ein Auftreten von venésem Pooling zu verhindern.

Vorrichtung geman Anspruch 17, wobei der externe
Sensor Anderungen des Tonus peripherer Arterien
an dem peripheren Koérperteil misst.

Vorrichtung gemaf Anspruch 17, wobei es sich bei
dem peripheren Koérperteil des Individuums um ei-
nen Finger, einen Zeh oder ein Ohrlappchen des In-
dividuums handelt.

Vorrichtung gemaf Anspruch 17, wobei es sich bei
dem externen Sensor um eine Vorrichtung fur Volu-
menmessung oder eine Vorrichtung, die einen Vo-
lumen-bezogenen Index bereitstellen kann, handelt.

Vorrichtung gemaf Anspruch 17, wobei es sich bei
dem externen Sensor um eine Vorrichtung fiir opti-
sche Messung handelt.

Vorrichtung geman Anspruch 17, wobei die Vorrich-
tung ferner ein Puls-Oximeter fiir das Uberwachen
des Werts der Sauerstoffsattigung im Blut des Indi-
viduums einschlie3t, um eine Ausgabe zu erzeugen,
die von der Signalisierungsvorrichtung mit der Aus-
gabe des externen Sensors fir das Bestimmen der
Schlafzustandsphase des Individuums verwendet
wird.

Vorrichtung geman Anspruch 17, wobei die Vorrich-
tung ferner einen Messflhler fiir oral-nasalen Luft-
strom fiir das Uberwachen des oral-nasalen Luft-
stroms des Individuums einschlief3t, um eine Aus-
gabe zu erzeugen, die von der Signalisierungsvor-
richtung mit der Ausgabe des externen Sensors fur
das Bestimmen der Schlafzustandsphase des Indi-
viduums verwendet wird.

Vorrichtung geman Anspruch 17, wobei die Vorrich-
tung ferner einen Schlaf-Wach-Detektor fiir das De-
tektieren von Schlaf/ Wachstatus des Individuums
einschlief3t.

Revendications

Procédé de surveillance d’un individu pour détermi-
ner I'apparition d’'une condition d’état de sommeil
particulier de l'individu, comprenant :

-I'application d’'une sonde externe a une surface
externe a un emplacement du corps périphéri-
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que sur le corps de l'individu pour surveiller le
volume de lit vasculaire périphérique de I'indivi-
du audit emplacement de corps périphérique
par application d’'un champ de pression prédé-
terminé a I'extrémité distale dudit emplacement
de corps périphérique comprenant son extrémi-
té la plus distale de fagon a empécher I'appari-
tion d’'une accumulation veineuse a l'intérieur et
de fagon distale par rapport audit emplacement
de corps périphérique, et pour produire ainsi un
signal de sortie a partir de la sonde correspon-
dant a des changements dans le volume de lit
artériel périphériqgue audit emplacement de
corps périphérique ;

-alors que l'individu estdans un état de sommeil,
I'utilisation de ladite sonde pour surveiller des
changements dans le volume de lit vasculaire
périphérique de I'individu a un site de surveillan-
ce dudit emplacement de corps périphérique et
pour produire une sortie correspondant a celle-
ci;et

- la détermination de la condition d’état de som-
meil de I'individu conformément a la sortie de
ladite sonde externe ; caractérisé par le fait
que la condition d’état de sommeil de l'individu
estdéterminée lorsqu’une atténuation prédéter-
minée et un intervalle de temps prédéterminé
entre les atténuations, sont détectés dansla sor-
tie de ladite sonde externe.

Procédé selon la revendication 1, dans lequel des
changements dans la fréquence du pouls et/ou I'am-
plitude des pulsations de l'individu sont également
surveillés alors que l'individu est dans I'état de som-
meil, et de tels changements sont utilisés avec les-
dites atténuations détectées dans la détermination
de la condition d’état de sommeil de l'individu.

Procédé selon la revendication 1, dans lequel ledit
champ de pression est étendu sur une distance a
partir dudit site de surveillance vers le cété coeur
dudit emplacement de corps périphérique de fagon
a empécher I'apparition d’'une accumulation veineu-
se également a cet endroit.

Procédé selon la revendication 3, dans lequel ladite
sonde externe mesure des changements dans le to-
nus artériel périphérique audit emplacement de
corps périphérique.

Procédé selon la revendication 1, dans lequel ledit
emplacement de corps périphérique de l'individu est
un doigt, un orteil ou un lobe d’oreille de l'individu.

Procédé selon la revendication 1, dans lequel ladite
sonde externe est un dispositif de mesure de volu-
me.
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Procédé selon la revendication 1, dans lequel ladite
sonde externe est un dispositif de mesure optique.

Procédé selon la revendication 1, dans lequel ladite
condition particuliére est un réveil pendant I'état de
sommeil et est indiquée au moins par une atténua-
tion prédéterminée dans la sortie de la sonde.

Procédé selon la revendication 1, dans lequel ladite
condition particuliere est un événement d’apnée et
est indiquée au moins par une atténuation prédéter-
minée dans la sortie de la sonde.

Procédé selon la revendication 1, dans lequel ladite
condition particuliere est un événement d’hypopnée
et estindiquée au moins par une attention prédéter-
minée dans la sortie de sonde.

Procédé selon la revendication 1, dans lequel ladite
condition particuliere est un motif de respiration de
Cheynes-Stokes et est indiquée au moins par une
atténuation prédéterminée dans la sortie de sonde.

Procédé selon la revendication 1, dans lequel ladite
condition particuliere est une période de mouve-
ments oculaires survenant au cours du sommeil
(mouvements oculaires rapides) et est indiquée au
moins par une atténuation prédéterminée dans la
sortie de sonde.

Procédé selon la revendication 1, dans lequel les
intervalles de temps entre les atténuations de la sor-
tie de sonde sont utilisés pour distinguer entre des
réveils se rapportant a un syndrome de mouvements
périodiques des jambes (PLMS) et des réveils se
rapportant a des événements de respiration désor-
donnés pendant le sommeil.

Procédé selon la revendication 1, dans lequel le taux
de saturation d’oxygéne du sang de l'individu est
également surveillé pour produire une sortie qui est
utilisée avec la sortie de ladite sonde externe pour
déterminer la condition d’état de sommeil de I'indi-
vidu.

Procédé selon larevendication 1, dans lequel I'écou-
lement de I'air oral-nasal de l'individu est également
surveillé pour produire une sortie qui est utilisée avec
la sortie de ladite sonde externe pour déterminer la
condition d’état de sommeil de I'individu.

Procédé selon la revendication 1, dans lequel I'im-
pulsion d’'ECG de l'individu est également surveillée
pour produire une sortie qui est utilisée avec la sortie
de ladite sonde externe pour déterminer la condition
d’état de sommeil de l'individu et en particulier le
temps de transit d’'impulsion (PTT).



17.

18.

19.

20.

21.

22,

23

Appareil pour surveiller un individu pour détecter
I'apparition d’'une condition particuliere pendant
I'état de sommeil de I'individu, comprenant :

- une sonde externe devant étre appliquée a une
surface externe a un emplacement de corps pé-
riphérique sur le corps de lindividu pour sur-
veiller le volume de lit vasculaire périphérique
de Tlindividu audit emplacement de corps
périphérique ;

- ladite sonde externe comprenant un applica-
teur de pression pour appliquer un champ de
pression prédéterminé a I'extrémité distale dudit
emplacement de corps périphérique compre-
nant son extrémité la plus distale pour réduire
une accumulation veineuse et par la pour pro-
duire un signal de sortie a partir de la sonde
correspondant a des changements dans le vo-
lume de lit artériel périphérique audit emplace-
ment de corps périphérique ; et

- un dispositif de signalisation pour produire un
signal indiquant ladite condition d’état de som-
meil prédéterminée lorsqu’'un changement pré-
déterminé dans la sortie de la sonde est
détecté ; caractérisé par le fait que ledit dis-
positif de signalisation produit un signal indi-
quant ladite condition d’état de sommeil lorsque
la sortie de ladite sonde détecte une atténuation
prédéterminée et un intervalle de temps prédé-
terminé entre des atténuations.

Appareil selon la revendication 17, dans lequel ledit
dispositif de signalisation produit un signal indiquant
ladite condition d’état de sommeil lorsqu’un change-
ment prédéterminé dans la fréquence du pouls et/ou
I'amplitude des pulsations est également détecté.

Appareil selon larevendication 17, dans lequel ladite
sonde étend ledit champ de pression sur une distan-
ce a partir du dispositif de signalisation vers le coté
coeur dudit emplacement de corps périphérique de
fagon a empécher I'apparition d’'une accumulation
veineuse également a cet endroit.

Appareil selon larevendication 17, dans lequel ladite
sonde externe mesure des changements dans le to-
nus artériel périphérique audit emplacement de
corps périphérique.

Appareil selon la revendication 17, dans lequel ledit
emplacement de corps périphérique de 'individu est
un doigt, un orteil ou un lobe d’oreille de l'individu.

Appareil selon larevendication 17, dans lequel ladite
sonde externe est un dispositif de mesure de volume
ou un dispositif capable de fournir un indice se rap-
portant au volume.
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23.

24,

25.

26.

24

Appareil selon larevendication 17, dans lequel ladite
sonde externe est un dispositif de mesure optique.

Appareil selon la revendication 17, dans lequel I'ap-
pareil comprend en outre un oxymeétre de pouls pour
surveiller le taux de saturation d’oxygéne du sang
de l'individu pour produire une sortie qui est utilisée
par ledit dispositif de signalisation avec ladite sortie
de sonde externe pour déterminer la condition d’état
de sommeil de l'individu.

Appareil selon la revendication 17, dans lequel I'ap-
pareil comprend en outre un détecteur de I'écoule-
ment d’air oral-nasal pour surveiller I'écoulement
d’air oral-nasal de I'individu pour produire une sortie
qui est utilisée par ledit dispositif de signalisation
avec ladite sortie de sonde externe pour déterminer
la condition d’état de sommeil de I'individu.

Appareil selon la revendication 17, dans lequel ledit
appareil comprend en outre un détecteur sommeil-
éveil pour détecter I'état de sommeil/éveil de I'indi-
vidu.



EP 1 259 157 B1

S 14

HOLINOW _\,_m<._</
avz ~J 4 4t s
HOSS3I00Ud ,%Nvm
™~ 06
| "B
an ~— 4dH
~ 82
(24
" .wm_wmw JLNY44I0
! AN
wJ mzém vl LY )
=l 'S3d | IS =<5 vy / ae bp
IS _ | N ==t egui \
304N0S| - - ﬁ =r-6v gl ~/ 1 )
‘S3¥d I _ ] ] L AANAY ANNY ANNANNANNRANNNNNY
I - | W eyy - p | w—
. _ / = W av € zp
/ [/
oL 4w S . .
08 g8
L%y 1
. L )

14



EP 1 259 157 B1

€0t

vo. g ‘B4 qgol

/[

Beol

Y

V///////m

TN

oLl

/

I, ST INY

901

o
Zor

I

JOUBAUDD
AN ——

0}

N

L

15



EP 1 259 157 B1

T - d0SS300dd

b

-1S0d

!

1144

60¢

JOVHOLS

¢ B4

202
I

\ YosN3s
MOTHIV
IWHO-TVSYN

¥010313a
(INVWLIIIS)
HdVH9OILOV

P~

WHVIV
MVYNOIS

J0SS300¥d

d31H43ANOD

anv

3
902

=

H313NIXO0
3S7Nd

JOLINOW

Il

——

[

80¢

|
J
702

/

£0c¢

3804d

RERINE

AV 4

}

G0¢

16



EP 1 259 157 B1

302

PROBE

FINGERJ

300

303

{

POLYSOMNOGRAPH __r"’ POLYSOMNOGRAPH

INPUTS

Fig. 4

17



EP 1 259 157 B1

Spu02as Q|

uonenusye
1Vd Buipuodsa1iod Ypm SJUSAS |eSNOIE0IDIW ¥ JO SBLBS Y

©33

1vd

18



EP 1 259 157 B1

9 "bi4

SpU0Yss
0le S0l 0

wnoads
033

adojaaua
jeubis
1vd

sWwil} "sA |Vd pue wnioadg 933 eydyy

19



EP 1 259 157 B1

(Buipiooal aynuiw ¢£) (mojaq) |eubis aqoid (anoqe) yoy3 Aiojesidsay
Buiyjeasg sayoijs-aukayd

jeubis aqoud

ONIH1V3dg

20



EP 1 259 157 B1

Sa0,.—~~__ "~ ~ S

3 minutes

Fig. 8a

EEG
EEG

s )
A M A ‘-M‘ EOG

! 9 u lm: '!h eul.l . .‘f]i iR '...“ . '_":"i;;! ':;"i""-.' i;' . " ,{;',‘r'_"iz,'i ECG
EMG

FLOW
Resp(ab)
' Resp(thor)
s BN , et N : —— .“ "';,i‘ " s | pAT
T r R | “

® r————————— -

| 1
) 1

3 minutes

Fig. 8b

21



EP 1 259 157 B1

normal

*

patients

ajey as|nd jo eydie

N N4 SO TP . N R R
' o, | ode o® | |
AU AR, S U U R
¢ T e BT g T
e e
A 2 P
b g L
Ly ke
Lo ! I *:-.".*::“ ......
Vo Vo D L K ke K
TPy
s B R R A
A R
booen e g -
)
I U R N A . S
T
- o ® 0~ 8 B0 <
- o o o o o o

1.4

1.2

1.1

0.9

0.8

0.7

0.5

Alpha of amplitude

Fig. 9

22



1.5

-
o

alpha of Pulse Rate

o
(&

EP 1 259 157 B1

N = non-REM O =REM

0
o o0
0 o) 0
N oN 4 g0
N o TR T
N N[N o
N Nnpy N . N
N[ N N
N
L} LI 1 1
0.6 0.8 1 1.2

Alpha of amplitude

Fig. 10

23



EP 1 259 157 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

IL 9700249 W [0002] [0033]
WO 9804182 A [0002]

IL 9900292 W [0002]

WO 9963884 A [0002]

IL 0000307 W [0002]

Non-patent literature cited in the description

GUILLEMINAULT C ; STOOHS R ; CLARKA ; CE-
TEL M ; MAISTROS P. A Cause of Excessive Day-
time Sleepiness. The Upper Airway Resistance Syn-
drome. Chest, 1993, vol. 104, 781-787 [0005]
Fractal mechanisms in neural control: Human heart-
beat and gait dynamics in health and disease. PENG
C-K ; HAUSDORFF JM ; GOLDBERGER AL. Non-
linear Dynamics, Self-Organization, and Biomedi-
cine. Cambridge University Press, 1999 [0060]

24

WO 0074551 A [0002]
IL 0000403 W [0002]

WO 0103569 A [0002]

US 4836219 A, Hobson [0034]
US 5280791 A, Lavie [0034]

C.-K.PENG; S. V. BULDYREV; S. HAVLIN ; M.
SIMONS ; H.E. STANLEY ; A. L. GOLDBERGER.
Phys. Rev., 1994, vol. 49, 1685 [0060]

BUNDE A.; HAVLIN S.; KANTELHARDT J.W.;
PENZEL T. ; PETER J.-H. PETER ; VOIGT K. Cor-
related and uncorrelated regions in heart-rate fluctu-
ations during sleep. Physical Rev Lett, 23 October
2000, vol. 85 (17), 3736-9 [0064]



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RAAN

IPCH &S

CPCH¥S

L 5E4X

H b 237 32k

S\ EREERE

BEGF)

—fh A T EE RS (2) RATAME S A AL LB /Y F\FRE SR M
ENMEERRSHERESERENAEZNEE , ATENBAELER
RERL (2) W EBEEMERE 5440 B AR H 585 E A Y REER
RS BFEFFREBHLNNTEERRASZENEGSE  BRRSH
ESEE  AHMRINEHSREME , FREE , FRTE , UARSEH#
Cheynes-Stokes IR E X FRIEIRS) ( REM ) B ERBEER

patsnap
AT BT Y S B & R LR IE S AN 48 T 4% T B AR R AS RN B9 77 SE FR &
EP1259157B1 NI (»&E)B 2008-06-11
EP2001910113 Fi5 A 2001-03-01
fF#&5/RMEDICAL LTD

##43/RMEDICAL LTD

LAVIE PERETZ
SCHNALL ROBERT P
SHEFFY JACOB

LAVIE, PERETZ
SCHNALL, ROBERT, P.
SHEFFY, JACOB

A61B5/02 A61B5/103 A61B5/022 A61B5/0205 A61B5/00 A61B5/0476 A61B5/08 A61B5/083 A61B5
/087 A61B5/16

A61B5/6826 A61B5/02007 A61B5/0205 A61B5/0476 A61B5/0878 A61B5/1073 A61B5/1455 A61B5
/4812 A61B5/4818 A61B5/6838

60/186358 2000-03-02 US
60/212648 2000-06-19 US
60/240079 2000-10-16 US

EP1259157A4
EP1259157A1

Espacenet

PRES.
DIFFRNTL, TRANS

Fig. 1


https://share-analytics.zhihuiya.com/view/b42a385e-7475-4072-b3c4-442b5e9e51bf
https://worldwide.espacenet.com/patent/search/family/027392091/publication/EP1259157B1?q=EP1259157B1

