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APPARATUS AND METHOD FOR
BENEFICIAL MODIFICATION OF
BIORHYTHMIC ACTIVITY

FIELD OF THE INVENTION

[0001] The present invention relates generally to medical
devices, and specifically to treatment and diagnostic devices,
which provide feedback to a user regarding a physiological
variable of the user.

BACKGROUND OF THE INVENTION

[0002] Devices which measurea physiological variable ofa
user and which then provide feedback to the user for the
purpose of modifying the variable are well known in the art.
U.S. Pat. Nos. 5,076,281, 5,800,337 and 6,090,037 to Gavish,
which are incorporated herein by reference, describe methods
and devices for modifying biorhythmic activity by measuring
one or more variables of a user. The patents describe the
generation of a stimulus, which is provided to the user, so as
to change the biorhythmic activity of the user in a way that is
related in a predetermined way to the monitored biorhythmic
activity.

[0003] U.S. Pat. No. 5,423,328 to Gavish, which is incor-
porated herein by reference, describes a stress-detecting
device for monitoring respiration, and, in particular, a method
for detecting and monitoring circumferential changes in the
chest or abdomen of a user resulting from breathing. U.S. Pat.
No. 4,580,574 to Gavish, which is incorporated herein by
reference, describes a method for non-invasively monitoring
properties of living tissue.

[0004] U.S. Pat. No. 6,090,037 to Gavish, which is incor-
porated herein by reference, describes techniques for modi-
fication of rhythmic body activity of a user by monitoring
biorhythmic activity of the user, and providing the user with
a stimulus pattern that resembles but differs from the moni-
tored biorhythmic activity in a way that when followed vol-
untarily by the user drives a change in the biorhythmic activ-
ity.

[0005] PCT Patent Publication WO 01/02049 to Gavish et
al., which is assigned to the assignee of the present patent
application and is incorporated herein by reference, describes
techniques for facilitating improving health of a user, includ-
ing a first sensor, adapted to measure a first physiological
variable, which is indicative of a voluntary action of the user,
a second sensor, adapted to measure a second physiological
variable, which is not entirely under the direct voluntary
control of the user, and circuitry, adapted to receive respective
first and second sensor signals from the first and second
sensors, and responsive thereto, to generate an output signal
which directs the user to modify a parameter of the voluntary
action. The 049 publication also describes an interventive-
diagnostic system comprising a local computing device at a
local site, which applies an intervention to a user at the site
and receives, from one or more sensors attached 1o the user,
one or more input signals indicative of a physiological con-
dition of the user. One preferred embodiment described
includes monitoring breathing movements using one sensor,
and guiding the user to modify a breathing pattern in an
attempt to optimize blood oxygenation, as measured by a
second sensor.

[0006] An abstract entitled, “Repeated blood pressure mea-
surements may probe directly an arterial property,” American
Journal of Hypertension (April, 2000); 13(4), part 2: 190A,
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by B. Gavish, which is incorporated herein by reference,
proposes that the slope of a line relating multiple systolic and
diastolic blood pressure measurements is a physiologically-
meaningful parameter.

[0007] An article entitled, “Challenges facing 3-D audio
display design for multimedia,” Journal of the Acoustical
Society of America (1999); J 105:1357, by D. R. Begault,
which is incorporated herein by reference, describes the pro-
duction and psychophysiological implications of 3-D sound,
which enables listeners to perceive the direction of a sound
source in three dimensions. Another article, entitled, “Local-
ization using nonindividualized head-related transfer func-
tions,” by Wenzel et al., Journal of the Acoustical Society of
America (July, 1993); 94(1), pp. 222-234, which is incorpo-
rated herein by reference, describes the synthesis of 3-D
sound, so as to enable listeners to perceive the 3-D direction
and localization of a virtual sound source. In addition, a
cassette distributed by NASA/Ames Research Center,
entitled, “Demonstration of 3-D auditory display,” allows a
listener using a normal cassette player and standard ear-
phones to experience the three-dimensional effect.

[0008] Other articles of interest, all of which are incorpo-
rated herein by reference, include:

[0009] (a) an article by Cooke et al., entitled, “Controlled
breathing protocols probe human autonomic cardiovascular
rhythms,” American Journal of Physiology, (1998); 274:
H709-H718

[0010] (b) an article by Pitzalis et al., entitled, “Effect of
respiratory rate on the relationship between RR interval and
systolic blood pressure fluctuations: a frequency-dependent
phenomenon,” Cardiovascular Research (1998); 38:332-339

[0011] (c) an article by Bernardi et al., entitled, “Effect of
breathing rate on oxygen saturation and exercise performance
in chronic heart failure,” The Lancet (May 2, 1998); 351:
1308-13

[0012] (d) an article by Mortara et al., entitled, “Abnormal
awake respiratory patterns are common in chronic heart fail-
ure and may prevent evaluation of autonomic tone by mea-
sures of heart rate variability,” Circulation (Jul. 1, 1997),
96:246-252

[0013] (e) an article by La Rovere et al., entitled, “Barore-
flex sensitivity and heart-rate variability in prediction of total
cardiac mortality after myocardial infarction,” The Lancet
(Feb. 14, 1998); 351:478-484

[0014] (f)an articleby Gimondo and Mirk, entitled, “A new
method for evaluating small intestinal motility using duplex
Doppler sonography,” AJR American Journal of Roentgenol-
ogy (January, 1997); 168(1):187-192.

[0015] Devices which are at least partially operated
remotely are also known in the art. U.S. Pat. No. 4,102,332 to
Gessman, which is incorporated herein by reference,
describes a device for remote telephonic resuscitation. The
device includes an electrocardiograph and a defibrillator
which are carried by a user with a known history of cardiac
symptoms, and which may be used to diagnose and treat acute
cardiac symptoms. In order to facilitate the diagnosis and
treatment, the device may be connected to a telephone line, so
that a remote physician may make the diagnosis and perform
the treatment.

[0016] U.S. Pat. No. 4,195,626 to Schweizer, which is
incorporated herein by reference, describes a biofeedback
chamber for applying audible, visual electrical or tactile
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stimuli to a subject according to a rhythmic pattern. The
subject’s reactions are measured, analyzed and used to con-
trol the stimuli.

[0017] U.S. Pat. No. 5,782,878 to Morgan, which is incor-
porated herein by reference, describes a system including an
external defibrillator, a defibrillator communicator, and a
communication network. In order to perform a defibrillation,
information is transmitted back and forth between a patient
and a communication station.

[0018] U.S. Pat. No. 5,794,615 to Estes, which is incorpo-
rated herein by reference, describes a system for treatment of
congestive heart failure. The patent describes controlling the
flow rate of a pressurized gas delivered to a patient during the
two phases ofthe respiratory cycle independently. The system
may be fully automated responsive to feedback provided by a
flow sensor that determines the estimated patient flow rate.

[0019] U.S. Pat. No. 5,678,571 to Brown, which is incor-
porated herein by reference, describes a method for treating a
medical condition in a patient comprising choosing a psycho-
logical strategy for treating the medical condition, and then
encoding electronic instructions for an interactive video
game. The game implements the psychological strategy, and
loads the electronic instructions into a microprocessor-based
unit equipped with a display for displaying the video game.
The game contains scoring instructions to quantitatively ana-
lyze the medical condition of the patient, counseling instruc-
tions and self-care instructions. The video game can be used
in conjunction with a physiological variable measuring
device connected to the microprocessor-based unit.

[0020] U.S. Pat. No. 5,596,994 to Bro, which is incorpo-
rated herein by reference, describes an automated and inter-
active positive motivation system that allows a physician,
counselor or trainer to produce and send a series of motiva-
tional messages and/or questions to a client to change or
reinforce a specific behavioral problem.

[0021] U.S.Pat.No. 5,752,509 to Lachmann et al., which is
incorporated herein by reference, describes a system for arti-
ficially ventilating a patient. The ventilation system has a gas
delivery unit for delivering controllable inspiration pulses to
a patient, a monitoring unit for measuring at least one param-
eter related to the function of the circulatory system, such as
a blood gas analyzer, and a control unit for determining an
optimal peak inspiratory pressure and pressure amplitude for
the inspiration pulse, based on the measured circulatory sys-
tem parameter.

[0022] Descriptions of respiratory monitoring apparatus
which assess capacitance are found in U.S. Pat. No. 5,485,850
to Dietz, U.S. Pat. No. 4,033,332 to Hardway et al., U.S. Pat.
No. 4,381,788 to Douglas, U.S. Pat. No. 4,474,185 to Dia-
mond, and in U.S. Pat. Nos. 5,367,292, 5,070,321, and 5,052,
400, all of which are incorporated herein by reference.

[0023] U.S. Pat. No. 5,690.691 to Chen et al., which is
incorporated herein by reference, describes a portable or
implantable gastric pacemaker, which includes multiple elec-
trodes that are positioned on an organ in the gastrointestinal
(GI) tract, so as to deliver electrical stimulation to pace the
peristaltic movement of material through the GI tract.

[0024] U.S. Pat. Nos. 5,590,282 and 4,526,078, which are
incorporated herein by reference, describe techniques for
causing a computer to compose music.

[0025] U.S. Pat. No. 4,883,067 to Knispel et al., which is
incorporated herein by reference, describes a method for
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translating a subject’s electroencephalogram into music, so
as to induce and control various psychological and physi-
ological states of the subject.

[0026] U.S. Pat. No. 4,798,538 to Yagi, which is incorpo-
rated herein by reference, describes an abdominal respiration
training system. The state of the abdominal respiration of a
person is measured by a sensor attached to the abdominal
region, and the detected breath pattern is compared with an
ideal breath pattern.

[0027] U.S. Pat. No. 5,827,179 to Lichter et al., which is
incorporated herein by reference, describes a real-time bio-
logical data processing PC card, adapted to input and process
biological data from one or more biological data sensors, and
to be interchangeable with other real-time biological data
processing PC cards.

[0028] U.S. Pat. No. 6,050,940 to Braun et al., which is
incorporated herein by reference, describes a general-pur-
pose, low-cost system that provides comprehensive physi-
ological data collection, with extensive data object oriented
programmability and configurability for a variety of medical
as well as other analog data collection applications.

[0029] U.S. Pat. No. 6,001,065 to DeVito, which is incor-
porated herein by reference, describes techniques for measur-
ing and performing real-time FFT analysis of bioelectrical
signals such as electroencephalogram (EEG) and elec-
tromyography (EMG) signals for the control of systems. Pas-
sive and active interaction with various electronic media such
as video games, movies, music, virtual reality, and computer
animations is also described.

[0030] In a number of cardiovascular diseases, including
CHEF, and pulmonary diseases, including COPD, breathing
patterns display irregularities. These irregularities are known
markers for disease-related mortality and morbidity. Typical
irregularities include Cheyne-Stokes breathing (recurrent
episodes of central apnea alternating with hyperpnea), ampli-
tude-modulated breathing (periodic breathing) at a rate of
about one modulation per minute, repeated sighs, and breath-
ing at random amplitudes and periods. A reduction in breath-
ing pattern irregularity indicates an improvement in health.
The impairment of cardiovascular reflexes, which control
blood pressure and volume in attempt to minimize fluctua-
tions in blood supply to organs (homeostasis), is also clini-
cally significant in cardiovascular and psychosomatic dis-
eases.

SUMMARY OF THE INVENTION

[0031] In some embodiments of the present invention, a
device for beneficial modification of biorhythmic activity
comprises a control unit and at least one physiological sensor,
adapted to be applied to auser and to generate a sensor signal
indicative of biorhythmic activity of the user. The control unit
is adapted to receive and analyze the sensor signal, and,
responsive to the analysis, perform an intervention on the
user, typically by generating an output signal. The analysis
typically includes identifying in the sensor signal a first and a
second characteristic. The first characteristic is indicative ofa
voluntary action of the user, typically one aspect of the user’s
biorhythmic activity. The second characteristic is indicative
of a physiological variable of the user that is desired to be
improved and over which most persons do not usually exert
voluntary control (a “benefit-related variable,” as used in the
context of the present patent application and in the claims).
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The output signal directs the user to modify a parameter of the
voluntary action, so as to cause an improvement in the ben-
efit-related variable.

[0032] During a typical session of use, the device continu-
ously senses biorhythmic activity, identifies the first and sec-
ond characteristics, and modifies the intervention responsive
to analysis of the characteristics. The user typically uses the
device during multiple sessions that extend over a period of
time, generally days, months or years. Each session typically
has a length of between about 10 and about 20 minutes, most
typically about 15 minutes.

[0033] Insome embodiments of the present invention, the
voluntary action of the user comprises respiration, and the
modifiable parameters of the voluntary action include one or
more timing parameters of the respiration. The output signal
typically comprises an intelligible stimulus, such as a sound
pattern and/or dynamic graphical pattern, which is generated
by the device responsive to the analysis according to one or
more predefined criteria. The stimulus is typically intended to
modify respiration of the user, for example, by training the
user to initiate a new breathing pattern. For example, the
output signal may direct the user to change the timing of
inspiration and expiration so as to cause a reduction in a ratio
of inspiration to expiration. For some interventions, it is desir-
able to reduce this ratio, for example typically towards 1:4,
from a pre-intervention level typically of 1:1 or 1:2. For some
applications, the benefit-related variable is an amplitude (or
frequency) of the respiration.

[0034] Routine use of the device may increase the degree of
voluntary control a user has over a disease-related breathing
irregularity, such as those described in the Background of the
Invention. Such routine use may thus be beneficial for reduc-
ing mortality and morbidity related to some medical condi-
tions. For example, the use of the device may be beneficial for
treating the following conditions:

[0035] some cardiovascular diseases, including congestive
heart failure (CHF);

[0036] some pulmonary diseases, including chronic
obstructive pulmonary disease (COPD);

[0037] some neurological diseases, such as panic disorder;
[0038] hypertension; and

[0039] hyperactivity, such as in children.

[0040] In some embodiments of the present invention, the

device comprises a first and a second sensor, which generate
a first sensor signal and a second sensor signal, respectively.
The first characteristic is derived from the first and/or the
second sensor signal, while the second characteristic is
derived from both the first and the second sensor signals. For
some applications, the first and second sensors comprise
respective respiration sensors that monitor abdominal breath-
ing and thoracic breathing, respectively. In these applications,
the voluntary action of the user comprises respiration, and the
modifiable parameters of the voluntary action typically
include one or more timing parameters of the respiration. The
benefit-related variable is (a) a phase difference between
abdominal breathing and thoracic breathing, which the inter-
vention attempts to change; (b)a ratio of abdominal breathing
amplitude to thoracic breathing amplitude, which the inter-
vention attempts to increase; or (c) a combination of (a) and
(b). For example, in CHF and COPD the abdominal muscles
often exhibit reduced functionality, as indicated by a reduced
ratio of abdominal to thoracic breathing amplitude. The inter-
vention attempts to increase this ratio and thereby have a
positive effect on aspects of these conditions.
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[0041] Insome embodiments of the present invention, the
device comprises a plurality of sensors adapted to measure
cardiovascular reflexes. The sensors generate a plurality of
sensor signals, from which both the first and second charac-
teristics are derived. For example, baroreflex sensitivity can
be monitored non-invasively by detecting respiratory modu-
lation of the heart rate and/or skin blood volume changes,
measured using plethysmography. In these applications, the
voluntary action of the user comprises respiration, and the
modifiable parameters of the voluntary action typically
include one or more timing parameters of the respiration. The
benefit-related variable is typically a measure of baroreflex
sensitivity, which is typically expressed as a cross-correlation
between two aspects of one of the sensor signals, such as time
periods and signal amplitudes.

[0042] Insome embodiments of the present invention, the
firstand second characteristics are monitored simultaneously.
In other embodiments, the first and second characteristics are
monitored non-simultaneously. For example, during a first
phase of operation, the device may record a baseline mea-
surement of values of the second characteristic, which mea-
surement is a diagnostic indication of the physiological status
of the user before undergoing the device-generated interven-
tion. During a second phase of operation, the device performs
the intervention responsive to this baseline measurement.
[0043] In some embodiments of the present invention, the
device comprises a first and a second sensor. The first sensor
generates a first sensor signal indicative of a biorhythmic
activity, from which the first characteristic is derived, and the
second sensor generates a second sensor signal, from which
the second characteristic is derived.

[0044] Typically, the device stores the sensor signals and
analyzed characteristics generated over time (“stored data™)
in a data logger, which typically comprises an electronic
memory and/or a permanent storage medium. The optional
use of an interchangeable data logger, such as a “smart card,”
enables multiple users to use the device, each retaining his or
her own stored data.

[0045] For some applications, the device is configured to
operate in a diagnostic mode, in which the device does not
perform an intervention. In this mode, the device stores the
stored data in the data logger, for later analysis.

[0046] The data logger typically retains stored data from
multiple sessions of use of the device. Stored data may
include trends calculated from previous sessions, and can be
displayed alpha-numerically or graphically by the device put-
suant to operator instructions. The stored data may enable
evaluation of the success of a routine or repeated use of the
device. Additionally, some aspects of the stored data (includ-
ing current and past use of the device) can be displayed so as
to provide help and feedback to the user. For example, the
displayed data may motivate the user to make the desired
modifications to biorhythmic activity, during an intervention
or when the user is not currently using the device.

[0047] Insome embodiments of the present invention, one
or more health status parameters are derived from a third
characteristic identified in the sensor signal, or received from
a separate health status sensor. These parameters are associ-
ated with physiological variables which it is desired to keep in
prescribed limits to avoid undesired effects. Examples of such
parameters include respiration rate, which should be moni-
tored to avoid hyperventilation; heart rate, which should
monitored to prevent the use of the system when even a
minimal effort may cause tachycardia in patients with severe
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heart failure; weight; height; age; ECG; and blood pressure.
For example, during interventions to reduce the inspiration-
to-expiration ratio, a health status parameter, such as ampli-
tude of respiration, is interpreted as an indicator of the benefit
of the intervention. If the parameter exceeds or passes a
certain threshold value (e.g., an amplitude of respiration
greater than about three times resting respiration amplitude),
subsequent changes in the output signal which engender
changes in the inspiration-to-expiration ratio are delayed
until the parameter again falls below the threshold value.

[0048] Techniques described herein may be used in con-
junction with techniques described in U.S. patent application
Ser. No. 09/611,304, filed Jul. 6, 2000, entitled, “Interventive-
diagnostic device,” and in PCT Patent Publication WO
01/02049 to Gavish et al., which are assigned to the assignee
of the present patent application and are incorporated herein
by reference, including the remotely-mediated techniques
described therein. For example, pursuant to operator instruc-
tions, stored data may be downloaded to a local or remote site
for further processing, and/or used for generating a report to
be used by a healthcare provider for checking compliance,
performance and/or outcomes of routine use of the device.

[0049] For some applications, some of the online or offline
feedback to the user is delivered by voice or audiovisual
messages. Such feedback may include, for example, errors in
use and suggested corrective action, guidance synchronized
with the intervention when needed, warning messages, and/or
a summary of compliance and/or performance data.

[0050] A “diagnosis™ is to be understood in the disclosure
and in the claims as the generation of an evaluation responsive
to one or more physiological variables of the user. The evalu-
ation may be generated before, during, and/or after the inter-
vention is performed. For example, long-term variations in a
user’s breathing pattern regularity may be determined by
comparing a pre-intervention evaluation with during- and/or
post-treatment evaluations. Alternatively or additionally,
evaluations generated during intervention may be used to
monitor the current status of a user’s reflex system. Further
alternatively or additionally, relief from measurable symp-
toms is typically measured by comparing pre- and post-inter-
vention evaluations. For some applications, the device
records a post-treatment measurement of the second charac-
teristic (e.g., changes in breathing regularity after exercise
compared with before exercise), in order to enable measure-
ment of the acute benefit of the treatment. This, for example,
is used to indicate the success of the treatment in relieving
dyspnea (breathlessness), which is a beneficial therapeutic
action in the treatment of CHF and COPD.

[0051] A “user”is to be understood in the disclosure and in
the claims as the person whose biorhythmic activity is moni-
tored, while an “operator” may be the user or a person other
than the user, e.g., a healthcare worker, who, for example,
configures the device and/or manages the stored data either at
a remote facility or offline through the device interface, in
order to generate diagnoses or reports, or to guide the user in
the use of the device.

[0052] There is therefore provided, in accordance with an
embodiment of the present invention, apparatus including:

[0053] asensor, adapted to generate a sensor signal indica-
tive of biorhythmic activity of a user of the apparatus, the
sensor signal having a first characteristic, indicative of a vol-
untary action of the user, and a second characteristic, indica-
tive of a benefit-related variable of the user; and
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[0054] a control unit, adapted to receive the sensor signal,
and, responsive to the second characteristic, generate an out-
put signal which directs the user to modify a parameter of the
voluntary action indicated by the first characteristic.

[0055] In an embodiment, the control unit is adapted to
identify the first and the second characteristics in the sensor
signal. In an embodiment, the control unit is adapted to gen-
erate the output signal responsive to the first characteristic
and the second characteristic.

[0056] In an embodiment, the control unit is adapted to:
[0057] identify an aspect of the first characteristic indica-
tive of the user having modified the parameter to a desired
extent, and

[0058] responsive to identifying the aspect of the first sen-
sor signal, generate a new output signal, to direct the user to
further modify the parameter of the voluntary action.

[0059] The first characteristic may be selected from the list
consisting of: a period of an aspect of the sensor signal, a rate
of an aspect of the sensor signal, a rise time of an aspect of the
sensor signal, a fall time of an aspect of the sensor signal, a
time derivative at a point of an aspect of the sensor signal, a
maximum of the time derivative, a minimum of the time
derivative, an amplitude of a maximum of an aspect of the
sensor signal averaged over two or more biorhythmic cycles
of the aspect, and an amplitude of a minimum of an aspect of
the sensor signal averaged over two or more cycles of the
aspect, and the sensor is adapted to generate the sensor signal
having the first characteristic. Alternatively or additionally,
the first characteristic includes a time difference between two
points of an aspect of the sensor signal, the points character-
izing a single cycle of the biorhythmic activity. Further alter-
natively or additionally, the first characteristic includes a
signal value difference between two points of an aspect of the
sensor signal, the points characterizing a single cycle of the
biorhythmic activity.

[0060] The second characteristic may include a variability
of an aspect of the biorhythmic activity, the aspect selected
from the list consisting of: an envelope of the biorhythmic
activity, an amplitude of the biorhythmic activity, a period of
the biorhythmic activity, a standard deviation (SD) of the
envelope, an SD of the amplitude, and an SD of'the period, in
which case the control unit is adapted to generate the output
signal responsive to the variability of the aspect.

[0061] In an embodiment, the apparatus includes a health
status sensor, adapted to generate a health status signal indica-
tive of a health status parameter of the user, which health
status parameter is indicative of a state of health of the user,
and the control unit is adapted to receive the health status
signal, and to determine whether the health status parameter
passes a threshold value.

[0062] In an embodiment, the control unit includes a
memory, and the control unit is adapted to:

[0063] store, in the memory, values of the second charac-
teristic generated over a first period of time, during which first
period the control unit withholds generating the output signal,
and

[0064] during a second period of time after the conclusion
of the first period, generate the output signal responsive to the
stored values of the second characteristic.

[0065] In an embodiment, the control unit is adapted to
generate the output signal in the form of a game, and to alter
parameters of the game so as to induce the user to modify the
parameter of the voluntary action.



US 2014/0155714 Al

[0066] For some applications, the biorhythmic activity
includes muscle activity of the user, and the sensor is adapted
to generate the sensor signal indicative of the muscle activity.
Alternatively or additionally, the biorhythmic activity
includes cardiac activity, and the sensor is adapted to generate
the sensor signal indicative of the cardiac activity.

[0067] In an embodiment, the sensor is adapted to be
coupled to a belt, which belt is adapted to be placed around a
torso of the user.

[0068] The sensor may be selected from the list consisting
of: a fast-responding temperature sensor, an electrocardio-
gram (ECG) monitor, at least one electromyography (EMG)
electrode, an electroencephalogram (EEG) monitor, a blood
gas concentration sensor, a photoelectric sensor, a photopl-
ethysmographic sensor, a pulse oximeter, and a laser Doppler
sensor.

[0069] The sensor may also be adapted to sense a concen-
tration of a gas emitted from a tissue of the user, or a microvas-
cular property of the user. In an embodiment, the sensor
includes an electrical impedance sensor, adapted to sense an
electrical impedance of at least one organ of the user.

[0070] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause an improve-
ment in the benefit-related variable. For some applications,
the benefit-related variable is an amplitude of respiration of
the user, and the control unit is adapted to configure the output
signal to direct the user to modify the parameter of the vol-
untary action so as to cause the improvement in the amplitude
of the respiration. Alternatively, the benefit-related variable is
ameasure of baroreflex sensitivity of the user, and the control
unit is adapted to configure the output signal to direct the user
to modify the parameter of the voluntary action so as to cause
the improvement in the measure of baroreflex sensitivity.
[0071] In an embodiment, the benefit-related variable is
selected from the list consisting of: a frequency of respiration
of the user, a blood pressure of the user, a blood oxygenation
saturation of the user, an end-tidal CO2 level of the user, a
tissue oxygenation level of the user, a pulse-wave velocity of
the user, variations in a skin blood volume of the user, a
measure of peak air flow of the user, an amplitude of a skin
pulse volume of the user, an arterial compliance of the user,
and a parameter of an electrocardiogram of the user, and the
control unit is adapted to configure the output signal to direct
the user to modify the parameter of the voluntary action so as
to cause the improvement in the benefit-related variable.
[0072] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause the improve-
ment in the benefit-related variable, so as to treat a cardiovas-
cular disease of the user.

[0073] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause the improve-
ment in the benefit-related variable, so as to treat a pulmonary
disease of the user.

[0074] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause the improve-
ment in the benefit-related variable, so as to treat a condition
of the user selected from the list consisting of: a neurological
disease, hypertension, and hyperactivity.

[0075] In an embodiment, the output signal includes an
intelligible stimulus, and the control unit is adapted to gener-
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ate the intelligible stimulus, so as to direct the user to modify
the parameter of the voluntary action. The intelligible stimu-
lus may include at least one stimulus selected from the list
consisting of: an image, alpha-numeric text, a sound. a sound
pattern, and a dynamic graphical pattern, and the control unit
is adapted to generate the stimulus, so as to direct the user to
modify the parameter of the voluntary action. In an embodi-
ment, the apparatus includes a speaker, and the intelligible
stimulus includes music, and the control unit is adapted to
drive the speaker to generate the music, so as to direct the user
to modify the parameter of the voluntary action.

[0076] Inan embodiment, the sensor is adapted to generate
the sensor signal having a third characteristic indicative of a
health status parameter of the user, which health status param-
eteris indicative of a state ofhealth of the user, and the control
unit is adapted to determine whether the health status param-
eter passes a threshold value. For some applications, the con-
trol unit is adapted to withhold generating the output signal
responsive to determining that the third characteristic passes
the threshold value. Alternatively or additionally, the control
unit is adapted to generate an alarm signal responsive to
determining that the third characteristic passes the threshold
value.

[0077] In an embodiment, the biorhythmic activity
includes respiration, and the sensor is adapted to generate the
sensor signal indicative of the respiration. The sensor may be
selected from the list consisting of: a flow meter, adapted to
sense respiration by sensing respiratory air flow of the user; a
microphone, adapted to sense respiration by sensing breath
sounds of the user; and a heated wire, adapted to sense res-
piration by sensing respiratory air flow of the user.

[0078] Inanembodiment, the voluntary action includes the
respiration, and the control unit is adapted to generate the
output signal to direct the user to modify a parameter of the
respiration. In an embodiment, the first characteristic
includes at least one breathing parameter selected from:
inspiration time and expiration time, and the sensor is adapted
to generate the sensor signal having the first characteristic.
Alternatively or additionally, the first characteristic includes
an average frequency of a skin pulse volume of the user, and
the sensor is adapted to generate the sensor signal having the
first characteristic. Further alternatively or additionally, the
first charactetistic includes an end-tidal CO2 level of the user,
and the sensor is adapted to generate the sensor signal having
the first characteristic.

[0079] In an embodiment, the parameter of the respiration
includes one or more timing parameters of the respiration,
and the control unit is adapted to generate the output signal to
direct the user to modify the timing parameters of the respi-
ration. The timing parameters may include a pattern of inspi-
ration and expiration of the user, in which case the control unit
is adapted to generate the output signal to direct the user to
modify the pattern. In an embodiment, the control unit is
adapted to generate the output signal to direct the user to
modify the pattern so as to reduce a ratio of a time period of
the inspiration to a time period of the expiration.

[0080] In an embodiment, the sensor is adapted to sense a
change in a property of an organ of the user, the property
selected from the list consisting of: a circumference of the
organ, a volume of the organ, and a pressure of the organ. The
sensor may be selected from the list consisting of: a finger
plethysmograph, a pressure cuff, and a strain gauge.

[0081] Inanembodiment, the first characteristic includes a
plurality of first characteristics indicative of the voluntary
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action of the user, and the control unit is adapted to generate
the output signal responsive to at least one relationship among
the plurality of first characteristics. In an embodiment, the
control unit is adapted to determine the relationship using an
analysis technique selected from: cross-correlation analysis
in a frequency domain and cross-correlation analysis in a time
domain.

[0082] Inanembodiment, the first characteristic includes a
relationship among two or more spectral components that are
defined by points in the sensor signal.

[0083] Inanembodiment, the first characteristic includes at
least one spectral component that is defined by points in the
sensor signal. The spectral component may be defined by a
first subset of points in the sensor signal, the first subset of
points being located among a second subset of points in the
sensor signal different from the first subset of points. the first
subset of points sharing a common property. The common
property may be selected from the list consisting of: local
maxima and local minima of the sensor signal.

[0084] There is also provided, in accordance with an
embodiment of the present invention, apparatus including:
[0085] a first sensor, adapted to measure a voluntary physi-
ological variable, which is indicative of a voluntary action of
a user of the apparatus, and to generate a voluntary sensor
signal responsive thereto;

[0086] a second sensor, adapted to measure a benefit-re-
lated physiological variable, indicative of an amplitude of
respiration of the user, and to generate a benefit-related sensor
signal responsive thereto; and

[0087] a control unit, adapted to receive the voluntary and
benefit-related sensor signals, and, responsive thereto, to gen-
erate an output signal which directs the user to modify a
parameter of the voluntary action.

[0088] In an embodiment, the voluntary action includes
respiration of the user, and the control unit is adapted to
generate the output signal to direct the user to modify a
parameter of the respiration.

[0089] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause an improve-
ment in the benefit-related physiological variable.

[0090] There is further provided, in accordance with an
embodiment of the present invention, apparatus including:

[0091] a first sensor, adapted to generate a first sensor sig-
nal;

[0092] asecond sensor, adapted to generate a second sensor
signal; and

[0093] a control unit, adapted to:

[0094] receive the first and second sensor signals,

[0095] identify a first characteristic in at least one of the first

sensor signal and the second sensor signal, the first charac-
teristic indicative of a voluntary action of a user of the appa-
ratus;

[0096] derive a second characteristic from the first and sec-
ond sensor signals in combination, and

[0097] responsive to the second characteristic, generate an
output signal which directs the user to modify a parameter of
the voluntary action.

[0098] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the voluntary action so as to cause an improve-
ment in a physiological variable of the user of which the
second characteristic is indicative.
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[0099] In an embodiment, the control unit is adapted to
generate the output signal responsive to the first characteristic
and the second characteristic.

[0100] Thereis still further provided, in accordance with an
embodiment of the present invention, apparatus including:

[0101] a first sensor, adapted to measure abdominal breath-
ing of a user of the apparatus, and to generate an abdominal
breathing sensor signal;

[0102] asecondsensor, adapted to measure thoracic breath-
ing of the user, and to generate a thoracic breathing sensor
signal; and

[0103] acontrol unit, adapted to receive the abdominal and
thoracic breathing sensor signals, and, responsive thereto, to
generate an output signal which directs the user to modify a
parameter of respiration of the user.

[0104] In an embodiment, the parameter of the respiration
includes a timing parameter of the respiration, and the control
unit is adapted to generate the output so as to direct the user to
modify the timing parameter of the respiration.

[0105] In an embodiment, the control unit is adapted to
configure the output signal to direct the user to modify the
parameter of the respiration so as to cause an improvement in
a physiological variable of the user of which the abdominal
and thoracic breathing sensor signals are indicative. The
physiological variable may include a phase difference
between the abdominal breathing and the thoracic breathing,
in which case the control unit is adapted to configure the
output signal to direct the user to modify the parameter of the
respiration so as to cause a change in the phase difference.
The physiological variable may include a ratio of abdominal
breathing amplitude to thoracic breathing amplitude, in
which case the control unit is adapted to configure the output
signal to direct the user to modify the parameter of the respi-
ration so as to cause an increase in the ratio.

[0106] In an embodiment, the control unit is adapted to
configure the output signal to treat a condition of the user
selected from the list consisting of: congestive heart failure
and chronic obstructive pulmonary disease.

[0107] There is additionally provided, in accordance with
an embodiment of the present invention, apparatus including:

[0108] asensor, adapted to generate a sensor signal indica-
tive of respiration of a subject whose autonomic control of
breathing is impaired; and

[0109] a control unit, adapted to receive the sensor signal,
and, responsive thereto, to generate an output signal which
causes the subject to involuntarily modify a parameter of the
respiration.

[0110] In an embodiment, the control unit is adapted to
generate the output signal slightly out of phase with the res-
piration.

[0111] In an embodiment, the sensor is adapted to be
applied to the subject when the subject is sleeping. In an
embodiment, the control unit is adapted to generate the output
signal so as to treat sleep apnea of the subject.

[0112] In an embodiment, the sensor is adapted to be
applied to the subject when the subject is unconscious. In an
embodiment, the sensor is adapted to be applied to the subject
when the subject is in a coma or is anesthetized.

[0113] There is yet additionally provided, in accordance
with an embodiment of the present invention, diagnostic
apparatus, including;
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[0114] asensor, adapted to measure a voluntary physiologi-
cal variable, which is indicative of a voluntary biorhythmic
action of a user of the apparatus, and to generate a sensor
signal responsive thereto; and

[0115] a control unit, adapted to receive the sensor signal,
to determine a level of a variation over time of the voluntary
action, and, responsive thereto, to generate an output signal.
[0116] In an embodiment, the control unit is adapted to
determine the level of the variation so as to facilitate a diag-
1nosis.

[0117] Inan embodiment, the sensor includes a respiration
sensor.
[0118] In an embodiment, the control unit is adapted to

determine a level of variation over time of an envelope of the
signal. Alternatively or additionally, the control unit is
adapted to determine a level of variation over time of an
amplitude of the signal. Further alternatively or additionally,
the control unit is adapted to determine a level of variation
over time of at least one of: a period of the signal and a rate of
the signal.

[0119] There is also provided, in accordance with an
embodiment of the present invention, diagnostic apparatus,
including:

[0120] a plethysmography sensor, adapted to generate a
sensor signal; and

[0121] a control unit, adapted to receive the sensor signal,
to determine a level of a variation over time of the signal, and,
responsive thereto, to generate an output signal.

[0122] In an embodiment, the control unit is adapted to
determine the level of variation so as to facilitate a diagnosis.
Alternatively or additionally, the control unit is adapted to
determine a level of variation over time of an envelope of the
signal. Further alternatively or additionally, the control unit is
adapted to determine a level of variation over time of an
amplitude of the signal. Still further alternatively or addition-
ally, the control unit is adapted to determine a level of varia-
tion over time of at least one of> a period of the signal and a
rate of the signal.

[0123] There is further provided, in accordance with an
embodiment of the present invention, a method for facilitat-
ing improving health of a user, including:

[0124] receiving a sensor signal indicative of biorhythmic
activity of the user, the sensor signal having a first character-
istic, indicative of a voluntary action of the user, and a second
characteristic, indicative of a benefit-related variable of the
user; and

[0125] responsive to the second characteristic, generating
an output signal which directs the user to modify a parameter
of the voluntary action indicated by the first characteristic.
[0126] In an embodiment, receiving the sensor signal
includes monitoring breathing movements of the user via
changes in a circumference of a portion of a torso of the user.
[0127] Thereis still further provided, in accordance with an
embodiment of the present invention, a method for facilitat-
ing improving health of a user, including:

[0128] receiving a voluntary sensor signal indicative of a
voluntary physiological variable, which voluntary physi-
ological variable is indicative of a voluntary action of the
user;

[0129] receiving a benefit-related sensor signal indicative
of a benefit-related physiological variable, which benefit-
related physiological variable is indicative of an amplitude of
respiration of the user; and

Jun. 5,2014

[0130] responsive to the voluntary sensor signal and the
benefit-related sensor signal, generating an output signal
which directs the user to modify a parameter of the voluntary
action.

[0131] There is additionally provided, in accordance with
an embodiment of the present invention, a method for facili-
tating improving health of a user, including:

[0132] receiving a first sensor signal and a second sensor
signal;
[0133] identifying a first characteristic in at least one of the

first sensor signal and the second sensor signal, the first char-
acteristic indicative of a voluntary action of the user;

[0134] deriving a second characteristic from the first and
second sensor signals in combination; and

[0135] responsive to the second characteristic, generating
an output signal which directs the user to modify a parameter
of the voluntary action.

[0136] There is yet additionally provided, in accordance
with an embodiment of the present invention, a method for
facilitating improving health of a user, including:

[0137] receiving an abdominal breathing sensor signal
indicative of abdominal breathing of the user;

[0138] receiving a thoracic breathing sensor signal indica-
tive of thoracic breathing of the user;

[0139] responsive to the abdominal and thoracic breathing
sensor signals, generating an output signal which directs the
user to modify a parameter of respiration of the user.

[0140] There is also provided, in accordance with an
embodiment of the present invention, a method including:
[0141] receiving a sensor signal indicative of respiration of
a subject whose autonomic control of breathing is impaired,
and

[0142] responsive to the sensor signal, generating an output
signal which causes the subject to involuntarily modify a
parameter of the respiration.

[0143] There is further provided, in accordance with an
embodiment of the present invention, a method for facilitat-
ing a diagnosis of a user, including;

[0144] measuring a voluntary physiological variable,
which is indicative of a voluntary biorhythmic action of the
user, and generating a sensor signal responsive thereto;
[0145] receiving the sensor signal,

[0146] determining a level of a variation over time of the
voluntary action; and

[0147] responsive to the level of the variation, generating
an output signal.

[0148] Thereis still further provided, in accordance with an
embodiment of the present invention, a method for facilitat-
ing a diagnosis of a user, including;

[0149] generating a sensor signal using plethysmography;
[0150] receiving the sensor signal;

[0151] determining a level of a variation over time of the
signal; and

[0152] responsive to the level of the variation, generating

an output signal.

[0153] The present invention will be more fully understood
from the following detailed description of embodiments
thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0154] FIG. 1 is a schematic pictorial illustration of a sys-
tem for beneficial modification of biorhythmic activity of a
user, in accordance with an embodiment of the present inven-
tion;
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[0155] FIG. 2 is a schematic block diagram showing com-
ponents of a control unit of the system of FIG. 1, in accor-
dance with an embodiment of the present invention;

[0156] FIG. 3 is is a schematic illustration of a typical
monitored biorhythmic activity signal, in accordance with an
embodiment of the present invention;

[0157] FIG. 4 is a schematic illustration of several moni-
tored biorhythmic activity signals, in accordance with an
embodiment of the present invention; and

[0158] FIG.5isaflow chart illustrating a method for oper-
ating a monitor of the device of FIG. 1, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0159] FIG. 1is a schematic pictorial illustration of a sys-
tem 20 for beneficial modification of biorhythmic activity of
a user 22, in accordance with an embodiment of the present
invention. System 20 comprises a control unit 30, which
receives biorhythmic-activity signals from at least one physi-
ological sensor 32 coupled to the user. The control unit may
also receive health status signals from one or more health
status sensors 34, and/or from sensor 32. Control unit 30, the
sensors, the sensor signals, and the health status signals are
described in greater detail hereinbelow. The connection
between control unit 30 and sensors 32 and 34 may be wired
or wireless.

[0160] Control unit 30 analyzes the received sensor signals,
and, responsive to the analysis, performs an intervention on
user 22, typically by generating a user output signal using a
stimulation unit 36, which may, for example, comprise head-
phones or other speakers, for applications in which the output
signal is audio. The output signal directs the user to modify a
parameter of a voluntary action, so as to cause an improve-
ment in a physiological variable of the user. During a typical
session of use, the device continuously senses biorhythmic
activity and modifies the intervention responsive to the analy-
sis of the activity. The user typically uses the device during
multiple sessions that extend over a period of time, generally
days, months or years. Each session typically has a length of
between about 10 and about 20 minutes, most typically about
15 minutes.

[0161] For some applications, sensor 32 comprises a force
transducer for monitoring breathing movements, including
the timing and the depth of the inspiratory and expiratory
phases of the user’s respiration, typically via changes in chest
or abdominal circumference, based on a strain-gauge which is
attached to an elastic belt, such as those described in the
above-referenced U.S. Pat. No. 5,423,328 and U.S. patent
application Ser. No. 09/611,304 and 049 PCT Publication.
Typically, sensor 32 is self-installed by user 22.

[0162] FIG. 2 is a schematic block diagram showing com-
ponents of control unit 30, in accordance with an embodiment
of the present invention. Control unit 30 is implemented in
discrete components or a combination of discrete and custom
or semi-custom components. Alternatively, control unit 30
comprises an industry-standard or customized computer
coupled to a display, which is programmed in software to
carry out the functions described herein. This software may
be downloaded to the control unit in electronic form, over a
network, for example, or it may alternatively be provided on
tangible media, such as magnetic or optical media or other
non-volatile memory.

[0163] Control unit 30 comprises a central processing unit
(CPU) 39, which is coupled to and controls the operation of
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the individual components of the control unit. For clarity,
lines are not shown between CPU 39 and the other compo-
nents. CPU 39 can be operated in one or more different modes
pursuant to operator instructions, as described hereinbelow.

[0164] A monitor 40 receives a biorhythmic-activity signal
(BAS) from sensor 32, and typically identifies a first and
second characteristic thereof. The first characteristic is
indicative of a voluntary action of the user (e.g., the timing of
inspiration and expiration), and is typically one aspect of the
user’s biorhythmic activity. The second characteristic is
indicative of a physiological variable of the user that is
desired to be improved and over which most persons do not
usually exert voluntary control (a “benefit-related variable”),
e.g., depth or regularity of inspiration. Monitor 40 typically
also identifies a third characteristic of the BAS, which is
indicative of a general physiological state of the user (a
“health status variable™). Alternatively or additionally, moni-
tor 40 receives indications of one or more health status vari-
ables from optional health status sensor 34, or from an
optional keyboard coupled to or integrated with system 20, or
by connecting the system to a computer. Monitor 40 analyzes
these characteristics, and responsive to the analysis outputs
the following quantitative parameters, which represent one or
more pattern components of the sensed biorhythmic activity
of the user:

[0165] oneormore biorhythmic activity parameters (BAP),
derived from the first characteristic of the BAS, and used to
define in general the stimulus pattern used for the intervention
(for example, (a) inspiration time and expiration time, and/or
(b) amplitude, when sensor 32 monitors breathing move-
ments). Techniques described herein may be implemented
using details of the BAP described in the above-referenced
U.S. Pat. Nos. 5,076,281 and 5,800,337,

[0166] one or more benefit-related parameters (BRP)
derived from the second characteristic, and associated with
one or more benefit-related variables of the user, for example,
breathing pattern regularity. Typically, benefit-related vari-
ables include parameters of the user that are altered by a
pathology or other phenomenon of user 22 that is being
treated by system 20. For example, benefit-related variables
may include continuously-measured or intermittently-mea-
sured blood pressure, blood oxygenation (e.g., SpO2), pulse-
wave velocity, variations in skin blood volume, respiration
parameters (e.g., peak air flow), or an electrocardiogram
(ECG) measurement of user 22. For some applications, the
BRP are derived from detected relationships between two or
more first characteristics; and

[0167] oneormore health status parameters (HSP), derived
from the third characteristic and/or from the signal received
from health status sensor 34, the keyboard, or the external
computer, and associated with physiological variables which
it is desired to keep in prescribed limits to avoid undesired
effects. Examples of HSP include respiration rate, which may
be monitored to avoid hyperventilation; heart rate, which may
be monitored to prevent the use of system 20 when even a
minimal effort may cause tachycardia in patients with severe
heart failure; ECG; blood pressure; and/or non-biorhythmic
indicators such as weight, height, and age. As appropriate,
control unit 30 evaluates the HSP to determine whether they
are within safe ranges. For example, for a user having a
specified gender, age, and weight, a certain measured heart
rate may be determined to be too high or too low, and thus
force a premature termination of the intervention and an
alarm signal.
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[0168] These parameters are typically stored, continuously
or intermittently, in a datalogger/memory 41, which typically
comprises industry-standard volatile and non-volatile
memory components. Additionally, in some configurations of
system 20, or in an operator-selected mode, the BAS received
from sensor 32 are stored continuously or intermittently in
data logger 41. Storage of the BAS may be particularly useful
when a physician desires access to the detailed structure of the
biorhythmic activity, such as for diagnostic purposes. For
example, abnormal breathing patterns are often complex, and
physicians may be more familiar with and comfortable using
the raw signal than its analyzed structure. For some applica-
tions, data logger 41 additionally stores the date and time of
use of the system, received from an internal clock (not
shown). The optional use of an interchangeable data logger,
facilitated for example by a smart card or user ID’s and
passwords, enables multiple users to use the device, each
retaining his or her own stored data.

[0169] For some applications, control unit 30 is configured
to operate in a diagnostic mode, in which the system does not
perform an intervention. In this mode, the control unit stores
the stored data in data logger 41, for later analysis.

[0170] Data logger 41 typically retains stored data from
multiple sessions of use of the system. Stored data may
include trends calculated from previous sessions, and can be
displayed alpha-numerically or graphically by the device pur-
suant to operator instructions. The stored data may enable
evaluation of the success of a routine or repeated use of the
system. Additionally, some aspects of the stored data (includ-
ing current and past use of the device) can be displayed so as
to provide help and feedback to the user. For example, the
displayed data may motivate the user to make the desired
modifications to biorhythmic activity, during an intervention
or when the user is not currently using the system.

[0171] A comparator 42 receives values of BAP, BRP, and
HSP, and compares these values with values that have been
previously stored in data logger 41, in order to evaluate
changes over time of these parameters. Such comparisons are
useful for evaluating the sustained benefit of routine use of
system 20. Such comparisons are also useful for identifying
deviations in measured values of physiological variables
from benchmark values for such physiological variables.
Such benchmark values include, but are not limited to: (a)
normative values, based on predetermined or operator-pre-
selected values; (b) the most probable values characteristic of
the user, as determined by comparator 42 using statistical
methods applied to the data stored in data logger 41; and (c)
values characterizing the recommended usage of the system,
as preset by the manufacturer or pre-selected by the operator.

[0172] Comparator 42 typically derives a further set of
parameters, herein termed cross-correlation parameters
(CCP), from values of BAS, BAP, BRP and HSP stored in
data logger 41 for a predetermined duration. CCP are typi-
cally derived by temporal correlation or by spectral cross-
correlation analysis, which are mathematical techniques
known in the art. Typical CCP data characterize cardiovascu-
lar reflexes as a degree of respiratory modulation of heart rate.
Typically, CCP data are stored in data logger/memory 41, and
are passed by comparator 42 to a driver 44, described here-
inbelow.

[0173] For some applications, comparator 42 operates
using techniques described in the above-referenced U.S.
patent application Ser. No. 09/611,304 and 049 PCT Publi-
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cation, including, but not limited to, the methods shown in
and described with reference to FIG. 4 thereof.

[0174] When it is desired, typically in accordance with
predetermined criteria, to notify the user of the occurrence of
unexpected values in its inputs, comparator 42 provides feed-
back to the user using an audiovisual messaging system 45.
The messaging system comprises an alarm generator 46, and
a voice messager 48 and/or a display 50, which may be
activated by the alarm generator. Typical messages generated
by the messaging system include:

[0175] error messages, which indicate incorrect use of the
system, such as inappropriate mounting of sensors 32 or 34
(which may result in a meaningless or no BAS signal), or not
following the system usage guidelines (which may diminish
the effectiveness of the system). The message typically
includes suggested corrective action;

[0176] exercise guidance messages, which are typically
verbal and/or visual instructions that may help guide an inex-
perienced user in modifying his or her biorhythmic activity
after receiving the user stimulus;

[0177] warning messages, which instruct the user regarding
which actions to take if undesired values of physiological
parameters occur, e.g., to stop the exercise if the heart rate
becomes too fast; and

[0178] summary messages, which provide the user with a
summary of his or her compliance with the intervention,
and/or with performance data.

[0179] Alternatively or additionally, CPU 39 modifies the
setup of the system in accordance with the type of unexpected
value indicated by comparator 42. For example, CPU 39 may
change the user stimulus from: (a) a guiding type of stimulus,
intended to guide the user through changes in a behavior (e.g,,
decreases in Inspiration: Expiration ratio), to (b) a neutral
type of stimulus, intended to maintain the I:E ratio while heart
rate orblood pressure achieve or return to desired values, or to
(c) a null type of stimulus, such as the sound of ocean waves,
having no guiding or maintaining component whatsoever, but
designed to keep the patient’s focus.

[0180] The user and/or the operator are typically able to set
preferences regarding the operation of messaging system 45.
For example, voice messager 48 may be configurable to be
activated:

[0181] atall times, i.e., to provide a human voice that helps
the user to synchronize biorhythmic activity with the user
stimulus;

[0182] only when user does not synchronize his or her
biorhythmic activity with the user stimulus; or

[0183] only when the voice message is essential for proper
operation, e.g., when no biorhythmic activity signal is
detected for a predetermined period of time, or when the
battery is discharged, which causes the CPU to shut off the
control unit.

[0184] Providing such preferences is advantageous for
some therapeutic applications that include routine use of the
device, as an inexperienced user may prefer the first option,
while a more experienced user may prefer the third option.
Typically, the use of voice and visual messages is minimized,
so as to avoid distracting the user.

[0185] In an embodiment of the present invention, data
logger 41 or CPU 39 activates display 50 or voice messager
48 to present the user with a questionnaire, to which the user
typically responds by pressing buttons. The responses are
stored and may be useful, for example, in evaluating clinical
outcomes, such as quality of life.
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[0186] A biorhythmic activity modifier 52 provides user 22
with a user stimulus, configured to change at least one aspect
of the user’s biorhythmic activity. The user stimulus is trans-
mitted to user 22 using stimulation unit 36. Biorhythmic
activity modifier 52 obtains the parameters used for generat-
ing the user stimulus by transforming the BAP values by
applying a set of rules received from driver 44. For example,
the user stimulus may be a sound pattern, which varies over
time to teach user 22 to alter a time period associated with
inspiration and/or expiration.

[0187] Inanembodiment, biorhythmic activity modifier 52
comprises a sound synthesizer 54. (In other embodiments,
modifier 52 comprises, for example, a mechanical stimulator,
an electrical stimulator, a pressure applicator, or a visual
stimulator.) The synthesizer generates an audio output, typi-
cally in which the sound of a first instrument, such as a flute,
corresponds to inspiration, and the sound of a second instru-
ment, such as a guitar, corresponds to expiration. The opera-
tion of synthesizer 54 is typically controlled by stored
sequences of codes that define the musical notes and the
instruments with ON/OFF commands, in order to create a
user-selectable melody. For example, the duration of the
sound of the first instrument may be 2% larger than the user’s
average inspiration time during the last minute, and the dura-
tion of the sound of the second instrument may be 10% larger
than the average expiration time during the last 5 minutes,
where the transformation parameters (e.g., 2%, 1 minute,
10%, 5 minutes) are received from driver 44. Biorhythmic
activity modifier 52 and driver 44 may implement techniques
described in the above-referenced U.S. Pat. Nos. 5,076,281
and 5,800,337 and U.S. patent application Ser. No. 09/611,
304 and *049 PCT Publication.

[0188] For some applications, control unit 30 is connected
to aremote facility 38, such as a hospital or medical clinic, for
uploading and downloading of data for remote viewing and/
or analysis, in real time or intermittently. Typically, remote
facility 38 communicates with control unit 30 and/or user 22
via a distributed network such as the Internet. Alternatively or
additionally, the remote facility communicates with the con-
trol unit and/or the user by other means known in the art, for
example by a telephone modem or by voice, using a tele-
phone. The remotely-mediated techniques described in the
above-referenced U.S. patent application Ser. No. 09/611,304
and *049 PCT Publication may be used for such remote com-
munication

[0189] In an embodiment of the present invention, all or a
portion of the content of data logger 41 is downloaded, modi-
fied and/or erased by commands received from remote facil-
ity 38, or locally by using operator commands optionally
known to an operator but not the user, e.g., pressing on a
combination of buttons. For some applications, some aspects
of the stored data are displayable offline in order to provide
the user with information about prior usage of the device.
Alternatively or additionally, such offline display enables an
operator, such as a healthcare provider, to remotely provide
technical support to the user (typically during a telephone
conversation). For example, the operator may request that the
user read from the display the content of relevant memory
locations that provide data useful for resolving operational
problems.

[0190] FIG. 3 is a schematic illustration of a typical moni-
tored BAS 60, including exemplary special points 62 charac-
terizing the signal’s structures, in accordance with an
embodiment of the present invention. The special points may
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be used in the determination of the parameters BAP, BRP and
HSP by monitor 40. This determination is typically made by
performing specific time-point analyses of the respective sig-
nals. For example, such analyses may include: (a) taking the
time derivative of the signal at one or more special points, (b)
determining a maximum or minimum of the time derivative,
and/or (¢) determining a difference in time or in signal value
between two of the special points that characterize a biorhyth-
mic cycle. The analysis may also include averaging activity
occurring over two or more biorhythmic cycles. The special
points may be, for example, maxima, minima, and turning
points (e.g., as described in the above-referenced U.S. Pat.
No. 5,800.,337). The detection of these and other special
points may be performed using techniques described in the
above-referenced U S. Pat. No. 5,800,337.

[0191] The example shown in FIG. 3 is for illustrative pur-
poses only. The example assumes that an n.sup.th cycle of
biorhythmic activity of a user can be characterized by one
minimum point at [tsub.min(n), E.sub.min(n)], and one
maximum point at [t.sub.max(n), E.sub.max(n)], where t.sub.
min(n) and t.sub.max(n) represent time values, and E.sub.min
(n) and E.sub.max(n) represent signal values. Thus, E.sub.
max(n) represents the upper envelope of the biorhythmic
activity at the n.sup.th cycle, and E.sub.min(n) represents the
lower envelope of the biorhythmic activity at the n.sup.th
cycle. Both envelopes are optionally converted over time into
smooth curves, typically using standard methods such as
cubic spline approximation. The amplitude of the biorhyth-
mic activity is defined by the equation A(n)=E.sub.max(n)-
H.sub.min(n) (after smoothing, if smoothing was performed).
The period T(n) of the biorhythmic activity is defined as
T(n)=t.sub.min(n+1)-t.sub.min(n). The rise time T.sub.rise
(n) and the fall time T.sub.fall(n) of the biorhythmic activity
are defined as T.sub.rise(n)=t.sub.max(n)-t.sub.min(n) and
T.sub.fall(n)=t.sub.min(n+1)-t.sub.max(n), respectively.
[0192] The detection of these and other special points can
be readily generalized to cycles of multi-phase biorhythmic
activity given by [t(n,j), E(n,j)], marking the j.sup.th special
point in the n.sup.th cycle. In this case, E(nk) spans the
envelopes, the amplitudes A(n,j,k)=E(n,k)-E(n,j), and the
corresponding time segments T(n,j,k)=t(n.k)-t(n,)).

[0193] FIG. 4 is a schematic illustration of several moni-
tored BAS 70, in accordance with an embodiment of the
present invention. In this embodiment, system 20 comprises a
plurality of physiclogical sensors 32 adapted to measure car-
diovascular reflexes. The sensors generate a plurality of sen-
sor BAS 70. Typically one of the sensors comprises a respi-
ration sensor 72, which provides a continuous respiration
signal 74. Another one of the sensors comprises a photoelec-
tric sensor 76, which performs photoplethysmography in
order to monitor (typically in AC mode) pulsatile skin blood
volume changes, and to provide a heart rate signal 78 and a
skin pulse volume signal 80, after using a beat-to-beat analy-
sis of period and amplitude (values marked by circles 82),
respectively. This embodiment is typically used in interven-
tions designed to slow breathing, increasing baroreflex sen-
sitivity.

[0194] FIG. 5is a flow chart illustrating a method for oper-
ating monitor 40, in accordance with an embodiment of the
present invention. At a special point detection step 100, spe-
cial points are detected using BAS, typically as described
hereinabove with reference to FIG. 3. A beat-to-beat analysis
is performed by calculating envelopes, amplitudes, and time
segments, at respective calculation steps 102, 104, and 106.
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The results of the beat-to-beat analysis are stored for further
analysis in a buffer, which may be a component of data logger
41, at a buffer storage step 108. Biorhythmic activity pattern
characterization is performed to generate the parameters
BAP, BRP, and HSP, at a pattern characterization step 110.
The process of generating the pattern characterizations is
typically specific to the nature of the biorhythmic activity and
its modification by the disease pathology or by the user’s
condition. (For example, breathing at high altitudes becomes
abnormal and similar to that of CHF patients.) The calcula-
tion of BAP may be performed using techniques described in
the above-referenced U.S. Pat. Nos. 5,076,281 and 5,800,
337.
[0195] In an embodiment of the present invention, the vol-
untary action ofthe user comprises respiration, and the modi-
fiable parameters of the voluntary action include one or more
timing parameters of the respiration. The user stimulus typi-
cally comprises an intelligible stimulus, such as a sound
pattern and/or dynamic graphical pattern, which is generated
by the device responsive to the analysis according to one or
more predefined criteria. The stimulus is typically intended to
modify respiration of the user, for example, by training the
user to initiate a new breathing pattern. For example, the
output signal may direct the user to change the timing of
inspiration and expiration so as to cause a reduction in a ratio
of inspiration to expiration (the I:E ratio). For some interven-
tions, it is desirable to reduce this ratio, for example, typically,
to 1:4, from a pre-intervention level typically of 1:1 or 1:2.
For some applications, the benefit-related variable is an
amplitude of the respiration, and changes in the I:E ratio are
engendered so as to cause gradual changes (e.g., during one
session or over multiple sessions) in the amplitude.
[0196] Inanembodiment of the present invention, BRP are
associated with variability or regularity of some aspects of the
sensor signal, such as envelope, amplitude or times between
designated points (i.e., a period of the sensor signal) For
example, such variability may be expressed as the standard
deviation (SD) of an aspect, calculated for data stored during
a most recent period of time, typically about one minute. An
unmodified SD may be used when the sensor signal is mea-
suring an absolutely determined biorhythmic variable, such
as heart period or rate. When the variable being measured has
absolute meaning but is not calibrated, e.g., skin pulse vol-
ume, a relative variability may be defined by the value of the
SD divided by the mean value of the aspect over the period
used to calculated the SD, for example, the SD of amplitude
divided by the mean of amplitude. When the variable being
measured is not calibrated and is measured against an arbi-
trary reference value, e.g. respiration envelopes in some sen-
sors, the variability may be defined by the SD of the aspect
divided by the mean of another related aspect, e.g., the SD of
an envelope divided by the mean of a related amplitude. In an
embodiment, variability of biorhythmic activity is expressed
by the following equation:

variability=1- fSD(upper envelope)+SD(amplitude)]/

mean(amplitude)

[0197] which approach to unity when the biorhythmic
activity cycles possess almost identical structure. The inven-
tor believes that such measures for variability or regularity as
benefit-related parameters provide valuable feedback about
the condition of the user and/or the efficacy of the interven-
tion.
[0198] It is believed that respiratory modulation of heart
rate (or period) and skin pulse volume reflect the functionality
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of the nervous system. More precisely, these physiological
variables express the dynamic balance between sympathetic
and parasympathetic neural activity, which is impaired in
some cardiovascular diseases, such as hypertension and CHF.
In an embodiment of the present invention, BRP is calculated
based on this physiological understanding,. In order to quan-
titatively isolate the respiratory contribution to the variability
of respiratory modulation of heart rate (or period) and skin
pulse volume, a cross-correlation analysis between (a) the
respiration signal and (b) the heart rate signal or the skin pulse
volume signal, is typically performed (these signals are illus-
trated in F1G. 4).

[0199] Inanembodiment of the present invention, the HSP
correspond to the mean values or trends that are desired to be
maintained within limits, as described in the above-cited U.S.
patent application Ser. No. 09/611,304 and *049 PCT Publi-
cation. In an embodiment, the trend of a calculated variability
of one or more physiological variables is used as an HSP. For
example, when respiration is used as the biorhythmic activity,
and the intervention is directed towards reducing the rate of
respiration as much as possible, as described in the above-
mentioned U.S. Pat. No. 5,076,281, breathing regularity (an
HSP) may begin to decline if the user forces himself or herself
to breathe more slowly and deeply, which tends to make the
intervention inefficient. Comparator 42 typically indicates
the detection of such a trend to driver 44, which is pro-
grammed to guide the user to a breathing pattern with
improved breathing regularity.

[0200] In an embodiment of the present invention, sensor
32 comprises a first and a second sensor, which generate a first
sensor signal and a second sensor signal, respectively. The
first characteristic is derived from the first and/or the second
sensor signal, while the second characteristic is derived from
both the first and the second sensor signals. For example, for
some applications, the first and second sensors comprise
respective respiration sensors that monitor abdominal breath-
ing and thoracic breathing, respectively. In these applications,
the voluntary action of the user comprises respiration, and the
modifiable parameters of the voluntary action typically
include one or more timing parameters of the respiration. The
benefit-related variable is (a) a phase difference between
abdominal breathing and thoracic breathing, which the inter-
vention attempts to reduce; (b) a ratio of abdominal breathing
amplitude to thoracic breathing amplitude, which the inter-
vention attempts to increase; or (¢) a combination of (a) and
(b). For example, in CHF and COPD the abdominal muscles
often exhibit reduced functionality, as indicated by a reduced
ratio of abdominal to thoracic breathing amplitude. The inter-
vention attempts to increase this ratio and thereby have a
positive effect on aspects of these conditions.

[0201] In an embodiment of the present invention, sensor
32 comprises an electrocardiogram (ECG) sensor, which
typically detects respiration using the impedance method.
BAP is determined using the ECG sensor, and is used for
guiding the respiration of the user, typically using techniques
described in the above-referenced U.S. Pat. No. 5,076,281.
Typically, heart rate and heart rate variability provide the HSP
and BRP.

[0202] In an embodiment of the present invention, sensor
32 comprises a photoplethysmography sensor, which moni-
tors skin blood volume changes. The signal generated by the
photoplethysmography sensor contains both respiratory
components and vasomotor activity components, typically at
4-8 cycles per minute, at which slow breathing guided by
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system 20 has a resonance-like effect with the cardiovascular
system, and is associated with a reduction in peripheral vas-
cular resistance. BRP is typically represented by the ampli-
tude of skin pulse volume, and BAP is represented by the
average frequency of skin pulse volume. Since vasoconstric-
tion of small blood vessels, as indicated by a reduction in skin
pulse volume, is an undesired effect, this parameter may
additionally represent HSP for some applications.

[0203] In an embodiment of the present invention, sensor
32 comprises a set of two photoplethysmography sensors
operated at different wavelengths, which together function as
a pulse oximeter, which monitors blood oxygen saturation
(Sp02). SpO2 is a valuable clinical indication in CHEF and
COPD, as low SpO2 is associated with low oxygen supply to
tissue. As such, SpO2 may be used for both BRP and HSP.
Furthermore, irregular SpO?2 indicates a pathological status.
One or both of the sensors of the pulse oximeter also are able
to generate all of the physiological variables mentioned here-
inabove, for use with embodiments employing a single sen-
sor.

[0204] In an embodiment, sensor 32 comprises a flow
meter, a heated wire (for monitoring respiratory air flow), a
fast-responding temperature sensor for monitoring rhythmic
aspects of biorhythmic activity, a cardiac activity sensor, a
muscle activity sensor, one or more electromyography
(EMG) electrodes, an electroencephalogram (EEG) monitor,
a microvascular property sensor, a laser Doppler sensor, a
finger plethysmograph, a pressure cuff, or a strain gauge.
Alternatively or additionally, sensor 32 is adapted to sense
organ temperature, blood gas concentration, concentration of
gases emitted from a tissue, electrical impedance of at least
one organ of the user, or a change in a circumference, a
volume, or a pressure of an organ of the user.

[0205] In an embodiment of the present invention, sensor
32 comprises a capnometer, which measures CO2 changes
during the respiration cycle. The capnometer can function as
a respiration monitor. End-tidal CO2 is an indicator of inap-
propriate ventilation and muscle fatigue, which generally
characterize CHF and COPD pathology. End-tidal CO2
therefore may represent BAP, BRP, and/or HSP. End-tidal
CO2 is of particular clinical significance during the process of
weaning a patient from ventilation. In an embodiment, sys-
tem 20 is used during this weaning process, optionally in
conjunction with techniques described in the above-refer-
enced U.S. patent application Ser. No. 09/611,304 and 049
PCT Publication.

[0206] In accordance with an embodiment of the present
invention, sensor 32 comprises a microphone, adapted to
monitor respiratory sounds, from which BAP is derived.
These sounds are typically analyzed to determine an indica-
tion of the status of the user’s airways, which generate the
sounds with the air that flows therethrough. In asthma and
other breathing-related conditions, the intervention per-
formed by system 201s believed to lead to relief of symptoms,
as expressed in the spectrum of the respiratory sounds. Thus,
the same sound may be analyzed to determine both BRP and
HSP.

[0207] In an embodiment of the present invention, system
20 comprises a docking station (not shown), to which system
20 may be docked. The docking station has compartments for
storing control unit 30, sensors 32 and 34, and stimulation
unit 36. Typically, the control station additionally comprises
abattery charger, for charging batteries of control unit 30, and
a communications unit, which comprises a communications
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port, typically adapted to connect to an ordinary telephone
jack, and means for electrically coupling the communications
unit to the control unit.

[0208] Insome embodiments of the present invention, the
first and second characteristics (e.g., I:E ratio and inspiration
amplitude) are monitored simultaneously. In other embodi-
ments, the first and second characteristics are monitored non-
simultaneously. For example, during a first phase of opera-
tion, system 20 may record a baseline measurement of values
of the second characteristic, which measurement is a diag-
nostic indication of the physiological status of the user before
undergoing the device-generated intervention. During a sec-
ond phase of operation, system 20 performs the intervention
responsive to this baseline measurement.

[0209] In an embodiment of the present invention, the user
stimulus is in the form of a game, and the parameters of the
game are altered so that playing the game induces the user to
modify a parameter of the voluntary action.

[0210] In an embodiment of the present invention, control
unit 30 is adapted to perform the intervention by generating a
user stimulus to which the user reacts involuntarily. Typically,
such an involuntary user stimulus is applied slightly out of
phase with the biorhythmic activity it is desired to modify, for
example, respiration. This approach may be used, for
example, when the user is a subject whose autonomic control
of breathing is impaired, such as an unconscious subject, for
example, when the subject is in a coma or under anesthesia.
Additionally, this approach may be used when the subject is
sleeping, such as when the subject suffers from sleep apnea
caused by the subject’s inadequate control over breathing.
For example, by auditory or other stimulation, the interven-
tion may stimulate respiratory muscles of an unconscious
subject who is spontaneously breathing.

[0211] Even when an intervention is applied to a conscious
user, for some applications, the user semi-consciously or
unconsciously modifies an aspect of voluntary action. For
example, as described hereinabove, many people uncon-
sciously and effortlessly entrain their breathing, walking, or
running to an outside rhythmic stimulus, such as strongly-
rhythmic music or even a blinking light. Similarly, some of
these embodiments of the present invention may be applied to
people who are not consciously attempting to coordinate the
voluntary action with the rhythm of the applied intervention.
Thus, for some applications, a user of some of these embodi-
ments may read, talk, eat, or even sleep, while one or more
sensors are measuring respective physiological variables of
the user, and an intervention such as is described herein is
applied to the user.

[0212] In an embodiment of the present invention, system
20 guides user 22 to change his or her breathing pattern in a
way that typically increases tissue oxygenation. This appli-
cation of the present invention is particularly useful in the
treatment of congestive heart failure (CHF), which often
causes afflicted patients to demonstrate Cheyne-Stokes res-
piration. This breathing pattern leads to a drop in average
tissue oxygenation, because excessively-slow breathing does
not supply sufficient levels of oxygen to the body, and hyper-
ventilation places a severe load on the patient’s already weak
heart and does not optimally oxygenate the body. Preferably,
musical patterns include musical or vocal guidance to the user
to inhale and to exhale according to a schedule which gradu-
ally brings his respiration into a desired, healthy pattern, so as
to increase tissue oxygenation. In accordance with a preferred
embodiment of the present invention, protocols described in
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the above-cited articles by Mortara and Bernardi are utilized
in applying the techniques described herein, so as to obtain
desired increases in tissue oxygenation. The musical or vocal
guidance to inhale may include, for example, a flute playing
a sequence of notes which generally rises in pitch and/or
volume, while the direction to exhale may include cello or
guitar notes which fall in pitch and/or volume. Alternatively,
the user is instructed at the beginning of the session to inhale
whenever he hears a flute or a tone having a specified high
pitch, and to exhale whenever he hears the cello, guitar or a
tone having a specified low pitch. Preferred protocols for
generating the music are described in the above-referenced
U.S. patent application Ser. No. 09/611,304 and *049 PCT
Publication, particularly with reference to FIG. 16 thereof.
[0213] In some applications, sensor 32 conveys signals
which are indicative of skin blood volume and/or blood oxy-
gen levels. In response, biorhythmic activity modifier 52
adjusts rhythmic parameters of the music, so as to direct the
user to modify the duration of the inspiratory phase and/or the
expiratory phase, and to thereby drive the signals from sensor
32 towards desired values. For example, the inventor has
found that programming control unit 30 to gradually increase
the proportion of respiration spent in the expiratory phase,
while simultaneously gradually reducing the respiration rate
to about six breaths per minute, yields the desired results of
significant increases in blood oxygenation and significant
decreases in blood pressure in some patients.

[0214] In a manner analogous to that described herein-
above with respect to blood oxygenation, other autonomic
nervous system functions can be monitored and varied using
system 20, in accordance with an embodiment of the present
invention. For example, decreased heart rate variability is
known in the art to be associated with cardiovascular impair-
ment. (See, for example, the above-cited article by La Rovere
et al.) To treat this phenomenon, in one application sensor 32
sends signals to control unit 30 indicative of the heart rate of
user 22, and biorhythmic activity modifier 52 modifies
aspects of the music or other intervention so as to increase
heart rate variability. It has been shown that slow breathing
increases heart rate variability. (See, for example, the above-
cited article by Pitzalis et al.)

[0215] Alternatively or additionally, system 20 is operated
so as to increase the mechanical compliance of the user’s
blood vessels. This compliance reflects the ability of blood
vessels to expand in response to passage therethrough of
blood ejected from the heart. Sufficient levels of arterial com-
pliance are known to be important in buffering the pulsatile
pattern of the blood pushed at high pressure from the heart,
thereby smoothing the flow of blood into the microvascula-
ture. Reduced arterial compliance, by contrast, is associated
with improper function of baroreceptors which are used by
the body in the feedback systems which control blood pres-
sure. Arterial compliance is known to decrease with increas-
ing age, as well as in many cardiovascular diseases, such as
hypertension, congestive heart failure, and atherosclerosis.
Moreover, arterial compliance decreases in response to an
acute increase in blood pressure, and in response to increased
sympathetic nervous activity, e.g., when a person is experi-
encing mental stress.

[0216] Preferably, system 20 increases arterial compliance
in a manner generally analogous to that described herein-
above with respect to increasing blood oxygenation. Thus,
biorhythmic activity modifier 52 may modify parameters of
the music or other intervention presented to the user in order
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to determine suitable operating parameters which cause sig-
nals from sensor 32 to indicate that arterial compliance is
increasing. The inventor has found that many cardiovascular
indicators are optimized by causing the respiration rate or
another voluntary or involuntary physiological parameter of
the user to cycle at approximately 6 repetitions per minute.
[0217] Changes in arterial compliance are preferably mea-
sured by monitoring changes in the pulse wave velocity cor-
responding to each beat of the user’s heart. Decreases in pulse
wave velocity are generally desired, as they are derived from
increases in arterial compliance. Changes in the pulse wave
velocity are typically measured by calculating the time delay
between events corresponding to the same heart beat that are
measured at different distances from the heart. For example,
sensor 32 may comprise electrocardiogram electrodes and a
photoplethysmography sensor, and control unit 30 may mea-
sure changes in the time difference between the QRS complex
of the electrocardiographic signal measured by the electrodes
and the onset of a corresponding change in the photoplethys-
mography signal measured by the photoplethysmography
Sensor.

[0218] Preferably, biorhythmic activity modifier 52 sets the
musical breathing directions or other applied interventions so
as to maximally decrease the pulse wave velocity measure-
ments, while substantially continuously monitoring the
user’s ability to comfortably adhere to the breathing or other
regimen. For example, even if it were determined that an
additional marginal decrease in pulse wave velocity could be
attained by reducing the respiration rate from six to five
breaths per minute, such a reduction would typically not be
done if it were also determined that the user would take
excessively large breaths at the slower rate and/or overload
the heart and respiratory muscles.

[0219] For some applications of the present invention, it is
desirable to apply an intervention to user 22 at a frequency
between about 0.05 Hz and 0.15 Hz, which corresponds to the
vasomotor frequency associated with “Mayer waves”—peri-
odic fluctuations in lumen of the smaller blood vessels. For
example, the user may be directed to breathe at the vasomotor
frequency. Alternatively or additionally, stimulation unit 36
applies to other areas of the user’s body cyclic doses of a
mechanical input, such as positive or negative air or fluid
pressure. Further alternatively or additionally, electrodes,
magnets, heating or cooling units, or electromagnetic radia-
tion emitting units placed on, in, or near the user’s body, apply
or remove at the vasomotor frequency corresponding forms
of energy to or from the designated areas of the user’s body.
[0220] Inagiven individual, the vasomotor frequency var-
ies over long periods of time, and, the inventor believes, even
during short time periods such as a typical 15 minute session
when user 22 is interacting with system 20. Preferably, sensor
32 substantially continuously conveys signals to control umt
30 which are indicative of a current value of the vasomotor
frequency ofuser 22. Itis hypothesized that by closely match-
ing the frequency of application of an intervention to the
current value of the vasomotor frequency, system 20 is able to
achieve a form of cardiovascular resonance, which induces
significant improvements in known indicators of cardiovas-
cular health. (See, for example, the above-cited article by
Cook et al.) The intervention may include any of the inter-
ventions described herein, such as induced changes in respi-
ration rate, cyclically applied mechanical pressure, heat,
cooling, or application of electrical fields, magnetic fields, or
various forms of electromagnetic radiation. In a preferred
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embodiment, one or more of these interventions is applied
cyclically at the vasomotor frequency to injured tissue, in
order to enhance the healing of the tissue.

[0221] In cases where a patient has COPD, it is known in
the art to instruct the patient to increase his respiratory endur-
ance by breathing 15 breaths per minute through an inspira-
tory load, while spending 60% of each respiratory cycle
inhaling, and 40% of the cycle exhaling. Because of the high
levels of mental concentration and physical effort that such an
exercise requires, and because of the relatively boring nature
of the task, most patients have difficulty following such a
regimen, and even dedicated patients tend to stop performing
the exercise except under the direct supervision of a health-
care worker.

[0222] In some embodiments of the present invention, by
contrast, the mental effort is substantially eliminated, because
user 22 need only listen to the music and breathe in accor-
dance with its rhythm and pattern. In addition, by being
responsive in real-time to the user’s current breathing pattern,
this embodiment provides significantly more functionality
than would, for example, an “inhalation indicator light,”
which simply has a 60% duty cycle and turns on 15 times per
minute. Biorhythmic activity modifier 52, by contrast, typi-
cally gradually changes the user’s breathing pattern from its
initial measured state (e.g., 8 breaths per minute, 30% inhale
and 70% exhale) to the desired final state. Preferably, this
change is caused by guiding the user’s respiration through a
two-dimensional parameter space defined by {[Breathing
Rate], [Inspiration: Expiration Ratio] }. Typically, the proces-
sor guides the user’s respiration from a point in the space
representing the initial state, along the shortest path through
the space, to a point in the space representing the desired final
state. It is noted that the biorhythmic activity modifier pref-
erably tracks the user’s ability to breathe at each of the points
along this path, and does not direct him/her to push harder
towards a later goal if s/he has not successfully attained the
current respiration requirement.

[0223] Tt is known that the respiratory system of some
patients is slow to recover following surgery, and that other
patients take days or weeks to successfully wean themselves
from a mechanical ventilator. Therefore, some applications of
the present invention are directed towards using the apparatus
and methods described herein, mutatis mutandis, to gradually
retrain ventilator-dependent or post-surgery patients in
proper breathing techniques. Many mechanical ventilators
for use with alert patients are triggered to support the patients’
breathing efforts, rather than to dictate the timing and depth of
every breath. Because some embodiments of the present
invention utilize the user’s voluntary control over his/her own
breathing, it is preferable to use such triggered ventilators
when employing system 20 to wean ventilator-dependent
patients.

[0224] Techniques described herein may be practiced in
conjunction with techniques described in the above-refer-
enced U.S. patent application Ser. No. 09/611,304 and 049
PCT Publication.

[0225] It will be understood that whereas embodiments of
the present invention have been described generally with
respect to a user having a pathology, it is within the scope of
the present invention for the user to be generally healthy, and
to choose to use aspects of the present invention in order to
obtain psychological stress-relief and/or relaxation, or for
purposes of muscle re-education, athletic training, or enter-
tainment.
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[0226] 1t will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations
and subcombinations of the various features described here-
inabove, as well as variations and modifications thereof that
are not in the prior art, which would occur to persons skilled
in the art upon reading the foregoing description.

What is claimed is:

1. A method for facilitating improving health of a user,
comprising:

receiving a sensor signal indicative of biorhythmic activity

of the user, the sensor signal having a first characteristic,
indicative of a voluntary action of the user, and a second
characteristic, indicative of a benefit-related variable of
the user; and

generating an output signal responsive to the second char-

acteristic, the output signal directing the user to modify
a parameter of the voluntary action indicated by the first
characteristic.

2. The method of claim 1, wherein the first characteristic is
selected from the list consisting of: a period of an aspect ofthe
sensor signal, a rate of an aspect of the sensor signal, a rise
time of an aspect of the sensor signal, a fall time of an aspect
of the sensor signal, a time derivative at a point of an aspect of
the sensor signal, a maximum of the time derivative, a mini-
mum of the time derivative, an amplitude of a maximum of an
aspect of the sensor signal averaged over two or more bio-
rhythmic cycles ofthe aspect, and an amplitude ofa minimum
of an aspect of the sensor signal averaged over two or more
cycles of the aspect, and wherein receiving the sensor signal
comprises receiving the sensor signal having the first charac-
teristic.

3. The method of claim 1, wherein the second characteristic
includes a variability of an aspect of the biorhythmic activity,
the aspect selected from the list consisting of: an envelope of
the biorhythmic activity, an amplitude of the biorhythmic
activity, a period of the biorhythmic activity, a standard devia-
tion (SD) of the envelope, an SD of the amplitude, and an SD
of the period, and wherein generating the output signal com-
prises generating the output signal responsive to the variabil-
ity of the aspect.

4. The method of claim 1, wherein generating the output
signal comprises: generating the output signal in the form of
a game, and altering parameters of the game so as to induce
the user to modify the parameter of the voluntary action.

5. The method of claim 1, wherein the biorhythmic activity
includes muscle activity of the user, and wherein receiving the
sensor signal comprises receiving the sensor signal indicative
of the muscle activity.

6. The method of claim 1, wherein the biorhythmic activity
includes cardiac activity, and wherein receiving the sensor
signal comprises receiving the sensor signal indicative of the
cardiac activity.

7. The method of claim 1, wherein receiving the sensor
signal comprises making a measurement selected from the
list consisting of: a fast temperature measurement, an elec-
trocardiographic measurement, an electromyographic mea-
surement, an electroencephalographic measurement, a blood
gas concentration measurement, a measurement made pho-
toelectrically, a photoplethysmographic measurement, a
pulse oximeter measurement, a measurement of a concentra-
tion of a gas emitted from a tissue, a measurement of an
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electrical impedance of at least one organ of the user, a mea-
surement of a microvascular property of the user, and a laser
Doppler measurement.

8. The method of claim 1, wherein the benefit-related vari-
able is an amplitude of respiration of the user, and wherein
generating the output signal comprises configuring the output
signal to direct the user to modify the parameter of the vol-
untary action so as to cause the improvement in the amplitude
of the respiration.

9. The method of claim 1, wherein the benefit-related vari-
able is selected from the list consisting of: a frequency of
respiration of the user, a blood pressure of the user, a blood
oxygenation saturation of the user, an end-tidal CO2 level of
the user, a tissue oxygenation level of the user, a pulse-wave
velocity of the user, variations in a skin blood volume of the
user, a measure of peak air flow of the user, an amplitude of a
skin pulse volume of the user, an arterial compliance of the
user, and a parameter of an electrocardiogram of the user, and
wherein generating the output signal comprises configuring
the output signal to direct the user to modify the parameter of
the voluntary action so as to cause the improvement in the
benefit-related variable.

10. The method of claim 1, wherein generating the output
signal comprises generating an intelligible stimulus, so as to
direct the user to modify the parameter of the voluntary
action.

11. The method of claim 10, wherein generating the intel-
ligible stimulus comprises generating at least one stimulus
selected from the list consisting of> an image, alpha-numeric
text, a sound, a sound pattern, and a dynamic graphical pat-
tern, so as to direct the user to modify the parameter of the
voluntary action.

12. The method of claim 1, wherein the biorhythmic activ-
ity includes respiration, and wherein receiving the sensor
signal comprises receiving the sensor signal indicative of the
respiration.
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13. The method of claim 12, wherein receiving the sensor
signal comprises sensing respiration by sensing respiratory
air flow of the user.

14. The method of claim 12, wherein receiving the sensor
signal comprises sensing respiration by sensing breath
sounds of the user.

15. The method of claim 12, wherein the voluntary action
includes the respiration, and wherein generating the output
signal comprises generating the output signal to direct the
user to modify a parameter of the respiration.

16. The method of claim 15, wherein the first characteristic
includes at least one breathing parameter selected from:
inspiration time and expiration time, and wherein receiving
the sensor signal comprises receiving the sensor signal having
the first characteristic.

17. The method of claim 15, wherein the first characteristic
includes an end-tidal CO, level of the user, and wherein
receiving the sensor signal comprises receiving the sensor
signal having the first characteristic.

18. The method of claim 15, wherein the parameter of the
respiration includes one or more timing parameters of the
respiration, and wherein generating the output signal com-
prises generating the output signal to direct the user to modify
the timing parameters of the respiration.

19. The method of claim 18, wherein the timing parameters
include a pattern of inspiration and expiration of the user, and
wherein generating the output signal comprises generating
the output signal to direct the user to modify the pattern.

20. The method of claim 19, wherein generating the output
signal comprises generating the output signal to direct the
user to modify the pattern so as to reduce a ratio of a time
period of the inspiration to a time period of the expiration.

I S T T



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A
RHA

IPCH %S

CPCH %S

H AT SOk

S EREEEE

BEX)

RHTERERENEE  HETFEETRENAFNEN T EED
MERRES  AREGSEFETAINBARIENSE —RBE , UKk
ERaNE-RBE. AFNSEINEXNTE, ZRELTERHET ,
BTERERSRES  HAWNTE RIS EREES  ZREES
5N PSR E S —BEE TN BRIENSH.

patsnap
BRUTEYTEIINEEN S E

US20140155714A1 N (g 2014-06-05

US14/174437 RiEH 2014-02-06

BIntercure LTD.

#Intercure LTD.

GAVISH BENJAMIN

GAVISH, BENJAMIN

A61B5/00 A61B5/01 A61B5/0402 A61B5/0488 A61B5/0476 A61B7/00 A61B5/1455 A61B5/02 A61B5
/0205 A61B5/021 A61B5/0295 A61B5/11 A61B5/145

A61B5/486 A61B7/003 A61B5/02007 A61B5/0205 A61B5/021 A61B5/02416 A61B5/0295 A61B5/0402
A61B5/0476 A61B5/0488 A61B5/1118 A61B5/14542 A61B5/14551 A61B5/4857 A61B5/7405 A61B5
/743 A61B5/01 A61B5/6831 A61B5/7239

uS10531827

Espacenet USPTO

——20



https://share-analytics.zhihuiya.com/view/82e5a5ab-7811-4c4b-af91-5f569e0c662f
https://worldwide.espacenet.com/patent/search/family/032507316/publication/US2014155714A1?q=US2014155714A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140155714%22.PGNR.&OS=DN/20140155714&RS=DN/20140155714

