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(57) ABSTRACT

A method is provided for predicting an onset of a clinical
episode, the method including sensing breathing of a subject,
determining at least one breathing pattern of the subject
responsively to the sensed breathing, comparing the breath-
ing pattern with a baseline breathing pattern, and predicting
the onset of the episode at least in part responsively to the
comparison. Other embodiments are also described.
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TECHNIQUES FOR PREDICTION AND
MONITORING OF
COUGHING-MANIFESTED CLINICAL
EPISODES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 60/541,779, filed Feb. 5, 2004,
entitled, “Method and apparatus for prediction and monitor-
ing of respiration manifested clinical episodes,” which is
assigned to the assignee of the present application and is
incorporated herein by reference.

[0002] This application is related to a PCT patent applica-
tion filed on even date herewith, entitled, “Techniques for
prediction and monitoring of respiration-manifested clinical
episodes,” which is assigned to the assignee of the present
patent application and is incorporated herein by reference.

FIELD OF THE INVENTION

[0003] The present invention relates generally to predicting
and monitoring abnormal physiological conditions, and spe-
cifically to methods and apparatus for predicting and moni-
toring abnormal physiological conditions by measuring and
analyzing characteristics of respiration.

BACKGROUND OF THE INVENTION

[0004] Chronic diseases are often expressed by episodic
worsening of clinical symptoms. Preventive treatment of
chronic diseases reduces the overall dosage of required medi-
cation and associated side effects. Generally, preventive treat-
ment should be initiated or intensified as soon as the earliest
clinical symptoms are detected, in order to prevent progres-
sion and worsening of the clinical episode and to stop and
reverse the pathophysiological process. Therefore, an ability
to accurately monitor pre-episodic indicators increases the
effectiveness of preventive treatment of chronic diseases.
[0005] Many chronic diseases interfere with normal breath-
ing patterns, through a variety of physiological mechanisms.
Common respiratory disorders, such as asthma, chronic
obstructive pulmonary disease (COPD), and cystic fibrosis
(CF), are direct modifiers of breathing patterns. Other chronic
diseases, such as diabetes, epilepsy, and certain heart dis-
eases, are also known to modify breathing activity, because of
pathophysiologies leading to abnormal sympathetic and para-
sympathetic neural activity.

[0006] Asthma is a chronic disease with no known cure.
Substantial alleviation of asthma symptoms is possible via
preventive therapy, such as the use of bronchodilators and
anti-inflammatory agents. Asthma management is aimed at
improving the quality of life of asthma patients. Asthma man-
agement presents a serious challenge to the patient and phy-
sician, as preventive therapies require constant monitoring of
lung function and corresponding adaptation of medication
type and dosage. However, monitoring of lung function is not
simple, and requires sophisticated instrumentation and exper-
tise, which are generally not available in the non-clinical or
home environment.

[0007] Monitoring of lung function is viewed as a major
factor in determining an appropriate treatment, as well as in
patient follow-up. Preferred therapies are based on aerosol-
type medications to minimize systemic side-effects. The effi-
cacy of aerosol type therapy is highly dependent on patient
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compliance, which is difficult to assess, further contributing
to the importance of lung-function monitoring.

[0008] Asthma episodes usually develop over a period of
several days, although they may sometimes seem to appear
unexpectedly. The gradual onset of the asthmatic episode
provides an opportunity to start countermeasures to stop and
reverse the inflammatory process. Early treatment at the pre-
episode stage may reduce the clinical episode manifestation
considerably, and may even prevent the transition from the
pre-clinical stage to a clinical episode altogether.

[0009] Two techniques are generally used for asthma moni-
toring. The first technique, spirometry, evaluates lung func-
tion using a spirometer, an instrument that measures the vol-
ume of air inhaled and exhaled by the lungs. Airflow
dynamics are measured during a forceful, coordinated inha-
lation and exhalation effort by the patient into a mouthpiece
connected via a tube to the spirometer. A peak-flow meteris a
simpler device that is similar to the spirometer, and is used in
a similar manner. The second technique evaluates lung func-
tion by measuring nitric-oxide concentration using a dedi-
cated nitric-oxide monitor. The patient breathes into a mouth-
piece connected via a tube to the monitor.

[0010] Efficient asthma management requires daily moni-
toring of respiratory function, which is generally impractical,
particularly in non-clinical or home environments. Peak-flow
meters and nitric-oxide monitors provide a general indication
of the status of lung function. However, these monitoring
devices do not possess predictive value, and are used as dur-
ing-episode markers. In addition, peak-flow meters and
nitric-oxide monitors require active participation of the
patient, which is difficult to obtain from many children and
substantially impossible to obtain from infants.

[0011] Congestive heart failure (CHF) is a condition in
which the heart is weakened and unable to circulate blood to
meet the body’s needs. The subsequent buildup of fluids in the
legs, kidneys, and lungs characterizes the condition as con-
gestive. The weakening may be associated with either the left,
right, or both sides of the heart, with different etiologies and
treatments associated with each type. In most cases, it is the
left side of the heart which fails, so that it is unable to effi-
ciently pump blood to the systemic circulation. The ensuing
fluid congestion of the lungs results in changes in respiration,
including alterations in rate and/or pattern, accompanied by
increased difficulty in breathing and tachypnea.

[0012] Quantification of such abnormal breathing provides
a basis for assessing CHF progression. For example, Cheyne-
Stokes Respiration (CSR) is a breathing pattern characterized
by rhythmic oscillation of tidal volume with regularly recur-
ring periods of alternating apnea and hyperpnea. While CSR
may be observed in a number of different pathologies (e.g.,
encephalitis, cerebral circulatory disturbances, and lesions of
the bulbar center of respiration), it has also been recognized as
an independent risk factor for worsening heart failure and
reduced survival in patients with CHF. In CHF, CSR is asso-
ciated with frequent awakening that fragments sleep, and
with concomitant sympathetic activation, both of which may
worsen CHF. Other abnormal breathing patterns may involve
prolonged expiration or inspiration, or gradual changes in
respiration rate usually leading to tachypnea.

[0013] U.S. Pat. No. 5,853,005 to Scanlon, which is incor-
porated herein by reference, describes a transducer in com-
munication with fluidin a pad. The padis held in close contact
against a sound or movement source, and monitors acoustic
signals transferred into the fluid. The signal pattern is moni-
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tored aurally and/or compared to predetermined reference
patterns, and optional control and stimulation means can be
activated in response to the comparison results. The sensed
acoustic signal can be transmitted to a remote receiver or
processed locally. Typically, the acoustic signal is represen-
tative of the heartbeat or breathing of a living organism. The
monitoring system may be applied to diverse situations
including SIDS, apnea, home baby monitoring, medical
transport devices, blood pressure cuffs, seats, combat casu-
alty care and hand-held devices. An embodiment is described
in which the system is attached to home or institution mat-
tresses for health monitoring, recovery, research, or presence
detection.

[0014] U.S. Pat. No. 6,666,830 to Lehrman et al., which is
incorporated herein by reference, describes a system for
detecting the onset of an obstructive sleep apnea event before
the obstructive sleep apnea event fully develops, and before
the cessation of breathing occurs. The system includes one or
more microphones capable of detecting breathing sounds
within an airway of a person. The microphones generate
signals representative of the breathing sounds, and send the
signals to a controller. The controller identifies at least one
signal pattern that is associated with a breathing pattern of the
person that occurs at the onset of an obstructive sleep apnea
event. The controller may also identify at least one signal
pattern that is associated with a partially-occluded breathing
pattern of the person. The controller identifies the signal
patterns by using digital signal processing techniques to ana-
lyze the signals representative of breathing sounds. The
method involves detecting breathing sounds within an airway
of'a person, generating signals representative of the breathing
sounds, and identifying at least one signal pattern that is
associated with a breathing pattern of the person that occurs at
the onset of an obstructive sleep apnea event.

[0015] U.S. Pat. No. 6,790,183 to Murphy, which is incor-
porated herein by reference, describes a lung sound diagnos-
tic system for use in collecting, organizing and analyzing lung
sounds associated with the inspiration(s) and expiration(s) of
a patient. The system includes a plurality of transducers that
may be placed at various sites around the patient’s chest. The
microphones are coupled to signal processing circuitry and
A/D converters which digitize the data and preferably pro-
vides the digital data to a computer station. The system may
also include application programs for detecting and classify-
ing abnormal sounds. The resulting information may be dis-
played in a variety of formats to facilitate diagnosis. Addi-
tionally, the system may include an analysis program for
comparing selected criteria corresponding to the detected
abnormal sounds with predefined thresholds in order to pro-
vide a likely diagnosis. Also described are a system and
method for differentiating between the crackles produced by
an patient with interstitial pulmonary fibrosis (IPF) from the
crackles produced by a CHF patient.

[0016] U.S. Pat. No. 6,168,568 to Gavriely, which is incor-
porated herein by reference, describes a phonopneumograph
system for analyzing breath sounds. The system includes a
plurality of breath-related sensors placed around the respira-
tory system of a patient for measuring breath-related activity,
and a breath analyzer. The breath analyzer matches the breath
sound data produced by the breath-related sensors to a plu-
rality of breath sound templates, each of which parameterizes
one type of breath sound, and determines the presence of
regular and/or adventitious breath sounds only when the

May 15, 2008

breath sound data matches, within predetermined goodness
of fit criteria, one or more of the breath sound templates.
[0017] U.S.Pat. No. 6,261,238 to Gavriely, which is incor-
porated herein by reference, describes a method for analyzing
breath sounds produced by a respiratory system. The method
includes measuring breath sounds produced by the respira-
tory system; tentatively identifying a signal as being caused
by a breath sound of a given type if it meets a first criterion
characteristic of the breath sound of the given type; and con-
firming the identification if a tentatively identified signal
meets a second criterion characteristic of the breath sound of
the given type.

[0018] U.S. Pat. No. 5,738,102 to Lemelson, which is
incorporated herein by reference, describes a system for
monitoring and computer analyzing select physiological vari-
ables of a patient in real time in order to alert medical per-
sonnel to the need for medical treatment or automatically
administering such treatment under computer control. Such
physiological variables monitored by the system may include
lung sounds, respiratory rate and rhythm, heart rate and
rhythm, heart sounds, and body temperature. Coded signals
relating to the physiological variables are produced and com-
pared with reference versions of same by a decision computer
in order to evaluate the patient’s condition. If the evaluation
indicates medical treatment is needed, the decision computer
activates a local and/or a remote alarm to alert medical per-
sonnel and/or activates one or more actuators for administer-
ing a medical treatment such as the injection or infusion of a
drug.

[0019] An article by Shochat M et al., entitled, “Pedema-
TOR: Innovative method for detecting pulmonary edema at
the pre-clinical stage,” undated, available at http://www.is-
ramed.info/rsmm_rabinovich/pedemator.htm, which s
incorporated herein by reference, describes an impedance
monitor for pre-clinical detection of pulmonary edema. The
impedance monitor measures “internal thoracic impedance”
(ITD), which is roughly equal to lung impedance, by automati-
cally calculating skin-electrode impedance and subtracting it
from the measured transthoracic impedance (TTI).

[0020] The following articles, which are incorporated
herein by reference, may be of interest:

[0021] Bentur L et al., “Wheeze monitoring in children for
assessment of nocturnal asthma and response to therapy,” Eur
Respir J 21(4):621-626 (2003).

[0022] Stegmaier-Stracca P A et al., “Cough detection
using fuzzy classification,” Symposium on Applied Comput-
ing, Proceedings of the 1995 ACM Symposium on Applied
Computing, Nashville, Tenn., United States, pp. 440-444
(1995).

[0023] Waris M etal., “A new method for automatic wheeze
detection,” Technol Health Care 6(1):33-40 (1998).

[0024] The inclusion of the foregoing references in this
Background section does not imply that they constitute prior
art or analogous art with respect to the invention disclosed
herein.

SUMMARY OF THE INVENTION

[0025] In some embodiments of the present invention, a
method for monitoring a chronic medical condition com-
prises non-invasively monitoring at least one breathing pat-
tern of a subject, typically during sleep at night. The pattern is
analyzed in order to (a) predict an approaching clinical epi-
sode, such as an asthma attack, and/or (b) monitor the severity
and progression of a clinical episode as it occurs. Analyzing
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the pattern typically comprises comparing the pattern to a
baseline pattern. Prediction of an approaching clinical epi-
sode facilitates early preventive treatment, which generally
reduces the required dosage of medication.
[0026] In some embodiments of the present invention, the
breathing pattern is monitored by continuously acquiring
breathing-related body motion data of the subject during
sleep. The motion data is processed to yield at least one
periodic breathing-related movement pattern, from which the
breathing pattern is extracted. For some applications, the
motion data is acquired using a sensing device that does not
come in contact with the subject or clothes the subject is
wearing. For example, the sensing device may be a pressure
gauge, which is typically adapted to be installed under a
mattress upon which the subject sleeps. Because the data
acquisition is non-invasive (and typically not noticeable), it is
generally suitable for monitoring both children and adults in
a home environment.
[0027] The effectiveness of the techniques described herein
is in part based on the observation that some chronic medical
conditions interfere with normal breathing during sleep and
while awake, resulting in condition-specific abnormal breath-
ing patterns. Various direct and indirect physiological mecha-
nisms modify breathing patterns, resulting in specific patterns
related to the cause of modification. Respiratory diseases,
such as asthma, chronic obstructive pulmonary disease
(COPD), and cystic fibrosis (CF), directly modify breathing
patterns, while physiological abnormalities associated with
some conditions indirectly modify breathing patterns. For
example, such indirect breathing pattern-modifying physi-
ological abnormalities include: (a) congestive heart failure
(CHF), which sometimes causes abnormal breathing patterns
such as Cheyne-Stokes Respiration (CSR), (b) hypoglyce-
mia, such as caused by diabetes, and (c¢) abnormal autonomic
nervous system activity, such as caused by some neurological
conditions.
[0028] In some embodiments of the present invention, a
system for monitoring chronic medical conditions comprises
a breathing-related motion acquisition module, a breathing
pattern analysis module, and an output module.
[0029] There is therefore provided, in accordance with an
embodiment of the present invention, a method for predicting
an onset of a clinical episode, including:
[0030] sensing breathing of a subject;
[0031] determining at least one breathing pattern of the
subject responsively to the sensed breathing;
[0032] comparing the breathing pattern with a baseline
breathing pattern; and
[0033] predicting the onset of the episode at least in part
responsively to the comparison.
[0034] For some applications, the breathing pattern
includes a breathing rate pattern of the subject, the baseline
breathing pattern includes a baseline breathing rate pattern,
and comparing the breathing pattern with the baseline breath-
ing pattern includes comparing the breathing rate pattern with
the baseline breathing rate pattern.
[0035] For some applications, comparing includes deter-
mining the baseline breathing pattern by analyzing breathing
of the subject during at least one non-symptomatic period.
For some applications, comparing includes setting the base-
line breathing pattern responsively to a population average
breathing pattern.
[0036] Forsome applications, predicting the onset includes
predicting the onset responsively to a prolonged inspirium
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time of the subject, and/orto a prolonged expirium time of the
subject. For some applications, the breathing pattern includes
successive segments of inspirium and expirium, and predict-
ing the onset includes predicting the onset responsively to a
trend towards greater durations of at least one of: the
inspirium segments and the expirium segments.

[0037] In an embodiment, the clinical episode includes an
episode associated with a condition selected from the list
consisting of: asthma, chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), CHF, diabetes, and epilepsy.
[0038] In an embodiment, the breathing pattern includes a
breathing duty-cycle pattern, and predicting the onset
includes predicting the onset responsively to an increase in a
breathing duty-cycle of the subject.

[0039] For some applications, sensing breathing of the sub-
ject includes sensing at least one breathing-related sound
selected from the list consisting of: a sound caused by wheez-
ing, and a sound caused by coughing, and predicting the onset
includes predicting the onset responsively to an aspect of the
breathing-related sound.

[0040] For some applications, sensing breathing of the sub-
ject includes sensing at least one type of breathing-related
mechanical vibrations selected from the list consisting of:
mechanical vibrations caused by wheezing, and mechanical
vibrations caused by coughing, and predicting the onset
includes predicting the onset responsively to an aspect of the
breathing-related mechanical vibrations.

[0041] In an embodiment, the breathing pattern includes a
breathing rate variability pattern, the baseline breathing pat-
tern includes a baseline breathing rate variability pattern, and
predicting the onset includes predicting the onset respon-
sively to a decrease in breathing rate variability over time
compared to the baseline breathing rate variability pattern.
For some applications, determining the at least one breathing
pattern includes determining the breathing rate variability
pattern and a slow trend breathing rate pattern, comparing the
breathing pattern with the baseline breathing pattern includes
comparing the breathing rate variability pattern with the base-
line breathing rate variability pattern, and comparing the slow
trend breathing rate pattern with a baseline slow trend breath-
ing rate pattern, and predicting the onset includes predicting
the onset responsively to both comparisons. For some appli-
cations, sensing the breathing includes sensing at least one of:
breathing sounds of the subject, and respiratory air-flow of the
subject. For some applications, the clinical episode includes
an asthma attack, and predicting the onset of the episode
includes predicting the onset of the asthma attack.

[0042] In an embodiment, the breathing pattern and the
baseline breathing pattern include respective slow trend
breathing rate patterns, and comparing the breathing pattern
with the baseline breathing pattern includes comparing the
slow trend breathing rate pattern with the baseline slow trend
breathing rate pattern. For some applications, the baseline
slow trend breathing rate pattern includes a monotonic
decline in breathing rate over at least 1 hour, and predicting
the onset includes predicting the onset responsively to a dif-
ference between the slow trend breathing rate pattern and the
monotonic decline in breathing rate.

[0043] In an embodiment, sensing the breathing includes
acquiring breathing-related body motion data of the subject.
For some applications, acquiring the body motion data
includes acquiring the body motion data while the subject is
sleeping. For some applications, determining the breathing
pattern includes analyzing the body motion data to determine
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a breathing-related movement pattern, and determining the
breathing pattern responsively to the breathing-related move-
ment pattern. For some applications, determining the breath-
ing pattern includes removing non-breathing-related motion
data from the body motion data. For example, removing the
non-breathing-related motion data from the body motion data
may include applying analysis techniques such as frequency-
domain spectral analysis or time-domain regression analysis.
[0044] In an embodiment, acquiring the body motion data
includes acquiring the body motion data without contacting
the subject or clothes the subject is wearing. For some appli-
cations, the clinical episode includes an asthma attack, and
predicting the onset of the episode includes predicting the
onset of the asthma attack. For some applications, acquiring
the breathing-related body motion data includes measuring a
pressure. For some applications, measuring the pressure
includes measuring a pressure at a mattress upon which the
subject lies. Alternatively or additionally, measuring the pres-
sure includes measuring a pressure under a mattress upon
which the subject lies. Further alternatively or additionally,
measuring the pressure includes measuring a pressure under
a mattress covering upon which the subject lies, for example,
a sheet, a mattress pad, or a mattress cover.

[0045] For some applications, the breathing pattern
includes a breathing rate variability pattern, the baseline
breathing pattern includes a baseline breathing rate variabil-
ity pattern, and predicting the onset includes predicting the
onset responsively to a decrease in breathing rate variability
over time compared to the baseline breathing rate variability
pattern. For some applications, determining the at least one
breathing pattern includes determining the breathing rate
variability pattern and a slow trend breathing rate pattern;
comparing the breathing pattern with the baseline breathing
pattern includes comparing the breathing rate variability pat-
tern with the baseline breathing rate variability pattern, and
comparing the slow trend breathing rate pattern with a base-
line slow trend breathing rate pattern; and predicting the onset
includes predicting the onset responsively to both compari-
sons.

[0046] There is also provided, in accordance with an
embodiment of the present invention, a method including:

[0047] sensing breathing of a subject during a clinical
episode;
[0048] determining at least one breathing pattern of the

subject responsively to the sensed breathing;
[0049] comparing the breathing pattern with a baseline
breathing pattern; and
[0050] assessing a progression of the episode at least in

part responsively to the comparison.
[0051] For some applications, the breathing pattern
includes a breathing rate pattern of the subject, the baseline
breathing pattern includes a baseline breathing rate pattern,
and comparing the breathing pattern with the baseline breath-
ing pattern includes comparing the breathing rate pattern with
the baseline breathing rate pattern.
[0052] For some applications, assessing the progression
includes assessing the progression responsively to a pro-
longed inspirium time of the subject, and/or to a prolonged
expirium time of the subject.
[0053] For some applications, the breathing pattern
includes successive segments of inspirium and expirium, and
assessing the progression includes assessing the progression
responsively to a trend towards greater durations of at least
one of’ the inspirium segments and the expirium segments.
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[0054] In an embodiment, the clinical episode includes an
episode associated with a condition selected from the list
consisting of: asthma, chronic obstructive pulmonary disease
(COPD), cystic fibrosis (CF), CHF, diabetes, and epilepsy.
[0055] In an embodiment, the breathing pattern includes a
breathing duty-cycle pattern, and assessing the progression
includes assessing the progression responsively to an increase
in a breathing duty-cycle of the subject.

[0056] For some applications, sensing breathing of the sub-

ject includes sensing at least one breathing-related sound
selected from the list consisting of: a sound caused by wheez-
ing, and a sound caused by coughing, and assessing the pro-
gression includes assessing the progression responsively to
an aspect of the breathing-related sound. For some applica-
tions, the clinical episode includes an asthma attack, and
assessing the progression includes assessing the progression
of the asthma attack responsively to the aspect.

[0057] For some applications, sensing breathing of the sub-

ject includes sensing at least one type of breathing-related
mechanical vibrations selected from the list consisting of:
mechanical vibrations caused by wheezing, and mechanical
vibrations caused by coughing, and assessing the progression
includes assessing the progression responsively to an aspect
of the breathing-related mechanical vibrations. For some
applications, the clinical episode includes an asthma attack,
and assessing the progression includes assessing the progres-
sion of the asthma attack responsively to the aspect.

[0058] In an embodiment, the breathing pattern includes a
breathing rate variability pattern, the baseline breathing pat-
tern includes a baseline breathing rate variability pattern, and
assessing the progression includes assessing the progression
responsively to a decrease in breathing rate variability over
time compared to the baseline breathing rate variability pat-
tern. For some applications, determining the at least one
breathing pattern includes determining the breathing rate
variability pattern and a slow trend breathing rate pattern;
comparing the breathing pattern with the baseline breathing
pattern includes comparing the breathing rate variability pat-
tern with the baseline breathing rate variability pattern, and
comparing the slow trend breathing rate pattern with a base-
line slow trend breathing rate pattern; and assessing the pro-
gression includes assessing the progression responsively to
both comparisons. For some applications, the clinical episode
includes an asthma attack, and assessing the progression of
the episode includes assessing a severity of the asthma attack.

[0059] In an embodiment, the breathing pattern and the
baseline breathing pattern include respective slow trend
breathing rate patterns, and comparing the breathing pattern
with the baseline breathing pattern includes comparing the
slow trend breathing rate pattern with the baseline slow trend
breathing rate pattern. For some applications, the baseline
slow trend breathing rate pattern includes a monotonic
decline in breathing rate over atleast 1 hour, and assessing the
progression includes assessing the progression responsively
to a difference between the slow trend breathing rate pattern
and the monotonic decline in breathing rate.

[0060] In an embodiment, sensing the breathing includes
acquiring breathing-related body motion data of the subject.
For some applications, determining the breathing pattern
includes analyzing the body motion data to determine a
breathing-related movement pattern, and determining the
breathing pattern responsively to the breathing-related move-
ment pattern.
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[0061] In an embodiment, acquiring the body motion data
includes acquiring the body motion data without contacting
the subject or clothes the subject is wearing. For some appli-
cations, the clinical episode includes an asthma attack, and
assessing the progression of the episode includes assessing a
severity of the asthma attack. For some applications, acquir-
ing the breathing-related body motion data includes measur-
ing a pressure. For some applications, measuring the pressure
includes measuring a pressure at a mattress upon which the
subject lies. Alternatively or additionally, measuring the pres-
sure includes measuring a pressure under a mattress upon
which the subject lies. Further alternatively or additionally,
measuring the pressure includes measuring a pressure under
a mattress covering upon which the subject lies, for example,
a sheet, a mattress pad, or a mattress cover.
[0062] For some applications, the breathing pattern
includes a breathing rate variability pattern, the baseline
breathing pattern includes a baseline breathing rate variabil-
ity pattern, and assessing the progression includes assessing
the progression responsively to a decrease in breathing rate
variability over time compared to the baseline breathing rate
variability pattern. For some applications, determining the at
least one breathing pattern includes determining the breath-
ing rate variability pattern and a slow trend breathing rate
pattern; comparing the breathing pattern with the baseline
breathing pattern includes comparing the breathing rate vari-
ability pattern with the baseline breathing rate variability
pattern, and comparing the slow trend breathing rate pattern
with a baseline slow trend breathing rate pattern; and assess-
ing the progression includes assessing the progression
responsively to both comparisons.
[0063] There is further provided, in accordance with an
embodiment of the present invention, a method including:
[0064] sensing breathing of a subject;
[0065] determining at least one breathing pattern of the
subject responsively to the sensed breathing;
[0066] comparing the breathing pattern with a baseline
breathing pattern; and
[0067] detecting an abnormal breathing pattern associ-
ated with congestive heart failure (CHF), at least in part
responsively to the comparison.
[0068] For some applications, determining the breathing
pattern includes determining a breathing rate pattern of the
subject, and comparing the breathing pattern with the base-
line breathing pattern includes comparing the breathing rate
pattern with a baseline breathing rate pattern.
[0069] For some applications, detecting the abnormal
breathing pattern includes detecting Cheyne-Stokes Respira-
tion (CSR), and/or detecting tachypnea.
[0070] In an embodiment, sensing the breathing includes
acquiring breathing-related body motion data of the subject.
For some applications, acquiring the body motion data
includes acquiring the body motion data while the subject is
sleeping.
[0071] In an embodiment, acquiring the body motion data
includes acquiring the body motion data without contacting
the subject or clothes the subject is wearing. For some appli-
cations, detecting the abnormal breathing pattern includes
detecting Cheyne-Stokes Respiration (CSR) and/or tachyp-
nea.
[0072] For some applications, acquiring the breathing-re-
lated body motion data includes measuring a pressure. For
some applications, measuring the pressure includes measur-
ing a pressure at a mattress upon which the subject lies.
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Alternatively or additionally, measuring the pressure includes
measuring a pressure under a mattress upon which the subject
lies. Further alternatively or additionally, measuring the pres-
sure includes measuring a pressure under a mattress covering
upon which the subject lies, for example, a sheet, a mattress
pad, or a mattress cover.

[0073] There is further provided, in accordance with an
embodiment of the present invention, a method including:

[0074]

[0075] determining at least one breathing pattern of the
subject responsively to the sensed breathing;
[0076] comparing the breathing pattern with a baseline
breathing pattern; and
[0077] detecting an abnormal breathing pattern associ-
ated with a condition of the subject, at least in part
responsively to the comparison, the condition selected
from the list consisting of: chronic obstructive pulmo-
nary disease (COPD), cystic fibrosis (CF), diabetes, and
epilepsy.
[0078] For some applications, determining the breathing
pattern includes determining a breathing rate pattern of the
subject, and comparing the breathing pattern with the base-
line breathing pattern includes comparing the breathing rate
pattern with a baseline breathing rate pattern.
[0079] In an embodiment, sensing the breathing includes
acquiring breathing-related body motion data of the subject.
For some applications, acquiring the body motion data
includes acquiring the body motion data while the subject is
sleeping.
[0080] In an embodiment, acquiring the body motion data
includes acquiring the body motion data without contacting
the subject or clothes the subject is wearing.
[0081] For some applications, acquiring the breathing-re-
lated body motion data includes measuring a pressure. For
some applications, measuring the pressure includes measur-
ing a pressure at a mattress upon which the subject lies.
Alternatively or additionally, measuring the pressure includes
measuring a pressure under a mattress upon which the subject
lies. Further alternatively or additionally, measuring the pres-
sure includes measuring a pressure under a mattress covering
upon which the subject lies, for example, a sheet, a mattress
pad, or a mattress cover.
[0082] Thereis still further provided, in accordance with an
embodiment of the present invention, apparatus for predict-
ing an onset of a clinical episode, including:
[0083] a breathing sensor, adapted to sense breathing of
a subject, and to generate a signal responsively thereto;
and

[0084]
[0085]
[0086] determine at least one breathing pattern of the
subject responsive to the signal,

[0087] compare the breathing pattern with a baseline
breathing pattern, and

[0088] predict the onset of the episode at least in part
responsively to the comparison.

sensing breathing of a subject;

a control unit, adapted to:
receive the signal,

[0089] There is additionally provided, in accordance with

an embodiment of the present invention, apparatus including:

[0090] a breathing sensor, adapted to sense breathing of

a subject during a clinical episode, and to generate a
signal responsively thereto; and



US 2008/0114260 Al

[0091] a control unit, adapted to:
[0092] receive the signal,
[0093] determine at least one breathing pattern of the

subject responsive to the signal,
[0094] compare the breathing pattern with a baseline
breathing pattern, and
[0095] assess a progression of the episode at least in
part responsively to the comparison.
[0096] There is still additionally provided, in accordance
with an embodiment of the present invention, apparatus
including:
[0097] a breathing sensor, adapted to sense breathing of
a subject during a clinical episode, and to generate a
signal responsively thereto; and

[0098] a control unit, adapted to:
[0099] receive the signal,
[0100] determine at least one breathing pattern of the

subject responsive to the signal,
[0101] compare the breathing pattern with a baseline
breathing pattern, and
[0102] detect an abnormal breathing pattern associ-
ated with congestive heart failure (CHF), at least in
part responsively to the comparison.
[0103] There is additionally provided, in accordance with
an embodiment of the present invention, apparatus including:
[0104] a breathing sensor, adapted to sense breathing of
a subject during a clinical episode, and to generate a
signal responsively thereto; and

[0105] a control unit, adapted to:
[0106] receive the signal,
[0107] determine at least one breathing pattern of the

subject responsive to the signal,
[0108] compare the breathing pattern with a baseline
breathing pattern, and
[0109] detect an abnormal breathing pattern associ-
ated with a condition of the subject, at least in part
responsively to the comparison, the condition
selected from the list consisting of: chronic obstruc-
tive pulmonary disease (COPD), cystic fibrosis (CF),
diabetes, and epilepsy.
[0110] There is also provided, in accordance with an
embodiment of the present invention, a method for clinical
episode prediction and assessment, including:
[0111] measuring breathing rate variability patterns dur-
ing night sleep;
[0112] comparing said breathing rate variability patterns
to normal breathing rate variability patterns; and
[0113] determining a likelihood of a nearing clinical epi-
sode or a progression or severity of an ongoing episode.
[0114] For some applications, said measuring of breathing
rate variability patterns is executed by means of measurement
of a composite body movement signal and extraction of a
periodic, breathing-related movement signal from said com-
posite body movement signal. Alternatively, said measuring
of breathing rate variability patterns is executed by means of
measurement of respiration airflow from a mouth and/or a
nose. Further alternatively, said measuring of breathing rate
variability patterns is executed by means of acoustic measure-
ment of airway and lung sounds from a chest, a back, a neck,
and/or a face.
[0115] For some applications, said normal breathing rate
patterns are extracted from the patient during non-symptom-
atic periods. For some applications, the normal breathing rate
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patterns are extracted from averaged patterns of normal,
healthy subjects with similar character of age, height, weight,
and/or gender.
[0116] For some applications, said breathing rate variabil-
ity patterns include: (1) cyclic patterns, whose typical dura-
tions range from several seconds to several minutes, and/or
(2) slow trends of segmented, monotonically declining
breathing rate usually lasting several hours.
[0117] For some applications, said comparing is based on a
calculation of a degree of deviation of said breathing rate
variability patterns from said normal breathing rate variabil-
ity patterns.
[0118] Inanembodiment, said clinical episode is a clinical
asthma episode.
[0119] For some applications, said clinical episode relates
to any chronic disease affecting breathing rate patterns, such
as diabetes, a heart condition, a neurological disorder, or
epilepsy.
[0120] There is further provided, in accordance with an
embodiment of the present invention, apparatus for clinical
episode assessment and prediction, including:
[0121] a breathing sensor which measures breathing;
[0122] an amplifier which amplifies the output signal of
the breathing sensor;
[0123] an A/D card which digitizes the amplifier output;
[0124] a processor, which extracts breathing rate pat-
terns and compares said patterns to normal patterns; and
[0125] an output device presenting the result on a
numerical, textual or graphical display, or transmitting
the results to a clinical follow-up center.
[0126] For some applications, the breathing sensor is
implemented as a motion-sensitive sensor installed under a
bed mattress. Alternatively, the breathing sensor is imple-
mented as an airflow detector aimed at a face of the subject.
Further alternatively, the breathing sensor is implemented as
an acoustic detector aimed or attached to a face, chest, or back
of the subject.
[0127] 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

[0128] FIG. 1 is a schematic block diagram illustrating a
system for monitoring a chronic medical condition, in accor-
dance with an embodiment of the present invention;

[0129] FIG. 2 is a schematic block diagram illustrating a
data acquisition module of the system of FIG. 1, in accor-
dance with an embodiment of the present invention;

[0130] FIG. 3 is a schematic block diagram illustrating a
pattern analysis module of the system of FIG. 1, in accor-
dance with an embodiment of the present invention; and
[0131] FIG. 4 is a graph illustrating breathing rate patterns
of a chronic asthma patient, measured during an experiment
conducted in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0132] FIG. 1 is a schematic block diagram illustrating a
system 10 for monitoring a chronic medical condition, in
accordance with an embodiment of the present invention.
System 10 typically comprises a breathing-related data acqui-
sition module 20, a breathing pattern analysis module 22, and
an output module 24. For some applications, two or more of
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modules 20, 22, and 24 are packaged in a single housing. For
other applications, the modules are packaged separately, such
as to enable remote analysis by pattern analysis module 22 of
breathing signals acquired locally by breathing-related data
acquisition module 20.

[0133] In an embodiment of the present invention, data
acquisition module 20 is adapted to non-invasively monitor
breathing patterns of a subject. Pattern analysis module 22 is
adapted to analyze the patterns in order to (a) predict an
approaching clinical episode, such as an asthma attack, and/
or (b) monitor the severity and progression of a clinical epi-
sode as it occurs. Output module 24 is adapted to notity the
subject and/or a healthcare worker of the predicted or occur-
ring episode. Prediction of an approaching clinical episode
facilitates early preventive treatment, which generally
reduces the required dosage of medication. When treating
asthma, such a reduced dosage generally minimizes the side-
effects associated with high dosages typically required to
reverse the inflammatory condition once the episode has
begun.

[0134] Although system 10 may monitor breathing patterns
at any time, for some conditions it is generally most effective
to monitor such patterns during sleep at night. When the
subject is awake, physical and mental activities unrelated to
the monitored condition often affect breathing patterns. Such
unrelated activities generally have less influence during most
night sleep. For some applications, system 10 monitors and
records patterns throughout all or a large portion of a night.
The resulting data set generally encompasses typical long-
term respiratory patterns, and facilitates comprehensive
analysis. Additionally, such a large data set enables rejection
of segments contaminated with movement or other artifacts,
while retaining sufficient data for a statistically significant
analysis.

[0135] Reference is now made to FIG. 2, which is a sche-
matic block diagram illustrating data acquisition module 20,
in accordance with an embodiment of the present invention.
Data acquisition module 20 typically comprises a breathing
sensor 30, and other circuitry as appropriate, such as at least
one pre-amplifier 32, at least one band-pass filter 34, and an
analog-to-digital (A/D) converter 36.

[0136] In an embodiment of the present invention, breath-
ing sensor 30 comprises a pressure gauge, which is typically
adapted to be installed in, on, or under a mattress upon which
the subject sleeps, and to sense breathing-related motion of
the subject. For some applications, breathing sensor 30 may
be adapted to be installed under a mattress covering upon
which the subject sleeps, such as under a sheet, a mattress pad,
or a mattress cover. Pattern analysis module 22 is adapted to
extract breathing patterns from the motion data, as described
hereinbelow with reference to FIG. 3. Alternatively or addi-
tionally, breathing sensor 30 comprises another type of sen-
sor, such as an acoustic or air-flow sensor, attached or directed
at the subject’s face, neck, chest and/or back.

[0137] FIG. 3 is a schematic block diagram illustrating
pattern analysis module 22, in accordance with an embodi-
ment of the present invention. Pattern analysis module 22
typically comprises a digital signal processor (DSP) 40, dual
port RAM (DPR) 42, EEPROM 44, and an /O port 46.
Pattern analysis module 22 is adapted to extract breathing
patterns from the raw data generated by data acquisition
module 20, and to perform processing and classification of
the breathing patterns. Pattern analysis module 22 analyzes
changes in breathing patterns, typically during sleep. Respon-
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sively to the analysis, module 22 (a) predicts an approaching
clinical episode, and/or (b) monitors episode severity and
progression.

[0138] As mentioned above, in an embodiment, breathing
sensor 30 comprises a pressure gauge adapted to be installed
under a mattress, and to sense breathing-related motion of the
subject. Motion of the subject during sleep includes regular
breathing movements as well as other, unrelated body move-
ments. In general, breathing-related motion is the dominant
contributor to body motion during sleep. Pattern analysis
module 22 is adapted to substantially eliminate the portion of
the motion signal received from the pressure gauge that rep-
resents motion unrelated to breathing. For example, the pat-
tern analysis module may remove segments of the signal
contaminated by non-breathing related motion. While breath-
ing-related motion is periodic, non-breathing-related motion
is generally random and non-predictable. For some applica-
tions, the pattern analysis module eliminates the non-breath-
ing related motion using frequency-domain spectral analysis
or time-domain regression analysis. Techniques for applying
these analysis techniques will be evident to those skilled in art
who have read the present application. For some applications,
pattern analysis module 22 uses statistical methods, such as
linear prediction or outlier analysis, to remove non-breathing-
related motion from the signal. The pattern analysis module
typically digitizes the motion data ata sampling rate of at least
10 Hz, although lower frequencies are suitable for some
applications.

[0139] Pattern analysis module 22 is typically adapted to
extract breathing patterns from a train of transient breathing
pulses, each pulse including one inhalation-exhalation cycle.
Breathing patterns during night sleep generally fall into one
of several categories, including:

[0140] relatively fast-changing, random breathing pat-
terns, which occur mainly during REM sleep;

[0141] cyclic breathing rate variability patterns, whose
typical duration ranges from several seconds to several
minutes;

[0142] slow trends in breathing rates (typically, during
normal sleep of a healthy subject, such slow trends
include segmented, substantially monotonically declin-
ing breathing rates usually lasting several hours; for
subjects suffering chronically from certain conditions,
such as asthma, the monotonic decline may be less pro-
nounced or absent, as discussed, for example, hereinbe-
low with reference to FIG. 4);

[0143] interruptions in breathing patterns such as cough-
ing and other sleep disturbances; and

[0144] interruptions in breathing patterns caused by
momentary waking.

[0145] These breathing patterns are associated with various
physiological parameters, such as sleep-stage, anxiety, and
body temperature. For example, REM sleep is usually accom-
panied by randomly variable breathing patterns, while deep
sleep stages are usually accompanied by more regular and
stable patterns. Abnormally high body temperature may
accelerate breathing rate, but usually maintains normal cyclic
breathing rate variability patterns. Psychological variables
such as anxiety are also modulators of breathing patterns
during sleep, yet their effect is normally reduced with sleep
progression. Interruptions in breathing patterns such as
coughing or that caused by momentary waking may be nor-
mal, associated with asthma, or associated with other unre-
lated pathology, and are assessed in context.
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[0146] In an embodiment of the present invention, pattern
analysis module 22 is configured to predict the onset of an
asthma attack, and/or monitor its severity and progression.
Module 22 typically analyzes changes in breathing rate and in
breathing rate variability patterns in combination to predict
the onset of an asthma attack. Although breathing rate typi-
cally slightly increases prior to the onset of an attack, this
increase alone is not always a specific marker of the onset of
an attack. Therefore, in order to more accurately predict the
onset of an attack, and monitor the severity and progression of
an attack, module 22 typically additionally analyzes changes
in breathing rate variability patterns. For some applications,
module 22 compares one or more of the following patterns to
respective baseline patterns, and interprets a deviation from
baseline as indicative of (a) the onset of an attack, and/or (b)
the severity of an attack in progress:

[0147] a slow trend breathing rate pattern. Module 22
interprets as indicative of an approaching or progressing
attack an increase vs. baseline, for example, for gener-
ally healthy subjects, an attenuation of the typical seg-
mented, monotonic decline of breathing rate typically
over at least 1 hour, e.g., over at least 2, 3, or 4 hours, or
the transformation of this decline into an increasing
breathing rate pattern, depending on the severity of the
attack;

[0148] a breathing rate variability pattern. Module 22
interprets as indicative of an approaching or progressing
attack a decrease in breathing rate variability. Such a
decrease generally occurs as the onset of an episode
approaches, and intensifies with the progression of
shortness of breath during an attack;

[0149] a breathing duty-cycle pattern. Module 22 inter-
prets a substantial increase in the breathing duty-cycle as
indicative of an approaching or progressing attack.
Breathing duty-cycle patterns include, but are not lim-
ited to, inspirium time/total breath cycle time, expirium
time/total breath cycle time, and (inspirium +expirium
time)/total breath cycle time; and

[0150] interruptions in breathing pattern such as caused
by coughs, sleep disturbances, or waking. Module 22
quantifies these events, and determines their relevance to
prediction of potential asthma attacks.

[0151] Pattern analysis module 22 typically determines
baseline patterns by analyzing breathing patterns of the sub-
ject during non-symptomatic periods. Alternatively or addi-
tionally, module 22 is programmed with baseline patterns
based on population averages. For some applications, such
population averages are segmented by characteristic traits
such as age, height, weight, and gender.

[0152] In an embodiment of the present invention, breath-
ing cycles are divided into successive segments of inspirium
and expirium. Module 22 interprets as indicative of an
approaching or progressing attack a trend towards greater
durations of the inspirium and/or expirium segments during
sleep (typically night sleep).

[0153] In an embodiment of the present invention, breath-
ing sensor 30 further comprises an acoustic sensor for mea-
surement of breathing-related sounds such as those caused by
wheezing or coughing. (For some applications, in which
breathing sensor 30 comprises a pressure gauge, the acoustic
sensor is integrated with the pressure gauge. Alternatively, the
acoustic sensor is a separate component.) Pattern analysis
module 22 processes such breathing sounds independently, or
time-locked to expirium and/or inspirium, e.g., by using spec-
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tral averaging to enhance the signal-to-noise ratio of wheez-
ing sounds. For some applications, the level of wheezing and
its timing with respect to the timing of inspirium and expirium
provides additional information for predicting an upcoming
asthma attack and/or monitoring the severity and progression
of an attack.

[0154] Wheezing and coughing can be attributed to specific
parts of the breathing cycle (mainly inspirium and expirium),
and thus provide a useful insight regarding the type of upcom-
ing or progressing respiratory distress. In addition, wheezing
can be filtered according to the periodicity of the breathing
cycle, thus enhancing identification of breathing-related
sounds of the obstructed airways. Periodic, breathing-cycle-
related wheezing can provide additional insight regarding the
type of upcoming or progressing respiratory distress.

[0155] In an embodiment of the present invention, pattern
analysis module 22 is configured to detect, typically during
night sleep, an abnormal breathing pattern associated with
congestive heart failure (CHF), such as tachypnea or Cheyne-
Stokes Respiration (CSR). Because treatment of CHF
appears to be beneficial, its early detection is important.

[0156] Reference is again made to FIG. 1. Output module
24 typically comprises a dedicated display unit, such as an
LCD or CRT monitor. Alternatively or additionally, the out-
put module comprises a wireless or wired communication
port for relaying the acquired and processed data to a remote
site for further analysis or interpretation.

[0157] Reference is made to FIG. 4, which is a graph illus-
trating breathing rate patterns of a chronic asthma patient,
measured during an experiment conducted in accordance
with an embodiment of the present invention. Breathing of the
asthma patient was monitored during sleep on several nights.
The patient’s breathing rate was averaged for each hour of
sleep (excluding periods of rapid eye movement (REM)
sleep). During the first approximately two months that the
patient was monitored, the patient did not experience any
episodes of asthma. A line 100 is representative of a typical
slow trend breathing pattern recorded during this non-epi-
sodic period, and thus represents a baseline slow trend breath-
ing rate pattern for this patient. It should be noted that, unlike
the monotonic decline in breathing rate typically observed in
non-asthmatic patients, the baseline breathing rate pattern of
the chronically asthmatic patient of the experiment reflects an
initial decline in breathing rate during the first few hours of
sleep, followed by a gradual increase in breathing rate
throughout most of the rest of the night.

[0158] Line 102 and 104 were recorded on two successive
nights at the conclusion of the approximately two-month
period, line 102 on the first of these two nights, and line 104
on the second of these two nights. The patient experienced an
episode of asthma during the second of these nights. Lines
102 and 104 thus represent a pre-episodic slow trend breath-
ing rate pattern and an episodic slow trend breathing rate
pattern, respectively. As can be seen in the graph, the patient’s
breathing rate was substantially elevated vs. baseline during
all hours of the pre-episodic night, and even further elevated
vs. baseline during the episodic night.

[0159] Using techniques described herein, the pattern of
line 102 is compared with the baseline pattern of line 100, in
order to predict that the patient may experience an asthmatic
episode. The pattern of line 104 is compared with the baseline
pattern of line 100 in order to assess a progression of the
asthmatic episode.
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[0160] Although some embodiments described herein
relate specifically to asthmatic episodes or CHF, the prin-
ciples ofthe present invention may be applied, mutatis mutan-
dis, to predicting and monitoring other respiratory and non-
respiratory conditions that affect normal breathing patterns,
such as chronic obstructive pulmonary disease (COPD), cys-
tic fibrosis (CF), diabetes, a neurological disorder (e.g., epi-
lepsy), and certain heart diseases in addition to CHF.

[0161] It 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.

1-78. (canceled)

79. Apparatus comprising:

a coughing sensor, configured to sense coughing of a sub-
ject, and generate a coughing signal responsively
thereto; and

a control unit, configured to:

receive the coughing signal, and

at least in part responsively to the coughing signal, monitor
a condition of the subject selected from the group con-
sisting of: asthma, chronic obstructive pulmonary dis-
ease (COPD), congestive heart failure (CHF), cystic
fibrosis (CF), and epilepsy.

80. The apparatus according to claim 79, wherein the con-
trol unit is configured to assess a progression of an episode of
the condition.

81. The apparatus according to claim 79, wherein the
coughing sensor is selected from the group consisting of: an
acoustic sensor, configured to sense a sound caused by the
coughing, and a mechanical vibration sensor, configured to
sense mechanical vibrations caused by the coughing.

82. The apparatus according to claim 79, wherein the
coughing sensor is configured to sense the coughing without
contacting the subject or clothes the subject is wearing.

83. The apparatus according to claim 79, wherein the
coughing sensor is configured to sense the coughing without
requiring subject compliance during the sensing.

84. The apparatus according to claim 79, wherein the con-
trol unit is configured to:

determine at least one coughing pattern of the subject
responsively to the coughing signal,

compare the coughing pattern with a baseline coughing
pattern, and

monitor the condition at least in part responsively to the
comparison.

85. The apparatus according to claim 79, comprising a
breathing sensor, configured to sense breathing of the subject,
and generate a breathing signal responsively thereto, wherein
the control unit is configured to:

receive the breathing signal,

determine a breathing rate of the subject responsively to the
breathing signal, and

monitor the condition at least in part responsively to the
breathing rate and the coughing signal.

86. Apparatus comprising:

a coughing sensor, configured to sense coughing of a sub-
ject, and generate a coughing signal responsively
thereto; and
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a control unit, configured to:

receive the coughing signal, and

at least in part responsively to the coughing signal, predict

an onset of an episode selected from the group consist-
ing of: asthma, chronic obstructive pulmonary disease
(COPD), congestive heart failure (CHF), cystic fibrosis
(CF), and epilepsy.

87. The apparatus according to claim 86, wherein the
coughing sensor is selected from the group consisting of: an
acoustic sensor, configured to sense a sound caused by the
coughing, and a mechanical vibration sensor, configured to
sense mechanical vibrations caused by the coughing.

88. The apparatus according to claim 86, wherein the
coughing sensor is configured to sense the coughing without
contacting the subject or clothes the subject is wearing.

89. The apparatus according to claim 86, wherein the
coughing sensor is configured to sense the coughing without
requiring subject compliance during the sensing.

90. The apparatus according to claim 86, wherein the con-
trol unit is configured to:

determine at least one coughing pattern of the subject

responsively to the coughing signal,

compare the coughing pattern with a baseline coughing

pattern, and

predict the onset of the episode at least in part responsively

to the comparison.

91. The apparatus according to claim 86, comprising a
breathing sensor, configured to sense breathing of the subject,
and generate a breathing signal responsively thereto, wherein
the control unit is configured to:

receive the breathing signal,

determine a breathing rate of the subject responsively to the

breathing signal, and

predict the onset of the episode at least in part responsively

to the breathing rate and the sensed coughing.

92. A method comprising:

sensing coughing of a subject with a coughing sensor; and

at least in part responsively to the sensed coughing, moni-

toring a condition of the subject selected from the group
consisting of: asthma, chronic obstructive pulmonary
disease (COPD), congestive heart failure (CHF), cystic
fibrosis (CF), and epilepsy.

93. The method according to claim 92, wherein monitoring
the condition comprises assessing a progression of an episode
of the condition.

94. The method according to claim 92, wherein sensing the
coughing comprises sensing at least one type of coughing-
related mechanical vibrations selected from the group con-
sisting of: a sound caused by the coughing, and mechanical
vibrations caused by the coughing.

95. The method according to claim 92, wherein sensing the
coughing comprises sensing the coughing without contacting
the subject or clothes the subject is wearing.

96. The method according to claim 92, wherein sensing the
coughing comprises sensing the coughing without requiring
subject compliance during the sensing.

97. The method according to claim 92, wherein sensing the
coughing comprises sensing the coughing while the subject is
sleeping.

98. The method according to claim 92, wherein monitoring
the condition comprises:

determining at least one coughing pattern of the subject

responsively to the sensed coughing;

comparing the coughing pattern with a baseline coughing

pattern; and
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monitoring the condition at least in part responsively to the

comparison.

99. The method according to claim 92, wherein monitoring
the condition comprises:

sensing breathing of the subject;

determining a breathing rate of the subject responsively to

the sensed breathing; and

monitoring the condition at least in part responsively to the

breathing rate and the sensed coughing.

100. A method comprising:

sensing coughing of a subject; and

at least in part responsively to the sensed coughing, pre-

dicting an onset of an episode selected from the group
consisting of: asthma, chronic obstructive pulmonary
disease (COPD), congestive heart failure (CHF), cystic
fibrosis (CF), and epilepsy.

101. The method according to claim 100, wherein sensing
the coughing comprises sensing at least one type of coughing-
related mechanical vibrations selected from the group con-
sisting of: a sound caused by the coughing, and mechanical
vibrations caused by the coughing.

102. The method according to claim 100, wherein sensing
the coughing comprises sensing the coughing without con-
tacting the subject or clothes the subject is wearing.

10

May 15, 2008

103. The method according to claim 100, wherein sensing
the coughing comprises sensing the coughing without requir-
ing subject compliance during the sensing.

104. The method according to claim 100, wherein sensing
the coughing comprises sensing the coughing while the sub-
ject is sleeping.

105. The method according to claim 100, wherein predict-
ing the onset of the episode comprises:

determining at least one coughing pattern of the subject

responsively to the sensed coughing;

comparing the coughing pattern with a baseline coughing

pattern; and

predicting the onset of the episode at least in part respon-

sively to the comparison.

106. The method according to claim 100, wherein predict-
ing the onset of the episode comprises:

sensing breathing of the subject;

determining a breathing rate of the subject responsively to

the sensed breathing; and

predicting the onset of the episode at least in part respon-

sively to the breathing rate and the sensed coughing.
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