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EAR-MOUNTED BIOSENSOR

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S.
Provisional Patent Application 60/703,557, filed on July

28, 2005, which is incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates generally to health
care and specifically +to methods and systems for

monitoring subject well-being.

BACKGROUND OF THE INVENTION

Two known indicators of physical and psychological
stress are Galvanic Skin Response (GSR) and heart rate.

GSR (also known as electrodermal response, skin
conductance response, or skin conductance level) is a
measure of electrical conductivity of a subject’s skin.
GSR may be determined by applying a small voltage between
two electrodes affixed to the skin and measuring the
generated current. Often, GSR is measured at the tip of a
subject’s finger or on the palm of a hand. An example of
a GSR sensor used in clinical settings is the Model V71-
23 TIsolated Skin Conductance Coupler, distributed by
Coulbourne Instruments of Allentown, Pennsylvania.

Heart rate may be determined by photoplethysmography
(PPG), which can also be used to measure variations in
blood oxygen levels by pulse oximetry. Oximetry readings
are generally made in terms of a percent of blood oxygen
saturation (Sp0;). A PPG probe measures light transmitted
through or reflected from arterial blood. In
transmission PPG, light is generally transmitted through
a thin appendage of the body. U.S. Patent 4,301,808 to
Taus, for example, whose disclosure 1is incorporated
herein by reference, describes the use of transmission

PPG to measure the pulse rate of a subject during
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physical exercise. Taus states that PPG readings be made
through an appendage such as the ear, the nose septum, or
the web between the forefinger and the thumb.

Reflective pulse oximetry measures light reflected
from arteries beneath +the surface of the skin. U.S.
Patent 6,553,242 to Sarussi, whose disclosure is
incorporated herein by reference, describes the use of
reflective pulse oximetry to measure heart rate,las well
as indications of apnea in sleeping infants. Sarussi
identifies several means of affixing an oximetry sensor
to a subject’s body, including a wristband, an ankle
band, a sock, and a headband for making measurements at
the subject’s forehead.

U.S. Patent 6,783,501 to Takahashi et al., whose
disclosure is incorporated herein by reference, describes
the use of pulse oximetry to measure heart rate from
various locations on the head during exercise.
Measurement locations described by Takahashi include the
forehead and the ear canal. Heart rate feedback to the
exerciser may be provided by an audio indication, which
may be provided through an earphone, or by a visual
indication, which may be provided on a screen attached to
glasses worn by the exerciser.

U.S. Patent 6,760,610 to Tschupp et al., whose
disclosure is incorporated herein by reference, describes
the use of pulse oximetry to measure blood oxygenation in
combination with a measurement of blood carbon dioxide
levels.

U.S. Patent Publication 2005/0033131 to Chen et al.,
whose disclosure is incorporated herein by reference,
describes an ear sensor assembly that supports an
oximetry sensor in the ear concha, using an extension
that clips onto the ear lobe.

Wearable medical devices that monitor an

individual’s well-being are available on the market. For
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example, the SenseWear® Armband, distributed by Bodymedia
of Pittsburgh, Pennsylvania, employs an accelerometexr
that records body movement, a temperature senscr that
detects changes in skin temperature, and a GSR sensor
that measures level of exertion during exercise.
Psychological stress among employees can have a
significant impact on thelr job effectiveness and can
lead to accidents, absenteeism, and employee turnover.
According to an article by the American Institute of
Stress, available at www.stress.org/job.htm and whose
disclosure is incorporated herein by reference, workplace
stress increases Dbusiness costs in the U.S. by
approximately $300 billion per year. Workplace testing of
employees for indications of well-being is known in the
art. For example, U.S. Patent 6,352,516 to Pozos, et al.,
whose disclosure 1is incorporated herein by reference,
describes a method for monitoring employee fatigue by

measuring the force of fingers striking a keyboard.
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SUMMARY OF THE INVENTION

Embodiments of the present invention provide
apparatus and methods for monitoring one or more
physiological parameters from a location behind the ear.
A sensor mounted to an earphone and positioned behind the
ear is configured to sense the physiological parameters
in a convenient, comfortable, and non-obtrusive manner.

Photoplethysmography (PPG) of arterial blood either
in the scalp behind the ear or in the ear itself may be
used to determine heart rate and/or oxygen saturation.
Galvanic Skin Response (GSR) measurements may also be
made from the location behind the ear.

The physiological parameters may be wused to
determine stress and other health indicators while an
individual being monitored is performing activities in a
non-medical setting, such as activities related to work
or leisure., These indicators may be provided to the
individual and/or to a health care institution, such as a
remotely based hospital. The earphone to which the sensor
is mounted may be utilized to provide an indication of
the sensed parameters, as well as to provide additional
functions that enhance the convenience of use.

There is therefore provided, in accordance with an
embodiment of +the present invention, a physiological
monitoring device, including:

a device housing shaped to fit behind an ear of a
subject;

a sensor attached to the device housing so as to
sense a physiological characteristic of the subject at a
location behind the ear; and

an earphone speaker extending from +the device
housing towards an ear canal of the subject and operative
to provide an audible communication to the subject

responsively to the physiological characteristic.
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