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(57) ABSTRACT

A physiological sensor apparatus, system and method for
determining a physiological characteristic, comprising pro-
viding at least one physiological sensor that is adapted to
measure at least one physiological characteristic at a target
measurement site on a subject’s body, heating an extended
tissue region on the subject’s body, whereby blood perfusion
of the tissue region is enhanced, and measuring at least one
physiological characteristic at the target measurement site
with the physiological sensor during or within a predeter-
mined period after heating the extended tissue region. In one
embodiment, the sensor system includes at least one tempera-
ture algorithm that is adapted to adjust the heat applied to the
extended tissue region based on the body’s response to the
heat stimuli.
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INTEGRATED PHYSIOLOGICAL SENSOR
APPARATUS AND SYSTEM

FIELD OF THE PRESENT INVENTION

[0001] The present invention relates to the field of physi-
ological sensors. More specifically, the invention relates to an
integrated physiological sensor apparatus and system having
heating means to enhance blood perfusion and algorithms to
control the heating means and optimize blood perfusion.

BACKGROUND OF THE INVENTION

[0002] It is well known in the art that pulse oximetry is
based on the principle that the color of blood is related to the
oxygen saturation level of hemoglobin. Indeed, as blood
deoxygenates, the pinkish skin color (in many individuals)
transitions to a bluish hue. This phenomenon allows measure-
ments of the degree of oxygen saturation of blood using, what
is commonly referred to as, optical pulse oximetry technol-
ogy.

[0003] Pulse oximetry devices, i.e. oximeters, typically
measure and display various blood constituents and blood
flow characteristics including, blood oxygen saturation of
hemoglobin in arterial blood, the volume of individual blood
pulsations supplying the flesh and the rate of blood pulsations
corresponding to each heartbeat of the patient. [llustrative are
the devices disclosed in U.S. Pat. Nos. 5,193,543, 5,448,991,
4,407,290 and 3,704,706.

[0004] As is well known in the art, a pulse oximeter passes
light through human or animal body tissue where blood pet-
fuses the tissue, such as a finger or ear, and photoelectrically
senses the absorption of light in the tissue. Since oxygenated
and deoxygenated hemoglobin absorb visible and near infra-
red light differently, two lights having discrete frequencies in
the range of about 650-670 nm in the red range and about
800-1000 nm in the infrared range are typically passed
through the tissue. The amount of transmitted light passed
through the tissue varies in accordance with the changing
amount of blood constituent, i.e. oxygen (or oxygen satura-
tion), in the tissue and the related light absorption.

[0005] Two oxygen saturation parameters can readily be
ascertained via oximetry; arterial oxygen saturation and
peripheral, arterial oxygen saturation. Arterial oxygen satu-
ration (Sa0,) is based on direct measurement of light absorp-
tion in tissue and/or blood based on all commonly measured
hemoglobin components. Peripheral, arterial oxygen satura-
tion (SpO,), as measured by pulse oximetry, is generally
determined by measuring the constant (non-pulsatile) and
pulsatile light intensities (discussed below) of the two func-
tional components oxyhemoglobin and deoxyhemoglobin, at
each of the two noted wavelengths, and correlating the mea-
sured intensities to provide peripheral oxygen saturation.
[0006] As is also well known in the art, variations in tissue
temperature proximate the measurement site can, and in
many instances will, affect blood perfusion and, hence, physi-
ological, e.g., oximetry, measurements dependant thereon.
Indeed, a rise in tissue temperature induces or triggers a
homeostatic reflex, which enhances local blood flow in order
to increase the transfer of heat away from the skin. The
enhanced blood flow or perfusion will thus enhance the accu-
racy of an oximetry measurement, since the light transmitted
to the tissue will encounter a larger volume of blood.

[0007] Various heating means have thus been incorporated
in pulse oximeters (and associated systems) to improve blood
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perfusion adjacent the sensor. Illustrative are the oximetry
sensors disclosed in U.S. Pat. Nos. 4,926,867, 5,299,570,
4,890,619 and 5,131,391.

[0008] In U.S. Pat. No. 4,926,867, an oximetry sensor is
disclosed that includes a metal plate that functions as a heater.
According to the invention, the heater is adapted and posi-
tioned to heat the tissue proximate the sensor to enhance
blood perfusion. A separate thermistor is also provided to
monitor the amount of heat transmitted to the tissue by the
heater.

[0009] U.S. Pat. Nos. 5,299,570 and 4,890,619 disclose
oximetry sensors that employ ultrasonic energy to enhance
blood perfusion. The blood perfusion is similarly enhanced
primarily proximate the sensor.

[0010] Various substances have also been applied to the
skin (or tissue site) to enhance blood perfusion. Illustrative
are the pulse oximeter methods disclosed in U.S. Pat. Nos.
5,392,777, 5,267,563 and 6,285,896.

[0011] InU.S. Pat. Nos. 5,392,777 and 5,267,563, a coun-
terirritant is applied to the skin prior to attachment of the
oximetry sensor. In U.S. Pat. No. 6,285,896, a vasodilating
substance is applied to the skin prior to attachment of the
oximetry sensor to reduce the effects of localized oxygen
consumption and to increase blood fraction.

[0012] Although the noted sensor systems and methods
provide effective means to enhance blood perfusion, there are
anumber of disadvantages and drawbacks associated with the
systems and methods. A major drawback is that the enhanced
blood perfusion realized by the conventional sensor systems
and methods is typically localized, i.e. proximate the sensor.
As discussed in detail herein, applicants have found that the
signal-to-noise ratio of a physiological sensor; particularly,
an oximetry sensor (and, hence, the accuracy of any physi-
ological characteristic, e.g., O, saturation, determined there-
from) can be significantly enhanced by heating an entire
organ or appendage, e.g., ear or hand, prior to or in conjunc-
tion with measuring and/or determining a physiological char-
acteristic, such as O, saturation.

[0013] Another major drawback is that conventional sensor
systems and methods that employ heating means do not
include any means of regulating the heating means, i.e. heat-
ing profile, based on the body’s response to the applied heat,
i.e. heat stimuli.

[0014] A further drawback associated with conventional
sensor systems and methods that employ heating means is
that they are typically limited to one physiological sensor, i.e.
an oximetry sensor.

[0015] A further drawback is that virtually all of the con-
ventional sensor heating means comprise means for heating
the sensor (or housing thereof) or a member that is integral
thereto, e.g., heated plate. Such heating means necessitates
frequent site changes to avoid thermal injury, which makes
the monitoring method (employing the heating means) more
labor intensive and costly than other non-invasive monitoring
methods.

[0016] It would therefore be desirable to provide an inte-
grated sensor apparatus and system that substantially reduces
or overcomes the disadvantages and drawbacks associated
with conventional sensor methods and systems, such as pulse
oximeter sensor methods and systems.

[0017] Itistherefore anobject of the invention to provide an
integrated sensor apparatus and system that substantially
reduces or overcomes the disadvantages and drawbacks asso-
ciated with conventional sensor methods and systems.
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[0018] Tt is another object of the invention to provide an
integrated sensor apparatus and system, and method based
thereon, that enhance the accuracy of physiological measure-
ments and determinations made therefrom.

[0019] Tt is another object of the invention to provide an
integrated sensor apparatus and system that includes at least
one pulse oximeter sensor and heating means to enhance
blood perfusion in one or more body sites proximate posi-
tioned pulse oximeter sensors.

[0020] It is another object of the invention to provide an
integrated sensor apparatus and system that includes heating
means that is adapted to heat at least one significantly larger
tissue region, such as an entire ear and/or hand, prior to or in
conjunction with obtaining a physiological reading therein.
[0021] It is another object of the invention to provide an
integrated sensor apparatus and system that includes multiple
physiological sensors and associated heating means that are
adapted to selectively heat one or more tissue regions proxi-
mate positioned physiological sensors.

[0022] It is another object of the invention to provide an
integrated sensor apparatus and system that includes one or
more algorithms that are designed and adapted to regulate the
heating means based on the body’s response to the applied
heat, i.e. heat stimuli.

[0023] It is another object of the invention to provide an
integrated sensor apparatus and system that includes means
for applying and regulating the applied force (or pressure) to
a tissue site that is subject to the heat stimuli.

[0024] Itis yet another object of the invention to provide an
integrated sensor apparatus and system that includes multiple
physiological sensors to determine multiple physiological
characteristics, such as arterial oxygen saturation and periph-
eral, arterial oxygen saturation, blood pressure, and electrical
signals and/or impulses associated with heart function.

SUMMARY OF THE INVENTION

[0025] In accordance with the above objects and those that
will be mentioned and will become apparent below, in one
embodiment of the invention, there is provided an integrated
physiological sensor system, comprising (i) a plurality of
physiological sensors, the plurality of physiological sensors
including at least a first physiological sensor adapted to mea-
sure pulse amplitude at a target measurement site on a sub-
ject’s body and a second physiological sensor adapted to
monitor electrical impulses associated with the subject’s
heart function, and (ii) means for heating a tissue region on
the subject’s body, whereby blood perfusion of the tissue
region is enhanced, the tissue region including the target
measurement site and extending beyond the target measure-
ment site.

[0026] In one embodiment of the invention, the system
includes a third sensor adapted to monitor blood pressure.
[0027] In accordance with another embodiment of the
invention there is provided an integrated physiological sensor
system, comprising: (i) a plurality of physiological sensors,
the plurality of physiological sensors including at least a first
physiological sensor adapted to measure pulse amplitude at a
first target measurement site on a subject’s body and a second
physiological sensor adapted to monitor electrical impulses
associated with the subject’s heart function, (ii) means for
heating a tissue region on the subject’s body, whereby blood
perfusion of the tissue region is enhanced, the tissue region
including the first target measurement site and extending
beyond the first target measurement site, (iii) a first heat
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sensor adapted to monitor skin surface temperature of the
tissue region, and (iv) a processor in communication with the
heating means and the first heat sensor, the processor includ-
ing at least one algorithm for regulating the heating means
based on a physiological response of the subject’s body to
heating of the tissue region.

[0028] In one embodiment of the invention, the first physi-
ological sensor comprises a pulse oximetry sensor having a
signal-to noise ratio.

[0029] In one embodiment of the invention, the processor
includes stored pulse amplitude and skin surface temperature
data, and wherein the algorithm is adapted to compare first
pulse amplitude measured by the first physiological sensor
and first skin surface temperature measured by the first heat
sensor to the stored amplitude and skin surface temperature
data, and adjust the heat provided by the heating means base
on the comparison, whereby the signal-to-noise ratio of the
first physiological sensor is optimized.

[0030] In one embodiment of the invention, the system
includes a third physiological sensor adapted to measure
pulse amplitude at a second target measurement site that is
close to the first target measurement site, but independent
thereof, and a second heat sensor adapted to monitor skin
surface temperature of the second target measurement site,
the third physiological sensor and the second heat sensor
being in communication with the processor.

[0031] Inoneembodimentofthe invention, the algorithm is
adapted to compare first pulse amplitude measured by the first
physiological sensor and first skin surface temperature mea-
sured by the first heat sensor to second pulse amplitude mea-
sured by the third physiological sensor and second skin tem-
perature measured by the second heat sensor, and adjust the
heat provided by the heating means base on the comparison,
whereby the signal-to-noise ratio of the first physiological
sensor is optimized.

[0032] Inoneembodiment of the invention, at least the first
physiological sensor includes at least one lead operatively
connected to the first physiological sensor and the processor
to facilitate communication by and between the first physi-
ological sensor and the processor, the first physiological sen-
sor lead including quick-disconnect means, and the processor
further includes a disconnect algorithm that is adapted to
monitor the quick-disconnect means and limit operation of
the system after a predetermined number of subsequent re-
connections of the quick-disconnect means after a predeter-
mined period of time.

[0033] In one embodiment of the invention, the system
includes at least one ear adapter adapted to engage an ear of
the subject, the ear adapter including the first physiological
Sensor.

[0034] Inone embodiment of the invention, the ear adapter
further includes means for applying pressure to the ear lobe of
the engaged ear and at least one pressure sensor adapted to
monitor the applied pressure on the ear lobe, and the proces-
sor further includes an ear pressure algorithm adapted to
regulate the applied pressure on the ear lobe.

[0035] In accordance with another embodiment of the
invention, thereis provided a method for determining a physi-
ological characteristic, comprising the steps of (i) providing
at least a first physiological sensor that is adapted to measure
pulse amplitude at a first tissue region on a subject’s body, the
first physiological sensor having a signal-to-noise ratio, (ii)
disposing the first physiological sensor proximate the first
tissue region, (iii) heating the first tissue region to an interro-
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gation temperature, (iv) measuring a first pulse amplitude at
the first tissue region with the first physiological sensor dur-
ing heating of the first tissue region, (v) measuring a first
temperature of the first tissue region during heating of the first
tissue region, (vi) providing demographic pulse amplitude
and skin surface temperature data, and (vii) providing a tem-
perature algorithm that is adapted to adjust the interrogation
temperature as a function of the first pulse amplitude and the
first tissue region temperature and the demographic pulse
amplitude and skin surface temperature data, whereby the
signal-to-noise ratio of the first physiological sensor is opti-
mized.

[0036] In accordance with another embodiment of the
invention, there is provided a method for determining a physi-
ological characteristic, comprising the steps of (i) providing a
first physiological sensor that is adapted to measure pulse
amplitude at a first tissue region on a subject’s body, the first
physiological sensor having a signal-to-noise ratio, (ii) dis-
posing the first physiological sensor proximate the first tissue
region, (iii) providing a second physiological sensor that is
adapted to measure pulse amplitude at a second tissue region
on the subject’s body, the second tissue region being close to,
but independent of the first tissue region, (iv) disposing the
second physiological sensor proximate the second tissue
region, (v) heating the first tissue region to an interrogation
temperature, (vi) measuring a first temperature of the first
tissue region during heating of the first tissue region, (vii)
measuring a first pulse amplitude at the first tissue region with
the first physiological sensor during heating of the first tissue
region, (viil) measuring a second temperature of a second
tissue region, (ix) measuring a second pulse amplitude at the
second tissue region with the second physiological sensor,
and (x) providing an algorithm that is adapted to adjust the
interrogation temperature as a function of the first and second
tissue region temperatures and the first and second pulse
amplitudes, whereby the signal-to-noise ratio of the first
physiological sensor is optimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Further features and advantages will become appar-
ent from the following and more particular description of the
preferred embodiments of the invention, as illustrated in the
accompanying drawings, and in which like referenced char-
acters generally refer to the same patrts or elements through-
out the views, and in which:

[0038] FIG. 1 is a schematic illustration of a conventional
pulse oximeter system;

[0039] FIGS. 2 and 3 are schematic illustrations of one
embodiment of an integrated physiological sensor system,
according to the invention;

[0040] FIG. 4 is a flow chart of one embodiment of a tem-
perature algorithm, according to the invention;

[0041] FIG. 5 is a schematic illustration of the integrated
sensor system shown in FIG. 3, showing heat applied to an ear
of a subject and measurement of light absorption of (i.e.
oximeter reading) the subject’s heated ear, according to the
invention;

[0042] FIGS. 6-10 are illustrations of one embodiment of
an ear adaptor (i.e. central circulation sensor system), accord-
ing to the invention;

[0043] FIG. 11 is an illustration of another embodiment of
an ear clip, according to the invention;

[0044] FIG. 12 is a schematic illustration of the integrated
sensor system shown in FIG. 3, showing heat applied to an
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appendage, i.e. arm and/or hand, of a subject and measure-
ment of light absorption of the subject’s heated finger, accord-
ing to the invention;

[0045] FIGS.13 and 14 are illustrations of one embodiment
of a hand warmer/finger adapter (i.e. peripheral circulation
system), according to the invention;

[0046] FIG. 15 is an illustration of another embodiment of
a finger adapter, according to the invention;

[0047] FIGS. 16 and 17 are schematic illustrations of
another embodiment of an integrated sensor system having a
plurality of sensors and associated heating means, according
to the invention;

[0048] FIG. 18 is a schematic illustration of the integrated
sensor system shown in FIG. 17, showing heat applied to an
ear and arm of a subject and measurement of light absorption
of the subject’s heated ear and finger, according to the inven-
tion;

[0049] FIG. 19 is an illustration of an IR portion of an
oximetry plethysmogram obtained on an area of a subject’s
ear at a baseline temperature in the range of approximately
29-32° C., according to the invention;

[0050] FIGS. 20 and 21 are illustrations of IR portions of
oximetry plethysmograms obtained on an area of the ear of
firstand second subjects, respectively, at an elevated tempera-
ture in the range of approximately 35-37° C., according to the
invention; and

[0051] FIGS. 22 and 23 are graphical illustrations showing
the effect of different heating method or conditions on pulse
amplitude for subjects ranging in age from 71-94 years of age
and 25-55 years of age, respectively, according to the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0052] Before describing the present invention in detail, it
is to be understood that this invention is not limited to par-
ticularly exemplified methods or systems as such may, of
course, vary. Thus, although a number of methods and sys-
tems similar or equivalent to those described herein can be
used in the practice of the present invention, the preferred
methods and systems are described herein.

[0053] Itis also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments of the invention only and is not intended to be limiting.
[0054] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one having ordinary skill in the art to which the
invention pertains.

[0055] Further, all publications, patents and patent applica-
tions cited herein, whether supra or infra, are hereby incor-
porated by reference in their entirety.

[0056] Finally, as used in this specification and the
appended claims, the singular forms “a, “an” and “the”
include plural referents unless the content clearly dictates
otherwise.

Definitions

[0057] The term “physiological sensor”, as used herein,
means and includes any sensor that is adapted to communi-
cate with the body and sense or measure a physiological
parameter or characteristic, such as Sz0,, blood pressure,
body temperature, etc.

[0058] The terms “pulse oximetry sensor”, “pulse oxime-

ter”, “oximetry sensor” and “oximeter”, as used herein, mean
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and include any conventional light-reflecting oximeter or sen-
sor that is adapted to sense or measure light absorption in
tissue and/or blood.

[0059] Theterm “oximeter reading”, as used herein, means
and includes a measure of light absorption in tissue and/or
blood.

[0060] The term “heating means”, as used herein, means
and includes any means of increasing the core or tissue tem-
perature of a subject, including, without limitation, one or
more (i.e. acombination of) devices that transmit heat energy,
such as thermoelectric heating devices (e.g., heating elements
of various sizes, shapes, materials, etc. that are adapted to
cooperate with various heating apparatus and/or configura-
tions, such as a heated glove), contact heaters, lamps, heating
blankets, etc., heated rooms, heated liquids, devices that
transmit ultrasonic or photoelectric energy, and mentholated,
counterirritant and/or vasodilating substances. The term
“heating means™ also means and includes passive heating
means, i.e. means for limiting heat from escaping a specific
tissue region of the body.

[0061] Theterms “patient” and “subject”, as used herein, is
meant to mean and include humans and animals.

[0062] The present invention substantially reduces or
eliminates the disadvantages and drawbacks associated with
conventional physiological sensor apparatus and sensors. In
one embodiment of the invention, the integrated physiologi-
cal sensor apparatus and system includes a pulse oximeter
sensor and associated heating means that is adapted to heat a
small and/or large tissue region or site, such as an entire organ
or appendage, prior to or in conjunction with obtaining an
oximeter reading. In another embodiment, the integrated
physiological sensor apparatus and system includes a plural-
ity of pulse oximeter sensors and associated heating means
that are similarly adapted to selectively heat small and/or
large tissue regions or sites prior to or in conjunction with
obtaining oximeter readings.

[0063] In some embodiments of the invention, the inte-
grated physiological apparatus and systems include at least
one additional physiological sensor that is adapted to monitor
a further physiological characteristic or parameter, such as
blood pressure, tissue temperature, and electrical signals and/
or impulses associated with heart function.

[0064] As discussed in detail below, Applicants have found
that the signal-to-noise ratio of a physiological sensor, such as
an oximetry sensor, (and, hence, the accuracy of any physi-
ological characteristic, e.g., O, saturation, determined there-
from) can be significantly enhanced by heating a significantly
larger tissue region, i.e. a region that extends beyond the
target measurement site and/or region in direct communica-
tion with the sensor, prior to or in conjunction with obtaining
aphysiological measurement, e.g., O, saturation, at the target
measurement site.

[0065] Applicants have also recognized that the body’s
response to applied heat, i.e. heat stimuli, can, and in most
instances will, vary from patient-to-patient. Thus, in a pre-
ferred embodiment of the invention, the integrated physi-
ological sensor apparatus and systems include one or more
algorithms that are adapted to regulate the heating means
based on a body’s response to the heat stimuli.

[0066] Although the integrated sensor apparatus, systems
and methods of the invention are primarily described herein
in conjunction with pulse oximetry sensors and systems, and
measurements (or readings) obtained therewith, it is under-
stood that the sensor apparatus, systems and methods are not
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limited to pulse oximetry and determinations made there-
from. Indeed, in some embodiments of the invention, the
integrated physiological apparatus and systems include at
least one additional physiological sensor, which is adapted to
monitor and/or determine a physiological characteristic
based on the wave form, or amplitude or shape of a plethys-
mogram. In further envisioned embodiments of the invention,
the integrated physiological apparatus and systems include at
least one physiological sensor that is adapted to monitor
blood pressure.

[0067] Referringnow to F1G. 1, there is shown one embodi-
ment of a conventional oximetry sensor and associated sys-
tem (denoted generally “10”) that can be employed within the
scope of the present invention. As illustrated in FIG. 1, the
oximetry sensor 10 preferably includes two emitters 20, 22
and detector 28, which are positioned adjacent the tissue
being analyzed, i.e. finger 5.

[0068] Two lights are emitted by the emitters 20, 22; in one
embodiment, a first light having a discrete wavelength in the
range of approximately 650-670 nanometers in the red range
and a second light having a discrete wavelength in the range
of approximately 800-950 nanometers. The lights, in the
illustrated embodiment, are transmitted through finger 10 via
emitters 20, 22 and detected by detector 28.

[0069] The emitters 20, 22 are driven by drive circuitry 24,
which is, in turn, governed by control signal circuitry 26.
Detector 28 is in communication with or connected to ampli-
fier 30. The signal from amplifier 30 is transmitted to
demodulator 32, which is also synchronized to control signal
circuitry 24. The demodulator 32, which is employed in most
pulse oximeter systems, removes any common mode signals
present and splits the time multiplexed signal into two (2)
channels, one representing the red voltage (or optical) signal
and the other representing the infrared voltage (or optical)
signal.

[0070] Thesignal from the demodulator 32 is transmitted to
an analog-digital converter 34. As is well known in the art, the
output signal from the demodulator 34 is typically a time
multiplexed signal comprising (i) a background signal, (ii)
the red light range signal, and (iii) the infrared light range
signal.

[0071] Thedesired computations are performed on the out-
put from the converter 34 by signal processor 36 and the
results transmitted to and displayed by display 40.

[0072] Referring now to FIG. 2, there is shown a schematic
illustration of one embodiment of an integrated physiological
sensor apparatus and system of the invention (denoted gen-
erally “100”). As illustrated in FIG. 2, the system 100
includes oximetry sensor 10 (discussed above), heating
means 40 and, optionally, at least one monitor or display 55.

[0073] As will readily be appreciated by one having ordi-
nary skill in the art, various oximetry sensors (and systems)
can be employed within the scope of the invention. Thus,
although the sensor systems 100, 200, discussed in detail
below, employ oximetry sensor 10 (shown in FIG. 1), such
use and discussion herein should not be deemed limiting.

[0074] Referring back to FIG. 2, in some embodiments of
the invention, the heating means 40 is connected to or in
communication with, e.g., wireless communication, with the
oximetry sensor 10. Similarly, in some embodiments, heating
means 40 is in communication with the display 50, whereby
the heat transmitted by the heating means 40 can be displayed
and, hence, monitored.
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[0075] Insome embodiments of the invention, the heating
means 40 includes heat regulating means (shown in phantom
and designated “46”), e.g., heating blanket, or integral control
means, that is adapted to monitor and regulate the heat trans-
mitted by the heating means 40.

[0076] Referring now to FIG. 3, in a preferred embodiment
of the invention, system 100 further includes at least one heat
sensor 42a that is adapted to be disposed proximate the tissue
region being heated by the heating means 40 and monitor the
temperature of the heated tissue region, and processor means
(or processor) 50 that is in communication with heating
means 40, oximetry sensor 10, heat sensor 42¢ and display
55. The processor means 50 is preferably programmed and
adapted to regulate heating means 40 and/or oximetry sensor
10 and/or the output displayed on display 55.

[0077] Asillustrated in FIG. 3, in some embodiments of the
invention, the system 100 additionally includes at least a
second heat sensor (shown in phantom and designated “425)
that is adapted to be disposed at a target body site or region
that is close to, but independent from, the heated tissue region
to monitor the temperature of the target region and, hence, the
body’s response to the heat stimuli. The second heat sensor
424 is preferably similarly in communication with processor
means 50, which, as discussed in detail below, includes at
least one algorithm that is designed and adapted to regulate
the heating means 40 based on the body’s response to the heat
stimuli.

[0078] In further embodiments of the invention, the system
100 further includes an ECG sensor (shown in phantom and
designated “48”) that is adapted to monitor electrical signals
and/or impulses associated with heart function. In the noted
embodiments, the ECG sensor 48 would similarly be in com-
munication with processor means 50.

[0079] In the illustrated embodiment, the ECG sensor 48
comprises a separate, stand-alone sensor (and associated sys-
tem). However, in a further envisioned embodiment of the
invention (not shown), the ECG sensor is incorporated in one
or more oximetry sensors, e.g., oximetry sensor 10 and/or
sensors 10a, 105, discussed below. The integrated system
would thus eliminate the pads and wires typically associated
with conventional ECG sensors. The resulting vector, which
would be determined by position of the oximetry sensor(s),
would provide good S/N.

[0080] Inadditional (envisioned) embodiments, the system
includes at least one additional physiological sensor (not
shown) that is adapted to monitor a further physiological
characteristic or parameter, such as blood pressure.

[0081] As indicated above, in one embodiment of the
invention, the heating means 40 of the invention is adapted to
transmit heat energy to a large or extended tissue region, i.e.
a tissue region that extends beyond the target measurement
site and/or the tissue region that is proximate to or in direct
communication with the sensor (see, e.g., FIGS. 5 and 12),
prior to or in conjunction with obtaining an oximeter or other
physiological reading. In some embodiments of the inven-
tion, the heating means 40 is also adapted to heat a smaller
tissue region, preferably, a tissue region proximate a physi-
ological sensor, e.g., oximetry sensor 10.

[0082] The heating means 40 of the invention can thus
comprise any means of increasing the core or tissue (or skin)
temperature of a subject, including, without limitation,
devices that transmit heat energy, such as thermoelectric heat-
ing devices (e.g., heating elements of various sizes, shapes,
materials, etc. that are adapted to cooperate with various
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heating apparatus and/or configurations, such as a heated
glove), contact heaters, lamps, heating blankets, etc., heated
rooms, heated liquids, devices that transmit ultrasonic or
photoelectric energy, and mentholated, counterirritant and/or
vasodilating substances, and passive heating means, i.e.
means for limiting heat from escaping a specific tissue region
ofthe body. As indicated above, the heating means 40 can also
comprise two or more of the noted devices and means, e.g.
two heat lamps.

[0083] According to the invention, in addition to the heat
profile effectuated by a temperature algorithm of the inven-
tion (discussed in detail below), the heat or heat energy pro-
vided by the heating means 40 can be substantially steady
state (or constant) or varied, e.g. oscillated or any function of
time-varied heating.

[0084] According to the invention, the heat or heat energy
transmitted by the heating means 40 and applied to the tissue
is sufficient to induce or trigger an optimal homeostatic reflex,
whereby tissue perfusion of the heated tissue region is
enhanced, without burning the patient. As will be appreciated
my one having ordinary skill in the art, the amount of heat or
heat energy that would be necessary to trigger an optimal
homeostatic reflex will vary from patient-to-patient, site-to-
site on the same patient, as well as over time, depending on
physical and/or mental health condition, metabolic status,
exertion or fatigue and prior thermal conditioning or expo-
sure.

[0085] Applicants have, however, found that when the skin
of a patient is heated up to a generally tolerable temperature
range of approximately 40-42° C., arterioles in the blood
vessel network that spread in the shallow layer within the
dermis respond to the heat stimulus by active expansion of the
inner diameters of the arterioles and general vasodialation.
The expanded diameter results in a lowered resistance to
blood flow and, hence, increased blood flow therethrough.
Thus, in one embodiment of the invention, to optimize the
increase of perfusion, the skin or tissue of the patient is
initially heated to at least a temperature of approximately 35°
C. or, at a minimum, 3° C. above the skin or surface tempera-
ture and below a temperature of approximately 42° C. to
avoid burning the patient.

[0086] A Kkey feature and advantage of the integrated physi-
ological sensor apparatus and systems of the invention is the
capability of applying heat or heat energy over a large tissue
region, such as an entire organ or appendage, prior to or in
conjunction with taking an oximeter (or other physiological)
reading. As indicated above, Applicants have found that the
signal-to-noise ratio of a physiological sensor; particularly,
an oximetry sensor (and, hence, the accuracy of any physi-
ological characteristic, e.g., O, saturation, determined there-
from) can be significantly enhanced by heating a large tissue
region prior to or in conjunction with obtaining an oximeter
reading. Indeed, Applicants have realized about one order of
magnitude improvement in the signal-to-noise ratio by virtue
of the systems and means of the invention.

[0087] As will readily be appreciated by one having ordi-
nary skill in the art, an order of magnitude increase in blood
perfusion is significant in that the resulting signal strength
enables physiological measurement(s) at an optimum site,
such as a site proximate the central circulation, which is, by
design, much less affected by vasoconstriction and, which is
more proximal the heart and aorta. Such sites were heretofore
deemed inaccessible and there was insufficient sensor signal
strength to yield useful and high quality measurements, i.e. a
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quality that is comparable to conventional sites when non-
constricted, such as the finger.

[0088] According to the invention, the large tissue region
that is subjected to heating can, of course, comprise the entire
body of the patient. The heating means 40, in this instance,
could thus comprise a heated liquid bath or a heated room,
such as a sauna.

[0089] More preferably, the larger tissue region comprises
an entire organ or appendage and, in some embodiments, the
adjoining tissue structure.

[0090] As will also be appreciated by one having ordinary
skill in the art, the body’s response to the heat stimuli, e.g.
homeostatic reflex, will also vary from patient-to-patient.
Thus, as indicated above, in some embodiments of the inven-
tion, the processor means 50 includes at least one algorithm
thatis adapted to regulate the heating means 40 (and/or physi-
ological sensors, e.g. oximetry sensor 10) based on the body’s
response to the heat stimuli (hereinafter referred to as “tem-
perature algorithm”).

[0091] In one embodiment of the invention, the tempera-
ture algorithm is adapted to compare measured pulse ampli-
tude and skin surface temperatures at a first site (or region)
within the heated tissue region to measured pulse amplitude
and skin surface temperature at a second site that is close to
the first site, but independent thereof, and adjust the applied
heat based on the comparison to optimize the signal-to-noise
ratio. By way of example, at a first tissue region a low mea-
sured pulse amplitude of 1% is measured at a skin surface
temperature of 28° C., whereas the pulse amplitude at a sec-
ond tissue region that is close to, but independent of the first
tissue region is an acceptable 5% at a temperature of 35° C. In
this case, the temperature algorithm would adjust, 1.e. slightly
raise, the temperature at the first tissue region several degrees.
[0092] Insomeembodiments of the invention, the tempera-
ture algorithm is further adapted to determine (or estimate) at
least one core temperature as a function of the measured
temperature at the second tissue region and adjust the applied
heat in response thereof.

[0093] In another embodiment of the invention, the tem-
perature algorithm is adapted to optimize the signal-to-noise
ratio by comparing measured pulse amplitude and skin sur-
face temperature at a first site (or region) within the heated
tissue region to stored demographic data, 1.e. pulse amplitude
and skin surface temperature data from a plurality of subjects,
and adjust the applied heat based on the comparison. Prefer-
ably, the stored demographic data includes measured pulse
amplitudes and skin surface temperatures of a second tissue
region on a plurality of subjects during heating of a first tissue
region on the second subjects’ body, the second tissue region
being close to, but independent of the first tissue region.
[0094] Referring to FIG. 4, there is shown a schematic
illustration (or flow chart) reflecting the noted temperature
algorithm. As illustrated in FIG. 4, there are a total of four
combinations of pulse amplitude and skin temperature (des-
ignated A, D, J, and M), reflecting the demographic data
collection parameters. In one embodiment of the invention,
pulse amplitude (PA)is determined from the IR channel of the
plethysmogram or oximetry probe based on the ratio of the
measured difference in detector output between the maximal
systole and the minimal diastole divided by the total IR inten-
sity, in percent, wherein large pulse amplitude is defined as
>0.5%, preferably, >2.0%.

[0095] In one embodiment, a high skin temperature (Ts) is
defined as >20° C., more preferably, >30° C., even more
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preferably, >36° C., and a low skin temperature is defined as
<20° C., more preferably, <30° C., even more preferably,
<36° C.

[0096] In one embodiment of the invention, the signal-to-
noise ratio (S/N) is based on the ratio of pulse amplitude
divided by the uncertainty of the signal, wherein a high sig-
nal-to-noise ratio is defined as >5, more preferably, >30, and
a low signal-to-noise ratio is defined as <5, more preferably,
<30.

[0097] Asillustrated in FIG. 4, in case A, the signal quality
is high during data collection and results calculated there-
from. In case B, there is a bifurcation after extended or
enhanced data collection (E), in that the quality of the S/N is
either sufficient (F), in which case the results can be calcu-
lated, or the SIN quality is not sufficiently good (G), in which
case heat is applied to the body site in a variety of ways, e.g.,
constant, at different heating rates or intermittently, until the
quality of the S/N is sufficient to proceed with calculation of
results (I).

[0098] In case J, there is an unusual physiological combi-
nation that results in high perfusion and good S/N to warrant
proceeding to results (L). In case M, there is a mandatory
application of heat to bring tissue perfusion up a level that
enables data collection and calculation of results (R). Accord-
ing to the invention, the heat treatment and decision making
can be automated in iterative ways (PN,O . .. PN,Q,R)

[0099] Referring now to FIG. 5, there is shown a schematic
illustration of the application of heat to an entire ear 6 by
heating means 40 (shown as heat zone “h,”). According to the
invention, the heat applied to the ear 6 can be applied in such
amanner (e.g., intensity and/or direction) that only a portion
of the ear 6 is heated or the entire ear 6 is heated or the entire
ear 6 and the adjoining tissue region or tissue and/or bone
structure of the head are heated (unless otherwise stated,
referred to collectively herein as “heated ear”).

[0100] Thus, in one embodiment of the invention, a signifi-
cant portion of the ear 6, more preferably, the entire ear 6 is
heated. In another embodiment, the entire ear 6 and the
adjoining tissue region or tissue and/or bone structure of the
head (referred to collectively hereinafter as “adjoining tissue
region) are heated.

[0101] According to the invention, the heat can be applied
to the ear 6 (or the entire ear 6 and the adjoining tissue region)
prior to or in conjunction with obtaining an oximeter (and/or
other physiological) reading, on a site therein, preferably, the
ear lobe 7.

[0102] As indicated, according to the invention, various
heating means can be employed within the scope of the inven-
tion to heat a desired portion of the ear 6 or the entire ear 6.
Various means for retaining and positioning the heating
means 40 and sensors, e.g., oximetry sensor 10 and heat
sensor 42a, can similarly be employed with the scope of the
invention.

[0103] Referring now to FIGS. 6-10, there is shown one
embodiment of an ear adapter 60 that includes heating means,
multiple sensors and means for retaining and positioning
same (i.e. central circulation system). As illustrated in FIGS.
6 and 7, the ear adapter 60 comprises a clam shell shaped
housing 61 having a base 62 that is adapted to encase the outer
portion of the ear 6, a middle hinge region 63, and a cover 64
(having a similar shape and configuration as the base 62) that
is adapted to be folded onto the base 62 via hinge region 63
(see FIG. 9).
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[0104] According to the invention, the ear adapter housing
61 can be constructed of various materials. Preferably, the
housing 61 is constructed of materials having minimum
weight, provide maximal patient comfort, enable efficient
heat control and effective heat distribution within the adapter
60, and allow for moisture (e.g. perspiration) to dissipate and,
hence, prevent condensation within the adapter 60.

[0105] Inone embodiment of the invention, the ear adapter
housing 61 includes an optional protective outer layer that is
preferably constructed of ABS or like material and includes a
raised closed cell polyethylene foam, e.g., TM3201 Medical
Foam, distributed by MACtac, that is disposed proximate the
perimeter 65 of the base 62 and cover 64.

[0106] As further illustrated in FIGS. 6 and 7, the ear
adapter housing 61 includes at least one access portal 66 that
is preferably disposed in the cover 64 and is adapted to receive
the heating means leads 43, and a recessed region 67 that is
adapted to receive and position the ear clip 80. In the noted
embodiment, the housing 61 also includes an internal anchor
68 that provides strain relief for the heating means leads 43.
[0107] The ear adapter housing 61 further includes means
for positioning and retaining the cover 64 to the base 62, and
means for positioning and retaining the base 62 on the ear 6.
[0108] According to the invention, various means can be
employed within the scope of the invention to position and
retain the cover 64 to the base 62, such as snap and Velcro
retention systems. In the illustrated embodiment, a Velcro
system 70 is employed to position and retain the cover 64 to
the base 62. As illustrated in FIG. 6, the Velcro system 70
includes at least one, preferably, a plurality of Velcro strips 71
that are disposed proximate the outer perimeter 65 of the
cover 64 and base 62.

[0109] Various means can similarly be employed to posi-
tion and retain the base 62 to the ear 6, such as surgical tape,
biocompatible adhesives, etc. In one embodiment of the
invention, a hydrogel, e.g. medical grade hydrogel tape, dis-
tributed by M&C Specialties Co., is employed to retain the
base 62 to the ear 6.

[0110] Referring to FIG. 8, in the noted embodiment, the
base 62 includes at least one, preferably, a plurality of pockets
69 that are adapted to receive a hydrogel.

[0111] Asindicated above, the ear adapter 60 includes heat-
ing means and, preferably, multiple sensors. According to the
invention, the heating means can comprise any of the afore-
mentioned heating means, such as radiative, convective and
conductive heating means.

[0112] In the illustrated embodiment, the heating means
(designated “40a”) preferably comprises a flex circuit heater,
such as a Minco PDF Heater. As illustrated in FIG. 6, the
heating means 40« is disposed within the adapter housing 61
in cover 64.

[0113] In apreferred embodiment, the cover 64 includes a
heating means region 44 that is adapted to enhance the heat
flow from the heating means 40a. According to the invention,
various means and materials can be employed to enhance the
heat flow from the heating means 40q. In one embodiment of
the invention, which is illustrated in FIG. 8, the heating means
region 44 is constructed of cross-linked polyethylene to
enhance the uniformity of heat flow from the heating means
40aq, as well as to prevent local hot spots in direct contact with
the skin.

[0114] Referring back to FIGS. 6 and 7, the ear adapter 60
includes an ear clip 80 that is adapted to receive at least one
optical interrogating means, such as oximetry sensor 10, and
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at least one tissue temperature sensing means, such as tem-
perature sensor 42q, and position the optical interrogating
means and tissue temperature sensing means on the ear 6.
[0115] According to the invention, the ear clip 80 can com-
prise various configurations and materials. In the illustrated
embodiment, the ear clip 80 includes two hingedly connected
elongated sections 82, 84 that are designed to receive an ear
lobe 7 therebetween. In one embodiment, the clip sections 82,
84 are preferably constructed of a thermoplastic elastomer,
such as ABS or like material

[0116] Preferably, the ear clip 80 provides an ear lobe
engagement force no less than approximately 5 mm Hg and
no greater than 50 mm Hg. More preferably, the ear clip 80
provides an ear lobe engagement force no less than 10 mm Hg
and no greater than 25 mm Hg; primarily, to minimize venous
effects, e.g., optical effects due to venous pooling or venous
pulsation, as caused indirectly by arterial pulsation. As is well
known in the art, the elimination of any venous component
enhances the accuracy of the arterial measurement of physi-
ological parameters.

[0117] According to the invention, various tissue tempera-
ture sensing means, i.e. temperature sensor 42a, can be
employed within the scope of the invention, including non-
contact thermometer-type infrared radiation devices and con-
tact thermo-sensor devices, e.g., thermocouples. In a pre-
ferred embodiment, the temperature sensor 42a comprises a
thermocouple-type skin contacting device that protrudes
approximately 0.5 mm to from the sensor surface to ensure
good skin contact.

[0118] In a preferred embodiment of the invention, the
temperature sensor 42q is disposed proximate or alternatively
contra-lateral to the tissue optical interrogation region,
whereby the temperature reading is not affected by the heat-
ing means (and heat provided therefrom) and is substantially
representative of the tissue core temperature. A preferred
location on the ear lobe 7 is thus proximate the skin surface on
the opposite side of the ear lobe 7 relative to the heating means
40a, and, hence heated ear lobe 7 region.

[0119] Referring to FIG. 10, the ear adapter 60 further
includes processor means 50 that is operatively connected to
the temperature sensor 42a and oximetry sensor 10 via leads
45, 47, respectively. As illustrated in FIG. 10, the ear adapter
60 additionally includes quick-disconnect means 49 that is
adapted to effectuate disconnection and connection of leads
45, 47.

[0120] As indicated, the processor means 50 includes at
least one of the aforementioned ear temperature algorithms.
In some embodiments the processor means 50 further
includes a disconnect algorithm that is adapted to monitor the
quick-disconnect means 49 and, hence, connection. discon-
nection and use, i.e. operating intervals, of the ear adapter 60.
By way of example, in a preferred mode of operation, the ear
adapter 60 is limited to a single use on one patient. The
disconnect algorithm would thus allow full operation capa-
bility after the initial connection of leads 45, 47 to the pro-
cessor means via quick-disconnect means 49 and prohibit
operation on a subsequent connection (or up to a predeter-
mined number of re-connections, e.g., 3) after a predeter-
mined period of time (e.g., 10-20 min.). The disconnect algo-
rithm would thus facilitate “temporary” disconnection of the
ear adapter 60 from the processor means 50 to, for example,
move or bath the patient, adjust the adapter 60, etc.

[0121] In some embodiments of the invention, the proces-
sor means further includes atleast one ear or ear lobe pressure
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algorithm (discussed below), one or more signal acquisition,
digitization and processing algorithms, such as disclosed in
U.S. Pat. Nos. 7,184,809 and 7,251,987, and U.S. application
Ser. Nos. 11/418,937 and 11/901.985, and one or more physi-
ological algorithms for determining cardiac characteristics/
functions, such as disclosed in U.S. application Ser. Nos.
11/700,328, 11/881,103 and 12/011,122.

[0122] According to the invention, the processor means 50
is in communication with a monitor (not shown) that prefer-
ably includes display 55. The noted communication can be
achieved via a lead wire 53 or wirelessly. Such wireless
connection can comprise a Bluetooth or similar means of
wireless communication.

[0123] Insome embodiments of the invention, the monitor
also include processor means, which can include the ear
temperature and disconnect algorithms discussed above (and
pressure algorithms discussed below) or portions thereof and/
or a signal processing algorithm and/or physiological algo-
rithm or other control functions and/or parameters.

[0124] In an additional (envisioned) embodiment of the
invention, the ear adapter 60 includes at least one balloon with
apre-set gas pressure. According to the invention, the balloon
can be disposed within the adapter housing 61 of the cover 64
and/or base 62.

[0125] In another envisioned embodiment, the ear adapter
60 includes one or more inflatable gas-tight bags. According
to the invention, the gas-tight bags can be filled with a gas,
such as air or argon, or a suitable, non-toxic, patient safe,
stable liquid, such as water, isopropanol, silicon fluid, perflu-
orinated hydrocarbon, etc.

[0126] As will be readily appreciated by one having ordi-
nary skill in the art, each of the noted envisioned embodi-
ments would allow an investigator to regulate the pressure
exerted on the ear 6 with adapter 60, and, hence, minimize
venous effects. Further, in direct analogy to the standard of
care associated with cuff devices for measuring blood pres-
sure, as the bag pressure, and with that the pressure on the
sensing site, such as the ear lobe, is increased to that of the
diastolic and thereafter to the systolic level, the resulting
change in the optical signal amplitude provides the relevant
indication of peripheral diastolic, systolic and calculated
mean arterial pressure.

[0127] In the envisioned inflatable gas-tight bag embodi-
ment, the ear adapter 60 preferably includes at least one
pressure sensor that is designed and positioned to monitor the
applied pressure and an ear pressure algorithm that is adapted
to regulate the pressure exerted on the ear 6. The ear pressure
algorithm would similarly be included in the processor means
50 and/or monitor.

[0128] Referring now to FIG. 11, in another envisioned
embodiment of the invention, the ear clip 80 includes a blad-
der 85 that can be similarly filled with a gas or suitable liquid
to regulate the pressure applied exerted on the ear lobe 7. In
these embodiments, the ear clip 80 preferably similarly
includes at least one pressure sensor and the processor would
include a further pressure algorithm, i.e. ear lobe pressure
algorithm, which is adapted to control the pressure exerted on
the ear lobe 7.

[0129] Referring now to FIG. 12, there is shown a sche-
matic illustration of the application of heat to ahand 4 (shown
as heat zone “h,”) or alternatively, the entire arm 3 (shown as
heat zone “h,”) by heating means 40. According to the inven-
tion, the heat can be applied to the hand 4 and/or arm 3 prior
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to or in conjunction with obtaining an oximeter (and/or other
physiological) reading on a site therein.

[0130] As discussed in detail below, the heat can also be
applied to a digit or finger 5 prior to or in conjunction with
obtaining an oximeter (and/or other physiological ) reading on
a site therein.

[0131] Referring back to FIG. 12, temperature sensor 42a is
preferably disposed proximate the heated finger 5. However,
the temperature sensor 42a can also be readily disposed
proximate any desired location within heat zone *“h,” and,
hence, hand 4 or heat zone “h,” and, hence, arm 3. According
to the invention, two or more temperature sensors 42a and/or
424 (discussed above) can also be employed. For example,
during heating of the entire arm, one temperature sensor 42a
can be disposed proximate a location on the heated arm 3 and
one temperature sensor 42a can be disposed proximate the
heated hand 4 or finger 5. During heating of the hand 4, one
temperature one temperature sensor 42a can be disposed
proximate the heated hand 4 or finger 5 and one sensor 425
can be disposed proximate a location on the unheated heated
arm 3, i.e. a location that is independent of the heated hand, to
monitor the body’s response to the heat stimuli.

[0132] Referring now to FIGS. 13 and 14, there is shown
one embodiment of a finger adapter 90 of the invention,
which, in the illustrated embodiment, is positioned in a hand
warmer (or glove) 98 (i.e. peripheral circulation system).

[0133] According to the invention, the hand warmer 98 is
designed to encase the hand 4 and, preferably, a portion of the
arm 3 (more preferably, the wrist). The hand warmer 98 is
preferably constructed of a light weight, insulating material,
such as the medical grade, closed cell foam, i.e. DSP0018,
distributed by Diversified Silicone Products, Inc.

[0134] In the illustrated embodiment, the hand warmer 98
includes closure means 99 to facilitate proper engagement to
and positioning on the hand 4, and clinical access. According
to the invention, the closure means 99 can comprise any
conventional means, such as snap and Velcro systems, and a
Zipper.

[0135] Preferably, the hand warmer 98 includes heating
means 405. According to the invention, the heating means
404 can similarly comprise any of the aforementioned heat-
ing means, such as radiative, conductive and convective heat-
ing means. In one embodiment of the invention, the hand
warmer heating means 40B comprises a flex circuit heater,
such as the Minco PDF Heater.

[0136] Referring now to FIG. 14, the finger adapter 90 is
designed and configured to encase a designated finger 5. As
illustrated in FIG. 14, the finger adapter 90 includes a housing
93 that is preferably constructed of light weight material
having sufficient rigidity. As will be appreciated by one hav-
ing ordinary skill in the art, finger adapter housing 93 can
comprise various materials. In one embodiment of the inven-
tion, the housing 93 is constructed of closed cell polyethylene
foam, such as TM3201 medical foam, distributed by MAC-
tac.

[0137] As further illustrated in FIG. 14, the finger adapter
90 similarly includes at least one optical interrogating means,
such as oximetry sensor 10, having a light source 11 and
detector 13. The finger adapter 90 further includes at least one
tissue temperature sensing means, such as temperature sensor
42A, for monitoring the temperature of the finger 5, and a
finger adapter sensor 92 for monitoring the temperature of the
finger adapter housing 93.
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[0138] Inapreferred embodiment of the invention, the hand
warmer heating means 425, oximetry sensor 10 and tempera-
ture sensors 42a, 92 are in communication with processor
means 50, which includes at least one finger temperature
algorithm that is similar to the ear and ear lobe temperature
algorithms discussed above and/or at least one of the afore-
mentioned signal processing algorithms and/or physiological
algorithms.

[0139] Referring now to FIG. 15, in another embodiment of
the invention, the finger adapter 90 similarly includes a bal-
loon or inflatable gas-tight bag 94 that can be filled with a gas
or suitable liquid. According to the invention, the balloon and
bag would function in a manner that is similar to the envi-
sioned ear adapter balloon and bag(s) discussed above.
[0140] Inthenoted embodiment, the finger adapter 90 pref-
erably includes at least one finger adapter pressure sensor that
is adapted to monitor the pressure exerted on the finger 5.
Preferably, the processor means 50 includes a finger pressure
algorithm similar to the ear and ear lobe pressure algorithms,
discussed above.

[0141] Referring now to FIG. 16, there is shown a sche-
matic illustration of another embodiment of an integrated
physiological sensor apparatus and system of the invention
(denoted generally “2007). As illustrated in FIG. 16, the sys-
tem 200 includes a plurality of sensors 104, 105. According to
the invention, the sensors 10a, 105 can be similar or comprise
different sensors, e.g., different physiological measurements,
physical dimensions, attachment means, tuning, etc. Thus, in
one embodiment of the invention, at least one sensor, i.e. 10a
or 105, is similar to sensor 10.

[0142] According to the invention, each physiological sen-
sor 10a, 105 is adapted to be disposed proximate a desired
position of the body, e.g., earlobe and finger, and obtain a
physiological measurement, such as an oximetry reading,
therefrom. In one embodiment of the invention (discussed
below), each sensor 10a, 105 comprises an oximetry sensor,
wherein at least one sensor, e.g., 10q, is disposed proximate a
central circulation site, e.g., neck, ear, nose, etc., and at least
one sensor, e.g., 105, is disposed proximate a peripheral cir-
culation site, e.g., arm, hand, finger, etc.

[0143] The system 200 also includes a plurality of associ-
ated heating means 41a, 415, which are similarly adapted to
transmit heat energy to a large tissue region, i.e. a tissue
region that extends beyond the respective sensor position or
target measurement site and/or the tissue region that is proxi-
mate to or in direct communication with the respective sensor,
prior to or in conjunction with obtaining an oximeter read-
ings, and, optionally, display 55. The heating means 41a, 41
are similarly adapted to be positioned proximate desired loca-
tions on the body and transmit heat or heat energy thereto.
[0144] As will be readily appreciated by one having ordi-
nary skill in the art, each (or both) heating means 41q, 415 of
the invention can also be adapted to heat a smaller tissue
region, e.g., a tissue region proximate a respective sensot, if
desired.

[0145] According to the invention, heating means 41a can
be similar to heating means 415, e.g., heat lamp, or, alterna-
tively, heating means 41a, 415 can comprise different heat
sources, e.g., heat lamp, heat blanket and passive heating
means. As is also illustrated in FIG. 15, each heating means
41a, 415 can similarly be in communication with a respective
sensor 10a, 105 and/or the display 55, whereby the heat
transmitted by the heating means 41aA and/or 415 can be
displayed and, hence, monitored.
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[0146] Although system 200 is shown with two physiologi-
cal sensors, i.e. sensors 10a, 105, and associated heating
means 41a, 415, it is to be understood that system 200 can
include more than two sensors with associated heating means,
e.g. three, four, etc. The illustration of system 200 in FI1G. 15
(and FIG. 16, discussed below) should thus not be deemed
limiting in any manner.

[0147] Referring now to FIG. 17, in some embodiments,
the system 200 similarly includes processor means (or pro-
cessor) 50 that is in communication with heating means 414,
415, sensors 10a, 105 and display 55, and is programmed and
adapted to regulate heating means 41a, 416 and/or sensors
104, 105 and/or the output displayed on display 55.

[0148] In yet additional embodiments, the system 200
includes at least two temperature sensors 42¢, 42d that are
similarly adapted to be disposed proximate the heated tissue
regions and monitor the temperature thereof. Preferably, the
temperature sensors 42¢, 42d are preferably in communica-
tion with the processor 50 and, hence, display 55, whereby the
temperature of at least one heated tissue region can be dis-
played.

[0149] Asillustrated in FIG. 17, the system includes at least
one, preferably, a second pair of temperature sensors 42¢, 42f
that are also preferably in communication with processor
means 50; each sensor 42, 42f'being adapted to be disposed
at a body sit that is close to, but independent from the heated
tissue region to monitor the temperature thereof and, hence,
the body’s response to the heat stimuli.

[0150] In a preferred embodiment of the invention, the
system 200 includes at least one of the aforementioned tem-
perature algorithms that is tailored to the respective body site,
e.g., ear, ear lobe or finger, and adapted to regulate the tem-
perature provided by the heating means, i.e. 41a and/or 415.
[0151] Inafurtherembodimentofthe invention, the system
200 similarly includes an ECG sensor (shown in phantom and
designated “48”) that is adapted to monitor electrical signals
and/or impulses associated with heart function.

[0152] In some embodiments of the invention, the system
200 further includes at least one additional physiological
sensor that is adapted to monitor a further physiological char-
acteristic, such as blood pressure.

[0153] Referring now to FIG. 18, there is shown one appli-
cation of system 200, where one sensor 10q is positioned
proximate to and in communication withan ear lobe 7 and one
sensor 105 is positioned proximate to and in communication
withafinger 5. As illustrated in FIG. 18, heating means 41a is
also preferably positioned proximate the ear 6, where heating
of the entire ear 6 (shown as heat zone “h,”) or the ear 6 and
adjoining tissue region is possible, if desired. Heating means
415 is preferably positioned proximate the arm 3 and hand 4,
where heating of the arm 3 (shown as heat zone “h,”) and/or
hand 4 (shown as heat zone “h,”) is possible, if desired.
[0154] According to the invention, one or bothregions, e.g.,
ear 6 and arm 3, can be heated while obtaining oximetry
readings with sensors 10a, 105. Thus, in one embodiment of
the invention, the entire ear 6 (or the ear 6 and adjoining tissue
region) is heated with heating means 41a while oximeter
readings are acquired at the heated earlobe 7 and the unheated
finger 5 with sensors 10a and 105, respectively. In another
embodiment, the entire arm 3 is heated with heating means
415 while oximeter readings are acquired at the unheated ear
lobe 7 and heated finger 5 with sensors 10a and 105, respec-
tively. In yet another embodiment, the hand 4 is heated with
heating means 415 while oximeter readings are acquired at
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the unheated ear lobe 7 and heated finger 5 with sensors 10a
and 104, respectively. In yet another embodiment, the entire
ear 6 (or the ear 6 and adjoining tissue region) is heated with
heating means 41a and the hand 4 is heated with heating
means 415 while oximeter readings are acquired at the heated
ear lobe 7 and heated finger 5 with sensors 10¢ and 104,
respectively.

[0155]  According to the invention, physiological measure-
ments, e.g., oximetry readings, can also be obtained with
sensors 104, 105 (and any other employed physiological sen-
sor) without the application of heat to an extended tissue
region or during (or after a predetermined time after) the
application of heat to a smaller tissue region proximate one or
both sensors 10a, 105.

[0156] System 200 thus provides an effective means of
acquiring multiple oximetry readings with enhanced accu-
racy from sensors disposed at multiple locations on the body.
[0157] According to the invention, an exemplar integrated
physiological-sensor would thus comprise a system having
both the central circulation system i.e., ear adapter 60, and
peripheral circulation system, i.e., hand warmer 98/finger
adapter 90, discussed above.

EXAMPLES

[0158] The following examples are provided to enable
those skilled in the art to more clearly understand and practice
the present invention. They should not be considered as lim-
iting the scope of the invention, but merely as being illustrated
as representative thereof.

Example 1

[0159] A series of blood oximetry readings were obtained
from thirty-three (33) subjects that ranged in age from 28 to
92 years of age. Baseline temperature and plethysmographic
readings were initially recorded. The baseline temperature for
each subject was obtained on an area of the ear proximate the
sensor using a remote IR skin temperature monitoring device.
Baseline plethysmographic recordings were obtained with a
non-heatable Nellcor Ear Sensor®, model ES-3212-9.
[0160] Referring now to FIGS. 19-21, there are shown the
IR portions of oximetry plethysmograms obtained on an area
of the ear at a baseline temperature in the range of approxi-
mately 29-32° C. (FIG. 19) and at an elevated temperature in
the range of approximately 35-37° C. for two subjects (FIGS.
20 and 21). It can be seen that the signal-to-noise ratio of the
sensor is substantially improved in FIGS. 19 and 20 (i.e.
elevated temperature), as evidenced by the absence of the
spikes associated with the pulse waves at the baseline tem-
peratures (i.e. FIG. 19).

[0161] Tt should further be noted that the amplitude of the
pulse waves shown in FIG. 20 were increased from approxi-
mately 400 units (A/D counts) to approximately 3900 units,
which reflects a substantial increase of approximately one
order of magnitude.

[0162] Referring now to FIG. 22; there is shown the effect
of different heating methods or conditions for subjects rang-
ing in age from 71-94 years of age on pulse amplitude (or
signal). The heating methods or conditions comprised heating
the ear to a temperature in the range of approximately 33-35°
C. via “friction”, i.e. rubbing the earlobe for approximately
30 seconds, and active (or contact) heating, referred to as
“heat” to a temperature of approximately 35-37° C. via a
heater blanket.
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[0163] Asillustrated in FIG. 22, heating to a temperature of
approximately 33-35° C. via “friction” produced an average
2.7-fold improvement in the amplitude ratio. Contact heating
produced an average 6-fold improvement in the amplitude
ratio.

[0164] Referring now to FIG. 23, there is shown the effect
of the same heating methods for subjects ranging in age from
25-26 years of age on the pulse amplitude. As illustrated in
FIG. 23, “friction” heating produced an average 6.1-fold
improvement in the amplitude ratio. Contact heating pro-
duced an average 10.7-fold improvement in the amplitude
ratio.

[0165] The datareflected in FIGS. 19-23 thus demonstrates
that significant improvements in the signal-to-noise ratio ofa
sensor and, hence, the accuracy of physiological characteris-
tics determined therefrom, can be obtained by virtue of the
methods and systems of the invention.

[0166] As will readily be appreciated by one having ordi-
nary skill in the art, the physiological sensor methods and
systems of the invention provide numerous advantages.
Among the advantages are the following:

[0167] The provision of physiological sensor apparatus,
systems and methods that enhance the accuracy of
physiological measurements and determinations made
therefrom.

[0168] The provision of physiological sensor apparatus,
systems and methods that enhance the accuracy of blood
parameter determinations of oximetry sensors, such as
oxygen saturation.

[0169] The provision of physiological sensor apparatus,
systems and methods that can readily be incorporated in
or employed in conjunction with conventional oximetry
sensors to enhance the accuracy of blood parameter
readings and/or determinations made therefrom.

[0170] The provision of physiological sensor apparatus,
systems and methods that facilitate the acquisition of
signals reflecting physiological characteristic at a body
or tissue site that is supplied by the central circulation,
such as a site on the head, and/or allows for monitoring
of patients that are peripherally vasoconstricted to the
extent that conventional sites, such as a finger or toe, are
neither palpable, nor yield usable plethysmographic sig-
nals.

[0171] The provision of physiological sensor apparatus,
systems and methods that facilitate the acquisition of
signals reflecting physiological characteristic at a site
thatis proximate the aorta where the wave shape is much
less influenced by transit through vasculature of com-
plex shape, branching and length at a patient-dependent
degree of hardening of the arterial wall. Thus, the pres-
sure and flow wave shape is more similar to the original
shape as it leaves the aorta, which enables accurate mea-
surements and diagnostic information of hemodynamic
parameters, such as blood pressure, cardiac output,
structure condition and functioning of the arterial vas-
culature.

[0172] The provision of physiological sensor apparatus,
systems and methods that provide heating at a constant
or variable rate to a set temperature and monitoring of
amplitudes or time changes of the arterial pressure
induced signals, whereby the pressure or flow wave-
forms yields information on the degree of physiological
control of that patient, as well as indirectly on therapeu-
tic or otherwise interventional effectiveness.
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[0173] The provision of physiological sensor apparatus,
systems and methods that include thermal control of the
measurement site, whereby the effects of temperature
variability or fluctuation, and/or the body’s response to
the heat stimuli on the measured parameter(s), e.g. oxy-
gen saturation, is minimized.

[0174] The provision of physiological sensor apparatus,
systems and methods that include heating means, ther-
mal control of the heating means and measurement site,
and a plurality of physiological sensors, e.g., oxygen
saturation, blood pressure, ECG, etc.

[0175] Without departing from the spirit and scope of this
invention, one having ordinary skill in the art can make vari-
ous changes and modifications to the invention to adapt it to
various usages and conditions. As such, these changes and
modifications are properly, equitably, and intended to be,
within the full range of equivalence of the following claims.

What is claimed is:

1. An integrated physiological sensor system, comprising:

aplurality of physiological sensors, said plurality of physi-

ological sensors including at least a first physiological
sensor adapted to measure pulse amplitude at a target
measurement site on a subject’s body and a second
physiological sensor adapted to monitor electrical
impulses associated with said subject’s heart function;
and

means for heating a tissue region on said subject’s body,

whereby blood perfusion of said tissue region is
enhanced, said tissue region including said target mea-
surement site and extending beyond said target measure-
ment site.

2. The system of claim 1, wherein said system includes a
third sensor adapted to monitor blood pressure.

3. An integrated physiological sensor system, comprising:

a plurality of physiological sensors, said plurality of sen-

sors including at least a first physiological sensor
adapted to measure pulse amplitude at a first target mea-
surement site on a subject’s body and a second physi-
ological sensor adapted to monitor electrical impulses
associated with said subject’s heart function;

means for heating a tissue region on said subject’s body,

whereby blood perfusion of said tissue region is
enhanced, said tissue region including said first target
measurement site and extending beyond said first target
measurement site;

afirst heat sensor adapted to monitor skin surface tempera-

ture of said tissue region; and

aprocessor in communication with said heating means and

said first heat sensor, said processor including at least
one algorithm for regulating said heating means based
on a physiological response of said subject’s body to
heating of said tissue region.

4. The system of claim 1, wherein said first physiological
sensor comprises a pulse oximetry sensor, said pulse oxim-
etry sensor having a signal-to noise ratio.

5. The system of claim 4, wherein said processor includes
stored demographic pulse amplitude and skin surface tem-
perature data, and wherein said algorithm is adapted to com-
pare first pulse amplitude measured by said first physiological
sensor at said first target measurement site and first skin
surface temperature of said tissue region measured by said
first heat sensor to said stored demographic amplitude and
skin surface temperature data, and adjust the heat provided by
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said heating means based on said comparison, whereby said
signal-to-noise ratio of said first physiological sensor is opti-
mized.

6. The system of claim 5, wherein said demographic pulse
amplitude and skin surface temperature data includes mea-
sured pulse amplitudes and skin surface temperatures of a
second tissue region on a plurality of second subjects during
heating of a first tissue region on said second subjects’ body,
said second subjects’ second tissue region being close to, but
independent of said second subjects’ first tissue region.

7. The system of claim 4, wherein said system includes a
third physiological sensor adapted to measure pulse ampli-
tude at a second target measurement site that is close to said
first target measurement site, but independent thereof, and a
second heat sensor adapted to monitor skin surface tempera-
ture of said second target measurement site, said third physi-
ological sensor and said second heat sensor being in commu-
nication with said processor.

8. The system of claim 7, wherein said algorithm is adapted
to compare first pulse amplitude measured by said first physi-
ological sensor at said first target measurement site and first
skin surface temperature of said tissue region measured by
said first heat sensor to second pulse amplitude measured at
said second target measurement site by said third physiologi-
cal sensor and second skin temperature of said second target
measurement site measured by said second heat sensor, and
adjust the heat provided by said heating means base on said
comparison, whereby said signal-to-noise ratio of said first
physiological sensor is optimized.

9. The system of claim 1, wherein at least said first physi-
ological sensor includes at least one lead operatively con-
nected to said first physiological sensor and said processor to
facilitate communication by and between said first physi-
ological sensor and said processor, said first physiological
sensor lead including quick-disconnect means.

10. The system of claim 9, wherein said processor further
includes a disconnect algorithm that is adapted to monitor
said quick-disconnect means and limit operation of said sys-
tem after a predetermined number of subsequent re-connec-
tions of said quick-disconnect means after a predetermined
period of time.

11. The system of claim 1, wherein said system includes at
least one ear adapter adapted to engage an ear of said subject,
said ear adapter including said first physiological sensor.

12. The system of claim 11, wherein said ear adapter fur-
ther includes means for applying pressure to the ear lobe of
said engaged ear and at least one pressure sensor adapted to
monitor said applied pressure on said ear lobe.

13. The system of claim 12, wherein said processor further
includes an ear pressure algorithm adapted to regulate said
applied pressure on said ear lobe.

14. The system of claim 1, wherein said system includes a
fourth sensor adapted to monitor blood pressure.

15. A method of determining a physiological characteris-
tic, comprising the steps of:

providing at least a first physiological sensor that is adapted

to measure pulse amplitude at a first tissue region on a
subject’s body, said first physiological sensor having a
signal-to-noise ratio;

disposing said first physiological sensor proximate said

first tissue region;

heating said first tissue region to an interrogation tempera-

ture;
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measuring a first pulse amplitude at said first tissue region
with said first physiological sensor during heating of
said first tissue region;

measuring a first temperature of said first tissue region

during heating of said first tissue region;

providing demographic pulse amplitude and skin surface

temperature data;

providing a temperature algorithm that is adapted to adjust

the interrogation temperature as a function of said first
pulse amplitude and said first tissue region temperature
and said demographic pulse,amplitude and skin surface
temperature data, whereby said signal-to-noise ratio of
said first physiological sensor is optimized.

16. The method of claim 15, wherein said demographic
pulse amplitude and skin surface temperature data includes
measured pulse amplitudes and skin surface temperatures of
asecond tissue region on a plurality of second subjects during
heating of a first tissue region on said second subjects’ body,
said second subjects’ second tissue region being close to, but
independent of said second subjects’ first tissue region.

17. The method of claim 15, wherein said heating of said
first tissue region is sufficient to induce an optimal homeo-
static reflex, whereby said first issue region blood perfusion is
enhanced, without burning said subject.

18. The method of claim 15, including the step of monitor-
ing electrical impulses associated with said subject’s heart
function with a second physiological sensor.

19. The method of claim 15, including the step of monitor-
ing blood pressure with a third physiological sensor.

20. A method of determining a physiological characteris-
tic, comprising the steps of:

providing a first physiological sensor that is adapted to

measure pulse amplitude at a first tissue region on a
subject’s body, said first physiological sensor having a
signal-to-noise ratio;
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disposing said first physiological sensor proximate said

first tissue region;
providing a second physiological sensor that is adapted to
measure pulse amplitude at a second tissue region on
said subject’s body, said second tissue region being close
to, but independent of said first tissue region;

disposing said second physiological sensor proximate said
second tissue region;

heating said first tissue region to an interrogation tempera-

ture;

measuring a first temperature of said first tissue region

during heating of said first tissue region;

measuring a first pulse amplitude at said first tissue region

with said first physiological sensor during heating of
said first tissue region;
measuring a second temperature of a second tissue region;
measuring a second pulse amplitude at said second tissue
region with said second physiological sensor;

providing an algorithm that is adapted to adjust said inter-
rogation temperature as a function of said first and sec-
ond tissue region temperatures and said first and second
pulse amplitudes, whereby said signal-to-noise ratio of
said first physiological sensor is optimized.

21. The method of claim 20, wherein said heating of said
first tissue region is sufficient to induce an optimal homeo-
static reflex, whereby said first issue region blood perfusion is
enhanced, without burning said subject.

22. The method of claim 20, including the step of monitor-
ing electrical impulses associated with said subject’s heart
function with a second physiological sensor.

23. The method of claim 20, including the step of monitor-
ing blood pressure with a third physiological sensor.

LI T T
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