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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of non-
invasive measurement of signals indicating arterial blood
oxygen saturation by means of pulse oximetry, and of
photoplethysmographic signals indicating pressure and
flow characteristics, and in particular, configurations of a
pulse oximeter probe that sample across the nasal sep-
tum, cheek or the lip of a living subject. Such probes
optionally include provision of a supply of oxygen or ox-
ygen-enriched gas to a patient whose blood oxygen sat-
uration is being measured, and/or a sampler of exhaled
breath for capnography.

BACKGROUND OF THE INVENTION

[0002] Diseases, acute injuries, and other conditions
can adversely affect blood flow to and in the limbs. In a
general sense, agents and factors that may affect and
lower circulation to the limbs, also known as peripheral
circulation, include certain drugs, especially vasocon-
strictors, poor perfusion per se due to shock, such as
results from low blood volume, or septic or cardiogenic
shock, certain traumas, external pressure (as from
bums), hypothermia, and other mechanical abnormali-
ties or injuries. In particular, decreased peripheral circu-
lation may be caused by a number of disorders within
the body including, but not limited to, atherosclerosis,
Raynaud’s disease, Buerger’s disease, chronic obstruc-
tive pulmonary diseases (COPD), and embolic occlusive
disease.

[0003] Poor blood flow reduces the amount of oxygen
that is carried in the blood stream to cells. Emergency
rooms, intensive care units, burn units, operating rooms,
and ambulances treat a variety of critically ill patients in
need of continuous monitoring of real time hemoglobin
saturation and/or blood pressure readings. If oxygen lev-
els in the blood become very low at peripheral sites, a
variety of problems may occur which include inadequate
resuscitation, cell death or necrosis that can lead to non-
healing lesions, gangrene and amputation of limbs. Also,
in progressive diabetes and other conditions that may
result in atherosclerosis that affect peripheral circulation
and perfusion, non-invasive measurement of circulation
and/or resistance status is useful to monitor the progres-
sion of the disease and the effectiveness of treatments.
[0004] Also, many patients, especially among the eld-
erly, are on chronic oxygen therapy; they are in need of
supplemental oxygen on a routine basis. Such patients
may have impaired and/or diminished cardiopulmonary
capacity. When such patients are ambulatory, their sup-
ply of oxygen (usually a tank of compressed oxygen or
liquid oxygen) must be transported with them wherever
they travel. Oxygen from such supply passes through a
regulator and thence, typically, via a tube to the nose
where it is inhaled (e.g., via a nasal cannula or the like).
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Alternatively, the oxygen may be delivered by a cannula
directly into the trachea (transtracheal supplemental ox-
ygen). Embodiments of the present invention combine
the supply of oxygen or oxygen-rich air with a pulse ox-
imeter that adjusts the release of the supply to better
match the actual bodily requirement based on the meas-
ured blood oxygen saturation. A pulse oximeter that re-
ceives the signal from the pulse oximeter probe is located
a distance from the probe itself, and provides a blood
oxygen saturation measurement to the user (and/or to a
remote monitor), and/or, in certain embodiments acts to
adjust the inflow rate or quality of the oxygen or oxygen-
rich gas being supplied. This, depending on each partic-
ular user and his/her baseline settings, can either extend
the life of a given supply of compressed oxygen or oxy-
gen-rich gas, or provide oxygen or oxygen-rich gas on a
more accurate, as-needed basis, in the latter case im-
proving the health and/or performance of the user.
[0005] As to the latter benefit of this aspect of the
present invention, provision of an accurate, as-needed
supply of oxygen reduces the risk of and/or alleviates
problems of hypoxia that are associated with improper
adjustment of supplemental oxygen to patients in need
thereof. Hypoxia, low oxygen delivery, or hypoxemia, low
oxygen tension in the blood, cause a number of maladies
including polycythemia (increased hematocrit) which
leads to abnormal clotting. Polycythemia is a compensa-
tory mechanism to chronic hypoxemia that typically
builds up over weeks to months. It is typical in persons
with chronic lung disease (and also persons living at high
altitudes).

[0006] A more immediate, primary physiologic com-
pensatory response to oxygen deficitis increased cardiac
output. This is normal, such as during increased physical
exertion. However, in persons who have impaired cardi-
ocirculatory reserve, increased cardiac output in re-
sponse to low arterial oxygen level can, under certain
circumstances, eventually lead to death. The second im-
mediate physiologic compensatory response to oxygen
deficit is the extraction of more oxygen from hemoglobin
within the capillaries of the body’s organs. This normally
happens either during an increase in oxygen demand
(i.e., exercise, fever, shivering, etc.), or during normal
demand but decreased oxygen delivery (i.e., due to in-
adequate blood flow, anemia, hypoxia). In such instanc-
es, metabolically active cells draw additional oxygen from
the red blood cells which ultimately resulting in a de-
crease in the mixed venous blood’s oxygen saturation
falling from a typical 65% to 80% level to levels as low
as 32% (see Hemodynamic Monitoring - Invasive and
Noninvasive Clinical Application, by Gloria Oblouk
Darovic, 3rd Ed., 2002, Chapter 12). Chronic hypoxemia
can lead to a switch by metabolically active cells to anaer-
obic metabolism, which, especially in patients with limited
cardiopulmonary reserve, can lead to lactic acidosis and
eventually death.

[0007] Hypoxemia also causes cognitive dysfunction
either acutely or chronically which can lead to early de-
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mentia and death. Generally, based on the compensa-
tory mechanisms and effects on body tissues, chronic
hypoxemia may affect all organs in the body leading to
failure of any or all organs.

[0008] In general, blood oxygen levels are currently
measured by pulse oximetry, which can be divided into
transmittance and reflectance types. Transmittance, or
transillumination oximetry, involves the process whereby
a sensor measures light extinction as light passes
through a portion of blood-perfused tissue. Light is trans-
mitted from one side of a portion of blood-perfused tissue,
and is recorded by a sensor situated across the portion
of tissue. Reflectance oximetry, on the other hand, has
both the light source and the sensor on one side of the
tissue, and measures reflectance back from the tissue.
For both types of oximetry, multiple signals from the light
sensor, or detector, are used to estimate the oxygen sat-
uration and pulse rate from changes in absorption of the
light detected throughout blood pulse cycles. The tech-
nology is based on the differential absorbence of different
wavelengths of light by different species of hemoglobin.
[0009] Conventional pulse oximetry measurement in
certain classes of patients, for instance severely burned
patients, can be a significant challenge, yet this monitor-
ing data is vital in operating room and intensive care set-
tings. Most current pulse oximetric approaches depend
upon available peripheral sites permitting transillumina-
tion oximetry which is sufficient for most surgical condi-
tions and procedures. However, in one example, patients
with severe burns often have only a few sites suitable for
the effective placement of the transmitting pulse oximeter
sensor. These patients often have severe circulatory
compromise rendering the current peripheral pulse oxi-
meters less effective.

[0010] The technology of pulse oximeters is well
known (See "Pulse Oximetry: Principles and Limitations,"
J.E. Sinex, Am. J. Emerg. Med., 1999, 17:59-66). Pulse
oximetry includes a sensor, or probe, with light source(s)
generating at least two different wavelengths of light, and
a detector placed across a section of vascularized tissue
such as on afinger, toe, or ear lobe. Pulse oximetry relies
on the differential absorbance of the electromagnetic
spectrum by different species of hemoglobin. In a typical
system, two distinct wavelength bands, for instance
650-670 nm and 880-940 nm, are used to detect the rel-
ative concentrations of oxygenated hemoglobin (oxyhe-
moglobin) and non-oxygenated reduced hemoglobin, re-
spectively. The background absorbance of tissues and
venous blood absorbs, scatters and otherwise interferes
with the absorbance directly attributable to the arterial
blood. However, due to the enlargement of the cross-
sectional area of the arterial vessels during the surge of
blood from ventricular contraction, a relatively larger sig-
nal can be attributed to the absorbance of arterial hemo-
globin during the systole.

[0011] By averaging multiple readings and determin-
ing the ratio peaks of specific wavelengths, a software
program can estimate the relative absorbance due to the
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arterial blood flow. First, by calculating the differences in
absorption signals over short periods of time during which
the systole and diastole are detected, the peak net ab-
sorbance by oxygenated hemoglobin is established. The
signals typically are in the hundreds per second. The
software subtracts the major "noise" components (from
non-arterial sources) from the peak signals to arrive at
the relative contribution from the arterial pulse. As ap-
propriate, an algorithm system may average readings,
remove outliers, and/or increase or decrease the light
intensity to obtain a result. The results from one site pro-
vide a measurement of arterial oxygen saturation at that
site, and also allows calculation of the shape of the pulse
at the placement site of the probe, which can be devel-
oped into a plethysymograph. Among the various sourc-
es of signal interference and modification, it is noted that
the shape of red blood cells changes during passage
through arterial and venous vessels. This change in
shape affects scattering of the light used in pulse oxime-
try. Algorithms are designed to correct for such scatter-
ing.

[0012] More sophisticated pulse oximetry systems de-
tect at more than merely two bands, such as the 650-670
nm and 880-940 nm wavelength bands. For instance,
the pulse oximetry article from a uni-erlangen web site
stated that four LEDs, at 630, 680, 730 and 780 nm, each
with 10 nm bandwidths, can determine the four common
species of hemoglobin. The article further calculated that
the detection of nine wavelengths in the range of 600 to
850 nm would provide greater accuracy in assessing
these four forms of hemoglobin, oxyhemoglobin (O,HDb),
reduced hemoglobin (HHb), methemoglobin (MetHb),
and carboxyhemoglobin (COHDb). As used in the present
invention, the term "pulse oximeter" or "oximeter" is
meantto include all designs and types of pulse oximeters,
including current and later developed models that trans-
mit and detect at more than two wavelengths associated
with absorption differences of these hemoglobin species.
[0013] At present, peripheral vascular resistance can
only be measured invasively, or non-invasively by skilled
technicians using Doppler flow devices. The use of Dop-
pler and Doppler wavefonn analysis is now a standard
investigation technique for obtaining measurements in
blood flow resistance patients with possible circulatory
disorders. For example, Dougherty and Lowry (J. Med.
Eng. Technol., 1992: 16:123-128) combined a reflect-
ance oximeter and a laser Doppler flowmeter to contin-
uously measure both blood oxygen saturation and per-
fusion.

[0014] A number of patents have beenissued directed
to monitors, sensors and probes for use in pulse oximetry
procedures. US2003/236452 A1 discloses a pulse oxi-
meter in the form of a nasal probe adapted to measure
pulse-based differences in light absorbance by the vas-
cularized tissue of the septum of the nose of a patient.
The probe comprises: a) a housing from which emanates
two extensions, each said extension sized and spaced
to enter one nares of the nose, and each said extension
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flexible so as to deflect from the wall of the septum, b)
two light-generating components that emit light at least
two different wavelength bands, positioned on the inside
face of one of the two extensions, c) one light-detecting
component that detects light transmitted from said at
least two light-generating components, positioned on the
inside face of the other of the two extensions.For in-
stance, U.S. Patent No. 6,334,065, issued on December
25,2001 to Al-Alli, etal., discloses a stereo pulse oximeter
that provides for simultaneous, non-invasive oxygen sta-
tus and photoplethysmograph measurements at both
single and multiple sites. The invention is directed to the
detection of neonatal heart abnormalities, particularly re-
lated to defects of heart-associated vessels, and specif-
ically directed to Persistent Pulmonary Hypertension in
Neonates (PHHN), Patent Ductus Arteriosis (PDA), and
Aortic Coarctation. All of these conditions result in a flow
of differentially oxygenated blood to different peripheral
extremities. For instance, in PHHN and PDA, the blood
that flows to the right hand is unaffected by the abnormal
shunt that results in less oxygenated blood flowing to
other areas. Thus, comparison of oxygen saturation val-
ues between a pulse oximeter sensor at the right hand
and at, for instance, a foot site, is stated to detect or
confirm the diagnosis of such neonatal heart abnormal-
ities. Continuous monitoring with such pulse oximetry al-
so is proposed, to provide feedback on the effectiveness
of treatments or surgery to deal with these neonatal car-
dio/cardiopulmonary conditions. U.S. Patent No.
6,334,065 does not address the use of two probes for
detection, confirmation, or monitoring of perfusion- and
resistance-related conditions in the patient. Such condi-
tions would not be expected in a neonatal patient, and
are instead more likely found in aging patients and in
patients with certain accident conditions unrelated to ne-
onatal heart and heart-associated vessel anomalies.

[0015] U.S. Patent No. 6,263,223 was issued on July
17, 2001 to Shepard et al., and teaches a method for
taking reflectance oximeter readings within the nasal cav-
ity and oral cavity and down through the posterior phar-
ynx. Whereas the conventional transillumination pulse
oximeter probe detects the light not absorbed or scat-
tered as it crosses a vascularized tissue covered by skin
(i.e., the LEDs and photodetector are separated by the
tissue), a reflectance oximeter probe detects light by
backscattering of light that traverses vascularized tissue
not bounded by skin and is reflected back to a detector
positioned on the same side of the tissue as the LEDs
(e.g., on tissue in the mouth). The method includes in-
serting a reflectance pulse oximeter sensor into a cavity
within a subject’s skull and contacting a capillary bed
disposed in the cavity with the reflectance pulse oximeter
sensor. The method uses standard pulse oximeter sen-
sor probes placed over capillary beds close to a buccal
surface, posterior soft palate, hard palate or proximal
posterior pharynx, including the tongue, nares or cheek.
Reflectance pulse oximetry at these sites determines ar-
terial oxygen saturation. One major problem with this de-
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vice is that it does not permit cross-site comparisons of
oxygen saturation values between several tissue sites.
In addition, the pulse oximeter device used in this inven-
tion is an elongated tube that is inserted far into the nasal
or oral cavity down into the pharynx, which is a highly
invasive procedure.

[0016] U.S. Patent No. 4,928,691, issued on May 29,
1990 to Nicolson et al., and currently withdrawn, disclos-
es a non-invasive, electro-optical sensor probe and a
method for its use. The sensor is enabled to measure
light extinction during transillumination of a portion of
blood-perfused tissue and to calculate the oxygen satu-
ration and pulse rate from changes in absorption of the
light detected. The sensor probe is placed at a central
site such as the tongue, cheek, gum or lip of the patient
and provides continuous assessment of arterial oxygen
saturation and pulse rate. The sensor is malleable and
extremely flexible, and is stated to conform to the struc-
ture of the skin and underlying tissue. U.S. Patent No.
4,928,691 states that measurement at the preferred cen-
tral sites provide accurate oxygen saturation and pulse
readings for "patients with lowered or inconsistent pe-
ripheral perfusion." Critically, the probes according to
U.S. Patent No. 4,928,691 are highly flexible, leading to
a high likelihood that upon typical movement of the pa-
tient there would be mal-alignment between the light
source(s) and sensor, resulting in skewed, non-usable,
or unreliable signals and results. Also, there is no teach-
ing or suggestion to compare oxygen saturation values
between several tissue sites to identify, characterize, or
monitor peripheral perfusion conditions in such patients.
[0017] U.S. Patent No. 5,218,962 was issued on June
15, 1993 to Mannheimer et al., teaches a pulse oximetry
system which monitors oxygen saturation and pulse rates
by sensing the blood characteristics at two or more pe-
ripheral sites. The device includes one or more pulse
oximetry probes which passes light through unique re-
gions of tissue and a sensor which detects the amount
of light passing through the tissue, and an instrument that
independently calculates oxygen saturation level within
each region. The difference in values represents how
much the oxygen saturation of the first region of tissue
differs from the oxygen saturation of the second region
of tissue. When the difference between the two values
is below a set threshold, the 962 patent attributes this to
a sufficiently high probability that the value is true, and
displays an oxygen saturation value that is a function of
the two independent values. Where there is a difference
greater than a set threshold, no oxygen saturation value
is displayed. Thus, the '962 patent attributes substantial
differences between two sites to be due to error, rather
than to an indication of a problem with peripheral per-
fusion and/or resistance.

[0018] U.S. Patent No. 5,335,659, issued on August
9, 1994 to Pologe, teaches a nasal septum probe for
photoplethysmographic measurements that clips onto a
patient’s nasal septum. Pulse oximetry is one of the stat-
ed applications for the apparatus. Structurally, the appa-
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ratus disclosed and claimed in the ‘659 patent has a body,
or housing, from which two probe arms extend, these
arms being sized to enter the nostrils of a nose. One arm
bears at least two light sources, and the other arm bears
at least one light detector. The probe apparatus securely
grasps the nasal septum in such a way that there is con-
tact on both sides of the nasal septum at the same time
with both the light sources and the light detector. In all
embodiments, the light sources and the light detector ac-
tually protrude from the main body of the respective probe
arm, and are positioned to exert pressure upon and in-
dent the tissue of the nasal septum. In some embodi-
ments and all claims, a supply of gas is also provided
from a source through a support means and to the nasal
septum. However, the '659 patent does not disclose a
nasal pulse oximeter probe that does not need to press
into the tissue of the nasal septum in order to obtain re-
liable pulse oximetry data, nor a probe that includes an
angle, or bend, to reach a desired highly vascular plexus
on the septum.

[0019] U.S. Patent No. 6,144,867, issued on Novem-
ber 7, 2000 to Walker, teaches a flexible pulse oximeter
sensor assembly capable of doubling over to surround a
body part, such as an earlobe, and comprised of a flexible
base having a hole passing through it, a post preferably
having a sharp tip, and a grommet. In use the sensor
assembly wraps around a body part, and the post, or pin,
passes through the body part to secure the probe to the
body part. The grommet frames the hole and engages
and holds the post. The patent discloses that body parts
other than the ear lobe that may be pierced by the post
(and, presumably, therefore suitable as a site for use of
the sensor) include the webbing between the fingers and
toes, the tongue, the nose, eyebrows, cheek/lip, breast
nipples, and the foreskin.

[0020] WIPO Application No. WOO0021435A1, to
Bamett et al., was published April 20, 2000. This publi-
cation teaches a non-invasive spectrophotometric exam-
ination and monitoring of blood metabolites in multiple
tissue regions on an ongoing and instantaneous basis.
The method includes attaching multiple sensors to a pa-
tient and coupling each sensor to a control and process-
ing station enabled to analyze signals conveyed thereto.
The control and processing station visually displays the
data from multiple sites for direct mutual comparison of
oxygen saturation values from multiple sites. A key as-
pect of the invention is the use of a "near" and a "far" (or
"deep") detector at each detection site. Based on the
positioning of the light-generating devices and the near
and far sensors, the far sensor receives absorption sig-
nals from deeper inside the brain tissue. In a basic con-
figuration, the "near" sensor, or detector, principally re-
ceives light from the source whose mean path length is
primarily confined to the layers of skin, tissue, and skull,
while the "far" detector which receives light sprectra that
have followed a longer mean path length and traversed
a substantial amount of brain tissue in addition to the
bone and tissue traversed by the "near" detector. Other
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configurations indicate receptors receive signals from
sources across the entire brain cross-section. This is stat-
ed to provide information about, by calculation differenc-
es, the condition of the deeper tissue, in particular the
brain. The method is directed to compare oxygen satu-
ration values for cerebral tissue, such as comparing the
two hemispheres during surgery. The WO0021435A1 in-
vention distinguishes itself from standard pulse oximetry
of arteries close to the surface of the body, and focuses
primarily on analysis of deeper tissues and organs. The
application does not teach a method to measure "sur-
face" peripheral or central tissue sites for development
of information regarding perfusion status.

[0021] WIPO Application No. WO0154575A1, to Chen
et al., was published on Aug. 2, 2001. This publication
teaches a non-invasive apparatus and method for mon-
itoring the blood pressure of a subject. A monitor is used
for continuous, non-invasive blood pressure monitoring.
The method includes using sensors to detect afirst blood
pressure pulse signal at a first location on patient and
detecting a second blood pressure pulse signal at a sec-
ond location on the patient; measuring a time difference
between corresponding points on the first and second
blood pressure pulse signals; and, computing an esti-
mated blood pressure from the time difference. The first
and second sensors are placed at locations such as a
finger, toe, wrist, earlobe, ankle, nose, lip, or any other
part of the body where blood vessels are close to the
surface of the skin of a patient where a blood pressure
pulse wave can be readily detected by the sensors,
and/or where a pressure pulse wave from the patient’s
heart takes a different amount of time to propagate to the
first location than to the second location.

[0022] Inoneregard, a superior monitor system would
be able to provide real-time continuous measurements
of signals that would be analyzed to provide arterial ox-
ygen saturation, blood pressure, and pulse rate. A supe-
rior monitor system would utilize at least two pulse oxi-
meter probes, one of which is placed at a highly perfused
central tissue, such as the lip, tongue, nares, cheek, and
a second probe placed at a typically less perfused areas
such as a finger or toe. Also, in some situations, a pe-
ripheral probe may be placed at sites in or distal from
areas that may be or are affected by disease- or accident-
related diminished blood perfusion to tissues.

[0023] An additional aspect of a superior oximeter sys-
tem provides both an inflow means of oxygen or oxygen-
rich gas to a patient in need thereof, and an integral or
adjoining pulse oximeter probe. This aspect is in con-
junction with the above-described two pulse oximeter
probe system, or in a system that only has one oximeter
probe. In either case, one pulse oximeter probe, posi-
tioned at the nose or mouth, detects the levels of oxy-
genation saturation of blood in the patient, and detection
of low or lowering oxygenation saturation levels results
in one or more of: setting off a local or remote alarm or
message; increasing the flow of oxygen or oxygen-rich
gas to said patient. Likewise, detection of higher or in-
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creasing oxygenation levels results in one or more of:
setting off a local or remote alarm or message; decreas-
ing the flow of oxygen or oxygen-rich gas to said patient.
Preferably, the pulse oximeter probe at the nose or mouth
is integral with the delivery means of the oxygen or oxy-
gen-rich gas. Preferably, the control of oxygenation lev-
els is by signaling to (manually or automatically) adjust
a valving mechanism that controls output flow from a
source of auxiliary of oxygen or oxygen-rich gas. By such
feedback mechanism the quantity of oxygen or oxygen-
rich gas is conserved, and the needs of such patient are
more closely attuned to the fluctuations in oxygen de-
mand during activities at varying levels of exertion during
a period of time.

[0024] As to references that pertain to the combining
of a pulse oximeter with a system to control the inflow of
oxygen or other oxygen-rich gas to a patient in need
thereof, the following U.S. patents, and references con-
tained therein, are considered to reflect the state of the
currentart: 4,889,116; 5,315,990; 5,365,922; 5,388,575;
6,371,114; and 6,512,938. None of these references are
specifically directed to a combined, preferably integral
combined pulse oximeter sensor/nasal cannula, which,
when combined with an oximeter, or with an oximeter
that controls the inflow of such oxygen or other oxygen-
rich gas to the patient, provide the advantages disclosed
and claimed herein.

[0025] Allpatents, patentapplications and publications
(scientific, lay or otherwise) discussed or cited herein are
incorporated by reference to the same extent as if each
individual patent, patent application or publication was
specifically and individually set forth in its entirety.

SUMMARY OF THE INVENTION

[0026] The present invention is a probe to measure
pulse- based differences in light absorbance by the vas-
cularized tissue of the septum of the nose of a patient as
defined by independent claim 1. In addition, the present
invention is a method for obtaining pulse oximetry data
as defined in independent claim 10

[0027] As used in this disclosure, when a particular
wavelength or band of wavelength is stated at which an
LED or other light-generating source emits light, it is un-
derstood that such light-generating source may and prob-
ably does emit light across a broader range. However,
what is meant by such statement is that such light-gen-
erating source is designed to emit at a frequency curve
which has a peak at or near such stated wavelength or
band. It is further understood that any known means of
limiting non-desired light energy, such as by selective
filtration, may be used in conjunction with such light-gen-
erating sources to improve the accuracy and/or precision
of the emissions of such light-generating sources.
[0028] As used in this disclosure, a "pad" is meant to
indicate a housing, or an enclosure, over a light-gener-
ating or a light-sensing device on the probe, which pro-
vides a barrier to fluids, and permits transmission of light
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of the relevant wavelengths to the present invention. A
typical pad has a composition of clear plastic.

[0029] As used in this disclosure, a "conductor" is
meant to indicate any physical pathway or any system
that communicates a signal or electricity from a first to a
second location. Signals and electricity can be conducted
by conventional means, such as by sending electrical
impulses along a continuous copper wire, by more so-
phisticated means, such as by converting the signals into
radio waves and transmitting these waves such that a
receiver receives the signals and thereafter sends them
to the controller, or by any other way now known or later
developed.

[0030] As used in this disclosure, whether or not so
stated in a particular sentence, the term "oxygen" may
be taken to mean "oxygen or any oxygen-rich air or other
gas mixture that contains oxygen" which is used for pro-
vision of oxygen to a patient orto a personin need thereof.
The context of a particular usage in this disclosure indi-
cates whether this broader definition is to be used, or
whether a particular example is referring instead to the
use of pure oxygen exclusively.

[0031] An object of the present invention is to utilize
the photoplethysmographic data obtained from the
probes of the present invention for diagnosis and moni-
toring of clinical conditions.

[0032] Another object of the invention is to provide a
novel configuration of an oximeter probe that is well-suit-
ed for placement at the nasal cavity of a patient, in which
one side of the probe is situated to the left side of the
nasal septum, and a second side is positioned to the right
side of the nasal septum, and the tissue between the two
sides is assessed by transillumination pulse oximetry.
This design, in a preferred embodiment, also functions
to provide oxygen to the patient through channels pro-
vided in the structure of the probe. The embodiments of
the nasal probe of the present invention advance the art
by obtaining reliable and repeatable pulse oximetry and
plethysmography data from the interior nasal septum with
the extensions going into the nose being designed and
spaced so as to not press into the tissue of the septum.
Further, the extensions of the probe, where the light-gen-
erating and the light-detecting components are posi-
tioned, do not simultaneously contact the respective ar-
eas of mucosal tissue of the nasal septum. This provides
a more comfortable probe than the prior art that, advan-
tageously, does not impair blood flow in the vascular tis-
sue being evaluated, and does not harm that tissue as
may occur from a probe that exerts simultaneous pres-
sure from both sides.

[0033] Another object of the invention is to combine
the nasal probe of the present invention with sampling
devices for capnography sampling, either with or without
a structure or assembly for the supply of oxygen, as from
a cannula.

[0034] Still another object of the present invention is
to provide a pulse oximeter probe and a supply of oxygen
or oxygen-rich air, in combination, and functioning in con-
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cert with each other and with oximetry circuitry, such that
the level and trend in blood oxygen saturation are deter-
mined by the pulse oximeter and changes in blood oxy-
gen saturation direct a change (i.e., an increase or a de-
crease) in the release of oxygen or oxygen-rich air to the
patient whose blood oxygen saturation is being meas-
ured. In one type of control of the flow of oxygen or oxy-
gen-rich air, an electronic regulator is controlled by sig-
nals from a processor that receives data from the pulse
oximeter.

[0035] Thus, one particular object of the present inven-
tion is to integrate a novel nasal pulse oximeter probe of
the present invention with a nasal cannula.

[0036] Still another object of the present invention is
to utilize the photoplethysmographic data obtained from
the probes of the present invention for diagnosis and
monitoring of clinical conditions.

[0037] The foregoing has outlined some of the more
pertinent objectives of the present invention. These ob-
jectives should be construed to be merely illustrative of
some of the more prominent features and applications
of the invention. Many other beneficial results can be
attained by applying the disclosed invention in a different
manner of modifying the invention as will be described.
[0038] Itis to be understood that the foregoing general
description and the following detailed description are ex-
emplary and explanatory only and are not to be viewed
as being restrictive of the present, as claimed. These and
other objects, features and advantages of the present
invention will become apparent after a review of the fol-
lowing detailed description of the disclosed embodiments
and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Figure 1illustrates a side view of a hook-shaped
pulse oximeter probe showing a preferred positioning of
aLED pad having two LED’s and at least one photodiode
detector according to an illustrative example. This probe
is configured for positioning across the lip or cheek of a
patient.

[0040] Figures 2A-C provide top, front, and cross-sec-
tional views, respectively, of a pulse oximeter probe for
positioning in the nares of a nose of a patient. Connecting
wires are shown in schematic format, not to scale. Figure
2D provides an enlarged view of one area of Figure 2A.
Figure 2E provides a perspective view of a protective
sheath used to cover the pulse oximeter probe of this
figure. Figure 2F provides a front view of an alternative
embodiment of a nasal probe with a widened area to
accommodate the size of the nasal columella. Figure 2G
provides a cross-sectional view of the alternative embod-
iment of Figure 2F.

[0041] Figure 3A,B depicts a side view and a top view
of a pulse oximeter probe for positioning on the tongue
of a patient.

[0042] Figure 4 illustrates a perspective angled side
view and an exploded frontal cross-sectional side view
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of a flat surfaced, elongated spring-loaded pulse oxime-
ter probe showing the configuration of the LED’s and the
photodiode detector according to anillustrative example.
[0043] Figure 5 illustrates an internal view of the pulse
oximeter sheath according to an illustrative example.
[0044] Figure 6 illustrates a perspective angled side
view of a flat surfaced, elongated spring-loaded pulse
oximeter probe showing the features of the pulse oxime-
ter sheath according to an illustrative example.

[0045] Figure 7 is a flow chart showing one method
utilized by the non-invasive vascular perfusion/resist-
ance monitoring system to measure oxygen saturation
values according to an illustrative example.

[0046] Figures 8A and 8B provide front and side
views, respectively of a novel combined nasal pulse ox-
imeter probe/oxygen cannula.

[0047] Figure 9A provides a side view of a typical self-
contained underwater breathing ("SCUBA") apparatus
typical of the prior art apparatuses. Figure 9B provides
a side view of a SCUBA apparatus of the same configu-
ration, with a cross-lip pulse oximeter sensor added to
this apparatus.

[0048] Figure 10 provides a schematic flow diagram
for control signal transmission from a pulse oximeter sen-
sor to a control circuit to an oxygen control valve being
controlled by data output from the sensor, where the con-
trol valve regulates oxygen to a patient wearing the sen-
sor.

[0049] Figure 11 provides a diagrammatic profile of a
human subject indicating the angle of the upper lip, and
how this affects the positioning of a nasal probe of an
illustrative example.

[0050] Figures 12A - 15B display data from a com-
parison of positions on the nasal interior septum of one
volunteer subj ect, indicating the difference in signal
strength and quality when the nasal probe is positioned
to obtain data through a vascularized plexus identified
as Kiesselbach’s plexus.

[0051] Figures 16A-C display data from a volunteer
subject in which three pulse oximeter probes were eval-
uated and compared - one at the nasal interior septum,
one at the cheek/lip, and one at the finger.

[0052] Figures 17A-C display data from three different
volunteer subjects, all of whom, during a surgical proce-
dure, experienced arrhythmias that were detected differ-
entially by the three probes being evaluated and com-
pared (one at the nasal interior septum, one at the
cheek/lip, and one at the finger). Figure 17D provides a
comparison of the three probes in their ability to detect
a dicrotic notch.

[0053] Figure 18A-C displays data from a nasal probe
on one volunteer subject, where the position of the probe
was adjusted to three different positions. Figure 18D de-
picts a side view sketch of a profile of a subject with an
alternative nasal probe design that reaches to a desired
location for obtaining data.

[0054] Figure 19A is a plan/cut-away view of a nasal
probe of the present invention in combination with a
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known design of a capnography sampling/oxygen supply
device. Figure 19B is a perspective diagrammatic view
of an illustrative example, in place on a subject, of the
combination device depicted in Figure 19A.

[0055] Figure 20 is a side view of a lip/cheek in com-
bination with a design of a capnography sampling/oxygen
supply device.

[0056] Figure 21 represents a plethysmograph from a
pulse oximeter probe positioned on the cheek. The AC
component (or cardiac component for purposes of this
example) is provided on the top and the DC offset (or
non-cardiac component for purposes of this example) is
provided on the bottom. Pressing on the carotid dimin-
ishes blood flow, as seen in the AC component (see ar-
row). Conversely, the DC offset goes up when the carotid
is depressed (see arrows).

[0057] Figure 22 represents a plethysmograph ob-
tained from the finger. The DC offset is plotted at the top
and the AC component at the bottom.

DETAILED DESCRIPTIONS OF EMBODIMENTS

[0058] The presentinvention discloses pulse oximeter
probes for use with pulse oximeter systems in general.

[0059] Figure 1 illustrates a pulse oximeter probe, 10,
of anillustrative example, that is configured for placement
with a section of the probe placed inside the mouth for
measurement across the vascularized tissue of the lip or
cheek. The probe, 10, as depicted in Figure 1, is com-
prised of a frame that is generally hook-shaped, having
a longer proximal arm, 1, a curved bridging section, 2,
and a shorter distal arm, 3, the latter arm having a free
end, 4, that enters the mouth when in use. At least one
portion of the proximal arm, 1, is positioned at a specified
distance, 5, from an opposing portion of the distal arm,
3, to provide a distance between the closest points of the
two opposing arms, 6, thataccommodates the thickness-
es of the lips and/or cheeks of a desired range of patients.
As shown in Figure 1, the opposing portions of the prox-
imal arm, 1, and the distal arm, 3, that are the specified
distance, 5, represents most of the lengths of these arms.
In other illustrative examples of this probe, a smaller per-
centage of the total span of opposing arm sections may
be set to such specified distance.

[0060] The probe may be used once and disposed, or
may be repeatedly used on different patients. Preferably,
the probe frame is constructed of metals, plastics, and
other materials subjectable to repeated cleaning with
standard antiseptic solutions, or sterilizable by other
means. A cable, 7, houses conductors (not shown), such
as but not limited to insulated electrical wires, that con-
nect operative components further in the probe, 10, with
an oximeter monitor (not shown). A boot, 8, connects the
cable, 7,to the proximal arm, 1, of the hook-shaped frame
of the probe 10. Preferably the cable, 7, is flexible. The
boot, 8, primarily serves to connect the cable, 7, with the
frame, and secondarily to provide a handle with which
the patient or attendant grip the probe. In other designs
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of the lip/cheek probe, a boot is not required where a
direct connection is made between the cable and the
frame of the probe.

[0061] In the embodiment depicted in Figure 1, the
probe 10 comprises two LEDs 17 within an LED pad, 12,
and one photodiode detector 15 within a photodetector
pad, 14. These are the operative components of the
probe, 10, and are connected to a monitor system (not
shown) by conductors (not shown) to transmit electrical
signals. It is noted that although the two LEDs, 17, are
shown as two physically separate components in Figure
1, when present on a circuit board, typical LEDs are very
small (about the size of a pencil point), yet discrete com-
ponents. Thus, the two LEDs alternately can be repre-
sented as both being present on a single structure in
other figures.

[0062] Each probe 10 is sized appropriately to be
placed with the open end, 4, inside a patient’s mouth, so
that the distance, 6, between the LED pad, 12, and the
photodetector pad, 14, conforms to the thickness of the
lip or cheek vascular bed of the patient. It is noted that
Figure 1 is not accurately drawn to scale, and given the
true small size of the pads 12 and 14, the actual difference
between the distances 5 and 6 is less than about 0.5
inches (12.7 mm). In practice, one probe 10P (not shown)
is sized for the average pediatric patient, age 6-12, and
another probe 10A (not shown) is sized for the average
adult patient.

[0063] The illustrative example depicted in Figure 1
has the light-sensing device, such as the photodiode de-
tector, 15, positioned in the mouth, on the side with the
open end, 4, as shown in Figure 1. Having the light-sens-
ing device on the inside side of the cheek or lip minimizes
erroneous readings due to interference from ambient
light sources. Such light sources are much more likely to
affect a light-sensing source that is positioned on the out-
side side of the cheek or lip. However, having the light-
sensing source positioned on the outside side of the
cheek or lip is within the scope of the disclosure.
[0064] Individual conductors provide electrical signals
that power the LEDs 17. Other conductors carry signals
from the photodetector, 15. Optionally, other sensors,
such as for temperature, may be added to the probe, 10,
and have individual conductors for them also passing in
the cable, 4, to the frame of the probe, 10. The probe,
10, is used to generate data used to calculate oxygen
saturation, pulse shape, blood pressure measurement
(by measurement of pulse transit time to a second site),
and any combination of these.

[0065] The bridging section, 2, flexes to permit con-
formance to a range of tissue thicknesses greater than
the nominal unflexed spans, as depicted by distances 5
and 6. The probe in Figure 1 preferably is constructed of
materials, such as nylon plastic, that impart a resiliency
such that after bending, the probe returns substantially
to its original shape. This resiliency allows the angular
and dimensional relationships between the light-gener-
ating sources and the opposingly placed light detector to
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remain substantially consistent. Thus, the material for
one example of the probe has a degree of flexibility, and
the material has sufficient memory to substantially return
to its original shape after a normal flexion. This allows
for standard use that may involve placement across lip
and cheek tissue sections having different thicknesses,
and movement across a thicker tissue section to ultimate
placement at a thinner section.

[0066] Forinstance, the body of the probe, 10, is made
of nylon plastic. The flexibility of the bridging section, 2,
the proximal arm, 1, and the distal arm, 3, is such that
less than 5 grams of force deflects the open end, 4, in
one direction or the other (toward or away from the op-
posing section) by about 1/16 inch (1.5875 mm). The
force required increases logarithmically, such that to
move the open end, 4, outwardly 0.25 inch (6.35 mm)
required between about 1,250 to 1,550 grams of force,
and the force required to move the open end, 4, inwardly
(toward the opposing section) required between about
2,200t0 2,700 grams of force. After such forces the nylon
material demonstrated memory, returning to within 1/16
inch (1.5875 mm) of the original position, thus demon-
strating a resilient quality to the structure of the probe.
[0067] In addition, the material of each of the LED pad,
12, and the photodetector pad, 14, deflects upon appli-
cation of pressure from adjacent tissue by up to about
0.050 inch (1.27 mm). Thus, the overall flexibility is suf-
ficient to accommodate a wide range of sizes of cheek
and lip sections, which the axis of light transmission from
the LEDs is reliably aligned to the photodiode or other
light sensor. While not being bound to a particular theory,
itis believed that maintaining appropriately narrow align-
ment of these elements improves the reliability, precision
and accuracy of the signals from the probe.

[0068] More flexible probes are alternate examples.
For instance, the structural material and thickness is ad-
justable such that only between about 150to 1,250 grams
of force moves the open end, 4, outwardly 0.25inch (6.35
mm), and between about 200 to 2,200 grams of force the
force moves the open end, 4, inwardly (toward the op-
posing section).

[0069] Less flexible probes also are alternate exam-
ples. For instance, the structural material and thickness
is adjustable such that between about 1,550 to 3,500
grams of force moves the open end, 4, outwardly 0.25
inch (6.35 mm), and between about 2,700 to 5,000 grams
offorce the force moves the open end, 4, inwardly (toward
the opposing section). Alternately, in a more rigid probe,
the structural material and thickness is adjustable such
that between about 3,500 to 5,500 grams of force moves
the open end, 4, outwardly 0.25 inch (6.35 mm), and be-
tween about 5,000 to 8,000 grams of force the force
moves the open end, 4, inwardly (toward the opposing
section). Such probes are made of metals or polymer
composite materials. The resiliency is expected to vary
inversely, roughly, with the flexibility of probes of such
alternative examples.

[0070] Although in Figure 1 the bridging section, 2, is
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curved, other examples of this lip/cheek probe may have
a bridging section of any shape and angle, so long as it
spans a distance and connects the opposing sides upon
which the operative components of the probe are placed.
Further, as to all lip/cheek probes of the present inven-
tion, it is noted that the dimensions, materials and struc-
tures of such probes provide for maintaining a desired
position on the lip or cheek of a patient, such that the
insertion of a post, or pin, through the lip or cheek, so as
to retain such desired position of the respective probe,
is not required.

[0071] Figure 2A-D illustrates a second pulse oximeter
probe, 50, of the invention, that is configured for place-
ment inside the nostrils of the nose for measurement
across the vascularized tissue of the nasal septum. The
nasal septum generally is defined as the bone and car-
tilage partition between the nasal cavities, or the dividing
wall that runs down the middle of the nose so that there
are normally two sides to the nose, each ending in a
nostril. As used herein, the term nasal septum is com-
prised of at least two parts. A columella nasi ("exterior
septum"” or "columella") is defined as the fleshy lower
margin (termination) of the nasal septum at the opening
of the nose (i.e., the nostrils or nares). A more interior
part, broadly termed herein the "interior septum,” extends
interiorly from the columella and is comprised of the car-
tilaginous and bony part of the septum. Along this interior
part of the nasal septum is found the vascularized tissue
of the nasal septum, including certain highly vascularized
areas. In most noses, the columella, or exterior septum,
is the widest part of the nasal septum.

[0072] Figure 2Ais atop view, Figure 2B is a side view,
and Figure 2C shows two cut-away views from a single
mid-section line viewing opposite ends of the probe.
From a main section, 52, of a resilient plastic housing,
extend two extensions, 54 and 56, that are sized to enter
the nares of the nose in similar fashion to a nasal cannula
oxygen supply. These extensions, 54 and 56, are flat-
tened in one dimension, as depicted in Figures 2A and
2B, and are shown angled at about 60 degrees in a sec-
ond dimension, as viewed in Figure 2C. This angle of
inflection, 70, is properly drawn from a line drawn from
one edge of the main section, 52. As discussed in greater
detail below, the 60 degrees as depicted is not within the
preferred range.

[0073] In specific embodiments depicted herein, two
general approaches are used to protect the components
of the pulse oximeter probe, 50, from moisture and con-
tamination. Other approaches, as known in the art of
medical device construction, also may be used. First, a
clear plastic covering, shown as 61 in Figures 2A and
2B, and better viewed in Figures 2C and 2D, is placed
over, to cover, each distal half of the two extensions, 54
and 56. It is noted that in the embodiment shown, the
molded outer shell, 69, that forms and covers the main
section, 52, also covers the approximately proximal half
of the two extensions, 54 and 56, and the outer side of
the upper, or distal halves of these extensions, but does
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not cover the front and rear sides, nor the inner sides,
65, of these extensions. To cover these exposed sides,
a clear plastic covering, 61, is constructed, fitted over,
and adhered to the existing components to form an inte-
gral protective exterior surface with the molded outer
shell, 69. This is viewable in Figures 2C and 2D. Such
plastic covering, 61, typically is manufactured by heat
sealing pre-cut and/or pre-formed pieces, such as a cyl-
inder or tube of heat-shrink plastic, to form a fitted cov-
ering over the distal halves of extensions 54 and 56. Then
this is shrink-wrapped over the components of the distal
half of the two extensions, 54 and 56. In the present em-
bodiment, as depicted in Figure 2A-D, after heat-shrink-
ing a cylinder of heat-shrink plastic, 61, over each of the
two extensions, 54 and 56, the distal end of this plastic
is glued together to forms an end, 61E, over the distal
end of each of the two extensions, 54 and 56. These
ends, 61E, are viewed in Figure 2C.

[0074] Also, typically these pieces of heat-shrink wrap
plastic, 61, are sized and positioned to extend onto the
approximate bottom half of two extensions, 54 and 56,
by about 1/16 inch (1,5875 mm), to form an integral seal
against moisture (this overlap is shown at arrow X in Fig-
ures 2C and 2D). (It is noted that neither these nor other
figures are drawn to scale, nor do they provide consistent
proportions from figure to figure). In particular, Figures
2C and 2D show that a plastic cover, 61, is fitted over
each of the circuit boards, 63, that contain the LEDs 62
and 64, located on extension 54, and the photodetector,
66, located on extension 56 (see Figure 2C for details of
LEDs 62 and 64, and photodetector 66). The plastic cov-
ers, 61, preferably do not interfere with light transmission
in the critical wavelength ranges of the LEDs 62 and 64.
Apart from heat-shrink sealing, other means of attaching
the plastic covers, 61, to the extensions 54 and 56, in-
clude, but are not limited to, sonic welding, spot gluing,
hot gluing, press fitting, and other such methods of at-
tachment, as are employed in the art, that are used to
attach components of a medical device for entry into an
orifice of a living subject. Also, other means of providing
a protective covering, such as are known to those skilled
in the art, may be used instead of the above-described
approach.

[0075] The above-described first protective approach
is sufficient to prevent moisture and contamination of the
components within the distal halves of the two exten-
sions, 54 and 56. A second approach, which is an optional
and not required for the operation of the pulse oximeter
probe, 50, provides additional protection to this and other
parts of the pulse oximeter probe, 50. This is shown in
Figure 2E. A protective sheath, 75, of clear plastic, is
dimensioned to slip over the entire two extensions, 54
and 56, and then has flaps, 76, that loosely cover the
main section, 52. The protective sheets are manufac-
tured and priced so as to be disposable, so that after
each use by a patient the protective sheath, 75, is slipped
off the pulse oximeter probe, 50, and disposed of. Then
the exterior surfaces of the pulse oximeter probe, 50, are
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wiped with alcohol or other suitable disinfectant. Then,
prior to the next use, a new protective sheath, 75, is
slipped over the indicated parts of the pulse oximeter
probe, 50. Alternatively, the protective sheath, 75, is
made of a material that will withstand repeated rigorous
disinfection procedures (such as steam autoclaving)
without deformation or degradation, such as is known in
the art, and such protective sheathes are used on nu-
merous patients, with a disinfection process conducted
between each use.

[0076] Incertain embodiments, the two extensions, 54
and 56, are spaced apart from one another so that, upon
insertion into the nostrils of a patient, the inner sides, 65
of the extensions, 54 and 56, fit snugly against the tissue
of each side of the septum, to avoid interference from
ambient lighting.

[0077] Moreover, in certain embodiments, the relation-
ship between the inner sides, 65, and the adjacent tissue
of the interior septum is described as A non-contiguous
fit as to the interior septum wall, such that, even consid-
ering irregularities of the nasal interior septum surface
and patient movement, the inner sides, 65, do not make
contact with the nasal interior septum mucosal tissue for
most, or for all, depending on the patient, of the length
of the respective extension’s insertion into the nasal pas-
sage.

[0078] More particularly, a non-contiguously-fitting
probe (such as 50, and its extensions, 54 and 56) is sized
and constructed so that when placed into a nose size for
which it designed (i.e., adult size, etc.), there is not a
pressing or a continuous contact against the mucosal
tissue of the interior nasal septum by both extensions
where are positioned the light-generating components
(such as LEDs 62 and 64) and the light detecting com-
ponent(s) (such as photodetector 66). This contrasts with
prior art that is disclosed to provide a continuous, even
if light, pressure upon both sides of the interior nasal sep-
tum mucosal tissue, and/or that clips the probe against
the mucosal tissue of the interior septum. Also, as to con-
struction compared with the latter prior art example, the
dimensions, materials and assembly of the present in-
vention are such that there is not imparted to the two
extensions, 54 and 56, an inward-flexing compressive
force that causes attachment (as contrasted with inci-
dental and/or partial contact) of the two extensions, 54
and 56, to the mucosal tissue of the nasal interior septum.
Even more particularly, in part to avoid the possibility of
irritation of the mucosal tissue of the interior septum walls,
further, in certain examples, the entire surface ofthe inner
sides, 65, from the inner faces, 67 (of the molded outer
shell, 69) to the distal end of each extension, is planar
and without any protruding areas, sections or compo-
nents.

[0079] As to an example of the relative sizing between
the thickness of the nasal interior septum and the span,
70, between the inner sides, 65, of opposing extensions,
54 and 56, Figure 2D provides a diagrammatic represen-
tation. For an adult-sized nasal probe of this configura-
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tion, the span, 70, is 0.360 inches (9.1 mm) between the
inner faces of extensions, 54 and 56. This is uniform in-
ward, to and including where the LEDs 62 and 64 of ex-
tension 54, lie opposite the photodetector 66, of exten-
sion 56. Measurements of the interior septa of a number
of adults with a caliper provides an average of about
0.250 inches (6.35 mm) septum thickness. The differ-
ence between 0.360 (3.1 mm) and 0.250 (6.35 mm) inch-
es provides a sufficient gap to allow for the presence of
deviated septa. Also, it has been found that this gap of
0.360 inches (9.1 mm) is sufficiently narrow so as to not
allow ambient light, under normal circumstances, to im-
pair the overall functioning of the pulse oximeter probe.
Thus, for a typical adult-sized nasal probe of the present
invention, a space of about 0.065 inches (1.651 mm) on
each side, between the surface of the inner face, 67, and
the mucosal tissue of the nasal interior septum has been
found to provide a "non-contiguous fit."

[0080] Further, in certain embodiments of the present
invention, the space between inner sides, 65, of opposing
extensions 54 and 56, where the light-generating and the
light-detecting components are positioned, for adult-
sized probes, is between about 0.300 (7.62 mm) and
0.420 inches (10.668 mm). In other examples, for such
adult-sized probes, the space is between about 0.330
(8.382 mm) and 0.390 inches (9.906 mm). In other ex-
amples, for such adult-sized probes, the space is be-
tween about 0.350 (8.89 mm) and 0.370 inches
(9.398mm). Corresponding size ranges are within the
skill of the art to determine for pediatric-sized nasal pulse
oximeter probes comprising a non-contiguous fit, based
on the measured thickness of the nasal interior septum
for such pediatric patients, and the range of spacing given
factors of comfort and probable incidence of ambient light
interference (recognizing, for instance, that neonates
have greater light transmission through their tissues).
[0081] In certain examples support for the distal ends
of the inner sides, 65, generally is through contact with
columella. This fleshy tissue extends laterally, to various
extents in different individuals, from a plane generally
defined by the surface of the more interior mucosal lining
of the interior septum. The columellais less sensitive and
less subject to damage by direct contact than that more
interior mucosal lining of the interior septum. Thus, in
embodiments such as that depicted in Figure 2A-D, hav-
ing substantially parallel inner sides, 65, when opposing
parts of the respective inner sides, 65, fit snugly against
the columella (i.e., the inner faces, 67, of the molded
outer shell, 69), this helps position the more distal sec-
tions of the extensions to minimize or prevent continuous
contact between these more distal sections and the in-
terior septum mucosal lining. Also, when a particular pa-
tient’s columella is being compressed by both inner fac-
es, 67, this results in less pressure by any incidental con-
tact by a more distal section of one or the other extension
against the interior nasal septum mucosal lining. Without
being bound to a theory, it is believed this is because the
more outward section of that extension is in contact with
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and is being partially supported by the columella. Based
on such analysis, contact of the nasal probe extensions,
on one or both of the columellae, is less damaging to the
patient than prior art devices that actually clamp to the
more interior mucosal lining of the nasal interior septum.
[0082] Thus, when the extensions 154 and 156 fit
snugly against the columella, and are not found uncom-
fortable over time by the user, this comprises one exam-
ple of a good fit. Further, such bracing contact with tissue
of the columella is not mutually exclusive with the fit de-
scribed as non-contiguous. That is, in many uses, the
same embodiment both contacts the columella with its
extensions and, more interiorly, there is not a pressing
or a continuous contact against the mucosal tissue of the
interior nasal septum by both extensions where are po-
sitioned the light-generating components (such as LEDs
62 and 64) and the light detecting component(s) (such
as photodetector 66). More broadly speaking, the same
embodiment may both 1) provide a beneficial fit against
the columella and 2) provide a non-contiguous fit more
interiorly.

[0083] However,ithasbeenobserved that certain larg-
er columellae, in certain patients, deviate outward the
extensions of the nasal probe such that the distal ends
of the two extensions, respectively bearing the light-gen-
erating and the light-detecting components, are posi-
tioned an undesirably long distance from each other. To
deal with this, in other certain examples, each of the inner
faces of the extensions comprise a deviation in the shape
of the extension to allow for a relatively larger-sized col-
umella. This is advantageous for persons having large
columellae, so that their columellae do not force the ex-
tensions to spread outwardly to an undesirable distance
from the interior nasal septum. In such examples, de-
pending on the sizing of the nasal probe (see below) and
the size of the patient’'s nose and columella, there might
be no contact with the columella, in which case the sup-
port for the weight of the extensions is on the part(s) of
the probe main section that is in contact with the upper
lip. Where, given the respective sizes of probe and col-
umella, there is contact, with such accommodation for
the columella the spreading of the ends of the extensions
is less than it would be otherwise.

[0084] Figure 2F provides a side view, comparable
with the view of Figure 2B, of one example of the nasal
probes of the present invention that comprises a devia-
tion in the shape of the extensions to allow for a relatively
larger-sized columella. For an adult-sized nasal probe of
this configuration, the maximum span, 110, is 0.500 inch-
es (12.7 mm) between the inner faces of extensions 54
and 56. This is where the nasal probe main section, 52,
and the two extensions, 54 and 56, meet, and the wider
span is generally aligned to accommodate the width of
the columella upon insertion of the nasal probe to its op-
erational position. Further distal on the two extensions,
54 and 56, where the inner sides, 65, are shown in sub-
stantially parallel orientation, are found the LEDs 62 and
64 of extension 54 positioned opposite the photodetector
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66, of extension 56. Along this substantially parallel
length the span between the inner sides, 65, is 0.360
inches (9.144 mm). This is shown as gap 70. Although
this columella-widened embodiment in Figure 2F is
shown without a cannula, and without means for sam-
pling exhaled gas for capnography, embodiments of na-
sal probes with such capabilities and features (dis-
cussed, infra) also may have a columella-widened aspect
such as depicted in Figure 2F.

[0085] Figure 2G provides a cut-away view of Figure
2F, showing a conduit, 82, within which are electrically
conductive wires (or other types of signal transmission
means, such as fiberoptic cable) to pass electrical signals
to and from the two light-emitting diodes, 62 and 64, and
the opposing photodetector, 166. Also apparent is the
angle, or inward inflection, of the substantially parallel
lengths of the two extensions, 54 and 56. A bend such
as this, as discussed herein, achieves placement of the
two light-emitting diodes, 62 and 64, and the opposing
photodetector, 166, adjacent to a vascularized region of
the nasal septum that advantageously provides superior
pulse oximetry data.

[0086] Further, itis recognized that the flexibility of the
nasal probe main section, 52, and the two extensions,
54 and 56, are important in achieving the operational
performance of the nasal probes of the present invention.
One nasal probe has been constructed with TPE plastic
and had a measured flexibility of 60 durometer units. An-
other nasal probe, also made with TPE plastic, was man-
ufactured and had a measured flexibility of 87 durometer
units. In general, with regard to the plastic used for nasal
probe main section, 52, and the two extensions, 54 and
56, the preferred range for plastic flexibility is between
about 60 and about 90 durometer units.

[0087] Perthe above, the distance between the probe
extensions in relation to the average dimensions of the
septa of the target patient group is one factor that pro-
vides for a suitable non-contiguous fit to obtain good
pulse oximetry data without undesirable patient discom-
fort and/or tissue damage that results from a direct clip-
ping of the probe extensions (arms) to the mucosal tissue
of the nasal septum. Critical to this approach is not de-
signing nor operating the nasal probe to applying pres-
sure to, attach to, or clamp onto, the nasal mucosaltissue
where the pulse oximeter readings are being taken. It
has been noted that practitioners in the field have ex-
pressed the need to, and have practiced, applying pres-
sure to a probe in order to stabilize the probe. While this
may be required in finger or other extremity probes, this
is contraindicated when considering the delicate mucosal
tissue that lines the septum. Thus, in the present inven-
tion, the nasal probes, in their sizing, material selection,
and overall design, are such that they perform to obtain
pulse oximetry data by passing light through the nasal
septum, and the probes do this without applying pressure
to the nasal septum from both sides at the same time.
That is, if any incidental contact is made to the actual
nasal mucosal tissue from one extension, where either
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the light-generating or the light-detecting component is
positioned, the other such area (where the light-gener-
ating or the light-detecting component is positioned) on
the other extension is not then in contact with the oppos-
ing side of the nasal septum mucosal tissue.

[0088] In summary, the nasal pulse oximeter probes
of the present invention are designed, sized and con-
structed to direct light against sensitive and highly vas-
cularized mucosal tissue of the nasal septum without
pressing against such tissue from both sides simultane-
ously, and to provide for long-term use with minimal irri-
tation or tissue necrosis.

[0089] Another aspect of certain examples of the
presentinventionis that the light-generating and the light-
detecting components do not protrude from the respec-
tive planes of the inner faces of their respective exten-
sions. This is consistent with the teaching of the present
invention that there is neither aneed nor a desire to press
into the mucosal tissue of the nasal septum at the site
adjacent to these components. In most embodiments,
these components are positioned on respective diode
pads. These pads are placed within the respective ex-
tensions, and as a result, in certain embodiments, are
recessed within the respective extensions.

[0090] Further astothe specific construction of the em-
bodimentdepicted in Figure 2A-D, using the shrink-wrap-
ping construction described above to cover the distal
halves of the extensions 54 and 56, and dimensioning
the spacing between the extensions 54 and 56, so as to
fit snugly against the tissue of each side of the septum,
these are found to fit without irritation, as from a rough
or uneven surface. For example, without being limiting,
when using heat sealing plastic as the covering, 61, the
thickness of this material, and any finish on the adjoining
edge, will affect the extent of a sensible ridge at the junc-
tion of the covering, 61, and the molded outer shell, 69.
[0091] As to the specific area of the nasal septum that
is preferred for use of a nasal pulse oximeter probe such
as the one depicted in Figures 2A-D, it has been learned
that the area of the nasal interior septum closest to the
face (e.g., the proximal area of the middle alar), is more
consistently vascularized and thereby provides more
consistentand reliable signals than the areas more distal,
i.e., the interior septum closer to the point of the nose. In
particular, and more specifically, a highly vascularized
region of the septum known alternately as Kiesselbach’s
plexus and Little’'s area, is a preferred target area for
detection of blood oxygen saturation levels by a nasal
pulse oximeter probe of the present invention. In the par-
ticular device shown in Figures 2A-D, an angle of inflec-
tion, 70, is shown between plastic housing, 52, and the
two extensions, 54 and 56. This angle properly is meas-
ured as an interior (proximal) deviation from a straight
line extended from the plastic housing, 52. In preferred
embodiments, the angle of inflection, 70, is between
about 0 and about 33 degrees, in more preferred embod-
iments, the angle of inflection, 70, is between about 10
and about 27 degrees, and in even more preferred em-
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bodiments, the angle of inflection, 70, is between about
10 and about 20 degrees. In Figure 8B, the angle, 70, is
about 15 degrees. This angle has been found to provide
superior results in testing. Therefore, the angle shown in
Figure 2C, namely 60 degrees, is not a preferred angle
of inflection.

[0092] Thus, in general, the two extensions, 54 and
56, are angled so that upon insertion and proper place-
ment into position in the nostrils, the LEDs 62 and 64,
located on extension 54, emit light directed through a
region that includes the preferred, proximal area of the
nasal septum. Most preferably, the LEDs 62 and 64, lo-
cated on extension 54, directed light exclusively through
the highly vascularized region of the septum known al-
ternately as Kiesselbach’s plexus and Little’s area.
[0093] In addition, a stabilizer, 58, embodied in Figure
1 as a flat plate flush with and extending downward from
the inside edge of the lower plane of the extensions 54
and 56 (before the extensions angle inward, see Figure
2C), is designed to press against the area between the
upper lip and nose to hold the desired position of the
probe, 50, andin particularthe LEDs 62 and 64, in relation
to preferred, proximal area of the nasal septum. The sta-
bilizer, 58, alternately previously considered part of a pre-
ferred example but not a necessary component, and, on
later testing, to irritate many users, is now considered to
be valuable when properly oriented in relation to other
components of the probe, 50. Additional means of stabi-
lizing the probe, 50, such as elastic straps from any part
of the device that span the head of the patient, may be
employed with or separately from the stabilizer, 58. Thus,
in preferred examples, no stabilizer, 58, is used, and the
design of the device, as shown in other figures provided
herein, with or without additional stabilizing means, are
adequate to stabilize the probe, 50, during normal wear.
[0094] As for the probe described above in Figure 1,
timed electrical impulses from a pulse oximeter monitor
system pass through two wires (not shown) in cables
61R and/or 61L to produce the light from LEDs 62 and
64. At least one photodetector, 66, is positioned on ex-
tension 56 to face and oppose LEDs 62 and 64 of exten-
sion 54. The photodetector 66, which typically is a light-
sensing photodiode, detects changes in the light emitted
by the LEDs 62 and 64 as that light is differentially ab-
sorbed between and during pulses across the capillaries
of the septum tissue between the two extensions, 54 and
56. In one example, LED 62 emits light around 650-670
nm, and LED 64 emits light around 880-940 nm. The
electrical impulses are timed to be offset from one an-
other. The photodetector, 66, detects the light passing
through the septum of the nose, which is situated be-
tween extensions 54 and 56 when the probe 50 is in use.
As discussed above, loss of signal through vascularized
tissue such as the nasal septum is due both to back-
ground tissue absorption and the absorption by the blood
in the arteries, which expands during a pulse. The signals
from photodetector 66 pass through conductors (not
shown) to the processor of the monitor system (not
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shown). The "signal" as used here, is meant to indicate
the signal from a photodetector receiving light from one
or more light sources of the pulse oximeter probe, which
provides information about differential absorption of the
light during different parts of the pulse. These signals are
to be distinguished in this disclosure from signals (elec-
trical impulses) that are sent to the light sources to emit
light, and from control signals that are sent, in certain
examples, to control a valve to supply more or less gas
to a system.

[0095] Cables 61R and 61L preferably form a loop that
may lie above the ears of the patient, and join to form a
single cable (not shown). This single cable preferably
terminates in an electrical plug suited for insertion into a
matching socket in the pulse oximeter monitor system
(not shown). In another preferred example, the single
cable terminates by connecting to an adapter cable,
which in turn connects to a socket in the pulse oximeter
monitor system (not shown). In a typical application, the
signals from the light-sensing photodetector, 66, are ul-
timately received and processed by a general purpose
computer or special purpose computer of the monitor
system (not shown). As used herein, the terms "monitor
system" and "monitoring system," may refer to the com-
ponent that receives data signals from one or more
probes, thatis, the componentthat comprises the general
or specific-purpose computer that analyzes those data
signals (i.e., the processor). This may be a stand-alone
unit (i.e., a console or, simply, pulse oximeter), or a mod-
ule that transmits data to a central system, such as a
nurse’s station. However, depending on the context, the
terms "monitor system" and "monitoring system" also
may encompass the entire assemblage of components,
including such component and the one or more probes
and the conductors (i.e., connecting wiring) that transmit
data and control signals.

[0096] Also, it has been learned that a nasal probe,
such as 50 in Figure 2A-D, fits better and is found more
comfortable by a patient when the cables are glued to
the main section, 52, of the body of the probe, 50, in the
following way. This method takes advantage of the nat-
ural bend in cable (and tubing) that comes from the rolled
storage of such material on a spool. That is, wire, cable,
tubing and the like that are rolled onto spools have a
natural bend imparted thereby. It has been learned that
if this bend is disregarded when assembling the cable
sections to the main section, 52, then, for many nasal
probes assembled with cables that go over the ears when
in use, the probe, 50, and particularly its extensions, 54
and 56, will have a tendency to rotate axially (in relation
to the cable crossing the lip laterally) outward or inward.
This leads to discomfort, effort to readjust, and, at times,
poor data acquisition. To solve this problem, a section of
cable long enough for both sides of the probe is cut and
placed unobstructed on a flat surface. The natural bend
from the spool configures this section in a curvilinear
shape, typically nearly forming a circle. The two ends of
this section of cable are inserted into the respective holes
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for these in the molded flexible plastic that comprises the
main section, 52, of the probe, 50 (an arrow in Figure 2E
points to a hole filled by a cable). The contiguous exten-
sions 54 and 56 (typically part of the same molded piece
as the main body, 52), are positioned flatly against the
flat surface, so the desired inward inflection (i.e., of 15
degrees) is directed toward that flat surface, and prefer-
ably so the most inward points of the extensions 54 and
56 (i.e., those that will be farthest in the nose when in
operational position) contact the flat surface. In this po-
sition, the cables are adhered or otherwise secured to
the main section, 52, of the probe, 50. Typically, this is
done by application of a liquid adhesive to the holes
where the cable ends enter the main section, 52 (i.e.,
see arrow in Figure 2E). The cable then is cut to provide
two lengths, each one attached to one side of the main
section, 52.

[0097] When this method is practiced, due to the nat-
ural bend of the rolled cable (or tubing), the resultant
cables 61R and 61L, when placed over the ears, tend to
gently orient the probe extensions, 52 and 54, axially
inward, toward a desired vascularized part of the nasal
septum. As such, comfortable nasal probes are pro-
duced, and the probes are more easily adjusted to de-
sired positions. Also, it has been observed that probes
made this way more generally maintain their desired po-
sitions, and this is believed due to there being no unde-
sirable countervailing force (i.e., the rotational force of
some cables not assembled per this method) against
whatever means are used to keep the probes in place.
[0098] Further with regard to embodiments of the nasal
probe that provide a non-contiguous fit when inserted
into a nose of a patient, use of such probes thusly to
obtain photoplethysmographic data unexpectedly pro-
vides superior results in comparison to prior art methods
that simultaneously press (albeit lightly) both sides of the
interior nasal septum, or, more severely, that grasp the
nasal septum in such a way that there is contact on both
sides of the nasal septum at the same time with both the
light sources and the light detector. That is, an improved
method for obtaining pulse oximetry and other photop-
lethysmographic data is described as follows:

[0099] Through size estimation of the nasal septum to
be used for data collection, providing a nasal probe for
insertion around the septum such that said probe non-
contiguously fits said septum;

[0100] Inserting one extension of the nasal probe into
each of the two nostrils of a patient, wherein one exten-
sion comprises at least two light-generating components
that emit light at at least two different wavelength bands,
and the other extension comprises at least one light-de-
tecting component that detects light transmitted from said
at least two light-generating components; and

[0101] Measuring, selectively, pulse oximetry and/or
other photoplethysmographic properties of the blood flow
in vascularized interior septum tissue positioned be-
tween said at least two light-generating components and
said at least one light-detecting component;
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[0102] Wherein said blood flow is not dampened by a
simultaneous pressing of said tissue from both sides at
the point of measurement of said data.

[0103] Among other benefits, the data taken from the
less dampened (compared to finger probes) vascularized
tissue of the interior nasal septum provides more distinct
signals having clearer information about cardiovascular
parameters.

[0104] Further, itis noted that such method optionally
additionally includes locating a desired highly vascular-
ized arterial plexus, such as Kiesselbach’s plexus, for
the point of measurement, such as by using perfusion
index locating means, detection by lower LED power re-
quirement, or other means known in the art.

[0105] Furtherwith regard to examples of the lip/cheek
probes, use of such probes to obtain photoplethysmo-
graphic data provides superior results. That is, an im-
proved method for obtaining pulse oximetry and other
photoplethysmographic data is described as follows:
[0106] Through size estimation of the thickness of the
lip or cheek to be used for data collection, providing a lip/
cheek probe dimensioned for insertion around the lip or
cheek so as to not squeeze the tissue, to avoid constric-
tion of blood vessels therein (such constriction measur-
able by comparative data with probes having different
distances between the pads);

[0107] Placing the distal arm of said probe into the
mouth to a desired position; and

[0108] Measuring, selectively, pulse oximetry and/or
other photoplethysmographic properties of the blood flow
in vascularized tissue positioned between said at least
two light-generating components and said at least one
light-detecting component.

[0109] Inparticular,itis noted thatthe probe, afterinitial
placement to a desired position, is adjusted to a more
desired position providing a good signal. This is done
such as by comparing signals from the different possible
positions. Thereafter the cable leading from the probe
(which typically is placed over the top of one ear) is taped
to the outside cheek to stabilize and maintain this select-
ed position. It has been found that a desired positioning
often is with the bridging section, 2, of the probe posi-
tioned in or near one corner of the mouth, with the cable
leading over one ear. In such positioning the light-gen-
erating and the light-detecting components are posi-
tioned around an area of the cheek a distance from the
corner of the mouth. It is noted that the lip/cheek probe
has been found to function consistently, without interfer-
ence from movement of the mouth, in patients who are
under anesthesia or on sedating medications. This is not
meant to be limiting, as other uses are considered ap-
propriate, taking into account, as needed, a possible ef-
fect of mouth movement and resultant interference of sig-
nals during periods of such movement.

[0110] In a variation of the nasal probe, such as is ex-
emplified in one embodiment in Figure 2A-D, oxygen is
delivered with the same device that also measures trans-
septum arterial oxygen saturation (see Figure 8A,B). In
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another variation, the pulse oximeter sensor is independ-
ent of an oxygen cannula, and is a single-use unit. In yet
another variation, the pulse oximeter sensor is independ-
ent of an oxygen cannula, and is re-usable and readily
cleanable with appropriate antiseptic cleaning agents.
Other variations within the scope of the invention de-
scribed and pictured can be developed by those of ordi-
nary skill in the art.

[0111] Figure 3illustrates a third pulse oximeter probe,
100, of the invention, that is configured for placement on
the tongue of a patient for measurement across the vas-
cularized tissue of the tongue. The probe, 100, has two
substantially flat opposing arms, 104 and 106. A housing
cover, 105, is joined with a housing base, 107, to form
each of the two arms, 104 and 106. At one end of each
of the two arms, 104 and 106, are finger pads, 108 and
110, which in the example shown in Figure 3 are on the
housing covers, 105, and possess ridges, 111, to im-
prove the grip.

[0112] The arms, 104 and 106, are tensioned to close
against one another by a spring (not shown) which has
a fulcrum at or near an axle, 109, that hingedly connects
the two arms, 104 and 106, near one end. At or near the
other end is an LED pad, 112, on one arm, 104. Within
this pad, 112, are two light generating sources, here
shown as LEDs 114 and 115. Opposite this housing, 112,
on arm 1086, is a photodetector pad, 116. Within this pad,
116, is at least one photodetector, 118. Electrical wire
conductors (not shown) connect the LEDs, 114 and 115,
and the photodetector, 118, to a pulse oximeter monitor
system (not shown), via a cable, 120, passing from one
end of the arm, 104. The inner surfaces of the arms, 104
and 106, in some variations of this probe are knobby or
otherwise textured, especially around the LED pad, 112,
and the photodetector pad, 116. This texturing is de-
signed to better maintain a stable position of the probe,
100, on the tongue without use of excessive pressure of
the spring.

[0113] The photodetector118, which typicallyis a light-
sensing photodiode, detects changes in the light emitted
by the LEDs 114 and 115 as that light is differentially
absorbed between and during pulses across the capil-
laries of the tongue tissue between the two arms, 104
and 106. In one example, LED 114 emits light around
650-670 nm, and LED 115 emits light around 880-940
nm. The electrical impulses are timed to be offset from
one another. The photodetector, 118, detects the light
passing through the tongue which is situated between
the first housing, 112, and the second housing, 116 of
arms 104 and 106 when the probe 100 is in use. As dis-
cussed above, loss of signal through vascularized tissue
such as the tongue is due both to background tissue ab-
sorption and the absorption by the blood in the arteries,
which expands during a pulse. The signals from photo-
detector 118 pass through conductors (not shown)
housed in cable 120 to the processor of the monitor sys-
tem (not shown). Cable 120 preferably terminates in an
electrical plug suited for insertion into a matching socket
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in the pulse oximeter monitor system (not shown). In an-
other preferred example, cable 120 terminates by con-
necting to an adapter cable, which in turn connects to a
socket in the pulse oximeter monitor system (not shown).
In a typical application, the signals from the light-sensing
photodetector, 118, are ultimately received and proc-
essed by a general purpose computer or special purpose
computer of the monitor system (not shown).

[0114] There are numerous means for hingedly joining
the first arm and the second arm other than by an axle
passing through the extensions of each arm (e.g., by axle
109). Other means include hinges of various materials
and designs as known in the art, co-fabrication of the
arms with a thinner section of flexible plastic between the
two arms at one end, and pins, screws, and other fas-
teners as are known to those skilled in the art.

[0115] Similarly, means for tensioning the firstarm and
the second arm, so as to properly maintain tension on a
section of the tongue of a patient, can be effectuated by
means other than the spring described above. Separate
elastic bands may be attached or may surround the arms,
such as by attaching to protrusions spaced appropriately
along the arms. Also, the natural flexibility and resilience
of a co-fabricated structure comprising both arms con-
nected by a section of resilient plastic can provide both
the means for hinging and the means for tensioning. Such
fabrications may be deemed suitable for disposable
units.

[0116] It is noted that for this and other probes dis-
closed herein, a single source generating at least two
different light frequencies may be utilized instead of
LEDs. Alternately, more than two LEDs may be used,
such as to generate light at more than two frequency
bands, for instance to increase accuracy and/or detect
other forms of hemoglobin. Also, light receiving sensors,
or photodetectors, other than photodiodes may be used,
and more than one such sensor may be used in a single
probe.

[0117] The pulse oximeter probes, such as 10, 50, and
100 as depicted and as used with the monitoring systems
in the present invention, take measurements by transil-
lumination as opposed to reflectance. This is the pre-
ferred configuration. However, for any of these probes,
both the light-generating devices, and the photodetector
devices, can be configured adjacent to one another, on
one arm or extension, to measure reflectance of the tis-
sue on the interior of the mouth (e.g., the cheek), the lip,
the nasal septum, or the tongue.

[0118] Figure 4 depicts another general configuration
of an oximeter probe of the present invention. This probe
10 can be dimensioned and configured to be expandable
and tensioned to close by a spring, 18. Near the distal,
operative end of one substantially flattened side, 20, is
an LED array, 16, and opposing it near the distal, oper-
ative end of the opposing substantially flattened side, 21,
is a light detecting sensor, preferably a photodiode, 15.
Acable, 4, connectsthe LED array, 16, and light detecting
sensor to a pulse oximeter monitor system (shown in the
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magnified end view)). This pulse oximetry probe can be
used to measure pulse-based differences in light absorb-
ence across vascularized tissue of a patient in a number
of locations, including but not limited to the cheek, the
lip, the nasal alars (alar nari), the nasal septum, fingers,
and toes.

[0119] By "substantially flattened" is meant that the
height of the structure of a side is small relative to the
greater of the length or width of that side. Preferably the
ratio of the height to the greater of the length or width of
a "substantially flattened" side is between about 0.2:1
and 0.001:1, more preferably this ratio is between about
0.02:1 and 0.005:1, and yet more preferably this ratio is
between about 0.01:1 and 0.005:1. For greater applica-
bility to typical physical requirements in use, each side
also is substantially longer than wide. By "substantially
longer than wide" is meant that the width of the structure
of a side is small relative to the length of that side. Pref-
erably the ratio of the width to the length of a side de-
scribed as "substantially longer than wide" is between
about 0.7:1 and 0.02:1, more preferably this ratio is be-
tween about 0.025:1 and 0.05:1, and yet more preferably
this ratio is between about 0.025:1 and 0.1:1. At a mini-
mum, with regard to nasal pulse oximeter probes of the
present invention, the key functional attributes of exten-
sions that are substantially flattened and/or substantially
wide, as used herein, is that the width of such extensions
is sufficient to house the components (i.e., circuit boards
bearing LEDs and photodetectors, or the LEDs and pho-
todetectors themselves), and the length of such exten-
sion is sufficiently long to provide the LEDs and photo-
detectors on opposite sides of a desired region of vas-
cularized tissue. The same functional logic applies to oth-
er sensors disclosed and claimed herein.

[0120] Also, it is noted that in place of the spring, 18,
any hinging means as known in the art can be used. Such
hinging means may include a raised section along or sep-
arate from the sides, such that a fixed space is created
at the point of the hinging means. This would obviate the
need for a bend in the sides at the spring, 18, as shown
in Figure 4 (which is required in Figure 4 to lever open
the operative ends). These substantially flattened probes
are configured such that the inner faces of both sides
substantially oppose each other and, based on the spac-
ing and configuration of the hinging means, are sufficient-
ly separable to widen to encompass a desired tissue to
be monitored for blood oxygen saturation between the
light emitting structure and the light detecting structure
at the operative end. It is noted that these structure may
each be enclosed in a pad, or may not be so enclosed.
As for other probes disclosed herein, a monitoring system
connected to the probe modulates light signal production
andreceives signals of light detected by at least one light-
detecting structure positioned at the operative end of one
of the sides, such as 20 or 21 in Figure 4. Typically a
pulse oximeter or photoplethysmography monitoring sys-
tem console includes, or can be connected to, a video
monitor that provides graphical and numerical output
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from the signals received from the photodetector, which
are algorithmically processed by a special-purpose (or
general-purpose) computing component in the monitor-
ing system console.

[0121] Also, the above substantially flattened sides
with hinging means may be produced without light-emit-
ting and light-detecting structures, and sleeves, such as
described below, bearing such structures, would then be
slipped over the sides to yield an operable oximeter
probe. Forinstance, as shown in Figures 4 and 6, a probe
10 with a flat surface 20 is suitable for to receive aflexible
sleeve, 22, that bears an LED array, 16, and light detect-
ing sensor, preferably a photodiode, 15. This slips over
the flat-surfaced structure, as shown about halfway on
in Figure 6. As for the probe in Figure 4, a cable, 4, con-
nects the LED array, 16, and light detecting sensor to a
pulse oximeter monitor system (not shown).

[0122] In operation, the devices depicted in Figures
4-6 are placed around afinger, earlobe, or other extremity
in order to obtain data.

[0123] Thus, another aspect of the present invention
is a disposable sleeve that fits over any of the pulse ox-
imeter probes disclosed and claimed herein, and over
conventional probes. A sleeve is constructed of a flexible
material, and is relatively thin, in the general range of
0.005 (0,127 mm) to 0.050 inches (1,27 mm) thick, more
preferably in the range 0f 0.010 (0,254 mm) to 0.025 inch-
es (0,635 mm) thick, and most preferably in the range of
0.010 (0,254 mm) to 0.015 inches (0,381 mm) thick. The
sleeve is manufactured to slide over the major structural
features of the probe to provide a barrier to reduce the
chance of contamination from one patient to a second
patient using the same probe. An example of such sleeve
is shown in Figure 5, and its implementation over a probe
is shownin Figure 6. In this case the sleeve is constructed
to include the light generating and the light sensing fea-
tures, and associated conductors. However, in other ex-
amples of the sleeve, such features are on the major
structural features, whether frames, arms, etc., and the
sleeve slides over such features, and at least in the areas
of such light producing and light sensing features the
sleeve is highly transparent to the critical wavelengths
used by the pulse oximeter. The sleeves cover both arms,
or extensions, of probes having two distinct arms. Pref-
erably a continuously integral section of the sleeve joins
the sleeve sections that cover both arms or extensions
of the probe, in order to, inter alia, protect the intervening
parts of the probe. For a probe such as the probe of Figure
1, the sleeve is configured to the shape of the probe and
slides over starting at the end, 4, of the arm, 3, and covers
up to, and preferably including, the boot, 8.

[0124] In some sleeve examples, a stretchable aspect
of one or more parts, or of the entire sleeve, stretches
over a protuberance or other prominence at one or more
parts of the major structural features over which the
sleeve is sliding, and improves the fit of the sleeve. This
also better assures that the sleeve does not slide off the
probe during normal uses. Alternate means to secure the
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sleeve onto the probe such as are known to those of skill
in the art may be used. The sleeves themselves can be
disposable; however, the sleeves also can be made of
easily sterilizable materials and be sterilized between us-
es.

[0125] The probes andthe sleeve covers of the present
invention are supplied as clean or as sterile, depending
on the needs of the end user and the budgetary con-
straints of the end user. Clean but not sterile probes and
sleeves will be less expensive, and may be suitable for
many applications. Where there is an elevated risk of
major harm from an infection, for instance in immuno-
compromised patients undergoing transplants with im-
munosuppressive drugs or undergoing chemotherapy,
sterile probes would be more appropriate than merely
clean probes. Many configurations of the probes are
cleanable using alcohol and/or detergent/disinfectant so-
lutions, and other configurations are disposable.

[0126] All of the above disclosed probes operate in a
typical manner of a pulse oximeter, as described herein
and in articles and patents cited and incorporated by ref-
erence. Each LED emits its specific frequency hundreds
of times per second, and the absorption (or transmit-
tance) readings by a sensor, such as a photodiode, are
transmitted to a computer. There a software system per-
forms averaging (optionally deleting outliers), and by dif-
ferences in wavelengths’ absorption or transmittance at
the pulse peaks, determines arterial oxygen saturation.
In a standard two-LED system, this is done by an algo-
rithm that calculates the ratio of the peak absorbence at
650-670 nmdivided by the base absorbence at this wave-
length range, and compares this ratio to the peak absorb-
ence at 880-940 nm to the base absorbence at the
880-940 nm range. The base absorbence reflects the
non-pulse background absorbence by tissues other than
the artery at maximum width during the pulse. This cal-
culation provides an estimate of arterial oxygen satura-
tion. A graph of the pulse surge, or shape, over time, also
can be obtained.

[0127] All of the above-disclosed probes are expected
to have significant use in the intensive care units, oper-
ating rooms, post-surgery recovery rooms, and in ambu-
lance related situations where a patient in need of mon-
itoring has few suitable monitoring sites. The size and
shape of each probe will depend on whether the patient
is an adult or child.

[0128] When two or more probes are used together,
data from multiple probes is processed to provide con-
tinuous and simultaneous cross-site comparisons of the
arterial blood oxygen saturation status at and compari-
sons between two or more tissue sites (and, as desired,
blood pressure estimates based on transit time differenc-
es and/or other related parameters). The monitoring sys-
temreceiving these signals includes atleast one program
containing computer software (not shown) comprising in-
structions which causes the computer processor to re-
ceive and calculate various oxygen saturation values.
Optionally, the monitoring system may receive signals
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from separate probes or sensors to assess blood pres-
sure values, which optionally may be compared (either
simultaneously or separately) with blood pressure esti-
mates based on signals received from each of the probes
determining arterial blood oxygen saturation and vascu-
lar perfusion/resistance of a patient. Depending upon the
software used, and the addition of separate blood pres-
sure probes or sensors, the monitor may be used as a
dual pulse oximeter, a saturation difference monitor, a
transit time monitor, a periodic blood pressure monitor,
or a noninvasive continuous blood pressure monitor.
Specific examples are provided below that demonstrate
a non-exclusive range of applications for the monitoring
system which compares signals from a central source
site (CSS) with signals from at least one advantageously
positioned peripheral site (PS), as those terms are de-
fined herein.

[0129] Figure 7 depicts the steps of a basic method
using the monitor system that includes one probe posi-
tioned in a CSS, and one probe in a PS. A first pulse
oximeter probe is removably affixed to a CSS in the head
of the patient. This is most preferably any of the specially
configured probes, or could be a conventional probe. A
second pulse oximeter probe is removably affixed to a
PS such as a finger or a toe. This can be any of the
specially configured probes, or a conventional probe. The
monitoring system is started, the LEDs or other light gen-
erating sources in the probes emit designated light at
designated frequencies and periodicities, and signals
from the CSS and from the PS are measured and trans-
mitted to the monitoring system computer. Here, adjacent
signals of the same type (wavelength and probe) are av-
eraged to obtain a statistically reliable average. As ap-
propriate based on the software program, certain outliers
as may be caused by movement of the patient, light con-
tamination from an outside source, etc., are eliminated
from consideration. The averaging is repeated and the
averaged values are compared based on the time se-
quencing of the respective averages. That is, average
values from a specific time from the CSS probe are com-
pared to average values from the same time span from
the PS probe. The software calculates arterial blood ox-
ygen saturation percentages based on the differential ab-
sorption of the different species of hemoglobin, and per-
cent oxygen saturation at the CSS and the PS are com-
pared. Based on criteria input into the monitoring system
and reflected in the software’s calculations, the presence
or absence of impaired peripheral perfusion are shown
as an output reading of the monitoring system. Alterna-
tively, ifimpaired perfusion has already been established,
the tracking of time-based changes in the saturation dif-
ferences between the CSS and the PS are read out or
charted.

[0130] The method shown inFigure7 is conducted with
an apparatus having the stated functional capabilities.
Also, an oximeter monitoring system has the basic phys-
ical components that perform the required centralized
functions, and which is attached to at least two oximeter
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probes to perform the above-described method.

[0131] Further, a variation of the method of Figure 7 is
to have an additional PS probe, and compare not only
the first PS probe to the CSS probe, but to also compare
the first and second PS probes’ signals to one another.
This can, for instance, demonstrate impaired peripheral
perfusion in one body area, but not in another body area
or extremity.

[0132] The apparatuses, methods and systems of the
present invention can be applied to both humans and
animals, i.e., to living vertebrate organisms. Its applica-
tion in human medicine (adult & pediatrics) would signif-
icantly improve the estimation of vascular perfusion or
resistance by pulse oximetry; however, veterinary med-
icine also would greatly benefit from its use. This superior
monitoring system would utilize at least two pulse oxime-
ter probes, one of which is designed for use with a highly
perfused central tissue, such as a lip, tongue, nares,
cheek; and the other probe is designed for use to less
perfused areas such as peripheral tissues, or any com-
bination thereof.

[0133] The following specific examples are meant to
be demonstrative, but not limiting, of the possible appli-
cations of the present invention.

Example 1:

[0134] Datafrom a small number of volunteer subjects
was obtained. This data provided preliminary support for
the hypothesis that differences in CSS and PS estimates
of arterial blood oxygen saturation levels can provide di-
agnostic information about the status of peripheral blood
circulation. These data are summarized below.

[0135] All sets of data were taken three times, except
that data for subjects 1 and 9 were only taken two times
(duplicate data sets). Subjects 1-3 had no history of
chronic obstructive pulmonary disease or other condi-
tions that would be expected to cause lowered peripheral
circulation. Except for one reading of 93% for subject 1,
all estimates of arterial oxygen saturation were 95% or
higher, and the PS (a fmger, using a standard commercial
probe) readings were within two percentage points of ei-
ther CSS sites (lip and cheek). For the data set in which
subject 1’s cheek probe reading was 93%, the lip reading
was 98% and the finger reading was 96%. Overall, the
data of subjects 1-3 suggest that in a healthy subject the
CSS and PS readings taken at or near the same time will
be relatively close, within about 5 percentage points or
less, and all of the readings will be high.

[0136] Subject4 had averagereadings atthe PS fmger
site of 89%, and at the CSS cheek site, 88.7%, so these
sites has essentially identical estimates. No signal was
recorded atthelip CSS. Although there was no difference
between the CSS cheek and the PS readings, the oxygen
estimate was low and indicated a generalized problem.
[0137] Subject5hadaPS average of 85%; the lip CSS
average was 88.3%, and the cheek CSS average was
91.3%. The absolute levels are low, and the difference
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between CSS and PS values ranges from about 3 for the
lip to about 6 for the cheek. This appears to suggest a
peripheral circulation problem, and the low absolute lev-
elsindicate a generalized problem with oxygenation. This
subject was known to have COPD.

[0138] Subjects 6-8 were known to have COPD. The
average values for finger, lip and cheek were 85, 90, and
89, respectively for Subject 6. The 4-5% less percent
saturation for the peripheral site supports the present hy-
pothesis. Subject 7’s finger data varied between 77-80%
during the readings, and is considered unreliable. One
of subject 8's data points for the finger was 79%, whereas
the othertwo were 85%. This suggests thatthe 79% read-
ing is erroneous. Disregarding this data point, Subject 8
had 85%, 87.3%, and 85.6% averages for the finger, lip
and cheek sites, respectively Here, all readings are fairly
close, and the absolute values are alarmingly low. The
data from this subject do not support the hypothesis; how-
ever the circulation for this subject may not be impaired
peripherally. Further investigation can resolve this and
other points.

[0139] Regarding the latter, subject 11’s data was
anomalous in that the finger site averaged 93.3%, where-
as the lip and cheek sites averaged 90.7% and 86.7%,
respectively. The reason for this is unknown; the data
could be spurious or could indicate unusual circulation
in a small percentage of the population. Individual differ-
ences in circulatory systems (based in part on genetics,
and in part on non-genetically based embryological de-
velopment, and on physical conditioning) may form the
basis for such anomalies in a percentage of the popula-
tion. Highly variable and incomplete data for Subjects 9
and 10 were considered to render the value of their data
questionable, and those data were not analyzed.
[0140] Thus, this preliminary data provided some indi-
cation of differences between CSS and PS and differ-
ences between normal and circulation-compromised
subjects. The data also supported the need to investigate
broader populations with known circulatory conditions to
develop more predictive guidelines for the probe data
differences. Even with the limited data of this example,
it is apparent that the comparison of CSS and PS sites
can provide a useful assessment of the state of the cir-
culatory system even where there is no major difference,
and there is not a disease state presenting itself. That is,
such results of roughly equivalent CSS and PS data at
a high oxygen saturation level would support a conclu-
sion that the peripheral circulation is not impaired.

Example 2:

[0141] An elderly patient with relatively advanced dia-
betes comes in for monitoring of the status of perfusion
in the right leg, which is diagnosed with severe athero-
sclerosis and related impaired vascular perfusion. A
monitor of the present invention is utilized, with one CSS
probe measuring signals across the nasal septum, and
a PS probe on the large toe of the right foot. A new med-
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ication is started, and ongoing weekly data from the mon-
itor tracks the changes in perfusion in the right leg by
comparing oxygen saturation values of the CSS probe
with the values of the PS probe. Such data indicates the
degree of effectiveness of the new medication.

Example 3:

[0142] A critically burned patient is brought into an
emergency room. As vital signs and assessmentis taking
place, a pulse oximeter probe as shown in Figure 1 is
placed into the patient’s mouth to read cheek tissue as
a central site source, and a pulse oximeter probe as
shown in Figure 4 is placed at each of the patient’s large
toes. Within less than one minute, the monitor of the
presentinvention indicates below normal blood perfusion
in the right leg, based on the signals from the probe
placed on the right toe, compared to the central source
site and the left toe probe. A probe is placed on a right
finger, and this provides comparable data to the left toe.
The attending physician is able to surmise that an injury
or disease condition is adversely affecting perfusion in
the right leg, orders more detailed testing, and increases
the percent oxygen on the respirator to counter the low
oxygen in the affected leg. The monitoring system tracks
changes in the oxygen saturation values of blood in the
right toe as this initial treatment has an effect.

Example 4:

[0143] A patient suspected of having Chronic Pulmo-
nary Obstructive Disease is admitted to an emergency
room with breathing difficulties. The patient also reports
pain in both legs after involved in a minor traffic accident,
which is the immediate cause of admission. Minor bruis-
ing is apparent on the front of the left leg. Along with other
tests and monitoring, a pulse oximeter monitor of the
present invention is utilized, with on CSS probe on the
nares of the nose, and a PS probe on the large toe of
each of both feet. Alarmingly, the CSS probe estimates
that the arterial oxygen saturation at the CSS site is below
about 85 percent, indicating hypoxia. The pulse oximeter
monitor in both PS sites estimates even lower oxygen
saturation, by about 5 percent, compared to the CSS site.
There is no response to bronchodilator therapy, and the
chest x-ray shows moderate fibrosis, and no attenuated
vessels or hyperinflation. The initial diagnosis, aided by
the pulse oximetry data, is bronchial COPD. Oxygen ther-
apy is provided, and the pulse oximetry data is utilized
to monitor increases in blood oxygen saturation both at
the CSS and PS sites.

[0144] It is noted that the following paragraphs,
through and including Example 5, describe embodiments
of the present invention which combine, preferably inte-
grally, a pulse oximeter probe with a nasal cannula
through which is delivered a supply of oxygen or oxygen-
rich air. In some of these embodiments, the combined
pulse oximeter sensor/nasal cannula with oximeter is
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used to monitor and provide information regarding the
oxygen saturation status, using data obtained from the
sensor through the tissue of the nasal septum, to the user
of the device, to caretakers of that user, and/or to a re-
mote station that utilizes the information. For instance,
the user can view current and/or historical trend data and
manually adjust the flow rate of the oxygen or oxygen-
rich air accordingly. Alternately, a user of said combined
pulse oximeter sensor/nasal cannula with oximeter, in
advance of a period of expected increased exertion, may
increase the flow rate of his/her auxiliary oxygen supply.
Then, during such exertion, such user refers to the oxi-
meter data output and further adjusts the flow rate as
needed to attain or remain within a desired range of blood
oxygen saturation as indicated by the data output from
the oximeter.

[0145] Inother examples the combined pulse oximeter
sensor/nasal cannula is used in further combination with
a central processing unit that sends signals to automat-
ically adjust the flow rate of the oxygen or oxygen-rich
air to the use. For instance, and not to be limiting, during
more strenuous exertion, arterial blood oxygen satura-
tion of a person needing oxygen supplementation ther-
apy is expected to decline appreciably. In such circum-
stance, this drop in oxygen saturation is detected by the
pulse oximeter probe, the trend data is analyzed by a
program in the central processing unit, and a signal is
sent to a valving mechanism that results in a greater ox-
ygen flow directed through the user’'s cannula. A feed-
back loop, the data from the nasal pulse oximeter going
to the central processing unit monitoring system, subse-
quently decreases the flow when the data indicates ar-
terial blood oxygen saturation has exceeded a designat-
ed percentage. By such feedback loop approach, the ox-
ygen delivered via the nasal cannula is better optimized
for actual physical exertion and/or changing metabolic
requirements.

[0146] In other examples, which are preferred in cer-
tain applications, the use of data from the nasal pulse
oximeter to regulate oxygen flow to the nasal cannula is
combined with other approaches to conserve oxygen,
which include, but are not limited to:

1. detection of the inhalation phase of the respiration
cycle to provide the oxygen (or oxygen-enriched gas)
only during inhalation (or a key segment of the inha-
lation, i.e., the initial 2/3 of the inhalation);

2. providing oxygen every other breath; and

3. providing greater volume and/or flow rate at key
part(s) ofinhalation cycle (i.e., increased "shot size").

[0147] In yet other examples, which are preferred in
certain applications, the data from the nasal pulse oxi-
meter is combined with data collection of other parame-
ters. For instance, in studying sleep disorders, a number
of parameters are measured, for instance, pattern or dy-
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namics of respiration (flow rate, inhale/exhale over time
cycles), pulse rate, etc. In examples of the present in-
vention, the use of the combined nasal pulse oximeter
probe is combined with other monitoring sensors at the
nose that detect, for instance, but not to be limiting, air
flow and air pressure, such as during sleep, to analyze
an individual’s sleep disorder, such as sleep apnea.
[0148] Thus, when blood saturation information from
the so-combined pulse oximeter probe is processed over
time, and when trends are detected in the oximeter probe
data processor that indicate a need for more or for less
oxygen to the patient, based on, respectively, lower or
higher blood oxygen saturation readings than a desired
range, one or more outcomes result. As noted above,
one outcome is to automatically adjust the supply of ox-
ygen or oxygen-rich air to provide a needed increase (if
readings were trending lower) or a decrease (if readings
were trending higher, above a desired range, and con-
servation of the supply were desired) of that supply. An-
other outcome is to provide an alarm signal (audible,
flashing, etc.) locally, for recognition by the patient or a
nearby attendant. Yetanother possible outcome is to pro-
vide a remote alarm, such as by cellular telephone trans-
mission, to a physician’s office, an ambulance service or
hospital, etc.

[0149] Further, it is noted that there exist in presently
used devices other approaches to conserving the supply
of oxygen or oxygen-rich air. One commonly used ap-
proach, often referred to a the "pulse-dose" system, de-
livers oxygen to the patient by detecting the patient’s in-
spiratory effort and providing gas flow during the initial
portion of inspiration. This method is reported to reduce
the amount of oxygen needed by 50 to 85% (compared
to continuous flow) and significantly reduces the cost,
the supplies needed, and the limitations on mobility
caused by a limited oxygen supply.

[0150] For example, as the patient initiates a breath,
the cannula tip senses the flow, a solenoid valve opens,
and a burst of oxygen is rapidly delivered to the patient.
The size of the burst or flow varies among different man-
ufacturers. Commonly, the pulsed-dose systemtakes the
place of a flow meter during oxygen therapy and is at-
tached to a 50 PSIG gas source. In most devices the
patient or operator can choose the gas flow rate and the
mode of operation (either pulse or continuous flow). Typ-
ically, a battery-powered fluidic valve is attached to a
gaseous or liquid oxygen supply to operate the system.
[0151] In addition, other approaches are used to fur-
ther reduce oxygen usage when using the pulse-demand
system. One such approach is to reduce the dose of ox-
ygen delivered to the patient during each pulsation. An-
other approach, in combination or independently of the
last one, is to deliver a burst only on the second or third
breath instead of every breath. In addition, the size of the
oxygen pulse dose will change with the flow setting with
increases in flow delivering larger doses of oxygen and
vice versa.

[0152] Itis noted that potential problems encountered
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whenusing the pulse-demand systeminclude: no oxygen
flow from the device; and decreased oxygen saturations
in the patient. If no oxygen flow is detected, then possible
causes include a depletion of the gas supply, an obstruc-
tion or disconnection of the connecting tubing, or, criti-
cally for a pulse-demand system, an inability of the device
to detect the patient’s effort to breath. If the device cannot
detect the patient’s inspiratory effort, the sensitivity will
need to be increased or the nasal cannula will need to
be repositioned in the nares.

[0153] A decrease in the patient's oxygen saturation
should always be a cause for alarm and may indicate a
change in the patient’s medical status, tachypnea, or a
failure in the device. In any case, a backup system should
be available in order to verify whether the problem is with
the device or with the patient.

[0154] Thus, although in common use, the limitations
of many pulse-dose systems are: relatively high cost of
the system; technical problems may be associated with
such a complicated device (including disconnections, im-
proper placement of the device, and a possible device
failure); lack of accommodation for an increased need
during exercise, stress, illness, etc. and variable opera-
tion of the device if not properly set up.

[0155] Variations on the pulse-dose system include
delivering oxygen to the patient at the leading edge of
inspiration. This allows oxygen to be supplied exactly
when needed. Thus, when the patientinhales, arelatively
higher quantity of oxygen is delivered for travel deep into
the lungs, increasing the probability of greater utilization
and uptake in the red blood cells in the person’s blood-
stream. Other variations on the pulse-dose system are
known in the art.

[0156] The presentinvention is used independently of
the pulse-dose system, or, alternatively, in conjunction
with such system, to conserve the supply of oxygen or
oxygen-rich gas, and to better adjust the supply to the
actual demands of the patient/user as that person’s phys-
ical activities and demands vary over time. In particularly
preferred examples, the pulse oximeter probe that is in
combination with an outlet (e.g., the end of a cannula) of
the supply of oxygen or oxygen-rich gas is fashioned to
be integral with, or securely fastened to, that outlet. This
provides greater surety of signals and proper insertion
of the outlet. Forinstance, when the pulse oximeter probe
is integral with the nasal cannula, if the probe and device
are accidentally moved from their proper location (e.g.,
entrance of nose, or mouth), then the oximeter readings
(including pulse) will deviate sharply from normal. In such
instance an alarm can be quickly sounded and the prob-
lem rapidly corrected. Thus, this provides a distinct ad-
vantage in comparison to peripheral probes, such as fin-
ger or toe probes.

[0157] Another aspect of the present invention is add-
ing as an additional sensor a capnography sensor (such
as an infrared sensor) to estimate the concentration of
carbon dioxide in the exhaled breath. This may be useful
to detect more rapidly than pulse oximetry the failure of
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ventilation means (such as the wrong gas being provided
to the patent), or carbon dioxide poisoning. Regarding
the latter, the article entitled "Management of carbon
monoxide poisoning using oxygen therapy" by TWL Mak,
CW Kam, JPS Lai and CMC Tang, in Hong Kong Medi-
cine Journal, Vol. 6, No. 1, March 2000 is instructive.
[0158] Also, astothe detection of a failure of ventilation
means, when the present invention’s combined nasal
pulse oximeter sensor/cannula is attached to a pulse ox-
imeter that is programmed to distinguish normal from ab-
normal pulse ranges, and when the combined nasal
pulse oximeter sensor/cannula falls away from the user’s
nose (e.g., by accident during sleep or sedation, etc.),
an alarm can be quickly provided based on the lack of
pulse in the proper range. In this way the combined nasal
pulse oximeter sensor/cannula more rapidly detects a
loss of supplemental oxygen more rapidly than typical
capnography detectors as to this reason for loss of ven-
tilation.

[0159] Thus, the following examples are to be under-
stood to be usable independently or in combination with
the above described other approaches to conserving the
supply of oxygen or oxygen-rich gas, and/or with other
approaches known in the art but not described above,
including those referred to in references cited herein.

Example 5:

[0160] Figure 8 depicts one embodiment of a nasal
oximeter probe, such as depicted in Figures 2A-D, in
which the oximeter function and hardware are combined
and integral with a cannula to supply oxygen (or oxygen-
rich air or other gas mixture) to via the nostrils of the
patient. The device, 150, shown in Figures 8A, B is but
one specific embodiment of a range of designs and com-
binations that include a pulse oximeter probe in combi-
nation with an outlet for oxygen or oxygen-rich gas to a
person in need thereof. For instance, while in the present
example a cannula (defined as "a tube for insertion into
body cavities and ducts, as for drainage") is used within
the nasal oximeter probe to conduct oxygen-rich air or
other gas mixture into the nostrils of a patient, any of a
range of different conduits can serve this purpose. As
one example, not meant to be limiting, a passage can be
formed by molding such passages within the structure of
the nasal oximeter. Such passages themselves can
serve to conduct oxygen-rich air or other gas mixture into
the nostrils of a patient. Alternately, these passages can
be sized and configured to allow cannula tubing to be
inserted through such passages, to provide for relatively
easy assembly with standard cannula tubing which is
common with standard regulators and tanks. Thus, the
term "passage" is taken to mean any physical structure,
now or later known to those of skill in the art, that provides
forthe physical containment of a gas thatis being directed
through such structure. Common forms of passages in-
clude cannula tubing, standard plastic tubing, and the
continuous voids in a molded nasal pulse oximeter
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through which a gas may pass without loss from seams,
etc. in the voids.

[0161] Figure 8A is a front view, and Figure 8B is a
side view of the combined, or integral, nasal probe/can-
nula, 150. From a resilient plastic housing, here depicted
as comprised of a main section, 152, protrude two ex-
tensions, 154 and 156, that are sized to enter the nares
of the nose. Preferably, the lateral cross-sectional sur-
face area of each of these extensions, 154 and 156, is
not greater than 50 percent of the opening cross-section
area of a nares at its widest opening, more preferably
the device’s inserted cross-sectional surface area is not
greater than 35 percent of such opening area of a nares,
and even more preferably, the device,’s inserted cross-
sectional surface area is between about 20 and about 35
percent of such opening area of a nares. At the end of
these extensions, 154 and 156, which preferably are of
molded plastic and integral with the major portion, the
plastic housing, 152, are inserted two circuit boards, 163,
one containing two light-emitting diodes, 162 and 164
(shown here on extension 156) and the other containing
a photodetector, 166 (shown here on extension 154).
[0162] As discussed for Figures 2A-G, in certain em-
bodiments, the two extensions, 154 and 156, are spaced
apart from one another so as to fit snugly against the
tissue of each side of the septum to avoid interference
from ambient lighting. Moreover, in certain embodiments
as described above, the two extensions, 154 and 156
are constructed and spaced apart so as to fit non-con-
tiguously with the mucosal cell lining of the interior sep-
tum walls.

[0163] Also, as discussed for Figures 2A-G, it is noted
that clear plastic covers, 161, are placed over the molded
plastic frame, 169, that forms the extensions 154 and
156 in Figures 8A-B. These plastic covers typically are
heat-sealed over the LEDs 162 and 164 and photode-
tector 166. In various embodiments, the sides, 165, of
the clear plastic covers, 161, that are facing or contacting
the nasal septum (not shown) are aligned with the inside
faces, 167, of the extensions 154 and 156, so as to fit,
respectively, near or against the tissue of each side of
the septum, without irritation, as from a rough or uneven
surface. As noted in more detail elsewhere, the covers,
161, preferably have inner faces co-planar with the inner
faces of the two extensions, 154 and 156. This is to en-
sure a comfortable fit, good data since ambient light is
lessened, and no necrosis of the tissue being contacted.
In all such embodiments, it is preferred that the two ex-
tensions, 154 and 156, deflect from the septum wall due
to flexibility of the structures themselves, 154 and 156.
This is particularly helpful when a patient has an interior
septum wall wider than the spacing between the inner
sides, 165 (so that there is substantial contacting), when
a patient has septum wall irregularities (i.e., a deviated
septum wall), or when a patient has a columella substan-
tially wider than the inner faces, 167. Also, depending on
relative sizing of nasal probe to a septum, embodiments
as described herein are designed and sized to fit provid-
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ing’ a space between the inner sides, 165, and the mu-
cosal lining of the interior septum. Other embodiments
are designed and sized to provide such space, and also
to be separated from, or apply less pressure against, the
columella.

[0164] Furtherastothe plastic covers, 161, oneis fitted
over each of the structures, 163, that contain the LEDs
162 and 164, located on extension 156, and the photo-
detector 166, located on extension 154. The plastic cov-
ers, 161, preferably do not interfere with light transmis-
sion. Apart from heat-shrink sealing, other means of at-
taching the plastic covers, 161, to the extensions 154
and 156, include, but are not limited to, sonic welding,
spot gluing, hot gluing, press fitting, and other such meth-
ods of attachment, as are employed in the art, that are
used to attach components of a medical device for entry
into an orifice of a living subject. In general, the combined
nasal pulse oximeter probe/cannula devices of the
present invention are designed to be disposable, due to
problems associated with cleaning between uses. How-
ever, itis within the scope of the invention that appropriate
plastics, components and construction are employed so
as to allow an appropriate level of sterilization of such
devices between uses.

[0165] As for the nasal pulse oximeter probe depicted
in Figures 2A-D, two extensions, 154 and 156, extend
from a main section, 152, of a resilient housing, typically
of plastic, that positions and spaces the extensions 154
and 156. These two extensions, 154 and 156, are sized
to enter the nares of the nose in similar fashion to a nasal
cannula oxygen supply. These extensions, 154 and 156,
are flattened in one dimension, as depicted in Figures
8A and 8B, and are shown angled at about 15 degrees
inaseconddimension, as viewed in Figure 8B. This angle
of inflection, 170, is properly drawn from a line drawn
from one edge of the main section, 152.

[0166] The first approach described above for the na-
sal oximeter probe in Figures 2A-D is used to protect the
components of the combined nasal pulse oximeter probe,
150, from moisture and contamination. A clear plastic
covering, shown as 161 in Figures 8A, is placed over, to
cover, each distal half of the two extensions, 154 and
156. Itis noted thatin the embodiment shown, the molded
shell, 169, that forms and covers the main section, 152,
also covers the approximately proximal half of the two
extensions, 154 and 156. Either this, or a separate resil-
ient insert, provides a support for the upper, or distal
halves of these extensions, but does not cover the front
and rear sides, nor the inner sides, 165, of these exten-
sions. To cover these exposed sides, a clear plastic cov-
ering, 161, is constructed, fitted over, and adhered to the
existing components to form an integral protective exte-
rior surface with the molded outer shell, 169. Such plastic
covering, 161, typically is manufactured by heat sealing
pre-cut and/or pre-formed pieces to form a fitted covering
over the distal halves of extensions 154 and 156. Then
this is shrink-wrapped over the components of the distal
half of the two extensions, 154 and 156. The plastic cov-
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ers, 161, preferably do not interfere with light transmis-
sion in the critical wavelength ranges of the LEDs 162
and 164. Apart from heat-shrink sealing, other means of
attaching the plastic covers, 161, to the extensions 154
and 156, include, but are not limited to, sonic welding,
spot gluing, hot gluing, press fitting, and other such meth-
ods of attachment, as are employed in the art, that are
used to attach components of a medical device for entry
into an orifice of a living subject. Also, other means of
providing a protective covering, such as are known to
those skilled in the art, may be used instead of the above-
described approach.

[0167] Further, using the shrink-wrapping construction
described above to cover the distal halves of the exten-
sions 154 and 156, and dimensioning the spacing be-
tween the extensions 154 and 156 as indicated above
for a non-contiguous fit, the extensions 154 and 156 are
found to fit without irritation to the mucosal cells lining
each side of the interior septum, as from a rough or un-
even surface. For example, without being limiting, when
using heat sealing plastic as the covering, 161, the thick-
ness of this material, and any finish on the adjoining edge,
will affect the extent of a sensible ridge at the junction of
the covering, 161, and the molded outer shell, 169, but
nonetheless provide a comfortable fit.

[0168] The nasal septum extends in the midline from
the tip of the nose anteriorly to the posterior border of the
hard palate posteriorly. Itis bordered inferiorly by the roof
of the mouth (the hard palate) and superiorly by the floor
of the cranium. As to a specific area of the nasal septum
that is preferred for use of a nasal pulse oximeter probe
such as the one depicted in Figures 8A,B, at least one
highly vascularized, and thus more suitable, area of the
nasal septum is located approximately 0.5-1.0 cm. from
the posterior border of the nostril and approximately
2.0-2.5 cm. superior to the floor of the nasal cavity in the
midline. Being more highly vascularized, such thereby
provides more consistent and reliable signals than less
vascularized areas that are, relative to this, more proxi-
mal (the tip of the nose) or more distal (further posterior
towards the back of the nasal cavity). In particular, and
more specifically, the highly vascularized area of the sep-
tum, known alternately as Kiesselbach’s plexus and Lit-
tle’s area, is a preferred target area for detection of blood
oxygen saturation levels by a nasal pulse oximeter probe
of the present invention.

[0169] The pulse oximeter nasal probe of the present
invention is designed so that, when properly positioned,
it passes its light through such highly vascularized areas.
In the particular device shown in Figures 8A,B, an angle
ofinflection, 170, is shown between plastic housing, 152,
and the two extensions, 154 and 156. This angle properly
is measured as an interior deviation from a straight line
extended from the plastic housing, 152. In preferred em-
bodiments; the angle of inflection, 170, is between about
0 and about 33 degrees, in more preferred embodiments,
the angle of inflection, 170, is between about 10 and
about 27 degrees, and in even more preferred embodi-
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ments, the angle of inflection, 170, is between about 10
and about 20 degrees. In Figure 8B, the angle of inflec-
tion, 170, is about 15 degrees. This angle has been found
to provide superior results in testing.

[0170] Further, itis noted that in typical use contact by
an inner face of one extension with nasal mucosal tissue
interior to the columella precludes contact by the inner
face of the other extension with the nasal mucosal tissue
interior to the columella. Further, in many if not most in-
stances, where there is a snug fit against the columella,
there is little or no contact by the more distal, inward
sections of the respective extensions against the nasal
mucosal tissue interior to the columella. Where a patient
has a substantially deviated septum, there may be con-
tact by one extension on one side, but this is believed,
in most cases, to preclude contact by the other side once
interior of any contact with the columella.

[0171] Thus, for the embodiments depicted in Figures
2 and 8, a most common fit with a nasal septum, when
the respective device is in use, is that certain areas of
the inner faces of the extensions only occasionally or
lightly contact a portion of the tissue of the interior septum
wall. Such portion is typically a protruding portion. It has
been learned that this orientation, where the extensions
bearing the light-generating and the light-detecting struc-
tures, does not and need not press against both sides of
the nasal septum. Surprisingly, relative to prior art teach-
ings, pressing against the tissue of the septum wall is not
needed in order to obtain good pulse oximetry data.
[0172] As noted above, in certain embodiments con-
tact with the nasal interior septum mucosal tissue is
avoided or minimized by one or more of: sizing of the
probe (particularly spacing between opposing inner fac-
es), flexibility of the material used, other design features,
and lack of design and/or structure to compress or clip
any part of the probe to the tissue of the nasal septum.
Thus, in various more preferred embodiments, the inner
sides (i.e., 65 or 165), of the two extensions, (i.e., 54 and
56 or 154 and 156), if they ever contact the tissue (mu-
cosal nasal lining) of the interior septum, do so lightly,
resting without excessive pressure, so as to avoid the
development of necrosis of the mucosal tissue. This ap-
plies even when the nasal probe is used over extended
periods of time. Also, itis noted that a snugly fitting probe,
asdescribed in certain embodiments and within its broad-
er context, comprises probes that contact comfortably
the columella, whilst remaining spaced from (i.e., facing,
adjacent to), the tissue of the nasal interior septum.
[0173] Further, referring to Figure 8A, in general, the
two extensions, 154 and 156, are angled so that upon
insertion and proper placement into position in the nos-
trils, the LEDs 162 and 164, located on extension 156,
emit light directed through a region that includes a pre-
ferred area of the nasal septum. Most preferably, the
LEDs 162 and 164, located on extension 156, direct light
exclusively through the highly vascularized region of the
septum known alternately as Kiesselbach’s plexus and
Little’s area (or, in The Principles and Practice of Rhinol-
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ogy, Joseph L. Goldman, Ed., John Wiley & Sons, New
York, 1987, Kiesselbach’s plexusis "in" Little’s area). Em-
pirically, in certain evaluations, this highly vascularized
region, referred to herein as Kiesselbach’s plexus, is
measured to be located approximately 2.0 cm upward
and approximately 1.0 cminward (toward the back of the
head) from the tip of the anterior nasal spine. Kiessel-
bach’s plexus is the region of the nasal septum where
the terminal branches of at least two arteries meet and
supply the tissue. These major terminal branches in Kies-
selbach’s plexus are those of the nasal septal branch of
the superior labial branch of the facial artery and the an-
terior septal branch of the anterior ethmoidal artery (see,
for example, plate 39 of Atlas of Human Anatomy, 2nd
Ed., Frank H. Netter, M.D., Novartis, 1997). Some termi-
nal branches of the posterior septal branch of the sphe-
nopalatine artery may also be found in more posterior
regions of Kiesselbach’s plexus.

[0174] Also, because Kiesselbach’s plexus actually is
comprised of aregion of highly vascularized tissue, rather
than a discrete point, and given anatomical variation
among persons, a range of approximately +/- 0.25 cm
from the above indicated measured point also is accept-
able as a target area to obtain unexpected superior re-
sults with a nasal pulse oximeter probe. It also is recog-
nized, based on the approximate size of the Kiessel-
bach’s plexus, that placing the probe so it measures sat-
uration within a range as large as approximately +/- 0.75
cm from the measured point may also provide these un-
expected superior results (by having the light pass
through this highly vascularized region). However, given
the variations noted above, this is less preferred than the
range of approximately +/- 0.25 cm. from the measured
point. Under certain circumstances, a range of approxi-
mately +/- 0.50 cm. from the measured point is consid-
ered acceptable. Given the basic morphology and sizing
of the nares, design and placement of nasal pulse oxi-
meter probes such that they pass light through nasal sep-
tum tissue within these larger ranges, but not within the
smaller approximately +/- 0.25 cm. range, frequently re-
quires probes of the present invention that are designed
to have smaller (i.e., thinner, narrower) profiles than the
profile depicted in Figures 8A and 8B. This allows these
probes to come closer to the outward or inward structures
of the nares and maintain patient comfort.

[0175] Also, for any of these ranges to target Kiessel-
bach’s plexus, it is appreciated that the angle of a par-
ticular individual's lip in relation to the nose, and the
placement of the nasal probe sensor on the upper lip,
affect the exact location of the probe’s light producing
and light sensing components on the plexus. As noted,
it has been learned that a nasal pulse oximeter, such as
is depicted by 150 (with or without the oxygen cannula
element), that has an angle of inflection, 170, of about
15 degrees, has been found to provide superior results
in testing. This 15 degree angle to reach Kiesselbach’s
plexus with the light-generating and the light-detecting
components, in order to obtain superior sensing data,
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takes into account that for many patients, there is an an-
gle of the upper lip, tilting about 15 degrees. This is rep-
resented in Figure 11, a facial profile. Figure 11 also
shows an angle, from a true vertical, starting from the
opening of the nostril at the medial end, 171, of about 30
degrees that generally leads toward the desired area for
obtaining pulse oximeter data, Kiesselbach’s plexus.
This 30 degree angle includes the benefit of the approx-
imately 15 degree angle of the upper lip, 173, upon which
the nasal probe of the present invention is placed. Thus,
with this angle of the upper lip, in combination with a 15
degree angle of the nasal probe, the light generating and
light detecting components of the nasal probe are posi-
tioned atthe desired vascularized area, generally located
along the 30 degree angle inward and upward from the
opening of the nostril at the medial end, 171. One exam-
ple of a nasal probe with a 15 degree angle, or bend, is
shown in Figure 8B. It is noted, however, that a nasal
probe with such angle may be with or without a cannula.
[0176] However, it is appreciated that the shape and
angle of person’s upper lip, and orientation to the nasal
cavity, do vary. Thus, in certain examples, is desirable
to adjust the exact angle of the nasal probe in relation to
the upper lip (such as by gently twisting it as it is being
secured to the upper lip) to obtain the most preferred
area for data. Also, optionally, the pulse oximeter is com-
prised of circuitry and data output that provides a "per-
fusionindex"to assistinimproved placement of the probe
so that the light-generating and light-detecting compo-
nents are placed in or near to the desired Kiesselbach’s
plexus. As known in the art, the perfusion index is the
ratio between the pulsatile and the non-pulsatile compo-
nents of the light that reaches the light-detecting compo-
nent. This provides a means to fmd which position has
a greater pulsatile component, and can assist, when
needed, in orienting a nasal probe to obtain a superior
or the preferred site. It is noted, however, that in trials,
the probe having a bend of 15 degrees, as shown in Fig-
ure 8B, has been found to provide reliable data for 30
patients tested to date without a need for subtle or time-
consuming adjustment of position on the upper lip.
[0177] Alsoshown in Figure 8B is a conduit for oxygen
(or oxygen-rich air or other gas mixture), 180, and a con-
duit, 182, within which are electrically conductive wires
(or other types of signal transmission means, such as
fiberoptic cable) to pass electrical signals to and from the
two light-emitting diodes, 162 and 164, and the opposing
photodetector, 166.

[0178] Means of stabilizing the probe, 150, such as
elastic straps (not shown) from any part of the device that
span the head of the patient, typically are employed, and
depend on the type of application and the comfort re-
quirements of the user. More particularly, in order to sta-
bilize the desired position of the nasal probe of the
presentinvention (whether it is with or without a cannula),
several specific approaches are useful. One approach
to reversible attachment of the nasal probe to the patient
is to apply tape to all or part of the patient’s upper lip,
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where the side of the tape to the patient’s upper lip has
an adhesive suited for the purpose and desired contact
period, and the other, exposed side has one or more
sections of either the hook or the loop of hook-and-loop
type fabric. The side of the nasal probe to rest on the
upper lip ("back side") is comprised of one or more sec-
tions of the hook-and-loop type fabric to complement the
sections on the tape’s exposed side, and by virtue of
alignment and pressing together of the sections on the
nasal probe and the upper lip, the nasal probe is posi-
tioned on the upper lip. This type of reversible attachment
can be modified as needed, particularly when the
strength of the adhesion of the hook-and-loop type fabric
is lessened just to the strength needed to maintain the
probe in position in view of the typical range of forces
acting to dislodge it. A variation is to apply tape to the
back side of the nasal probe, where the tape has adhe-
sive on the side toward the probe, and hook-and-loop
type fabric on the opposite side, facing and attachable
to the hook-and-loop type fabric on the tape of the upper
lip.

[0179] Another approach to reversible attachment of
the nasal probe to the patient is to apply double-sided
adhesive tape to all or part of the patient’s upper lip. Then
the back side of the nasal probe is pressed against the
adhesive on the upward-facing side of the double-side
adhesive tape. A variation is to apply the double-sided
adhesive tape first to the back side of the nasal probe,
then orient the probe into its position against the upper
lip with the extensions in the nares, and then press
against the upper lip to obtain adhesion thereto. When
using such approaches, itis advantageous to have a sta-
bilizer (such as 58, in Figure 1, there shown simply as a
flat plate flush with and extending downward from the
inside edge of the lower plane of the extensions 54). This
provides additional surface area for contact with the tape,
and improves the stability of the reversible bonding with
the upper lip, and thereby helps maintain a proper orien-
tation to the desired vascularized areas for detection of
the condition of the arterial blood and its flow.

[0180] Yet another approach to reversible attachment
of the nasal probe to the patient is to apply single-sided
adhesive tape over the top of the nasal probe. This is
done before or after the nasal probe has been positioned
with the extensions in the nares and the back side against
the upper lip, and the tape is pressed into the skin of the
face adjoining the nasal probe, to secure the probe in
place.

[0181] As for the probes depicted in Figures 1 and 2A-
D and described above, timed electrical impulses from a
pulse oximeter monitor system pass through two wires
or other signal transmission means (not shown) in cables
held within conduit passing within 182 to produce the
light from LEDs 162 and 164. Atleast one photodetector,
166, is positioned within extension 154 to face and op-
pose LEDs 162 and 164 on extension 156. The photo-
detector 166, which typically is a light-sensing photodi-
ode, detects changes in the light emitted by the LEDs
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162 and 164 as that light is differentially absorbed be-
tween and during pulses across the capillaries of the sep-
tum tissue between the two extensions, 156 and 154. In
one example, LED 162 emits light around 650-670 nm,
and LED 164 emits light around 880-940 nm. The elec-
trical impulses are timed to be offset from one another,
so that the light from each of the two LEDs, 162 and 164,
is emitted at different times. The photodetector, 166, de-
tects the light passing through the septum of the nose,
which is situated between extensions 156 and 154 when
the probe 150isin use. As discussed above, loss of signal
through vascularized tissue such as the nasal septum is
due both to background tissue absorption and the ab-
sorption by the blood in the arteries, which expands dur-
ing a pulse. The signals from photodetector 166 pass
through conductors (not shown) to the processor of the
monitor system (not shown). As examples, not meant to
be limiting, a single cable passing from one side of the
device, 150, or two cables that may form a loop that may
lie above the ears of the patient, or join to form a single
cable (not shown), pass signals to the two LEDs, 162
and 164, and from the photodetector 166. In one pre-
ferred example, a single cable, formed from the joining
of two cables leading from the device, 150, terminates in
an electrical plug suited for insertion into a matching sock-
et in the pulse oximeter monitor system (not shown). In
another preferred example, the single cable terminates
by connecting to an adapter cable, which in turn connects
to a socket in the pulse oximeter monitor system (not
shown). In a typical application, the signals from the light-
sensing photodetector, 166, are ultimately received and
processed by a general purpose computer or special pur-
pose computer of the monitor system (not shown).
[0182] Per the disclosure preceding this example, this
combination nasal pulse oximeter is used either in com-
bination with the needed computer processing to inter-
pret and provide a viewable (or audible in the case of an
alarm) data output of arterial blood oxygen saturation for
the user or health care worker, or, in alternative embod-
iments, this function is further combined with the means
to regulate and adjust the flow of oxygen or oxygen-rich
gas that is being delivered by adjustment of a valve con-
trolling such flow.

Example 6:

[0183] The present invention also is adapted for sys-
tems which utilize, in combination, pulse oximeter detec-
tion of arterial blood oxygen saturation, in combination
with a supply of oxygen, air, or a gas mixture providing
a variably supply of oxygen, where the flow rate and/or
amount of oxygen provided in the gas mixture is control-
led based at least in part by the changes and levels of
arterial blood oxygen saturation, as detected by the pulse
oximeter. Applications for such combination devices
(pulse oximeter/oxygen supply directed by controller with
pulse oximeter data as an input) include, but are not lim-
ited to: self-contained breathing apparatuses (SCBA);
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self-contained underwater breathing apparatuses (SCU-
BA); high altitude breathing systems, and medical gas
delivery systems. The following figures and related dis-
closure provides only one, non-limiting example to
present the basic concepts of the present invention as
applied to a SCUBA regulator. Figure 10 is used to depict
a general control approach for this and other systems
described in this application.

[0184] Figure 9A presents adiagram of abasic SCUBA
regulator, 200, with key features described. The housing,
220, contains a diaphragm that senses ambient water
pressure which is linked physically to adjust the delivery
pressure to the user via regulation of the second stage
regulator, also within the housing, 220. A supply hose,
212, carries compressed air, or other gas mixtures, typ-
ically from a supply tank (not shown), to the second stage
regulator (not shown) within the housing, 220. Upon de-
mand from the user, whose mouth is fitted around the
rubber mouthpiece, 201, the air or other gas from the
hose, 212, passes through the second stage regulator,
and through the mouthpiece, 201, to provide the user
with a supply of air or other gas based on the flow pattern
of the second stage regulator. Having the rate of this flow
upon demand being variable, based in part on the type
of regulator and its operating conditions and mainte-
nance, can result in waste of precious air supply. Also,
when the percent of oxygen or other gas in the air supply
can be altered based on data from a pulse oximeter, the
body’s physiological requirements can be better met, re-
sulting in a safer and healthier dive experience.

[0185] Figure 9B presents a diagram of the basic SCU-
BA regulator Figure 9A, however also comprising addi-
tional features of the present invention. In particular, a
flexible arm 202 bearing two light-emitting sources, 204
and 206, (typically LED’s) is disposed in a place exterior
to the position of the lip of the diver using the regulator.
The approximate thickness of the lip is represented in
Figure 9B by the distance, a. Flexibility of the arm 202,
is by the nature of the material such as rubber and/or by
spring loading. By such design, the arm 202 moves easily
away during fitting of the mouthpiece(i.e., the placement
of the lip around the flange, 207, of the mouthpiece, and
the teeth over the nubs, 209 (one is shown as a dashed
rectangle to indicate position on the inside surface of the
flange). Then the arm, 202, presses against the lip or
against the skin just below the lower lip, in such an ori-
entation so that light emitted by the two light-emitting
sources, 204 and 206, is directed toward a photosensor,
208, insetinto the outer surface of the rubber mouthpiece
201. This receives signals through the lower lip/flesh be-
low the lip, which is sufficiently well-vascularized to pro-
vide arepresentative reading of the body’s oxygen status
expressed as of arterial blood oxygen saturation. Wiring
210 passes data signals between this pulse oximeter
probe and the oximeter controller (not shown, end of wir-
ing in figure coincides with end of supply hose, 212). This
interprets the data signals from the pulse oximeter probe
and, based on the information received, directs a sepa-
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rate valve (not shown) to adjust upward or downward the
leveland/or pressure of oxygen supplied through the sup-
ply hose 212 to increase or decrease the absolute or
relative oxygen flowing to the regulator at the mouthpiece
shown in Figure 9B.

[0186] For SCUBA systems using HE/Ox mixtures, ad-
ditional oxygen can be provided when indicated by the
data from the oximeter, and/or by a manual control (such
as the diver pressing a button to increase, with a second
button to decrease oxygen flow incrementally). The same
approaches apply to more complex dive gas mixtures,
such as Triox (oxygen enriched air with helium) and Trim-
ix (hypoxic oxygen, helium and nitrogen). By appropriate
control mechanisms and algorithms (adjusted to com-
pensate for physiological differences at different depths),
a diver using such examples of the present invention ex-
tends the dive time on a particular quantity of oxygen,
and/or has more oxygen when more oxygen is needed,
and less oxygen when less oxygen is sufficient. This re-
sults in a safer, healthier dive experience.

[0187] The above disclosed improvements in the mon-
itoring of blood oxygen saturation and adjustment of gas-
es supplied to a SCUBA diver also apply to users of self-
contained breathing apparatuses (SCBA) that are not
used for underwater diving. For example, firemen and
other emergency workers use SCBA in environments in
which they may exert considerable energy and have tran-
sient very high oxygen demands. The above-disclosed
examples, and variations of these known to those of skill
in the relevant arts, provide benefits to such users.
[0188] Figure 10 provides aflow diagram of the general
information and control generation of the "pulse flow ox-
ygen sensor" that controls the level or pressure of oxygen
provided to a user wearing a nasal or mouth pulse oxi-
meter sensor of the presentinvention in combination with
the gas supply controlled by a controller receiving data
input from that pulse oximeter sensor. Fundamentally,
data signals from the pulse oximeter sensor go to an
arterial blood oxygen saturation/oxygen supply Control
Circuit. Based on analysis of these data signals using an
appropriate algorithm, the arterial blood oxygen satura-
tion/oxygen supply Control Circuit sends signals to a ser-
vodevice that adjusts an Oxygen Control Valve which
receives oxygen under pressure from an oxygen source.
Fromthe O, Control Valve, oxygen is directed to a patient
in need of oxygen, where that patient is wearing the com-
bined nasal or mouth pulse oximeter sensor of the
presentinvention in combination with the gas supply can-
nula or mouthpiece.

Example 7

[0189] As described above, Kiesselbach’s Plexus is a
vascularized area in the anteroinferior part of the interior
nasal septum, and is supplied by sphenopalatine, greater
palatine, superior labia and anterior ethmoid arteries.
These vessels originate from both the internal and exter-
nal carotids and are the most frequent cause of epistaxis
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(nose bleed).

[0190] To demonstrate the utility of Kiesselbach’s
Plexus as a site for pulse oximetry, data was recorded
from a more vascularized region of the nasal septum (i.e.,
Kiesselbach’s plexus) using a probe of the present in-
vention in its intended positioning. This data was com-
pared to data from two adjacent sampling sites, one in-
ferior and posterior, and one anterior and superior to
Kiesselbach’s plexus. Since all three sampling sites are
capable of giving a signal for pulse oximetry with a stand-
ard pulse oximeter monitor, relative LED power provided
a marker of utility. A lower LED power required to obtain
a measurement indicates a stronger source signal. Such
lower power requirement is apparent when the probe is
placed so as to transmit light through the vascularized
area identified as Kiesselbach’s plexus. Also, as further
discussed herein, a stronger signal source in the nasal
or cheek/lip areas generally provide improved signals for
use in plethysmography.

[0191] A nasal probe of the present invention, having
a 15 degree inward angle, or inflection along its exten-
sions, was utilized for the comparison. This probe has a
side view similar to the probe in Figure 8B. To obtain
what is identified in Figure 18A as "Approx. 0 Degrees,"
the probe was angled outward from its normal, desired
position to approximate a position for the light-generating
and the light detecting components over the nasal sep-
tum that simulates a probe having straight extensions
(i.e., not having the 15 degree inward inflection). Figure
18B, identified as "Approx. 15 Degrees," is the probe in
its normal, desired position (see Figure 11 and related
discussion), with the 15 degree inflection positioning the
light-generating and the light detecting components over
the nasal septum at a desired position that, in subjects
tested to date, provides superior results. To obtain what
is identified in Figure 18C as "Approx. 30 Degrees," the
probe was angled inward from its normal, desired posi-
tion to approximate a position for the light-generating and
the light detecting components over the nasal septum
that simulates a probe having such components further
inward (anterior and superior) than the position obtained
with the 15 degree-inflected probe seated on the upper
lip. That is, based on the upper lip angle of 15 degrees,
the probe position for the data shown in Figure 18C is
approximately 45 degrees inward of vertical (see Figure
11 and related discussion).

[0192] The dataindicates thatthe probe in its intended
position, with the back of the probe’s main section against
the upper lip, provides superior data. This is indicated by
virtue of Figure 18B’s LED Power reading of 66, com-
pared to the LED Power readings of 108 and 102 for
Figures 18A and 18C, respectively. Without being bound
to a particular theory, when the probe is in its intended
position, it passes light through the more vascularized
section of the nasal septum (i.e., Kiesselbach’s plexus),
and the standard algorithm of the pulse monitor obtains
the desired data signals with a lower power to the LEDs.
The data provided in this example is consistent with ear-
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lier testing which demonstrated, unexpectedly and ad-
vantageously, that superior pulse oximetry and plethys-
mography data is obtained when the distal end of the
pulse oximeter probe extensions are designed so as to
locate the light-generating and the light detecting com-
ponents to a desired more vascularized locus, i.e., Kies-
selbach’s plexus. Thus, it is further appreciated that var-
ious designs that have the end result of locating the light-
generating and the light detecting components to the de-
sired more vascularized loci as obtained by the probes
of the present invention, such designs are within the
scope of the present invention. For example, and without
being limiting, Figure 18D provides an alternative design
of an acutely angled nasal probe, 300, that achieves the
same positioning as a probe having a profile of the probe
in Figure 8B.

[0193] Further,itis noted thatin some subjects, a nasal
probe of the present invention, when placed in the posi-
tion as indicated above for Figure 18B, provides data
that, effectively, goes "off the scale." Without being bound
to a particular theory, this is believed to be due to pecu-
liarities of the algorithms used in the processor of a stand-
ard pulse oximeter, and/or the fundamental system logic
of a finger pulse oximetry system. For example, the al-
gorithm and processor of a standard finger pulse oxime-
ter system are designed to adjust light intensity for a
probe positioned on a finger, where there is a relatively
higher percentage of less vascularized tissue compared
to the nose, lip and cheek. In such circumstances, if a
greater than expected amount of light is received at the
photodetector, this may indicate the probe has slipped
from the finger, or from the proper position on the finger.
For such algorithm, a strong signal may be considered
erroneous.

[0194] To address problems of "off scale" readouts for
nasal probe data collected from some subjects, it has
been further learned that various types of "filters" can be
implemented to eliminate this problem. Two general ap-
proaches to "filtering" are electrical and light approaches.
An example of the electrical approach is to place a re-
sistor in series to both of the light producing LEDs. This
proportionally decreases the amount of light emitted at
both wavelengths. As to the light approach, a filter, such
as a white material, a translucent or an opaque cover,
can be physically placed over all or part of the light-pro-
ducing LEDs, over the photodetector, or both, to reduce
thelightinputinto the photodetector, such thatareadable
signal can be generated in such subjects. This reduces
the amount of both wavelengths of light received at the
photodetector without dramatically altering the ratios of
such wavelengths. Without being limited, yetanother way
to compensate for the more vascularized, higher light
output areas of the nose, lip and cheek is simply to use
smaller light-detecting photodiodes. If the response
curve for the smaller photodiode remains the same com-
pared to its larger counterpart, just it active area reduced,
this would keep the light level ratios of the respective
wavelengths proportional. For instance, a 0.4 mm size

10

15

20

25

30

35

40

45

50

55

27

52

active area may be used instead of a 0.8 mm size active
area. Other methods as known to those of ordinary skill
inthe art can likewise be employed to deal with the higher
signal, particularly for probes that are used in pulse mon-
itor equipment with algorithms designed for signals from
finger probes. By adjusting the amount of light by any of
the above means, and upon consequent adjustment of
the output parameters of the oximeter, as many occur in
certain units, the sensor output achieves a more accept-
able range for monitoring.

[0195] In conclusion, the area of Kiesselbach’s plexus
across the nasal septum is the area in the nose of strong-
est signal for pulse oximetry as demonstrated by this sim-
ple experiment. Itis noted that even using a filtered probe
and placing it anteriorly of Kiesselbach’s plexus a power
level 2.5 times lower than what is required by the finger
provides a good signal. As discussed above, one ap-
proach to locating this desired site is to use the probes
having the desired bend, or angle of inflection. Another
approach, which may only be needed in a small number
of instances, is to use the perfusion index feature on a
pulse oximeter device, and position where the index is
highest.

Example 8

[0196] Several specific profiles of data are provided
from patients who underwent various procedures in a
teaching hospital and who wore the pulse oximeter
probes of the present invention. This data is illustrative
of the value of the nasal probes of the present invention.
For all figures below, the data designated as "PULSE OX
1" or "P-OX 1" is from a nasal probe measuring data
across the interior nasal septum, the data designated as
"PULSE OX 2" or "P-OX 2" is from a cheek/lip probe
measuring data across the cheek (below the lip), and the
data designated as "PULSE OX 3" or "P-OX 3" is from a
conventional finger probe.

[0197] Figure 16A-C provides photoplethysmographic
and arterial blood oxygenation data from a patient who
was undergoing coronary artery bypass surgery. Pulse
oximeter probes of the present invention were placed in
the nose and in the mouth (a cheek/lip probe), and a
conventional probe was placed on a finger. Figure 16A
shows typical plethysmographic data from all three
probes prior to the switching to bypass. This figure also
indicates that the blood oxygenation as measured by all
three probes were similar, as were the plethysmograph
curves.

[0198] Figure 16B shows data from about one minute
after cardiac activity was reinitiated and the blood flow
and pressure returned following bypass, but during a low
flow condition (which was done to repair a tear in the
aorta). This demonstrates that both the nasal and the
cheek/lip probes had sufficient blood flow to obtain a
plethysmograph and pulse and saturation data, whereas
the finger probe did not.

[0199] Figure 16C shows data near the end of the sur-
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gical procedure, when blood flow had returned to normal.
All three sites are provided readable data. Also, although
the plethysmographic data from the finger site appears
stronger (i.e., the peak is higher), it should be kept in
mind that this is the result of algorithms in the pulse ox-
imeter that automatically adjust power and gain.

[0200] Figures 17A-C provide data from three different
patients, all of which experienced cardiac arrhythmias at
some time during the observation period. In all three ex-
amples, the nasal probe and the cheek/lip probe provided
clearer imaging of the arrhythmias than the finger probe.
Also, as observable in Figure 17D, taken from a fourth
patient, the nasal probe most distinctly detected what
appears to be a dicrotic notch (compared with the
cheek/lip and finger probes). Also, it obtained this data
with relatively low energy being supplied to the LED.
[0201] Also, during testing with certain patients, given
increased sensitivity from the nasal probe, it was ob-
served that respiratory rate can be accurately measured
from the nasal photoplethysographs since the nasal
probe is more sensitive to volume changes. That is,
changes in the "envelope" of the plethysmograph DC
component indicates the breathing cycle, and this, upon
quantification of these cycles, can estimate respiratory
rate. One example of this is provided in figure 18a, where
the space between the two vertical lines represents one
respiration cycle.

[0202] Use ofthe nasal or cheek probes independently
or in conjunction with the fmger probe can also be used
to evaluate the effects on cardiac output, blood pressure
and perfusion in spontaneously breathing and mechan-
ically ventilated patients. For instance, when a normal
subject breathes spontaneously, there is little or no ob-
servable effect on the plethysmograph from a finger
probe. However, both the nasal and cheek probes dem-
onstrate a drop in the "envelope" of the plethysmograph.
This is explained by an increase in venous return to the
right side of the heart and a decrease in blood flow from
the left ventricle due to negative pressure relative to at-
mospheric pressure produced in the thoracic cavity dur-
ing normal breathing. This fall in the "envelope" of the
plethysmograph is exaggerated during spontaneous
breathing against resistance, such as pulmonary diseas-
es that narrow the airways and during hypovolemia or
low cardiac output. In addition to the fall in the "envelope"
of the plethysmograph, there is often a decrease in the
maximum amplitude of the plethysmograph, which be-
comes more pronounced (a greater decrease) with hy-
povolemia, poor cardiac output or poor perfusion. Com-
paring the nasal or cheek plethysmographs with the fin-
ger plethysmograph may be an additional means to fol-
low these effects over time.

[0203] During mechanical ventilation, changes oppo-
site to those observed with spontaneous breathing occur
in both the "envelope" of the plethysmograph and the
amplitude. Positive pressure ventilation increases in-
trathoracic pressure, which in turn increases blood flow
from the left ventricle and results in a rise above baseline
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in the "envelope" and an increase in the amplitude of the
plethysmograph. Hypovolemia and/or poor cardiac out-
put diminish these salutary effects. Figures 18A-C dem-
onstrate the effects of positive pressure ventilation on
increasing vasodilatation or hypovolemia, such as seen
during anesthesia. In Figure 18A each positive pressure
ventilation results in a rise in the plethysmograph "enve-
lope". In Figures 18B and C there are great excursions
in the plethysmograph as the patient becomes vasodi-
lated and the amplitude of the plethysmograph decreas-
es.

[0204] Further, evaluation of the plethysmograph dur-
ing both spontaneous and mechanical ventilation can be
used to determine the optimal level of positive end ex-
piratory pressure (PEEP) for a patient. PEEP is an im-
portant parameter for optimizing the oxygenation of a pa-
tient. Depending on the volume and cardiac status of a
patient, different levels of PEEP can be tolerated. Since
ahigher PEEP raises the baseline intrathoracic pressure,
it impedes venous return to the heart and can cause de-
creased cardiac output. If a subject is hypovolemic, va-
sodilated or has poor cardiac output, excessive PEEP
may lead to hypotension, lactic acidosis and eventually
shock. If inadequate PEEP is given, the patient will be
hypoxemic, which can also lead to lactic acidosis and
shock. Thus, there is an optimal PEEP for each subject
depending on his or her pulmonary, volume and cardiac
status. Excessive PEEP narrows the amplitude of the
plethysmograph and causes exaggerated excursions in
the "envelope" of the plethysmograph.

[0205] Evaluation of the "envelope" of the plethysmo-
graph and the effects of ventilation on the amplitude of
the plethysmograph can be used to provide a level of
PEEP that allows adequate oxygenation without com-
promising cardiac output. If oxygenation remains poor at
a given level of PEEP, volume expansion with fluids
and/or drug treatment can improve cardiac output and
allow the patient to tolerate the higher level of PEEP.
Evaluation of the plethysmograph provides a non-inva-
sive means of determining the effects of positive pressure
ventilation and PEEP on the cardiac output of the patient.
[0206] Itis noted that an appreciation of data obtaina-
ble from pulse oximetry probes is found in the scientific
article, "The peripheral pulse wave: information over-
looked,"W. B. Murray and P. A. Foster, J. Clin. Monitoring
12:365-377, 1996. This reference discusses in detail the
bases for changes in the wave form obtainable from pulse
oximeter peripheral probes, and the significance of
changes in such wave forms during anesthesia. Further,
it is noted that this reference focused on the use of the
ear, or peripheral locations, and so did not fully appreciate
the types and improved quality of data obtainable from
a desired vascular site of the interior nasal septum, or
from the cheek/lip probe, as described herein. Also, it is
appreciated that the probes of the present invention find
utility not only in patients who are inactive, such as those
undergoing anesthesia during surgery, but also in pa-
tients who are awake and, selectively, ambulatory.
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[0207] Thus, as observable from the above figures, the
use of a nasal probe of the present invention, which does
not require pressure against the septum wall to operate,
advantageously provides photophethysmographic data
that is able to detect cardiac, pulmonary, and other ab-
normalities non-invasively, and better than more remote
sites, such as a finger or a toe. While not being bound to
aparticular theory, this is believed due to the combination
of: 1) not applying pressure to the vascularized site
(thereby not damping more subtle signals of heartbeat
patterns, etc.); 2) accessing an arterial bed supplied by
a major vessel, the internal carotid artery; and 3) access-
ing this arterial bed in a position that is not subject to
additional noise and dampening (as is found in extremity
sites, such as the finger or toe).

Example 9

[0208] Inmanyinstances when pulse oximetry is being
used to detect, for instance, arterial blood oxygen satu-
ration, and/or, when plethysmography is being used to
detect other cardiovascular parameters,_there also is a
desire or need to measure carbon dioxide during exha-
lation, particularly the end tidal carbon dioxide of the pa-
tient. It is recognized, for instance, that monitoring the
carbon dioxide during the exhalation cycle more quickly
detects airway obstruction than pulse oximetry, and,
where there is an endotracheal intubation, provides the
most reliable indicator of proper intubation. A graph of
the concentration of carbon dioxide in exhaled gas plot-
ted over time is referred to as a capnogram. An instru-
ment capable of displaying only end tidal values is called
a capnometer, while an instrument capable of graphically
displaying end tidal carbon dioxide is called a capno-
graph. The shape of the capnogram reveals information
about the integrity of a breathing system and the physi-
ology of the patient’s cardiorespiratory system. As such,
capnography is the preferred method of end tidal carbon
dioxide monitoring.

[0209] Accordingly, another aspect of the present in-
vention is the combination of the nasal pulse oximeter of
the present invention with sampling structures that direct
exhaled gas for carbon dioxide measurements to provide
data for either a capnometer or a capnograph.

[0210] Forinstance, and not to be limiting, Figure 19A
depicts a combination pulse oximeter/cannula/carbon di-
oxide sampler, 400. Here the body of nasal probe, 450,
is substantially comprised of extensions, 454 and 456,
each sized to enter the nares, and integrally molded main
section, 452, and is joined with a cannula/carbon dioxide
sampler, 410, that is designed in accordance with U.S.
Patent No. 6,422,240 B1, issued July 23, 2002. One of
the extensions, 454 comprises the light-generating com-
ponents (not specifically shown, but within 470 and in-
cluding structures such as LEDs 62 and 64 in Figure 2A-
D). The other extension, 456, comprises a light detecting
component(s) (not specifically shown, but within 472 and
including structures such as photodetector 66 in Figure
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2A-D). Connecting wiring, 480, passes between the light-
generating and light-detecting components and the pulse
oximeter itself, and passes through a wire conduit, 482,
that selectively travels contiguously for a length with ei-
ther the oxygen supply tube, 484, or the carbon dioxide
sampling tube, 486 (shown in Figure 19A traveling with
the oxygen supply tube, 484). Attaching means, 490, join
the nasal probe, 450, with the structure of the cannula/
carbon dioxide sampler, 410, and may be of any type
known in the art, including, but not limited to: adhesive
(i.e., plastic glue, thermoplastic glue), double-sided tape,
and the like.

[0211] In operation, oxygen from a supply source (not
shown), delivered via oxygen supply tube 484, is re-
leased at the apertures, 430, in front of the patient’s nose
and above the patient’s mouth (seen better in Figure
19B), and upon inhalation, some of this oxygen is taken
up and passes to the lungs of the patient. Upon exhala-
tion, whether from nose and/or mouth, exhaled gases
are collected in one or more of the three intake ports, 440
(two nasal, one oral). The exhaled gases are collected
and passed through the tube, 486, to a carbon dioxide
detector (not shown). At the same time that this repeat-
edly occurs, advantageously, pulse oximeter data is col-
lected by the nasal probe, 450, by the means described
elsewhere in this disclosure. This data, communicated
by connecting wiring, 480, is analyzed by a pulse oxime-
ter and the output displayed on an appropriate output
monitor (not shown).

[0212] Figure 19B depicts the combination nasal
probe/cannula/carbon dioxide sampler, 400 positioned
on the face of a patient. Arrows 490 depict the flow of
oxygen from a dual-gas manifold, 488, which directs ox-
ygen received from the oxygen supply tube, 484. During
exhalation, the exhaled breath gases, which include car-
bon dioxide, are collected from the intake ports, 440, one
in the mouth (to collect when a patient is "mouth breath-
ing"), and one from each nostril. The nasal pulse oximeter
probe, 450, is secured along the top edge of the manifold,
488, and along the adjacent sides of the tube wall of the
two nasal intake ports, 440. Details of the nasal pulse
oximeter probe, 450, are observable in Figure 19A.
[0213] Similarly, the probes of the present invention
may be combined to form a single, operational unit with
any other style of oxygen supply/carbon dioxide sampler
device. This provides the advantage of obtaining reliable
data, such as for arterial oxygen saturation, while only
occupying essentially the same space and path of tubing/
wiring, as does the oxygen supply/carbon dioxide sam-
pler device alone. The data from the nasal pulse oximeter
probe can be integrated with the data from the capnog-
raphy unit to obtain a better picture of the patient’s res-
piratory and circulatory function and condition.

[0214] Also, the probes of the present invention may
be combined to form a single operational unit with a car-
bon dioxide sampler. In such examples, an oxygen sup-
ply such as a cannula, is not utilized nor part of the com-
bined apparatus. For example, and not to be limiting, the



57

apparatus in Figure 8A-B can be modified to be a system,
where instead of oxygen being released as shown in Fig-
ure 8A, exhalation gases that contain carbon dioxide for
analysis are taken in. Then the exhaled gases are trans-
ported by one or more conduits (analogous to the conduit,
180, in Figure 8B), to a capnography analyzer.

Example 10

[0215] Asfor the combinations described above for the
nasal probe, the lip/cheek probe of the present invention
also is combined with 1) a carbon dioxide sampling de-
vice, 2) a source of oxygen or oxygen-rich gas; or 3) both
of these.

[0216] For example, and not to be limiting, Figure 20
depicts one example of a combination of the lip/cheek
probe of Figure 1, 10, in combination with a carbon diox-
ide sampler, 90, for use in capnography. A flexible hollow
tube, 92, communicates between a three-pronged sam-
pling end, 94, and the actual carbon dioxide detector (not
shown). Two upper prongs, 95 and 96, are sized and
spaced for insertion into the nares of the nose of the
patient (not shown), and one lower prong, 97, is sized
for insertion into the mouth of the patient (not shown), or
for terminating outside of the mouth of a patient (not
shown), to take up sample outside the mouth. A section
of the tubing, 98, is adjustably engaged to a correspond-
ing section of the boot, 8. For instance, the distance be-
tween the boot, 8, and the three-pronged sampling end,
94, is adjusted so as to be without kinking or torsion,
thereby providing for a comfortable fit. The reversible and
adjustable engagement of the tubing between this sec-
tion and the three-pronged sampling end, 94, is effectu-
ated by any means for attaching known in the art, which
includes, but is not limited to: hook-and-loop adjoining
fabric sections, one or more loops of flexible plastic or
other material encircling both the boot, 8, and the section
of the tubing, 98, a snap fitting with the snap on the tube,
92, slidably movable along said tube, 92. It is noted that
in other examples, not shown, the tubing, 92, engages a
part of the probe, 10, other than the boot, 8 (such as
when the probe, 10, is not comprised of a boot). Such
means for attaching the tubing, 92, is present on all sides
of the boot (or other part of the probe, 10), or alternatively
only on one or more of the sides most likely to be used
(i.e., the side situated in an upper position when the
probe, 10, is placed so the bridging section, 2, of the
probe, 10, is positioned in or near one corner of the
mouth, with the cable leading over one ear).

[0217] Additionally, the three-pronged sampling end,
94, is taped or otherwise secured to the upper lip, as may
be appropriate for a particular patient. In use, the carbon
dioxide concentration is measured over time and volume,
and one or more capnographs is obtainable. Such com-
bined apparatus has use with persons undergoing sleep
studies and other research, and in other applications
where oxygen need not be supplied.

[0218] The lip/cheek probe also may be combined with
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a cannula device to provide gas, such as oxygen or an
oxygen-rich gas mixture, to a patient in need thereof. For
instance, and not to be limiting, the tubing assembly des-
ignated as 90 in Figure 20 alternatively is used to supply
oxygen or an oxygen-rich gas mixture to both the nose
and mouth area (to accommodate mouth breathing) rath-
er than to sample exhaled breath as described above.
More generally, any number of designs of cannula de-
vices as are known in the art are so combined, to supply
such gas to the nose, to the mouth, or to both.

[0219] Thus, the lip/cheek probe of the present inven-
tion may be combined to form a single, operational unit
with any other style of oxygen supply/carbon dioxide
sampler device, that is, an integral multi-functional de-
vice. This provides the advantage of obtaining reliable
data, such as for arterial oxygen saturation, while only
occupying essentially the same space and path of tubing/
wiring, as does the oxygen supply/carbon dioxide sam-
pler device alone. The data from the probe can be inte-
grated with the data from the capnography unit to obtain
a better picture of the patient’s respiratory and circulatory
function and condition. Additionally, as for other types of
probes described above, an additional feature is added,
namely a control means to adjust the flow rate of the gas
that is provided, where such control is directed by the
blood oxygen saturation data obtained from the probe.
[0220] Although depicted above as separate units
combined after production, the combinations described
above alternatively are integral units designed and sized
such that the lip/cheek probe therein functions as de-
scribed in this disclosure. Also, protective sleeves, as
described for the lip/cheek probe alone, are envisioned
to be shaped and manufactured in accordance with the
teachings herein, and used for these multi-function de-
vices.

[0221] Preferably, the probes and sleeves are easily
fabricated from low cost materials and are adaptable for
use in an operating room, intensive care unit, emergency
department, post-surgery recovery areas and other are-
as to treat patients in need of hemodynamic monitoring.
The monitoring system is particularly applicable for use
with patients in whom hypotension or poor perfusion are
problematic. In addition, the monitoring system is partic-
ularly well suited for use with multi-trauma and thermally
injured patients who either have severe peripheral vaso-
constriction or have severely damaged or destroyed pe-
ripheral vascular beds. Through combining at least two
pulse oximeters capable of measuring desired parame-
ters at at least two locations into a single monitor system,
the present invention provides a more accurate assess-
ment of perfusion and resistance in patients, than any of
the presently available single probe pulse oximeters.

Example 11
[0222] In the past, the plethysmography signal stream

was typically obtained from a peripheral site such as the
finger, or other extremity. It is the inventors’ belief that
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obtaining the plethysmograph from a central site lacks
much of the background noise found in the plethysmo-
graph from a peripheral site, and it is the obtention of this
"less noisy" signal that eventually led to the realization
that information such as respiration rate and venous ca-
pacitance can be extrapolated.

[0223] The raw signal stream obtained from a pulse-
oximeter probe is related to the amount of light from the
LED that hits the photodetector of the pulse-oximeter
probe. The magnitude of the signal from the photodetec-
tor is inversely proportional to the amount of absorption
of the light between the LED and the photodetector
(greater absorption results in less light exciting the pho-
todetector). The absorbed light is due to multiple factors,
including absorption due to tissue, absorption due to ve-
nous blood, absorption due to arterial blood, and absorp-
tion due to the pulsation of arterial blood with each heart
beat. Typically, the raw signal from the photodetector is
processed (e.g. removal of artifacts and autogain of the
signal) and also separated into two components. The two
components are intended to be the time varying signals
that are related to the beat-to-beat variations caused by
the pulsation and flow of blood in the arteries (typically
called the AC component), and the slowly varying com-
ponents that is related to the other physiologic and phys-
ical properties of the signal, typically called the DC com-
ponent (including non-pulsatile arterial blood, pulsatile
and non-pulsatile venous blood and tissue and bone).
The AC signal has been typically called the plethysmog-
raphy and the DC component overlooked.

[0224] The amplitude of the AC component contains
information about the amount of arterial blood flowing
past the detector. In order to correctly interpret this infor-
mation, the AC and DC components must be separated
more rigorously than in standard monitors. In particular,
the pulsatile arterial component should contain only that
information that relates to beat-to-beat variations of the
heart. The DC component should contain the other, lower
frequency effects from physiology such as the respiratory
effects, blood pooling, venous impedance, etc.) and
physical sensor changes (e.g. changes in the orientation
of the probe, etc.).

[0225] According to one signal processing method of
the subject invention, the effects of the individual heart
beats in the plethysmograph is separated out from the
other information, which is fundamentally a slightly dif-
ferent goal than conventional processing, which is basi-
cally to obtain an adequate AC component and discard-
ing the DC component. Standard practice is to implement
a DC removal technique that involves removing the DC
component by a low pass filter. This technique, however,
does not sufficiently separate all of the data from the two
sources of information. The subject processing method
obtains ahigherfidelity signal, which is critical when deal-
ing with precise measurements of variables for determin-
ing, for example, a pre-GLOC (gravity-induced loss of
conciousness) condition.

[0226] In a specific example, the high fidelity AC com-
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ponent and the DC component of the plethysmography
signal (previously ignored by those in the art) are
achieved by:

1) discretely picking the peaks and troughs of the
signal (improved noise/artifact rejection can be
achieved by looking for peaks and troughs that exist
at the expected heart rate, estimated by Fourier or
autocorrelation analysis, or from past good data)
2) finding the midpoints (or minimum values) be-
tween peaks and troughs

3) extracting the DC component as the interpolated
(and possibly smoothed or splined) line that con-
nects these midpoints (or minimum values)

4) extracting the AC component as the raw signal
minus the DC component.

[0227] FIG. 21 represents a plethysmograph from a
pulse oximeter probe positioned on the cheek. The AC
componentis provided on the top and the DC component
is provided on the bottom. Pressing on the carotid dimin-
ishes blood flow, as seen in the AC component (see ar-
row). Conversely, the DC component goes up when the
carotid is depressed (see arrows). This confirms the in-
ventors’ beliefs of the physiological phenomenon that is
represented in the DC component. That is, for this ex-
ample, the DC component increasing demonstrates that
there is both less blood flowing to the cheek, and because
only the artery is occluded but not venous return there is
low venous impedance. The effect is that less blood is
flowing to the check, but that blood is able to leave the
check. Since there is less blood between the LED and
photodetector, there is less absorption of the signal, re-
sulting in a higher DC component signal. By separating
the AC and DC components the effects on arterial blood
flow and venous return can both be evaluated, a desirable
feature when monitoring variables for GLOC.

Example 12

[0228] In FIG. 22, the DC component is plotted at the
top and the AC component at the bottom. A finger probe
was initially placed at heart level and a "baseline" AC
component amplitude was obtained. The individual per-
formed a Valsalva maneuver similar to what pilots are
taught to do during sustained +Gz in order to prevent
GLOC. However, the Valsalva was held for over 10 sec-
onds and this resulted in a decrease in blood flow (re-
duction in AC component amplitude), a common problem
causing GLOC (holding the positive pressure for too
long).

[0229] Next, the individual placed his finger above the
level of his head (while standing up). This results in the
amplitude of the AC component increasing. This contra-
dicts convention teaching regarding the AC component,
which would predict the exact opposite result and dem-
onstrates the effects of local vessel reactivity to a change
in position relative to the heart. The inventors believe that
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the AC component increases because there is less ve-
nous impedance and more blood flow probably due to
local vasodilatation in arterioles in the finger between the
LED and the detector and there is less venous blood in
the finger as demonstrated by the increase in the DC
component. The individual again performed a Valsalva
maneuver and the blood flow (AC component) decreased
and did the DC component due to diminished venous
return.

[0230] Finally, the individual held his hand below the
level of his heart. As the present new understanding of
the different components of plethysmography signals
would predict, the AC component decreased because of
increased venous impedance and a decreased pressure
gradient between the arterioles and the venules and the
DC component decreased because there was more
blood pooled on the venous side between the LED and
the photodetector. The same result as above occurred
during the Valsalva maneuver. Also note that there is a
small, but detectable, decrease in the DC component
with each Valsalva. The foregoing further demonstrates
that the DC component must be adequately separated
in order to obtain a highly accurate AC component signal
and to demonstrate effects of the venous side (i. e. ve-
nous return).

[0231] It should be understood that the examples and
embodiments described herein are for illustrative purpos-
es only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art as
per the scope of the appended claims.

Claims

1. A probe (50) to measure pulse-based differences in
light absorbence by the vascularized tissue of the
septum of the nose of a patient in need thereof, com-
prising:

a. housing (52) from which emanates two exten-
sions (54, 56), each said extension sized and
spaced to enter one nares of the nose, and each
said extension flexible so as to deflect from the
wall of the septum;

b. at least two light-generating components (62,
64) that emit light at least two different wave-
length bands, positioned on the inside face (65)
of one (54) of the two extensions (54, 56);

c. at least one light-detecting component (66)
that detects light transmitted from said at least
two light-generating components (62, 64), posi-
tioned on the inside face (65) of the other (56)
of the two extensions (54, 56); and

d. first individual conductors for energizing said
at least two light-generating components (62,
64), connecting said components to a monitor-
ing system for light signal production and mod-
ulation, and second individual conductors con-
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necting said at least one light-detecting compo-
nent (66) to said monitoring system to convey
signals of light detected by said atleast one light-
detecting component (66), said first and said
second individual conductors passing within
said housing (52) and thereafter through a cable
for carrying said first and said second individual
conductors to said monitoring system,

wherein said probe (50) is apt to provide data used
to provide pulse oximetry results, other plethysmo-
photometric results, or both,

characterized in that each of said extensions (54,
56) comprises an inward angle of inflection (70) with
respect to said housing (52) between about 10 and
about 27 degrees,

and in that said two extensions (54, 56) provide a
non-contiguous fit with regard to said septum, where-
in said two extensions (54, 56) are sized and spaced
such that when placed in the nasal cavity of a patient
they do not simultaneously contact the respective
areas of mucosal tissue of the nasal septum

where are positioned said at least two light-generat-
ing components (62, 64) and said at least one light
detecting component (66), wherein the blood flow is
not dampened by a simultaneous pressing of said
tissue from both sides at the point of data measure-
ment,

and wherein the space between the inner sides (65)
of said opposing extensions (54, 56) where are po-
sitioned said at least two light-generating compo-
nents (62, 64) and said at least one light detecting
component (66) is between 7.62 mm (0.300 inches)
and 10.668 mm (0.420 inches).

The probe (50) of claim 1, wherein each of said ex-
tensions (54, 56) comprises an inward angle of in-
flection (70) between about 10 and about 20 de-
grees.

The probe (50) of claim 1, wherein each of said ex-
tensions (54, 56) comprises an inward angle of in-
flection (70) of about 15 degrees.

The probe (50) of claim 1, additionally comprising a
protective plastic covering sleeve (75) configured to
fit over said extensions (54, 56) and over the top of
said housing (52).

The probe (150) of claim 1, additionally comprising
a cannula to supply oxygen to said patient and a
sampling apparatus to obtain exhaled gases for de-
termination of carbon dioxide content.

The probe (150) of claim 1, which is integral with a
cannula to supply oxygen or oxygen-rich gas into the
nose, wherein one or both extensions (154, 156) are
fashioned to provide one or more passages for trans-
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port of said oxygen or oxygen-rich gas into the nose.

The probe (150) of claim 6, additionally comprising
at least one additional sensor to aid in the study of
sleep apnea, said at least one additional sensor se-
lected from the group consisting of air flow, air pres-
sure, end tidal carbon dioxide and respiration pattern
recognition.

The probe (150) of claim 6, wherein each extension
(154, 156) is substantially longer than wide.

The probe (150) of any of claims 1 to 5, additionally
comprising a cannula to supply oxygen to said pa-
tient.

A method for obtaining pulse oximetry and other pho-
toplethysmographic data, comprising the steps of:

- through size estimation of the nasal septum to
be used for data collection, providing a nasal
probe (50) for insertion around the septum,
which probe (50) has a housing (52) from which
emanates two extensions (54, 56), each said
extension sized and spaced to enter one nares
of the nose, and each said extension flexible so
as to deflect from the wall of the septum,
wherein one extension (54) comprises at least
two light-generating components (62, 64) that
emit light at least two different wavelength
bands, positioned on the inside face of said one
extension (54) and the other extension (56) com-
prises at least one light-detecting component
(66) that detects light transmitted from said at
least two light-generating components (62, 64)
positioned on the inside face of said other ex-
tension (56);

- inserting each of said two extensions (54, 56)
of the nasal probe into a respective nostril of a
patient, such that said probe extensions (54, 56)
non-contiguously fit said septum so that said two
extensions (54, 56) do not simultaneously con-
tact on both sides of the nasal septum with both
the light sources on one side end the light de-
tector on the other side,

- measuring, selectively, pulse oximetry and/or
other photoplethysmographic properties of the
blood flow in vascularized interior septum tissue
positioned between said at least two light-gen-
erating components and said at least one light-
detecting component,

wherein said blood flow is not dampened by a simul-
taneous pressing of said tissue from both sides at
the point of measurement of said data.
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Patentanspriiche

1.

Messflhler (50) zum Messen von impulsbasierten
Differenzen in der Lichtabsorption durch das vasku-
larisierte Gewebe der Scheidewand der Nase eines
Patienten, der ihn bendtigt, mit:

a. einem Gehause (52), von welchem zwei Ver-
langerungen (54, 56) ausgehen, wobeijede Ver-
lAngerung so bemessen und beabstandet ist,
dass sie in eines der Nasenl6cher eindringen
kann, und wobei jede Verlangerung flexibel ist,
so dass sie von der Scheidewand abgelenkt
wird;

b. wenigstens zwei Licht erzeugenden Kompo-
nenten (62, 64), die Lichtin wenigstens zwei ver-
schiedenen Wellenldngebandern emittieren
und auf derinneren Seite (65) von einer (54) der
beiden Verlangerungen (54, 56) angeordnet
sind;

c. wenigstens einer Licht erfassenden Kompo-
nente (66), welche Licht, das von den wenig-
stens zwei Licht erzeugenden Komponenten
(62, 64) ausgesandt wird, erfasst und auf der
inneren Seite (65) der anderen (56) der beiden
Verlangerungen (54, 56) angeordnet ist; und
d. ersten einzelnen Leitern zur Stromversor-
gung der wenigstens zwei Licht erzeugenden
Komponenten (62, 64), welche die Komponen-
ten mit einem Uberwachungssystem zur Licht-
signalproduktion und -modulation verbinden,
und zweiten einzelnen Leitern, welche die we-
nigstens eine Licht erfassende Komponente
(66) mit dem Uberwachungssystem verbinden,
um Signale von Licht, das durch die wenigstens
eine Licht erfassende Komponente (66) erfasst
wird, zu Ubertragen, wobei die ersten und die
zweiten einzelnen Leiter durch das Gehause
(52) und anschlieBend durch ein Kabel hin-
durchgeflhrt sind, welches die ersten und die
zweiten einzelnen Leiter zu dem Uberwa-
chungssystem fiihrt,

wobei der Messfuhler (50) dafiir ausgebildet ist, Da-
ten zu liefern, die benutzt werden, um Impulsoxime-
trieergebnisse, andere plethysmophometrische Er-
gebnisse, oder beide, zu liefern,

dadurch gekennzeichnet, dass jede der Verlan-
gerungen (54, 56) einen Einwartsbiegungswinkel
(70) in Bezug auf das Gehause (52) zwischen etwa
10 und etwa 27 Grad aufweist, und

dass die beiden Verlangerungen (54, 56) eine un-
abhangige Passung in Bezug auf die Scheidewand
haben, wobei die beiden Verlangerungen (54, 56)
so bemessen und beabstandet sind, dass, wenn sie
in der Nasenhdhle eines Patienten platziert sind,
nicht gleichzeitig die entsprechenden Bereiche von
Mukosagewebe der Nasenscheidewand berihren,
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wo die wenigstens zwei Licht erzeugenden Kompo-
nenten (62, 64) und die wenigstens eine Licht erfas-
sende Komponente (66) positioniert sind, wobei der
Blutstrom durch ein gleichzeitiges Pressen des Ge-
webes von beiden Seiten aus in dem Punkt der Da-
tenmessung nicht gedadmpft wird und

wobei der Zwischenraum zwischen den inneren Sei-
ten (65) der einander gegeniberliegenden Verlan-
gerungen (54, 56), wo die wenigstens zwei Licht er-
zeugenden Komponenten (62, 64) und die wenig-
stens eine Licht erfassende Komponente (66) posi-
tioniert sind, zwischen 7,62 mm (0.300 Zoll) und
10,668 mm (0.420 Zoll) betragt.

Messfihler (50) nach Anspruch 1, wobei jede der
Verlangerungen (54, 56) einen Einwartsbiegungs-
winkel (70) zwischen etwa 10 und etwa 20 Grad auf-
weist.

Messfihler (50) nach Anspruch 1, wobei jede der
Verlangerungen (54, 56) einen Einwartsbiegungs-
winkel (70) von etwa 15 Grad aufweist.

Messfihler (50) nach Anspruch 1, zusatzlich mit ei-
ner schiitzenden Kunststoffumhdllung (75), die so
konfiguriert ist, dass sie Uber die Verlangerungen
(54, 56) und Uber den oberen Teil des Gehauses
(52) passt.

Messfihler (150) nach Anspruch 1, zuséatzlich mit
einer Kanlle zum Versorgen des Patienten mit Sau-
erstoff und einer Probenentnahmenvorrichtung zum
Gewinnen von ausgeatmeten Gasen zur Bestim-
mung des Kohlendioxidgehaltes.

Messfihler (150) nach Anspruch 1, der integral mit
einer Kanlle ausgebildet ist zur Zufuhr von Sauer-
stoff oder sauerstoffreichem Gas in die Nase, wobei
eine oder beide Verlangerungen (154, 156) dafir
ausgebildet sind, einen oder mehrere Durchlasse fur
den Transport des Sauerstoffes oder des sauerstoff-
reichen Gases in die Nase zu bilden.

Messfihler (150) nach Anspruch 6, zusatzlich mit
wenigstens einem zusatzlichen Sensor zur Unter-
stltzung bei der Untersuchung von Schlafatemstill-
stand, wobei der wenigstens eine zusatzliche Sen-
sor aus der Gruppe ausgewahlt ist, die aus Luft-
strom-, Luftdruck-, Endtidalkohlendioxid- und Respi-
rationsmustererkennung besteht.

Messfihler (150) nach Anspruch 6, wobei jede Ver-
langerung (154, 156) wesentlich langer als breit ist.

Messfihler (150) nach einem der Anspriiche 1 bis
5, zuséatzlich mit einer Kantle zur Zufuhr von Sau-
erstoff zu dem Patienten.
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10. Verfahren zum Gewinnen von Impulsoximetrie- und

anderen photoplethysmographischen Daten, bein-
haltend die Schritte:

- zur GrofRenabschatzung der Nasenscheide-
wand zur Verwendung bei dem Sammeln von
Daten, Bereitstellen eines nasalen Messfihlers
(50) zur Einfiihrung um die Scheidewand, wobei
der Messflhler (50) ein Gehause (52) hat, von
welchem zwei Verlangerungen (54, 56) ausge-
hen, wobei jede der Verlangerungen bemessen
und beabstandet ist, um in eines der Nasenl6-
cher einzutreten, und wobei jede der Verlange-
rungen flexibel ist, um an der Scheidewand ab-
gelenkt zu werden,

wobei eine Verlangerung (54) wenigstens zwei
Licht erzeugende Komponenten (62, 64) um-
fasst, die Licht in wenigstens zwei verschiede-
nen Wellenlangebandern emittieren und auf der
inneren Seite der einen Verlangerung (54) an-
geordnet sind, und wobei die andere Verldnge-
rung (56) wenigstens eine Licht erfassende
Komponente (66) aufweist, die Licht, welches
von den wenigstens zwei Licht erzeugenden
Komponenten (62, 64) ausgesandt wird, erfasst
und auf der inneren Seite der anderen Verlan-
gerung (56) positioniert ist;

- EinfUhren von jeder der beiden Verlangerun-
gen (54, 56) des nasalen Messfiihlers in ein ent-
sprechendes Nasenloch eines Patienten, so
dass die Messfiihlerverlangerungen (54, 56) der
Scheidewand unabhangig angepasst sind, so
dass die beiden Verlangerungen (54, 56) nicht
gleichzeitig mit beiden Seiten der Nasenschei-
dewand in Kontakt sind mit beiden Lichtquellen
auf einer Seite und dem Lichtdetektor auf der
anderen Seite, und

- selektives Messen von Impulsoximetrie- und/
oder anderen photoplethysmographischen Ei-
genschaften des Blutstroms in dem vaskulari-
sierten inneren Scheidewandgewebe, das zwi-
schen den wenigstens zwei Licht erzeugenden
Komponenten und der wenigstens einen Licht
erfassenden Komponente positioniert ist, wobei
der Blutstrom durch gleichzeitiges Pressen des
Gewebes von beiden Seiten aus in dem Daten-
messpunkt nicht gedampft wird.

Revendications

Sonde (50) pour mesurer des différences d’absorp-
tion de lumiére en fonction du pouls par le tissu vas-
cularisé de la cloison nasale d’'un patient qui en a
besoin, comprenant :

a. un boftier (52) a partir duquel sortent deux
extensions (54, 56), chacune des extensions
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étant dimensionnée et espacée pour entrer
dans 'une des narines du nez, et chacune des-
dites extensions étant souple pour dévier de la
paroi de la cloison ;

b. au moins deux composants de génération de
lumiére (62, 64) qui émettent de la lumiére a au
moins deux bandes de longueur d’'onde diffé-
rentes, positionnés sur la face interne (65) de
'une (54) des deux extensions (54, 56) ;

¢. au moins un composant de détection de lu-
miére (66) qui détecte la lumiére transmise a
partir desdits au moins deux composants de gé-
nération de lumiére (62, 64), positionné sur la
face interne (65) de I'autre (56) des deux exten-
sions (54, 56) ; et

d. des premiers conducteurs individuels pour ali-
menter lesdits au moins deux composants de
génération de lumiere (62, 64), raccordant les-
dits composants a un systeme de surveillance
pour la modulation et la production de signaux
lumineux, et des deuxiémes conducteurs indivi-
duels raccordant ledit au moins un composant
de détection de lumiére (66) audit systéme de
surveillance pour transporter les signaux de lu-
miére détectés par ledit au moins un composant
de détection de lumiere (66), lesdits premiers et
lesdits deuxiemes conducteurs individuels pas-
sant a l'intérieur dudit boitier (52) et ensuite a
travers un cable pour transporter lesdits pre-
miers et lesdits deuxiémes conducteurs indivi-
duels jusqu’audit systéme de surveillance,

dans laquelle ladite sonde (50) est apte a fournir des
données utilisées pour fournir des résultats de
sphygmo-oxymeétrie, différents des résultats de pho-
topléthysmographie, ou les deux,

caractérisée en ce que chacune desdites exten-
sions (54, 56) comprend un angle d’inflexion vers
l'intérieur (70) par rapport audit boitier (52) compris
entre environ 10 et environ 27 degreés,

et en ce que lesdites deux extensions (54, 56)
s’adaptent de maniére non contigué par rapport a
ladite cloison, dans laquelle lesdites deux exten-
sions (54, 56) sont dimensionnées et espacées de
sorte que lorsqu’elles sont placées dans la cavité
nasale d'un patient, elle ne sont pas simultanément
en contact avec les zones respectives du tissu mu-
queux de la cloison nasale ou sont positionnés les-
dits au moins deux composants de génération de
lumiéere (62, 64) et ledit au moins un composant de
détection de lumiére (66), dans laquelle I'écoule-
ment de sang n’est pas atténué par une pression
simultanée dudit tissu des deux c6tés au point de la
mesure de données,

etdanslaquelle 'espace entre les cotés internes (65)
desdites extensions opposées (54, 56) ou sont po-
sitionnés lesdits au moins deux composants de gé-
nération de lumiére (62, 64) et leditau moins un com-
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posant de détection de lumiére (66) est compris en-
tre 7,62 mm (0,300 pouces) et 10,668 mm (0,420
pouces).

Sonde (50) selon la revendication 1, dans laquelle
chacune desdites extensions (54, 56) comprend un
angle d’inflexion vers lintérieur (70) compris entre
environ 10 et environ 20 degrés.

Sonde (50) selon la revendication 1, dans laquelle
chacune desdites extensions (54, 56) comprend un
angle d’inflexion vers l'intérieur (70) de I'ordre d’en-
viron 15 degrés.

Sonde (50) selon la revendication 1, comprenant en
outre un manchon protecteur de recouvrement en
plastique (75) configuré pour s’adapter sur lesdites
extensions (54, 56) et sur la partie supérieure dudit
boitier (52).

Sonde (150) selon la revendication 1, comprenant
en outre une canule pour amener I'oxygéne audit
patient et un appareil d’échantillonnage pour obtenir
des gaz expirés pour déterminer la teneur en dioxyde
de carbone.

Sonde (150) selon la revendication 1, qui est soli-
daire d’'une canule pour amener de I'oxygene ou du
gazriche en oxygene dans le nez, dans laquelle une
ou les deux extensions (154, 156) sont fabriquées
pour fournir un ou deux passages pour le transport
dudit oxygéne ou du gaz riche en oxygéne dans le
nez.

Sonde (150) selon la revendication 6, comprenant
en outre au moins un capteur supplémentaire pour
aider a étudier 'apnée du sommeil, ledit au moins
un capteur supplémentaire étant sélectionné dans
le groupe comprenant le débit d’air, la pression d’air,
le dioxyde de carbone téloexpiratoire etla reconnais-
sance du modele respiratoire.

Sonde (150) selon la revendication 6, dans laquelle
chaque extension (154, 156) est sensiblement plus
longue que large.

Sonde (150) selon I'une quelconque des revendica-
tions 1 a 5, comprenant en outre une canule pour
amener 'oxygéne audit patient.

Procédé pour obtenir des données d’oxymétrie de
pouls et d’autres données de photopléthysmogra-
phie, comprenant les étapes consistant a :

par le biais de I'estimation de taille de la cloison
nasale destinée a étre utilisée pour la collecte
de données, prévoir une sonde nasale (50) pour
I'insertion autour de la cloison,
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laquelle sonde (50) a un boitier (52) a partir du-
quel sortent deux extensions (54, 56), chacune
desdites extensions étant dimensionnée et es-
pacée pourentrer dans I'une des narines du nez,
et chacune desdites extensions étant souple
afin de dévier de la paroi de la cloison,

dans lequel une extension (54) comprend au
moins deux composants de génération de lu-
miére (62, 64) qui émettent de la lumiére a au
moins deux bandes de longueur d’'onde diffé-
rentes, positionnés sur la face interne de ladite
une extension (54), et l'autre extension (56)
comprend au moins un composant de détection
de lumiére (66) qui détecte la lumiere transmise
a partir desdits au moins deux composants de
génération de lumiére (62, 64), positionné sur
la face interne de ladite autre extension (56) ;
insérer chacune desdites extensions (54, 56) de
la sonde nasale dans une narine respective d’'un
patient, de sorte que lesdites extensions de son-
de (54, 56) s’adaptent de maniéere non contigué
a ladite cloison, de sorte que lesdites deux ex-
tensions (54, 56) ne sont pas simultanément en
contact des deux cotés de la cloison nasale,
avec les deux sources de lumiére d’un cbté et
le détecteur de lumiére de 'autre coté ; et
mesurer sélectivement les propriétés d’oxymé-
trie de pouls et/ou d’autres propriétés de photo-
pléthysmographie de [I'écoulement sanguin
dans le tissu intérieur vascularisé de la cloison
positionné entre lesdits au moins deux compo-
sants de génération de lumiére et ledit au moins
un composant de détection de lumiére,

dans lequel ledit écoulement de sang n’est pas
atténué par une pression simultanée dudit tissu
des deux cdtés au point de mesure desdites
données.
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A METHOD OF USING IDENTIRYING AND MONITORING
VASCULAR PERFUSION/RESISTANCE

Removably affixing a first pulse oximeter probe to a central source site
located in the head of a patient in need of the method.

'

4 ~ R
Removably affixing a second pulse oximeter probe to a first
peripheral/non-central site of interest on the patient.

— . T -
4 ' T IR
Measuring signals from said central source site pulse oximeter and said

first peripheral site pulse oximeter. : -
. T J
4 )

Averaging sufficient sequential signals from each site to obtain a
statistically reliable average, and from said average calculating a time-
set estimate of the arterial blood oxygen saturation, and repeating this
averaging to obtain sequential time-set estimates from each site.

Y

( .
Comparing a time-set estimate of the arterial blood oxygen saturation from
the central source site with an estimate, taken at a similar time, of the
arterial blood oxygen saturation from the first peripheral site.

\_

y

l

Determining the presence or absence of, or the time-based changes in,
impaired peripheral perfusion proximal to said first peripheral site.

FIGURE 7
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Figure 11
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