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Provisional Application No. 61/444,320), filed February 18, 2011, which is hereby

incorporated by reference, including the drawings.

BACKGROUND OF THE INVENTION

[0002] The following discussion of the background of the invention is merely
provided to aid the reader in understanding the invention and is not admitted to describe
or constitute prior art to the present invention.

[0003] The saturation of peripheral oxygen in the blood (SpO2) is sometimes referred
to as the ‘fifth vital sign’. Medical professionals can detect hypoxemia, i.e. a deficiency
of oxygen, by monitoring a patient’s SpO2. Values between about 95 — 100% are
considered normal; those below this indicate hypoxemia, and will typically trigger an
alarm in a hospital setting.

[0004] A technique called pulse oximetry measures SpO2. Technically this
parameter is determined from a patient’s arterial oxygen saturation, or SaO2, which is a
percentage of oxygenated arterial hemoglobin present in their blood. Functional
hemoglobin molecules can bind with up to four oxygen molecules to yield ‘oxygenated’
hemoglobin (HbO2). A hemoglobin molecule bound to less than four oxygen molecules
is classified as ‘reduced’ hemoglobin (Hb). Conventional pulse oximeters feature
algorithms that assume only HbO2 and Hb are present in the blood, and measure SpO2
from the ratio of oxygenated hemoglobin to the total amount of hemoglobin (both

oxygenated and reduced) according to equation (1):
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times as much radiation as Hb. Detection of transmitted radiation at these wavelengths
yields two time-dependent waveforms, each called a plethysmogram (PPG), that an
oximeter analyzes to solve for SpO2 as defined in equation (1) above.

[0006] Specifically, the oximeter processes PPG waveforms measured with red
(RED(PPG)) and infrared (IR(PPG)) wavelengths to determine time-dependent AC and
DC signals. The term ‘AC’ signals, as used herein, refers to a portion of a PPG waveform
that varies relatively rapidly with time, e.g. the portion of the signal modulated by
pulsations in the patient’s blood. ‘DC’ signals, in contrast, are portions of the PPG that
are relatively invariant with time, e.g. the portion of the signal originating from scattering
off of components such as bone, skin, and non-pulsating components of the patient’s
blood.

[0007] More specifically, AC signals are modulated by a heartbeat-induced pulse
present in both waveforms. The pulse represents a pressure wave, launched by the heart,
which propagates through the patient’s vasculature and causes a time-dependent increase
in volume in both arteries and capillaries. When the pressure pulse reaches vasculature
irradiated by the oximeter’s optical system, a temporary volumetric increase results in a

relatively large optical absorption according to the Beer-Lambert Law. Typically only
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r, which is sometimes called a ‘ratio of ratios’ (RoR), represents a ratio of Hb to HbO2. It
equates an actual SpO2 value, which ranges from 0 — 100% O2, to an empirical
relationship that resembles a non-linear equation. Above about 70% O2 this equation
typically yields values that are accurate to a few percent. Measurements below this value,
while not necessarily accurate, still indicate a hypoxic patient in need of medical
attention.

[0009] Like SpO2, continuous noninvasive blood pressure (“cNIBP”") monitoring
relies on accurate measurement of PPG and ACC waveforms obtained from a pulse
oximeter, together with an electrocardiogram waveform (ECG). cNIBP is typically
measured with the ‘Composite Technique’, which is described in detail in the co-pending
patent applications entitled: VITAL SIGN MONITOR FOR MEASURING BLOOD
PRESSURE USING OPTICAL, ELECTRICAL, AND PRESSURE WAVEFORMS
(U.S.S.N 12/138, 194; filed June 12, 2008 and published as 20090018453A1), and
BODY-WORN SYSTEM FOR MEASURING CONTINUOUS NON-INVASIVE
BLOOD PRESSURE (cNIBP) (U.S.S.N 12/650,354, filed November 15, 2009 and
published as 20100168589A1), the contents of which are fully incorporated herein by

reference.



r, which is sonetines called a 'ratio of ratios' (RoR), represents a ratio
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[0011] Typical pulse oximeters feature a probe encased in a clothespin-shaped

housing that includes both red and infrared LLEDs, and a photodetector that detects
radiation from the LEDs after it passes through a portion of the patient’s body. The probe
typically clips to a patient’s index finger. Most probes operate in a transmission-mode
optical geometry, and relay analog waveforms measured by LEDs and the photodetector
to an external processing unit. Because it is based on an optical measurement, pulse
oximetry can be extremely sensitive to a patient’s motion. Activities such as walking,
finger tapping, falling, and convulsing can result in a number of artifacts that distort both
the AC and DC components of waveforms measured with the oximeter’s optical system.
Motion-related activities, for example, can cause the oximeter probe to move relative to
the patient’s finger, change the amount of ambient light that irradiates the photodetector,

and disrupt both arterial and venus blood flow in vasculature measured by the optical
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and thus the coefficients are preferably adjusted accordingly. [0013]It is
to be underdsathdd belaw).t Thesq ¢pelreiantsrlififes fipnt thpjerdsedid corventignabhppeent i on to
the details of construction and to the arrangenents of the conponents set
forth in thecdsaicinonk heradkesi theplififayencoy batv¢ensrscatabde inrthe bese di thoibmgd. The
invention is capable of enbodinents in addition to those descri bed and of
bei ng practdndele tgnd txaindéxdthgent Tyipivalathe bas ofighe shundll atpres telatselydevoe
understood that the phraseol ogy and term nol ogy enpl oyed herein, as well as
t he abst r acdapillaryebeflgund thes hu cpdacos ard esteralpy rdjmstanadcetioglyd not be regar ded
as limting. WO 2012/ 112885PCT/ US2012/ 025640

[0013] It is to be understood that the invention is not limited in its application to the
details of construction and to the arrangements of the components set forth in the
following description or illustrated in the drawings. The invention is capable of
embodiments in addition to those described and of being practiced and carried out in
various ways. Also, it is to be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose of description and should not

be regarded as limiting.



[ 0014] As such, those skilled in the art will appreciate that the conception
upon which this disclosure is based may readily be utilized as a basis for
t he desi gnong12ofi2gssher structures, nethods and systens POI/Usas12pe3ego out t he
several purposes of the present invention. It is inportant, therefore, that
the clains be regarded as including such equival ent constructions insofar
as they do not depart fromthe spirit and scope of the present invention.
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present invention conprises a sensor no e. In various
aspects, the present. invention relates to the individual conponents of the
probe, to t%ggﬁyﬁ‘%&?%self, and to nethods of its manufacture and use.

[ 0017] The sensor nodul e conprises: (a) a electronic circuitry, which in

certain enbodi nents takes thS%fMA @bFafﬁém ﬁ(ﬁ\} rcuit board, which
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energy from the emitter after it has interacted with a tissue site. These physiological
probes, which are well suited to function as pulse oximeter probes as described
hereinafter, are configured for securing to a digit of the subject, and most preferably to a
subject’s thumb at the level of a proximal phalanx.

[0016] In particular, the physiological probe of the present invention comprises a
sensor module and a cradle module. In various aspects, the present invention relates to
the individual components of the probe, to the probe itself, and to methods of its
manufacture and use.

[0017] The sensor module comprises: (a) a electronic circuitry, which in certain
embodiments takes the form of a flexible circuit board, which comprises (i) one or more,
and preferably at least two sources of electromagnetic radiation, and (ii) a photodetector
configured to detect the radiation from the source(s) which has passed through or been
reflected by the subject’s tissue, thereby acquiring data relating to at least the oxygen
saturation level of blood of the subject, wherein the photodetector is operably connected

to a connection cable for delivery of photodetector signals to an external processing unit;



and (b) a flexible enclosure providing a cover for the circuit board,
wherein the flexible enclosure conprises (i) at |east one aperture through
whi ch t heweaorxassy enit radiation for irradi ati ng the ®abjuseer292i646sue,
(ii) at least one aperture through which the photodetector receives

radi ati on which has interacted with (e.g., passed through and/or been

refl ected by) the subject's tissue, and (iii) an aperture through which the
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[0019] Optionally, the physiological probe of the present invention further comprises
a retainer attached to the cradle module and configured to reversibly attach the
physiological probe to the digit of the subject, for example by wrapping around the entire
circumference of the digit.

[0020] As used herein, the term “releasably attached” refers to two separate modules
which may be engaged with and disengaged from one another in the course of normal
use. In certain embodiments, the hinge region is configured to provide a range of
adjustment in the diameter of the ring while physically constraining the included angle
measured between the sources and the photodetector within a predetermined range. As
used herein, the term “semicircular ring” is not meant to refer to the geometric shape
forming an arc of constant radius extending through 180 degrees. Rather, the term refers
to a shape which fits circumferentially around a portion of, but not the complete
circumference of, a digit as depicted, for example, in Fig. 4.

[0021] As noted, the hinge region provides a range of adjustment in the diameter of

the semicircular ring formed by the cradle, thereby allowing the physiological probe to



the semcircular ring formed by the cradle, thereby allow ng the
physi ol ogi cal probe to adjust to a range of different digit girths. In
certain ewbadizmesss neant to be conpatible with the hunmeoTtusae/023ch@ hi nge
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other (smaller) digits being made appropriately snaller. At the sane tine,
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probe such that the sensor nodule may be easily separated from and need
not be di scalit8dViiFt @?Slr%%@e&?%}ﬂi‘réonsﬁarl% candty agetplished bp(lpé‘éVédl%e“‘a’év}nce
conponents of the phé;lologlcal probe nost susceptible to wear and

cl eanabi | i tSpeios BB B fisst gndeensdgissd hpising mgHibee whighaireNeRPRERIBE Abr e
expensi ve el ectronic conponents on an easily cleanabl e and reusable unit.

I n certai n @oyedifierhinge napidhdpredgéermined sge- mfe@blyu@ﬁpmﬁ%wmanerddm@ ofray be
applied to nove the hinge past one or nore of its "stops," thereby

separ at i ng thhciudedanglerdeasered prdwednghelsdyengs andghﬁphﬁyéie§0@n@remseﬂ@mpr ng

i nproper reuse. This can also facilitate renoval of the sensor nodul e for
its reuse. dgmalgenbai A0 esridaakirapretegably betwesmrabout ofbehdl abow3h°, bed mesider ed

cl eanabl e for reuse by sealing of the apertures positioned proximal to the
radi ati on spelecblydetvared abdue S Fene abaur 33 (The germréateni”ah thgrcovtediohghisuf f i ci ent
transparency to the appropriate wavel engths bei ng enpl oyed in the device.

[ 0024] When parat gephisaion nefchd ke++ $0%at ediveonikiserenreadl e, t he sensor nodul e

[0023] The cradle module is preferably designed as a disposable component which
receives a sensor module preferably designed for multiple uses. As used herein, the term
“disposable” with regard to the cradle refers to the characteristic that the cradle module
may be disengaged from sensor module in the course of normal use by the user of the
physiological probe such that the sensor module may be easily separated from, and need
not be discarded with, the cradle. This can serve to place the device components of the
physiological probe most susceptible to wear and cleanability issues on a disposable unit,

while retaining the more expensive electronic components on an easily cleanable and



substantially conforns to the semicircular ring shape created by the
cradle. As used herein, the term"substantially confornms" refers to a
nodul e whworzofz/1gsssnt o t he desi gned shape of anot her noadTasze2a2ssanner
which permts the two nodules to function as a unit in the intended
fashion. To facilitate this conformal fit, the sensor nodule may conprise
one or nore flexible hinge regions, (e.g., one or nore |living hinges nol ded

into the flexable@nRNEl Q@fkihembodiBRRS]thdhiG&Y it biTig8RRQEINBAForct Ry YT f ace of
the sensor nodul e and the surface of the cradl e nodul e which conme into

cont act Wh%@pﬁ&ﬁn%&@eHﬁﬂﬂﬁﬁimﬁbﬁe&ﬂh&@oFRﬁﬁ&b&eﬂ%ﬁﬁzﬁaﬁﬁﬁﬁgﬂQfﬁﬁQh@trati0”
structures, e.g., a ridge structure on one nodul e ich inserts into a

cor r espondi é_&goxﬁir@&l Kousinf HiehibES o ﬁel?!é?m% Hﬁﬁroﬁ@?éﬁk@. ThR hRRs@RcAf Modul e
which fits into a correspondi ng sPot on the other nodule. The term

‘registrati Hlévag%f 1R Shs DRG] foffihelisct 9n ﬁ&%%@boﬁf%eﬂgj, S LLRG ri?édug% I gni ng

t he parts o evice In relation to eac These correspondi ng

mout e | nt T RG araa SuBA SRk BB PRRRE s B AR AT R i e i ng.

and car ef ul raﬁiglg(%rﬁsto{l%&ltsfyndq{le FRL0G tasmaqgriaﬁérogf%i rmsluf}ltc%lnp s a?gnsc:g/ %t ent
orientation o e op cal conmponents 1 n proe and 1 nproves-the

consi stency, of the. optical th through.the artery and capillary tissue,
oht e ran o f R e R RS AEHTY s Vel Coort and 1 extbi e
materials o e sensor nodul e. [0026]In preferred enbodi pents, the sensor
moaul e compPPRls aFRFEhe PR Biish B €k B s 0t hat mar i ng. of
t he sensor dule to the cradle creates three substantially planar sensor
odul o o FHESRTIAY ForGEs it BRar il Ta B b o A6 it B Pod cour oo a
m ddl e pl anar surface_provides a flaggﬁgse surface,to,en&agf t he thunb
HFWHHBI f ge

tissue of tIHEIR b &R uatigntiglly OA PP UL RG] ctdqagned

phot odet ector. These substantially planar surfaces can serve to inprove
pressure apprrcdrnroheraeduicdn g AeapdryThid Perpisy the svo medilesbo TuRetiqn 43@ vng

i ncrease signal anplitudes and maintain a consistent light path. [0027]In
certain enb8diciBishded fashion) dpdaaiitye hiheonderag) 1. the demser heduledaey ¢ORHNRise he
average |length of the desired proximal phalanx. In the case of an

adul t - si zedonelnpiore Haxeblehing rweingsy (b, AIsEnMORE lping nges Boddediinto thengt h, with
pedi atric sizes being made appropriately smaller. The term "about” in this
cont ext r efiéaxele enclosure} 0% of a gi ven neasurenent. [0028] The radi ation

sources preferably emt radiation at about 660 nm and about 905
[0025] In certain embodiments, the surface of the sensor module and the surface of

the cradle module which come into contact when the two modules are mated comprise
corresponding registration structures, e.g., a ridge structure on one module which inserts
into a corresponding dimple structure on the other module; a tab on one module which
fits into a corresponding slot on the other module. The term “registration™ as used herein
refers to the act of adjusting or aligning the parts of a device in relation to each other.
These corresponding registration structures can help to ensure proper placement of the
sensor module into the cradle module. The combination of a rigid cradle housing and
careful registration of components helps to maintain a consistent orientation of the optical

components in the probe and improves the consistency of the optical path through the



nm wavel engt hs. Preferably, the radiation sources are proximal to one

anot her, and nost preferably contained within the sane el ectroni c package.
I n properwo=e12/t1bg8sphysi ol ogi cal probe is placed on thePpalusesi2aspect of
the digit, preferably the thunb. The present invention can provide a

consi stent optical path fromthe radiation sources, through the princeps
pollicis artery and soft tissue bel ow the proxi mal phal anx, and

subsequent | yekPaddR8piRNQ LB WG feQhainth AR bk dr throRbh ek vehdIadhieN Srar e found
in the followng detailed description of the invention, and in the clains.

BRI EF DESCR| 8 HeMcPhatddHr LRAWNGS mdd@R30] Fig. 1 shows a three-di nensi onal

mechani cal draw ng of an exenplary cradle nodule for use as a conponent of

a physi ol ogjyg# prf_ﬂ%efeﬁ&ﬁénﬁﬁ@ﬁ‘ne%@ e 8G kb APoRRe c%m%_ke%%t Rt WBS ALxikE obe,  of
the present invention. [0031]Fig. 2 shows a three-di nensional nechanical

drawi ng of b GHED SR BORAE o TRAUh S RlaukSE 1R rAIGAURRRER! Of 8

physi ol ogi ca robe, designed to function as a pul se oxineter probe, of the

present i nvs%B&t«iﬂRﬂlly planar sensor module surfaces. A first planar surface comprises the
radiation sources; a middle planar surface provides a flat base surface to engage the
thumb tissue of the subject; and a third planar surface comprises the photodetector. These
substantially planar surfaces can serve to improve pressure application to the underlying
arteries, thereby helping to increase signal amplitudes and maintain a consistent light
path.
[0027] In certain embodiments, the length of the cradle module is less than the
average length of the desired proximal phalanx. In the case of an adult-sized thumb, the
cradle may be about 1 cm to 1.5 cm in length, with pediatric sizes being made
appropriately smaller. The term “about” in this context refers to +/- 10% of a given
measurement.
[0028] The radiation sources preferably emit radiation at about 660 nm and about 905
nm wavelengths. Preferably, the radiation sources are proximal to one another, and most
preferably contained within the same electronic package. In proper use, the physiological
probe is placed on the palmar aspect of the digit, preferably the thumb. The present
invention can provide a consistent optical path from the radiation sources, through the
princeps pollicis artery and soft tissue below the proximal phalanx, and subsequently to
the photodetector.
[0029] Still other embodiments are found in the following detailed description of the

invention, and in the claims.

10



[ 0032] Fig. 3 shows a photograph of a distal end of the sensor nodul e of
Fig. 2 which includes a pair of light sources and a phot odetector.

[ 0033] Fi gwo0 242/ B28880w t hr ee- di mensi onal mechani cal dr awPogasedi2obs4cr adl e
nmodul e of Fig. 1 attached to a flexible material configured to wap around
a patient's thunb and housing the sensor nodule of Fig. 2. [0034]Fig. 4C
shows a two-di nensi onal nechanical drawing of the cradle nodule of Fig. 1

housi ng the sensor nodul grefr PESCRETIONAICTHEEDHR AWiSGE seri es of mechani ca
drawi ngs depicting how the sensor nodule of Fig. 2 inserts into the cradle

nodul e of F[i()g3oél t 0o f OIHBWRR 1RXEMRIeALYnaPI¥&aflcAUr&dhe B SRKempIARIBIIH 9. 6
shows a graph eplcglng a relationship between Sp02 and a 'ratio of

module for use as a component of a physiological probe, designed to function as a pulse

oximeter probe, of the present invention.

[0031] Fig. 2 shows a three-dimensional mechanical drawing of an exemplary sensor
module for use as a component of a physiological probe, designed to function as a pulse
oximeter probe, of the present invention.

[0032] Fig. 3 shows a photograph of a distal end of the sensor module of Fig. 2 which
includes a pair of light sources and a photodetector.

[0033] Figs. 4A-B show three-dimensional mechanical drawings of the cradle module
of Fig. 1 attached to a flexible material configured to wrap around a patient’s thumb and
housing the sensor module of Fig. 2.

[0034] Fig. 4C shows a two-dimensional mechanical drawing of the cradle module of
Fig. 1 housing the sensor module of Fig. 2.

[0035] Fig. 5 is a series of mechanical drawings depicting how the sensor module of
Fig. 2 inserts into the cradle module of Fig. 1 to form an exemplary physiological probe.
[0036] Fig. 6 shows a graph depicting a relationship between SpO2 and a ‘ratio of
ratios’ (RoR) for measurements from theoretical model in a medical textbook, made from

the tip of a patient’s index finger, and made from the base of a patient’s thumb.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Figs. 1-4 depict components of a semicircular physiologic probe 100
comprising a separate sensor module 101 and cradle module 102 which mate to one
another. The probe is designed to be comfortably worn for extended periods (e.g. several
days) while freeing up the patient’s fingers for activities such as reading and eating that

are commonplace in, e.g., a hospital. While described in detail as a pulse oximeter probe,
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rati os' (RoR) for neasurenents fromtheoretical nodel in a nedical

t ext book, made fromthe tip of a patient's index finger, and made fromthe
base of awpapiznesss t hunb. DETAI LED DESCRI PTI ON OF THE PRIVENT01QM25640

[ 0037] Figs. 1-4 depict conponents of a semcircular physiol ogic probe 100
conprising a separate sensor nodule 101 and cradle nodul e 102 which mate to
one another. The probe is designed to be confortably worn for extended
periods (e.@e psRMEIaRlal faV&)of WRipk&edtiBRhich dﬂ@aﬁﬂﬁ@abﬂ)@tbiaﬁf'gihﬁlaf aRgers for
activities such as reading and eating that are commonpl ace in, e.g., a

hospital . Wilng 2fR8& bhd&H kMnd 8h 8dsbeifSd BetRWhrIBnRUrdBb 8ladBtOPEssul BR.
physi ol ogi cal probes of the present invention are applicable to any simlar

devi ce havipg@t | PRk RNR&M §32E slﬁBE’d Al Q&%%hlaﬁﬁ%tﬁﬁtvﬁ%s%o&%fi gured to
attach to a tissue site. [0038] The cradle nodule 102 is shaped as a

sem ci rcul g, £ hNQulial i BRR MO d8eRase wle B! | Ba@h@hd vk Jpasure

ti rre-dependearsu 3e¢zor;%€t?PP&§ﬂ&tﬁlgt gpgn@%ewuiee%é:ﬁ%@, ?tn theu et &f'm nat i on
of Sp02 an I The c i i . tantially
rigid msrrbgi%1 (sﬁ%l(%g)? Eﬁonc%fﬁsﬁ?gtag%glggﬁa%ﬁ%%g@e %%gﬂ E‘}ﬁ%grc%lp%%rrg ers 103, 104
may be nade nu r. of terial n i [t h pl asti cs,
roval s, "anc Pl Be MR s RA TR R0 BEOMh od, s Akt JRHEBRTRE" Sthm
etc.), styrenpes ((SAN,, PS, ASA . ABS, etc ol ycar bonat e opal rs,
Cononer -t eslAS AR P RO gL R baa R SR RS SRR IS e s
al um num brass,..nickel, etc. A preferred e l.e.l astman TritanTm
copol yest erqn%ﬁeem?ee 6?’??“3)?6’ Pﬂléfpr(?B%}ﬁrfeea‘ﬁgla'ﬁf @?@AI é@gheé%)’ft%en%er age

| ength of t xi mal al anx so as not to interfere wt endi ng of the
ot ar ¢ HOABP AR A B ol S M PO SR b SrBite conti gur ed
for attachnent to a thunb is in the range of 1 cmto 1.5 cm [O0039]A
portion of .@Q@Wl‘gqsgﬁoéyeﬁﬁﬁb%‘?rnﬁﬂaﬁ%c PG ARTHRHY ST45Y _]ofltc'b provi di ng
points of interfering physical cont act bet ween the two I‘I(ﬁld menbers whi ch
act as st op¥ciepetgnaplds hasnen bijami rgpadnestes) silsngtho hergadls mgdlist hin a
predeterm ned range. This serves two purposes. First, the hinge 105

provi des a legrbpa (BF avgriee denatbed theproxiaalphalapt wras §pt o prerise ith §endng He
semcircular ring which fits over the digit, thereby allow ng the

physi ol ogi c'af digitébiée juntadp otmaldengthrianageadgi-sapd eradle aenifepieddor si zes. In
certain emodmheb{hlingﬁﬁof agréadul EI)]ZSSI zed cradle is preferably

desi gned t cat@ @R istipy afegmetc@rto 0P cabout 1.8-2.3 cm or a girth of
bet ween about 6.2 cm and about 7.4 cm Second, to increase the anmount of
radi ati on tRE39]1passesrtiohpbeagh righlencambiee hyngarwtb vedipihingatdceteoniby préveding ssue, and
thereby optim ze signal quality, the cradle acts to nmaintain the LEDs 106,
107 and phaotobuds ofdetetfO@ngathysival icomhan Hetd eandyb evq Byid ofendops vddhmat &lsyop8® - 55
degr ees.

constrain the opening and closing of the hinge within a predetermined range. This serves
two purposes. Iirst, the hinge 105 provides a range of adjustment in the diameter of the
opening in the semicircular ring which fits over the digit, thereby allowing the
physiological probe to adjust to a range of different finger sizes. In certain embodiments,
the hinge of an adult-sized cradle is preferably designed to accommodate a thumb
diameter of about 1.8-2.3 cm, or a girth of between about 6.2 cm and about 7.4 cm.
Second, to increase the amount of radiation that passes through the artery and capillaries
in the tissue, and thereby optimize signal quality, the cradle acts to maintain the LEDs

106, 107 and photodiode 108 at an included angle (6) of approximately 35 - 55 degrees.
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As shown in Fig. 4C, the "included angle A refers to the angle forned
between a first line drawn parallel to the planar surface conprising the
radi ati orweaorxa2sid a second |ine drawn parallel to thecplsaar/ozisnd ace
conprising the photodetector. Optical conponents separated at this angle
tend to increase the relative contribution of signal comng fromthe
artery; ultimately this inproves the accuracy of the cN BP neasurenent, as

PTT val ues Reaswhesril amad 4RI a WP IBRRYS 1R AMEIE kS BaWEET a 10 1Rfe00d
pressure than those neasured fromcapillary conmponents. [0040] The probe

nmakes a_tra&@@ﬁﬁéﬁmﬂnﬂﬁgﬁmﬁﬁkﬁ@%hc&ﬁﬁ&%%ﬁﬁ@ﬂhwﬁb@ﬂﬁnﬁﬁnhQ@&%n@ﬁﬁiiOP of the
digit with the pair of enbedded LEDs 106, 107 operating at, respectively,

660 and 905137 paffki & &t P sIRLAURRAG Ao MRDRE: dSheRtSnbhiRgR

wavel engt hs after they pass through vascul ature and other tissue |ying

beneath t heselgeﬁQ%d aﬁﬁi@%ﬁ%l%%ﬁ& o ifGkLe ld]f:e%laﬁvr!edcou?l%u@(%}lo(%f%%ﬁ&lecgfng{gpf%n?t e .

positioned to neasure pulsing 1 n portions o princeps pollicis

artery, whi &gr;;%m@elfﬁgsq%goggs @F El@cﬂl}’aSQBf D ENTEPTRs AR e R &1 Vrat@LEJé t he

radi al artery. asur owng Inthis artery enhances accuracy

of a PTT-based r t f 0 r r is d rib in _pore
Setail in I AR R BBl B PR i o ook R TR RF Rk BT o,
ELECTRI CAL, . AND PRESSURE WAVEFORVE (U.S.S.N 12/138, 194; filed June 12,
2008 and pulil SHAFREHEHEYD18453A1), and BODY- WORN SYSTEM FOR MEASURI NG

CONTI NUQUS | NVASI VE BL PRESSURE (cNIBP) . (U.S. S. N 12/650Q, 354, filed
Novenber 15,2009 ﬁﬁ&r&fﬁgﬁéﬁaﬁglsﬁﬂ é’g%‘g}é‘f?sufeﬁ%’nk%?ﬂgeaﬁtlgneéf whi ch
have been previoysly. incorporated by re nce. [0041]El ectronic circuitry
brovi ding TiE et Sb et SE et THE o Goa iR Ere iR o sral
flexible circuit board 109 in the sensor nodul e, which may additionally

i ncl ude, fo§60é‘%ﬁﬁ?ﬁ i, aé‘dtarsglﬁ?-ﬂhﬁtﬁéﬁﬁ‘ﬁ%reloﬁﬂﬁit fgtpeds th?%rwaéﬂﬁ%/gtt?%fﬁ‘?ﬁthey

phot ocurrent fromthe photodetector and converting it into a corresponding
vol t age. TH#ss Broygh ¥asaylatugs and Qiber Ysspeabying bspeafhibe RS a Prdepidy-dioth hat
identifies specific wavelengths emtted by the LEDs; these wavel engths, in
turn, infl melgieﬁam\%hqﬁ@tqslﬁte@awép%%wﬁd ©gagapyre plopd gulsing n pastis ©f MR t o Sp02,
as descri bed below. In other enbodinments, the flexible circuit board 109
can be replRBeerswotlisisartery waish isithg pringipat arywirteasthpmhandygeipedemilive |LEDs,

phot odet ector, trans-inpedance anplifier, and other conponents to forma
circuit. radial artery. Measuring blood flowing in this artery enhances the accuracy of a PTT-

based measurements of blood pressure, as is described in more detail in VITAL SIGN
MONITOR FOR MEASURING BLOOD PRESSURE USING OPTICAL,
ELECTRICAL, AND PRESSURE WAVEFORMS (U.S.S.N 12/138, 194; filed June 12,
2008 and published as 20090018453A1), and BODY-WORN SYSTEM FOR
MEASURING CONTINUOUS NON-INVASIVE BLOOD PRESSURE (¢NIBP)
(U.S.S.N 12/650,354, filed November 15, 2009 and published as 20100168589A1), the
contents of which have been previously incorporated by reference.

[0041] Electronic circuitry providing the LEDs and photodetector may be provided in
the form of a small flexible circuit board 109 in the sensor module, which may
additionally include, for example, a trans-impedance amplifier for amplifying

photocurrent from the photodetector and converting it into a corresponding voltage. The
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[ 0042] A fl exi ble housing 110 covers and protects the flexible circuit board
109. The flexible housing 110 nay preferably be forned fromany water and
al cohol - reeiet2anesssat erial, with materials having a dur @CEUSR01CAS6HN t he
range of 25 to 60 (e.g., HTV, RTV, or LSR elastoners, etc.) providing an
opti mum conbi nati on of confort and sufficient resistance to conpression to
allow the probe to apply pressure to the underlying arteries. A

parti cul ar | §edposit Iré a6y BRL Al i ludaSeAstSUR A RN B ies(sPdcidf wARRMEhOmirggch as
Nusi | MED4044 silicone el astoner. For purposes of manufacturing, the

circuit b0a5Qh@EED@kaQ§ﬁﬁQ&@ﬂkWh%nhhﬁmﬂ%&§hﬂﬂmbh&ﬂﬁﬂﬂoﬁc&%ﬁ&mﬁé%ﬁ;Openlng
115 at the top, which may th be sealed, for exanple with a Iiquid

silicone el @ptofme !oCSp@t z?srdeéénbefbéi&i? NECIthd? @m%@éﬂn@nté— 18 gxdbdsulbbgdgh an
opening 117 at the bottom of the housing. [004 e housing features

Th
rectangul ar;pRenLOE: laéé'd]mﬁﬂgsehégoftlﬁgu@a‘ﬂ&l%m'tl?a*ﬂc r@@ﬁ}t@@gﬂowcﬁ&gto}he

phot odet ect or recel radiation. I n certain e ter may be
provi ded ov, the aperture and
filter undetgal{nrstlﬂsed%% % &Chﬁ?drlégﬁg% cl relé?o &%Pﬁe@m ssion side, the
opening 11 [I(FB ]be g?l%m%% h%lslsll\cglﬁ) C%IVflll‘IE %Ocppr&tg?tg ﬁlr If%%(]}t])W]CH‘%ult i)oaré %9]( Il’ﬁl ently

t ranspar ent the eni'ssion Shite
color allo e hou5| d
radi ati on :‘,ﬁdﬁq & ? @ &y p re%etr%éy %ﬁeﬁogg? ih ¢ We?%t%r and 57 %O\jir%mttan nsor

efficiency. The 5| e of nings 111 and 112 al so affe ency of
t he sensor, ﬁ% ?@%ﬁ‘“ qﬁ%”%@?ﬂggﬁfﬁ‘%ﬁggﬁﬂggt g@( ﬁgﬁké%f?arger
than the act| onent areas. Preferred . w ndo re fromabout 3
to 5 mm ard %&fﬁﬁ@o ¥ By PeABR R DM eeRst fijeicn
C|rcular [ 0044] The hou5|n al so featgres two cut-ou portlons 113, 114, or
"1iving hi nGEYan Cett%%&mlﬁ%?ﬁ’@ i aliogeipg Hro %WCPQB]IYé’rﬁﬂHe% RURgSTINAL BsHsSat e t o

the shape of the cradle mpdule. These &g hi nges serve to_subdi vide the
cradl e i nt o PAfigEadyprstesRd Iméiel“?l ha éﬁ‘:‘%ﬁ’%@h rof A suglygsdted MED j 1 st

planar surface conprises the radiation sources; a nmiddle planar surface
provi des a FHasilisepselasipnicadier papesiyalgBaRs iR e ¢iicad Geardmay e insetidect : and
a third planar surface conprises the photodetector. As shown in Fig. 4,
when mat ed it thqyeouging direughtarstit-hsienige 3 Lbatttmiop awhlgh Bahther bsseplgdtfie shape
of the cradle, while providing three relatively planar surfaces which
contact t heexeingloyeth arlfgmiksikiagné elessemerrcovatereal fp commeqiongaklail Forxtands essur e
application to the underlying arteries, thereby hel ping to increase signal
anpl i t udes thredghai epeaing 137 eldhsbdtoem! the ywsinpat h. This al so serves to
i nprove sensor efficiency. [0045] To ensure proper registration of the
sensor nodul0e43ii t hThe Honsng feadkes rentabgiiler openings 111 and 112 through which the

LEDs emit, and the photodetector receives, radiation. In certain embodiments a filter

may be provided over the photodetector in order to both seal the aperture and filter

undesired ambient light frequencies. On the emission side, the opening 11 may be sealed

using a silicone material which is sufficiently transparent at the emission wavelengths.

Forming the housing in a white color allows the housing material to reflect more of the

scattered radiation from the sources to the detector, thereby improving sensor efficiency.

The size of openings 111 and 112 also affect the efficiency of the sensor, with the optimal

size being windows that are somewhat larger than the active component areas. Preferred
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the surfaces of each which cone into contact when nmated conprise
corresponding registration structures, e.g., a ridge structure on the
sensor nowol2e12vitiegsh i nserts into a correspondi ng di npl e Pol/Usp@niongp4d 18, 119
on the cradle nodule. The registration structures may take the formof a
protrudi ng ridge disposed on a surface of the sensor nodul e housi ng which
opposes the openings 111, 112. \Wen the sensor nodule is properly

posi ti oned, wihhew ki, S988 frbM 986t 31tH ek, RBd ﬁﬁ? Bt BGmy Lidde idedRlidgsghhre, cradl e
nodul e to provide positive reglstratlon of the two nodul es. The skilled
artisan MA|&dﬂgﬂgﬁ§ﬁ@ﬂgﬂ&hat ot her arrangenments of registration structures
may be probide For exanple, the protruding ridge may be di sposed on a

surface of mbﬁﬂcraﬁkﬁxﬂ&ﬂ?h@ym@ﬁﬁm@w&QmQﬁ§ sﬁg3QJﬁRhehﬂH§mH§md'Sposed on
t he sensor nodul e. The distal portions of he sensor nodul e nmay al so insert

into registgat.Q0 1t%|a§ifysoef|[&)a%le 31:118 %F]'e 1 ' 5&3%&5@:9(13 & tH(PQH{)fﬁGf tf'lebﬁﬁ(ﬁp oliet her

ensuri ng proper positroning o e sensor nodule w 1S corrponent..

[ 0046] The pﬁ%@@h\'ﬂﬁ fﬁﬁé Chr@g EJ sglg iRk B%andﬁnéjﬁtot%ﬁl%g s&%ta&%gly%ﬁlgﬂhlt se}{\é }h a

recl osabl e retai ne on stra e strap can be
h inth

attached to e net S ch as
t hr eadi ng trﬁgr)cglﬁe sﬁlrf[a 9 Aflrst lan PO%Cgtcglalp]il es %C rr%A( 1o,n sou ces a 1&1‘1 dpslana%I by

bondi f t adl t h t k

ot ra Soni gAY G f%é (B B sl GONTRSYE b e g i

f eat tch f Vi k h t

mated pat cHOESH e S tbegh BB R Ascfhgml e 2 Sndn BB Tl fef%@%’; the
tch bl dh t d th

P o & b Rovttnd S BaRL | a R RO et & ﬁ%ﬂé@éﬁ@}@%ﬁeﬁheoguag

allows the probe to be securely fastened, which in turn mnimzes notion
rel ative tderHEwRlaRYsehcht Waic @““T@@ﬁ?T%ﬁén¥¥%§W%?§PHHHPébﬁﬁ@O@erves to
connect the electronics of the oxineter probe to an external praocessor for
processi ng YWHEHAPESHEC@RUEAtn {uheyBRderling értgﬁ‘@ AeERY ReiPing BdRrrpredsii
measurenents. The cable can carry 110 signals to the probe electronics that
drive the LEmditylesaidingiptaing cnyisteat fightaiatiy Thiplsa pavenalnejo s §rer s measur ed
by the photodetector to an anplifying/filtering circuit. The cable
preferably doepriyses a distal connector 123 that plugs into an external
processi ng nodul e to operably connect the probe to an external processor.
There, the [BfdHilog B¢ gpamtiepreperregiinitionjogthe senspr mpdide withigithe czade maghde. pr ocessed
to measure Sp02 and/or blood pressure (e.g. cNIBP) val ues, as described in
det ai | bel ot syr(oa8if paciertaétl @dhedatocpitpitivdian ofated cpmprfisercpeespemdyegdi nent f or
the circuitry to be incorporated into the oxi neter probe, and
I nt er conneckegismtioh stringurex ege b eidgpstoberd an the wns@gtmodolerwhastt igsen@lintpr ocessi ng
nodul e may be found in International Patent Application

corresponding dimple or opening 118, 119 on the cradle module. The registration

structures may take the form of a protruding ridge disposed on a surface of the sensor
module housing which opposes the openings 111, 112. When the sensor module is
properly positioned, the ridges insert into the openings 118, 119 in the cradle module to
provide positive registration of the two modules. The skilled artisan will understand that
other arrangements of registration structures may be probided. For example, the
protruding ridge may be disposed on a surface of the cradle module, and a corresponding

dimple may be disposed on the sensor module. The distal portions of the sensor module
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No. PCT/ US2010/ 039000 entitl ed BODY-WORN PULSE OXI METER, which is hereby
i ncorporated by reference in its entirety. [0049]Fig. 5 depicts in
schemat i cwbapmvuaesssexanpl e of the sensor nodul e bei ng | REEMISe@ 2i0xd6a0 t he
cradle nodul e prior to use. For insertion, the sensor nodule is flexed at
living hinges so that it may approxi mate the sem circul ar shape of the
cradl e nodul e. As noted above with regard to Fig. 2, the sensor nodul e

contai ns t hgaehRFhiPNh© £QIRABLALS 10f, 10N e RbYSIIe hRELR dhe®dbORANeraNd iS
configured for nmultiple uses. In contrast, as depicted in Fig. 1, the

cradl e | ackgs@iRGhbRPp&iEAMRNRESnsBNFoide Wikig e Rhedl SPOSabl e use as it
contains parts which may be nore difficult to properly clean. Because of

the rigid sfppugt urenaRcheGORSY (AL ArdthgR rafe IR findE€. MRENMg. 1 nsertion
of the sensor nodule into the cradle nodule serves to properly position the

LEDs rel atiyg;{.p sﬁ{l’\%s RMRLBHGL RALRAp (8 Tﬂ@st@aﬁghﬁ B £iaDHL S lIRER ¥
measur enment . t0050 During a pul se oxinetry asur enment the LEDs

intermtte i . radj at ] 9 ly 500
Hz accordi E%Jn% Fé?elﬁeetfr?n&?{@%\% %nﬁg‘g%{gtglﬁr@rhﬁg%g%tg@%g&ﬁ no%glgﬁ%sﬁ%%aE%qgg ug and
rapidly diverge catt ff..ti e C s _.skin, bane n illaries
o et s bRP AR Fhy Bliadd AIMEAHED BP @ Rran G M GARL | SLLEP

princeps pollicis artery is. al .S | ed by the di ati.on before it
U1 1 uni nat e eHE-SREeEFs iU Petd i AR 8 Adbr it BS R S D es carry

bl ood t hat | sates .wi th each heartbeat and absorhbs radiation emtted by
Che LeDs TRHESReTitthe e ik Gl #ink: BoruRati R pt b v foP (i 5.
RED/ | R(CPPG), generated by the 660 and 905nm radi ati on, Both wavef arns

feat ure AC 4 HRar comr BRI EHES PP b G SRS A5 e B o0d, and
DC signals corresponding to. tinme-independent scattering off the skin, bone,
and non- pullél%&efiﬁﬁﬁl‘?d’ﬁ% Sted drd cppyy ksl P By IbAn R gl yhe $12Por to any
filtering the AC conponent typically represents about 0.5 - 1% of the total
signal . Wbyt S pidnds prsrus 5192‘71195’5"@&@1 inders plieslires &otige ralye s8¢ si ng bot h
the AC and DC signals of the RED | RCPPG waveforns yields a Sp02 val ue. The
ext er nal pr8eEYEBENSHA cal cul ate t hese conponents using a nunber of

si gnal - processi ng net hodol ogi es that are additionally inmportant for

det er m ni nglOP7t- bakkedlexflgmblel)lf serrgsdp gonnpet tneleg@nipeoidbhpomest o)t el d a
RoR which then relates to a Sp02 using a series of enpirically determ ned
coef fi ci enttg.anpxemakpreqebod farpricessing sigalangsicesaryt th detRmRng SpQfeandrarbleed by
first neasuring RED | R(PPG waveforns, and then passing themthrough a

| ow pass fipresspregivaswonants. Zidd ciyle ean@rrik/ Ociigrelsfto theipeobaeriaged thisel i ne
conmponents of each waveform are sanpled and stored in nenory, and represent
REDY | R( DC) . drBettle Melvedcormimg & timingnlizzdoh, tahd mmlldgysignials neasdedibst the hi gh- pass
filter having a 0.1 Hz cutoff frequency, which is typically inplenented

wi th a fi niphetddagpebste an espbiyge/ffligricg ciomijt. dhecdbienatiesablrphpfiseed disdlh a
variable gain anplifier. These steps can be done with either anal og

el ect roni ¢ @hnetk@ilRalhasglifigsiatan kktkinal goceigemodtletorpaably cofrecAte and DC
signals are processed to yield a RoR val ue, described in equation (3),

whi ch rel at@sbdt0 albpQetnal processor. There, the analog signals are amplified, filtered, digitized,

and processed to measure SpO2 and/or blood pressure (e.g. cNIBP) values, as described
in detail below.

[0048] A detailed description of a preferred embodiment for the circuitry to be
incorporated into the oximeter probe, and interconnection of the oximeter probe to a

wrist-worn external processing module may be found in International Patent Application
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[ 0052] Fig. 6 shows an enpirical relationship between RoR and Sp02 for
nmeasurenents made at the base of the thunb with the oxineter probe, along
wi th si mwerorxlizissonshi ps for neasurenents nmade at thePCiIrused12obi46 ndex
finger wwth an off-the-shelf oxineter probe (small dashes), and the

t heoretical curve for neasurenents made fromthe tip of the index finger
(l arge dashes). Curves correspondi ng to neasurenents made fromthe index

finger and fhur/ess1desasonicagt:dasimbyiwarRNPITSIORINEPER, WhictPRthbRBY S
measured under simlar conditions. As is clear fromthe figure, the

rel ati onshijgsorpshid@ s rRebaNiRP%rare simlar, but slightly offset due to
differences in the neasurenent site. Wthout being bound to any theory,

these diffepenges ABYs ASiEUR siRnhberdngloal byglpYe by ARS kofuebeiggpi | | ary
beds near the base of the thunb as conpared to those in the tip of the

index fi ”91ﬁ£e];te2f Hﬁ:‘o thE lcﬁh-emme rifop{o L@!?.lFoi:i‘h'é ﬁén, itlﬂ: sEf-ls%r m@dlillé isrffy;aéci z-itnear ’
02 va a

particularly for Sp ues ranging fromabout 70 - 100% Val ues bel ow 70%

can be accglﬂﬁﬁgglg?gegrs? Waf ilf'm?t?f %J&%ﬁ?@&h&%&iéiﬂcﬂﬁ hagér)](g‘?fée %r§cH8 ofific ORE based

on a second- or ol ynom a icients a, , or this nodel are

det er i ned e it 0% KISSIRLS SR A8k B B681 B PROFAGRLASIR | cal

function |ike e ‘second- or def’ polyn el ow. Sp02
z O(efaf |+ Cib e:] t(;s?(% %ﬁy&g%&ﬁ%ﬁ)ﬁ%@?@%ﬁ%é@% glér%gg(%]sm%ttlﬁlg] ﬁszf:gqn\(l:grllt}éllgt,sasfc%{)ic%d irtlj . and ¢

Fig. 1, the cradle lacks electronic components and is intended for disposable use as it

contains parts which may be more difficult to properly clean. Because of the rigid

structure and constrained hinge of the cradle module, insertion of the sensor module into

the cradle module serves to properly position the LEDs relative to the photodetector for

an accurate pulse oximetry measurement.

[0050] During a pulse oximetry measurement the LLEDs intermittently emit beams of

radiation at 660 nm and 905nm at roughly 500 Hz according. Once emitted, the beams

pass into the underlying tissue and rapidly diverge to scatter off tissue such as skin, bone,

and capillaries near the tissue’s outer surface. In the case of the thumb, a portion of the

princeps pollicis artery is also sampled by the radiation before it illuminates the

photodetector. Both the capillaries and the arteries carry blood that pulsates with each

heartbeat and absorbs radiation emitted by the LEDs. 'This results in separate time-

dependent optical waveforms (i.e. RED/IR(PPQG), generated by the 660 and 905nm

radiation. Both waveforms feature AC signals corresponding to the time-dependent

pulsating blood, and DC signals corresponding to time-independent scattering off the

skin, bone, and non-pulsating components of the capillaries and artery. Prior to any

filtering the AC component typically represents about (.5 - 1% of the total signal.
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made at the base of the thunb are shown in Table 1, bel ow Paraneter Val ue
A 107.3 B -3.0 C-20.0
WO 2012/112885 PCT/US2012/025640

[0051] Collectively processing both the AC and DC signals of the RED/IR(PPG)
waveforms yields a SpO2 value. The external processor can calculate these components
using a number of signal-processing methodologies that are additionally important for
determining PTT-based cNIBP. Ultimately the AC and DC components yield a RoR
which then relates to a SpO2 using a series of empirically determined coefficients. In one
embodiment, for example, the RoR is determined by first measuring RED/IR(PPG)
waveforms, and then passing them through a low-pass filter characterized by a 20 Hz
cutoff. The averaged baseline components of each waveform are sampled and stored in
memory, and represent RED/IR(DC). Both waveforms are then additionally filtered with
high-pass filter having a 0.1 Hz cutoff frequency, which is typically implemented with a
finite impulse response function, and finally amplified with a variable gain amplifier.
These steps can be done with either analog electronic or digital software filters. Once
determined, the AC and DC signals are processed to yield a RoR value, described in
equation (3), which relates to SpO2:

_ RED(AC)/RED(DC)

IR(AC)/IR(DC) ©)

[0052] Fig. 6 shows an empirical relationship between RoR and SpO2 for
measurements made at the base of the thumb with the oximeter probe, along with similar
relationships for measurements made at the tip of the index finger with an off-the-shelf
oximeter probe (small dashes), and the theoretical curve for measurements made from the
tip of the index finger (large dashes). Curves corresponding to measurements made from
the index finger and thumb are determined empirically from a group of patients measured
under similar conditions. As is clear from the figure, the relationships between RoR and
SpO2 are similar, but slightly offset due to differences in the measurement site. Without
being bound to any theory, these differences may be due to the relatively low density of

capillary beds near the base of the thumb as compared to those in the tip of the index
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Table 1 - coefficients for equation 4 relating ROR to Sp02 for neasurenents
made at the base of the thunb [0054] The exact val ues of paraneters shown in
Tabl e 1 wvDI20tbeipessd of the specific wavel engths of the PEDaSase@236m0 t he
pul se oxi neter probe. This is because the Sp02 neasurenent is fundanentally
determ ned by the relative optical absorption of Hb and Hb02 in the red and
infrared spectral regions, and absorption, in turn, will depend on the

wavel engt h @iyt tafd Bitidng lf&taﬂ-cufl&eﬁnafbgs%ripﬁérpﬁlneﬁﬁgsﬁiaﬁam foFlgp@ndhiik02 are
relatively flat in the infrared spectral region, but strongly diverge in

the red speghdid rb8AbAN 70 TNB0% O fue S S0B R AdRoukRb Br iRk GirfeRids
relatively sensitive to the exact wavelength of the red LED. For this

reason, a SghiifRaQfioRMRidh ¢ Bhe SdbilbESsRERAHG p@f‘yn%{ai.odié@ﬁciélﬁé N il se
oxi nmeter probes featuring LEDs of varying wavel éngths surrounding the red

i SSi - ' t ing. Such tud
'S Typi cal 1y bl nan ] Sy dasRaR Rk bRt BT R4 RS, ol ves
I [ t . ! ' ' ypi.cal 10- 15
under madi g ERECHl R Al s SHhEF B! pBbh Ik HRERL 1 TR, 102

t of h ient j I t 2 ialized tilat
sk thi s i s ofton done toL & Vo i & Rh65d0 erper at ur o Bl 656 fr om
the patients i exé)rac.te flrortn an arterial line and g.nal%zed with a bl ood
gas anal yze 0@ dePRF R HEVeE 180y ] & 6T AT SRR PIRB SLLFY Rt se

oxi meter probe with kn ED wavel en s _attached to each patient (in
this case araqibthghay ngettﬁlgan ﬁﬁﬁmw%ﬂhg@&édbeﬁ%w'neasure t he RoR descri bed
in equation (3). Sp02 val ues—for this experinent,—as peasured with the

bl ood gas anal yzer, typical|y rBH§®Fom 70 - MB% Si|nul t aneous st udi es
are typically done using pulse oxineter probes having{LEDs with different
red em ssion spectra. Upon conpl etdon of the st¥idies, |the

wavel engt h- dependent val ues| of RoR are related to Sp02, as determ ned by
the bl ood gas anal yzer, to calcul aBe coefficient® a, bh, c as described in
Table 1. In general, a different set of copefficients will result for the
di fferent LED wavel engths. These cOefficients &Ad the|optical wavel engths
they correspond to, along with a resistor|val ue descrilbed bel ow, are stored
i n a dat ababsld h- oeffidightoior éduation 4 Slating ROR ¢ SHOGT Bir vehsureb@boldde asiie ement s
made at t hebabastahofhuinbe t hunb provi de i nprovenents to the neasurenent of
Sp02 val ues because the circulatory anatony at this |ocation yields a nore
predi ct abl el0af4ler i al Thé graal valdeh b&paransadrs srowalis dablnt mehdgsngpaf thent conf ort
by freeing up the tips of the fingers for use. The I R(PPG neasured from
this site, sphefic ppadangsedf iha LEDIDbdlah tepuise okinetdEfisbwaViat orbevauyd @k ds a PTT
val ue that can be processed with the Conposite Technique to yield an

accur at e cNBR measidmeefund Asentdis ceichgite slyole relaite biR(dRPBsorpasedfarm
measured fromprimarily fromthe princeps pollicis artery increases the
accuracy ofandhhh BR ré®asuheaedipecty¥ kdyicl, dnBiabdodtiop)i8 Sishivaillkeged on
calibration systolic (SYS) and diastolic (DI A blood pressure can be

explicitly getardimeciined BashLhpar thedtopSin@ean @HBani Haondescri bed in
t he above-nenti oned patent applications, the contents of which have been

previously jRaANPaLah el ileLel Pelidal FRIAT BNGRong YRGS Inthe RT Ipectral

region. The coefficients shown in Table 1 are thus relatively sensitive to the exact
wavelength of the red LED. For this reason, a series of empirical studies need to be
performed using pulse oximeter probes featuring LEDs of varying wavelengths
surrounding the red emission wavelength (e.g. 600 - 610nm) prior to manufacturing.

Such a study is typically classified as a ‘breathe down’ study because it involves lowering

the SpO2 values of a series of patients (typically about 10-15) under medical supervision.
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val ues are processed over a 20-40 second tine period (often inplenented as
a 'rolling average') using statistical filtering to inprove accuracy. To
better deWVOneizxhesssnset of the PPG waveform and thus i rpraseo2ioeseaccur acy
to which SYS and DI A are determi ned, tines corresponding to RED(foot) and
| R(foot) are typically averaged together. When conpared to SYS and DA

val ues nmeasured under clinical conditions with a fenoral arterial |ine,

cNI BP nmeasuggime0tysidiBd Bwlefamy b Sasiarihd GHOAL of G AN Qth MRER iMRlds W thin the
FDA' s st andards f}%r aﬁclcurac{?y( +/ - g%mﬂ—lg) and stg%édard %%vi ation (8 mmtg).

For this aﬂﬁro‘ﬁ%lh@ﬁpercﬁﬁ%a%nﬁl@t@r hakeHafis big doRb P, ABRSAILS: fOudg a uni quely
good | ocation for neasuring both Sp02 and cNIBP. [0056] One skilled in the

art readil y.ABRLGR! #I&R ﬁchﬁ?hetp%n&ri%ﬁ&heh Al ABrid1 $indRAd an@f}%&fﬁql to carry
out the objects and obtain the ends and advantages nentioned, as well as

those inher eﬁ@%ﬁf %graﬁeh&er tmi%te%&@}&k S@rg@fzii gﬁit&‘%dsﬂﬁlﬁtﬁﬁe%uﬁﬁg epélﬁgg)g prative of

preferred e nts, are exenplar are not i nten Imtations

on the SCOp[Fr(élSC)fj \ivffigllh oiwrﬁvL% bvﬁ%%en%%??&?&lﬁté&heﬁ‘té (—l;a_cf?gat{eﬁ | gﬁn’s Cfg%gag:ﬁ%%%set& a

person skil the art tha substitution i cat1ons may
be made to {heg i Nt | di scl erein wtho ,ng, f.r t he scope
and spirit %? ﬁ’tuwgyignﬁlvuesn tloonrlﬁag rg%%gﬁo%l © Cﬁ%’? é(fa\llln e&“%t%)&q%ﬁiﬂ cé’? 1|1l(ejsn§)rr‘qr%snti oned
in the specification are indi.cative.of the |evels of those. of i nary

ki |11 e e R b Sl LR D Bl e e R JRBEHP s Al
publicationg are herein incorpgrated by reference tq the.s extent as if
ach | i v S0al 508 i BriobEE ShEE pe ey kel P Wl cat od ¢ o
be i ncorporated by reference. [0059] The invention illustratively described
or ef nsui tABTY RSB HE T dPPAOPREI ALY e SRR gt or o ement s,

limtation or limtations which is not specifically disclosed herein. Thus,
for exanpl e‘%P?I}?e%taV@ﬁ’ef Pstdhte “H%t?‘zﬁoﬁpé)ﬁy sgfetethiged Ry fhg blood gas analyzer, to

calculate coefficients a, b, ¢ as described in Table 1. In general, a different set of
coefficients will result for the different LED wavelengths. These coefficients and the
optical wavelengths they correspond to, along with a resistor value described below, are
stored in a database in memory on the wrist-worn transceiver.

[0055] Measurements made at the base of the thumb provide improvements to the
measurement of SpO2 values because the circulatory anatomy at this location yields a
more predictable arterial signal; this location also increases patient comfort by freeing up
the tips of the fingers for use. The IR(PPG) measured from this site, when processed in
combination to the ECG waveform, yields a PT'T value that can be processed with the
Composite Technique to yield an accurate cNIBP measurement. As described above, an
IR(PPG) waveform measured from primarily from the princeps pollicis artery increases
the accuracy of the cNIBP measurement. With an initial pressure-based calibration
systolic (SYS) and diastolic (DIA) blood pressure can be explicitly determined for each
heartbeat using an algorithm described in the above-mentioned patent applications, the

contents of which have been previously incorporated herein by reference. Typically, PTT
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"conprising”, "consisting essentially of' and "consisting of' may be
replaced with either of the other two terns. The terns and expressions
whi ch hawsohkeeri1esspl oyed are used as terns of descri pti @oTASA 12025680
limtation, and there is no intention that in the use of such terns and
expressions of excluding any equivalents of the features shown and
descri bed or portions thereof, but it is recognized that various

modi ficati opsuedh® pRRSSLPbRr Wb A RedohE tiHE PRI b ipIIBRITAOR q@hﬁ%ned. Thus,
it should be understood that although the present invention has been

speci fi cal | %cHbs¢LosedalRMcar il a6 tnSOROLiBAL STARHe QR hOMRbndee il HE €S,
nodi fi cation and variation of the concepts herein disclosed nay be resorted

to by thosepgkihl@dnl, Bnd @6 Aproveddctiialy B YGRNPY {HiGRh LOS@RgheMar i ati ons
are considered to be wthin the scope of this invention as defined by the

appended ol ok AOAF NG EEBAAN AL B 6 Ry LFLD ILALD W ol | ow ng

clains. What is clalned is: ysi ol ogi pr obe “conf’l gure r

sécuring 1 Oy rpﬁ}éﬁltc?ﬁ%%?cgﬁﬂ% gar%ééf?ﬁ‘é%dr%c} lgl%gli ﬁn?c%f‘c?)‘ﬁﬁmﬁﬁsds%}?a féﬂ!é?aﬁ' sing (a)

el ectronic circuitry ri ses east one source

el ectromag na%eirigl lrn%‘,d éhﬁh%%‘e’a u?"f':’}gengsi rin;de ro?rp @Esﬁ%ﬁ}cﬁﬁé R)catﬁ)gr&;eir vlf}gl?\gvitﬁig tlgeet ect

r
radi ation fromthe a east one source o ectromagnetic radiation after

L has SRS D e SR LR BE R RS ¢
Dot o0et ot gt B M ke IR L B BB R SRRl el 1 very o

measuring both SpO2 and cNIBP.

[0056] One skilled in the art readily appreciates that the present invention is well

adapted to carry out the objects and obtain the ends and advantages mentioned, as well as

those inherent therein. The examples provided herein are representative of preferred

embodiments, are exemplary, and are not intended as limitations on the scope of the

invention.

[0057] It will be readily apparent to a person skilled in the art that varying

substitutions and modifications may be made to the invention disclosed herein without

departing from the scope and spirit of the invention.

[0058] All patents and publications mentioned in the specification are indicative of

the levels of those of ordinary skill in the art to which the invention pertains. All patents

and publications are herein incorporated by reference to the same extent as if each

individual publication was specifically and individually indicated to be incorporated by

reference.

[0059] The invention illustratively described herein suitably may be practiced in the

absence of any element or elements, limitation or limitations which is not specifically

disclosed herein. Thus, for example, in each instance herein any of the terms
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(b) a flexible enclosure providing a cover for the electronic circuitry,
wherein the flexible enclosure conprises (i) at |east one aperture through
whi ch t hewet2o012¢ag¥850ne source of el ectronagneti c radi at POm/USRAIRA256a@li at i on
for irradiating the subject's tissue, (ii) at |east one aperture through
whi ch the photodetector receives radiation after it has interacted wth the
subject's tissue, and (iii) an aperture through which the connection cable

passes; andampfiafld e-dradule cRAPIII H%lfnzgld(‘ﬁérﬁ,{stlh§@f3tmafy|bé%pl@@@wﬁﬁ@ﬁ{é@ rigid
housi ng menber s mated to one another via a hinge region to form an

appr oxi mat ebnS@Rrehs Cih@Tht kdd@s W GBrek oz Ui dHHAVE Bech uipRlyERSRRLYM sk eCei ve
the sensor nodule, wherein the hinge region is configured'to provide a

range of adﬂefﬁ%tdmgstcnbtrblpanq'n@tr@tlﬁ{ltaggn LR EfIInMaleh8oPRYSh BRI sé’ ofGQRSt rai ni ng
an included angl e neasured between the at | east one source of

el ectromag u ned
range. WCﬂg%%gwﬁg r%%%%%ﬁ%gbgggOQQ%%%Q%%gQ&ﬁ%ﬁ%@%@%%8?82(?%Sg eH;ccordlng

to claimi, or%ﬁfoﬁ ﬁhe%e@? Rﬁ'r.' 1P§‘%‘eco e%’l eltg/h'ﬁcﬁl@ i FRGFSHITIR 1§w?tHBl fEL" s

thunb at the eve rOXI al anx or pur pose ach|r|ng t he

data rel ati n%pe oc% t@ 1nve%?3111 (c:jlg H%dpﬁXl%IIPShOgjf%e gé%%(r)(gcytpﬁfalt ﬁh%ﬁlbﬂrgs% 3. A

physi ol ogi ca e accor to Cl onflgured

to accomdl?i;[/eentlon gellsrt;[egn SpeCIPICE}ﬂAE(F aelo bcf)by preferrecf: emb ﬁgmé% soalflld optlonaf:Im atures,

modification and variation of the concepts herein disclosed may be resorted to by those
skilled in the art, and that such modifications and variations are considered to be within
the scope of this invention as defined by the appended claims.

[0060] Other embodiments are set forth within the following claims.
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4. A physi ol ogi cal probe according to claim1, wherein the hinge region is
a pivoting hinge forned by mating the first and second rigid housing
menber s, wodowaesssn the structure of the first and seceot/useg@d23sausi ng
menbers constrai ns opening or closing of the hinge beyond the predeterm ned
range when mated to one another via the pivoting hinge. 5. A physiological
probe according to claim1l, wherein the predeterm ned range of the included
angl e nmeasuwgg ibahweans:t he source(s) of electronmagnetic radiation and the
phot odetector is I ess than or equal to about 600 . 6. A physiological
probe accorgding A?q;@io?dg[@aﬁpro%ﬁ%ﬁe& he sueslebarabead diangendsidehe i ncl uded
angl e neasured between the source(s) of electromagnetic radiation and the
phot odet ect plnic? nRALWREApARAHUt 60 and about 30. 7. A physiol ogi cal probe
according to claim®6, wherein the predeterm ned range of the included angle
measur ed bet ween,t he Sou6elShinQ iyl S oh{A0RINGE by bAdALLop and the
phot odet ect or iga)bet\?\een naboutmggv an?g{gout QQS. é Aoglﬁysf]ol ogi cal probe
according to cl aj 110,; i fi . a force
appl i ed T move Jhe pdCE Bl UR B B3R dERRLLAHLAL HGTAHIRNIOR |1
forst and second ] & dlR S TR IRGLS e Bied IWS) BHOH 681 BLA0P accor di ng
to claim1, wherern t e “Sensor odul € "Conpri ses one- or mor e I'nge points in
the flexible encli spre, . 0. 201 /e1362%§5p%1_g{,d#§12r01]a?r/1 025640 10, A ..
physi ol ogi cal probe atcdtdi h§ 't o tirai'ni'y! eI R SR 8B PROGURE
conprises at least two.hinge points in the flexible enclosure configured to
orout dethree caBueihol B PP din bR b sat s wEpFRERENEEN The censor
modul e is mated to the C{ﬂa(%I e EmduIF. . .

connection cable for delivery of photodetector signals to an external processing

unit, and
(b) a flexible enclosure providing a cover for the electronic circuitry, wherein
the flexible enclosure comprises (i) at least one aperture through which the at least
one source of electromagnetic radiation emits radiation for irradiating the
subject’s tissue, (ii) at least one aperture through which the photodetector receives
radiation after it has interacted with the subject’s tissue, and (iii) an aperture
through which the connection cable passes; and

a cradle module comprising
(a) at least first and second rigid housing members mated to one another via a
hinge region to form an approximately semicircular ring which is configured to
releasably receive the sensor module, wherein the hinge region is configured to
provide a range of adjustment in a diameter of the ring while physically
constraining an included angle measured between the at least one source of

electromagnetic radiation and the photodetector within a predetermined range.
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11. A physiol ogical probe according to claim1, wherein the surface of the
sensor nodul e and the surface of the cradl e nodul e which cone into contact
when t he wacormidedses are mated conpri se correspondi ng r @graSe@ERionss40
structures configured to register the position of the sensor nodule in the
cradle nodule. 12. A physiological probe according to claim1l1, wherein the
| ength of the cradle nodule is between about 1 cmand about 1.5 cm 13. A

physi ol ogi cal provesRtERAtH o8 {cor@inidi1dim WRGERINIt RS lsadh@yuiddyl € 1's
di sposable. 14. A nethod of obtaining pulse oxinetry signals froma

subj ect, coBhhSbMk a @fbfdced RGP apﬂﬂé’ﬁaiv@(ﬂﬁ{e%xiﬂﬁl%ﬁlaﬁ%ﬁy%%%s bp claiml to
the pal mar aspect of a digit of the subject at the |evel of the proxi mal

phal anx, “hﬁhﬁhﬂg&@%hﬁ&&gﬁgHéaﬁgél&&ﬂﬂ?ﬁd%@c%ﬁﬁmﬁ%@hﬁ&&mﬁmgigit such that
t he source(s) of el ectromagnetic radiaftion, when energi zed, provide

irradi ati om of tj i : : I - terial, and
: ' k) ; t%@%}gﬁ)ﬁ)gﬁjal I;rgﬁe a%gﬁ‘ggl to L1 H%e}eﬁgthg ﬁ%%{:) 1 %Bﬂfﬁ%u%d &"!

soft tissue o Igirt, ‘and su uently to t etector; energizing

the sour CesacE&nﬁlB&agxfés gigtlﬁ of E'e%w&énsa%%}&fé.ﬁm hiFaroHP) £Gh: and detecting

phot odet ect or sign an external processing unit operably connected via

the connectjon cable. . 1 met had accor din lLai m 14, further
conpr 1 51 ng vl ot B0y RigeSALP R BEIBAT GREEL Mheldh B Bl dioni S

value, a p Lsej;gﬁ%

vale, 2 YR A8 SO ARl SO S PR D
cECOTOLND | ehal AT EOTRLL 2 BB HSLOLT 1L, &, BL9RS BESTSIS e Tor
the hinge beyond the predetermined range when mated to one another via the pivoting
hinge.
5. A physiological probe according to claim 1, wherein the predetermined range of
the included angle measured between the source(s) of electromagnetic radiation and the
photodetector is less than or equal to about 60°.
6. A physiological probe according to claim 5, wherein the predetermined range of
the included angle measured between the source(s) of electromagnetic radiation and the
photodetector is between about 60° and about 30°.
7. A physiological probe according to claim 6, wherein the predetermined range of
the included angle measured between the source(s) of electromagnetic radiation and the
photodetector is between about 55° and about 35°.
8. A physiological probe according to claim 4, wherein, the hinge is configured such
that a force applied to move the hinge beyond the predetermined range separates the first
and second rigid housing members.

0. A physiological probe according to claim 1, wherein the sensor module comprises

one or more hinge points in the flexible enclosure.
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WO 2012/ 112885PCT/ US2012/ 025640 17. A cradle nodul e adapted for use in a
physi ol ogi cal probe, conprising: at least first and second rigid housing
menber s rwi0ed12102888e anot her via a pivoting hinge to foPeTas2@poeé mat el y
semcircular ring which is configured to releasably attach to a sensor
nodul e, the sensor nodul e conprising (i) one or nore sources of

el ectromagnetic radiation, and (ii) a photodetector configured to detect

the radiatign f r&ﬁﬁﬁf&ﬁ)g&@%@@&@%ﬁﬁ@ hasinPASaReiT ME QULh MdduRasmpkigs! ect ed
by the subject's tissue, erein the hinge is configured to provide a range

of adj ust mefiieakwh Rgl &R L Ihe P xibRRnEILNGE MAkibEPRYTHEA thice GOREMLALNI NG the
i ncl uded angl e neasured between the source(s) of electromagnetic radiation

and t h_e p h0[;19191?E&%r%odﬂetsmf&e@wﬂérﬁfﬂgTsé:ﬁrs&j ﬂi'&ﬁ!ller i2RERA to the crafleGhRflce nodul e
according to claim17, wherein the hinge is configured to accommobdate a

subj ect’ s thunb @%@ﬁgﬁcﬁyﬁbb@&g‘%ﬁ% RS aéiirr[‘ﬁ'v%ﬁﬁﬂl fﬂ?%‘ur{a‘eé oPHE RAsss of

acquiring the dat ing to ast one ysi ol ogi ¢ property of the

subj ect. 18,y Gladfl &0 & &Ecﬁ@ﬁlghﬁgwhﬁh %&ﬂ%mto% PhGhdl e &€ Ninge is
configured to acconmpdate a girth of between about 5. cmand about 7.4 cm
20. A cradl IIEIO(HR %%lreem%(éﬁg&ﬁr}plarg? ﬁ%r%ts %n%h@rr%sua\ﬁhegtﬁfcﬂné Q:r%{lfg%luggiﬁtg Eléa : Itecl)”n IS a

pi voting hinge forne and secon ng nenbers,

and wherein gh&mi%&gﬁ%%r%ogfo&leiﬂ%ggidgﬁ%dﬁecond rigid housi ng nenbers
const rai ns BpENIIY SFUST HgT ot "t e AT he“beyond t he predeternined range

when mated {0 one another. via the pivoting hinge. 1. A.cradl e nodul e
Accor ding ol a5 TP kbR et SRR MR haRganey BeRe et uded
angl e neasure be%meen t he sourc anﬂ t he photodetector is |ess than or
equal to abBpfUlsHPewsen ®opt Lep andiwyl b §¥cording to clai m 21, wherein the

predeterm ned range of the included angl e neasured between the sources and
t he phot odelect dt %yéloBgtﬁﬂb@fﬁV%%ﬂfhnééo 3?11&1 apBteinge cradle module is

disposable.

14. A method of obtaining pulse oximetry signals from a subject, comprising:
affixing a physiological probe according to claim 1 to the palmar aspect of a digit of the
subject at the level of the proximal phalanx, wherein the probe is positioned on the
subject’s digit such that the source(s) of electromagnetic radiation, when energized,
provide irradiation of tissues of the subject through the capillary, arterial, and soft tissue
of the digit, and subsequently to the photodetector;

energizing the sources to irradiate the tissues of the subject; and

detecting photodetector signals at an external processing unit operably connected via the
connection cable.

15. A method according to claim 14, further comprising calculating one or more of a
blood pressure value, an SpO2 value, a pulse rate, a respiration cycle, and a
photoplethysmograph waveform for the subject using the photodetector signals.

16. A method according to claim 14, comprising determining a blood pressure value

for the subject using the photodetector signals.
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WO 2012/ 112885PCT/ US2012/ 025640 23. A cradl e nodul e according to claim 22,
wherein the predeterm ned range of the included angl e neasured between the
sour ces om0 20tee11p836t odet ector is between about 550 and &b®AIS2B3023640 24. A
cradl e nodul e according to claim 17, wherein, the hinge is configured such
that a force applied to nove the hinge beyond the predeterm ned range
separates the first and second rigid housing nenbers. 25. A cradle nodule

according tp cl i adid modhie h&iptedtibeuss W § A68ioRgichhgosd; adhgistmdul e whi ch comes
into contact with the sensor npdul e when the two nodul es are nated

conpri ses rRaastir@tah@fecshd HEH HbRMGRMBBAUNAEI (oQnt 88IIR §Ta A J3 1R Birkl ON Of
the sensor nodule in the cradle nodule. 26. A cradle nodule according to

claim 17, waes&l eIpBﬁ)xln%l”t'&& terQtirdue rink adlcs isr@ﬁﬂlg@re& & r@l%&s‘ﬁﬁl‘?%?éi&%% 1 cm and
about 1.5 cm

sensor module, the sensor module comprising (i) one or more sources of electromagnetic
radiation , and (ii) a photodetector configured to detect the radiation from the sources
which has passed through or been reflected by the subject’s tissue,

wherein the hinge is configured to provide a range of adjustment in the diameter of the
ring while physically constraining the included angle measured between the source(s) of
electromagnetic radiation and the photodetector within a predetermined range.

18. A cradle module according to claim 17, wherein the hinge is configured to
accommodate a subject’s thumb at the level of the proximal phalanx for purposes of
acquiring the data relating to at least one physiologic property of the subject.

19. A cradle module according to claim 17, wherein the hinge is configured to
accommodate a girth of between about 6.2 cm and about 7.4 cm.

20. A cradle module according to claim 17, wherein the hinge region is a pivoting
hinge formed by mating the first and second rigid housing members, and wherein the
structure of the first and second rigid housing members constrains opening or closing of
the hinge beyond the predetermined range when mated to one another via the pivoting
hinge.

21. A cradle module according to claim 17, wherein the predetermined range of the
included angle measured between the sources and the photodetector is less than or equal
to about 60°

22. A cradle module according to claim 21, wherein the predetermined range of the
included angle measured between the sources and the photodetector is between about 60°

and about 30°.
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23. A cradle module according to claim 22, wherein the predetermined range of the
included angle measured between the sources and the photodetector is between about 55°
and about 35°.

24, A cradle module according to claim 17, wherein, the hinge is configured such that
a force applied to move the hinge beyond the predetermined range separates the first and
second rigid housing members.

25. A cradle module according to claim 17, wherein the surface of the cradle module
which comes into contact with the sensor module when the two modules are mated
comprises registration structures configured to register the position of the sensor module
in the cradle module.

26. A cradle module according to claim 17, wherein the length of the cradle module is

between about 1 cm and about 1.5 cm.
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