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10 BACKGROUND
Blood pressure refers to the force exerted by circulating blood on the walls of
blood vessels and constitutes one of the principal vital signs. The systolic pressure is the
peak pressure in the arteries, which occurs near the beginning of the cardiac cycle. The
diastolic pressure is the lowest pressure, which is at the resting phase of the cardiac cycle.
15 The average pressure throughout the cardiac cycle is reported as the mean arterial
pressure. The pulse pressure reflects the difference between the maximum and minimum
pressures measured.
Blood pressures can be measured invasively (by penetrating the skin and
measuring inside the blood vessels) or non-invasively. The former is usually restricted to
20 a hospital setting. The non-invasive auscultatory and oscillometric methods are simpler
and quicker than invasive methods, have less complications, and are less unpleasant and
less painful for the patient. Non-invasive measurement methods are more commonly
used for routine examinations and monitoring.
The auscultatory method typically uscs a stethoscope and a sphygmomanomcter.
25 An inflatable cuff is placed around the upper arm at roughly the same vertical height as
the heart and pneumatically connected to a mercury manometer or aneroid gauge. The

mercury manometer measures the height of a column of mercury, giving an absolute cuff
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SUMMARY
25 In some aspects, a vital sign measurement device includes a sensor fixation
device, a sensor frame held by the sensor fixation device, an optical sensing system held
by the sensor frame, and an output unit. The sensor fixation device is adapted to be
placed against an anatomical location of a subject, within which is an artery. The optical
sensing system includes an optical waveguide, an optical source device to supply optical

30 energy to the optical waveguide, and an optical detector to detect an amount of optical
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30energy to the optical wavegui de, and an optical detector to detect
an anmount of optical energy exiting the optical waveguide. The
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the optical waveguide such that the optical detector receives substantially all of the
20 optical energy from the optical source that does not escape from the sides of the optical
waveguide. The optical source can include a coherent light source.
In some implementations, the sensor fixation device can be a cuff including an
inflatable bladder within the cuff. The inflatable bladder may partially encircles the limb.
The cuff can be made of a fabric material. The cuff can be adapted to apply pressure to
25 the anatomical location and thereby compress an artery within the anatomical location.
For example, the cuff can apply pressure when the inflatable bladder is inflated. The
sensor frame can be attached to the cuff at a location that is not coincident with any part
of the bladder. The sensor frame can be held in opposition to the limb by its attachment
to the cuff such that the pressure applied to the limb by the sensor frame is substantially
30 equal to the pressure applied to the limb by the surrounding cuff when the inflatable

bladder is inflated.



For exanple, the cuff can apply pressure when the infl atable bl adder
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In some implementations, the device can include a pressure sensor to detect a
pressure applied to the anatomical location. The output unit can receive a pressure input
indicative of the pressure applied to the anatomical location from the pressure sensor. In
some implementations, the output unit can generate the vital sign using the signal

25 indicative of the optical signal received and the pressure input.

In some implementations, the anatomical location of the subject is an upper arm.
The sensor frame can be configured on the sensor fixation device so that the optical
sensing system is positioned to sense movement due to a pulse of a brachial artery
resulting in the compression or flexing of at least a portion of the compressible optical

30 waveguide. In some implementations, the vital sign can be at least one of a heart rate, an



25i ndi cative of the optical signal received and the pressure input.
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such that said increasing contact pressure causes a decreasing amount of light exiting the
20 second end of the optical waveguide.
In some aspects, a method of measuring a vital sign in a subject can include
transmitting optical energy into a first end of the optical waveguide, detecting an amount
of optical energy ensiting a second end of the optical waveguide, and generating a
measure of the vital sign based on the detected amount of optical energy exiting the
25 second end to of the optical waveguide. The optical waveguide is positioned with a
sensor frame and the sensor frame is positioned against an anatomical location of a
subject, within which is an artery. The optical waveguide is positioned to compress or
flex in response to an arterial pulse. The amount of optical energy exiting the second end
of the optical waveguide is detected using an optical detector held by the sensor frame.

30 The optical detector generates a signal indicative of an amount of optical energy received.
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In some aspects, a method of measuring a subject’s blood pressure can include
applying a varying pressure to an anatomical location of a subject, within which is an
artery, detecting an arterial pulse waveform with an optical power modulation sensor, and
determining a systolic blood pressure and a diastolic blood pressure based on the detect

25 arterial pulse waveform as a function of the applied and varied pressure. The optical
power modulation sensor includes an optical waveguide adapted to be compressed or
flexed in response to an arterial pulse. The compression or flexing of the optical
waveguide results in a reduction in the amount of light transmitted to an end of the
optical waveguide. The arterial pulse waveform being detected from the amount of light

30 exiting the end of the optical waveguide.



In sone aspects, a nethod of neasuring a subject's blood pressure can
include applying a varying pressure to an anatom cal |ocation of a

subj ect, kagb&mﬁmhfh is an artery, detecting an arterh@#ﬂﬂﬂ&ﬁ%&m97

wavef orm wt'h an opti cal power nodul ati on sensor, and ermning a
systolic blood pressure and a diastolic blood pressure based on the
detect 25arterial pulse waveformas a function of the applied and
varied pressure. The optical power nodul ation sensor includes an
opti cal wavegulndemadagicsdan aptiod nnawprsesaatieyice threeldé nsanesfomse t o
an arteri gl | se.. The conpression or.flexing of the ti.cal

vavegur dedrBth foneiRg. £ EIREBRTHERRY mebEintihe S SitRaf MRS Natem ¢ oo

to an endadiptddhe depitias ainows\we givvel@ent bl theaeksor pal in phd Sesondvet cainhafei ng
det ect ed fron1the]%nount of |ight 30eﬁhting the end of the opfical

wavegui de®UtPut unit. The gpucatyensiag Sysfen ing WWQ?&F&Y@P’F%W%%%PW?@ Yefcce

can igicl ugdsic, BRNE0dpticsl R AL T THY dpc A RvaQBRRAETY podtiGRA KRthinad sédisepos ed
in the opening, an optical sensing systenladapped to detect an anpunt
of novenefrmpfudhibatdeaymeremeatiof the saneorped swnlty ndellexinepraamprespug of

unit. The i {.Nn - i ncl . .cal i . .an
opt 1 cal s SARpHER ka3 Rl e S AT dIERE b OPUI A cnlfBy BOL et
wavegui dewascgpolsi fThoopgttalvdtdvior deteets s amount of apricabaretpytdaéingtthweoptical
novenment of the sensor, pad.resul.ts in the flexi r.co essin f
the opt i cYrsaRisydfaauwiiimit s ontapred & iecaep vewl Muliure ehhERpput of
ener gy t oopthel aptdycaltingavestsicalevavifadopid t6 @bnciat 8 elcasurdetBE t1Bowd of
anount of opti cal %Qergy exiting§the_optjcal wavegui de. The out put
unit is cBRVEBEN bt scRtRadeomtheirenshicd sightlcat i ve of the anount of

tooptical energyof¥ialpedd, 4 ﬂ%th@@%f@@éctiﬁ%&ﬁ%&ﬂﬁ ofaltRd ARPBEREt Ban
measure of the amount of novenent of the sensor pad fromthe received

si gnal . include [ransgniting aatieat erereyainieed fistendrof thetapticelvgivegvidordetpgtingfan

| ocal i zed,_dj _ L. [ ug r 11t i _ nto a
ot ange bR GRTEN e bl S defont RIS bhR OBIGRE, B0
ener tfy exikeasug & saoonot cfridwoivatdhispliptmenlof wasnagupad dascdroa theammart bhHg
a l15neasure. of an amunt, of down di  acenen a sensor d.
hasod o pRistLorB i RRE o recSio BHEF i ol FREERE- Joe i lRE i
opti cal f VB0t ler.it(ljli-ﬁf‘ﬁﬂseﬁsr?tr i@k immwmd' eleen'ﬁﬁr pﬁ@%ﬁéﬁhtﬁmgﬂle &hiv&d%iadﬂd a
sensor rane 1 nclu g t he senso pad suc t hat e ownwar

di spl acen‘é‘ﬁ?la‘iﬁmph‘étl tg‘_é??é‘é?" BAESH |t@%canpr?s§1@n@5hﬁﬂ%%e¥@ﬁ%fcak | exi ng
of the ophehideaTRE MG of BRicAIBERA Rfin@Rid GAkalSRAEIMIEX ibkAed ﬁiiﬁ»‘% e
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signal indicative of optical energy received. The generated measure of the amount of
downward displacement of the sensor pad is generated using the signal indicative of the
optical energy exiting the second end of the optical waveguide. The amount of optical
energy exiting the second end of the optical waveguide is reduced in response to the
25 downward displacement of the sensor pad.

In some aspects, a compliant waveguide for detecting arterial pulses includes a
cladding having a flat surface and defining a lumen and a core disposed within the lumen.
The cladding includes an elastomer having 4 Shore A hardness of between 25 and 75.
The core also includes an elastomer having a Shore A hardness of between 25 and 75.

30 The core has a refractive index greater than the refractive index of the cladding.
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15 DESCRIPTION OF DRAWINGS

FIG.. 1 depicts one implementation of the vital sign measurement device.

FIGS. 2A, 2B, and 2C depict various implementations of the vital sign
measurement device positioned on an upper arm, and showing three different levels of
cuff pressure relative to arterial systolic pressure.

20 FIG. 3 depicts a scrics of pulscs during deflation of a cuff detected by a pressure
sensor pneumatically coupled to the cuff compared to simultancously obtained pulses
detected by an optical sensing system held by a sensor fixation device.

FIG. 4 depicts an implementation of a vital sign measurement device having a
sensor fixation device with an inflatable bladder.

25 FIGS. 5A, 5B, and 5C depict an implementation of an sensor frame containing the
components of an optical sensing system.

FIG. 6 depicts an implementation of the optical sensing system on a flexible an
incompressible waveguide support surface.

FIGS. 7A-7C depict implementations of optical sensing systems.



FIG. 1 depicts one inplenentation of the vital sign neasurenent
devi ce. FIGS. 2A, 2B, and 2C depict various inplenmentations of

the vital ﬁrb Hﬁ%gbjrenent devi ce positioned on an UppP&fe 1?65%07@@%97
e

showi ng three rent levels of cuff pressure relative eri al
systolic pressure. 20FIG 3 depicts a series of pulses during
deflation of a cuff detected by a pressure sensor pneumatically
coupled to the cuff conpared to sinultaneously obtained pul ses
detected by anfi§iit Baahd §Brispinghays tenphskdwhyegaids ecrslis infa iedudtion in the

devi ce. F e ;s an inplenentation of a vital sign
measur emefit ¢ é\?lhc%aaem awdﬂbg% sensor fixation device with an inflatable

bl adder. 25FI GEGHHA abB9BatepicBlovae flexdl valreg it RBRERE redictith iafhesensor
frame contai ni ng t he c%ments of an optical sensing system
FIG 6 defg¥yo frRn st ation of the optical sensing systemon a
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Like reference symbols in the various drawings indicatce like elements.

DETAILED DESCRIPTION
As shown in Fig. 1, a vital sign measurement device can include a sensor fixation
device 102, a sensor frame 200 holding an optical sensing system, and an output unit 106.
15 An output from the optical sensing system in the sensor frame 200 can be used to
determine the measurement of a vital sign, for example, blood pressure of a patient, and
specifically systolic and diastolic measures for the blood pressure of the patient.
The sensor fixation device 102 holds the sensor frame 200 and applies it against
an anatomical location of a subject 112, within which is an artery [18. In the Fig. 1, for
20 ¢xample, the anatomical location 112 is an upper arm of a human paticnt. The scnsor
frame 200 can be positioned so that the optical sensing system 104 senses movement
corresponding to an arterial pulse when the sensor frame 200 is placed against the
anatomical location 112 of the subject. In this manner it is possible to detect arterial
pulses with the optical sensing system when the sensor fixation device 102 is exerting a
25 pressure on the subject’s arm 112 that is at or below systolic pressure, but not detect
arterial pulses when the sensor fixation device 102 is above systolic pressure.
Accordingly, systolic pressure can be determined as the pressure applied to the
anatomical location 112 when the first arterial pulse is detected by the optical sensing
system, as a pressure 15 reduced from a pressure exceeding systolic pressure.

30 Alternatively, systolic pressure can be determined to be the last pressure at which an
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the | ast p¥redgrte Fig Shhingldegpn optical wavegunide 212 held by the sensor frame 200, an
optical source 202 positioned to supply optical cnergy to a first cnd of the optical

15 waveguide 212, and an optical detector 240 positioned to detect an amount of optical
energy exiting a second, opposite end of the optical waveguide 212. An output unit 106,
for example as shown in Fig. 1, is connected so as to receive a signal, for example an
electrical signal, from the optical sensing system, and in particular from the optical
detector 240, wherein the signal is indicative of an amount of light at a given point in

20 time exiting the second, opposite end of the optical waveguide that is detected by the
optical detector 240. From that received signal, the output unit 106 generates a measure
of the vital sign. The optical sensing system 104 is acted upon, or responds to, an arterial
pulse by virtue of the compression or flexing of at least one portion of the optical
waveguide 212 of the sensing system, which results in a reduction to the amount of

25 optical energy exiting the optical waveguide and accordingly a reduction in the amount
of optical energy received by the optical detector.

By way of example, a vital sign can include a heart rate, an arterial pulse
waveform, a systolic blood pressure measure, a diastolic blood pressure measure, a mean
arterial blood pressure measure, a pulse pressure measure, and/or a measurement of

30 arterial compliance. In some implementations, the vital signs can be determined from the
timing of arterial pulses, the amplitude and/or magnitude of arterial pulses, and/or from
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2ducts on. G0, A0 TR O 2Bt Leal. speral SLtina e optical
recei ved by thgseiwinGalFiged £Gtsefisor fixation device 102 can be an inflatable cuff 120
having an inflatable bladder 122. For example, the sensor fixation device 102 can be an
assembly that includes a cuff comprising a fabric material that is configured to surround
20 or encircle an anatomical location {e.g., a limb) of a subject. The inflatable bladder 122
can be positioned within the cuff to partially surround or encircle a limb. As such, the
sensor fixation device 102 is adapted to apply pressure to the limb when inflated and
thereby compress an artery within the limb.
Generally, a cuff-type sensor fixation device 102 for use in the presently
25 described systems and methods can be of a type that either completely or partially
encircles the limb, or may be of a type that applies pressure locally as may be
advantageous in certain anatomical locations, including the wrist over the radial artery.
The bladder 122 in such a device 102 can be pneumatically connected to a pump 124 via
a hose 116, as is the case in Figure 4. In some implementations such as that shown in
30 Figure 4, a pneumatically inflatable cuff can be inflated (e.g., via a pump 124) and
deflated (e.g., via a valve 126} to adjust the pressure applied to a portion of a subject’s
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By way of exanple, a vital sign can include a heart rate, an arterial
pul se waveform a systolic blood pressure neasure, a diastolic blood
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Figure 4, a sensor fixation device 102 can be an l'at abl e cuff 120
havi ng ancinrensstragyiemen cotigenondipg to woprtesigbliedn thehedisleaienr: Fhiexseansoon

device 102 can d@? ﬁgpanlaazs%co iibh@on! anl(éé Hcd *Sat f %fc & QR Ip?{sgsglg%n

fabric material gure oun or enci
anat am cabrtdrpy dicinock, peay otha phrt rrﬁ)hednbdﬁwsu’e jaaatterial belsé cenl tetdetecred.
bl adder 122 As shown in Figs. 2A-2C, the sensor frame 200 can be positioned proximal to the
midpoint of the sensor fixation device 102 (as shown in Fig. 2A), at the mid point of the
sensor fixation device 102 (as shown in Figs. 2B and 2C), or distal to the mid point of the
sensor fixation device 102 (not shown). The placement of the sensor frame 200, and
20 more specifically the sensing portion (e.g., a sensor pad) of the sensor frame 200, with
respect to a pressure imparting device can impact the data obtained. In implementations
where the sensor fixation device 102 applies pressure to the anatomical location, such as
shown in Figs. 2A-2C, the position of the sensing portion of the sensing frame 200 within
the sensor fixation device 102 can impact the data obtained. In some implementations, a
25 pressure applied to an artery lying below the surface of an anatomical location can be
non-uniform. For example, although a pressure imparting body placement device 102
can apply a uniform pressure, the pressure transmitted through the layers of tissue can
result in a non-uniform pressure against an artery lying some distance below the surface.
In some implementations, the pressure applied to an artery lying some distance below the

30 skin by an inflatable cuff can be greatest at the cuff midline and less at the cuff margins,

The location of the sensor frame 200 relative to the sensor fixation device 102 can be
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sensing system at a position distal to and separated from the pressure imparting device.

Accordingly, the optical sensing system can detect an arterial pulse waveform at a

position spaced away and distal to the point of arterial occlusion, and thus allow for the
25 detection of unique features of an arterial waveform. The second pressure imparting

device can be an inflatable cuff. In some implementations, both the pressure imparting

device and the sensor fixation device can be inflatable cuffs.

Fig. 2A depicts a sensor fixation device 102 imparting a pressure on the arm

exceeding arterial systolic pressure of the brachial artery sufficient to result in @ minimal

30 arterial opening under the leading edge of the sensor fixation device 102 at systole. The

amount of pressure imparted against the sensor fixation device 102 will pulsate slightly
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respect to a pressure inparting device can inpact the data obtai ned.
In inplenmentations where the sensor fixation device 102 applies

pressure to the angtom cal |ocation, such as shown in Figs. 2A-2C
t he positi 2?8103ﬁ235ensi ng portion of the sensing frar}’é‘q‘%%ﬁwofﬁ%

t he sensor fixation device 102 can inpact the data obtained. In sone
i npl enentations, a 25pressure applied to an artery |lying bel ow the
surface of an anatom cal |ocation can be non-uniform For exanple,
al t hough augtoeksattesial expansidnng tHedehding @ige tetig aevierisl phO2. Nanrtapgl vy a

uni form pressure, the ressure transmtted t ou h t | ayer s of

{1 ssue. o aRPaPBR s At W o ains o i e S 0B dieratiredht @i yi ng
sonme di st asRgREIaH10DR tﬁ@&én@&qmn{emow% HoTBIATRNM Allda@RSsigal €A
pressure appl | ed to an arter yi ng some di stance bel ow the 30skin by

an i nfl at Byailesigral.dgiver. yil @rsatt aémgh@h@re%sufeflf e aenspefrane20kiss at
t he CSUff Hi%%tgﬂ BiSy O-Em(f?g \?P&@ﬁlhlq tl%fmltdﬁcﬁ mﬁé){enéd’r%&p&vfc@ll@ﬁ 4k 1519

t he sensor fi xatl on 1ce 102 can |xed to optimz
sensitivi tsyoctd@dseﬂeamépblﬁissftﬂw®ss(m1ﬁxaﬂrce1 deviced DAl pul se. I n sone

i npl ement ati on sor fr t.he sensin rtion (e.g

Lhe sensor pad Eof® FHESLERESY PPERE 908 D2 Rutibs ARSat e RE bt al he
13|4 of themu?ﬁg mh 1 hmlic lpfcssm‘sc RO¢h mﬁgﬁmﬂ&i‘hﬁiﬁoﬁcﬁm@uhsaﬁbﬂcﬁ nc?rly tﬁ
enargenetote terial segnent under the part of the
Scuf f - wheHerHEPRITHA a’-lifrbég-‘soﬁf st deas lﬁ%ttbaswle Eﬂl On {IHIFESHEP

al | oy Ng AngARE bSfinsd ﬁfe%éﬁlﬁbf‘ﬁidtf%ﬁ defict he ayshahl 'aPcerFHl BOIBAIpRs BRI Be

m dsection of the arterial %ment opens. In other Inplenentations,

not s hovvnmutﬂh@f%?é Heain the gpgs Of 12 aﬁda&th@arécéwéwmnw Qdcurs ofver. ngarly half
Sensor tﬁQE (%El?:ﬁt ﬁ@ﬂg@wmﬁ%ﬁ&q f%@ﬁbn%vi&%cﬁf%\?&t PI 8 aP% Qﬁ?rf&'l st al

mar gi n of I'S responsi ve specl

pul sati | eolmntrgocalhrs diﬂres@smrﬁ)@ﬁcmdds\g@sloamltl}bmﬂt armtihtmfmm thAoptnnadjl ngI Y,
t he unlquefeatu &I tgl ?rla 8% gor t .diastolic
pressure HtUAE4Y% S %lsu‘i?%ﬁ"r taita0b dgdol Prodice dpiala iy

artegs al conpl Fignoe dtmctﬁmseﬁ‘ls@ii fiiatibn advi@r 102SmBATind e pAeduechasly afiahar d
flexing of the skin at the mdline 134 of the cuff, and al so distal

to the m SSIAHE PRoSSMIe, SHEl hat teipate ke pRgmsnivh i PPeRememPRtaply ss Sitiole. | s

bel ow systpé bilREESSH 53€essu&\& uﬁq&bfrtfed BEBSS u{e%alsexﬁﬁ.@féh 'agv1§é/§020du'rﬁg khood
15pressure, the arterial oscillations are limted pr oxI mal

area of t préer@hpulse wil Lgieven ewatgr wsgpditude. The arterial openmg at the location under
the sensor frame 200 causes the optical sensing system 104 to register a pulsatile signal.

20 The top portion of Fig. 3 depicts pressure pulses sensed in a sensor fixation device
102 imparted by the series of arterial pulses as the imparted pressure by the sensor
fixation device 102 is decreased from a pressure exceeding systolic blood pressure of a
subject to a pressure below diastolic blood pressure of a subject. The bottom portion of
Fig. 3 depicts pulses determined from the optical sensing system with the sensor frame at

25 the midpoint of a sensor fixation device 102 as the pressure imparted by the sensor
fixation device is decreased from a pressure exceeding systolic blood pressure of a
subject to a pressure below diastolic blood pressure of a subject. As shown, the optical
sensing system within the sensor frame does not detect any pulses until the imparted
pressure is at or below systolic blood pressure. This can allow for an accurate

30 determination of systolic blood pressure and the waveform detected by the optical
sensing system can allow for the calculation of other vital signs.
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|.n sonme inplenentations, not shown, the device can include a second
pressure inparting device separate fromthe sensor fixation device

hol di ng t%o%&%g__rmgrane havi ng the optical sensing sy (%&S@g@ﬁ)sssm

second pressure Tnparting device can be adapted 20to b

agai nst a second anatom cal |ocation of a subject proximl to the
anatom cal |ocation of the sensor fixation device to allow for
arterial pulse detection by the optical sensing systemat a position
di stal to and Eigphdetigsofa iompldnmataioe o€ asasorfpation deyicteR c&he sensor
Accordi ng .the optical sepnsi m can de n,ar ial se
naver or m HraiphdEyRP b s RARAE B ThER FBha S iihe BRa it 1. ofbe R
arterial efaGhalglioNfabad chatefidSconkipmad todurioied 2BEABLEE butgert OThdinilgEsle
features of an arterial waveform The second pressure inpar

. ( ¢ tin

devi ce caRl2f@rdA2 rHrRastially Butoat eomnlcly omsiteipfiedineh ead f@d@,aqugfq he
pressdre hﬁ}}?ﬁ?ﬁehﬁ% d8Nd G8b e IMRtARRS Q{erefby%&hbl‘éﬁb eﬁllea\ﬂeﬁﬁwfﬂﬁﬂ tRQimb,

i nflatable cuffs. Fig. 2A depicts a Sensor fixati'on device 102
i npar t i ngThe pflewblgraafida0 cirebagdapies celaivrigpetrareunidahe wiypst o of apubisstur e
of the br I al f fnG: .0 T t I ), 0l 30arteri al
openi ng u%ﬁig?) %to h%%egga%iﬁ%gl egggél?%k’osﬁtgoél tgé ! r h‘fndll Eraeggluééntgge?ﬁ%g Efgz at
systol e. djtabsunsing swicnpeandeusetddnpidin td sagar fishe Riletoslensitartctiaqalscon

device 102 wi|l. pul.sate slightly 13 008/ 094340PCT/ US2QQ7/ 085397
due 1o t haoberReiEEan A8 uinio fin el ke PoRdr g 24 Bor | o
pul s Novalktd® bﬂbthé&ﬂﬁﬁétﬂ%}ﬁ@@dﬁ,&mﬂ&h ¢EcROE thisctukdWlic Ghif 1 DR aBeREH!
frame 200, and therefore the optical sensing system 104 in the sensor

frame 200l@BesascG: SbrueHT RGsan arirrRpcd prgHad & SuRigstis mbiand thy bleddpr
LoveLeL, Y4 St enI GBS Sl ESIIGE308 S
fixation theaurep 132bythlzose il $6.i The bladder 122 can also be attached to a valve 126 which
can control the deflation of the bladder 122. The pressure in the bladder 122 can be
15 measured with a pressure transducer 128. The pressure transducer 128 can be located in
the bladder, as shown, or can be pneumatically connected to the bladder 122 (¢.g., via the
hose 116).
The components of the optical sensing system can be packaged within the sensor
frame 200 (e.g, a housing) located at the midpoint 134 of the cuff 120. The sensor frame
20 200 can be attached to the cuff at a location that is not coincident with part of the bladder.
The sensor frame 200 can be in opposition on the cuff such that the pressure applied to
the limb by the sensor frame is substantially equal to the pressure applied to the limb by
the surrounding cuff fabric when the inflatable bladder 122 is inflated. For example, the
upper surface of the sensor frame 200 can be approximately flush with an inside surface
25 of the cuff. The sensor frame 200 can be positioned on the cuff 120 so that the optical
sensing system 104 can sense a pulse of an artery when the cuff 120 is wrapped around
an anatomical location of a patient.
Qutput Unit
As shown in Figs. 4 and 12, the output unit receives signals (e.g., electrical

30 signals) representative of an amount of optical energy (e.g., light) exiting the second end

of the optical waveguide and thus detected by the optical detector 240. These signals
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is located at the mdpoint of the sensor fixation device 102.
Fig. 2B deplcts a sensor fixation device 102 inparting a pressure
slightly rterial systolic pressure, such th a
openi ng 11 ?i ﬁnearly to the mdpoint of the sens§$ |xgﬁﬁgﬁg}
devi ce 102 at systole. The oscillation in pressure 10i nparted agai nst
the sensor fixation device 102 during an arterial pulse pressure
woul d be much larger than in the case of Fig. 2A, as the arterial
expansi oncackauraswitisd viredediycahwirgs HI8. thh eom@gmm¢medtajioa$ dlot auitpuitjunit d e
sensor f|x ti % r. w2 n ccur. t
the- sensortuSttera B B T55 IS Noah Ble B B0 i PG
sensi ng sisthe fri0f sigﬁalts teg. selacncal fsirgﬁzitE) f?(ﬁﬁ) agassur®insiiceelinoRe Bladder

pulsatile | ghal . Fig. 2C de asen or fixati devi ce 102

i nparting %i%? B e AR P@F g t°§§}g% W@%}éﬂl&gto ORI t he
entire ar hbwnt SeFREdMke dob8cPRININIBARRL Rthtoh A pal&t OlngomEhe
oscillations in pressure inparted against the sensor fixation device
102 dur i n§nementetions.dhe putputanitil0p caercesiehdait watrdingithe apgpmt eflepdicalThe
arterial r X uses
the optica ?@e%g?lﬁ%d ystdé) E%glhfgt& SPﬂglgﬂth‘lt (gbﬁlcgle%ﬁ ?Il;sga{)&ﬁ%g%giggﬁg ?s 20The
t op porti transofisskéing. 3 dep| cts pressure puI ses sensed in a sensor

fixation deviceg 102 i. ser es of arterjal.pulses, as the
i mparted pr ess‘g? J%thPn'ﬁa s8'¥d H] 18 bl%‘b?le‘&f%refﬁﬂ{ ‘%’é’w%&? g'glélgﬁdf rom
a pressur &Isplxy,emdimgtostyspfv:ocbnemrla{cﬁ:@dumgmwge Rfirt Batﬁlsﬁitﬁﬁipré&@ul@ and
pressure gel ow di astolic bI ood pressure of a subject. The bottom

portion ofiaHPUE PIESSYEDi Ap ShyTN 8L deths oHiPHENT erérFF”E H%P%f‘gcéé‘l’”%@ﬁm ng
system wi aﬂapmja@n@ eN6ah sBﬁ@[Fﬁpl@&erﬁ@ﬁ&ﬁ@ ﬁ@tmﬂwthe%ﬁt SRNGATe itk dhen
device 102 as the pressure inparted by the sénsor fixation device is
decr eas edsqnﬁ@rfraanep ekl ip anether oot diesqus] aseenbily o6 cpy kesrsup s olpeaged

subj ect thdamFEBﬁ 'd[oﬁn&{ﬂ»lvf?}‘{"th@' ?ﬁ&a‘? Iséngﬁl ls?&ﬁm RiaSoirHEsE Tn%ﬁsn"f}ssc?iéiﬁl Qites AS
shown, the optical sensing em w t e sensor frane does not
det ettt anyanpcdnmvast datat(¢.k., Viaelactrma]rmgdlsp)fresﬁhe eutpd uatt 106 tcdoibk displyst ol i ¢
bl ood pre sur i S, can IIo for .an _accur. 30det er.m nati on of
oystol | o Bratsd1ar i upaelmepho . yRmamRe L i SB) Tk iR

sensi ng smh@mmm\ai{mweﬁmanhrhﬁs@ﬁl cul ation of other vital signs.

Fig. 4 depicts_one i enentation of a sensqQr fjxatjon device 10Q2.
The sensor fi x&SPBS ‘%B{?W%taﬁ% & OHIRUS Birt cap Al eéﬂﬁk“ﬁﬂ’)’“‘ﬁ%\tﬁ W@g‘&ﬁ

i nfl atabl @hﬁ&hﬁ%@éctﬂ@mgﬁﬁm%h&% fm&@%n'n%hd%@'ﬁelﬁ E@Pitb@bﬁﬁfe%ﬁipﬁ{ unit

configured to surround a |inb of a subject. he i nf| at'abl e bl adder
122 &an palr:@tsapre;deteﬁnmec}mte%rﬁﬂr@v@ngle thpeutpetiuaitichredd adapted ameretan be

adapt ed t Qiqu,] or audio alarm to alert a user that a detected vital sign is outside of a predetermined

range.
The output unit 106 can perform a number of data processing steps, calculations,
or estimating functions, some of which are discussed below. The output unit 106 can
25 include a processor to determine the vital sign from signals from the optical sensing
system with or without other data (e.g., data regarding a pressure applied to an
anatomical location by an inflatable cuff as shown in Fig. 4).
Sensor Frame
As shown in Figs. 5A, 5B, and 5C, an optical sensing system 104 can be
30 contained within a sensing frame 200 (e.g., a housing). The function of the sensor frame
200 is to maintain pressure against the skin and transmit the mechanical impulse of
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5 apply pressure to the linb when inflated and thereby conpress an
artery within the linb. The inflatable cuff 120 can be adapted to be

wr apped araMﬂH (B Gahfpper armof a subject and to hold 3 ﬁﬁm@%@?ﬁ
200 in a p05|t|on to apply equal pressure to the linb. An"op cal

sensi ng system can be |located within the sensor frame 200 to det ect
arterial pulses fromthe brachial artery. The cuff 120 can incl ude
hook and | oop fasteners 132 (e.g., 10 Velcro(r)) or other fastening
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bl adder 1&%n&&ﬂﬂb&(ﬁ@ﬁﬂﬁ&heﬁmmﬁ a punp 124 by a hose 116. The bladder
122 can also b attacg@q t% a valve é26 whi ch can control t he

ey

defl ati on of t canrprplaged 2gRips 2 Angtpraics) Igeptien (a2 pageiist be

15 measur ﬁﬁbﬂé@t & Bkifl) 107882 WFtEridl HaR&CRE néeénenmﬁthe rs&ﬁwa% 230 aRRiEl Qeﬁ‘{
128 can be located in the bl adder, "as shown, or can pneumatical |y

connect edbe positipnable agigeqnt othe pratomicaljocatione Throsasor p@q 232 canbe The

t th
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appl ied t ichide alléaaizphyg Iiﬂ&ltﬁm(w thcrsaier p&d 232h6 E:@ﬁh'tdr@l{el fprce@pgliedtte t he

pressure gpplled to the |linb by the surrounding cuff fabric _when the
i nf | at abl BC5FEgHRad 282 bytac @%?%?aéépcamofék%ﬂa&u%t Th@é‘ﬁtﬁﬁﬁéflg ¥ ssice of

the sensoggh B@afeacﬁapmcama@% p@HBh%'tHE%E&JoY fifub 960, wrﬁefbeﬁgar A%k 980 can
surface 25 of the cuff The sensor franme 200 can be positioned on the

cuf f 120 8lso tﬂ@bﬁesmv@hypswéappog@h@wngeg@w@t@ﬁhmalﬂ@abieg@dmsﬁeoxapqssﬂﬂsle of
of & pat ) SARER: G uredpas b ARG LAV ARG I LR s BRRACT,
recet a;/ es]c s:nags;yyick s(lppogt s,trueﬂumﬁ.%ls ite &lppd0 memw::ﬂwav'[e@nmmtagammeh@fo;@? ]

anoun or o | ner exl tl seco (0] e
ot can wa it SREPHaltle ate be Mohe Rbbaniiet M SERGTTe Dyran

These si gnigb clkide wih | OltotifaanEIT YAtk GAmhe optiACddidctar 240 B8 odPBt o
some |nple&§ntat|ons the output unit 106 can al so receive other
data. For [¥afPee BRCRAYHHP oL WY thejppses frame 20t eandndpderAnowpit a in

the form ofis sldRAlifR res 1k 8&lshliCdka ﬁb[ﬁ@l?é Sukpt LRI S a PERSSMI Burce
transducer in the bladder 122 of a cuff 120 to the output unit 106 to

al | o t he(gutpdisplayli {n s06: implagesntatinhs heaandafronn £0bfandees s width appl i ed
to an a”%%@gﬁ%&&f‘%'l@dﬂe&fe Ogg aB@ﬁt'ﬁH&haiAfén@ TBpdciBd eﬁ??ﬁ ?ﬁ?:% the

output uni can recel ve ta regar anoun |ca
(e.g., about 1.7 inches), and a thickness of between 0.3 and 0.9 inches (c.g., about 0.6

inches).
As shown in Figs. 5A, 5B, and 5C, a sensor pad 232 adapted for placement
25 against an anatomical location of a subject can be attached to a load spring 234. The
sensor pad 232 can extend out of the sensor frame 200 when in a relaxed state. For
example, the sensor pad 232 can extend out of the sensor frame 200 by at least 0.1 inch
(e.g., between 0.1 and 0.3 inches). As shown, the sensor pad 232 extends out from the
sensor housing 200 by 0.161 inches. The sensor pad 232 can have any shape. The sensor
30 pad 232 can have a diameter of at least 0.3 inches, for example between 0.3 and 0.8
inches (e.g., about 0.6 inches). In some implementations, for example as shown in Fig,
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energy received by an optical detector fromthe optical sensing
systemvia wireless transm ssion. As shown in Figs. 1, 4, and 12, the
vital signgeasiuhengnt device can include a 10di splay Us]z&04710§§3;97
depict one or nore vital signs (e.g., heart rate, systolic pressure
and diastolic pressure). As shown in Fig. 4, the output unit 106 can
be packaged with the display unit 114. In sone inplenentations, not
shown, the output unit can be within the sensor franme, can be in
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shown in Kisghsséh)abowre NBBmE BNEmARaRMO Wbt Sibwi, Eh%ouﬁﬁt unBran®RGnAfded N
optical sensi ng@system 104 can be 30contained within a sensing frane

200 (e. g. WithinHboigansey)franraad prse eqrotranemitivitel sigindagy tofdedines outside of the
housing. In somc implecmentations, not shown, the optical scnsing system 104 can

15 transmit data from the sensor frame 200 by wireless transmission.

The load spring 234 can counter a force applied to the sensor pad 232 from an
arterial pulse and return the sensor pad to an initial state after the arterial pulse. The load
spring 234 can thus limit the amount of compression and flexural deformation of the
waveguide due to an arterial pulse. The load spring 234 can be selected such that the

20 optical transmission factor is most sensitive to waveguide deformation within the useful
range of cuff pressures. The combination of the load spring 234 and other features of the
sensor frame 200 and the optical sensing system 104 can provide countering forces such
that an applied pressure of 150 mmHg will displace the sensor pad by at least 1 mm from
a resting state. In some implementations, the sensor frame 200 and optical sensing

25 system 104 can be adapted such that an applied pressure of 150 mmHg will displace the
sensor pad by at least 2 mm from the resting state. In some implementations, the load
spring 234 can be adapted to provide a maximum displacement of the sensor pad between
0.5 and 3 millimeters at a maximum pressure (e.g., between 0.8 and 1.5 millimeters at a
maximum pressure). In some implementations, the sensor frame 200 and optical sensing

30 system 104 can be adapted such that an applied pressure of between 80 and 150 mmHg

{e.g., between 100 and 130 mmHg) can render an upper surface of the sensor pad
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200 is to majntain pressure against the skin and transmt the
mechani cal inpulse of arterial pulses to the optical sensing system
104 witho ting the pneumatic cuff pressure p

function o zﬁ@}%gpcal sensing system104 is to generat&?%sza-&@&ﬁ?”
representative of the arterial pulse. The sensor franme 200 can be

pl aced agai nst an anatom cal |ocation (e.g., against a 5subject's
skin) to sense arterial pulses by the novenent of the sensor pad 232,
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contact pressure causes a decreasing amount of light exiting the optical waveguide., In
some implementations, the support return element 237 can work with the load spring 234
to accomplish the increasing contact pressure. In some implementations, the waveguide

25 support surface 233 can be a flexible electronic circuit board, to which the waveguide is
bonded with a flexible elastomer adhesive. As shown in Fig. 6, the waveguide support
surface 233 can also support and carry the optical source 202 and/or the optical detector
240. In some implementations, other associated electronic components can be mounted
on the waveguide support surface 233,

30 The waveguide support structure 235 is non-compliant. In some implementations,

as shown in Fig. 7A the waveguide support structure 235 can support the portion of the
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5C, the sensor pad 232 can be attached to the spring 234 by a hinge
236 that allows for the back and forth nmotion of the sensor pad 232.

I n some i rjons, as shown in Fig. 5C the sens

have an |%Pﬁﬂ@8}5gb‘é}er surface. The sensor pad 232 canW?é%ﬁ?g—?to
or otherw se positioned to cause the conpression or flexing of the
optical 5Swavegui de 212 of the optical sensing system 104. As shown in
Fig. 5C, the sensor pad 232 can include a pressing portion 238
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sensqy patiglbyraﬂgmltte(aﬁ)tthaopﬁaafdma2mest| ng state I n sone

i npl enent at i on,lsjli the sensor fra .and op senS| ng 25system
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t
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patient byxckbR spaslidisteRbred Mg chfZyridshird (d0dQe systolic pressure) the artery
25 proximal to the occluding device 102 (e.g., an inflatable cuff) can impart a pulsatile
impact to the anatomical location delivered through the tissue, which causes a pulsatile
pressure increase within the occluding device 102. This effect causes a pulsatile
tensioning of the occluding device 102, which would be detected by a surface pressure
sensor attached to the inside surface of the occluding device 102, even though there is no

30 cuff contraction because the tissue is essentially "incompressible” and the artery is

continuously occluded in the area underneath the pressure sensor. A signal of an amount
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occl udi ng device providing a pressure to the anatom cal |ocation
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i nner surf ayg ogiﬂg?‘ﬁe sensor fixation device (e.g., the’in %&7@?&97
cuff). The sensor franme 200 can al so i nclude a wavegui de
supporting structures, such as the flexible and inconpressible
wavegui de support surface 233 and/or a non-conpliant 1Owavegui de
support sof M@tsure@pm@i tyoths apybetiing ddvé:ewmsgmfﬂléa@tﬁpm%utmnmp) éndahe
sensing s Lnst...th [ GE t.he _sens

The waveg%| © ﬁ%ﬂé?%%goa i 1%5:%%%% Ean " ﬁg‘ﬁ Eg%t"" YIS 4R Coling®

i nconpr es sﬂ‘ftdt of thu ppeanitig &flihé acey andloddilo®@Xil®@nth @korig sthlleer ehitieefeengt h

O oD el P2 P IR STEL 20 Sl

237 cpnfi GahRCh shayr g abAR BURRRIOh sSbf &nchad@ HitRUARS RYpdile QRPBSIR: t he
fl exing of the support surface. For exanple, the suppor return

el enent 2@sigpingphibe gaif whhisly gif aresuprsond prIent dhadetmstion olemetion during a
hi gh d
| gh MenDLYe. f gﬂ g@ l%ss?&e%%{m\%%%tc@)ﬂc Pg&gf;eh &C%Qﬁdtr%@ %Q? Etﬁht' e

to its non- 05|t|on ach pu
Th e su p_posansung tsyﬂtcnn slithimendcn®B frag@ns b encdida ptsor dao nmr@a/ocdﬁt@yundwatq thc

i ncreasin ress e between the sor ad and t he tica
wavequ doOTEod SRESHE Hf « BEVE porb 4 Ura oo P STHATH tRISared on
of maxi MupreslusPmeeritht is weddad fatealdptticiadr co@biagthegoradagdliad such that
sai d |ncreaS|no contact pressure causes a decreasi ng anount of |ight
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i npl enent atjons, as shown in Fi 7A the ui de support structure
235 can sppoRtORAEMYEMERtpnssantl IR DiSPLASS 2087 A 98

detector 240 receives the optical energy exntmg an opposite, second end of the optical

20 waveguide 212 and can generate a signal indicative of the amount of light received. In
some implementations, the optical detector 240 receives substantially all of the light
exiting the second end of the optical waveguide 212. In some implementations, the
optical detector 240 can be a PIN diode photodetector, a CCD (Charge-Coupled Device)
detector, or a CMOS (Complementary Metal-Oxide—Semiconductor) detector.

25 COptical Waveguide

The optical waveguide 212 can be an optical fiber or any liquid, gel, or solid that
transmits light waves by internal reflection or refraction. An optical waveguide 212 can
include a length of optically clear material, commonly referred to as the “core™ 215,
which is surrounded by a material of lower refractive index, commonly referred to as the

30 “cladding” 217. The core 215 can have a relatively high index of refraction (N), with
respect to the lower index of refraction (N) of the cladding 217. The difference between
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wavegui de 212 being acted upon by the sensor pad 232 (e.g., over
substantially all of its length). Accordingly, the waveguide 212 can
be conpre 2en t he wavegui de support 235 and prqﬁﬁi LiLon
238. Figss®§%0§ﬁ§$gg, di scussed bel ow, depict how the co reggﬁ%ﬁbgf
t he wavegui de 212 can result in a reduction in the anount of |ight
Stransmtted to the optical detector 240. In other inplenmentations,

as shown in Figs. 7B and 7C, the wavegui de support structure 235 can
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i s pl acedNagegisnEiciantz diffraend il wdue, b drega pastiorod! thibghs will eamain eopfined. t han
nerely a i t. . a
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pressure appljed. to. the.anatqnm.cal.location b he ,occl udi evi ce
05" Becee i lrit i e FFudl AP tar Thedhite Arep ol 6 B ShaBlo S IR of
pr essur e) fdilb& i d@htyon25pr oxi mal to the occl uding device 102 (e.g., an
i nfl at abl e cufr%)' can inpart a pulsatile inpact to the anatom cal

| ocation delivered through the tissue, which causes a pulsatile
pressure increase wthin the occhudipgn@emige 102. This effect causes

a pulsatile tensioning of the occl udi ng device 102, which woul d be
detected by a surface pressure sensor attached to the inside surface

of the occludi ﬂgotﬂ&'vcihgl%cr&(@fc oYUl BpﬁJAPHQJ} of Qﬁfc@il \.lvgve'%&de 18 the number of

modes that are excitable. In an optical waveguide, the term "mode" refers to a specific
intensity pattern in a plane transverse to the optical waveguide axis. A close relationship
exists between the internal mode pattern and the external speckle pattern of an optical
fiber. In a single mode fiber, only one intensity peak is allowed. In multi-mode fibers, a
25 large number of intensity peaks may occur at any location along the waveguide. In any
waveguide with circular cross section, the "zero order” mode is formed by light
propagating along the waveguide axis (assuming a perfectly straight waveguide). So-
called "higher order" modes are formed by light that is not launched in the axial direction,
but at some angle to the axis. These modes are guided by the refractive index difference
30 between the core and cladding and each one will usually have lower intenéity than the

zero order mode. When a step index waveguide is flexed at some location, the lower
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30cuff contraction because the tissue is essentially "inconpressible"
and the artery is continuously occluded in the area underneath the

pressure Sﬁrﬁszﬂﬂs/w.?}uﬁ' gnal of an anount of pressure applldTﬁ(gs wm&g}%

occl udi ng devi ce ., a cuff bladder pressure sensor)

surface pressure sensor will be simlar above and bel ow systolic
pressure because the effect of the opening of the artery to allow
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optical energy could be much more finely determined and relatively smaII deformation
changes could be detected. Accordingly, in some implementations, the optical source can
20 provide a diverging beam of an NA that is approximately equal to or greater than that of
the waveguide. If the light source NA is greater than the waveguide NA, the result is that
the portion of the light emitted at the greatest angle of axis escapes into the cladding
immediately. The optical waveguide can also be formed so that it is capable of guiding at

least 10,000 modes (e.g., greater than 50,000 modes). The number of possible modes in a

25 step index waveguide is given by:
N=V*2

where V is the normalized frequency. The normalized frequency (V) is calculated as

30 follows:



The optical waveguide 212 can be an optical fiber or any liquid, gel,
or solid that transmits light waves by internal reflection or

refractio tj.cal wavegui de 212 can include a |len _

opti cal | yr\érpég?%%gﬁ rial, coomonly referred to as the " chr(lgsrm%ga,sm
which is surrounded by a material of |ower refractive index, comonly
referred to as the 30"cl addi ng" 217. The core 215 can have a
relatively high index of refraction (N2), with respect to the | ower

i ndex of refraction (N1) of the cWaddtaiga2l7. The difference between
the core and cladding refractive indices defines the nuneri cal
aperture (NA) of the waveguide, according to the relationship: 22 1/2
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| depends in part also on the actual deformation encountered by the waveguide (which is in
turn dependent on the waveguide Durometer, the mechanical pressure actually applied to
the waveguide, and the amount of flexing of the waveguide). In some implementations,
15 the waveguide can have a soft elastomer core with Shore A Durometer between 45 and
55, an NA between 0.35 and 0.4 (corresponding to a core refractive index of 1.46 and a
cladding refractive index of 1.41), and core radius of 150-200 micrometers. This design
can produce a 50-70% transmission loss in a short length of waveguide (2-4 cm) when
the flexing deformation is from 5-20 degrees over a length of 1-2 cm and/or where the
20 core is compressed by 5-50%.

An NA 0f 0.2-0.4 can be achieved by having a refractive index difference
between core and cladding of 2-4% in common optical grade materials. In light
transmission applications, light is introduced into one end of a waveguide. If the
waveguide is straight, total internal reflection will cause confinement of all input light

25 that is within the NA of the waveguide, and the loss of light will be minimal. Ifa
waveguide 1s not straight but has some curvature, some of the light will undergo total
internal reflection until it reaches a bend, where it arrives at the core/cladding interface at
less than the critical angle (0;) and escapes into the cladding. Similarly, if a waveguide is
compressed, some of the light will undergo total internal reflection until it reaches a

30 compressed area, where it arrives at the core/cladding interface at less than the critical

angle (6.} and escapes into the cladding. Variable transmission losses due to pulsatile
24



Oc = arcsin (NI/N2) 20Anot her characteristic of an optical fiber or
optical waveguide is the nunber of nodes that are excitable. In an

opti cal vva*s%‘}s%&ﬁ{’ he term "node" refers to a specifi cpéﬁssaﬁ}(}%%%e

pattern in a‘plane transverse to the optical wavegui de a
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can of suitable elastomers include polysiloxane, polyurethane, and polybutadine rubber. In
some implementations, both the core 215 and the cladding 217 include a siloxane
elastomer. For example, the optical waveguide can have a cladding 217 composed of
25 silicone elastomer and a core 215 composed of a second silicone elastomer of different
refractive index. In some implementations, the cladding elastomer can be a material that
does not inhibit the cure of the core material. For example, the cladding elastomer can
have addition cure chemistry and the core elastomer can have platinum cure chemistry.
The cladding 217 can be optically clear or can have a translucent appearance.
30 The core 215 can be optically clear. In some embodiments, the cladding can have a

refractive index between 1.39 and 1.48 (e.g., between 1.39 and 1.41). In some
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20provi de a diverging beamof an NA that is approxinmately equal to or
greater than that of the waveguide. If the |light source NA is greater
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wnere o EvRgaant gb- ahe SRufbe Biing3 shv i Mveneh ool

nuner i cal 7apes. ieheecnlfdstane SHRVEGUDLEAE 1 5@8n HiveashsRdA aheviRicr 3NbktwednS2d he
wavel ength of Jight. The nost_practical 5light sources have a
wavel engt Fd 3 (esh bersiBeR 20 45)t 0 0. 85 micrometers. Consequently the

product of a apgh %cheQﬁd@@lzt A8 hAehuner 690%%51‘3?@&3@@_& shgmg gtisfy

the criteria for 000 nbdes. The practical ran NAis 0.2 to.
0. 4 appr oKignbAe| the cladding &i7mghhaves viepulag olodesdetriahghans Iaosk 0.4 woul d
need to h 1Nl cor fUS 1 C I ow
For 50, 000 s ubUFifi Biadhe Bl 80 HHSw Ren D RaMHER SRS S0k h2ely )
al | ow 10, D@Ocanades as hmadhosiec borplingearfhat fooathesidinef thavgtpal devegoide 2215

has a radjus,of, at lLeast 45 micraneters (. ., bet ween 0 and 200

i or ot el ISHESEER T L hapEha e b vt LSt fle BBfya)

def ofgrat | @RvepRIRWIthe! Bd opiical beising ¥a@dnh dBor(cainglb, ths fla) widehéd sleagpdent
on the wavegui de Duroneter, the nechanical pressure actually applied
to the watHsfas ean bedwadedie aariyaeridoruppeesyrfige bY 2 firebirelastpmenaghesive
some i npl ?%E.r‘lt{)‘ﬁtldiﬁﬁlow &éssls@@cidf@\@%'rr%?es%?ﬂ AV Gateoiabd 22 RS MR ar,
core with Shore A Duroneter between 45 and %5, an between 0. 35 "and
0. 4 (cor regisoertbaagng surfacedfk refractive index of 1 46 and a cl addi ng

refractive 1oy Blahbhlor Aol Sy 8fllidi® 9lcad BRS04 B 6 BIEASGHS

Thi s design can pro ran ssionloss 1n a ength
of wesy eguprdeest.2indsoar)inplearentatiend, thexored Idehd thealaddingi2s 7 taroln Hrdé in a
degrees over a | engt h of 1-2 cm and/or an]ar 5 &dhe 221 core IS compr essed
by 5- 50% co-extrusion process. In some implementations, the cladding can be extruded In a
first process to produce a constant cross-sectional shape defining a hollow lumen. The
core 215 can then be made by filling the lumen of the cladding 217 with a core material.
For example, an extrusion process can be used to make any of the cladding cross-
20 sectional shapes shown in Figs. 10A-10D. In some implementations, the location of the
core centerline may be set to match the location of the exit beam of the optical source
202, after the optical source 202 and optical waveguide 212 are mounted on the flexible
waveguide support 235, thereby facilitating ease of optical alignment of the optical
waveguide 212 to the optical source 202.

25 Analvtical Methods

The optical detector 240 of an optical sensing system [04 can generate an
electrical signal 420 indicating the amount of light received. The electrical signal 420
can be a function of time. The electrical optical detector signal 420 is analyzed to
determine a number of vital signs. The output unit 106 can determine the amplitude
30 and/or magnitude of each arterial pulse to determine one or more vital signs. In some
implementations, the amplitudes and/or magnitudes for a series of artenial pulses can be
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An NA of 0.2-0.4 can be achieved by having a refractive index
di fference between core and cl addi ng of 2-4%in common optical grade

mat eri al s. %(#s’mgmwt ransm ssi on applications, light i %41%5{29@}6?5%97

into one en a wavegui de. If the waveguide is straigh

internal reflection will cause confinenent of all input |ight 25that
is within the NA of the waveguide, and the loss of light will be
mnimal. If a waveguide is not straight but has sonme curvature, sone

of the Ii gﬁtmvi.nftd tomnuan@@one)mahorbrvitelrsi@s frefomedmplementatiods, the tingaches
a bend, wh rriv e co cl addin terface a ess _t han
Phecor ¢ Sy n@oh bES A o BRSNS AT o BLERLAGR Ry 68 B0d O
a wavegui dSEclltcS da&lﬂfﬁﬁ@h}@ﬁdates bokcxafplenBigl 1 Didmonsirdtedhel pilgnilé BEtal
internal reflectiaon until eaches a 30conp ?ssed area, where it

arrives afrarfSHeSSa%lrlem‘faé{a%Hlﬁif-‘gw EEH forpreosalaikdefompaHoR s to ap arte!
angl & (0) Fﬁ‘l@@' EREARS sibi hRadufenat2ddhRg e hé/ﬁﬂaeebh@n&trr@cﬁﬁ@lﬁﬁﬂt Rialdfs es

due to pulsatile 24 Dbénding or conpression can be nmeasured with an
optical déeasesse zamicdéo te angomiset loewien i) fonexample, éﬂ?ﬂﬂ@wﬁc\ﬁaﬁegw de

avegl de. as PRSE BERREn T SEnbRre ST E1bPhiEn I B, b

wavegui deirig. @@usaqmtmﬂte ainnmBatne the afff &ct pressucfat opdtild aﬂmﬂgh@crmh&

within the core of t tlcal u

Conpr ossi O Pobg et PG g Ao Ao Arccun BASE " pbifsrmedey
9B, ef theo ﬁﬂi}t{giﬁélowﬂmlib gfsshicl récefding the bflerial pRsSSwalef@isipestducingr gy
because the cqnpressi on or erX|n of the optlcal wayegui 212
resul ts i HCLBHFE PONER SHItERL wélgm(lgm?nwa'g opmg e d %v@cz@esyr PREChi ng

the inter f‘e@ﬁl?esbﬁét\é@ﬁébpbﬁtﬁtocs%t@h@ ssﬁf&dﬁfrﬁ&@r £laBPRE Mk wvifRnsaNgl es

| ess than 10the critical angle shownin Figs. 8A and 8B, the
conpr essi B¢eIHing ¢ne ayprdre &Iaum\ﬂéﬁj GD@@PQ&@O q@mm@smﬁe,@lﬂ}e@ﬁmm@wel n

the trans t d 6 ngr.gy
I R
wavetfui dewddormsesube secbrniedibothdlunng miflaiion addeieﬂatmmsxﬁthdmﬂf and thiothal
energy 261 ecayse 04 g% ost t| cg} ner 263. 15The opti cal
wavegui de VAIFOIRPCHECE § ﬁaﬁrpléleé# 5reEG %tg %rleﬁgurer n sone

By observing the arterial waveform formed through this process, various vital

signs can be determined and/or estimated, such as systolic pressure, diastolic pressure,
and mean arterial pressure. In some implementations, the method of measuring blood

20 pressure can include analyzing the arterial pulse waveforms by measuring the amplitudes
of the sequence of waveforms recorded during the cuff deflation; determining the cuff
pressure at which the pulse waveform amplitude is significantly higher than the
waveform amplitude of the preceding pulse occurring at higher cuff pressure during
deflation of the cuff; and displaying that pressure as the systolic pressure.

25 Systolic pressure can be determined in a number of ways based on the data
received from the optical sensing system 104 and from data from the sensor fixation
device 102. In some implementations, the systolic pressure can be determined at the cuff
pressure at which the pulse waveform amplitude is significantly lower than the waveform
amplitude of the preceding pulse occurring at lower cuff pressure during inflation of the

30 cuff. In some implementations, the diastolic pressure can be determined during deflation

of the cuff at the cuff pressure where the pulse waveform is indicative of the pulsatile
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i npl ementations, the optical waveguide 212 can include an el astoner.
For exanple, the core 215, the cladding 217, or a conbination thereof

can inCluQ%B?@”@%%ﬁsonEr' Conventional glass and plaSthﬁnﬂR&%ﬁ@&?%Ta

fi bers exhi Ing | osses, but are generally not deformra
significant extent by mechani cal conpression. Conpliant wavegui des,
20however, can be fabricated using softer materials. In contrast to
gl ass wavegui des, such conpliant wavegui des may be easily defornmed by
snmal | conprtessi te afterid ssgmdit angsr 8w sefisos UMbedrpeciBtallyt thaerastolin piesmies

ot orent o s e PR e AU B BRRSp bR FopeA Do R porsy

si | oxane ebasdtangtime dofingethagplie cidie Diferd@me@degi defearnhiayea
cl addi ng 217 copposed of,255ilj§$ne el astomer. and a _.core 215, conposed
of a secoff&® BNt PEIREE SYALICHOGiPFFSEITE At $13 Pefanfituoushy dospitofed Dy one

| mpl &Nt alchRRfg tlfefbﬁs&ihél@%itdm pRisast 97Bhe SAfe RSthBdIWsailed labdveahd 4RAS
not inhibit the cure of the core material. For exanple, the cladding
el ast oner Peatiripag heaudi o peanstant pregyegnsitthen eontinuaysly cametosngeoner can

have pl at [ QURGHT B ] I i . i | ear
or can have a1%?éﬁ?ﬁ%@%ﬁ?$%%%ggggﬂggﬁ%%ggﬁg%égFﬁﬁg?@ﬁggﬁ&%g%g%¥P§alIy
cl ear. | npssare readogl{cnenicsk atidval plcssdch).ng fostnmdravred artered paled anyditudedex
between 1,39 and 1.48 (e.q., between.1.39 and 1.41). 1In

2008 004 3RS G5t bEEdre anbb arRunISI Tt bty TR oo e
refracti veorhpugato ek veEeBnck. phisc an@lituddb® dséim@te, chglev@eilodd fessanrd Id.. 47) .
The cl addi ng can have a Shore A duroneter of between 25 and 75 (e.g.,
bet ween 43Pnigmpienyentatiqas, dhsrulss pepveiorm mayigholoes)fap B ACtHTNBAOEPULYE

bet ween 25,806 (Rfricheld at (RELNGER PRI ThE puls O MR IGRE h&BholbEY &AUde
212 can have a nunber of configurations. As shown in Fig. 10A the

cl addi ng megsuesdreontieusly ene eset &0 menigns dlopd préseura chanigegyelativytogdrmseline

i mpl ement gyj ons, the cladding can have a flat, w dened bearing
surface along its length that can serve as an adhesive bondi ng
surface for adhesinemmpemthetiaps suchhs skawagu e 12112 ontpuaudit HGidahe

T
the fl at, thelodgnechiDE@Idan determine an amplitude, a magnitude and/or a waveform of one or
more arterial pulses in a waveform generator 436. In some implementations, the output
unit 106 can include a systolic pressure calculator 442 to determine a systolic pressure for
20 a subject based upon a determined amplitude, magnitude and/or waveform and a pressure
applied to the subject, which can be detected (e.g., a pressure detected in an inflatable
cuff by a pressure sensor). In some implementations, the output unit 106 can include a
diastolic pressure calculator 444 to determine a diastolic pressure for a subject based
upon a determined amplitude, magnitude and/or waveform and a pressure applied to the
25 subject, which can be detected (¢.g., a pressure detected in an inflatable cuff by a pressure
sensor 128). In some implementations, a heart rate calculator 446 can determine a heart
rate from either a determined arterial pulse waveform from the optical signal or from
pressures detected in an inflatable cuff by a pressure sensor 128,
The output unit 106 shown in Fig. 12, also includes a pressure sensor 128
30 pneumatically connected to a bladder in the cuff, which transmits data regarding the

pressure in the cuff as a function of time to the analog-to-digital converter 435. In some
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surface can be bonded to a wavegui de support surface by a flexible
el ast omer adhesive. Figs. 10B-10D show cross-sections of exanpl es of

opti cal 12 having a flat, w dened bearing %Hﬁi

The claddlngqg%gﬁﬁygthe opti cal maveQU|de 212 can be fo I%ﬁﬁv%§%97
extrusion 15process. In sone inplenentations, the core 215 and the
cl adding 217 can be formed in a co-extrusion process. |In sone

i npl enentations, the cladding 217 can be extruded in a first process
t o pr oducen@emertsticantthe owpg-wwedb onpgenshtpepuitefvwavefognas hdlrcoon dflowmEh.

R e R R T

used to nakihasy c@itrol e nﬁﬂaﬂhdﬂ ddab6S medR3SE el RFfAb coAD S opBAULH bM
Figs. 10A-10D..  In_sone inplenmentations, the | gcation of the core
cent er | i nlegYichelnsemeiBPiFHERRANeIethe SRS WH 106 comdyisrtiqalipadinsiche ¢ he
optical  Saifagsh ﬁﬁ%eﬂ@tflér%f tﬁ@ﬁlfplpisécp&{ deIQY Eﬁﬁlal?ﬁlﬂséﬁﬁra@ﬁhb%l
wavegui de 212 are nounted on the flexible wave de support 235,

t hereby facilifavinhe dampleagfnispensdare bach gaseeihe dﬂe&tertéelwx if will be
wavegui de [ y

The optic a%d]‘%’ e(%ogictﬁ%sag% ng@l%%?gﬁ ?%8 ég %lsag% gﬁﬁgﬁtsfi teé‘hfc@rlﬁ %&h@ea irit and
gener at e smopebgiht inveations iﬁgmaﬂdn@mmhaquﬂﬁmamgmbhsearamhm thofcobe ghthc
recei ved. T%e el ectrical signal 420 can be a function of tine. The
el ectri caf® ﬁ@ﬁ% #™et ect or signal 420 is analyzed to determne a
nunber of vital signs. The output unit 106 can determ ne the
anpl i tude 30and/or nmagnitude of each arterial pulse to determ ne one
or nore vital signs. In sone inplenentations, the anplitudes and/or
magni tudes for "a series of arterial pulses can be 26
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determ ned to determ ne one or nore vital signs. In sone

i npl ementations, the tine interval between pul ses can be neasured
during a series of detected arterial pulses and used to determ ne
heart rate. For exanple, Fig. 11 denonstrates the pulsatile |ight
transm ssion in a wavegui de subjected to an oscillating defornmation
due to an arterial 5pulse. Some vital sign neasurenents, such as a
heart rate, do not require input regarding the pressure applied to
t he anatom cal |ocation by, for exanple, a pneunmatic cuff.

Bl ood pressure, for exanple, can be neasured by placing the cuff

(e.qg., as“ﬁﬂgf?Skﬂ“ﬁ@gEDﬁﬁ=on a patient's arm inflating the cuff to
a pressure at [east hi gher than the patient's systolic
pressure; gradually deflating the cuff pressure to a pressure at

| east 10 nnzg beLOMLdia% olic gressuQ%;.recordin the arterial

pul se wavef or s "ProvdTEy” {}Skgﬁénﬁﬁ‘ir?&}‘ﬁ‘? S&lﬁ%F‘?{Bp‘%%‘r‘gﬁ-em 104; anal yzi ng
the wavef or ns 4 @néetighidl&vaRedtedBR plRad b @5t b atterGal skisweaek §fQn
systolic pressure; further analyzing the wavefornms to determ ne one
or nore fa@atoured lqcpten ooy yubiesb MathiroWHIch it a9 € Ypr essure; fully

def | ating the £uhior saf HcH) AYLaRo! BEASYSLOLY hedBitof iRt lidified 1 be

pressure. In sone |nplenen ons, t wavef orns can be récorde

bot h dur i legd agafiisathic enteamatiskde furface bp tlefsendoe fizatich demaebot h wavef or ns be
used to deternine.gﬁstolic qnd/opidi staolic.pressure. .. B%
observing t he B PEFT SPIRE RGP L PHEGSTRGTEHE 1 S Tprisa e °PYsdl i ous
vital si gigvegaide,d@ opeital solroedevadettd Slippdp bptival @Rrgystalfir&end W thelobtcal
pressure, diastolic pressure, and nean arterial pressure. |n sone

i npl ement%3Yearide, A an Rptgb detaTtonia dsirl angnmuabef cristleadgy xidas thencl ude
anal yzi ngetdifa Al LEbhitlal Rib3RideaNE LRGP séﬁl‘ing‘é?s%é{ﬁ Lgiddls saEpLh bides of
t he sequence of waveforns recorded during the cuff “deflation;

det er mi nimdpetfivan thefchbmprassigu peflexingwil at feastrepqpiidrse theopsicol waegpide t ude

is significantly higher an th vef orm ampl.i.t ude of the cedi ng
bul se oot arfigh et B2 b L BUELERA Ry AR stond o5 SE Cur T
and di splayicslgvdvegdidgraedsure as the systolic pressure. 25Systolic
pressure can be determined in a nunber of ways baﬁs on the qg%f
recei ved from# ¥ ToHIRESINTERERtp EFeelye £ gignalgndisggitye anoeat e lght t he

sensor fiatdsahe S¥hEedIH2ne émicgmegmé SRR RE RS mdaBGe Y BeQlithC
pressure can be determ ned at the cuff pressure at which the pul se

wavef or m ssgphased gidedassingiagminftherencived digwbr t han t he wavef orm anpl i t ude
of the preceding pul se occurring at |ower cuff pressure during
inflation of the 30cuff. In sone inplenentations, the diastolic
pressure an lEheddthksign mesbuchienndevikef dfatairan, wherein the sensor fixation device

is a cuff comprising an inflatable bladder adapted to apply pressure to the limb when

inflated and thereby compress the artery within the limb.

3. A vital sign measurement device comprising:
a cuff comprising an inflatable bladder adapted to be placed against the limb,
within which is an artery, and adapted to apply pressure to the limb when inflated and

thereby compress the artery within the limb;
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of the cuff at the cuff pressure where the pul se waveformis

i ndicative of the pulsatile action of the arterial segnment under the
sensor. More specifically, the diastolic pressure can be determ ned
where the pul se waveform first indicates that the artery does not
fully close at any tinme during the cardiac cycle. D fferent nethods
of waveform analysis are also possible. A patient's systolic bl ood
pressure can al so be continuously nonitored by 5nmeasuring the
basel i ne systolic pressure by one of the nmethods descri bed above and
then pressurizing the cuff to a constant pressure and then

conti nuously ' ' r :

det er m ned byq?%g&g?gg?g%s Qw%ggggﬁggn% ggﬁgﬁﬁgggﬁfggﬁggﬁﬁﬁaq eﬂ??t
peak art e Joaitioprtkat samad coindidentreith amygwuirod theanflanblablapddrsanddnphdrt ude

h b d f pl i ) I
| £ uc ST R S oG OLRAR o7 GFBPREop T e RN T et

estimat e @hign@ESsuch tHak 0RGBr&E@S SPFIRd tb theIDEbY B k&¥BNtrahé RRSbstilRlly
pul se wavef or m nor phol ogy..can be determ ned for pul ses while the cuff

p : :

is held afduelHe thegnsssursiapphiekieshelimhz the ugaurgngudt wherp slaggle can
be neasurgghePptiimiqus!y and used to nonitor blood pressure changes
relative to a baseline value. 15In sone inplenentations, such as
shown in Fig. ah2ptibad sensingsystami heldlf6the aensdefrensrimlecomprisinglan optjeal by
one or nore of..the above descri.bed techni ques. For l.e,,the..
output oot o oPHG So R O L iy AP Germrdh o hg R s Abieal
wavef or mwivegiide,eihd BB bEtic ti@kdtal tofeiesem dnbuat WopEtsllehtige Refiag e 436.
In sonme inplenentations, the output unit 106 can include a systolic
pressure S@%‘P@Lﬂ“gtogPPthW%egﬁ@teeﬁhﬁPﬂ%caéS%*?@EéYﬁt?}n prapdash fp seysg ah aifgrial

subj ect hAsRArdAPOR BnfRlEbALIBCIANPY 4t 1dads, pdm&mfttﬁéi@pt&a%%gﬁm ef orm

and a pressure applied to the subject, which can be detected (e.g., a
pr essur e rdelideg isdedustiomof the hmpuais|of optidal enpyziaexitinsthe serosé ambofithe | n

sone i npl epent ations,. .the output unit 106 can include a diastolic
pressure(ggﬁgﬁﬁéFgFaﬁfﬂgto determne a diastolic pressure for a

subj ect based adparpuausiet@ifigureddo asrpive byidaal indigatlviewd eheamtbuat ofihef or m
and a pressure a plhfd t o the 25subject, m@ich can be deteﬁted,(e.g.,

a pressur@ipgiheracond spdpf theontsplpvesugds pdp esngpte adnaeurs oh thsvitibg)

In sonme idip BRENMtdsORDartdnBHekeiv@f 8ol cul ator 446 can determine a
heart rate fromeither 'a determ ned arterial pulse waveformfromthe

optical signal or frompressures detected in an inflatable cuff by a

pressure‘§ensq{v%ﬁggn§g§m8g§§§&§8%g%oég§ﬁ§ own in Fig. 12, also

i ncl udes a pressure sensor neu &lc'lly connected to a bl adder
in the cuff, wsendorfixaisndcvicddiped ederpiicad agdivest pr amsamiealilocatibe ofauf
as a functjon of  ti to the anal og-to-digital converter 435. In sone
subject, within which 1s an artery;
a sensor frame held by the sensor fixation device,
an optical sensing system held by the sensor frame and comprising an optical
waveguide, an optical source device to supply optical energy to a first end of the optical
waveguide, and an optical detector to detect an amount of optical energy exiting the
second end of optical waveguide, the optical sensing system adapted to sense an arterial

pulse from the compression or flexing of at least a portion of the optical waveguide
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i npl enentations, the output unit 106 can generate a pul se waveform as
a function of cuff pressure. The output unit 106 shown in Fig. 12

al so includes an inflation controller 452, which can control the
inflation and deflation nmeans of the cuff to control the operation of
the device. In sone inplenentations, the output unit 106 can
dynami cal ly adjust the 5inflation and deflation of the cuff based on
detect arterial pulse characteristics. A nunber of

i npl enent ati ons have been described. Nevertheless, it will be

under stood that various nodifications can be made w thout departing
fromthe G L

| mpl erent S e T oo e b of YRR bithey FERRLL Mok R gy

WHAT | S GiptichlBevieSnide;1. A non- invasive vital sign neasurenent device
conpri si ng: i xati devi.c ted.to,.be placed

agai nst an external pgcg tﬁ‘&ﬂ;‘? %15‘8” A% Wféﬁlifsdjrﬁsggpqﬂl%%dé?ce ﬁogﬁe a

subj ect, amatdniital Muiatidh, wehefdin MbYENL of the sensdr PRNSMlts ik eiprBaion by t he
sensor fixation deV|ce t he sensor frame adapted to be hel d agai nst
the ext ereingedthe camrrssblegpticabvaresdids. apﬁmdp@ﬁnaww%em of the sepgqr

optical sgRstagsfYabaThdi é%nﬁBYes&BE oﬁﬁéﬁﬁ’é of tﬁé‘HFnc%[‘Qa\Fe%HﬁE' Mdng an

optical wavegui de, an optical source device to supply optical energy
to a first enchnolfutnuhamomnftgated\m:ﬁ@gluﬁd@l,gnalnddlamtw@mf theaimaget efdight t o
detect an

n of t er eX|t| he second _end ca
navegui de TG Rpnd Pid Githe SRCUNEENY, A LIS ERERM SR oL inedPhl,
pul se frmigﬂMectamwseﬁ@aﬁmnahefebammgmﬂl at | east a portion of the
optical waveguide resulting in reduction of the anount of optical

energy exiting the second end of the optical waveguide; and an

out put umdt Ccoffel gl §6h h@aéix?é&?én‘(@ev@ce%fg%h 4 QHEGRLhY &nldr JaBgs amount
of 1ight eX|t|;g the second end of the optlcal wavegui de ‘and to

gener at e Resitieasdipta roidpeineofithe sanswifgntipaderdceat | east in pail on the
received signal. 2. The vital sign neasurenent device of claiml,
wherein the sensor fixation device is a cuff conprising an inflatable
bl adder aglapt ethetvitabgigai meqmuwsant éevice dfieaithidpivhwbirthe senb@tpad iand

t hereby co re th rter hln the limh. . 3. Avital sign
measur emal:ms (ﬁ%ﬁﬂ?qag p.' e sensor fixation device.

7. The vital sign measurement device of claim 4, further comprising a load spring
attached to at least a portion of the sensor frame and also supporting the sensor pad, and
configured to counter at least some of the pressure exerted against the sensor pad at the

anatomical location of a subject.
8. The vital sign measurement device of claim 7, wherein the load spring is adapted
to provide a maximum displacement of the sensor pad between 0.5 and 3 millimeters at a

maximuin pressure.

9. The vital sign measurement device of claim 4, wherein the sensor pad is

configured such that pulsatile tensioning of the sensor fixation device does not produce
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a cuff conprising an inflatable bladder adapted to be pl aced agai nst
the linb, within which is an artery, and adapted to apply pressure to
the linb when inflated and thereby conpress the artery wthin the

i nb; a sensor frane held by the cuff, wherein the sensor
frane is attached to the cuff at a location that is not coincident
with any part of the inflatable bladder, and further wherein the
sensor franme is adapted to be held in opposition to the linb by its
attachment to the cuff such that the pressure applied to the linb by
the sensor frame is substantially equal to the pressure applied to
the 1im BiediEmsttni At BEhS Gl admﬁ&eésg)%]daﬂlf 3@&&9% 6f Ak a4 wuﬁnthe

i nfl ated an optical sensing syst he sens rarre
and conprar@tqmgcaslrhoqap@n mﬂumveghﬂtdemcanm@ptqfdmsesmp@cb devi ce to
supply optical energy to a first end of the optical waveguide, and an
optical detector to detect an anmount of optical energy exiting the
second enth.of Titvitabdighaiea@tiniey dé e drldiaall whersi thg caysitamnaadpt ed
to sense an arteri al puI se fromthe corrpressmn or flexing of at

| east a poPEToN 187 oRtival BRI at e BRI s my M rgntapt nl%saur@ﬁﬁws af

t he amunlredﬁtftloﬁra? 56-2b%:S R YetptafRh bt 9f DR XRRQ AL GHidalfavkBRdOPL I Cal
wavegui de; and an output unit configured to receive a signal

i ndi cative of the amount of light exiting the second end of the

opti cal veguide . t he vital n. based
ar | east T paPliAN Tl MeBRRRH So ks BRRG S Rt ol e epont
devi ce costpsdrse deect a pressurd apiied b theiaxabintual Memi@ewﬂdamttedomtputhmt

pl aced agai nst an anat.om ¢ |.oca tttbon of as within which is

an art er y*CdV SN e RS TKIAAHV 9! R BresnS P i et i crmgtlacarion

an opti Cafrof eNSirBGuR%eARM e WheRYn &B%uﬁ,@m ehEahs ﬂfwﬁapggmﬁglﬁg fig an
opti cal wavegui de, an optical source device %o supply optical ‘energy
to a fir stignahihdisativhef thpeptical smmllqugﬁvq@andath@lp@ﬁsmmwal detector to
detect an anmount of optical energy exiting the second end of optical
wavegui de, the optical sensing system adapted to sense an arteri al
pul se fr oM.t helleoiipl Bgsmomuomeht ée@ixcmg)f@tauatl Whasin the postdmioal lodativhef

opti cal ve uide resulting jn reduction, of e anount of tlcal
o o oY et FanuBath Ao e SoRETasee tsSpnd el e sersor £Bigs
sensor pa&vwcetsb iftiht HHR®pEEN S&sidylsFEHBMWOH Stidned RPEhid Aot el Baglset O
t he anatom cal | ocation, wherein novenent of the sensor pad results

in conpr e¥dibsarhin aFtpr P INGHin tlieecompraspien of Bexdng pit 4t deabt ameréepuefidbe and
dul at f;EFé]é!: d | t dul at
nodul a '”&nﬂ}Pé/s‘E A iuﬁggl‘%%g%ﬁggsor pad results in nodul ating

conpr essi on “or e optical wavegui de; and an out put
unit confi gured to receive a signal indi catl ve of the am)unt of 1ight
exiting the s [snd of the op i cal ige_ anﬁ nerat@ a
nmeasure of 't he |"1“8 Sigh Gﬁasﬂéeé’ée& AR a“i“ P e?l?f @a‘eﬁgv 8

signal .  dmpHies ai dlatonsdrgn neasur enent device of claim4, wherein the
sensor pad is positioned at a mdpoint of the sensor fi xatl on devi ce.
6. The vital sign neasurenent device of claim4, wherein the sensor

pad is pogf tiofidi@f sigh HeaufindnPE&idedt cRlim1BEWREBAMe dihXGhiaD sd&YdLce-
from the group consisting of polysiloxane, polyurethane, polybutadiene rubber, and

combinations thereof.

15.  The vital sign measurement device of claim 1, further comprising a waveguide
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7. The vital sign neasurenent device of claim4, further conprising a
| oad spring attached to at |east a portion of the sensor franme and

al so supporting the sensor pad, and configured to counter at | east
sonme of the pressure exerted against the sensor pad at the anatom cal
| ocation of a subject. 8. The vital sign neasurenent device of claim
7, wherein the load spring is adapted to provide a nmaxi num

di spl acenent of the sensor pad between 0.5 and 3 mllineters at a
maxi mum pressure. 9. The vital sign neasurenent device of claim4,
wherein the sensor pad is configured such that pul satile tensioning

of the seagpbrt kil OmPEMAELnERESNAAh RERELGR wRLSAE blfpolRyaRRL Of
t he sensor pad, whereas pulsatile opening of the artery wthin the
anat om catuppotiag polrash e oduive st thepptisal wavecwdsyenent of the sensor pad.
10. The vital sign neasurenent device of claim4, wherein the
conpression and flexing of the optical wavegui de at the position of
maxi mum chit acA vpslesglneasc@tgesdoaiceedmptision of 50-70% in the total
amount of light exitjng the optical waveguide. 11. The vital sign
measur enent de&\ﬁeewffw@%ﬁ?%%,adm}?ﬂ{ oy Piftfﬁ% pgainshan angierasal jpeation AERr

t o det eCtg@iepf @3B RhidR R dnbskety® t he anatomical location, wherein the
out put unit receives a pressure input indicative of the pressure

appl i ed to the snsardreimedield ncthe sonsorf fogtion Hevigs, essur e sensor, and
wherein the o . unit - gen t vitalesign using the signal
i cat i ve ot pretig ks SSERIRR LG Wkl adh Ot S Dhstnddn A0
12. The vwiakuide,gn opeias sowenedévickawisaeplp bptidabén@rgly, to\atfarstend of the optical
anatom cal |ocation of the subject is an upper.arm and the sensor
frame is %%W@&r B PYiFHL ISEFITP defeRLAn P LSS PUCHSTEIRE ARG Wopt | cal
Sensi Ng Sy8éRINendof BHSdal WaRGMideOths PSR SRVRTB Nl U8t B Ptk 88 affrid
brachial artery resulting in the conpression or flexing of at |east a
porti on ofulseHeone Sigseewsishipe obPeiingd! aidsasigirarieon ofithe omtivel witeghidsi gn
measur e i G . rei .

compri soq iy i ol b FubyhPH B bGP BluGRh WENRIMLR e o

cl ai m 13, optoarvedvagtile el astoner is selected fromthe group consisting
of polysil oxane, polyurethane, polybutadi ene rubber, and conbi natipns
Uhereof . 15, THevUicEUHie simpert e Bie a3 Ge-caPp e lape, (e Mapeguide
conpri si N@pporVEMREHHE SebpoftHRRO [chst SgoltidnlliTehLoPTRAI wdvRGuide, RARr&R MR | ant
surface, the wavegui de support structure supporting at |east a

porti on oAbticHlescring atemiaiagher adapted e cayse giflexprakdefprmagias Uy @nent

devi ce cOmRpbiRE portion of tH opfEk Waydduidilih 08 9&\éit&§n Qx‘i’&[?ﬁﬁﬂ d: qn e
pl aced agal spt% antanat om ca?? P%caayléon olb arsu ject, wthi A whi ch is
an artery; an output unit configured to receive a signal indicative of the amount of light

exiting the second end of the optical waveguide and to generate a measure of the vital

sign based at least in part on the received signal.
17.  The vital sign measurement device of claim 1, further comprising a flexible and
incompressible support surface that supports the optical waveguide over substantially all

of its length.

18. A vital sign measurement device comprising;
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a sensor frame held by the sensor fixation device, an opti cal
sensing system held by the sensor franme and conprising an optical
wavegui de, an optical source device to supply optical energy to a
first end of the optical wavegui de, and an optical detector to detect
an anmount of optical energy exiting the second end of opti cal
wavegui de, the optical sensing system adapted to sense an arteri al
pul se fromthe conpression or flexing of at |east a portion of the
optical waveguide resulting in reduction of the anount of optical
energy exiting the second end of the optical wavegui de;

wavegui de suppa)gehso%tffxaﬁ&y&&lc%%agﬁé@to% sl Do fRTBh bHMmRENbARSn oF e
wavegui de support structure supporting at Fst a portion o theé
opti cal mbﬁgumlnwmehmamm”ﬂaey,optl cal senS| ng systemis further

adapted to cause a f.l exyr on in an unsupported portion of
the opti cal iﬂrérém]eﬂl fdebsy §ﬁ§%1s? ’?HO%E?Vé?‘? al pul se; and an

out put unit CCHihfdpﬁUaﬂ%dnsﬁxfg JyBe R Nel By tht §d1Rbr firaiad @rﬁldo‘y‘@r@fngtaﬁ%pﬁéﬁpunt
of light exiting the second end of the optical wavegui de and t

gener at e H2YfgBIEErad Qpticalieuge deyicedp ghpndv sriipabenerayde q titsf e of th@r?ptl%
recei ved gi@Baie, and in ogb&l H&E&br@d%cm%wuﬁ%u%%ag %Lmﬁg e 1,
further conpr|5|ng a flexible and i nconpressi suppo { “Surface t hat
suppor t s sehendogatliof aptlcwéwegagudie e epticll mm‘mgtsymm ydapitdd tofsenst gn bmmgﬂ h.
18. A vital Isefgon %Surergeln;[l c\:/1 tC?gJ‘) f erg 1 t

fixation ide¥i €& afapt@d 8" Be Biae & &G Y "Hh° h%?%fﬁa]c‘é{?velgﬂlgﬁtl on
of a subj Ieﬁliltlngl\ilntrbdu&tmﬁilbﬂﬁhehﬁmﬁtﬁt ofbpday encdgys @Y thé EudRd Bl 6Fthy t he
sensor fixati on devi ce, an optical sensing systemheld by the
sensor f sl We%‘B%rl sing an optical wavegui de, an optical source
device t0 supp fexpmt hﬁﬁﬂne&ﬂﬁﬁe%lf‘:@u oftishiFice S sQipold@h 1b59%!'avegul1de

wavegui de, and an opti cal detectorlﬁb detect an annunfggﬁ optic

ener gy exdver supstahieallyerdlondts demgtio wheysini fd:lahvawegwtnﬂuamrt surface jsta fiexiible
sensing s an_arteri.

conpr essi %%Ctt%%qc%? 1@)’Li(}]l} ﬁgar%‘f% évt% Sheth Vavegﬁo({re %nr%(%ﬁ% thﬁg fg btle FStQ/\IBvegw de
resul ti ngadhssiveedndti on of the anDunt of optical energy eX|t|ng t he

second end of the optical ui de; a_flexihle an
i nconpr essi bl é‘“§&ﬁ’#§P’E‘“ Condientsd ¢ fraeive aﬁﬁaﬁklgdlfﬁ@e&?fhecw%@fé@é}r de
over subsdxaitol tAé satofd tnddf thd Splc8NGRguind @ﬁcﬁﬂorgehé}@te%ﬂé‘a%le Q‘:? tHRURRPT t
surface is a flexible electronic circuit board, to which the
wavegui desigmsbasesheidershinimaripnfthesectived sgnst omer adhesi ve; and an
output unit configured to receive a signal indicative of the anount
of light exiting the second end of the optical waveguide and to
generate B. rrea@lmmtabs‘igﬁ measvutdnadnt Sé@n: ddakﬁﬂ 1df wheraiatthd aiptmalrs‘ouma deviee
recei ved SI g c? The.vital [r_{i%nt devi ce of claim17,
wher ei n (8 thoprtical delesia? b TRMIEEOTEIG SWHRSS BRI YAV BT S RPBPR Sies.
nount ed on the surface of the wavegui de support surface. 20. A vital
si gn measurenent device conpri sing: a sensor fixation device
adapt ed t%-be pVadeipnapeiswsmentfleisaromnpdsrs:| ocati on of a subj ect,
wi thin which ig Ssefidbr BxhEIYdevice adapted to be placed against an anatomical location of a
subject, within which is an artery;

a sensor frame held by the sensor fixation device,

an optical sensing system held by the sensor frame and comprising an optical

waveguide, an optical source device to supply optical energy to a first end of the optical

35



a sensor frame held by the sensor fixation device, an opti cal
sensing system held by the sensor franme and conprising an optical
wavegui de, an optical source device to supply optical energy to a
first end of the optical waveguide, and an optical detector to
detect an anmount of optical energy exiting the second end of opti cal
wavegui de, the optical sensing system adapted to sense an arteri al
pul se fromthe conpression or flexing of at |east a portion of the
optical waveguide resulting in reduction of the anount of optical
energy exiting the second end of the optical waveguide; a
flexible @Mghlﬂg%ﬁﬁﬁ%?h&ll aetw@p@rdfeteéwnfa%ﬁm% Sp&pn%ma&rgy%xﬁlhg Pt i cal
wavegui de over substantially all of its | engt h a  support
return elsspanstengiel @Pﬁlqaéwemm@uﬂle @ptidal bnsing Npsteyu pirptad to gefsace avierihl
adapted t ort..sur an
out put - urh L HRRS el gkosEh B 8nd S FARBRN A S B Yovsaeidiotine
of light zewltlmgng 1edmtisleofma amndntaifopﬂml amﬁgycadlmvmegemd@enm@f tho
generate a qreasure . f the vital sign based at least in part on the
recei ved QigHaY2e8W4S The vital sign measurenent device of claim 20,
further conpr 'M%l@aﬁﬁ%&ﬁpl@%l%ﬁﬂ%bﬁ sallir&ewﬂ $@polts BB\ RAIG A vESuide
posi tionabl e adj acent to the anatom cal |ocation, wherein novenent of
t he sensotvepaubsiendalivtall afntsdengitessi on or flexing of the conpressible
optical waveg sults
i n nodul ati ngtgc%ﬁ%orrg%glllgﬁgc%e g%l n@co‘ﬁﬂ&@hd %th{nlng% u%%a m@&% shé
wherei n tdalap&dlp:pmppbsmhetﬁlemngbémerstlppost sacfagt, aﬁH to provide an

i ncreasing contac ressur tween. the, s ad .and the o cal
wavegur de_as. (HEMBERLET SUE VL Corr b AT dE CRBE T PR TLOE t | on
of maxi muxithesné KRB ofhd dptichiBwAREhid@hndR\ERMAER rAaRted Rush] t hat
sai d |ncreaS|ng contact pressure causes a decreasing anount of [|ight
exi ting t¥in kasedpdeashia naft opre peivedsicibbvegui de.  22. The vital sign
measur enent device of claim1l, wherein the optical sensing systemis
configured to detect optical signals representative of a series of
arterial Jul sétheardl digremeaspurientidévicel of clutia B0 efiirther cdetpeising raesexasopp:icbe

waveform f ach of .t he series of. vi t al
e ok ERSeaRl ARlE sl F Bpsoble Felept (e 3R RomidT ogficten | ce
adapt ed twhdd€in ﬁiio&@@ént&ﬁ@hdl@hso&@a@fb@ﬁl@fh@aﬂn teBidt broex@fp of tRdID] ect,
within which |s an artery; a_sensor frane ﬂeld t he sensor flxatlon

devi ce, compresghleqptirel ayavesHds. and Wﬂvlémgq@p‘cplwt Pﬂ@%@ﬁ@wadﬂﬁ%‘#ﬁ%nd
conpri si nﬂomtﬁg%bglalﬁsgigﬁfsgg%ﬁ% oﬁﬁeag}aaf:@!weg&ue %eﬁiﬁx&&%ugporﬁmy

optical energy t1 cal "wavegul
optical ce¢mat oradapteditt ovidaan awwoaasing otbntwpretsaire bﬂetmegythexcrtsongadtdné

second e of .0 ical sensin ste pt ed
o sense Unoni Db pERUgAAL B B0t pa el SR PRSI X PRI O

| east a pastimam dasfplach@e@rpwﬁtﬁ dlhe opR¢Si0MdvE guiti@sdabietl R@cH tﬂatrs@diuﬁ&mabihgof

t he anobunt of optical energy exiting the second end of .the optical
wavegui de&OngRpressure causes a décreasing amount of light exiting the second end of the optical

waveguide.
22, The vital sign measurement device of claim 1, wherein the optical sensing system

is configured to detect optical signals representative of a series of arterial pulses and the

output unit 1s adapted to determine a pulse waveform for each of the series of arterial
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an output unit configured to receive a signal indicative of the
amount of light exiting the second end of the optical waveguide and
to generate a neasure of the vital sign based at least in part on the
recei ved signal, wherein the optical sensing systemis adapted to
sense the pulsatile opening of the artery by the conpression and

fl exing of the conpressible optical waveguide resulting in a

pul satil e decrease in an anmount of detected light. 24. The vital

si gn neasurenent device of claim 1, wherein the optical detector is
optically coupled to optical wavegui de such that the optical detector
recei ves sppstantially of the optical energy fromthe optical source
t hat does not escape fromthe sides of the optical waveguide. 25.
The vital sign neasurenent device of claiml1l, wherein the vital sign
is at le on | pul se waveform a
systolic Bl oo 5?@§ nhﬁ%&&cé%%@% FQCQ%%SQEQ pressure, a nean arteria
bl ood pressur e seasqrifixstorpdesicsudeptedindediacad hginsahn aophicalncetion 36a A
met hod of non-in aS|veﬂ¥ nmeasuring a vital sign in a subject, the

met hod cosr‘r"glf’F %‘m“’hw S tting optical energy into a first end
of an opti cal a\/@ﬁ@glﬂaﬁﬁ held ¥ 0P LR ﬁﬂaﬁsﬁgwl&e positioned with a
sensor frame, the sensor frame positioned against an external skin
surface of an ar@tieHisersing systami heil bf the sengpy eanﬂl qomiphisingiag leptieal an
artery, t I

r esponse \?%v gﬁi}ig ?a?l eo Yi@zif%gﬁijfg&ev@&stbtshﬁggg% el &%@[}gﬁﬁir& nIl o?{ﬁe °§ ical
det ect or Wateguidy, anlien spmd)detécrtanm detnt ammuouht @ﬂopupallenaigy emngyhe

exiting a secon nd. o t he o caI vegui de and eratin .
Cher of ComeRoiel i of ORic whfsiy RS B b ST redEe Fenst He astsrimhn

of opti calulRMRIEhe@hiptddSioh Bﬁﬂ@@ﬁ@mt eask aqforﬁcheofqpé bkl WaMEGdEde

changing in response to an arterial pulse; and generating a
measure JFSUlRS Wireductien ghihe amawntioh eprah ereagyerkidngthasecondiprdelithe of

the optic 2 Xihing the second end of the optical waveguide.
27. The ﬁghﬁ gﬁk%%nﬁaﬁn126 wherein the vital sign is at |east one of

a heart rat e mmuamt enif a}nﬁgutesleo wawiet o signalandiyatvelof thebinpadt @ileshsur e,
a diastolic. n art. rla 00d pressure uj se
o esour 6,5t B sPRERTT e PR e S8R wRshRae Rateatte of 4 aRab,
wher ei n tdign ReGaedst @PRrtion theeiedelbeﬂ gl ReRkeii thedptiod) seRHeGSsteinlie

nmet hod furher conprisin a pressure to the anatom cal

| ocat i on ¥ePIERhE Kt Be Pl%ﬁﬁttlﬁoﬁwgs@ﬁg%? oy Rathesamgesgsienand Paxingrofdhe
met hod 0fcoﬁ‘lp?ésg‘bl?ca)ptltzéﬁvﬁ@éﬁ@grefsﬁiﬁﬁ fila l?ﬂéﬁmé d%'cn%gse in an amoYfY’ (%f ldaQ.dhe

pressure applied to the anatom cal Tocation wth the sensor tixation
devi ce ovéhta period of time; and

24.  The vital sign measurement device of claim 1, wherein the optical detector is
optically coupled to optical waveguide such that the optical detector receives
substantially of the optical energy from the optical source that does not escape from the

sides of the optical waveguide.

25.  The vital sign measurement device of claim 1, wherein the vital sign is at least

one of a heart rate, an arterial pulse waveform, a systolic blood pressure, a diastolic blood
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determining a series of pulse characteristics for arterial pul ses
during the period of tine fromchanges in the anount of optical
energy exiting the second end of the optical wavegui de over the
period of tinme, wherein the generated neasure of the vital sign is
based on the series of pulse characteristics during the period of
time. 30. The nethod of claim28, further conprising obtaining a
nmeasur ed bl ood pressure neasurenent; obtaining an initial pulse
characteristic, at an initial tinme, and a subsequent pul se
characteristic, at a subsequent tine, using an input indicative of

t he anoumressfirepptiegmhrtataéblypd presture)g pukse pseswe,dind ao adérial hemplxriceal
wavegui de, wherein the neasured bl ood pressure neasurenent was
obt ai ned at a measurement time closer to the initial tine than to the
subsequent6.t i & medv@efnonihasigeneiatathgnPagls e subfect, B Méthed si gn
is based on the neasured bl ood pressure neasurenent, the initial
pul se chad°q8¥¢€Mesti c, and the subsequent pul se characteristic. 31.
The met hod of im: LY f.0i g L Sk G and
'he subsequent Sl eanepptaCirEld) oG ARl et ab L S BRkbL Shic 50

A net hod wiveguide posiagriedavith awsasurfiant, the serspetihs positoodd pgassane, t he
met hod conprisi pg: Qsi.tioning . an ti.cal wer nodul ati on
sensor agere{(?e gzﬁ Sgi% Ségf?ceeror{élﬁ agf?lﬁlcgl}ro? e Ogg 5 ‘H"%En‘g % g@ IF B AT ¥ DG

a subj ectgptichieyaraiidepssitionkt® CRddnfiitess @ PEL §i 1BEpoRke @IahFialtpiBeopt i cal
power nodul ati on sensor conprising an optical wavegui de adapted to be
conpressed or FfEYRY USHS @%gawi detpiorigldiby eisesontiiag anSmeEpied opfigh

the ext ergigtyyittheSthelaaend b GRIRI SR QM ndldbRerthiik REr ppal
wavegui de régﬁ#gigg in a ?educfign in tﬁ%&gn§U§% o#ﬂﬁ?gﬁfﬁgﬁéﬁ@%?gted

to an endndicativeerfopti¢al ahergneegjued die amamsof aptical gnergl iegiting thersocmid entie
opti cal i.dey lyi varyi ressure, tqQ an anatom cal
Iocationwﬁﬁﬁ%&%hg?%@%?%dgdg%g%@f%&%?%%eg%m}%ég?l%ﬁ%% Tterial pul se
wavef or m wi t h deheratips a s@hsupoviahe vitd yigatusiap tisaraatted Sigaalf indicitivernsf ¢e

the applied and varied pressure, .t at | east one arterial pulse
vvaveformQ?é‘Fagena'@ﬁ’éé‘(“é‘aE)IferSBFﬁr{dl‘Fé‘dQE&?r?P“Eﬁﬁ "Tai"‘@%ﬂ“feexi ting the end of

t he optical wavegui de; and determ ning a systolic bl ood
pressure and a diastolic blood pressure based on the at |east one
det ect ed Hrt erfigimphedsef ogmeXoowhergin the Vit stgndnatdéast ore odphienid thtadd

varied pr r e, Vilal 1si u | C laim1,
wher oi n thG" Sars, ek el R ERERN SO HRid Slefte, a1
Si gn neasutesasribodi@essor, opulst piesaus3 andvinedredrial tdigplmesssor fi xation
device is an adhesive bandage. 35. The vital sign neasurenent device
of claim 33, wherein the sensor is an elastic cuff.

28.  The method of claim 26, wherein the sensor frame is held by a sensor fixation
device, the method further comprising:
applying a pressure to the anatomical location of the subject with the sensor

fixation device.
29.  The method of claim 28, the method further comprising:

varying the pressure applied to the anatomical location with the sensor fixation

device over a period of time; and
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determining a series of pulse characteristics for arterial pulses during the period of
time from changes in the amount of optical energy exiting the second end of the optical
waveguide over the period of time, wherein the generated measure of the vital sign is

based on the series of pulse characteristics during the period of time.

30.  The method of claim 28, further comprising

obtaining a measured blood pressure measurement;

obtaining an initial pulse characteristic, at an initial time, and a subsequent pulse
characteristic, at a subsequent time, using an input indicative of the amount of optical
energy exiting the second end of the optical waveguide, wherein the measured blood
pressure measurement was obtained at a measurement time closer to the initial time than
to the subsequent time, wherein the generated measurement of the vital sign is based on
the measured blood pressure measurement, the initial pulse characteristic, and the

subsequent pulse characteristic.

31.  The method of claim 30, wherein the initial pulse characteristic and the

subsequent pulse characteristics comprise pulse amplitudes.

32. A method of non-invasively measuring a subject's blood pressure, the method
comprising:

positioning an optical power modulation sensor against an external skin surface of
an anatomical location of a subject, the anatomical location comprising an artery, the
optical power modulation sensor comprising an optical waveguide adapted to be
compressed or flexed in response to an arterial pulse detected from the external skin
surface, the compression or flexing of the optical waveguide resulting in a reduction in
the amount of light transmitted to an end of the optical waveguide;

transmitting a light through the optical waveguide;
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applying a varying pressure to an anatomical location of a subject;

detecting at least one arterial pulse waveform with the optical power modulation
sensor as a function of the applied and varied pressure, the at least one arterial pulse
waveform being detected from the amount of light exiting the end of the optical
waveguide; and

determining a systolic blood pressure and a diastolic blood pressure based on the
at least one detected arterial pulse waveform as a function of the applied and varied

pressure,

33.  The vital sign measurement device of claim 1, wherein the sensor fixation device

is not inflatable.

34.  The vital sign measurement device of claim 33, wherein the sensor fixation device

is an adhesive bandage.

35.  The vital sign measurement device of claim 33, wherein the sensor is an elastic

cuff.
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