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U S. Application Serial No. 10/944,161 entitled
"“Noni nvasive Vital Sign Meadsurenent Device," filed
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needed data coul d be provided cont| nuou oW ng.

- GiRIEieR toye arantitativedatade basg hisypr her treatment decision.

The process of frequent phlebotomy consumes valuable emergency
staff time and there can be substantial lag-time before resilts are afraﬂable.
Laboratory techniqueé have become more accurate and bedside dew‘ceé have
mproved furn-around time for in vitro lab analysis, but these improvements have not
alleviated the central problem of lack of real time information. The patient’s
condition may deteriorate within minutes, and reasons for the deterioration can be
varied and not always obvious. Survival rates for such patients could be improved- if
needed data could be provided continuously, allowing better opportunity to act upon

the vital information in a more timely manner. Patient monitoring methods have




the vital information in a nore tinmely manner.

Patient nonitoring nmethods have 2 advanced over the

decades with the devel opnent continuous arterial

bl ood and oxinmetry pressure nonitoring, but there

remai ns no device that delivers other necessary

physi ol ogi ¢ data on a conti#fuous basis. New Paradi gm
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Further, embodiments of the invention seck to provide a mathematical
relationship between the accuracy of the method of sound speed measurement of /I and
the serum protein content.

Embodiments of the invention also seek to provide a method and apparatus to
continuously measure and trend pulse pressure (the difference between systolic and

diastolic blood pressure).



Enbodi nents of the invention seek to provide a nethod

and apparatus to continuously and accurately neasure

and trend bl ood pressure (systolic, diastolic, nean

arterial and venous). Enbodinents of the invention

seek to provide a nethod and apparatus for bl ood

vol unme estinmation and pr eci3e trendi ng. Enbodi nents

of th |nvent| n seek to provide a.pethod and
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4 estimating degree of |ocal vascular tone. The
uni queness of the inventionis inits use for
nonitoring patients continuously throughout their
course of resuscitation and treatnment, in its novel
ul trasound nethods for accurate neasurenent of HH
pul se pressure, and blood pressure, and in its
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second aspect of the invention, there is provided a
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adjusting the estimated real-time H/H value based on attenuation of the ultrasound wave.



According to a third aspect of the invention, there

is provided a bl ood nonitoring device conprising an

i ntravascul ar catheter termnating in atip; a

transducer configured to transmt an ultrasound

signal, wherein the transducer is disposed in the

i ntravascul ar catheter; a ¥efl ect or di sposed in the
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t i ' t . F :
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nevert hel ess be understood that no Ilimtation of the

BREFOHESGRIFHEN A dith BRAWING®r eby i nt ended. Any
al t | r Lf.d ' : : :
Ges AR ol Hh B an TR bk BF e Trinklifes of e aventon
refapénce vall npwi ecinpde® e etmbedimeusritlistmatedsn dixs dmivied and specific

her ei re cont l.at ed as | d, normally occuy 't
tangla® sl B Gof ' FREFER 28 b R A Tpes o derstood hat no
limft@lodt &Sthe FEulof the infvemich RIhaBBRInkdhdvd. € Wn9fal@rabiosky or further
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o1 AT de G PR R ol O ar o iy WG B TGRS G poroved
non@fvadieVharsigtemsasuferdnt Wb ce iR MEvdntPh Ateshel ithdboSitliBing a
measur enent devi ce using three or nore transducers;

Spﬁﬁ%ﬁﬁ%sﬁﬁﬁ§méﬁﬁ%ﬁﬁbf still another version of the
new; and o RS O%GA 1% Furs 1 BF another version of the new and improved

noninvasive vital sign measurement device of the invention showing a single sender and

receiver;



nmeasur enent device simlar to that shown in Fig. 1;

Figure 5is a view of still another version of the

new and inproved vital sign neasurenent device in

whi ch the transducers are nounted on opposite sides

of a blood vessel or vessg&;; Figure 6 is a

di agrammatic view of the n and i nproved

nul FigRar 3NRE £ view M MVARE WeRonC B AR ﬁész!ﬂdalmp?b%&l vital sign

measur enent device of the invention for the insertion
mepsiregmery dpyiomesingetbesl or mare iraisdecesepar at e spaced apart

anal BOICE S o7 BRRTEER By b EEs Bl olSaRR bbisBAy viea sien
measiréth@it devide dililasiortriteBovandittigrl;ver si on of the new

and_j nproved .nul tiparaneter intrgvascul ar catheter = |
it BB S8 it o PR an(HDgA EISIBR of K Tty GRd pipRroved vital sign

meSRPUhA dBvits ANSARE GRS [RRa1LSS ardinidinidl & (L;:%%Ei% sifl&! ¢ a blood
apart by struts; Figure 8 is a viewlikeFig. 7
vesselowivesgelst i || anot her version of the new 5 and
i np d [ ti LNt rav I it
o1 GRS S R HEREL i P i SHENEA, iy thramerer
intsvasghler cehedke vitaledgn messutensnsdivixerof drdneentieh feahomsertion into
unted at . opposite ends of a notch cut into the. |
a elpoil virel pli revesie SRR R fgangyers, copggief Redrivers and
recbi8on &halybisdehc8s;0f still another version of the new
and inprove ed nultiparaneter intravascul ar catheter
vital sign nmeasurenment 10 device of the invention
showi ng a sender/recei ver transducer and a refl ector
nmounted in a notch out into the side of the catheter
with a nmenbrane or di aphragm covering and sealing
the notch formng a gas filled chanber pressure
sensor. DETAI LED DESCRI PTI ON OF SELECTED EMBODI MENTS
15 The new and i nproved noni nvasive vital sign
measur enent device 10 of the invention is a nedica
device for supplying vital sign neasurenents for any
purpose and in any setting where such information is
useful to medical clinicians conducting physica
exam nations or nonitoring patients (inpatient,
outpatient, or anbulatory), whether in well-equipped
hospitals, clinics, or on a battlefield. The 20
i nvention would allow the nonitoring of vital signs
continuously. In the vascular application of the
device, vital signs that can be neasured woul d
i nclude arterial and venous bl ood pressure and
pul se, blood flow velocity, and bl ood density.
Peri pheral vascul ar resistance coul d be cal cul ated
and di spl ayed using data fromthe device. More
conventional equi pnment could be mated with the device
in order to continuously



25 nonitor such things as tenperature and oxygen
saturation. QO her potentially neasurable pressure
paraneters could include the extravascul ar space,
wageoaessani al  space, intrathoracic (vascul ar pepoWadessisa
and pl eural) space, or any confined body cavity,
dependi ng upon the particular configuration of the
device and where it is nowoited upon or applied to

t he body. Exa

| fined body,. cavities, Id 30
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Venous .and extravascul ar_space nonitoring
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hydration of the patient. Vascular nonitoring wll
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~include-intrapul nonary and intr
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cavity, dependmg upon the particular configuration of the device and where it is
mounted upon or applied to the body. Examples of confined body cavities would
include possibly the urinary bladder, gallbladder, intra-abdominal, ocular, and more
probably extremity fascial compartments. Additional measurements that may be
obtainable by the device counld be other vascular parameters including possibly

mtracardiac chamber pressures and more possibly central venous pressures.
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More convenient and accurate ocular pressure measurement would
allow physicians improved means of diagnoses and freatment monitoring of ocular
diseases such as glancoma. -

Intracranial pressure measurements would most Iikely be extremely

difficult because of signal attenuation through bone; however, if possible, it would



i ntensive care units, operating roons, al
prehospital settings, energency departnents,
di al ysis centers, nedical practice offices, nedical
pul nonary and veterinary clinics,_in

v{}@?l ?’g‘ﬁ’_\? installations or on a battlefield, Sﬂﬂuﬁ‘f%’“ﬂ“
aerospace installations for nonitoring pi I ots and
astronauts at work. On an apbul atory basis, such data
woul d 25 al so be very useful in everyday life and in
th gws ploysiciand@irdpid edibnatd B Ricl predody, ezeﬁ’@lcul@rppl‘éﬁlﬂ}e? #id vascular

to nmonitor the, businessman, the honmemaker,

or the
agh e aEhen draling rrith RaiArs FefErige fomehead injwe or P strake, and

d eﬁﬁﬂﬁﬁerﬁtﬂfé@m&‘é%&ﬁal padtntER LIRS be %E@ﬁlgﬁ $he cﬂagnosm of such
acoustic velocity that occur as a result of changes

i nalediss aspsedofuyeoreerghii pnd bsirensghaliwhi ch t he sound

swave is pr 0@@@5{@ Fnost Qfoﬂﬁé‘ingysﬂﬁén}c’?ﬁ%s%%@ C&VA@H&%@Q

10

15

20

nmeasure acousti c ransi t tines nmeasur
d eaﬁswtagzlmnlhbmthfelum of copergas-ahi/ot mdasnlmqnigfcedures
n St ruct [ vessel S orin transi
O BB R ST RES Yool bt B pnd high
secqu@s,dmt éﬂzﬁbetrmﬂd)ﬁldtsldm&s ﬁvell aSgatebir thahy pglicals] For
uges of stole WO 007/0 10 PCTI U§200616%u2234
BT ar@wgﬁefﬁ fagrs e fipmationgk Commission

prm vsamemamm &aﬂd@ﬁi&l héoatdin @@ Hst IR on the&hledhteBo wARE the cuff
conti nuous vital ata. In addition to arteri al

arfd be ilatedp Ands) gfif Exgnoissue fgraags epdeqnsiderablrsiigcgmiort to

i ,

i rn"h%%%ﬁ??%g e aR) 3 il g pea TRl il B BB R eyoles

ariopbprsitytocufireadiagseire infaw wonigiindidasad fyr past miastegtomy patients

i s art

D {Hel g%%s '113\%6 ?f%[g d%?d% %bﬁé\ég)t( %’Bgn%{a%ﬁ s%% {.msrr%?e or potent

I rnbugcreamdcdéd anoem (03 mmimyb}bad pmmusr dhieeomiiiting v ssive ,
techn acoust. c. enc . ..

| RS Sonl i e ool B S iogr TG Cebeerssiipen inioa

belecighohemast oaeﬁ Bé iaBgichS bEfoe: IRLEROSS xaby DABMocRdBgraphy

ai pre; nmeasurenent would 10 require nuch
&o@ ORGRCEYE LVEFIVE FASPHEHBPHETEE Selipiers can be

pmhé@gﬂml%ggdm nce acoustic velocity is nmuch
slower in gas than in fluid. The nmeasurenments are

based upon Vial sgiedaiewhich san besohsgineidonibe fevicsaressefidin
! BEdNQRAORE ddRfRHOR.OLP eﬁosﬁgitasssﬁmg { ebblofty, partments,

gases. ustl ve bc ncreas
d eir%j’ﬂ%ceaferss mediceldiramice hifivay lmedh:lahhselatcm mulmonary and veterinary
meas

t
CRERSET g O8] & b PHRPSRCR PR RS pStlationsfor
g mﬁtohﬂl@gilofsaﬂedstronanw k. COn SOMPRIIAEB VasigSubita would

25deSt

30

a{% tb g{ W t . chan M nute bl ood densjty

B OB XEY gRe o YR e 2ad i Be a?%d‘f%ﬂeﬂ?ﬁ%wa%h@@ 1o
b QbMREBRNSY S ©lrfordios i 'bﬁ&h@sﬁfm tHEWRInRIRMkEn, of ME LRI Slaction.
be a rreasurabl e change in the acoustic wave

pr opagat i onThe/@neiian gl thageyirglcpones mancublis butveeasurable,
PERRBH 18 LORRE SSiocity BaRETRR 2GOkRT %&E}ﬂlgéé Hdznsﬂy of the medium

through which the sound wave is propagating, The noninvasive device would
measure acoustic transit times, and thereby measure density within fluid or gas-filled
body organs/structures/vessels. By monitoring transit times and minute shifis in

transit time in rapid sequence (10 to 100 times per second) during all phases of systole
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equation shows that there should be minute but measurable éhanges in velocity
associated with changes in pressure, even within the human blood pressure range of 0
to 300 mmHg.

To form theoretical support for this method, the space between two
hypothetical transducers was assumed to be 10 cm. The UNESCO equation was then

used to calculate acoustic velocity at pressure increments of 10 mmHg assuming flnid
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Thestsfgiransit times. Since transit time oscﬂlatlons resulting from blood flow are
magnitudes greater than transit time oscillations associated with cyclical pressure
changes, these flow oscillations must be effectively cancelled out of the calculation by
the summation of downstream and upstream transit times. The data resulting from
this summation would reflect the effect of pressure fluctuations on transit times. The
summation would magmnify the observed systolic/diastolic shift in transit tirnes by a
factor of two while canceling the effect of blood flow. Also, this technique would
reduce artifact resulting from body movement and infravascu’lar turbulence.

" Mathematically this can be expressed as follows:

T total = (I downstream + T upstream)/2
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momentary velocity fluctuations are a result of fluctuations in pressure alone. Thus:
AV density = AV pressure -

and therefore:
AV total = AV pressure

Therefore, any momentary fluctuation in transit times will also be a
result of fluctuations in pressure. These fluctuations in transit times can thus be -

expressed mathemaﬁcally as:
AT total = AT pressure

and since:

AT oal= (AT dowmstream + AT upstream)/2

then therefore:
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page 34.)

30 According to the UNESCO equation, there is a 98.4 picosecond change
in the transit time across a 10 centimeter distance for every 10 mmHg change in

pressure. However, the variability of the above mentioned physiologic values may
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)

ca.libration, much less desirable because of ils semi-mvasive nature, would be the
measurement of the density of an in vitro blood sample at atmospheric pressure.

30 The best method for ultrasound (US) or electromagnetic (EM) pulse
delivery and detection must be determined. Potential devices would include
conventional high frequency ceramic piezoelectric US ﬁansducers, RF (radio

“frequency) US transducers, polymer piezoeleciric US transducers, IR (infrared)
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30  device. There will likely be a need to focus the ultrasound beam in such a way as to
effectively maximize the intravascular acoustic travel distance (the distance that the

sound wave actually travels within the blood vessel on its path to the receiving
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static conparfhaemshifs detedtieg.could be used as another signal processing

technique in both the single and two-transducer methods to defect transit time shifts in
vessels, chambers, body cavities and compartments, or ajrways. Since the velocity of
30  acoustic transmission changes with varying pressure, the phase of the reflected or
transmitted wave would rshiﬁ proportionately with changes in transit time and
therefore would also shift with changes in pressure. When using this phase-shift

detection techmique during vascular system or stafic fluid compartment measurement,
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values would be summed in order to cancél out the effect of blood flow and to
separate it from the efféct produced by pressure fluctuations. Like the two-transducer
30  technmique, this technique - given very specific placement of the transducers and
chosen frequencies - would also take advantage of the fact that the attenuation
coefficients of biologic tissues differ from that of biologic fluids. However, accuracy

would likely not be as precise as with the two-transducer method since the wave paths
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25 Each of the sensors 14, 16, 18, each of the recognition and analysis
computers 22, each of the scanners 24, each of the displays 26, and each of the
- printers 28 are connected to a power source 30.
" In the single sensor device 10 illustrated in Fig. 2, the sensor 16 is
commected {o a single recognition and analysis computer 22 which is connected
30  directly to a display 26 and to a printer 28.
Precise measurement of biologic fluid density is the critical step in
ensuring accuracy by way of continuous calibration for the device using any of the

above methods. Also, such continuous and precise monitoring of blood density would



period calibration of the device using a conventiona
sphygnomanonet er woul d sol ve the probl em of accuracy

in nost situations where body habitus interferes with
the 10 normal function of the device. However

WOHIEHEYE patient, even in cases where Callg¢gp§@%ﬂﬁsm4
i s not p035|ble such as a profound hypotensi on or
cardiac arrest, accurate rggdings may be attainable

~ W th the device. Another challenge would be the
-desb@éxiefnely StRADIhE Hiapsdisead tre@msk of tralih @adedtend any other

acoustic.conductive nmediu i nterface st

fi x@&faﬁhmaa@maraw 013@%&115]3 %Hﬁ?ﬁé T Bfryswiwgﬁmﬂtsﬁﬁasﬁee device
be gmyfortable to the patient, and provide reliable

ul trasound conduction. In summary, the vascul ar

appl i cati on G@¥lotbifeotgaily weulddkiely H@@e thagdyics ughsable as it would
?CC}ﬁEx%E%l %’gncf‘a‘ilteﬁﬁ’ﬂoh%ﬂ@%hllﬁ ety xh{dé%b?{m&g g%hrSI @Rult. There

venous pressures, se rate ty,
andwbild bd amadwd\xbbm@aetw theatgnal to-nedngIraticoie p@aqdeWEh th’wk layers of
Cal CCH OSE ICIQ 82 er I er aL ascuilﬂgﬁi SI Stb?OO% GSS eran e85,

t he® VU Sy St eh and ¢ At erstrt pa%le AOg pressure rang

no npdrmﬂ@ﬁﬂlbrﬁﬁtﬁ o ttled @vﬂ:fe uhtylg habientieahsihgpassasseder would solve

lied.-to the chest.,, then u tral
. ven EQR’%EHE%E&F“%W%HWHP% f‘n%cm q@ﬁ%} yen it the
- 1€ ndBEBhubtRd of AR di9ith.C BoWBYer i\ ABAUbeRS ﬁlﬁéntuéﬁﬁm cases

~i ncl ud| t he nmeasur enent - of art ment, ocul ar,

i ntWeerg g s nqtmpw&dwmbaas am%%@m%%m@ phefdiac arrest,
press %Srea X’:}g “ﬁiﬂ%@@e‘ﬂ ce coul d be mat ed

to ot rmre convent | ona equi pnent, e.g.

measur | n g oxiAmethcy challdngeenpad be thelesiDEVA @Eabie)@ansduceruto-slan
AL g Y 81 30 Bl DB TR S OB AVBRIYE pition

bloo ensi measur enent
15‘ o rfior mﬁuxd’eatlocfho&@ Ofmiishee ¢omvfertibleot thepatiche anq)puopﬂs ecliable

dﬁg%p% %filn vivo bl ood density information for
fPEB™M My and research. The function of
devi ce 100 i $n blifm8SMhedasciahppicatiteMirers dfdice WouBIBe capable of

~that WD 2007/ 030810 PCT/U82006/035234 18
ul t3csupte g copueusly mepwgine Peerial ARd YFnoKs blegd prsssypps, pulse rate,

t ey 18QBden¥ity. BndiB18bE Eo%QrQlobﬁy taH@ it WARIM IEB’@&?&M@ of Jbléﬁ&abﬁ%g

measur enent” of bl ood densit However
2% aveeriphasal viaequdas senisjanse- e&%@n @w TepowcyEem ang éltcmsfmﬁ avace are

Se5h e L BSH5E B, I SRR 1oL RLE: e
SO muﬂmdmac)atcem:ral v&o*ﬁh,e;ﬂ@xralrsaaqc agdahrdet mnmtnnng mmg also be

bl ood lg\l‘%nih % .S tect fluid shlft?s..}E ﬁ4 t of
b 0 CR?SSl (+] %V&(éﬁd’g_%y maggro er F-%es,tlﬁ g (v] measuremen &)
C O Ndofripatiiinexit, &mdrh@ud%@dxﬁmalpfntramﬂb@aﬁﬂ feelfic bhan pheidles. In

deV| &u0110thggéjv1devhfe 100 cont i nuous orgd nvasi ve

25 ce could be mate to other more conventional equipment, e.g.,

measuring oximetry and temperature.

DEVICE 100 ‘

' Another version of the new and improved noninvasive blood density

30 measurement device 100 is a simpler form of device 10 of the invention for the
purpose of supplying in vivo blood density information for medical monitoring and
research. The function of device 100 is the same as that of device 10, except that
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vice 10 of the invention. Although
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25  Frequent blood samphng, although precise, is labor intensive, expensive, and
impractical. There is 2 need for a tool such as device 100 which measures blood
density conveﬁmﬂy, continuously, noninvasively, and in vivo. In addition, device
100 may be capable of providing conﬁnuoﬁs data relating to arterial and venous blood
flow Velocities,. extravascular fluid stores, and analogs of vascular resistance and
30  cardiac output. &
This description of device 100 is also an addendum to the description
of device 10. Most of the technical aspects of device 10 are identical to that of device

100, and therefore, the text of this description applies fally to that of device 10,



PHYSI OLOG CAL BASI S FOR MEASUREMENT OF BLOOD DENSI TY
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Similarly, an infusion of TV fluids will initially cause hemodilution and

a drop in blood density. However, the dilution from IV fluids wiil not persist if the
blood volume and osmotic and hydrostatic pressures remain adequate, because the
30 fluid will eventually migrate from the blood fo the extravascular space (if it is not first

lost through renal excretion or other insensible losses). The vascular system thus
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such settings as energency departnents, intensive
25c artemedialysis patierfi cal or post-operative areas, bum
units, The density of blood is determined by multiple factors, the most
influential of which are the hematocrit and serum protein level. Other determining
factors are pressure, temperatures, and dissolved sugars, salts, and gaseé. Since
device 100 is not designed for ulira-precision as is device 10, the blood pressure
30  contribution to density values will be negligible. For purposes of simplicity during
: earthbound research, pressure would be assumed to be fixed af one atmosphere. Also,
since it has a significant effect upon density, a calibration or correction for

temperature must be accomplished.
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and downstream. Readings would be taken from both arterial and venous blood and

then the data from each or averaged data from both would be fed into a.
microproceséor where it would be converted to blood density and flow values.
When using the time-of-flight method to obfain blood density readings,
30  the effect of blood flow velocity upon time-of-flight must be negated. Although the
condition of “static” blood is not possible under most 11 vivo circumstances, a

correction can be made for the effect of flow upon the measurements. BY using the
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measurement of acoustic velocity within the extravascular space. This would be

useful in monitoring the body’s stores of extravascular fluid, i.e., hydration status.
Sound speed should change proportionately with the fiuid “‘saturation” of the
extravascular tissue. ' _
30 Another method of assessing the dynamic status of the extravascular
| fluid would be to momnitor the difference between arterial and venous blood density
values. This may present a challenge if the arterial venous blood density

- meastrements can not be distinguished one from the other, but the data obtained from
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Mirrors should define the wave path well enough to accomplish the desired level of

precision. Maximizing and closely defining the length of the sound wave path would
be a crucial step for the accurate determination of intravascular sound speed.

30 Detection and timing of the first arrival wave would indicate the transit time for the
most direct path between transducers. Since sound speed is higher in blood than in

the surrounding tissues, then this first arrival wave would be considered to have

passed through blood.
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DEVICE FUNCTION - STILL ANOTHER. VERSION OF DEVICE 100

Although sound velocity measurements would ideally be made
longitudinally through a vessel, in practical terms this might be very difficult to do
non-invasively. Sound waves prefer to travel along straight paths. Therefore the
most practical body location ChOSCIi‘;;IJaY involve the acoustic wave crossing a vessel
perpendicularly. If high enough frequencies are used (1 to 20 MHz), then the desired

precision might still be accomplished. The vessels adjacent to the external ear may be



30 nost practical body |ocation chosen may invol ve

the acoustic wave crossing a vessel perpendicularly.

I f high enough frequencies are used (1 to 20 MHz),
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In summary, device 100 may provide the following continuous data

from a stable platférm overlying a vessel near the ear:
30 1. Blood density
2 Temperature
3. Oximetry
4 Pulse rate



froma stable platformoverlying a vessel near the
ear: 30 1. Blood density 2. Tenperature 3. xinetry
4 Pul se rate WD 2007/ 030810 PCT/ US2006/ 035234 -27

Pul se pressure anal og Another device 120 : N
W%%Pg?‘fﬁ“%‘rq Is an intravascul ar catheter that IQETIEIQ%%/W:ZM
contains sensors for in situ neasurenents of nultiple
whol e bl ood .physi ol ogi ¢ and,-hemodynam ¢ paranet ers.
It would be a uni que and use ul diagnostic tool that

woul d 5 fa0|g|tatggjg #nggﬁhﬁgon maki ng and
optim zation of medical managefent and resuscitation

of patients S\roiler dcngceflf'—’@mftm?em?m@fm shainteayaiculy patepter that
hre g&a{ﬁ%%gt S)m '.HL Stl 1 me%a %Iﬁcgr[fgﬁilﬂlﬁﬂﬁl e wiOR bloodfphlyﬁologlc and

i nst° ring e appt I catlon
I NVigsniiddgiamieputacheei Vit dreuld bﬂeaﬂm}ub yndnisie o diagnostic tool that would

di.at el sess the effectivepess. of..fluid an E
R Bk CER SRR ekt op SRR it et ana
SUr @ingaitation o pMBts sQfferingGedrh Etthost &l&ﬂbﬁﬁﬁgaﬂdlm&eﬁenmg
significant | ag-tinme between the |n|t|$%W%S igonltlon

of e sprdiionsy dhe dstanioneRye MRy HHRENS ngf fhie imvention
obt gLk Pﬂ)vgfe 2 186k 65 Which tb RathediRKlyYssclPite BFEcHR ML bffiuid and

clinical suspicions”of the problem cause(s). The
p hylslp@cl u@mmsamm rmél;aa ahirnagatisal op aRieaniRreRtiqnie Currently

14'S€ e exi % Lf{n% ko W ﬂrlehﬁlftﬁj ffgkl) LR drQ mﬁtﬁn, suf:h as

qui C causes ypoten I on
fr Omdﬁﬁyh}@ate&aom,rand dreibrening of (@b resulisstbat. may or may not confirm
I nt ravascul ar ﬁfﬁ:orl? moul provi de i nformation

us efLRca] FSpGIoDy c%ﬁﬁ & of shock, e.g.

sepsis, bl oos:help@§§01ogladn@uérﬂmmmlcrmtafdbmﬁtddommhe hse of
as that caused b% spi nal, cord inj ur% (ﬁ&r t he ¢
cl i fvasedRl wenBlaloy helinigige fo geregmekly ditferpriiaieipg fauges o

14n dh%ﬁ%%ﬁkibﬁ ﬁofﬂad RESS MEsthBinat®inS chikRd. OvRavalénl@hdnitbdng
not only to dif ferentlate t he causes of abnornma

vi t whuld prpvide inforipaiionyssiyl ingletramerng the catie obderk cdusersis,
of 5108@{0@? Bha hfoSaGg0 n&;ﬁlﬁa@ SBOEA thapdGled sfﬁsaﬁﬂe&h injury. For

ude 1 nfusion bl ood, both 'sali ne
a n dthb |Chmd1,an,dﬂ110p’ﬂ1@h@ tevelrcé‘d’ﬂ@alar mgtan@ﬂ@dpf@;scmbp: fenees would

fi
e e B PG aes Y PP Bl aRih B Bl signs
2@ aSE{S: alsB Itmnétyrnilheﬂﬁ@bmt rdbmt:cf dtrea’nnefmt in qael mrcumstance Such '
nmedi cati ons. .

t-h
r ang%atrg?ntm g P [ n S]é?ﬁ d) gf']rﬁ(i‘fg hgt{l;hseh%}fagﬁ%gc{%g,r(g Pressor
WO Ulnddigdtfs;Rh&Ndritemiiaeritisgdceid eadbaalvemivnt Mpropriate airway

ef fectiveness of the above interventions,
management, or fracture stabilization; or, in some cases, simply the administration of
pain medications. Continuous monitoring of this broad range of physiologic and
25  hemodynamic parameters would also provide immediate feedback on the
effectiveness of the above interventions. _

Primarily, the device is intended for peripheral vascular (venous or
arterial) use in prehospital, emergency, surgical, post-surgical, bum wunit, and ICU
environments. The invention may be useful in any other medical patient or research

30  environment where it might be desirable to measure and/or trend the above stated
physiologic and hemodynamic values. These include but are not limited to military,

aerospace, and subsurface marine environments. Other clinical or research

applications may include the trending of any biologic ﬂ}lid within any body space,
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SVRidedl réaner ef ore be useful for observing changes in

cardi ac wor kl oad _and synpat hetic tone. LVR cannot be
neasured by A Hp%éeqs@gxs being precisely monitored, vascular volume can

be determined by injecting a small volume of IV fluid (saline) and observing the

- -change in blood density. Vascular volume is then calculated by the common dilution
formula, BV=Vi * p1/Ap, where BV is blood volume, Vi is the volume of saline
injected, o is blood density and Ap is the change in blood density observed as a result
of the given fluid injection. Cardiac output can therefore also be calculated by the
formula CO=BV/T, where CO is cardiac output, BV is the above calculated blood
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25  protein concentration'", the concentration of ions, and the temperature'?. The
majority of protcin in whole blood resides within the hemoglobin of the red blood
cells (RBC’S)10 " Therefore, not only can sound speed be used to very precmely
measure blood density, it can also be used to measure the relative number and
hemoglobin content of the RBC’s. |

30 The function of the device 120°s blood concentration monitor depends
upon the measurement of several properties of whole blood acoustic propagation.

These include ultrasound velocity, attenuation, and backscatter measurements.
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‘When serum protein levels are unusually high or low, however, an

error in H/H estimation may be produced in the sound speed method.'' For example,
a high serum protein Ievel would result in overestimation of H/H, and a low serum
protein level would result in underestimation of H/H. Nevertlﬁess, methods exist for
30  very precise measurement of sound speed9 and, within the normal human range of
H/H", sound speed has high overall correlation to H/H. In the very low H/H range,
however, anomalies in serum protein level produce proportionately larger errors in

H/H measurement by the sound speed method. Therefore, in order to create a device
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25=1.0135(c-1 5@){)%&33(]@ Precision Sound Speed Measnrement:
- The intravascular device would continuously measure acoustic transit

times in order to calculate sound speed in whole blood, and thereby measure whole
blood density. By continnously measuring transit times and minute shifts in transit
times in rapid sequence (10 to 1000 Hz), such measurements, if made with precision,
30  would result in accurate, reliable, and continuous blood density and H/H data. Fig. 1
illustrates the sound speed sensor as a single transducer-reflector paif with the

reflector fixed at a specific distance, e.g., Smm. The transducer acts as both sender



By further regression analysis (R=0.85), it was found
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e Sensor. alternative and unique method of precision temperature
measurement utilizes an ultrasound technique called Dual-mode Oscillation. The
actual method used will depend upon its ease of incorporation into the catheter and its
accuracy and precision. Measurement of the temperature to within +/- 0.1° Celsius
would probably be adequate for purposes of measuring H/H. Tt would provide a
30 resolution of +/-0.28% in hematocrit determination.
4) Attennation: Wheole blood protein, whether contained within cells

or suspended in the plasma, absorbs sound. Therefore, as a sound wave travels

through 2 sample of whole blood, the amplitude of the wave attenuates over a given
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wi t ethodsh & veoisding éﬂChndt)glrﬁ%Wﬂﬁr@pld easily be incorporated into the

catheter are:

1) The most common method currently employed in clinical practice,
30  the traditional hydraulic pressure line with ex-vivo transducer, could easily be used
because the catheter will be designed with a port. In this case no special adaptations

would have to be made to the catheter.
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t heprecision. Even if such precision could be obtained, it would be a very difficult

25  matter to achieve accurate systolic and diastolic pressure measurements with this
technique because of the fact that calibration to zero would be very difficult since the
base-line would drift with changes in hematocrit, temperature, salinity, and changes in
the elevation of the catheter-tip versus the level of the heart.

The UNESCO equation describes the relationship between acoustic

30  wave velocity and pressure in water. The equation also takes into account other
factors that coniribute to alterations in sound speed, such as the salinity and the
temperature. Although fluids (blood included) are considered incompressible, the

equation shows that there should be minute but measurable changes in velocity
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30  obtained from the UNESCO equation at the National Physical Laboratories (NPL)
interactive website'® and using the previously noted common equation, V=D/T. Such

large-scale changes in blood density would of course occur over a period of minutes
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developed by Dr. Craig J. Hartley can detect changes in phase of as small as 1 degree
of arc’. At20 MHz this sonomicrometer can detect movement in a mouse carotid
30  artery as minute as 1 micron.™ This translates to a time resolution of 139
picoseconds.
b) Another novel sound speed method that could be used involves the |
incorporation into the catheter of a small chamber filled with an inert gas. As with the '
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C.  BLOOD FLOW VELOCITY MEASUREMENT:

The arterial blood flow velocity parameter would be measured by use
of a standard Doppler probe mounted at or near the tip of the catheter. The best
mount position would be chosen in order to detect flow in a locétion where flow is
unaffected by the presence of the catheter itself. It may be possible to obtain Doppler

flow values using the same transducer as is used for the blood concentration
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volume is restored via blood product and/or IV fluid administration, device 120 would
show a returning to normal of the PVR from high levels. In the case of spinal shock,
however, device 120 would show that normal compensatory mechanisms are not
oceurring and that PVR is inappropriately low given the current state of hypotension.
In reality, accurate intravascular measurement of vessel CSA may be

cumbersome. [t may be better to employ other techniques for vascular tone
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e pugasuging soubd speed and blood flow 112-114, temperature 116, blood pressure
25  (BP) 118, arterial blood gases (ABG’s) 20.

Each of the sensors 12, 14, 16, 18, and 20 illustrated in Figure 6 is
connected té hardware drivers 22, and a computer 24 that is programmed with
recognition and analysis software. Depending upon the function of the sensor 112,
116, 118, or 120, the computer software will differ as to each recognition and analysis

30 computer 124 to receive the signal from its individual sensor 112, 116, 118, and 120,
and convert the same into a measurement of blood concentration, hematocrit and/or

hemoglobin, blood flow velocity, blood pressure, pulse rate, local vascular resistance,

pH, p0O2, pCO2 and any other data gathered from any other technology incorporated
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7. The bl ood nonitoring device of claiml1, wherein
the ultrasound signal has a_ _frequency of

approxi mately 20 MHz. 8. A 4iood nonitori ng device
conpri si ng: an i ntravascul ar catheter; transit tinme -

det rat i ndicati
6.0 e PR g Sy en AR, Al Rieatst At onffeca o
cafchiatsLrgllidslogtput bfarsemrwgcfbwam &ansd tifne obthe Litestund sigraen betaeen
théﬁ&%ﬂ&ter é%qﬁéﬂeﬁébtorw%%ﬁoéé?%mhr ansit time detection
nmeans is at least partially disposed within the
intravascul ar catheter; estimati ng neans for
7. est i Tationg manitosad ddvicaef ¢l v @h¢rein tresfiassind ighgl hahe

freEG&@?b#agFr‘o%ate@%%i on neans; backscatter adjustnent
f

adju ng the estlmated real -time H H value.
based on backscatter of the ultrasound wave; and
8. at t enukaddi rshitGily Wediceddmpiaaps for adjusting the

estl me H H val ue based on attenuation
ﬁ%rgfjﬂscu(?arca%g Wave. 9. The bl ood -nonitori ng

: devrcreresxt@me@ptamwgweamm@r eeneratinga siondl ipdicative efa icansit time of an
ultﬂa&ﬁ.‘néﬂ olme pr%a@ﬁ%rtﬁoﬂ@mléog rﬂb\ﬁ}ﬂg H&@@& 4 B idatidcdnd r:lagsecot?d

ur e base ations in
och et IRdadt e e BRGS0 ol SRRe D
intravascularcaihgtedevi ce of claim 9, wherein the transit

ti =18
TR AR RIS P i
detgstian gi58P¥ ed . with at |east one strut. 11. The A bl ood

MO NbdoREdafer ad}ﬁ.\itmaaet r€Hmp Ifdr&ti;ng!ng e dsﬂﬁété’dé@slcﬂcﬂeﬂﬂm value based
ti p, a t ransducer
on B?ck%l:%‘tgrrof %}% Fcﬂ}nd (—% rcjmgl nal . wher ein

an ultrasound sig
‘th ea’ftenﬂ aaiion Q@é’i{mﬁ@i m&@h%f@o%@stmﬂhﬁ lgetimatadrasldine /A value based
on & baoR bf thaulr@ddusgivae. di sposed in the tip of the
i ntravascul ar catheter and spaced apart a fixed
di stance fromthe transducer, wherein the transducer
9. i s Cwomtfloagimandoring dehetecficlain 8| waestin e puatisisaievicohcltides
pre;*rQuFer ASREAY SdB0 &k dkB@hhgrsa-fiRk basd ﬁgss[z{e%ém fluctuations in the

an anal ysi s devi ce configured

tra"&ih??g{f%%”??%%‘w e at |least one of a real -time

hematocrit value and a real -ti ne henogl obi n val ue

10.basag @&d%ornﬁ&mgld vitd SPRuaaH 9tvﬂ§ % aérgﬁme S aRA! meta?]s

bet ween t he ucer and ere
comprisas\adagsduseniang arafiecion aderain the tr@we%aer i theifefledtersrr coupled
withne dasteneemfti gured to neasure attenuation of the

ul trasound signal, wherein the analysis device is

configured to - 47-
11. The A blood monitoring device Compr:smg

an intravascular catheter terminating in a tip;
a transducer configured to transmit an ulirasound signal, wherein the transducer is -

disposed in the intravascular catheter;
a reflector disposed in the tip of the intravascular catheter and spaced apart a fixed

distance from the transducer, wherein the fransducer is cohfigured to detect at least a portion
of the ultrasound signal that is reflected from the reflector; '

an analysis device configured to continuously esiimate at least one of a real-time
hematocrit value and a real-time hemoglobin value based on a transit time of the ultrasound
signal between the fransducer and the reflector;

wherein the analysis device includes an attenuation adjustment module configured to

measure attenuation of the ultrasound signal, wherein the analysis device is configured to



adjust at |least one of the estimated real -tine
hematocrit value and the estjmted real -tine

henogl obi n val ue based on Hthenuation of the

ul trasound signal neasured by the attenuation

@ #ﬁ%%? (21% thg‘%c%g n’aata rdalvt\fpn%rhergé]’(ﬁ%r!? (\:T‘ah? na d%f?ﬁl/%tlglgteg é 5&5[71
heFreaiphingeiue haret ico ﬁﬁemat@u péfdie blya&ton@d mnaémamure@ iy the attenuation
adieHirksii rBAte; BRgUl e. 12, The bl ood nonitoring device of

claim1l, wherein the analysis device-is configured

to HERILEe erRYSS de¥iRRls ﬁ?’Br‘PéFWO\F&W@te ﬁd’?éa‘aé’fP*%fgva‘“e based
o1t gregitsndation measofedtbl ¢hewttb matounpistieghaddulzet ween t he

transducer and the reflector. 13. The bl ood
: nnnitoring devi ce of claim 12, wherein the analysis
Zevi e baged moptariga fevpeholaind jeerqimbe grasrdeyes sepfigured to
- adiat theplbaseptorin valub asdes oAk trafisitnt@DEhe dirbyouhf €ignal between the

tmﬂ@ﬁﬁ%%ﬁhﬁﬁ?r Adj ustment nodul e. 14. The bl ood

nmonitoring device of claim13, wherein the anaIyS|s
device includes a backscatter adjustnent modul e

13C onﬁrhg Blosd mbﬁxtdﬁﬁ@@éwce obaéi.lﬁag alHeedin @& aﬁmlstae%@ﬁe&ngured fo
SIS ev ce ured to

adgjaﬁﬂes;elésawa ;Pr%tggtvalaﬁgas oPﬂ arégqq W%aaurleagyt scatter -

adyeimgniouedute. val ue and the real -tinme henoglobln val ue
based on backscatter nmeasured by the backscatter
15. The bl ood nonitoring device of

* c“éust nment  nodul e.

14:} bifoqd noniiiag deviperdh gaigntsy ‘9/@?@" Hedng'es's dryica delydes a
bagisestietEdiusmmEmi inotila oniguded t© neasnfré Batkamdtiérot P Ritiasolau sibyal,
Whgl%trﬁﬁé ar%méls dLH&e i %rlf ?lﬂ'gd fo%{ijfﬁlgeat egﬁr& é Bf thé é%a{%ﬂ rea'l']{e ime

asou t rans ucer
heméipwé Rl andvtlﬁﬁerreéfrtmet hegnoglabin yaliesbasadon basksostieransabuged eyihe

badk@c@tt ddjBtntent @3dud. i me pul se pressure based on
fluctuatidns intransit tinme detected by the-

pressure nonitoring nodule. 16. The bl ood. nonitoring
15.deviTbebledd roerapringldeyvicevhialaim i1, twherepytbs anatysis meyicd inslideg a

preBREINBnilofing H&Nfid fiRFed 9 c&iﬁhﬁﬁ%ly EEtH@ttaH@fldcﬁﬁﬁoHs fih the transit

pi coseconds.

tm RS Wb SO R i e S GG PRCHT e B Biae'
- devideds aanfiduye to estenate exal-neciosvkipgiss@e based oo dlatustierisan bhreodme

detél&édmh@&@%rquo ori g intransit time of the

ul trasound signa tween the transducer and the
refl ector over a period of time. 19. The bl ood
16. N NTHeldcagnad@srirgeietite @T|c&inﬁn1&Whek&fh&heﬁﬂar@sdul‘éﬂn@ﬁ&lmﬁsmcﬁlule is

conﬁgﬁ.l\(éoctg d%t%ct%&[lét?)ﬁ qrakgt tln}%ecie%e@n gﬁprct)))lu@ Oifelé\é& 1H6Te coE)eclo?cgs

to an |n|t|al |nJect|on of fluid. 19. The bIood

17. WDnTHeQﬂdoﬁgndﬁﬁM’ln@@!eﬂée &lcRinmy ﬂ-llher‘é‘mﬁ@érﬁl B 8evidead U&lhgﬁjred to
: s configure i ac

caigy B B RaronphenasdS Fernstig Sohe e dHaBbnsgeen e
trangdugeredndlifet rafsstor ovdre periecnadimeer and the refl ector over

a period of tinme. -48-

i8. - The blood monitoring device of claim 17, wherein the analysis device is configured to
determine blood volume based on a change in the transit time due at least in part to an initial

injection of fluid.

19. The blood monitoring device of claim 11, wherein the analysis device is configured to

calculate cardiac output based on a change in transit time of the ultrasound signal between

the transducer and the reflector over a period of time.



20. The bl ood nonitoring device of claim19, wherein
the anal ysis device is confjgured to calculate

- cardiac output based on a drop in at |east one of the
estimated real -tinme hematocrit value and the:
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21. ‘The blood monitoring device of claim 11, wherein the ultrasound signal has a

frequency of approximately 20 MHz.




