MULTI PARAMETER VWHOLE BLOOD MONI TOR AND METHOD CRCSS
REFERENCE TO RELATED APPLI CATI ONS Thi s application

wa@b@osospo i ority to U S. Application Serial NoOPCT/US2006/035234

10

15

20

25

30

11/ 223,406 filed on Septenber 9, 2005, which is a
continuation in part of U.S. Application Serial No.
10/ 944,161 entitled "Noni miasive Vital Sign

Measurement Device," filed Septenber
S Do SGUL 1P AR SMIARR MHOT 5P R PN T OB A BB
filed on Septenber 18, 2003, the entire disclosure is

hereby incorporated by reference. BACKGROUND The
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phl ebo6t oy bl oo sanples within the first few hours.

'I’ﬂyaeﬁeeqnc;io providing optimal care for these
chal l enging patients is for the trauma specialist to
provi de rapid therapeutic interventions based upon

ijmzlf\g[{mbmﬁj Si oln maki ng. The clinician's ability to

el iver suc t ' ' '
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nam ¢ data avail able at the nonent of
thueﬁus cmaramknn@d td theristehs vacart vit (Iﬁ?é—Edl@CbQS G yere taken directly to

clinician to h dat a. t.

e apfraitee toet G oh SRy Pt a BB A e Dbl for
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t (ci)a‘czajt1 avaﬂ%%ﬁe at the moment of decision-making. There is a clear need for the
clinician to have quantitative data to base his or her treatment decision.

The process of frequent phlebotomy consumes valuable emergency
staff time and there can be substantial lag-time before results are available.
Laboratory techniques have become more accurate and bedside devices have
improved turn-around time for i 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. Pati ent
nmoni tori ng met hods haveadvanced over the decades with
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pressure nonitoring, but there remains no device that
del i vers other necessary phgsiologic data on a
continuous basis. New Paradfgm Concepts (NPC) proposes
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p aneters within a patjent's artery or vein an
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conti nuously nmeasure bl ood density (concentration) and
hematocrit. For sinplicity, hematocrit heretofore wl|l
bsUneViaRe DR IVERUEI®y | y as hematocrit and henogl obin
(HH. It is an object of the invention to provide a

mat henat i calt it & abjEemd Higinbettinedm acdueately and aelytlrmfouslhaaeasme
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and %1end pul se pressure (the difference between
cisionsmaking.

It is an object of the invention to provide methods and apparatus to

accurately and continuously measure blood density (concentration) and hematocrit.
For simplicity, hematocrit heretofore will be referred to generally as hematocrit and
hemoglobin (H/H).

It is an object of the invention to provide a mathematical relationship
between the accuracy of the method of sound speed measurement of H/H and the
serum protein content.

It is an object of the invention to provide a method and apparatus to
continuously measure and trend pulse pressure (the difference between systolic and

diastolic blood pressure).



di astolic blood pressure).It is an object of the
invention to provide a nmethod and apparatus to
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pressure (systolic, diastolic, nean arterial and
venous). It is an object of the invention to provide a
met hod and apparatus for bl-dod vol ume estimati on and
precise trending. It is an object of  the invgntion to

provi de a nEtihaaobisel ofpprainEenionie Praveti a et |a§ld gpRpratus to
| ] i . . .
SEGHLADGLY ARSI (RAGcb BER (00100 stk R blioWiastolc,

I's an e 1 nvehtion provi de
apiveh haeiandd appakpt us for mat hematical estimation and

i se trendi nd di spl f i ndex ' of | |
per i pher al - RasAapAREks | (hpR) P i B B4 5 gepgaus for
;’%ﬁﬁu'v@{ &&%ﬂahyﬁ)andhfecisét@miﬁgj ect of the invention

O provide a precision tenperature probe into the
cat het er f oilt ibet hbjselnsdhe wakithmap iporvidmamgthoglaag apparatus for

the results as a vital sign. It is.an obj :
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frequent basis during the care of a seriously ill or

i mpathetd apd rpearetusirdo & catietepthaycante placsdlinte afpsriph¢ral or central

pur poses of clinical .i.nterpretatign and .

GoEPo GreRetero el Pl S Bl fim an ofispley the resuts
C@BSths barpebesd EhRabinRhprelatibaafd ecisen-fRRBi enent  of

sound spéed both intravascul arly and non-i.nvasi vel
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on._.0pposi:t e. sj f r :
CRoFRSRSuA uShSe Rl & AL0R4 SERRSha AhS AL ARy
i Anfoengidh d@ut hat bluseparbmetetvhaicee desimbledo trembiak ohiarfeequent
access, .and constructio uld.include a port ié)r lis f
drbasis HETiBg B5F At WEOBLY U] oF ieedRAis B MBI 4 B esults for
fQhe ?\%gb&s%?@ﬁﬁi@Q iﬂﬁgir%ﬁbrpﬁﬁi- detforPhe®i@pt i nvention
prov S an apparatus and nethods for conti nuous ,
i nt r avascul driefbatherpessnt ingéntigngloasibis 068 method of ultra-precise

ConCELEAL] o, B0 BSOS o208, B 35, BLAATYL Hinhe

MERSWR AR RY XAuREIHIch-MRhAGLY ¥n opposite side of a blood vessel or
artery or on an intravascular catheter. The catheter would be similar in length to that
used for IV access or arterial line access, and construction would include a port for
drawing blood samples or, in the venous application, for administering medications.
The present invention provides an apparatus and methods for continuous intravascular
measurement of whole blood concentration, blood pressure, and pulse pressure. The
intravascular catheter incorporates a sensor to measure whole blood sound velocity,
attenuation, backscatter amplitude, and blood flow velocity and also incorporates
existing technologies for multiple physiologic measurements of whole blood. Pulse

wave velocity and wave intensity are derived mathematically for purposes of



attenuation, backscatter anplitude, and bl ood fl ow
vel ocity and al so i ncorporates existing technol ogi es
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Pul se wave velocity and wave intensity are derived
mat hematically for purposes ofestimting degree of

| ocal vascul ar tone. The un‘ﬂ‘queness of the invention
is in its use for nitoring patients cor%t'n.uousl

t ﬁﬁtw?élﬁlg@@g&eﬁ @f focalvpseargpng. o Lheuniquansss pid Mvention is in its use
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t he purpose of pronoting an understandi ng of the
ptivagvpinggnsef the invention, reference will now be

made to the enbodinents illustrated in the draw ngs

and specific |anguage will be used to describe the

SBREEF DESGRIPTIGMEDE MEIPBR ANEINGSler st ood t hat no
limtation of the scope_of the invention_.is {hereby.
i ntended. AH§ P PEIPRET BhroBOtnE AR Hadersiarfling eatle prEcigles of the

t Hﬁ«eﬁ‘t@&ﬁ Eéf@t%ﬂc@\m} IVVBQ hidde adle 3o ﬁﬁ&%‘ilustrated in the drawings
t

appl 1 cations of the principles o e I nvention as
destspicbidd leguegnwil be vwdtte dpdcaibe theasmeo Ul willhwrverhélgss be

occur to,one skilled in the art. .ta which.the inventjan

" i Bt tmuetich of Yt SR bR e ope R gagrded Any
P aftdratieidi of Gurtite nRViAEnd SRhOYEEriPENENYGRMEStsVarddny further
si gn measurenent device of the invention attached

t Perseonstafithepringiplesofdbe tnvaption asslererdred dntpin aeionismplated as
Flw%ld[de no%mlagy oot £Y% orl(ljel sﬁ{%le%l idl lﬁrleeal% too\;z i%ﬁ %er}%{fen\f%ﬁq”lel%]ﬂs.w
t he "new and’ I mpr oved noni nvasi ve vital 'si'gn

measur ement Fifevd €& Ddiaglagmidieamndw 0Na BEOW arghaarisd thghew and
sender and receiver; Figure 3 is a view of anaqther
v ERRToBeA BeninvsivRSHAbTiEn Mepreeraent deyise o5ths AnvrsHew Akapbad thereto

dﬁMiiﬁﬁ Hg%&gfitdgg@geﬁﬁgr a{;g(arrgcetie;eql’nsducer s; Figure 4 us a
stil

Vi ew O not her version of the new and i nproved
vital sign Femsu? eneviewdgeiligursil miflaaothéoverdian oSthewawiand
[ rsion .of

Fig. 1;. Fi .5 i [ f still. h

C HEPREG BRSSP oVal o Tar Sy edeBP bRt iR B iRe
m@ih?ﬁsgﬁ&rtaﬁ@p&g%grs are nmounted on opposite sides of
a blood vessel or vessels; Figure 6 is a diagrammatic

vi ew of t heFigwie sk viaprodwaether version of the new and improved vital
sign measurement device using three or more transducers;

Figure 4 us a view of still another version of the new and improved
vital sign measurement device similar to that shown in Fig. 1;

Figure 5 is a view of still another version of the new and improved
vital sign measurement device in which the transducers are mounted on opposite sides
of a blood vessel or vessels;

Figure 6 is a diagrammatic view of the new and improved
multiparameter intravascular catheter vital sign measurement device of the invention
for the insertion into a blood vessel utilizing separate spaced apart transducers

connected to drivers and recognition analysis devices;



mul ti paraneter intravascular catheter vital sign
measur enent device of the invention for the insertion
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transducers connected to drivers and recognition
anal ysis devices;Figure 7 illustrates another version
of the new and inproved nuF?Tparaneter i ntravascul ar

cat heter vi urenent device of the.

hvent s on shreG TR ER R PRUOAae Sy nproved
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n@ﬁ%&kﬁﬁ@%&@l‘@ﬁ@l\?pﬁ LECARED SMBAPIMENT o r
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clinics, )c;?r Tgér(:ﬁg& E@ qlqge}g %% ll(lfn %Qgﬁl\ﬁ % W?rp %Qéu‘??r%em device 10
abf hwiteatiomisi dmedicy debicy 'fdrahplﬂygugwmabmgm migasisérents for any

t he vasc Iar a I|ca i on e devi ce, |taI signs
¢ RAPOREATHR 21 9&9&}1 ﬁ“%%‘ﬂ?&%n i wehyl i Madigaisians
bLaRE I ERS IS %ﬁnﬁ’éﬂoﬁ? or ﬁbﬁ@&ﬂg PN RPhdidht, &Wmem or

bl ood densi'ty. Peripheral vascul ar resistance coul
canbua@tsédwaﬁbe@mymlh%mpmélhngnm alificgor bhe bdélﬂﬁcbl The

More conve nment d be ted t he
o Eaf WO b aBP P ehBT R SRSl St ool gl b fosger
t SR ARG Bthe Bekiex YEEINni SRttt abh BOmethied wheldantlhdd A¥erial and
nmeasur abl e pressure paraneters could include the

eX‘?ﬂO&% hloedsgssws apé puispittiend e splogitaced blaeddsntibr deripheral
%%&M}Pers staAbd YRNd géaﬁaﬂgt%wﬂ&sgﬂ?g&w gadaqumﬁ%@ a6,
body caV|%y, depen

Ing u
chhufr¢ gcurvamiiml eduipinentdeuidde Iaaitdd whtiartke dévicesinrondurtie dontlnuously

upon, or ied to the bod npl es .of nflned
CE\Qp{t?r aﬁ@ﬂpgﬁ as temperature a r}é oxygen saturatlon er potent1atf

measurable pressure parameters could include the extravascular space, intracranial

space, infrathoracic (vascular, airway, and pleural) space, or any confined body
cavity, depending 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 could be other vascular parameters including possibly

intracardiac chamber pressures and more possibly central venous pressures.
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i ntra-abdom nal, ocular, and nore probably extremty
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be obt ai nabl e by the device could be other vascul ar
paranmet ers i ncl udi ng possiggy i ntracardi ac chanber
pressures and nore possibly central venous

pressures. n arterial blood pressure.is, neasur nd . ..
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pmgssaudies, anodllcasgilavealping pedéadial fpathpotsaigeso M easusndnt of large,
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measur enents woul d provide data for rapid diaghosis or
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WedhBeardiogram data and pulmonary vascular readings would yield vital information
regarding the etiology of any of the above maladies previously available only with
cardiac catheterization.

More convenient and accurate ocular pressure measurement would
allow physicians improved means of diagnoses and treatment monitoring of ocular
diseases such as glaucoma.

Intracranial pressure measurements would most likely be extremely

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



cardi ac catheterization. Mre conveni ent and accurate
ocul ar pressure neasurenent woul d all ow physici ans
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of ocul ar di seases such as glaucoma. |ntracranial
pressure neasurenents would nost |ikely be extrenely
difficult because of signal-7attenuation through bone
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" aa\llseo brl:overy useful in everyday life and in the sports world. We currently have no
convenient way to monitor the businessman, the homemaker, or the athlete in action.
The function of the device depends upon subtle, but measurable,
changes in acoustic velocity that occur as a result of changes in density 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 shifts in

transit time in rapid sequence (10 to 100 times per second) during all phases of systole
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changes in acoustic velocity that occur as a result of
changes in density of the di um t hr ough whi ch the
sound wave i s propagating. The noni nvasi ve device
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AT D95 e e 235 A PRBL AL 20 S et
betweehaBéRushiteto the density of the fluid, 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
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 fluid



wave velocity and pressure in water. The equation also
takes into account other factors that contribute to
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tenperature. Al though fluids (blood included) are
consi dered i nconpressi ble, fhe equation shows that
there shoul d be m nute but neasurabl e changes in
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R b L
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frlngévnigl%leg grieta er ﬁﬁ% ltrdansbrte 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 magnify the observed systolic/diastolic shift in transit times by a
factor of two while canceling the effect of blood flow. Also, this technique would

reduce artifact resulting from body movement and intravascular turbulence.

" Mathematically this can be expressed as follows:

T total = (T downstream + T upstream)/2



calculated in a conventional manner using the
di fference between downstream and upstreamtransit
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bl ood flow are magnitudes greater than transit time
oscillations associated wth cyclical pressure

changes, these flow oscill altl ons nust be effectively
cancel l ed o c o) t he
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denslty A 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 mathematically as:
AT total = AT pressure
and since:

AT tota= (AT downstream + AT upstream)/2

then therefore:



and therefore: DV total = DV pressure Therefore, any
monmentary fluctuation in transit tinmes will also be a
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intransit tinmes can thus be expressed mathenmatically

as: ZLX total = D T pressure and since: Z | total- (Z

JL downstream + ZA JL upst relérr)/2 then therefore: T

pressure = (D, T.downstream + -D X upstream/2 Signal
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calibration of the device as base-line drifting of blood density occurs.

Ideally, calibration measurements will be made by observing the
density of venous blood while it is under the influence of zero increased vascular
pressure, i.e., at atmospheric or ambient pressure. As the device operates in its
vascular mode, continuous calibration and ultra-precision is the core of its design and
function. To summarize, the core of the device design and function depends upon
ultra-precision and continuous calibration for changes in temperature and also for
changes in transducer separation distance (if not fixed by use of a rigid housing). (See
page 34.)

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



density of venous blood while it is under the
i nfl uence of zero increased vascul ar pressure, i.e.,
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operates in its vascul ar node, continuous calibration
and ultra-precision is the core of its design and
function. To summarize, theléore of the deV|ce desi gn
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the baseline calibration density by means of extrapolation. Another means of device

calibration, much less desirable because of its semi-invasive nature, would be the
measurement of the density of an in vitro blood sample at atmospheric pressure.
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 transducers, RF (radio

frequency) US transducers, polymer piezoelectric US transducers, IR (infrared)
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attenuation Signal input from the sender must consist of brief pulses or “clicks”
generated at specific intervals (e.g., 10 to 100 times per second) in order to detect all
phases of the pressure cycle. The brevity of the impulse will be important for
precision and will guide the choice of acoustic energy to be considered for use in the
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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Phase-shift detection could be used as another signal processing

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

detection technique during vascular system or static fluid compartment measurement,
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described. The two receiving transducers would clock the US wave front as it passes
upstream and downstream from the centrally located sending transducer. The velocity
values would be summed in order to cancel out the effect of blood flow and to
separate it from the effect produced by pressure fluctuations. Like the two-transducer
30  technique, 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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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
connected to 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
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compartment, ocular, intra-abdominal, intracranial, and specific organ pressures. In
25  addition, the device could be mated 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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for a nunber of hours. It nust be confortable to the
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t hen both device 10 and device 100 are conti nuous

noni nvasi ve Bemrantcibe stataef the pg in teed dersify gneasurement is practiced

therefore, both be used.to [ | 4

20§ nUgps P]fﬂr,yaeIXFfﬁcqlP?ralo eﬁ%ﬁ]isu r%lg"ppg\{hlggﬁl 5 %ércf&%gt tﬁ@%d t[c-)I B and
Speibsehesklapatatibsalias. hhebe ldissaedss methdd tibdsra donginuous
practi ce of nephrol ogy, the nonitori ng f bl ood ..
de ABea) deNieq ¢Hging alysiswitieh (clagms\aite gle SElysEpingnd

as rrletasdrg‘s 3 %gnéeﬁtrgcioqldéﬂﬁe @}Rﬁc@fp%@a[f@iood. Continuous blood density

monitoring is currently unavailable for patients who are not undergoing hemodialysis.

25  Frequent blood sampling, although precise, is labor intensive, expensive, and
impractical. There is a need for a tool such as device 100 which measures blood
density conveniently, continuously, noninvasively, and in vivo. In addition, device
100 may be capable of providing continuous 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 fully to that of device 10.



sudden onset of hypotension. However, the rel evance of
bl ood density values and trends as they relate to the
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unstable "critical" patients is not well known. Under
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density as bl ood beconhes nore concentrated or nore
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hemorrhage results in rapid fluid movement from the extravascular to the
intravascular space and thereby causes hemodilution. (2) The vascular system is, in
effect, “borrowing” fluid from the tissues in order to preserve blood volume and flow.

Similarly, an infusion of IV fluids will initially cause hemodilution and

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

lost through renal excretion or other insensible losses). The vascular system thus



Significant fluid shifts - and thus dynam c changes in
bl ood density - occur during shock from any cause
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influential of which are the hematocrit and serum protein level. Other determining
factors are pressure, temperatures, and dissolved sugars, salts, and gases. Since
device 100 is not designed for ultra-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 at one atmosphere. Also,
since it has a significant effect upon density, a calibration or correction for

temperature must be accomplished.
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bl &edy a/@ﬁgqvtalythe best arterial and venous signal can be obtained. These time-of-

15

25  flight measurements would be then be used to calculate acoustic velocities upstream
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
microprocessor where it would be converted to blood density and flow values.
When using the time-of-flight method to obtain 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 in vivo circumstances, a

correction can be made for the effect of flow upon the measurements. BY using the



and its correlation to the clinical status of critical
patients. However, the few studies that have surfaced
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probably be useful, provided that convenient nethod of
measurenent is available. There is currently no
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Interestingly, device 100 may also be capable of providing a
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 fluid “saturation” of the
extravascular tissue.

Another method of assessing the dynamic status of the extravascular
fluid would be to monitor the difference between arterial and venous blood density
values. This may present a challenge if the arterial venous blood density

measurements can not be distinguished one from the other, but the data obtained from



Based upon the UNESCO equation for sound speed in
water, this resulting "static equival ent" acoustic
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very sensitive i . )
25  arterial and venous blood density and blood flow velocities, the analogs of cardiac

20

output and vascular resistance, and their trend lines as well as rate of change.

The acoustic frequency range to be used would vary with the desired
separation distance between transducers. Both are yet to be determined. As with
device 10, the electronics required would include a device driver 20 that controls each

30  transducer by triggering impulses at a rate between 10 Hz and 100 Hz. Each
transducer would act as both sender and receiver and would be connected to a signal
processing computers 22 that would note time-of-flight for each impulse and then

calculate the dimensions and location of the vessels and arterial and venous blood
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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 chosen may 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



i nduced intravascular "click"” would emanate in al
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even requenci es an
m Ghtweadh fifaesducdiseat bp ma&fmﬂzecﬁ nad ifdesqueritensad ed: high enough (500

o LKt Pl i diSsrd S5ionar bl decomtaa. SeuBie

to T%ﬁfp'éfa@ur% Q@rr@ét%%a%eeé@ceﬂl 2éheli B ihdWRpratitPa eSS erature probe
“click", other types of transducers may be requrred

i ndita dhm@evmwumﬂjalcmmto & travsdyset gmmwith theiuse of a ldaslengde oscillator

i nfrared u Fi ber-Bra | aser
5\ ocbr b o R e RSPt s B e BB o -
STI'LL ANOTHER: VERBtd N atfakaiiEdutdey bOGouNdt estgy réQtiies and thus.
vel ocity nmeasurenments woul d ideally be nade

| obéodislensiby gastipmeangh the dericsetoulq Mepipgrate @ sampestte probe and
t h' r@l&'{%m@? fo15h M’cn%cfugf CIHJ)rfltoﬁ—J]g qt?e 1ﬂ85hahf&%f§eg¥1% i¥n between

oung waves prefer to trave ng straig
Therasfducerst Bmcnrmctveprearstsudahs dhedynd mdataﬁkmg mhlyaslferinger&;e
|nvoIve th coustlc Cr 0SSi g a vessel

persf)@ﬁ%ﬂ Vansfirlcq]ﬁ %W&ﬁ?gfﬁu l@ﬂﬁlgﬁ]&?oélélya?@glshgoé dhgchange
1 taq ?&a%ﬁ%}e scfuﬂ@ %@eﬁ%agﬁﬁlﬂoﬁ%@ﬁ@?@ 1298, Mindt plﬁéticlahty the

be acconpl i shed e vessel's adjacent to the externa
earsemgtlwmﬁvemabt Gansgusus hr fwansdwier end reglentor hlmnld o fged by
| ocations ost agrrcu

ar ok S R B e i e PRl E it B ggpecs in
S Uy dep&iatibn RIREE Bétwées GRltBinsduRER e deflddtdr. This would apply to both

device 10 and device 100. Also, with either device, it may be relatively easy to
incorporate an oximeter. The application of a small array at the receiver may provide
vessel diameter information and thus an analog of pulse pressure.

In summary, device 100 may provide the following continuous data
from a stable platform overlying a vessel near the ear:

1. Blood density

2 Temperature
3. Oximetry
4

Pulse rate



anterior to the tragus of the external ear. In this

case the vessel nmay be nonitored by placing the
wa@eondiosagia r ansducer agai nst the anterior wall PETAURB06/035234

external ear canal just behind the tragus. The

recei ving transducer would then be placed agai nst the

skin anterior and superior ti-the tragus, positioning

t he vessel between the two transducers. The sender

woul d enmit if®s inﬁubseﬁﬁmneanﬂqgtomards the recei ver

across the vessel . .Cont] L of-

nmeasur enent s %@8@1% d%VéC%w&ﬁﬁ%ﬂgEﬁm@ e % ¢ é(a?culal catheter that
t egp@hiat YWlokTanmas anchstiemeets e ehultile w*thbQﬂo@chlSystcﬂo gic and
val ues. If the separation between transducers can

rekpmpdadmiapaampiery. diwenkl tes wieke Adaspiugd aé%%l@rﬁool that would
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be r@ﬂ@c@ﬁﬁbm shedichs suffe@mg)ﬂbmtthm moat o:heﬂugnag andelifprthiwetening
into the devi ce éﬁst adj acent taq the trg sdycer.
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order to maintain accuracy of sound vel ocity readings
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e at at ur r obe.and.. Iso electr
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b eLWERA HypSRBHHE N8 theDALRINTRY GHBBHHIs I rﬂn:3’:31501r<ﬂ‘1|;%)f/\ﬂ1cﬂ@onﬁrm
and tal king may change the separation of the

t r shsigalcaspicionh el Bewrdves salsd(s)-nst ant aneousl y adj ust

for the chan I

the now di of ASBISTHCa SH kB ASHP o RRERL RS, HR. of
betdeeiea 12t & otuldaatii®alubie cEniofantts mwlqmelﬂy allfcﬂerelﬁtfdt@thlemauses of
shoul d be fixed by using a ri ousi n Iude a
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debilae 1660 andﬁdustmommcmtalﬁmtw sudb v thet causedrby sgpal cord injury. For

rel ativel to i nco r at X|net

npohs el KPS P RL NS o s asc i potmess woula

p I Q¥dodBpYRRIRE al‘;ill@rfﬁit Shlyl tB ldomrdraitiaentha Reudeh IS atdidrd Bl @Y signs,
pul se pressure. sunmary, device 100 may provide

20t héauf also svdgigrminmibie ﬂmemgueapﬁtrﬁatmw@nse@%m@wwér Aich
B
anah&fications; the performance of specific surgical inventions, appropriate airway
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, burn unit, 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 fluid within any body space,



Anot her device 120 of the invention is an

i ntravascul ar catheter that contains sensors for in
waaod/osmsasur enents of nul ti pl e whol e bl ood phyBRCDUSTNNE035234

and henodynam c paraneters. It would be a unique and

useful diagnostic tool that would facilitate rapid

deci si on- maki ng and optinizé%*on of medi cal managenent
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of a .praohl e such as sudden hypotension, and the _
obtasinprg leel wilbin aeampastmanhvhpigfhese ivmeientiol mueele neerpsis to
cl hui.ca .Gl s). .The .
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ujckly differentiate the causes o ypot ensi on from
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10 Mo ahd Bl Juey |Ifngﬁlg\ﬂe%f@eﬁﬂﬁﬂﬁggﬁﬂiﬁgn’lé Sehdd fol %ﬁﬁg(@) 8n—the-spot

determ ning the cause of shock, e.g., sepsis,
| olpboragmysl apglysimoni ¢ mal function such as that caused by

spi nal cord njury. For the.clinician, kpow.ng th : :

| evel of vas #QFM?%gﬁﬁ?éﬁggeé a g§3ﬁ%ﬁ&“ﬁh¥%ﬁ@?§°”ha“°hc
wordimaksBlobdpreayeed, Belsapekdiiry, ik r2B) ahd!tRe incorporated }l::)hysiolo gic
differentiate the causes of abnormal vital signs, bu

al R¥apmstegeyeldiba disphyed sentingousl s e Thif typeeftinfonmation is settinely

' . Nt .acl ude, infusion of .
15 S FUTRLANERcSUERALENLIERL, TP dg] 4851 MBSO iy ana
mediladted iwal tdseulperekistanen@s/Rf wané aish ibe dﬁsp[@"bg ad)ntinuously.
[ [ . ropriate airway managenent, or fracture
A A R O PR
adpsRiantS @VI};Qﬁwﬁlfzh PakhRs fREif %‘éﬁ}%@ﬁet’c%gﬂlﬁl{% Btg. SVR cannot be

nmoni toring of this broad ran physi ol ogic an
hepljdipad fiom pperipetad catheton | IV R whiclp isconteonlyeeldiiated in
feedback on the effectiveness of e abov

20 RO e o ey SR o Golel oy fieatmukloaf of the heart
pesndiey tle VaaETA s@Etefe R Bihig & YA dud idsul$ Quéias trauma or
prehospital , emergency, surgical, post-surgical, burn .
uninfectigpg Aﬂ@ﬁ@h@ﬂ@rf@ﬁﬂ@rﬁe@mm@ardﬁapewoﬂmdrfayn B&/R, it is theorized
us i LR ' r.r rch . i
LB TN RS TRISER BLERT B WAL Hcpane chanses
anchrdinc woekidad drel yhgathetit adned LWRY &indboigd @e@eed by any blood test

henmodynam c vgl ues. These i nclude but are not |imted
25 ¢ anghy pf)‘raq.tvl, ently being measured for critical care resuscitation purposes in any
clinical realm.

Since blood density is 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

30 formula, BV=Vi * p1/Ap, where BV is blood volume, Vi is the volume of saline
injected, p 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



aer ospace, and subsurface marine environnents. Q her
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space, whether it be peripheral or central vascular or
fluid filled body cavity. Exanples of confined body
cavities would include the ¥ nary bl adder,

gal | bl adder, intra abdom nal, brain ventricles or
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of rapid surgical intervention. In addition to
vascul ar or &enparhomhiringvessiie resesidnvapsion weaild yield the same
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ai KW valels BRYES10bid HRA hethbd WRiEl pR8mRed. Uh sbietch@umstances, it
clinician's oftice for routine on-the-spot Iaboratorg _
analaydieyaluphlsrio padomatrhedieg ofespouephysiqhpgie dafa and hemodynamic
i nt,raakteri al,l i ] l g
or R0 eBo il L@ oot LA AGF Ao BB 0 Flc and could
i neetmnnsad oy pphxstiek dgihe ppaioapiei ensrommdnd bikedhspteaaipbcatheter,

conti nuously. This type of informtion is routinely
us & Yepowserthpser wrple picld essful daeopidpidisls. | n

addition, lo 18 ol bi atafhuli

| ocal vasculg%hgggggggﬁtgﬁ%%%%gsggﬁﬁgﬁgfggngk e

di $phsipeet, cortd ciumsg fiye tolthetibing dnderedsimeibegadheprdqdire time

want to.know.the | eyel of total, system c vascul ar .

r e et ey om, ek AP aphpbEie Rb R TR, Shnegntration,
vaggddddiont Pl6eityBimpayitufcaBloel ghes G aixiastry 6108 acid level.
peri pheral catheter. SVR which is comonly cal cul at ed

i n DeviesildDbgyessesagnssh coyld bgquickposalibrated ta@fpespharic pressure

deternm ni ng.t he rkl .

vaslhf b gib L BEGAR Yy Bl kRpSELY RSl emperature
suchar@s.t Ttawid a6t reqdigcdalibratioAlfétloghcompenteaion ok blood flow
determ ne cardiac workload fromLVR, it is theorized

t ha¢adingR trends woul d parall el SVR and therefore be

useful for observing changes in cardi ac workl oad and

synpat heti c tone. LVR cannot be neasured by any bl ood

t est. an@IGODAIONCENARA VIO AND A ATOCRIGMEASUREVMENT BY

care ' ' purposes in any clinical realm
Siﬁ%@éﬁéiggkhghggﬂ§'is bei ng precisely nonitored

vascul ar vol 4R k&aRn Pet dekRr FeELEh Wholé BioB8 id MderdhifeBby total
volume of 1V fluid (saline) and observing the change

i n psdteindodesmsiatin' Mhe earleaniratisnupfaonss andién tempeseineg edlhe
by n%eg grit%t%rpf)})or%ei%iirll uwthiope%lood resides within the hemoglobin of the red blood
cells (RBC’s)'% M. Therefore, not only can sound speed be used to very precisely
measure blood density, it can also be used to measure the relative number and
hemoglobin content of the RBC’s.
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.



formula, BV=Vi * pVAp, where BV is blood volune, Vi is
the volune of saline injected, p is blood density and

W@\2008/08(3¢0 change i n bl ood density observed as BCT/@S2006/035234
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of the given fluid injection. Cardiac output can
therefore al so be calculated by the fornula CO=BV/ T,
where CO i s cardiac output, -¥7 i s the above cal cul at ed
bl oodvol une, and T is the tine that it takes for the
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t epRRIIEHE RBE’s) tﬁ&ﬁsoﬁﬁﬂ@% dellYs ﬁgo Blroﬁbﬁioﬂal' s} h‘éﬂﬁjro%nt (Hct) the
bl ood resides within the 0|n of the red

c elperseiitRBCef whae bfpod cvhmtgfgmf @et " dior ;heqaalmpquﬂhe design of

M RN I T
speed that they will be considered one and the same and will be referred to heretofore
as H/H.

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 level would result in overestimation of H/H, and a low serum
protein level would result in underestimation of H/H. Nevertheless, methods exist for
very precise measurement of sound speed’ 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



henogl obi n content of the RBCs. The function of the
devi ce 120's bl ood concentration nonitor depends upon
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acoustic propagation. These include ultrasound
vel ocity, attenuation, and backscatter neasurenents. 1)
U trasound Vel ocity: By measili ng hi gh frequency sound
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proteins) suspended within a water sol ution containing .
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velocity are (di.rectl roportional to changes in th _

15 concentratio V_f‘]té(h%tﬂ&%gf 0 WﬁPﬁWSé@}?ﬂ%ﬁl\Rﬁa éampeles (n=30)
patdidetdighindth¥@baelati¥n BERSHAtEIRRVitH Soundl BEdeaf QUrflatAdR was found to
acceptabl e nmet hod of total henogl obin estimation. 7' p .

bo high{&e0t93é imbawyeeBipaplrge) Best fiess perfermedtin éhis pepulation
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t he design of_ device b and Hct are so cl osely

20
201 i nked in te :6f0113ﬁéﬁ‘]f52t0é 83 Gnshi p to sound speed
that they wi gy f8n GBS %(ﬁ\%\h@). 4556t 3B uAB b percent

be referredtg heretofore as en’serum protein
| evéemsorandlaimessimbiynthirgduced by swriatvmeéy srymgmnotemrlevel i($P) can be

H H estinpatj,o0 . be produced in the sound speed
mefrsaoed B frlollgkingieghaon:
%error = -30.354Ln*(HCT/SP)+47.47

25 3) Continuous Precision Sound Speed Measurement:

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 continuously 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 pair with the

reflector fixed at a specific distance, e.g., Smm. The transducer acts as both sender
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eqUBPIGF hegpraspiualizionpiippmeHCTABFER mPsURVE pppropriate
CoRkipBHANS cBLESIsHADN B A5 %@Fﬂw&?%ﬁg HRBN of an off-the-shelf

precision temperature probe embedded in the catheter tip, such as a thermistor or

25 other miniature sensor. An 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. It would provide a

30  resolution of +/-0.28% in hematocrit determination.

4) Attenuation: Whole blood protein, whether contained within cells

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

through a sample of whole blood, the amplitude of the wave attenuates over a given
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25t enper at ur e pr obe Bwtratigesders af systolicadiastoBe, anfl gneas hiqgpd pressure
as (gnc{ Q?g Ucl,n%‘i.lg Ereggure) could be incorporated into device 120 using several

methods. Two existing technologies that could 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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25 tr éﬁgﬂfﬁ &Qs:ixchg@/efaﬁcl:urgtg @}ﬁng ﬁ%%lliﬁ}%é?ﬁé];ﬁ 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 contribute 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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sound speed detection transducer(s) use
me aspreesiet Theavariability of the above mentioned physiologic values, however, may

result in a much larger drift in transit times of several hundred nanoseconds of.
According to the UNESCO equation, when salinity is fixed at 9 ppm, a change in

25  body temperature of 1 degree Celsius would alter transit time by about 15
nanoseconds (a scale that is roughly three magnitudes greater than transit time shifts
resulting from incremental changes in pressure). Similarly, with temperature fixed at
37° Celsius, alterations in salinity of only 0.1 ppm would result in a change in transit
time of about 0.85 nanoseconds. These values were calculated using velocity data

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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According to the UNESCO equation, there is a 19.68

pi cogkebaddlable. This could include such instrumentation as is available for standard

sonomicrometry equipment. Phase-shift detection could be the most optimal signal
processing technique because of its extreme precision. A sonomicrometer technique
developed by Dr. Craig J. Hartley can detect changes in phase of as small as 1 degree
of arc’. At 20 MHz this sonomicrometer can detect movement in a mouse carotid
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
30  of'astandard 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 location 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



at 20Mhz frequency, resolution would be nore than
adequate for trending of blood density and bl ood fl ow.
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adequate blood pressure. This is certainly true in the case of hemorrhagic shock, in
which case device 120 would show an increasing PVR coupled with a decreasing
blood pressure and possibly a decrease in vessel CSA. Conversely, when the vascular
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
occurring and that PVR is inappropriately low given the current state of hypotension.
In reality, accurate intravascular measurement of Ves'sel CSA may be

cumbersome. It may be better to employ other techniques for vascular tone
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Figure 6. Included are diagrammatic representations of the incorporated probes for
measuring sound 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 to 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, pO2, pCO2 and any other data gathered from any other technology incorporated
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into the side of the catheter 110.

The particular form(s) that these sound speed measurement devices
might assume are not limited and would include any configuration that would allow
intravascular measurement of speed of sound in whole blood.

Figure 9 illustrates a potential configuration of the gas-filled chamber
pressure sensor. This particular example shows transducer 134 and reflector 136
mounted in a notch cut into the side of the catheter 110, with a membrane or

diaphragm 138 covering and sealing the gas-filled chamber 142. The transducer-
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25  intechnology could bring the eventual incorporation into the catheter of such entities
as genetic testing or blood-typing for cross-match for anticipated transfusion. In
addition to its value in critical care medicine, the device could have many other uses,
including but not limited to use in many types of medical or veterinary research, in
clinicians’ offices, in military, aerospace, and subsurface marine applications, and in
30  cardiovascular and pharmacological research.
Potentially, any other conventional equipment that can be miniaturized

could be mated with the device in order to continuously monitor a multitude of

desirable physiologic parameters. The particular existing and available technology
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body having & proxhéadvianst lhist hiwhereamboth pendmapaniedstal
apart and connected to both device drivers and

r eGeArerHchidg aé’ﬁﬁﬁl_}té’ioéﬂtrééﬁﬁu&g§:, a power source

connect ed t o5 bot hTﬁ?&&zi&ecy @& | WHRFEn 878 pRAAHY of transducers are
recogni tion and anal ysis devices, said device driver

al sped andi¢etentfitquenaiesl recogni ti on and anal ysi s

devi ces. 2. The degvi ce .of aim 1l .wherei.n the .
transducers -ér-r et ]H%ée“rl%e %t%%ﬁnﬁmtl ‘We_f‘i]ﬁl R pﬁod(ﬁlgﬁl and_ distal
bejRgkdfcdt 8RGotBsendhie f@VdceReRl O aim 2 wherein said
transducers are tuned to anbi ent atnospheric pressure

and t enper at éir e. ¥he FerdcaiefFlean divherein faid taptugpss Dpyths chosen
proxi mal and distal transd r Sok . ' . 1
Pr Fbue el o nihflechb PRdHGR APREt YR Ar ML o impuise
Pl YA trinéd@derd, halyatu P78 tanalutersddsdr oradidub esginfrared transducers,

f requenci es. ) ) )
radio frequency transducers, Fiber-Bragg laser receivers, hybrid transducers and

combinations thereof.

8. The device of Claim 1 wherein said device drivers are chosen
from the group of device drivers consisting of impulse generators, wave generators,

and electronic switches.

9. The device of Claim 1 wherein said recognition and analysis
devices is chosen from the group of recognition and analysis devices consisting of
scanners, displays, computers, printers, recorders, senders, receivers, and
combinations thereof.

10.  The device of Claim 1 wherein proximal and distal transducers
may be adjusted as to operational frequency.

11.  The device of Claim 1 wherein said proximal and distal

transducers have frequencies ranging from about 500 KHz to about 100 MHz.



6. The device of Caim1l wherein said proxinml and
di stal transducers are both senders and receivers. 7.

wab@7msogice of Claim1l wherein said transducer BCTVEF200€035234

chosen fromthe group of transducers consisting of

Pi ezoceram c transducers, inport inpulse click
transducers, polymer Piezo t46ansducers, |aser

transducers, infrared transducers, radi o _frequency .
transducers, 1% berhgdeniep oidslaim | adisraye pad reppppitign and analysis

S SPRCASGERBP OTRUIEN B0 0 ufe IS IS 56 o

evice drrvers are

t heergitoUienasglshiy behehatveitsHAD)) dlewdiflogy ofloditypphiserate, venous
generators, wave %§nera ors, and elecgﬁoni SwW f ches.

9. anhtere) flew vstoc
anghy(s S%f%gwi&gﬁlt%lﬁ é}ﬁ?}g?gf blo8aWb eI 5i8HA t90ise ratio, and

recognition an
scaombmstioitbptalys, conputers, printers, recorders,

A AP PIRFRIFSIIRIEE] SPAQSE O HRITTBR TSSHEFICS,

anal ys evi ces consi sting of

senders, recejver nd comhi nati gns .t hereof.. 10. .The.
device of O !rl"m 1%% gfvé?%o eh ﬁré’Y%eé?Pa S?&p?%lf;e may be adjusted for
t r aRSHERhHefMe BBd dabyist Bdames bowepeEAl dafdland proximal
frequency. "11. The device of Claim1 wherein sard

pr trisdaberand di stal transducers have frequencies

10"ang ing fro m g.b 0 ULF\I}VF? ggviig_gf (tlfﬁgmqtf%eréllg ?alligﬁg%)%%lal a l?ledistal

device of daim1

anahysiuserd ey ciesppasiessiiasofulisaisamssdd. time of flight,
arterial blood density, vepnous bl ood densi

hemogl obi n add hertie 8eYiFs of qall%j‘ L4 ghseran F‘PQW‘\’?QW@ESG} {§,a vein.
pul se rate, ygnougyaRgiak EF@aﬁh 15 LA £ L8 biobd RERPH an artery.

pressure anal ogs, analogs o
anal ogs of cafdi adhedtyut of Ghahdgsvisfeibtieqritlvovaymdich the sound
157
adjsuatheshdREsepmbi ent tenperature and varying di stances

bet ween sai d distal and proximal transducers. 14. The
devi ce of O d8m 1 Thadedrmot@lagmgiovticnein themrptlypegr ayhich the sound

t d : i des. o
SRR 858 AP B PSP S o5 B
i S vathv@idblod®vestéle devi ce of C aim 14 wherein said

erern sal recogni

vascul ar resi stance,

e s B erhineIovRe) BT HSa] G BRUREL daye By Petbendicular o

bl ood vessel is an arter
0 19.
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The devicg of Claim 1 wherein the frequency of the transducers
is between 5 and 10 MHz.

20.  The device of Claim 14 wherein said proximal and distal
transducers are on opposite sides of the perioral arteries.

21.  The device of Claim 1 wherein said proximal and distal
transducers are on opposite sides of the pre and post auricular arteries.

22.  The device of Claim 1 further comprising an oximeter.

23.  The device of Claim 1 wherein said recognition and analysis
devices emit a continuous record of data relating to the measurements of the group of
measurements consisting of blood density, H/H, temperature, arterial and venous
blood pressure, pulse rate, blood flow velocity, and pulse pressure analog, or
combinations thereof.

24.  The blood monitoring device comprising an intravascular

catheter having proximal and distal transducer device therein spaced apart and



17. The device of Caim 14 wherein the path over which
the sound waves travel between the proxi mal and di st al

wo c@nssise@r s i s general ly perpendi cul ar to sai BCbhUsmde/035234
vessel . 18. The device of Caim 14 wherein the path
over which the sound waves travel between the proxi nal
and distal transducers is geferally |ongitudinal with

said bl ood vessel. 19. The device of Claim1l wherein

t heopnresteddn bythdhlvpﬁseansirr@mau@éragd PRl dpidersssaig Hansgucer

M_Iéie‘élggs fagﬁg IS ﬁgr With STt nMRpESl v@luﬁl?ﬁﬁs Rf?tﬂ’ﬂl&@ when said
stal frans ucers are on opposite sides o

perkhtheial isandeeted égo aZein orBneryd eaitl canafuc@l davived invheligg means for

sai d proxi nal and di st ansducers are on O Sjt )
S el fang peeppcriead At Safibg pome R3S bif saia
5devitiGers@hd Gid 'rgeo%mftﬂéﬁtaﬁg EndTPAPAd3d R sattdiPVerdBES being Bormected to

The device of Ca m4i wherein said recognition and
anabiflgpegdiivncad asalysis devdenst i nuous record of data

relating to nts of the. . Of -
Teacur enent s “dons (eI HGAgrOBIcS88 GUREPL} ifyA4 furtber comprising a
t en@gpabfEsensdr! id Rinpaftird eatusmBhaei g BB apeeturp dl S&d blood
rate, blood flow velocity, and pul se pressure anal og,
or R EHBFPEEI ons thereof. 24. The bl ood nonitoring

jpdevi ce conprixgi ng ’I?l@ b'l&tdrrg&ﬁﬁ)‘ﬂlﬂ HeyeBbP ia% 22HRG cgmprlsmg a
proxi mal and di stal transducer device t erei n space
apptdssan demnesaﬂdqﬂestsmretsemsm dreasteing aqndssuﬁzomfg;mdtblwd amrsdid space.

anal ysi s devi transducer devi each
other with a pac PHBERS SR of ﬁfﬁl@% b copprising 2

wh %Bnc%%{rgtl&%eﬁ%r%aﬂ §ed55‘131ﬁéa{sﬁﬂng BER eRirMRINE 0 baidbiddlarterial
sai d transducer devices includihg neans for measuring

s owmpigerspdedtcrnkbataatiofiioand pH pbwed bkwdris said spavect ed

to both said r|v saL recogniti .a lysis ..
15deV|ces sal dr|3%F§3%1 m%(nﬁﬁ ggﬁﬁ8%?§Wm3%4§§ﬁﬁ%ampnmnga

I e@aoRiritt @d Rpir@BA) Mi Sndbevi ces. 25. The bl ood

nmoni toring device of Claim24 further conprising .

tenperat ure $&nsorfhediad memiaingiigriee 6 kium Hels tb?ﬁ Gogprising an

the tepperature of said blood in said space. 26. The

bl 0od nDnltorlng device of Claim 24 further conprising

a pressure sagsor ThealedicppéEhume4seinsen theamsdicey davices are

ressure of  sai.d.blood ip s ace.
20p tuned to a point within a human emg’l s%loo%

31.  The device of Claim 24 wherein said transducer devices are
tuned to ambient atmospheric pressure and temperature.
32.  The device of Claim 24 wherein both proximal and distal
transducer devices include a plurality of transducers.
25 33.  The device of Claim 32 wherein said plurality of transducer
devices are tuned to different frequencies.
34.  The device of Claim 24 wherein said proximal and distal
transducer devices are both senders and receivers.
35.  The device of Claim 24 wherein said transducer devices may be
30  chosen from the group of transducers consisting of Piezoceramic transducers, import
impulse click transducers, polymer Piezo transducers, laser transducers, infrared
transducers, radio frequency transducers, Fiber-Bragg laser receivers, hybrid

transducers and combinations thereof.



27. The bl ood nonitoring device of Claim?24 further
conprising a concentration sensor, said sensor

wor@sosismg concentrations of said bl ood arteri PCT/OS309€085234
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and arterial carbon dioxide and pH of said blood in
sai d space. 28. The bl ood nonitoring device of Claim
24 further conprising a puI§§'rate and respiratory

rate sensor. 29. The bl ood nitoring.device of Caim
24 further céftpri SPRgede 95G i e Whetrin sHd dgues gee grosen from

d a{e@ra@ W%erarﬁ@& c%{lgaﬁ%%@gggg iggﬁe?at?,tsg v gghe;aceo@, and

poi Nt~ w a human being's b 31. evice of
Cl alentr@dc whvecleisn sai d transducer devices are tuned to

anbi ent at nogpher | ressu and t erat.ure. 32. Th .
devi e of  OF im 2A5GRERET - A0 JhrGTarL erogh Dppand analysis
t I ABHEGE EhhRY i68SthE BEIUPAT récoBhitonlahll ¥nfllsib H&NSAWLREiSting of
33. The device of Caim32 wherein said plurality of

t r asrvdesedisplexs, cempeess, primier, leeordpisf senders, eedvywafeiles.

34. The device of C aim 24 wherein said proxinml and
dig?gpn?ﬁgﬁggﬂgg devi ces are both senders and

receivers. 338, Tha@hdawvieeoOClafh a4 Mikdeinbit @rdkimal £hd distal
transducer devi ces may be chosen fromthe group of

t r Faswieerdevicsnsiay be ag usied P oRReErtigRRTeaRStucer s,
port | pul 86, © Gk abliBlSEUReh 38 ARTOEAiG PHEADAl and distal
a I rared t

t ransducers, ser transducers, infrar ansducers,
r athansduceqgieeivey hivednsdanoeessangin g éonBitagy S0@KEz to about 100 MHz

recei vers, hyhrid._transduc . a onbi nations . . .
thereot . 35. THe daVFSEV6t Scr B2 kR SiH rGipegition and analysis
dr Q¥ @EESs BERULRARBRIIOE BLABNE UReR] IS ERsiY, ivéRES blood
conS|st|ngH§;pthulse generators, wave generators, and

@

el densitynH g veleTity (Ueaowearidzatepl) Ginalags 24 vascular

wher ein sai d, recegni,tion_and. anal ysis devices is. ..

ch B%Séﬁjiar}cp,oar%a}q% og ?%8 v 81,1tp|u§ éﬁaﬁﬁ& 015 1AlI0, 2 gﬁg)/l’éllglé’latlons thereof.
devi ces considst! i NngTheldeGcabNElasm 2divakél Said AeRPidteLyShe adjusted
printers, recorders, senders, receivers, and )

c o A%y aRipY AempHatuEpnd vIgyng Histagess kedwen seidgliptaband proximal

wh%gﬁ&ﬂmqugkgroxinal and di stal transducer devices
may be adj usted as to operational frequency.

42.  The device of Claim 24 wherein the frequency of the transducer
devices is between 5 and 20 Mhz.

43.  The device of Claim 24 wherein said recognition and analysis
devices emit a continuous record of data relating to the measurements of the group of
measurements consisting of arterial and venous blood density, H/H, temperature,
arterial and venous blood pressure, pulse rate, blood flow velocity, pulse pressure
analogs, analogs of vascular resistance, analogs of cardiac output, analogs of blood
volume, or combinations thereof.

44,  The device of Claim 24 further comprising a display which
displays both instantaneous measurements and a plot of each measurement versus
time.

45.  The device of Claim 24 wherein one of said transducer devices
is both a sender and a receiver and the other of said transducer devices is a reflector.

46.  The device of Claim 24 wherein said transducers are spaced

apart by a plurality of struts, said struts being smaller in transverse size than said



39. The device of Caim 38 wherein said proxinml and
di stal transducer devices have frequencies ranging
wé camoaisonut 500 Kl Hz to about 100 MHz 40. The PemiUsS®0e(35234
Claim 24 wherein said recognition and anal ysis devi ces
nmeasures ultrasound tinme of flight, arterial blood
density, venous bl ood densit49- HH blood flow
vel ocity (venous and arterial), anal ogs of vascul ar
r esPlEehceld divkl drdoingfa swarebedy e@USaprtraﬂSquJ@mwﬂncﬂldﬂls with blood
n0| [ tians the eof . 4 1. The device
n. sgltdzc th Wﬁeg‘ijs ﬁgé%dqgto Frieinora h

rein sai be adjusted for

arrbl ent tenpei7at urkhealadicy af giang 2divHeadla @@d@?&d@ﬁ@ Bn@&del beneath
di stal and proxi mal. transducer device. he devi ce

of 2ERERRDY spidePasePonetiedaife By of the transducer
sdevices is bggweery,p, ﬁgldau?sqo%ﬂnﬂgu OJ I nﬁgffﬁ%ﬁaevl%’c&g human

Cl ai m 24 wherein said recognition and ana
embpduceopitising oﬁspznecbﬂpdc@if sedmramthlbmddngeﬂebetbvb& said sensors

of D3 EPTaeredta b s e ASEH OaRg nalyss devices,a power
t egp@tatiiRetedid Bsth @Lud@@dlcé‘ ﬁfi%ﬁ aRd QR4 rRHESiEH flgnalg)é'fé d&vices,
rate, blood flow vel oci t% pul se pressure anal ogs;

o

anati8 §sviee dijrerclioonnents mcleecc@maio@gmakymsdamemhereby blood

10 DR breR 3 88 RuRlnu 0t Reidling SamPaPY krorkBhBiepdpragery

a dirgpd @ysughise bardifsinillays n?@ﬁeh pafi&dt@nt aneous
measur enent s snd a pl ot each neasurenent versus
tinme. 45. Thé%devi ééaﬁ?ar@wmlznn%ﬁémrmnwé sefsogsgirelon opposite

t 1 SASHYCLH 1088 VeS8 S bwhi i Jgoc?ﬂgxggﬁ%eﬂ&lgr to%?ef %18{%8?6%6%66n

the ot her of sal trans((j)'[S e sT1sare
46saidhensdesvi ce of C aim 24 wherein said transducers

are spaced a rt a plural|] of struts, said struts
13 pei ng smal | e i ?}\/18 ?tg%oéé%égnf‘ﬁéi‘ﬁle?éﬁl eRid BeRsPESrare positioned

s aiyikthit 4 blosd d@sfsélrih Réhiéh BIBEE ﬁo@?id@%ﬁﬁdﬁ%’l;ﬁbéﬂ}v@% dig ?erngors

which fills with bl ood when said Catheter 1s I nser
into a vein 8} arilbe gppazdtus afelane¢8 ederdin Bleaemozdare tuned to a

ﬂ?@ﬁi&itﬁﬁ' e| ngckf r}lg'e ncI osed beneath a nenbrane,

space W|th gas. 48. An apparatus for

cont i nuousl ys2oni The hfj@rdb PO Taiin & D QhBrIRELIDors are tuned to
aced sensors with bl ood

|S|n ofa, pair of s
20 hg‘B PP e%@ﬂ“@@ﬁs“@%%%ﬁ@mcom ected to both
devi ce d“ vess angng seaomhd iQNa 04 FRBLYShon S G S P andMistal

power
sensors include a plurality of sensors.

54.  The apparatus of Claim 48 wherein said plurality of sensors are

tuned to different frequencies.

25 55.  The apparatus of Claim 48 wherein said proximal and distal
sensors are both senders and receivers. '
56. The apparatus of Claim 48 wherein said sensors may be chosen
from the group of sensors consisting of Piezoceramic transducers, import impulse
click transducers, polymer Piezo transducers, laser transducers, infrared transducers,

30 radio frequency transducers, Fiber-Bragg laser receivers, hybrid transducers and

combinations thereof.



source connected to both said device drivers and said
recognition anal ysis devices, said device driver also

wa@eomesised to said recognition anal ysis devi CeBCTWISI08&§35234

bl ood properties can be continuously nonitored and
conpared to normal bl ood property ranges to suggest

care for ill and injured patb@nts. 49. The apparatus

of Claim 48 wherein said sensors are on opposite sides

of a bl ood veédsel The apbirgtus of Ctaimf4Somserpiarspicdnitiviveldaivers are

to | ce between said sensors. 50. The
apﬁgg%t“ﬂﬂé‘ﬁ%?&c&r%‘%%’4 VISR oLt @W&lssugsneratom, wave
poehératoey] aind tlattiordc bhasi@dsvessel in which bl ood flows

| ongi tudinally between said sensors. 51. The apparatus
of O aim 48 vaéer eiherappargian o5 tpimiS whaneid said racqgpition and

5 VCIVI Lhksig %E‘\H : Ns Pdseg Ifrgngégg ggor@%%‘recgh Sitd %ﬁ% at %ﬁﬁigawices

aimbs rern sa ar € rune
at wosp$imgi of spanessudisplays] copmersapiititers, RBordEResenders, receivers, and
appar m 48 wherein both proximl and dista

tuF of Clqg

seﬁ8%$§w‘W@ﬁH@§° plurality of sensors. 54. The

appar at us of 561 ai MdG,MhekebRCEALdsRHEah btki -
sensors are tuned to pifferent ?Pequenc?e?}¥%§élqﬁ%hmd
appargtugers sfaydezdistd age ppiratical ftequreaxy.nal and di st al

th send d i . 56.. The . ,
10 par at ue. of OB ai HRSSHRENEPHC BN 4 Uit ssy gl and distal

15 ¢ SHRPR A P er

20

25

30

c hasasiub e iatd@e@icatips RhgHe T 8bdi@ B0 KHNG a8but 100 MHz.
Pi ezoceram c transducers, inport inmpulse click

transducers,6&0Iyﬂ@?ﬁﬂ%§ﬁﬁsﬁ Ghradgerherein agdrecognition and
tr aRIAUCELFees %é%ggl%g%ﬁq}ﬂﬁeegﬁiéﬁégll‘t%r’igl ﬁ%ﬁ?&%ﬁ&ty, venous

transducers, ragg laser receiver

t r Alwddersity, herdoglobiniand hbmawclih@/HYbHISN TR cRRRAM RIS ate,
of Cl aim 48 mh?rein ai.d device drivers are chosen
SOV, bippd Bicss e ARdlags ArRpless afivpenuds
geRIsBinek, Y 6f OBMaE BLBLE 5 [ es.. )
58. th'apgg$§tus of Clg?n12%ﬂ§%3$2$%kga} ?é%%%ﬁ?%@%%ﬂaﬁm
and@ndeanisptiondshdresds i s chosen fromthe group of

e T N ST T N
s efut@nthierlt 68/ RTS, andNerye S ik RAds DRBy el 8hRAistal and proximal
Sensors.
63.  The apparatus of Claim 48 wherein said proximal and distal
sensors are on opposite sides of a blood vessel.
64. | The apparatus of Claim 63 wherein said blood vessel is a vein.
65.  The apparatus of Claim 63 wherein said blood vessel is an

artery.

66.  The apparatus of Claim 48 wherein the frequency of the sensors
is between 5 and 10 MHz.

67.  The apparatus of Claim 48 wherein said recognition and
analysis devices emit a continuous record of data relating to the measurements of the
group of measurements consisting of blood density, H/H, temperature, arterial and
venous blood pressure, pulse rate, blood flow velocity, analogs of vascular resistance,

analogs of cardiac output, analogs of blood volume, pulse pressure analogs, or

combinations thereof,



59. The apparatus of C aim 48 wherein proximl and
di stal transducers nay be adjusted as to operational

wo e@qgosimsey. 60. The apparatus of C ai m 48 wher BETYUSENNE035234
proxi mal and distal transducers have frequencies
rangi ng from about 500 KHz to about 100 MHz. 6 1. The
apparatus of C aim48 wherebh said recognition and
anal ysi s devices nmeasures ultrasound tinme of flight,
arterial bl oifd defs dpparawesnd Gdaityl Folribereonpyising a temperature
henogl obi.p. and hematocrit (H bl ood. f | HEY o
ety ST RErIGE Saat BFRUPPa T PoRPgab gl EORPEsaid space.
pressure anasgpgs,Ti QEfusQff ClasCAl RitheLSInSiraseea pressure
anal ogs of cardiac output, analogs of blood vol une,
si ggnsdr, $aixl prsEREe sABIgNCAWENE DRISFTVES Pbfd blrad absaid gnce.

The appar at of ai.m ' ' ' . HBentrati

> adj ust ed fo?%%nbi£% %¥%%%g$g?%$gp§§ vg$§¥ﬁ%%%§§%%ncg% amé
bedeneaNss@idhseh rBéatriag coreemxdtivak oS eiid blosd af8ial Brggen and arterial
apparatus of C aim 48 wherein said proxi mal and di st al

s esrslamsdigride gpd B s spid legdde §2ig£P3Cp| ood vessel . 64.
The appar at ug; of ] al P63, Wt 5l _4§ﬁir@1e¥>&&ﬁ§h§h@g$§gmsé fate and

a vein. 65. ie apparatus of Claim 63 wherein sa
bl eesirat@ssele sessoan artery. 66. The apparatus of Caim

48 wherein the freguency  of e S 0LS 1S between

10and 10 MHz. 67. THES %ﬁéﬁ%fé]@fm HRRae G i ggmpeer
recogni tion and apgpd ¥inddeeMbAESIHg eFhtinudusl MdaBudigSthe properties
record of data relating to the neasurenents of the, ,
gr offtowinhg itcasihemeh e dladrichsst inyhusnambastye coraparngsaid properties

HH, .t i
M

resi stance, amal ogge afetlodrcdinptisiny npatyrirtht sgsmddfansmission
bl ood vol une, pul se pressure anal ogs, .or_. conbinhations

. p
15 t heesdin wholetheods pph ooty EPRHTHED PR} PIRBPTISS.

conpri sing astenp ?h@hiéﬁﬁ)dsc% ﬁ@ing%aguﬁr%mﬁél@%!—tfoﬁ sound speed
sensor neasuring the tenperature of said blood in said

s paseinu68sly, diplayipasad wholefbl@daionnd 8pdedr andenonverting said whole

COIpLL 108, 8 L ESSUS SRS PRSI SARR
The appar at ugeof GhaifandR Jruikiers ¢asmRi Sidigload properties include
20 : ogfeegr;g&pag% t?lgod properties consisting of blood density, H/H, blood pressure, blood
volume, pulse rate, systolic blood pressure, diastolic blood pressure, temperature,
LVR, cardiac output, blood volume, analogs of vascular resistance, and combinations
thereof.

77. The method of Claim 75 wherein attenuation is utilized to

25  correct said blood properties.

78. The method of Claim 75 wherein backscatter measurements are

utilized to correct said blood properties.

79. The method of Claim 74 wherein blood volume is calculated

from the change in sound speed after an injection of IV fluid.
30 80.  The method of Claim 74 wherein cardiac output is calculated

from the rate of change in sound speed after an injection of IV fluid.

81.  The apparatus of Claims 1 or 24 or 48 wherein blood volume is

calculated from the change in sound speed after an injection of IV fluid.



sensor, said sensor nmeasuring concentrations of said

bl ood arterial oxygen and arterial carbon di oxi de and
w@bbooh3mar d bl ood in said space. 71. The appar € TESDHNG6/035234

Claim48 further conprising a pulse rate and

respiratory rate sensor. 72, The apparatus of C aim 48

further conprising an oxi mét€r. 73. The net hod

conpri si ng ntinuously nea .ng t raperti.es of .
f1owing bl og_ “thr &HP%R‘HF ng{a\%gsoé&%i‘ﬁ A isrein CE%_ZJ%?,O“"P““ '8
CeARalatdddr&A gtk RfeFRhAdRSn Whiirid s@@édm’ter %ﬁﬁhg@&idﬁfofqa 1 fthid.
properties to suggest care for ill and injured

patients. 74. The nethod conprising neasuring the
sound transm ssion speed in whole blood, and
continuously nonitoring blood properties. 75. The

met hod conpri si ng neasuri ng whol e bl ood sound speed
conti nuously, displaying said whole blood sound speed,
and converting said whole bl ood sound speed to

conti nuous neasurenents of bl ood properties. 76. The
nmet hod of Claim 75 wherein said blood properties

i nclude the group of blood properties consisting of

bl ood density, HH, blood pressure, blood vol une,
pul se rate, systolic blood pressure, diastolic blood
pressure, tenperature, LVR, cardiac output, bl ood

vol une, anal ogs of vascul ar resi stance, and

conbi nations thereof. 77. The nethod of Caim?75
wherein attenuation is utilized to correct said bl ood
properties. 78. The nmethod of Claim75 wherein
backscatter nmeasurenments are utilized to correct said
bl ood properties. 79. The nmethod of Claim 74 wherein
bl ood volume is cal culated fromthe change in sound
speed after an injection of IV fluid. 80. The nethod
of Claim74 wherein cardiac output is calculated from
the rate of change in sound speed after an injection
of IV fluid. 81. The apparatus of Clains 1 or 24 or 48
wherein bl ood volune is calculated fromthe change in
sound speed after an injection of IV fluid.82. The
apparatus of Claim1l1 or 24 or 48 wherein cardi ac
output is calculated fromthe rate of change in sound
speed after an injection of IV fluid.



