METHOD OF DERI VI NG CENTRAL AORTI C SYSTOLI C PRESSURE VALUES AND METHOD
FOR ANALYSI NG AN ARTERI AL DATASET TO DERI VE THE SAME FI ELD OF THE

| NVENTI ON The invention relates to a nmethod of deriving central

aortic systolic pressure values and a nethod of anal ysing arteri al
waveform data to derive central aortic systolic pressure val ues.
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A common method of defermining blood pressure values is to take both a systolic

and diastolic blood pressure reading at a brachial artery using a pressurelcuff.
These values are commonly considered indicative of the general blood pressure
in other arteries including the aortic pressure values. While this assumption has
historically been beneficial in indicating potential heart disease, recent studies
“have shown that a “normal” brachial blood pressure value measured in this

manner may mask abnormal central aortic systolic pressure values:

One solution to this problem has been adopted by Atcor Medical Pty Lid. Atcor's
solution uses a general fransfer function formula to convert a radial pressure
waveform to a cenfral aortic blood pressure waveform. However, this general
transfer formula assumes that all acrtas are the same, the formula is based on a

correlation value determined through testing on a cross-representation of
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SUMVARY OF THE | NVENTI ON Thr oughout this docunent, unless otherw se

indicated to the contrary, the terns "conprising”, "consisting of",
and the like, are to be construed as non-exhaustive, or in other
words, as meaning "including, but not limted to". In accordance with

a first aspect of the invention there is a nethod of deriving central
aortic systolic pressure conprising the steps of: a. obtaining a set

of predeterm ned nunber of blood pressure neasurenents, b. reversing
t he or derpalientsrandstberefire ghedenasalrssuaptiomtyey inffodsice edopineapiaylations
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bl ood preSsure se present a a reversed arterial waveform
accor di ngepesehiative|saowlegThiorgaresal rdvpfar. farmpla= atsp[ imvolvas okit@iniatin:
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the set of° reverse ure measur enen nrepresents the
pr edet er nibroecrocessed increasds deamétitalig oeer a vare ghort lintedranad. val ue; d.
averagi ng a series of consecutive reversed bl ood pressure neasurenent

readi ngs $OMMERY OFTBEWNVENTIDIr essure set equal to the -2-

Throughout thfs document, unless otherwise indicated to the contrary, the terms
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“comprising”, “consisting of”, and the like, are to be construed as non-exhaustive,

or in other words, as meaning “including, but not limited 10",

[n accordance with é first aspect of the invention there is a method of deriving

central aortic systolic pressure comprising the steps of:

a. obtaining a set of predetermined number of blood pressure

measurements;

b. reversing the order of the set of predetermined number of blood
pressure measurements to obtain a reversed blood pressure set, the
reversed blood pressure set representative of a reversed arterial

waveform according to the following formula:
rbp[1...n] = bp[n...1]
wherein:
bp represents the set of blood pressure measurements
rbp represents the set of reversed blood pressure measurements
-and n represents the predetermined number.
c. determining an integer interval value;

d. averaging a series of consecutive reversed blood pressure

measurement readings in the reversed blood pressure set equal to the



i nteger interval value comencing froman qth reversed bl ood pressure
measurenent in the reversed bl ood pressure set; e. storing the
averaged value in an average set; f. repeat steps d and e with the
val ue of g comrencing at 1 and being increnented by 1 each tine until
the value of q plus the integer interval value equals the

pr edet er m ned nupber of bl oo ressure asurenents in the set such
that the aver agemgetﬂer iteryal Y?i%é)?%ws%m”goa! ?ﬁ)g?ﬁﬂ’ SERAS RIGR REESEYTEr m

g. identifying ampabiirentht inthe FSRedddaiodt pleBsureaxer sed arteri al
wavef orm and the noving average waveform and h. setting the central

aortic systoli %@f ; versed bl ood pressure

val ue CASPA i n&tﬁgﬁﬁivwg‘raas\lg o\}o! H%ggzaﬁggg%eﬁ%v(’near est to the point
of intersectian. _ As, the intersection i nt, between t he reversed
rteri al wavefor FPRALSERS it RainBP apbie et 2 POT R BOR)ph £ Pond: a
regi on on the rewersseshted ben ieabh temealintil ineWaRiccoftdyslud treddtcgemsas
nmeasur enent density may be hjgher i s .may have the_, adyant age of
reduci ng any efﬂé%’%‘lps '(?\fsu?l?nghgagqrea%?rt"ﬂ@?gt Iﬁ‘é‘”@’@ﬁt k| giﬂdti res§deol i ¢
pressure is derimedsirementy aocdthpr esis dlieh NBas Uhe MaVErags Nadt BRkelRe
assunptions about the genera] bl ood pressure waveform of a

cr oss-r epr esent atPFECESHINEVINGIAVEraggYVaVEHide t he chances of error. In

accordance with another aspect of the invention there is a method of
deri vi ng cent réal idgefifying asgointaifiinterpesiingueidhe oensrsed aderichwasefope antl: a)

recei ving an artt%in%v?@g fgﬁﬁzt ) dividing the arterial
waveformin the arter ila %@%%rg% at’aasngt into a representative set
of bl ood pressure agurenent s having a predetermned .nunber: -3-  c)
Ceversing t he thr GHNEHING Faiel 2ol Yol Bressd, (& et Snentyewadi ng
t he predet er m nedoodinbessure \iai CASPL dv ahs edvbiseddblpo@ Ssres®ure set
nmeasur enents set o réﬁl}g g}eever.stgogé_gl ood. pressure set representative of
a reversed arterTA HaYEFHHY PEPHE o the fol l owing formul a:

As the intersection point between the reversed arterial waveform and the

~ moving average waveform, is typically at a region on the reversed arterial

waveform where the blood pressure measurement density may be higher this

may have the advantage of reducing any effects of time lag. Further the

central aortic systolic pressure is derived from blood pressure measurements

that make no assumptions about the general blood pressure waveform of a
cross-representative sample. This may reduce the chances of error.

In accordance with another aspect of the invention there is a method of

deriving central aortic systolic pressure comprising the steps of:
a) receiving an arterial waveform dataset

b} dividing the arterial waveform in the arterial waveform dataset into a
representative set of blood pressure measurements having a
predetermined number;



rbp[1...n] = bp[n...1] wherein: bp represents the set of bl ood
pressure neasurenents rbp represents the set of reversed bl ood
pressure neasurenents and n is the predeterm ned nunber. d)

determ ning an integer interval value for the set being processed; e)

averaging a seyi of consecutiye rev r nBASM £ ENt
readings int erg\éetrswel%mq o@gr Pﬂ%‘eﬁ??&g@?g&ﬁf%es%@gﬁ R‘\E/e%?%gﬁq%gmnm g
froma gth revettsedrbdetomiped ssumisermtasahtaineat reverddde bied; pfgsssteor i ng
t he averaged val ue in _an average dataset, the average '
representative 8?935“%%%@S%fv’g'ﬁﬁd@%?fﬁ%%pr%ﬁsur%E%trleg | %rst%gvepgf nt

of intersectionacsvérbed byt sedefirhaiccaldingte éfiofdivwing foteulaovi ng
average waveform and h) setting the central aortic systolic pressure
(CASPfinsi) as thgqreyeysed. fl ood pressure value CASPA in the
reversed bl ood pressure set nearest to the point of intersection.

wherein steps b tpeg. ugh h. are repeated for each arterial waveform
: o whereiy: o
in the arterial wavéefiorm dataset and, for each such repetition, steps

e. and f. are fyrther repeated th the val ue of comencing at 1
and bei ng i ncr eREAPRESERL 1“%%%@%‘01‘?@ PIFRSHT ‘[“ﬁ@SWS‘I%GBtsof q plus the
i nteger interval value equals the -4- Br edet erm ned nunber of
reversed bl ood perespirseniahs sebafrversed biopd peeasuremagsSYeBestssed.

and n is the predetermined number.
d) determining an integer interval value for the set being processed,;

e} averaging a series of consecutive reversed blood pressure
measurement readings in the set equal to the integer interval value
commencing from a q‘h reversed blood pressure measurement in the

set;

1_‘) storing the averaged value in an average dataset; the average dataset

representative of a moving average waveform;

g) identifying a point of intersection on the reversed arterial waveform and

the moving average waveform, and

h) setting the central aortic systolic pressure (CASPsna) as the reversed
blood pressure value CASPa in the reversed blood pressure set

nearest to the point of intersection.

wherein steps b. through h. are repeated for each arterial waveform in the
arterial waveform dataset and, for each such repetition, steps e. and f. are
further repeated with the value of ¢ commencing at 1 and being incremented
by 1 each time until the value of ¢ plus the integer interval value equals the



In accordance with another aspect of the invention there is a nethod
of analysing arterial waveformdata to derive a central aortic
systolic pressure value conprising the steps of: a) receiving an
arterial waveform dataset, where each arterial waveformin the

dat aset conprises a representative set of blood pressure nmeasurenents

having a predetermnm ned nunber; b) reversing the order of, t.h

F epr esent aiRrREISEINGA Nl saofp@%ﬁ%ﬂ?ﬁie SHErTSeSUEPBERS A e set
reversed blipad poessee set, the reversed bl ood pressure set
representative of a reversed arterial waveform according to the
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set of blood pressure nmeasurenents rbp represents the set of reversed
bl ood pr essmalysimgaartari@hrmayvsformdiata ts detiee prastitreleacrtio siistalgrbeassursg)

determ ni NQ,.AR éomsc?%ﬁ{gtkgts%rg\é%lf: val ue for the set being processed; d)
0

averaging a serie consecuttve reversed bl ood pressure neasurenent

readings in the reyersed bl Qqod pressure, set ual to the integer
htervar val B BRI ARG SvE SR drteseh w8 padh AP o B

measurenent in {hensedstat EdrApidee hhepryehrgiod Al of bldbdaprevearsage
dat aset, the average dataset representative of a noving average

waveform f) i dERESHEHETSIPEG R PEASIGIMREERMRGT on the rever sed
bl ood pressure set and the noving average waveform and g) setting
the central dorreversipgtibei erder eefs iiree reaseniptive )sehsoft Rlode PEassuie
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to the point of intersection, ]
blood pressure set representative of a reversed arterial waveform

according to the following formula:
rbpl1...n] = bpin...1]
wherein:
bp represents the set of blood pressure measurements
rbp represents the set of reversed blood pressure measurements
and n is the predetermined number.
¢} determining an integer interval value for the set being processed;

d) averaging a series of consecutive reversed blood pressure
measurement readings in the reversed blood pressure set equal to the
integer interval value commencing from a ¢™ reversed blood pressure

measurement in the set;

e) storing the averaged value in an average dataset, the average dataset

representative of a moving average waveform;

f) identifying a point of intersection on the reversed blocd pressure set

" and the moving average waveform, and



wherein steps b. through g. are repeated for each arterial waveform
in the arterial waveform dataset and, for each such repetition, steps
d. and e. are further repeated with the value of g comencing at |
and being incremented by 'l each tinme until the value of g plus the

i nteger interval value equals the predeterm ned nunber of bl ood

pressure neasurenents in the set bein rocessed. Preferably setting
the central adl tqeg!rgﬂgg(gepgaip@ %ﬁyﬁ,o%cﬁ@ﬁ?lm?t(ﬁgs%@ﬁﬁsi @3§¥Yﬁ{§e t eps
of locating two gddpPessGASRAIUAIASPASH @i trBeerb8y ell6® prédsard alet
wavef orm adj acent to the point CASPA; the CASPfinal determ ned
accordi ng to thewerishin e porhof intgraggtion. (casPAi + CAS PA2 + CASPA) /3

Preferably the set of blood pressure neasurenents substantially
equat es t o wheneirf steps & $hroupitg ere oépertedifng dachmrtanial wevefprmalin the

f P f t 1N | [
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measur enment pretietetrhiped etumiserdof blood gressurbaneasuatmentsoin thieesedrbaing al

vvaveformin secoads Preferably the integer interval value is a
di vi si on of PIPRESSE nple rate. '

Preferably setting the central aortic sysiolic pressure (CASPrma) further
comprises the steps of locating two points (CASPa; and CASPag) on the
reversed arterial waveform adjacent fo the point CASP,; the CASPgna

determined according to the formula:
CASPjsna = (CASPa¢ + CASPp + CASPa)/ 3

Preferably the set of blood pressure measurements substantially equates to a

uniform distribution of values from the arteriai waveform.

Preferably the step of determining the duration of the arterial waveform and
where the predetermined number of blood pressure measurements, is

determined according to the following formula:
Predetermined number = sr x t
wherein

sr = the sample rate, in Hz, of a measuring device used to record the

blood pressure measurements in the set; and
t = the duration of the arterial waveform in seconds

‘Preferably the integer interval value is a division of the sample rate.



In a preferred enbodi ment the integer interval value is the sanple
rate divided by 5. In a preferred enbodi nent the integer interval
value is a division of the predeterm ned nunber. In a preferred
enbodi ment the integer interval value is within a range the
boundari es of which are determ ned as foll ows: ‘range = n/(t

x v) 71- (n/[(t x 30)),wherein IS the predetermned pnunber of Rkl ood
pressure medE& 8\’192??{%‘1 iSNROgEmend they infegef Hate é’la'"@n'soﬂ"et ﬁ@"‘ﬂ%\/éﬁf’)rm

(i n seconds}i®aAdbys.i s a predeterm ned division value. Preferably the
predeterm ned division value is 5. In a preferred enbodi nent the
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di vi si on val ue. . nt the integer interval value
(i) is 12. predetgsmifedrieebesnbodi ment t he predet er mi ned nunber of
bl ood pressure neasurenents in the set is equal to or greater than

12. In a pref argrefbreabedbodiment e pregetisendaheduslghgthinfa fzhgedhe
pressure neasurenents (n the set js at |east 15. In accordance with
Bepndsyisg pEwh fd

anot her asp 16§ REWPirD &g Aot riner @SifdloWSsy st em for deriving a
central aortic systolic pressure conprising: an arterial waveform
measuri ng devi celengamd/d Xph ddB4E ¥ uni t

wherein

n is the predetermined number of blood pressure measurements in the

set;
tis the duration of the waveform (in seconds); and

v is a predetermined division value.
Preferably the predetermined division value is 5.

in a preferred embodiment the integer interval value is equal to 60 divided by

a predetermined division value.
In a preferred embodiment the integer interval value (f) is 12.

In a preferred embodiment the predetermined number of blood pressure

measurements in the set is equal to or greater than 12.

In a preferred embodiment the predetermined number of blood pressure

measurements in the set is at least 15.

In accordance with another aspect of the invention there is a system for

deriving a central aortic systolic pressure comprising:
an arterial waveform measuring device; and

a processing unit,




-7- wherein, the arterial waveform neasuring device takes a bl ood
pressure neasurenent at predetermned intervals until at |east one
arterial waveformis represented by the set of bl ood pressure
measurenents taken, the set of blood pressure neasurenents
representative of one arterial waveformthen being conmmunicated to

t he processi uni,t ich: a) reverses the order_of t b

pressure se‘f’g‘]?qrﬁ'”oﬁ?ea;g&eﬁgr & ?#’QHH HPRBHINgr Q4R éalgegt?q:ﬁ%%é %g%gprseed

3' ?Od prezsmra@s@ﬁheuﬁt%{@rpa@ﬁréth r?ﬁlia?cein_w‘rvai? nﬁem@:tmadt %\ﬁé ?ﬁér@ waesfofno ism .
et erm ned accordin e following formula: r L. N = Ne . .
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t he predeterm ned nunber. b) determ nes anly" nteger interval value; c)

aver ages- a Raing eynipnicaied de tha Rrecessing WEYEod pressure neasur ement
readings in a reversed blood pressure set equal to the integer
i nterval val ue) cevensascthegrderafithze biobd peassurseskt 9 eblainoa everreg blood

measurenent in e v b r r . :
aver aged val ue itpgesasﬁ%a\%tr?gtgg ,L?gg gegngégtj)i] ﬁ%ent?f%ségﬁggﬁﬁ%\r%fo ta

i nt ersection on révessece\agiedeld wavefodmp detesnined s acconding t tee they delloyéng et |
and f) sets the cenir_al aortic systolic pressure (CASPfnai) as the
reversed bl ood ;W QAre val ue CASPA in the reversed bl ood pressure

set nearest to the pojn f j.ntersection.
rbp[1 .F.).n] = %pﬁ'l...']]

wherein:
bp represents the set of blood pressure measurements
rbp represents the'set of reversed blood pressure measurements
and n is the predetermined number,
b) determines an integer interval value;

c) averages a series of consecutive reversed blood pressure
measurement readings in a reversed blood pressure set equal to the
integer interval value commencing from a g™ reversed blood pressure

measurement in the reversed blood pressure sef;
d) stores the averaged value in an average set; and

e) identifies a point of intersection on the reversed blood pressure set and

the average set, and

f) sets the central aortic systolic pressure (CASPjna) as the reversed
blood pressure value CASP, in the reversed blood pressure set

nearest to the point of intersection.



wherein steps c. and d. are repeated with the value of g conmencing
at 1 and being increnented by 1 each tinme until the value of q plus
the integer interval value equals the nunber of bl ood pressure
measurenents in the set Preferably setting the central aortid
systolic pressure (CASPfinal) further

f rth i ses,th t f t,i dt ( CASP C\VP,
Fever sed” aPPRRTER SRR PORR 3 HRERET BTy B VELE R AR et
final deterpgimgihcapeated by 1teach fithd mitintHeaval AGRY pluaitherintdgdBRAerval

CASPA2 + CASPA) /3.In accordapce with anot her aspect of the invention
there is a ‘Eﬂ”@ﬂsﬁh‘?éﬂ'ﬂgﬁe&‘)ﬂgaﬁ’ H{%a%‘er{ﬁe%%'l"?'ﬂgﬁﬁ‘ @‘?cﬁeged t her eon

to derive a central aortic systolic pressure, the software

conpri si ng: Praferabivsseting tee cgesiral acki syelelic gressusr t{CAGNmy Brther
predet er ni - IS LAdt GASPLA dh theset
of reverse g‘l":gfoé gp%;ﬁs?ﬁgeeﬁgjggfjﬁ%%n@%f%,l t?\(e ?ﬁ‘ér sed bl 01622 pressure
measur enentrevereed eastatiahtwansfartn @diangat dedihar peint £FASRBw ether GASPfinal

det erm ned f?e?&migé&%?%??iﬁ@s%?lf%fﬁmé?-g formula: rbp[l...n] = bp[n...1]

wherein: bp Téprese ood pressure nmeasurenments rbp
represents set .af .rever bl ressure neasurenents and n is
t he predet e¢‘&§%@ﬂ_ﬁ§ﬁ§ f“‘,+§;§% ﬁ%?%‘?‘})g means for storing the
predet erm ned nunber of reversed bl ood pressure neasurements in a
reversed bllBogroprdansgr witly @nother aspect of the invention there is a computer

readable medium having software recorded thereon to derive a central aortic

systolic pressure, the software comprising:

a means for reversing the order of a set having a predetermined
number of blood pressure measurements fo obtain a set of reversed
blood pressure measurements, the reversed blood pressure
measurements representative of a reversed arterial waveform
determined according to the following formula:

rbp[1...n] = bp[n...1]

wherein:

bp represents the set of blood pressure measurements

rbp represents the set of reversed blood pressure measurements

and n is the predetermined number;

a first storing means for storing the predetermined number of reversed

blood pressure measurements in a reversed blood pressure set;

means for determining an integer interval value;



means for determning an integer interval value; -9- averagi ng nmeans
to average a series of consecutive reversed bl ood pressure
measurenment readings in the reversed bl ood pressure set equal to the
i nteger interval value comrencing froma gth blood pressure
measurenent in the set; a second storing neans for storing the
averaged value in an .average set; the average set representati of
an avgr age wavef B9 ”?Gi?g'ﬁttpfefv@@ﬁgieoﬂ sﬁﬂﬁ?}g’?PB?SqCHEYE% f?‘@?ﬁ%*g’ l!z)i%%%i nt
of intersection gaslre mexriaaentarchaingslin iy ebvsrsedibibodhgereasiee agb
waveform and a result nean§ for, %Ft Ing the central _aorticyS sg&lic
n

pressure (CASPfi3 Bstheniteasy dp é“@t' by SPIRRENg JaMué éa

t he reversed bheeshirehfssUrenatin theaegst to the point of
i ntersection. wherein the functions of the averagi ng neans and the

second SLoriNg p3Bs RS BofiAPRRERS A i o el v P A age 2!

"I and being increnente each time-until the value of q plus the
i nt eger i nt er val saldhaaverggalsst teprespnigtive of an avaragewseefonn; bl ood
pressure neasurenents in the set. In accordance with another aspect
of the inventionard hdxnsifideation raeampuferidestigad |z poetlictinntb@ectivn softhaar e
recorded thereon to aaalrt 5% arterial \gﬁveform data.to de({)i ve a

artgf

central aortic SV¥EISP JEYEEPD ANGINE BHHAPE WRY ST Rt t war e

conpri sing: comunication nmeans for receiving an arterial waveform
dat aset a result means for setting the central aortic sysfolic pressure

(CASPgna) as the reversed blood pressure value CASP, in the

reversed blood pressure set nearest {o the point of intersection.

wherein the functions of the averaging means and the second storing means
are repeated with the value of g commencing at 1 and being incremented by
1 each time until the value of g plus the integer interval value equals the

predetermined number of blood pressure measurements in the set.

In accordance with another aspect of the invention there is a computer
readable medium having software recorded thereon to analyse arterial
waveform data to derive a central aortic systolic pressure value comprising,

the software comprising:
communication means for receiving an arterial waveform dataset

set means for dividing the arterial waveform in the arterial waveform
dataset info a representative set of blood pressure measurements

having a predetermined number;

means for reversing the order of the predetermined number of blood
pressure measurements to obfain a set of reversed blood pressure
measurements, the reversed blood pressure measurements
representative of a reversed arterial waveform determined according to
the 'following formula:

- 10~




set nmeans for dividing the arterial waveformin the arterial waveform
dataset into a representative set of blood pressure neasurenents
havi ng a predeterm ned nunber; neans for reversing the order of the
predet er mi ned nunber of blood pressure neasurenents to obtain a set
of reversed bl ood pressure neasurenents, the reversed bl ood pressure
measur enent s repbﬁﬁe%ig%iﬁg,ﬁf a reversed arterial waveform

det ermi ned accorBPig™ 5 °PRe-*Hollowing formula: rbp[l...n] =
bp[n...1] wherein: bp represents the set of bl ood pressure

nmeasur enents rbpVleE@ifesents the set of reversed bl ood pressure
measurenents and n is the predeterm ned nunber. interval neans for
det er m ni ng an ibptrepesentatier veilof biode@réssure measwemestsd bl ood pressure
set being processed; averaging nmeans for averaging a series of

consecuti ve reveps eshrédeparthprces siliceeBBa dlvve Predsuieeasgamentst he
reversed bl ood pressure set equal to the integer interval value

comrenci ng fromghe, i?tﬁeeﬂrﬁﬂééﬂnmbﬁ‘ﬁgnﬁ%ﬁssure nmeasurenment in the set;
or

first storing nmeans storing the averaged value in an average set;
an identification nmeans for  identifying a paint of i ctlon on
the reversed ar t“ﬁ,}P{VgF MeRer S(Prm%gf?(ﬁm{r‘]\'?quaa\?eH@S%erwé'?}%%‘)ét ﬁ{aﬁ% trfé(’ars E‘?ei
means for setti ngvdrbel dend prissaverdsat beisy sradassedir essure (CASPfinal 1
as the reversed bl ood pressure value CASPA in the

averaging means for averaging a series of consecutive reversed blood
pressure measurement readings in the reversed blood pressure set
equal to the integer interval value commencing from the * reversed

blood pressure measurement in the set;
first storing means for storing the averaged value in an average set;

an identification means for identifying a point of intersection on the

reversed arterial waveform and the average waveform,

a result means for setting the central aortic systolic pressure
(CASPsna) as the reversed blood pressure value CASPa in the
- reversed blood pressure set nearest to the reversed blood pressure

value at the point of intersection; and

a second storing means for storing the CASPyna values at a position
corresponding to the positi‘on the arterial waveform being processed

occupies in the arterial waveform dataset,

wherein the functions of the set means, interval means, averaging means,
first storing means and second storing means. are repeated for each arterial
waveform in the arterial waveform dataset and, for each such repstition, the
functions of the averaging means and first storing means are further repeated
‘with the value of F commencing at 1 and being incremented by 1 each time
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.l reversed bl ood pressure set nearest to the reversed bl ood pressure
val ue at the point of intersection; and a second storing neans for
storing the CASPfinal values at a position corresponding to the
position the arterial waveform being processed occupies in the
arterial maveforn1dataset wherein the functions of the set neans,

i nterval an ne Irst storin

Stori ng moadl e wnS 3 DAL RRRneGel HedhYa ap drénfodtifiitd
arteri al wmﬂwrmdmbawssarwmeé@fremenh i1 tiehsat bpikifroaessed.he '
functions of the averaging nmeans and first storing neans are further

repeated wij haéc@?daﬁ%‘%ﬁ:ﬂ?fanﬁti‘%?rﬁ?:%@&' BO 4 irveANEn RRéRTIs Bcienmnged by
1 each tinme wuntil the value of pl us the integer |nterval val ue

equal s t he rpadaiie enpdiHeY h@MWSeﬁOfB’FaFBI mRsardsde daipen ngadtglve Arieriph t he
set being ‘F(ﬁ‘ﬁ?&iata &) d@ﬁ@é’é@@ﬂﬁ% eﬁrﬂ&s i CiEsR5098ile Ohe IsBRAWare

invention there Is a conmputer rea um havi ng software
recorded tmoMWisingd anal yse arterial waveformdata to derive a
central aortic systolic pressure value, the software conprising:
communi cat i cammedestichoneareder ricagingrarsdirteial ahvefare datased atheseeachnher e

each arteria vefo m i.n set conprises a _repres tive, set
of bl eod praJLeé'mf r'@n@‘ﬁ}t ggﬁﬁ %‘5“%(’%%%&?8? eﬂ%ﬁ"%&%ﬁé’? blog %ans
for reverSIpirgsédﬁeemdmenm‘ntéﬂmurry@dmtdetemmmmmﬁmr of bl ood pressure
measurenents to obtain a set of reversed bl ood pressure neasurenents,

the rever sefsdlO0HRERRTIHHR W&W&Héta&ﬁﬁeﬁ%bﬁrwmo@a pPedsakeEr sed
arterial waveform determ ned according to the follow ng fornula:

rbp[ 1...n] reeagrementsto ghlsinea get qf;fev%rﬁﬁacéé@ﬁﬁ@r%?ﬁélr%Eteaﬁlfremea}@dfhe
pr essure NBRFIEENBIY0Y ﬂr@&Jr@Wé’a%@%?er&é‘?ep?@éer@étw’eWeé ﬁa%rs%éh%nal

pressure neasurenents and n is the tpre det'erm ned nunb
waveform determined according to the following formula:

rbp[1...n] = bp[n...1]

wherein:

bp represents the set of blood pressure measurements

rbp represents the set of reversed blood pressure measurements
and n is the predetermined number.

interval means for determining an integer interval value for the reversed blood

pressure set being processed;

averaging means for averaging a series of consecutive reversed blood
pressure measurement readings in the set equal to the integer interval value

commencing from a q”‘ reversed blood pressure measurement in the set;
first storing means for storing the averaged value in an average set;

an identification means for identifying a point of intersection on the reversed

arterial waveform and the average waveform;
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interval neans for determning an integer interval value for the
reversed bl ood pressure set being processed; averagi ng nmeans for
averaging a series of consecutive reversed bl ood pressure neasurenent
readings in the set equal to the integer interval value comencing
froma qgth reversed bl ood pressure neasurenent in the set; first

storing neans storin ver ' r et ;
SO NG, oo SRS Y SRR Ut ORNBIEARERS] et
reversed arhe fe\@ksedaﬂ@icopmanré vahe @A(SP&gethmeéreedrbIOOMJresswe seful t
means for settisggadthhe c ystolic pressure (CASPAnar) as

ic
the rever sdlfapt BPe 8%‘8%9%?9% A in the reversed bl ood
pressure set nearest to the point of intersection; and a second
storing medheecpy storiog Mransier taEs thadAS el MPerein the functions
of the interval neans, averaging neans, first storing neans and
second st onihgelneha fundioas rof flee ireerveb meanshavaraging ancansy &frstoring t he

arterial waveform dat as n [ C i '
functions JFFRE rg{;‘éercgla ﬁ'é’”ﬂ'/ggﬁga%gh %rgpgé{%ée‘%r?%%h J‘n{ggg's‘”%‘féi‘“ i t her
repeat ed withé attegalveduetorof datasetmmhcfom@cat smhane@ehtmm@\e ﬁmc’ewr@n@fed by

1eacht| until the val ue

equal's the B‘? SYEPOF G W&E“%&Hﬁéﬁf&o Orﬂ)n%h%%n%gatsrggrséhér%'emggéé{%hev}rf]ﬁs&%n t he
set bei ng( pfau;egf@fs(edomﬁ’?ea&mg@Hyamiebemglgmﬁaemdtbym ]eadr time unfibthel i c
pressure in ur es t t

poi nts ( CASIEA® &&gﬁwfe%ﬁ‘ V@}eeri%'{? ﬁ}e&gg&e{}\n@&%&h'ﬁﬁnﬁs&%cent
to the poi rﬂloc@ﬁﬁ@ésuréh%a@é«‘éﬁenfts inethe det isaimy prodessecior di ng to t he
formul a: CASPfinat = (CASPAI + CAS PA2 + CASPA) /3 BRI EF

DESCRI PTI O\IbrgT_erJﬁ[F Qﬂ'ﬁﬂ\ﬁ' MCES central aortic systolic pressure (CASPpna) further
comprises the steps of locating two points (CASPa; and CASPy;) on the
reversed arterial waveform adjacent to the point CASPa; the CASPgna

determined according to the formula:
CASPjna = (CASPa1 + CASPaz + CASPA)/ 3
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with reference to

the accompanying drawings, in which:

Figure 1 is a flow chart of a method of determining the central aortic pressure
value of an artery in accordance with a first embodiment of the present invention.

Figure 2 is a flow chart of a method of analysing an arterial waveform dataset fo
produce a corresponding central aortic pressure dataset in accordance with a

second embodiment of the present invention.

Figure 3a is a table comprising of test values to produce a corresponding central
aortic systolic pressure dataset in accordance with a third embodiment of the

present invention.
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The invention will now be described, by way of exanple only, with
reference to the acconpanying drawings, in which: Figure 1 is a flow
chart of a nethod of determ ning the central aortic pressure val ue of
an artery in accordance with a first enbodi nent of the present
invention. Figure 2 is a flow chart of a nethod of anal ysing an

or cosur e 'dalBe g0 o ctaa) ailsBhg; B TP BB ARARL AR hod e ©

present iavweeagds wavefbingang H3sr beln’am‘t mtﬂrseoilonﬁhatsaamga@prdcessede aey to
d . i t t ol [
Do S RSACA R BERL APk bR P R A el

Fi gure 3bvalee.a graph depicting the reversed arterial waveform and
novi ng average waveformand their point of intersection that can be

pr ocessepRFFERRESENEOMMENTS ORTHEUINVENTIONENtion to obtain a
central aortic systolic pressure value. PREFERRED EMBODI MENTS OF THE

| NVENTI d I b
o on A BB R 50 Bl 18R U A gt wh O
t er m nol cgferermedolie acoonsantyiog drbmn'ar ﬂ'beéemﬂnaﬂeg,}cusdai imgyeipds fardioe ar

enbodi nent s_onl n i f,_t.
resent IS o F8Ee Palia P SRERHERs Al fud Bk EpHlfued o it the

t echni calscapd afcthenprdsient treentionus eAdtidomlly, hmlasst defirednethesdse,ngh as
comonl y ,unde d.b of ordi nar nthe art to this
vent | orieRaTE 50 SrRtuIE R e R e b e B s T

i nventi omndtemcm b;sonmr oidrdiedryeskitieit tieslart @ whict etie inventiorgbelemds:. al

aortic systolic pressure values. The nmethod 10 is illustrated in flow

chart form éd&ol%;eg;eé%@h aPfirsB RAWDdirRedt! GURHR Thvehtith, TREROR AveRREMENCeS
by obtaining a set of blood pressure (bp) measur enent s El?éffﬁf 410

r epr esent8¢tNod 181of datespining eantrghertie ﬁhﬁt@éﬁ RIgsaws valuRe 4

wavef or mig asiPecABRH B8brfor@Nn Rigufs ¥, @s known in the art and used
directly or it may be stored in & database. The set of blood pressure

”easure”e% g hin AP LRRREY. R BiefiRly 10 c%&f?dn@eé‘b ¥ ordhing % 86 IBbE

pressure neas HEheht Cset St ep represent a a reversed
arteri al maswm) (bpwineasurémentsnibpg cepriosagativef oft &re adetialr wateiovav éstep m

refer enc a’H%“L%@rﬁli’ lN%Q&ORIEI G238 Bk q‘n@ﬁgﬁed g{]aei] gﬁ%{g%f lé%ﬁrﬂg he art and

pressur e/r verse o0d™ pressure neasurenen erm ned
nunber ofusedagactenerit may b¢ stoféekinod datdbpseessure and reversed bl ood
pressure neasurenents relate to each other based on the follown

f or mul a: The set of blood pressure measurements is reversed in order o obtain a set o

reversed blood pressure (rbp) measurement set (step 14) representative of a
reversed arterial waveform which is a mimor image of the arterial waveform

referenced about a blood pressure axis.

The set of blood pressurefreversed blood pressure measurements has a
plgedetermined number of measurements (n). The blood pressure and reversed
blood pressure measurements relate to each other based on the following
formula:

rbp{1...n] = bp[n...1] The predetermined number (n} is subsequently divided by
the time taken (in seconds) to complete the arterial waveform in order to obtain
the sampling rate (sr).

14 -



rbp[1...n] = bp[n...1] The predeterm ned nunber (n) is subsequently
divided by the tinme taken (in seconds) to conplete the arteri al
waveformin order to obtain the sanpling rate (sr). - 14- At step
16, the sanpling rate (sr) is divided by a predeterm ned division
value (v) to determne an integer interval value (I). In this manner,

e e B e b Bl ST st B et R AR

rgp[ec(at )eij,toA(IiBWYaﬂt t nérag im‘teﬁhr mtéﬁvéstfﬂnﬁ(g.r Ziacthtsl Dacng muﬁ@gmta&waenent

r ; e , reverse ood pressure negsurenments

(ol a . ks BrEfy B bypiedled © Fbgbenide o reii Mappat et SREE to for m
d yval ; At st 20, t d val . | s _divided

the 1 nt eghP RPUPb AeRsFisahet Popertpay IRCRYEH b 3 HobFolrad oer

pressur e prasgdige (rasurbinedit AP[(@9): the average reversed bl ood pressure

value (a) is stored in a noving average set of values. Steps 18, 20,

andd22 are rgmatr%;dm,ﬁhéwmbm% id‘eégﬁ]& m@gdlhrb'mmts{ fbplat, r&ﬁ[qemua:c S
predet erm ned n r s met._ The_ obtaine Vi ng average, set o
Datues 1 opr es BIE-E) HOM1A avebalgar B aes S e Brlop & SOrprac 2812 pe
reversed bl oo@s)pressure val ue (CASPA) on the reversed arterial '
waveformw th a bl ood pressure val ue which is nearest to the bl ood

pressure val uat ateptdte tHeosurimed vaiokes)se dividuad hathaatsgérigtehey eslae d)
arterial waveform and the novi ng g erage waveform In step 26, the
central aorti Pé‘?’?t%?’@rﬂzﬂe&%‘iﬁ d PlooderessufeYdied{®Hed by | ocating two

poi nts ( CASPAI,, and A2) on the re sed arteria ef or m adj acent
Po the + ever o84 Pt the aveite roleraed BloRermEsute \Blue 25 SPRSLAL T o
aortic systol novingesstdge setbigal(éASPfinal ) is cal cul ated according to
the followng fornula: CASPtinai = (CASPid CASPA2 + GAS PA) /3

Steps 18, 20, and 22 are repeated in sequence until the condition [g + i — 1]
equals predetermined number (1) is met,

The obtained moving average set of values represents a moving average
waveform.

Step 24 identifies the reversed blood pressure value (CASP,) on the reversed
arterial waveform with a blood pressure value which is nearest to the blood
pressure value at the point of intersection between the reversed arterial

waveform and the moving average waveform.

In step 26, the central aortic systolic pressure value is determined by locating two
points (CASPa and CASPaz) on the reversed arterial waveform adjacent fo the
reversed blood pressure value (CASP,). At step 28, the central aortic systolic
pressure value (CASPsna) is calculated according to the following fermula:

CASPrna = (CASPa1 + CASPas + CASP,) / 3

In accordance with a second embodiment of the present invention, there is
provided a method 100 of analysing an arterial waveform dataset to produce a

corresponding central aortic systolic pressure dataset. A common precursor to
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I n accordance with a second enbodi nrent of the present invention,
there is provided a nethod 100 of analysing an arterial waveform
dat aset to produce a corresponding central aortic systolic pressure
dataset. A common precursor to this enbodinent is that a nedica
per sonnel obtains an arteri al mavefornlrepresentation of the bl ood

pressure b rte accor 0 _an chni as woul.d be
onown 1 o TREbnBpaibrE it héy 3 il hersort oning, aaprigl Warr

(r]I epr esentrabras@nuaﬁom bEthelond ﬁt@gsar@ )Qﬂrahlraaterpam@iﬁg Etg?mt @thoiqué or
eterm nation e coryespondin ntral aor stol.ic ssure
val ve FoS BRulb dBatB fo ey RGN HIRY | nyie b TS BT U PRYSTORT ¢ he
central %9@@@ﬁi’aﬂ@1 i thkh PRoRied &f 8 TeRBall RbisBamy StafioreRe Qeimpition
waveformin, the waveform dat aset, a reversed arterial_ waveform :?g

ge

obt ai ned Jb® coRaEPANHBY, capiak aertic syeplic Prapavieniug-i Eollowing reseint

of the arthgraridliaMexefehimdmpésireaendibsdtiral PR cBLORG shities DRERtaxXhs. Al
step 110, the reversed arterial waveform belng processed is divided
into a sdellgys: representative reversed bl ood pressure (rbp)
measurenents. The set of blood pressure neasurenents and reversed

bl ood pr dS¥uPEheitslirk HaVEEO R dN ather wa¥eTelT Hal@splurdeieversed arterial
easur emaRidis oBiiindd SAth PEEEBUS oA oHENATRARSI PIAT LG,

rreasurerrent s rel ate to each other based o | owi ng formnul a:
rbp[1.. rﬂ he gyigrial wax?forﬁa%fﬁrqsw@@lébgﬁﬁh%mﬁ@mﬁéﬂf&( #si s subsequent !y
di vi ded the tinme taken (in seconds) to conplete the rel evant

arteri aI btinthe, *'QYPB%W Q"E?r@bWQY?foﬁf‘hée@S ¢asged ki dvided jnte Asedt ep

112, the FagitbédativdlrevérBed bicbdHredstrs(rbYy) rﬁe@é@é@b%mm%e@bf/b@b@n
value (v) to determ ne an integer interval value (i). The follow ng

steps ar PTEFRFE rBsRSATIBENtE oRRfk ARYeRsPdlibiaedaPrasEdie MegsieRert bag 2
pressur e gredaenaAsd humBBE b8 heasurements (n). The blood pressure and reversed

blood pressure measurements relate to each other based on the following
formula:

rbpi1...n] = bp[n...1].

Each predetermined number (n) is subsequently divided by the time faken {in
seconds) to complete the relevant arterlal waveform in order fo obtain the

sampling rate (sr).

At step 112, the sampling rate (sr) is divided by a predetermined division value

' (v) to determine an integer interval value (/).

The following steps are then repeated, commencing with a first reversed blood
pressure measurement rbp[(g)]:

At step 118, the reversed blood pressure measurements {rbp[q], rbp[g+7],
. rbplg+2], rbplg+3], ..., rbp[g+i-1]} are summed to form a summed value

(s);
At step 120, the summed value (s} is divided by the integer interval value

(i) to form an average reversed blood pressure value (a) .
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At step 118, the reversed bl ood pressure neasurenents {rbp[q],
rop[g+1], rbp[g+21, rbp[q+3],rbp[qg-i-I1-1]). are summed to forma
summed value (s); At step 120, the summed value (s) is divided by the
integer interval value (i) to forman average reversed bl ood pressure
value (a) . At step 122, the average reversed bl ood pressure val ue

(a) is stored j,n,a mvi.n avera set 22.are
repeated in séﬁ@é@c%m%avﬁ@e SYIPE Bﬁ’ ?(Pr-erssl”ré v%ﬂreé%fdgﬂstsoregm a
pr edet er m ned meurpsvelage set. met . The obt ai ned novi ng average set of
val ues represents a noving average waveform Step 124 identifies the
rever sed Siepod1pr £ ane 12alare ré;ﬁ%ﬁE&A)n sayuehée uetiehs edhditidreg -al — 1]
wavef or m whi ?h ia%tneare r'gg Q’i essure val ue to the point of

i nt er sect TOR VREFREERNPRZ Y 8? eri al waveform and t he noving
aver age vef orm aortic stolic pressure
varuets B shited ol e e, 80 paf' YeluRp RBfsetisn 4 BRUPR VRSt e
rever sed wavefsriral wavef orm adj acent to the reversed bl ood pressure
val ue (CASPA). At step 128, the central aortic systolic pressure
val ue ( CABepfli2dadgntifies tHeereveededbladd greaeaer whlurg (CASP ) eor t’mlelrew'aregd

f or mul a:

150155 e Wygror Bt e neaBe( e bisl Presss,Laile Grther BAGL L e

as a cor natemmdom@ewmmie REised Sysiadlwavefor@sand ehey alavhghaserbgen
cal cul at ed \{ﬁ?r each arterial waveformin the waveformdataset. In
accor danc¥ "a third enbodi ment of the inventi on, where |ike
nuner al s reference | i ke steps of the first enbodlnent there is

provi ded 18 steR WY thg cenieal ?@i’tﬁ§y§¥ﬁ>"apf%‘spfiﬂ valug isf Gitained by deasting two

produce ?oﬁaﬂé f@ﬁBPRPM&QCﬁ%@%{)SAn B el&rsty %‘i-@hélcwwe@&%%&‘a}féﬂt% tﬁé‘Ot
shown) . This enbodi men ased on experinents cond ucte

Appl i cantev@ieee blopd Huessyee Malue (GASPakt At BepptZ8d drcceehiiling aow@rﬁyétoh@ n)
can be anyeMatdiGald (CXEBRS) ifthekPealculated according to the following formula:

CASPfina = (CASPa; + CASPag + CASP,) / 3.

Steps 110, 112, 118, 120, 122, 124, 126, 128 are then repeated in sequence
until such time as a corresponding central aortic systolic pressure value has been

calculated for each arterial waveform in the waveform dataset.

In accordance with a third embodiment of the invention, where like numerals
reference like steps of the first embodiment, there is provided a method of
analysing an arterial waveform dataset to produce a corresponding central aortic
systolic pressure value (not shown). This embodiment is based on experiments
conducted by the Applicant where it has been found that the predetermined
number (1) can be any value in excess of 15.

[n this embodiment, while it is preferred that the predetermined division value (v)
be & to determine an appropriate interval, a substantially accurate aortic systolic
pressure value has been able to be obtained where the integer interval value (i)
is in a range, the limits of which are determined as follows:
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In this enbodinment, while it is preferred that the predeterm ned
division value (v) be 5 to determ ne an appropriate interval, a
substantially accurate aortic systolic pressure value has been able
to be obtained where the integer interval value (i) is in a range,

the limts of which are determned as follows: - 17- ‘'range = n/(t X
v) (nl(t x 30) )_ re hi nbodi nent, the variable t is
representati vé¥ W&@lﬁ&ﬁéh&)? a single waveform (i n seconds).
This enmbodi ment will now be described in nore detail in the context

of the fdVIERime emhocEmentythecvasiadients Hrresestative o5 the duggliogolig god

pr essuresﬁﬁgqawmgﬁﬁgﬁgggéﬁsy.om an artery representative of an
arterial waveform are obtai ned. The neasurenents are depicted in Fig.

3a. A T Ve B Rl SR Be (JARIDIFIT HAEEALaP 8 e BRIGH BEthPased

on rever sSi ng the order of 1 pressur e neasurenent s
depi ct ed follovdngpxampleThe tine duration taken to conplete this
waveformis 0.683 seconds. In the current enbodi nent, the

pr edet er nih aecoraamdzewitt Blepi 12, 9&det af bibdd pYi¥dshre(Hp) estrisaremdrtsl fromvarsi on
val ue (v) bei n% 5,85%25 iq?t eger interval val uE r_arégegléérarégﬁr) IS

det er m n&HERsGPEPIERNRIVe of gRcrrtedal wayefery are oRjeine neapyemantt e
grange = Ad #6Micd%n KighBa. (411(0.683 x 30)), therefore 'range = 12.01
(2.00) As it is not possible for intervals to be anything other than

i nt eger | BEeSsed obd AR I i |k eghyt : e to
14. For the p_urs%oseg o?mt ﬁ‘ilU\sl@eQ:@)r?‘p ee{a%ér%’n?eﬂ eger %i trtlthgar"f/a \%g?%e i)
of 12 shagvergiag dlee@rder of the blood pressure measurement set as depicted in step

14,
The time duration taken fo complete this waveform is 0.683 seconds.

In the current embodiment, the predetermined number (n) is set at 41. With a
predetermined division value (v) being 5, the integer interval value range (irange) is

determined as follows:
frange = NI(t X V) £ (nf(t x 30)), therefore
frange = 41/(0.683 x 5) + (41/(0.683 x 30)), therefore
ifange =12.01 £ (2.00)

As it is not possible for intervals to be anything other than integer values, the
frange value is restricted to the range of 10 to 14. For the purposes of this

example, an integer interval value (j) of 12 shall be used.

Following the requirements of steps 18 through 22, a moving average set of

values is obtained.

Plotting the moving average set of values and the reversed blood pressure
measurements against time, the point of intersection between the average
waveform and the reversed arterial waveform is obtained as depicted in Fig. 3b.
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Foll owi ng the requirenents of steps 18 through 22, a noving average
set of values is obtained. Plotting the noving average set of val ues
and the reversed bl ood pressure neasurenents against tine, the point
of intersection between the average waveform and the reversed
arterial waveformis obtained as depicted in Fig. 3b. - 18- CASPA is

t he neare I r ojnt of intersecti bet ween
t he revergg‘dba??g}%og é‘é/é{vlg bn%S‘S t\Lg% hﬁgnoéf'\;eqf AYErSRENALE @‘? P€hs
can be sebs Erensed h?etepaloWavefhm GAGRKe \nadvirey iaSerbd6. v&’avef?a@ﬁpﬂls edidbe
CASPA2 ar val nt t A on the
rever sed gﬁe{ngff?@ﬁﬁmgl?g]& g?%@&aﬁlﬁ @%a&é‘ %@2 arg{Be &Xepaj
val lFJ)? i s hlesd preanidret vadLeSASRAZNY & the GF$FJA18n fhe er@rs@alaﬁuhat\@ifeform
CASPf i nai 16.8) 13 = 116.

fourth, aﬁ%gérrﬁég E%Er’"{e%%rp t&%p@%%%8ﬁ§ﬁ$1 Y)"’flu‘% et 15 and Tf@ %%W@'Weés

provi ded H 7%t hod of determi ning central aortic systol i C pressure
val ue as described in the first enbodi nent of the invention. However,

N this eTensieRitb OASPR A6 RUMSED DR 168) 4 S 198 BShHIP

accordlngtothefollovvlngforrrua n = sr sanpl e

rate (in Reffoakn O'.Iln f]éé"t%ge%ﬁ%drﬁ%e Oo%qhé?quﬁg! ér?iﬁ@ﬁ"’ qdeﬁi a

pressure neasurenen S It
seconds) mehedepHetcemivivg cartret aan‘hc\wyteﬁ@pmssuﬂenvélthn as ﬂﬁb@ﬂjeﬂﬂﬁtthe t he

bl ood pr ggsur, teen set are .t he ,neas val ues
t aken by ﬁ[e erﬂrqeﬂagsagﬁ%g%ge@%cémﬁwé% IF'%‘&%‘f“:irt i B % ?Wgoglﬁ}?ﬁ&e they e
Furt her rrcnredetmmmﬁ gurebdrgd) lsﬂmtemﬁnetdm:commgltd the follolving faireuiMal val ue

isin arange, the limts of which are determ ned as follows: 'range
= sr/v (Sr/30) n=srxt

where

sr = the sgmple rate (in hertz) of a measuring device used to record the
blood pressure measurements in the set hp; and

¢ = the time taken (in seconds) to complete one atterial waveform.

In this embodiment, the blood pressure measurements in the set bp are the
measurement values taken by the measuring device at each repetition of the
sample rate. Furthermore, in this embodiment of the invention, the interval value
Is in a range, the limits of which are determined as follows:

frange = St/ % (s1/30)

In this case, sr again represents the sample rate (in hertz) of a measuring device
used to record the blood pressure measurements in the set bp. Additionally, the
predetermined division vaiue (v) is preferably 5. This formula is only applicable
thaugh when the value (sr) is in excess of 15. The minimum limit should be 15
however for the purposes of illustration, a value of 30 is used in the preferred
embodiments.
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In this case, sr again represents the sanple rate (in hertz) of a
measuring device used to record the bl ood pressure neasurenents in
the set bp. Additionally, the predeterm ned division value (v) iIs
preferably 5. This fornmula is only applicable though when the val ue
(sr) is in excess of 15. The minimumlimt should be 15 however for
t he purposes of illustration, a value of 30 is used in the preferred
enbodi nent s.. e sane set of bl ood pressure negggreg;nts as

Usi n E
set out ayeive *h%a@mghﬁe ot blped ipressucg F@aﬁwswemﬁ%%wt t s

cul m nat i e ¥ a Bin@aidn W@E@M@%BY%' tH8 SUAKABNF blockigiFasdung valgYs &ken
havi ng a sanpl e ratg%\é %ﬂ“l‘ 60 nmeasurenments per second, the grange

val ue i 5 ap EamRliag) N8 Sagwlenge tsrkef 6§ megpyrampnis Ral Fec 5tk o/ 5
( 60/ 30) thel,3NIeale b%alcRlaldl §s foRsWeL s i n an grange val ue of between
10 and 14. Thé remai ni ng steps of the nethod can then proceed as set
out in the first enpo (ﬁﬁbt above. In all the enbodi nents descri bed,
the intersect i1 p pol nt et&veen the reversed arterial waveform and the
novi ng aver age vvav&hg) r%m@l cally occurs at a region on the reversed
arterial wavef@®Ent re bI ood pressure measurenents density is
hi gher. This is regl on A of figure 3a. As contrasted to region B, the
bl ood pressur degeaddrehents density is higher in region A Region A
and B depicts the relevant portion of the curves and are not
nmeasur enelitis rdsadiedh am ihariahenobbetoren dOtandal 4. r Efie remaiaingl stepshafithe be

l,ed h b i i
SoPer g %“%%?ré%%éﬁ?gt e PRy B R PR e . cne
foll ovv! n dj |ca ns a(r;éj rovenents may be, made wit hout
depart i ngn?@? 4’?? ﬁ'éts SSCH %r*@%é’f‘#@fﬁeﬁWhPP%beW g reyerset ood

pressure mauwmaﬁms aﬁ@h@ﬁao@h? eava%efmraf@mdwc@ﬁy bbatrs bbadbgién
adapted to erform%cge nmet hod o present invention.

Al t er nat iQPeff reyvREsekarigfal b‘W%‘fﬁfoﬁﬁ‘F é’%l@‘j?et Al PFRIRUES FBSASHECTBRRI ned

froma sepaemf R BigMECETHO IQ%GHHJR'& fb 58, Asf d8ritfa8ledaBRBEBA YS th
adapted t pgforrgnthe met ho f thgrggr esent SI nvent |eon ér he sec%nd

embodi merloRst PrassUTenmgRsUrBMeRisy densitirdaitighad i8 yegiop Hat Resien v w8f & m

dat aset QRbaidTie RMVEAL PoriiSh O He Halas ARHS R ﬁ{éa\é@réﬁierff@ﬁ%é?f B
The waveform dataset nmy be supplied to the entity performng t

met hod alr@HSOWEq’f‘{eﬁ@aHﬁﬁ%ﬁﬁ‘% of each waveformin the dataset.
Alternatively, the entity performng the nethod may determ ne the

dur at i on loshasdrt he wapreciaten by thepeerdemskilfed trthaght thit drenatioseimentiof such
as by re ¢n Sq.na e val ue f.or . predet Ju.n

| engt hs g% rﬂn %%@QQ Q%dg}g%gdﬁén%t&ﬁé}'ﬁe dlnr E’taftchl%’f (ﬁ? fg(lvawggorm
based on mddicationeA0d shRmeaneris abaywbs maueowitiout depariing robhibedwopd | on
fromoth 0 t, es, such as the sanple rate used to generate
t he set g’?ﬂﬁ% %%gé'gr’@s?\égér} msasurerrents) To be the nost
representative of an arterial waveform the blood pressure val ues
that form t he®séeteneispioblPad fuessure ineanureraenis rmpyitieoabiaingdgTemea

arterial wavef ord@ice et &CBIsbabdAREL 16 SRl e ReRRY I
(CASPfinai) may belcledentl fied asé)ﬁQ he aver ag@d vaFHe (C%\EI%}?{A qﬂﬁsetnﬁe

central aortic dyengen.cAlieiastivaly tbesehebblesd prasstiifempasuements may
i ntersection betb\é’é&&axhla& ffo‘?'lY &f S&shrafe! BLNAE MG GohPhIMiAREd % FKeRI

aver age waveform
apparatus adapted to perform the method of the present invention.

» The second embodiment of the invention may be modified such that
the waveform dataset data may contain sets of data representative of
waveforms. '
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final = CAS PA. (Qher ways of obtaining intersection point may be
used. These include using derivative methods, solving sinultaneous
equations and other mathematical tools used to identify the

i ntersection points between two waveforns. The neans of obtaining

t he novi ng average nay be achi eved by ot her nethods such as obtaining

The roverse. af 1 APF At P RUEY SpiaP: Pt kst PUPHIES B ot CppPCA T ko ey

the person skil nggthadh atdng aith thbadurbfien fof addchewadssen iib ettle adutasst.
' rF conbined to ormﬁgﬁffurt er

where not nutually exclusjve, can b

embodi nents of ﬁl%rqa Vet h‘?n?”t-'til@e PENg Lisnmefhods gk HEE B vi ng
a central aorti ¢gusyshadfi eadh eesslemCiptBpdriicAtdy ttheugh efienefie rmeans
obtaining a set ,of predeterm ned nunber Bfﬁ bl ood(ﬁ%gssure

measur enents; b{SYchy &FsiBg "BFRVIRG 8ePBE NRWNgef r W ¥Alender

nunber of bl ood ppicRestirRdTBAGHSE FEHY £ akid Mt ipfoamese fredLirhticrosk
pressure set, the reversed b oodd:FIressure set representative of a

reversed arteri 1 WavePER haged opdisylime/disirnceoeladignsiip 06 desiving

rbp[1...n] = bpiHe durbliodi@ingiokiermiRINE SRINIES, 'sgh SRt thef sdhfedate
pressure neasurenents
used fo generate the set of blood pressure measurements).

To be the most representative of an arterial waveform, the blood
pressure values that form the set bp should be of uniform distribution

along the arterial waveform.

» The central aortic systolic pressure value (CASPs,a) may be identified
as the averaged value (CASP,) in the central aortic systolic pressure
set nearest to the point of intersection between the reversed arterial

waveform and the moving average waveform. i.e. CASPgnq = CASPA.

« Other ways of obtaining intersection point may be used. These include
using derivative methods, salving simultaneous equations and other
- mathematical tools used to identify the intersection points between two

waveforms.

* The means of obtaining the moving average may be achieved by other
methods such as obtaining median or other such methods that will
have the effect of smoothening the reverse arterial waveform.

it should be further appreciated by the person skilled in the art that the feétures
described above, where not mutually exclusive, can be combined fo form yet
further embodiments of the invention.
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rbp represents the set of reversed bl ood pressure neasurenents and n
represents the predeterm ned nunber. a. determ ning an integer
interval value; d. averaging a series of consecutive reversed bl ood
pressure neasurenent readings in the reversed bl ood pressure set

equal to the integer interval value conmmencing froman gth reversed
bl ood Pr egediER, &easurenent in the reversed bl ood pressure set; e.
storing the aVe aged value in an average set; f. repeat steps d and e
with the 1ahueeibhbd ®f denmeyc centa atriierngystolic predsany eoaptishay the dtepaich
time until ﬂe value of g plus the integer interval value equals the
predetern1n8 nunber of bl ood pressure neasurenents in the set such

G i donti fyi nd CPONE & 1ot of BB DS, e B P ™

wavef orm and t hememaurergedigper age wavef orm and - 22 - h. setting the
central aortic systolic pressure (CASPfinal) as a reversed bl ood
pressure val ué. Géﬁﬁémgntl’teherdeevcﬁr thed s obqbr@;mamlme&i seibeearfesibod o

the point of intersection. q{ﬁe ma@od accor{#ﬁ to cl almlt erein
the step h furtH&P® 5&‘6%15??%8%9@ S & 8@ "bf PEEET E’C’F’vﬁie?ﬂr%tsg SPAI
and CASPA2) on trbeersed afissd] predstind aéetwapm‘senm[wljcﬁcarnfevmeﬂhmw nt
CASPA t he CASPf | na!f determneg()g]ccfo Iﬁ@ he formul a: CAS Pfinai

(CASPAI + CAS 'BASTIMCRGEAYling Jo Hie feflowi fq{gﬂ'aaccordl ng to claim1 or
2 wherein the se%BBf EI 33[9? pr-essure neasurenents substantially
equates to a uni bt i on of values fromthe arterial

waveform 4. Tth éde according to claim3, further conprising the
step of determ nlﬁn% he duration of the arterial waveform and where

the predetermn ngg p{&gﬁtﬁgﬂ? g%*%ﬁ%@%%éégu% TRASWef R i s determ ned

according to t he
rbp represents the set of reversed blood pressure measurements

and n represents the predete;miried number.
c. determining an integer interval value;

d. averaging a series of consecutive reversed blood pressure
measurement readings in the reversed blood pressure set equal to the
integer interval value commencing from an g™ reversed blood pressure

measurement in the reversed blood pressure set;
e, storing the averaged value in an average set;

f. repeat steps d and e with the value of g commencing at 1 and being
incremented by 1 each time until the value of ¢ plus the integer interval
value equals the predetermined number of blood pressure
measurements in the set such that the average set of ‘values

represents a moving average waveform;

g. identifying a point of intersection of the reversed arterial waveform and

the moving average waveform, and
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Predeterm ned nunber = sr x t wherein sr = the sanple rate, in Hz, of
a neasuring device used to record the bl ood pressure nmeasurenents in
the set; and t = the duration of the arterial waveformin seconds 5.
The net hod according to claim4, wherein the integer interval value
is a division of the sanple rate. 6. The nethod according to claim5

wherein the integer interv val t he sam dv

7. The net hodr]‘hc%egﬁlzﬁ ﬂlj %-ﬁzﬂh S¥)$OEFI RS @%ﬁaﬁéi‘% g?'§¥% t he
i nt eger i nterval bluad Lmessmra uﬂula LABP,0fin tthe ma&eﬁehim@qﬂemu@eret -
23 - 8. The met hod %ﬁﬁ" % ocla m7 wherein the integer

i nterval val ue i'% W? ? ieLY rﬁ% ?rﬁgcl%‘undarl es of which are

determ ned as fol ange= n/ (t (n/f( x 30)) wherein n
is the pr%dgf‘@rrﬂ?thﬁ‘éj aﬁ%ﬁl"é@ﬂ fafcl@jrrbédmfpﬂr@@stbs@t%a Urthereprraorisesthe

set; t is tBgpdWrabddng %otdb%twéﬁfs%ma T ARSI E8 the 30hr¥ed Srtélial
predet erm ned divi sion val
waveform adjacent to the point CASPa; the CASPsn, determined accordlng fo

the formula:
CASPsna1= (CASPaq + CASPax + CASPA)/ 3

3. The method according fo claim 1 or 2 wherein the set of blood pressure
measurements substantially equates to a uniform distribution of values from
the arterial waveform.

4. The method according to claim 3, further comprising the step of determining
the duration of the arterial waveform and where the predetermined number of
blood pressure measurement is determined according to the following

- formula:
Predetermined number = srxt
wherein

sr = the sample rate, in Hz, of a measuring device used to record the

blood pressure measurements in the set; and
f = the duration of the arterial waveform in seconds

5. The method according to claim 4, wherein the integer interval value is a

division of the sample rate.

6. The method according to claim 5 wherein the integer interval value is fhe
samble rate divided by 5.

7. The method according to any one of claim 1 to claim 3; wherein the integer

interval value is a division of the predetermined number.
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9. The nethod according to claim38, wherein the predeterm ned
division value is 5. 10. The nethod according to claim1 or claim 2,
wherein the integer interval value is equal to 60 divided by a
predet erm ned division value. 11. The nethod according to claim 10,

wher ei n tghery j e i Rintd}ea qslw@kigy di ng
to any p?éggﬂﬁg&?ﬁﬁcgﬁr"%MF é;l]’%nt#ﬁgﬁw 'ggeé%g}eératrﬁg%ig nur#bmg&@of bl ood
pressur e neasge thedmundaries tievkich atesdatefiined as folloyseat er than 12.

13. The net hod according to claim 12, wherein the predeterm ned nunber
of bl ood pressy.e: méasyriefnk 30j))n the set is at |east 15. 14. A nethod
of analysing arterial waveformdata to derive a central aortic
systolic prngssHie val ues conprising the steps of: a) receiving an
arterial waveform dataset b) dividing the arterial waveformin the

arterial wavehqg ihé atafetdrniifddPn@nbEPHEERBE Arbyfirs Sheslrdthang imtiessur e
measur enents having a predeterm ned nunber; -24- c¢) reversing the

order of the 8 of blood pressure neasurenents having the
predet erm ned nupnber to obtain a_reversed al ood, pressure measurenents

set , the revbiedagdyiaier obthesayeforadin $eo8pedefi®dt i ve of a reversed

arterial waveform accordi n%&q the following formula: rbp[1...n] =
bp[n...1] whel8 & predetermined division value.

9. The method according to claim 8, wherein the predetermined division value is
5.

10. The method according to claim 1 or claim 2, wherein the integer interval value

is equal fo 60 divided by a predetermined division value.
11. The method according to claim 10, wherein the integer interval value (i) is 12.

12.The method according fo any preceding claim, wherein the predetermined
number of blood pressure measurements in the set is equal to or greater than
12.

13.The method according to claim 12, wherein the predetermined number of

blood pressure measurements in the set is at least 15.

14.A method of analysing arterial waveform data to derive a central aortic

systolic pressure values comprising the steps of:
a) receiving an arterial waveform dataset

b) dividing the arterial waveform in the arterial waveform dataset into a
representative set of blood pressure measuresments having a

predetermined number,
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bp represents the set of blood pressure neasurenents rbp represents
the set of reversed bl ood pressure neasurenents and n is the
predeterm ned nunber. d) determ ning an integer interval value for
the set being processed; e) averaging a series of consecutive
reversed bl ood pressure measurenent readings in the set equal to the

i nt eger |nterv val fro d sure
reasarement 1 ) rRETSHE £ SREET BF Pt REb o el gty EleRS e AR BARE S

dat aset; the aveh@gaedettaﬂaaa‘edrmmneeremm adhtzia af reversad rhjpaﬂveprm;;erre
waveform g) identi fﬁe n gl t rof %,E(o\;e,ﬁ‘:“ on .on t;rhe [ev %% ﬁ
arterial wavef orHtF? § TEVEPY PO FPHSeE Y§ g the
central aortic mt@be@anéﬁ@w&fdrmﬂdn@tbtlaefdllbwirfgeﬁzsﬂmﬂa'd bl ood
pressure value CASPA in the reversed bl ood pressure set nearest to
the point of intgigesitepm Mjerein steps b. through h. are repeated
for each arterial waveformin the arterial waveform dataset and, for

each such repet \W n: Steps e. and f. are further repeated with the
val ue of g comre g' at 1 and being incremented by 1 each tinme until

the value of g plus the inte interval value equals the

predet erm ned n @P"eé?nt?gk'ﬁ‘eg &t blnod sHessHER TG RRYS gﬁﬁ"s‘tﬁ ements in the
set being processed. 15. The nethod according to claim 14 wherein the
step h further dopraresents the set efreversed dloadiniesanp MeeRWERISEASPAI  and
CASPA2) on the arterial waveform adjacent to the point CASPA; the

GASP final det eramimead tlecpeddiengined nuhdef.or mul a: CASPfinai = (CAS PAl
+ CAS PA2 + CASPA) /3 16. A nethod of analysing arterial waveform data

t? deri ;/e a cantdefdrmamid & inddcr Mth&raPiRsS bl the/dt hRIrgPrcdsskag t he
steps o

g) averaging a series of consecutive reversed blood pressure
measurement readings in the set equal to the integer interval value
commengcing from a g™ reversed blood pressure measurement in the

set;

f) storing the averaged value in an average dataset; the average dataset
representative of a moving average waveform;

g) identifying a point of intersection on the reversed arterial waveform and

the moving average waveform, and

h) setting the ceniral aortic systolic pressure (CASPgnay) as the reversed
blood pressure value CASPa in the reversed blood pressure set
nearest to the point of infersection.

wherein steps b. through h. are repeated for each arterial waveform in the
arterial waveform dataset and, for each such repetition, steps e. and f. are
further repeated with the value of g commencing at 1 and being incremented
by 1 each time until the value of g plus the integer interval value equals the
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a) receiving an arterial waveform dataset, where each arterial
waveformin the dataset conprises a representative set of blood
pressure neasurenents having a predeterm ned nunber; b) reversing the
order of the representative set of blood pressure neasurenents to
obtain a reversed bl ood pressure set, the reversed bl ood pressure set

represent at Eg@ﬁufégmﬁe@ﬁ’@ﬁt?e‘?%f%&%ﬁoahlogq\b?%\%upé ﬂ’%%&%x%hﬂegntst B thB%et

follow ng f p represents th
set of Dbl ooteipg pszgssedreasurenents rbp represents the set of reversed
bl ood pressure nmeasurenents and n is the predeterm ned nunber. c)

det er m ni {TRO Mdth®Y8Ecdriihg Y dlaind al4ughérein theestsph mﬂhé\gcd@ﬁmrsessn@l d)
averaging a series of consecutive reversed blo d essureIi Wﬁ%%urement

readi ngs i nS'ER® OF (RABHRB GVH PEHE (frARRM FBdSepSB B &tgEa

i nt er val vagajgcéﬁ%eﬂfé Bemt er(BFBA ohb mss%gng.e@leteﬂnﬁméd RIGSRRHE to the
rreasurerrentfolrr?wltahe se

CASPjna = (CASPa1 + CASPaz + CASPa)/ 3

16.A method of analysing arterial waveform data to derive a central aortic

systolic pressure value comprising the steps of:

a) receiving an arterial waveform dataset, where each arterial waveform
in the dataset comprises a representative set of blood pressure

measurements having a predetermined number;

b) reversing the order of the representative set of blood pressure
measurements to obtain a reversed blood pressure set, the reversed
blood pressure set representative of a reversed arterial waveform

according to the following formula:
tbp[1...n] = bp[n...1]
wherein:
bp represents the set of blood pressure measurements
rbp represents the set of reversed blood pressure measurements
and n is the predetermined number.
c) determining an integer interval value for the set being processed;

d) averaging a series of consecutive reversed blood pressure
measurement readings in the reversed blood pressure set equal to the
integer interval value commencing from a g™ reversed blood pressure

measurement in the set;
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e) storing the averaged value in an average dataset, the average

dat aset representative of a noving average waveform f) identifying a
point of intersection on the reversed bl ood pressure set and the
novi ng average waveform and g) setting the central aortic systolic
pressure (CASPtrim 1 as the reversed , bl ood pressure value CASPA in

the reversed ?s?&hrﬁ)tﬁ%ﬁé@éfagﬁgklaﬁ%% & tag%?a(#ehoeat%%lt,gb? %ﬁreliagte%ra%:s%i ion,

wher ei n steps are repeate ea erial wavef orm
in the arterial represtobativalatt asevingaderafjewazattinmsuch repetition, steps
d. and e. are further repeated with the value of g commencing at 1

and bei ng i ncrenBaitRdnd¥ Poigeshintarsatiom onl thEhevarebd ®lcdfd repdurs sehe

i nteger interval value eqguals the predetern ned nunber of bl ood
pressure masuréﬁh@“%ﬂtﬁ%’eﬁ%&e%@i%%ﬁaéessed. 17. The net hod
according to claim 16 where the step g further conprises the steps of
| ocating two @YisettingiDasratrabaericAgsln) presstred GASFais ¢ HEJeYErse

pressure set adj i SF_A L hai ndeped
according to thetﬂ?@r]%ﬂ%%y P%i‘@ﬁ’%i %S% &%&SV%@WE réCi%EEéA) e}‘ 3
18. The net hod awacedintpetppindlofinterdéetion, 17, wherein the predet erm ned
nunber of bl ood pressure neasurenents for at |east one arterial

wavef or m i nwh&eirdafeps &, thiolifiergs =t eepdaiel Pirastehedridriabdranefishrrin dhe
bl ood pressure, neasu ene(%tés for the otHer ﬁrtertit.al veforrrg in the
dat aset . 108MSFIF WRUPIADH SRICHH A My o5y UGh EeRTttENaF BS fls 23 € gire
wher e the sgithef rdpeaRd WiteBRWatid\Eap boramentipg it hdraintding [ngredteraéds to
a uniformdjstributjon of values fro tf}_(la arterl,afl W‘avqform
by 1 each time until the value of g plus the integer interval value equals the
predetermined number of blood pressure measurements in the set being

processed.

17.The method according to claim 16 where the step g further comprises the
steps of locating two points (CASPa; and CASPaz) on the reversed blood
pressure set adjacent to the point CASP,; the CASPpqa determined according

{o the formula:
CASPgna = (CASPa; + CASPaz + CASPA)/ 3

18. The method according to claim 16 or 17, wherein the predetermined number
of blood pressure measurements for at least one arterial waveform in the
dataset differs from the predetermined number of blocod pressure

measurements for the other arterial waveforms in the dataset.

19. The method according t0~ any one of claims 16 to 18, where the set of blood
pressure measurements substantially equates to a uniform distribution of

values from the arterial waveform,.

20.The method according to claim 19, further comprising the step of deierminiﬂg
the duration of the arterial waveform and where the predetermined number of
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20. The nethod according to claim19,

determ ning the duration of the arterial waveform and where the
predeterm ned nunber of - 27 - blood pressure neasurenent is

determ ned according to the follow ng formul a: Predetermnm ned nunber

further conprising the step of

sr x 1 Wherﬁdo‘a Prossuled) @R RIferitalse deteimited facéoriR@sty ithe fidwiiag used

to record t
durati on oforiéaiarteri al
of clains 16 to 20, wherein the integer interval

of the sanple rate. 22. Théredathodned oomdengstvtcl ai m 21, wherein the

i nt eger

accordi ng typheply one of clains 16 to 20, wherein the integer

bl'ood pressure neasurenents in the set; and t = the

waveform 21. The net hod accordlng to any one
value is a division

interval value is the sanple rate divided by 5. 23. The net hod

value is a division of the predeterm ned nunber. 24. The et hod

accor ding 0 GlLajR 2ihoiARS 5h izt DS hABARG dbABELYAY 108061 thé biioui n a

range the boundaries

iI'’ch are determ

= n/(t x v) Hrasgure measyremenés withe sef; and

t = the duration of the arterial waveform

21.The method according to any one of claims 16 to 20, wherein the integer

interval value is a division of the sample rate.

22.The method according to claim 21, wherein the integer intetval value is the

sample rate divided by 5.

23.The method according to any one of claims 16 to 20, wherein the integer
interval value is a division of the predetermined number.

24.The method according to claim 23, wherein the integer interval value is within

a range the boundaries of which are determined as follows:
frange = N/t x V) £ (n/(t x 30))

wherein

n is the predetermined number of blood pressure measurements in the

sef;
t is the duration of the waveform (in seconds); and

vis a predetermined division value.

25.The method according' to claim 24, wherein the predetermined divisicn value
is 5.

-78 -
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nis the predeterm ned nunber of blood pressure nmeasurenents in the
set; t is the duration of the waveform (in seconds); and v is a
predeterm ned division value. 25. The nethod according to claim 24,
wherein the predeterm ned division value is 5. 26. The nethod of
deriving the central aortic systolic pressure according to any one of

claim 1494 Gnd meiBE'F cRrilifg thOLSARI doRicL)Rlc\Rbikre Bt th kO

di vi ded yapre erm ne ivision va he net hod of deri vi ng
the cent ralonaof tiaim $¢de 47 wheristbaidegedoteniahyalus iceaiahioel dijdedei n

the int egmg\yeaf%rg%g%h?mg#tdﬁdé]&% 28. The method of analysing

arterial a ari Ve the central aortic systolic pressure

val ue acgprgl ngd %Pﬁeﬁ\{;ﬁ%ﬂ% &nfthBorké sh & n% offc/ pre¥éife &lcBordlM to claim

pr edet er m ne pressure neasurements in the set is
equal to oQGgwhartee‘rtheh!aag&anteB@l valhe isBd.hod of anal yS| ng arterial

waveform data to derive the central aortic systolic pressure val ue
accor di ng8.Thechaihod 28, anahsingi artariab weivelgoam clald fe der cfirah 2eale

pressure n%g%ﬁ{@gfe@%ﬁre'%Iﬁé‘gcc%ﬁm%%Q hy bRESF ofbiins 391627y Wher8id Bl
deriving a aortic s ure conprising: an arteri al
wavef or m mpasdetemgnetbnirober @frbdbcai eSS sriaegummnts W\’@Eéiehls qanial to
arteri al Waveformt rﬁgrl ng devi ce takes a bl ood pressure neasurenent
at predeterpr':rfgﬁea(ﬁe ervals until at |east one arterial waveformis

P oS 8 mbliEg S eryeeO bl SRR A3 45 BRI the SR dofie set

of bl ood™pressure neas S representative of one arteri al
wavef orm t tsgstobcemr@summahecmdﬂlmg) to tokpipr 3B ewbeneln the pregdetarmineg)

reverses { henfl Bt niha LARSHIARLALERSNS T, BEIsd & Alibakasa T over sed

bl ood pres&l| Feverse ressure set represent ative of

a reversgg @ &f?é&?t} %V%F%é@nfr? S5 Qféiolﬁ:%%éﬂré‘%ﬁ@n&ﬁ& fol I ow ng

formula: r bp
an arterial waveform measuring device; and

a processing unit,

wherein, the arterial waveform measuring device takes a blood pressure
measurement at predetermined intervals until at [east one arterial waveform is
represented by the set of blood pressure measurements taken, the set of
blood pressure measurements representative of one arterial waveform then

being communicated to the processing unit which:

a) reverses the order of the blood pressure set to obtain a reversed blood
pressure set, the reversed blood pressure set representative of a
reversed arterial waveform determined according to the following

formula:

tbp[1...n} = bp[n...1]

wherein:

bp represents the set of blood pressure measurements

rbp represents the set of reversed blood pressure measurements
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wherein: bp represents the set of blood pressure neasurenents rbp
represents the set of reversed bl ood pressure neasurenents - 29 -
and n is the predeterm ned nunber. b) determ nes an integer interval
val ue; c) averages a series of consecutive reversed bl ood pressure
measurenent readings in a reversed bl ood pressure set equal to the

I nt eger inteir\rgaltaﬂemliyﬁ‘ecpqg@%ﬁgﬁgd Bﬁrﬂ%r‘?‘ gth reversed bl ood pressure

measur enent € reverse pressure set; d) stores the

aver aged val up iiBiofflindY Sh3dEoathiorAlfaifd, 1 dent ifies a point of

i ntersection e reverse ood pressure set and the average set,

and f) sets t ea%"rﬂéé@l aa°§érie§. CZ%? ﬁﬂs@cﬂfv@ssﬂé(n@rség‘“b %%d daEreTsQ@fe

reversed bl ood pressure va ue _ A1 n the reverse ressure
set nearest to tieaspreiment ssadingseinseaversed hihed pressyrepel equahidtng. are

repeated with tig. alie ol 86 QIFRISIAG Rim b A7 REIA0bAF bRERRG by

1 each tine unti ue of g plus ger 1nterv val ue
equal s t he nunbercas@irebiandih theesvuse blead prespwetseti n the set. 31. The
system according to claim30 wherein the step f further conprises the
steps of | ocad) stpresibepyeraged Vausihnan aneragASPRZNdon t he rever sed
arterial waveform adjacent to the point CASPA; the CASPfi nai

det er mi ned aceoidéntiies apeintoffintenagction on the reversed blood pressure set and

the average set, and

f) sets the central aortic systolic pressure (CASPsna) as the reversed
blood préssure value CASP, in the reversed blood pressure set

nearest to the point of intersection.

wherein steps ¢. and d. are repeated with the value of ¢ commencing at 1 and
being incremented by 1 each time until the value of g plus the integer interval

. value equals the number of blood pressure measurements in the set.

31.The system according to claim 30 wherein the step f further comprises the
steps of locating two points (CASPa; and CASPaz) on the reversed arterial
waveform adjacent to the point CASP,; the CASPsna determined according to

the formula:
CASPsna = (CASPaq + CASPps + CASPA) /3

32.A computer readable medium having software recorded thereon o derive a

central aortic systolic pressure, the software comprising:

a'means for rever'sing the order of a set having a predetermined number
of blood pressure measurements fo obtain a set of reversed blood
pressure measurements, the reversed blood pressure measurements
representative of a reversed arterial waveform determined according to

the following formula:

rbp[1...n] = bp[n...1]

-30-



CAS P21 = (CAS Ppo + CAS PA2 + CAS PA) /3 32. A conputer readable
medi um havi ng software recorded thereon to derive a central aortic
systolic pressure, the software conprising: a neans for reversing the
order of a set having a predeterm ned nunber of bl ood pressure
measurenents to obtain a set of reversed bl ood pressure neasurenents,
the reversed b%ood_pressure measurenents representative of a reversed
arterial wave¥S¥ M et er mi ned accor di ng to the follow ng formul a:

br essur e eastl chisiebls 8 LG R RS ARE BB M o7 ced bl ood
pressure rreas%%gfg&%%gmgﬂge %{‘g’? ré\)%gsegrb?&fcfﬁr%géﬁ}g%éﬁé%ént@ first

storing neans orin predeter m ned nunber eversed bl ood

pressure neas 5W53P¥%e%rhW%ﬁ&§{ ood pressure set; means for

determ ning an 1 nteger interva ue, averaging neans to average a
series of consecutive reversed bl ood pressure measurenent readings in
the reversed bl ood pressure set equal to the integer interval value

comencing 119 gbihPhafls RECSBHAS TP BRUCARNed RulnBe: Sefsveteoond

storing neans for sto e averaged value 1n an average set; the
aver age set rlpodpmssure meassiementainea ieyersed/deet piesaweisgent i fi cati on
means for identifying a point of intersection on the reversed
arterial wavemeans fondetelpiningeanigieornnésryainialuad

averaging means to average a series of consecutive reversed blood
pressure measurement readings in the reversed blood pressure set equal
to the integer interval value commencing from a q" blood pressure

measurement in the set;

a second storing means for storing the averaged value in an average set;

the average set representative of an average waveform;

an identification means for identifying a point of intersection on the

reversed arterial waveform and the average waveform, and

a result means for setting the central aortic systolic pressure (CASPsna) as
the reversed blood pressure value CASP, in the reversed blood pressure

set nearest to the point of intersection.

wherein the functions of the averaging means and the second storing means
are repeated with the value of f commencing at 1 and being incremented by 1
each time until the value of f plus the integer interval value equals the

predetermined number of blood pressure measurements in the set.

33.A computer readable medium having software recorded thereon to analyse
arterial waveform data to derive a ceniral aottic systolic pressure value

comprising, the software comprising:

communication means for receiving an arterial waveform dataset
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a result means for setting the central aortic systolic pressure
(CASRfinai) as the reversed bl ood pressure value CASPA in the
reversed bl ood pressure set nearest to the point of intersection.
wherein the functions of the averagi ng neans and the second storing

neans are repgatRgai¥ i GibRingaiHeCatéridl WARBIBRAE i dhdtarferiah dabelong
increnmented by 1 each time until the value of f plus the mtaggisé
U

i nterval val Jistasgbinte aneeresea@iyepel ¢fdirasLipneesurs fMeASHRMBHE

measur enent s é%}eggfe Sfled mmpArconput er readabl e medi um havi ng
sof tware recorde tﬁereon to anal yse arterial waveformdata to derive

a central aordisiSyst RVbidy -sbidr V@l te SeuBlchhindd, ndfibersef bisade
conpri st ng: comruni cation means for receivin an arterjal waveform

dataset set presawse flopagyiromantsgta wbiakt t&Seh| o weaverssdnPlondt Pesafeer i al
wavef or m dat Hehordhen®, | CRECS GBI/ BiBbd of phisaaek Pragasiiréments

Bl
measurements having a predeterm ned nunber; nmeans for reversing the
order of the rppredeniative vé@ ravatsed asferisl veyelsrasdrieaineh SGPERESS t o
obtain a set ,of chever pm@ld_ood pressure neasurenents, the reversed
bl ood pressure neasurenents representative of a reversed arteri al
wavef or m det l,ned . rghng to the followng formula: rbp[1...n] =
bp[n...1] vmg-?)g[:'lﬁﬁﬂb% éb?]lesents the set of blood pressure
measur enent s w&g\e{n@presents the set of reversed bl ood pressure
measurenents and n is the predeterm ned nunber. interval neans for

deter m ni ng kg?%@ﬁfsth@%é{a@dlodﬁ%raésdréhéa%@rern@f@é sed bl ood pressure
set being processed; averaging neans for averaging a series of

consecutive rgyesseeemh aRosdor fvdfRdBRRUSIRERIE mieRdiegsnts n the
reversed bl ood pressure set equal to the integer interval val ue

commenci ng fr@ 4 Rané BreRYEhied inged. pressure neasurenent in the
set;

interval means for determining an integer interval value for the reversed

blood pressure set being processed;

averaging means for averaging a series of consecutive reversed blood
pressure measurement readings in the reversed blood pressure set equal
to the integer interval value commencing from the ' reversed blood

pressure measurement in the set;
first storing means for storing the averaged value in an average set;

an identification means for identifying a point of intersection on the

reversed arterial waveform and the average waveform,

a result means for setting the central aortic systolic pressure (CASPgna)) as
the reversed blood pressure value CASP, in the reversed blood pressure
set nearest to the reversed blood pressure value at the point of

intersection; and
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first storing means for storing the averaged value in an average set;
an identification nmeans for identifying a point of intersection on
the reversed arterial waveform and the average waveform a result
means for setting the central aortic systolic pressure (CASP 1 as
final, _ the reversed bl ood pressure value CASPA in the reversed

bl ood pressur g e%tonge%}%@ﬁ;t n{ae%ag hfg" rs?o\{.ﬁlﬁsﬁ]g ehepd Pyassy: g avgbéiﬁ‘orﬁt

the point of Intéersec second storing neans r storing
t he CASPfi nai curadspesdiag @ fuesiposition ciber exertah divangforon theing osgaeserfl t he

arteri a1 vavel oL, REOLTAfRGMELEE, L1 Lo, orLeT a1 havel orm
aver agi ng NEANS, fill fho8" { B B Ne A0 | RECANMShOr bAaRERTeard! ©

repeated for edach arterial” waveformin the arterial’ wave at aset
and, for edfirbt stodig nmegas iahd secondstofing me=pasansf rephated\fer eafhnertariéhns

Comenci ng RO BT BE AR B HeORD dRBRSFLE M bl Bier RRbRIL o

of q plus tiactidnseddie avdragivgimesak anad dieggt staingheeprscatetfentimrmegkatetber

f bl ood ts in th bej . . .
Computer §osmaHecvAlG Rt eRRTh ey ittt hand et il 89T salfaths e
ar It eri aIt hV\/aM&i;l ?ﬂemrﬁlaé af tgoplds they Iteget antenal _\/aiueteiqmatsyl];&e(nrétdaetmnégsdjr e

ue, e SO war, C rsing. conmunj catJ on alsS 0 recelrvin an
arterial veRERREnH BIaogFess i BeaSURRENS If 40T 7! RN GPRESe t he
dat t ' tati t bl t
havine o S Bt (BaBaTR Fi et aftwale 2PGrREE Ratbsy JEandher" ©
pr edet er m ngteriatinkeefonh datd sl deresa weatraeamtic epstolics ptessaiet \@lue, dhs et

of reversed ood Eressune measurenents, the reversed bl ood pressure
neasur ement ¥'YET E4BRYEPY ve of a reversed arterial waveform

determ ned according to the follow ng forr X [ | = 1]
wherein bptrapPecarReHe ok s oot sBypl g thh
arterial waveform in the dataset comprises a representative set of blood

pressure measurements having a predetermined number;

means for reversing the order of the predetermined number of blood pressure
measurements fo obtain a set of reversed blood pressure measurements, the
reversed blood pressure measurements representative of a reversed arterial

waveform determined‘ according fo the following formula:
tbp[1...n] = bp[n...1]

wherein:

bp represents the set of blood pressure measurements

rbp represents thé set of reversed blood pressure measurements
and n is the predetermined number.

interval means for determining an integer interval value for the reversed blood

pressure set being processed;
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rbp represents the set of reversed bl ood pressure neasurenents and n
is the predeterm ned nunber. interval nmeans for determ ning an
integer interval value for the reversed bl ood pressure set being
processed; averagi ng neans for averaging a series of consecutive
reversed bl ood pressure neasurenent readings in the set equal to the

i nteger | nta&éﬁé@lngvﬁ’qéaﬁscméélﬂg fd QuFriads %fhcér%\é@[ﬁﬁ%d rdlepdl plcRgisur e
nmeasurenent in the set; first storing neans for storing the 3’\éﬁ1§aged

val ue i n aPrespdrageas@ement reagiiiesiin ﬁ@?‘a@‘?@ﬁ%@n@'eﬂﬁﬁg?ﬁ@m&ﬂ

poi nt of "&bﬁfrr@féldg%rﬁ”ﬁ c}“h%vér%é@b%%g p?éés%l‘é Rea¥@¥Rkaf iMtadsett he
aver age waveform a result means for setting the central aortic

systolic priegstirag epRifbingtbindheldierdgedSarRdn BheRerdeesgure val ue
CASPA in the reversed bl ood pressure set nearest to the point of

i nt ersect i ep;identlicatichesiensls %maerﬂﬂwﬁ@armﬁwf iSteRethich i eheCRvEBFded
val ue wherein the f nctlon t he |nterval means, averagi ng neans,

first storiBRgTABYSIIRENS eﬁaegqgewv%q&@ans are repeated for each
arterial waveform | n t e arterha wavef or m dat aset and, é&% gch such
repetition?@ Ut MEREEI T8 heefaﬂgtt R CaVER! ARy SYRIAIRPIERRHTRi (PEOFaed @eng

means are fie idversetiane @«éswemaldéecxebym ok r@v&@@ﬁﬂﬁfdﬁu Nestlrd sénd
bei ng i ncrenented bgal each tinme until the value of g plus the

i nteger i nteriest ot @'r@aﬁ‘ﬁﬁs‘?%@nrﬁ"@determ ned nunber of bl ood
pressure neasurenents in the set bej n%@proce ed. 35. The conputer

readabl e n@cﬁeﬁﬁ?%ﬁfé’ﬂi‘@lm?@“?éoraﬁwmgf e he\Xved YRUS2 to 34, wherein the

(CASPA anderipbs neIBRE of 308 ILgNaCrar? F A ce SFeHSa L S Bo ¢ he
poi nt msphe@@%n@%@&ﬁh@@ﬂonﬁghﬁdﬁbnﬁ@ rop&ated FdrGdch drfegallvodvedrai inCAS P
final (CAH%PQIrterTaI cv:vpé%ngozrerdacf\ésS; egnc{ ?m’ each such repetition, the functzons of

the averaging means and first storing means are further repeated with the

value of g commencing at 1 and being incremented by 1 each time until the

value of q plus the integer interval value equals the predetermined number of

blood pressure measurements in the set being processed,

35.The computer readable medium according to any of the claims 32 to 34,
wherein the results means further comprises the steps of locating two points
{CASPa1 and CASPaz) on the reversed arterial waveform adjacent to the point
CASP,; the CASPyny determined according fo the formula:

CASPspa = (CASPa1 + CASPae + CASP,)/ 3
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