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HEART-RELATED PARAMETERS MONITORING 
APPARATUS 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a reissue of application Ser. No. 
105,803, ?led Oct. 8, 1987. now US. Pat. No. 4,834,107. 
which application is a continuation-in-part application 
Ser. No. 059,520, ?led June 8, now abandoned which is 
a continuation-in-part application Ser. No. 807,693, ?led 
Dec. 11, 1985, now abandoned which is a continuation 
in-part of parent application Ser. No. 608,955, filed May 
10, 1984, now all abandoned. 

BACKGROUND OF INVENTION 

1. Field of the Invention 
The invention relates to a non-invasive method of 

measuring arterial blood pressure and cardiac output. 
The invention also relates to an apparatus for carrying 
out the method. 

2. Description of Prior Art 
Non-invasive methods and apparatus for measuring 

arterial blood pressure and cardiac output are known in 
the art. Once such method and apparatus is illustrated in 
US. Pat. No. 4,030,485, Warner, issued June 21, 1977. 
A second such method and apparatus is taught in U.S. 
Pat. No. 4,418,700, Warner, issued Dec. 6, 1983. The 
present invention constitutes an improvement and re 
?nement _of the method and apparatus as taught in the 
latter patent. 

SUMMARY OF INVENTION 

The invention relates to a non-invasive method, and 
an apparatus for determining heart-related parameters 
in patients. The method and apparatus determine pulse 
pressure, time constant of the arterial system, systolic 
and diastolic pressure, peripheral resistance, and cardiac 
output and means arterial blood pressure. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will be better understood by an exami 
nation of the following description together with the 
accompanying drawings in which: 
FIG. 1 is a block diagram of the apparatus for carry 

ing out the inventive method; 
FIG. 2 is a typical sensor output of the system as 

illustrated in FIG. 1; 
FIG. 3 illustrates arterial blood pressure pulses; 
FIGS. 4, 4a and 4b illustrate a blood volume pulse; 
FIG. 5 illustrates a blood volume pulse and a blood 

pressure pulse to illustrate the ratio g; and 
P16. 6 is a simpli?ed flowchart for a computer pro 

gram for performing calculations in accordance with 
the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

As seen in FIG. 1, an apparatus in accordance with 
the invention comprises a volume sensor such as a 
photo-electric plethysmograph 5, an ampli?er A}, an 
analog to digital converter A2, a microcomputer M and 
a display device D. The plethysmograph sensor S is 
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attached to, for example, the earlobe of a subject. The 
sensor could also be attached to other suitable parts of 
the body such as the forehead, ?ngertips or toes. 
As is known, the plethysmograph, detects changes in 

blood volume of the region to which it is attached. A 
typical sensor output signal is shown in FIG. 2. As seen 
in FIG. 2, the output signal has a pulsating component 
and a DC component. 
The output of the sensor is applied to the plethysmo 

graph ampli?er A; where it is ampli?ed and ?ltered and 
the DC component is discarded. The output of A] has a 
DC component, but this is not directly related to the 
sensor DC component. 
The output of A1 is fed to the analog to digital (A/D) 

converter A; which digitizes the signal. In a preferred 
embodiment, the sampling rate is 100 per second. 
Microcomputer M accepts signals from A1 and pro 

cesses them according to the instructions it contains. 
These instructions are schematically. represented in the 
simpli?ed flowchart of FIG. 6. 
The computer quantities are then displayed on a CRT 

monitor D or other suitable display means. 
THEORY 
Arterial blood pressure pulses are shown in FIG. 3. 

The shape of these curves vary according to the site 
where they are measured. The highest pressure reached 
during a cycle i is called the arterial systolic blood pres 
sure, Psi. The lowest pressure reached during the same 
cycle is called the arterial diastolic blood pressure, Pdi. 
The pressure rise from Pd, t0 Psi in the same cycle is the 
pulse pressure, pp,~. 
By de?nition 

Psi—Pdi= Pp!‘ (1) 

A plethysmographic pulse is shown in FIG. 4. The 
minimum value at the beginning of the pulse is Vim“. 
The maximum value of the pulse is Vim“. As the pulse 
volume rises from Vim), to Vim”, the time rate of vol 
ume change reaches a maximum Vim; at time t,-|>,,,. The 
pulse volume at time min, is VH2". 
let 

Viln- — vinu'n _ AViv'm _ _ (2) 

vim — vt'im'n _ AVI' _ ' 

In addition to ?nding the values of Viv", correspond 
ing to v.,,,,, see us. Pat. No. 4,418,700, Warner, val 
ues of Vii”, are also found corresponding to Vimu-l, 
Ilium-'2, . . . Vina-‘k, where k is a function of Vim“. 

All of the values of Vii/m corresponding to the time 
rates of volume change lying between and including 
Vim and emu-k are averaged and used to compute 
Aviim 
The average value of Vivm is 

n0 hi hi: 
_ ‘2 Vnomo + % viglmnl + -- - ‘l’ % vivltnlnk 

vim: n?+nl+...+nk 

where 
n0.=number of values of vi?om corresponding to 

vintax 
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-continued 
nl = number of values of VM," corresponding to Vimax — 1 Psi = Pm! + (l — gilPpl (7) 

= ' ' - where 

. 5 81=(AV|'A V/AVI') 
"k: numbfr of Values of VI'Vkm correspondmg to AV,~,4|/=average value of AV; over the time interval 

imax_ T‘ 
k=(V,-,,,ax/m) (integral values only)+l I 
m=constant . . a preferred value of m=20 P4.~=P,,--PP.' (s) 
l=constant . . . a preferred value of 1:1 10 

The variable gican take on a constant value go whose 
(4“) preferred value is 0.333. 

R; - r1 Alternatively, mean blood pressure can be deter 
PP’ = K” ( (l + rz — R1) ‘1 J mined using the following expression: 

15 

Kpp=constant determined by a ?rst calibration 4,3 (5') 
r1=constant . . . preferably equal to 0 p _ = K‘[ AV,‘ ] 
r2=constant . . . preferably equal to 0 M‘ Avinwic'ml 

Oéaé l 20 ~11! 

Rn can‘now be de?ned, as per equation (2) above, but = K4 using the average value of Viv", so that equation (2) ' 

can be rewritten I , (for definition of n see Equation 10 below); 

Vr... - vim". AVmm (2) 25 when: - t - 
1e, __ Av‘ = R’. G(t)=a function of t, in a particular case, 

"Hal 1mm I t ] Y 
c: (1/ Ala) ) 

FM" “6- 4 ¢.-= [GO/Amt)! Y 
AIc=(AI't¢¢ 

Av‘,v = Av.- - Av"... 30 At,-=At’i¢ 

%:_=RI=A_V'_ZV‘§&L=;_AI$J"_1_R, where D l ‘ _ ' [TC=T at calibration] AIL-=AI at calibranon At',~¢( 
. see FIG. 48) 

where!“ 35 [t¢=t at calibration At’hsc (see FIG. 48)] 
R ___]_R [¢¢=(Tc/t¢)=(T/t) at calibration] ¢¢=(I/AI)Y at 

' ' calibration 

of y=constant 
40 The remainder of the terms in equation 5’ are the 

RFFR', same as similar terms in equation 5. 
Determination of ratio R (FIG, 4b) 
From FIG. 4b, the ratio R is 
Ri = (Avit/Avi) 

where 
Avir=change in volume at predetermined time ti 
AVi= total volume change during cycle i 
ti=time such that Ati=KTAVi¢ 

No other calibration should be required with differ 
ent subjects. However, if desired, K” can be deter 
mined for each subject. 45 
To find mean blood pressure 
The mean blood pressure P,,.,- during a cycle i is given 

by Kr=oonstant 
Estimation of pulse pressure, PP 

-u (5) 50 
AV) 

Pnlnn' 3 K4 \ _ eK'TIt-PPI _ 

I _ e-ltPH - 

PM! = Pnum' + F0 (6) 
55 where 

b3=exponent . . . the preferred value of b3 is equal to PE’: pulse pressure=p,— P4 
0.5 P,=systolic blood pressure 

K4=constant determined at calibration for each sub- P4=diastolic blood pressure 
ject. It is only necessary to ?nd this constant once k=constant 
for each subject. The measurements carried out at 60 K'T=¢011§tant a KT 
different times on the same subject do not require In FIG‘ 43 
separate calibration v 

Pn=constant . . . preferred 25 mmHg AVVFAVP‘W" 

65 av', = Av, - avil 

aviw = maximum time rate of change of AV; 
‘7 AVi AV; — V1‘ 
{max A V’ = A 
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-continued 

AVI'I 

wherein from the above equation: 

15 

multiply numerator and denominator by ck”? 

awn-Kn _ 1 

ekPPI __ l ' I I 

‘ _ 25 

Determination of r 
From FIG. 4 

r.-=(\'I.>m,/Av.-)Gm 
30 

where 
Vimu=maximum time rate of volume increase in 

cycle i 
AV,-=total volume increase during cycle i 
From FIG. 4b 35 

[r.~=(\",~.Av.'>Gm] 
ri=(Vi1/Vi)G(t) 

Vil=time rate of increase of volume Vim at time t,- 40 
[AV,‘=total volume increase of volume during] 
AV,-=!0tal increase of volume during time interval 
And, 

Estimation of Mean Blood Pressure 
(1) Prm"=Kl|7'ic'I 
K1=calibration constant 
Pmi'=(Ps+Pd)/2-Po 

45 

P,,~=systolic blood pressure, in cycle i 
mi=(P:+Pd)/2 

Pd1=diastolic blood pressure, in cycle i 
a = constant 

Po= constant 
[(2) ekPmi = KzRicbl (Z) ekPmi =K2r1¢b 

where 
K; =constant (calibration) 
b = constant 

55 

e — KPmo-jdlli) _ e- HPmo+ $21’) (9) 

(mm 
where 
Pmo=constant at calibration 
¢1i+¢2r= PP,-=pulse pressure during cycle i 
k = constant 

j=constant 

65 

6 
solve equation by making LHS=RHS by varying dm 
and ¢ZI(¢ZI= PPi-¢li) 
then 

P0=constant 
r,‘= ratio of exponentials 
K3=coefficient (variable or constant) 
Correction for r, 
r; (corrected) = ric = r; eml‘i‘o- d'1) 
m=constant 
¢0= PP; at calibration 
¢,-=current value of PP,-. 
Equation (9) above is only one form which this par 

ticular equation can take. By simple mathematical ma 
nipulations, the invention may take two other forms as 
per (10) and (l 1) below. What follows is the manipula 
tions as well as the two other forms of the equation: 
As above noted 

¢2i+ ¢ |r= P'n- P'dt 
add and subtract PM on RHS above 

¢2i+ ¢ii=P'$i— Pm-t-PmrP'da (A) 

¢2rand dmcan take on any values in satisfying the above 
equation (A) 

and ¢|i= Pm,,— P'di in equation (9) 
then ' 

To solve equation 11: 
(1) Set P'Jf: P',,-—PP,~and solve for P',, 

Pmi=(Ps|'+Pdi)/2-Po 
(2) Set P’,,-=P’d,-—PP,- and solve for P4; 
Although particular embodiments have been illus 

trated, this was for the purpose of describing, but not 
limiting, the invention. Various modi?cations, which 
will come readily to the mind of one skilled in the art, 
are within the scope of the invention as de?ned in the 
appended claims. 

I claim: 
1. Apparatus for determining the magnitude of heart 

related parameters in a patient; 
comprising; 
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means for detecting blood volume, and thereby 
blood volume variation, in said patient, and for 
providing a signal representative of said blood 
volume. and thereby said blood volume varia 

volume, and thereby said blood volume varia 
tion; 

said means for detecting being attachable to said 
patient to thereby detect said blood volume, and 

tion; 5 thereby said blood volume variation; 
said means for detecting being attachable to said said blood volume variation being cyclic in nature 

patient to thereby detect said blood volume, and whereby said signal comprises a cyclic curve 
thereby said blood volume variation; having, in each cycle of variation, a variable 

said blood volume variation being cyclic in nature slope, a maximum amplitude representative of 
whereby said signal comprises a cyclic curve 10 the maximum amount of blood volume, a mini 
having, in each cycle of variation, a variable mum amplitude representative of the minimum 
slope, a maximum amplitude representative of amount of blood volume, a ?rst time interval 
the maximum amount of blood volume, a mini- between said minimum amplitude and said maxi 
mum amplitude representative of the minimum mum amplitude, a maximum rate of change of 
amount of blood volume, a ?rst time interval ‘5 said signal being representative of the maximum 
between said minimum amplitude and said maxi- rate of increase of blood volume, a second time 
mum amplitude, a maximum rate of change of interval between the minimum amplitude and the 
said signal being representative of the maximum time of the maximum rate of change of said sig 
rate of increase of blood volume, a second time nal, a ?rst difference in amplitude between said 
interval between the minimum amplitude and the 20 maximum amplitude and said minimum ampli 
time of the maximum rate of change of said sig- tude, a second difference in amplitude between 
nal, a ?rst difference in amplitude between said the maximum amplitude and the amplitude at the 
maximum amplitude and said minimum ampli- time of maximum rate of change of said signal 
tude, a second dilTerence in amplitude between being representative of the difference in volume 
the maximum amplitude and the amplitude at the 25 between the maximum amount of blood volume 
time of maximum rate of change of said signal and the volume at the time of maximum rate of 
being representative of the difference in volume change of said blood volume, and a pulse repeti 
between the maximum amount of blood volume tion period; 
and the volume at the time of maximum rate of 30 means for measuring said maximum amplitude, said 
change of said blood volume, and a pulse repeti- minimum [aplitude,] amplitude, said maximum 
tion period; rate of change of said signal, said ?rst difference, 

means for measuring said maximum amplitude, said said second [different,] difference, said ?rst 
minimum aplitude, said maximum rate of change time interval, and said second time interval; and 
of said signal, said ?rst difference, said second 35 means for calculating the magnitude of selected 
different, said ?rst time interval, and said second ones of said parameters, said means for calculat 
time interval; and ing being connected to both said means for de 

means for calculating the magnitude of selected tecting and means for measuring; 
ones of said parameters, said means for calculat- wherein means for calculating [calculates] calcu 
ing being connected to both said means for de- 40 [ates the magnitude of the mean arterial blood 
tecting and means for measuring; pressure, P,,,; parameter in accordance with the 

wherein means for calculating calculates the mag- following expression: 
nitude of the pulse pressure parameter in accor 
dance with the following expression; PM, = pa + PM“. 

45 AV _ b3 
, _ I 

P,- = Kw[—u 3‘; Ill,» 1 PM" = [em] 

wherein 50 [P . _ [_____Av' b PP,-= pulse pressure during cycle i "'"" _ Avzwlcvml _ 31| 
Kpp=constant determined by a ?rst calibration 
r1 = constant where 

rz=¢On§tam K4=constant determined for each subject 
RiI= (Avivm/Avi) 55 b3 = constant 
when AViVm=VOlume change at time til/m Pmmi=pseudo mean arterial blood pressure during 
during cycle i corresponding to maximum rate cycle i 
of volume change, Vim“ [A,-] AV,~= maximum volume change during cycle 
AV,-= maximum volume change during cycle i i 
At,~|7m=time interval from start of cycle i to 60 

time of maximum rate of volume change . 
vimmp AVM“ = maximum time rate of change of AV; 

2. Apparatus for determining the magnitude of heart- = \"mx 
related parameters in a patient; 

comprising; 65 “hm 
means for detecting blood volume, and thereby 4,: 
blood volume variation, in said patient, and for G6) = T, 
providing a signal representative of said blood 
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4. Apparatus for determining the magnitude of heart 
related parameters in a patient; 

comprising: 
-continued 

where 

time interval, and said second time interval; and 
means for calculating the magnitude of selected 

means for detecting blood volume, and thereby 
blood volume variation, in said patient, and for 
providing a signal representative of said blood 
volume, and thereby said blood volume varia 
tion; 

said means for detecting being attachable to said 
m patient to thereby detect said blood volume, and 

At, = A! at calibration = Ali“ thereby said blood volume variation; 
said blood volume variation being cyclic in nature 

A" = AW‘ whereby said signal comprises a cyclic curve 
y ___ comm“ having, in each cycle of variation, a variable 

15 slope, a maximum amplitude representative of 

13. apparatus for determining the magnitude of heart g’foiglenlil 
re at arameters in a atient; _ 

completing; p amount of blood volume, a ?rst time interval 

means for detecting blood volume, and thereby 20 betwun :linimum fimplimdf an? said maxi; 
blood volume variation, in said patient, and for mflm _amp ‘ “_ c’ a max‘m‘m? 1'3 e o c ‘misc 0 ' 

w'd blood :21‘: mfssssstsixizf2:22:22: 
vo ume, an thereb said vo ume varia- ' _ 
“on. y interval between the minimum amplitude and the 

said rrieans for detecting being attachable to said 25 time of the ‘Paximum _rate of _change of said Si?‘ 
patient to thereby detect said blood volume, and Hal’ an?rxzt'glnf?li'tesgz :1 gmszigugfng’xztu‘rneeglmsgllf 
thereb said blood volume variation; "mu ' ‘ 

said volflme variation being cyclic in nature tude, a second difference in amplitude between 
whereby said signal comprises a cyclic curve the maximum amplitude and the amplitude at the 
having, in each cycle of variation, a variable 30 tin.“ of maximum rate of change of said Signal 
slope a maximum amplitude representative of being representative of the difference in volume 
the xéaximum mom“ of blood volumc a mini_ between the maximum amount of blood volume 

I - - 

mum amplitude representative of the minimum zggnth:éogrilgilwig?lngeofa?tmlnl ‘:13? 
amount of blood volume, a ?rst time interval don gem” ‘ P p 

t ' ' ' ' ' max'- 35 ’ . . . . 

ruxezzlsizfuxnzmxrx?gttigfeag? 2:2" 8 3f means for measuring said maximum amplitude, said 
said signals bein ’ r rcsenmtive of the magnum minimum [aplitude,] amplitude. said maximum 
rate of in“ gofeglood volume a Second time rate of change of said signal, said ?rst difference, 
. E m . . ’ . said second different, di erence. said ?rst 

[incl-v1.1 ‘:letweml the mmlmuén zmphtutie at: the 40 time interval End said selond?iime interval- and 
time o t e maximum rate 0 c angeo sai sig- ' . . ’ 

nal, a ?rst difference in amplitude between said “1:02;; grszizlilalzglsmtrge sgilggrzgzgsfgf manmum amphtpde and d mllumum amp“- ing being connected to both said means for de 
tude, a second difference in amplitude between {acting and means for measuring 

amplmtde :ndhthe ampflnugie ".t the] 45 wherein means for calculating calculates the mag 
being rcpt mggviac; fhecdiaélgcenzcs? “35:: nitude of the systolic pressure (P,,-) parameter in 

m . l . . : 

between the m . um amount of blood volume accordance with the fol owing expression 

and the volume at the time of mm um rate of p,,-]>m-+(|_5,-)pP, 
change of said blood volume, and a pulse repeti- 50 
tion Period; wherein: 

meansfor measuring said maximum amplitude, said g,-= (AVM y/AV,-) 
minimum [apl1tude,] amplitude, sald maximum PP,-=pu19¢ pressure during cycle i 
rate of change of said signal, said ?rst difference, AV1=represented by said ?rst difference 
said second [different,] di?'erence, said ?rst 55 AVuy=represented by the difference between 

said minimum amplitude and an amplitude equal 
to the average value of a pulse in a cycle i. 

5. Apparatus for determining the magnitude of heart 
related parameters in a patient; 

comprising; 
means for detecting blood volume, and thereby 

blood volume variation, in said patient, and for 
providing a signal representative of said blood 
volume, and thereby said blood volume varia 

ones of said parameters, said means for calculat 
ing being connected to both said means for de 
tecting and means for measuring; 60 

wherein means for calculating calculates the mag 
nitude of the systolic pressure (Pn') parameter in 
accordance with the following expression: 

P,,-=P,,.-+(1—go)1',,- 65 tion; 
‘ said means for detecting being attachable to said 

wherein patient to thereby detect said blood volume, and 
g0: constant. thereby said blood volume variation; 



Re. 33,834 
11 

said blood volume variation being [cycle] cyclic 
in nature whereby said signal comprises a cyclic 
curve having, in each cycle of variation, a vari 
able slope, a maximum amplitude representative 
of the maximum amount of blood volume, a 5 
minimum amplitude representative of the mini 
mum amount of blood volume, a ?rst time inter 
val between said minimum amplitude and said 
maximum amplitude, a maximum rate of change 
of said signal being representative of the maxi 
mum rate of increase of blood volume, a second 
time interval between the minimum amplitude 
and the time of the maximum rate of change of 
said signal, a ?rst difference in amplitude be 
tween said maximum amplitude and said mini 
mum amplitude, a second difference in amplitude 
between the maximum amplitude and the ampli 
tude at the time of maximum rate of change of 
said signal being representative of the difference 
in volume between the maximum amount of 
blood volume and the volume at the time of 
maximum rate of change of said blood volume, 
and a pulse repetition period; 

means for measuring said maximum amplitude, said 
minimum [aplitude,] amplitude, said maximum 
rate of change of said signal, said ?rst difference, 
said second [different,] difference, said ?rst 
time interval, and said second time interval; and 

means for calculating the magnitude of selected 
ones of said parameters, said means for calculat 
ing being connected to both said means for de 
tecting and means for measuring; 

wherein means for calculating calculates the mag 
nitude of the arterial blood pressure, Pmiparame 
ter in accordance with the following expression: 

25 

Pmi = pa + Pmrm 

AV] 

where 
K4=constant determined for each subject 
b3=constant 
Pmmi=pseudo mean arterial blood pressure during 

cycle i 
Avi=maximum volume change during cycle i 

50 

' 5 
Vin“; = maximum time rate of change of V; 5 

= ‘Vina: 

Po=constant 
where 

G(t)=a function of t. 
6. A method for determining the magnitude of heart 

related parameters in a patient; 
comprising: 

detecting blood volume, and thereby blood volume 65 
variation, in said patient and providing a signal 
representative of said blood volume, and thereby 
said blood volume variation; 

12 
said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume. a ?rst time interval 
between said maximum amplitude and said mini 
mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of change of blood volume, a second time 
interval between the minimum amplitude and the 
time of the maximum rate of change of said sig 
nal, a ?rst difference in amplitude between said 
maximum amplitude and said minimum ampli 
tude, a second difference in amplitude between 
the maximum amplitude and the amplitude at the 
time of maximum change of rate of said signal 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti 
tion period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ 
ence, said ?rst time interval, and said second 
time interval; and 

calculating the magnitude of the pulse pressure 
parameter in accordance with the following ex 
pression: 

wherein 
P,,,-=pulse pressure during cycle i 
Kpp=constant determined by a ?rst calibration 
r1=c0nstant 
r2=constant 
Rrl=(AVit'/m/AV|') 
where 
[AV,'|/,,,=volume change at time tiym during 
cycle i corresponding to maximum rate of 
volume change, Vimx] 

A ViVm= volume change at time tiym during cycle i 
corresponding to maximum rate of volume 
change, Vim, 

AV,~=maximum volume change during cycle i 
At,~|>,,,=time interval from start of cycle i to time 

of maximum rate of volume change Vim“. 
7. A method for determining the magnitude of heart 

related parameters in a patient; 
comprising: 

detecting blood volume, and thereby blood volume 
variation, in said patient and providing a signal 
representative of said blood volume, and thereby 
said blood volume variation; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said maximum amplitude and said mini 
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mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of change of blood volume, a second time‘ 
interval between the minimum amplitude and the 

14 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 

time 0f the ‘Paximum Tale of Fhange of said Sig‘ 5 between said maximum amplitude and said mini 
nal' .3 ?rst d‘ffeience m ampi'md? Petween said mum amplitude, a maximum rate of change of 
maximum amphtllde and fwd mliumum amph' said signal being representative of the maximum 
mde’ a .second dlffFrencc m amphtuqe betwecn rate of change of blood volume, a second time 

titzénnlzlg?gzgingggizmgglgsf 32:: m interval between the minimum amplitude and the 
being representative of the difference in volume “me of the rf‘ammum Fate of ,change of said 51,3‘ 

between the maximum amount of blood volume “31' _3 ?rst dlffefence "1 ampllmdle Pctween and the volume at the time of maximum rate of maximum amphmde and ‘sad mlfllmum amph 

change of said blood volume, and a pulse repeti- “me, a §¢¢°nd difference 1" amphmf-le belwee" 
{ion pefigd; 15 the maximum amplitude and the amplitude at the 

measuring said maximum amplitude, said minimum time of maximum change of rate of said signal 
amplitude, said maximum rate of change of said being representative of the difference in volume 
signal, said ?rst difference, said second differ- between the maximum amount of blood volume 
ence, said ?rst time interval, and said second and the volume at the time of maximum rate of 
time interval; and 20 change of said blood volume, and a pulse repeti 

calculating the magnitude of the mean [artial] “on period; ‘ 
arterial pressure Pm; in accordance with the fol- measuring said maximum amplitude, said minimum 
lowing expression: amplitude, said maximum rate of change of said 

signal, said ?rst difference, said second differ 
Pmi = P0 + PM: 25 ence, said ?rst time interval, and said second 

43 time interval; and 
AV, calculating the magnitude of the systolic pressure 

PM” = [mm (Pn- parameter in accordance with the following 
expression: 

30 
[Puma = b3] Psi=Pmi+(l-80)Ppi 

wh?c wherein 
. . g0=constant. 

54f constant determined for each subject 35 9. A method for determining the magnitude of heart 
3_c°nsmm . related parameters in a patient; 
Pmm=pseudo mean arterial blood pressure dur- . . _ 

ins Cy c} e i comprising. 
detecting blood volume, and thereby blood volume 

AV'=maximum volume chan e durin c clei . . . . . . . . '1 g g y variation, in said patient and providing a signal 
AV,~,,,,,=_maximum time rate of change of Avi=vimax 40 representive of said blood volume, and thereby 

said blood volume variation; 
‘b said blood volume variation being cyclic in nature 

6(1) = whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 

y 45 slope, a maximum amplitude representative of 
4,: = the maximum amount of blood volume, a mini 

‘ mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 

1 . . . . . . 1 between said maximum amplitude and said mini 
4" = 5o mum amplitude, a maximum rate of change of 

said signal being representative of the maximum 
when rate of change of blood volume, a second time 

NC = A‘ “ alibmion : mm interval between the minimum amplitude and the 
55 time of the maximum ‘rate of change of said sig 

An = and, nal, a ?rst difference in amplitude between said 
maximum amplitude and said minimum ampli 

y : comm" tude, a second difference in amplitude between 

8. A method for determining the magnitude of heart- ‘in mammun.‘ amplitude and the amphmfie 3.‘ ‘he 
related parameters in a patient; 60 time of maximum change of rate of said signal 

being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti~ 
tion period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ 

comprising: 
detecting blood volume, and thereby blood volume 

variation, in said patient and providing a signal 
representative of said blood volume, and thereby 
said blood volume variation; 65 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
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ence, said ?rst time interval, and said second 
time interval; and 

calculating the magnitude of the systolic pressure 
(P,,-) parameter in accordance with the following 
expression: 

wherein: 
8|'=(AV1A V/Avl') 
Ppj=pulse pressure during cycle i 
Avi=represented by said ?rst difference 
AV,~,4;/= represented by the difference between 

said minimum amplitude and an amplitude 
equal to the average value of a pulse in a cycle 
1. 

10. A method for determining the magnitude of heart 
related parameters in a patient; 

comprising: 
detecting blood volume, and thereby blood volume 

variation, in said patient and providing a signal 
representative of said blood volume, and thereby 
said blood volume variation; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said maximum amplitude and said mini 
mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of change of blood volume, a second time 
interval between the minimum amplitude and the 
time of the maximum rate of change of said sig 
nal, a ?rst difference in amplitude between said 
maximum amplitude and said minimum ampli 
tude, a second difference in amplitude between 
the maximum amplitude and the amplitude at the 
time of maximum change of rate of said signal 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti 
tion period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ 
ence, said ?rst time interval, and said second 
time interval; and 

calculating the magnitude of the arterial blood 
pressure, P”..- parameter in accordance with the 
following expression: 

where 
K4=constant determined for each subject 

16 
b3=constant 
Pmmi=pseudo mean arterial blood pressure dur 

ing cycle i 
AV,'=maximum volume change during cycle i 
Avimx=maximum time rate of change of V,-= 

vimax 
P0=constant 
G(t)=a function of t and T. 

11. Apparatus for determining the magnitude of 
10 heart-related parameters in a patient; 

20 

25 

55 

65 

comprising: 
means for detecting blood volume, and thereby 

blood volume variation, in said patient, and for 
providing a signal representative of said blood 
volume, and thereby said blood volume varia 
tiOn; 

said means for detecting being attachable to said 
patient to thereby detect said blood volume, and 
thereby said blood volume variation; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said minimum amplitude and said maxi 
mum amplitude, at maximum rate of change of 
said signal being representative of the maximum 
rate of increase of blood volume, a second time 
interval between the minimum amplitude and the 
time of the maximum rate of change of said sig 
nal, a first difference in amplitude between said 
maximum amplitude and said minimum ampli 
tude, a second difference in amplitude between 
the maximum amplitude and the amplitude at the 
time of maximum rate of change of said signal 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti 
tion period; 

means for measuring said maximum amplitude, said 
minimum [aplitude,] amplitude. said maximum 
rate of change of said signal, said ?rst difference, 
said second [different,] dij?zrence, said ?rst 
time interval, and said second time interval; and 

means for calculating the magnitude of selected 
ones of said parameters, said means for calculat 
ing being connected to both said means for de 
tecting and means for measuring; 

wherein means for calculating calculates the mag 
nitude of the pulse pressure parameter in accor 
dance with the following expression: 

wherein 
Pp,-=pulse pressure during cycle i 
Kpp=constant determined by a ?rst calibration 
r1=constant 
r2=constant 
Rn = AVWm/AVi 
where 
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AV,-Vm= volume change at preselected time tgym 
during cycle i 

AV,-= maximum volume change during cycle i 
Atiym=time interval from start of cycle i to pre 

selected time of twm. 
12. A method for determining the magnitude of heart 

related parameters in a patient; 
comprising: 

detecting blood volume, and thereby blood volume 
variation, in said patient and providing a signal 
representative of said blood volume, and thereby 
said blood volume variation; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, at maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said maximum amplitude and said mini 
mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of [charge] change of blood volume, a 
second time interval between the minimum am 
plitude and the time of the maximum rate of 
change of said signal, a ?rst difference in ampli 
tude between said maximum amplitude and said 
minimum amplitude, a second difference in am 
plitude between the maximum amplitude and the 
amplitude at the time of maximum change of rate 
of said signal being representative of the differ 
ence in volume between the maximum amount of 
blood volume and the volume at the time of 
maximum rate of change of said blood volume, 
and a pulse repetition period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ 
ence, said ?rst time interval, and said second 
time interval; and 

calculating the magnitude of the pulse pressure 
parameter in accordance with the following ex 
pression: 

Ru — n 

"I" ‘ "Ni: (1+ rz - Rn 

wherein 
Ppi=pulse pressure during cycle i 
Kpp=constant determined by a ?rst calibration 
r1=constant 
rz=constant 
Ri1=(AV|'Vm/Vi) 
where 
AV,~ ,,,=volume change at preselected time 

tm,I during cycle i 
Avi=maximum volume change during cycle i 
Ativm=time interval from start of cylcle i to 

predetermined time of t,-y,,,. 
13. Apparatus for determining the magnitude of 

heart-related parameters in a patient; 
comprising; 
means for detecting blood volume, and thereby 

blood volume variation, in said patient, and for 
providing a signal representative of said blood 
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18 
volume, and thereby said blood volume varia 
tion; 

said means for detecting being attachable to said 
patient to thereby detect said blood volume, and 
thereby said blood volume variation; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, at maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said minimum amplitude and said maxi 
mum amplitude, at maximum rate of change of 
said signal being representative of the maximum 
rate of increase of blood volume, a second time 
interval between the minimum amplitude and the 
time of the maximum rate of change of said sig 
nal, a ?rst difference in amplitude between said 
maximum amplitude and said minimum ampli 
tude, a second difference in amplitude between 
the maximum amplitude and the amplitude at the 
time of maximum rate of change of said signal 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti 
tion period; 

means for measuring said maximum amplitude, said 
minimum amplitude, said maximum rate of 
change of said signal, said ?rst difference, said 
second different, said ?rst time interval, and said 
second time interval; and 

means for calculating the magnitude of selected 
ones of said parameters, said means for calculat 
ing being connected to both said means for de 
tecting and means for measuring; 

wherein the means for calculating calculates the 
magnitude of the mean pressure parameter in 
accordance with the following expression: 
(1) P'mi=K1ric” 
where 
K1=calibration constant 
[P'mi= (Pr-i‘ Pal/2 — Po] 
Pli=systolic blood pressure, in cycle i 
[Pm|'=(Ps+Pd)/2] 
Pdl=diastolic blood pressure, in cycle i 
a=constant 
P,,=constant. 

14. A method for determining the magnitude of heart 
related parameters in a patient; 

comprising: 
detecting blood volume, and thereby blood volume 

variation, in said patient and providing a signal 
[representation] representative of said blood 
volume, and thereby said blood volume varia 
tion; 

said blood volume variation being cyclic in nature 
whereby said signal comprises a cyclic curve 
having, in each cycle of variation, a variable 
slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said maximum amplitude and said mini 
mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of change of blood volume, a second time 
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second [differenu] di?'erence, said ?rst time 
interval, and said second time interval; and 

means for calculating the magnitude of selected 
ones of said parameters, said means for calculat 
ing being connected to both said means for de 
tecting and means for measuring; 

wherein the means for calculating calculates im 
plicitly the magnitude of the mean pulse pressure 
in accordance with the following expression: 

19 
interval between the minimum amplitude and the 
time of the maximum rate of change of said sig 
nal, a ?rst difference in amplitude between said 
maximum amplitude and said minimum ampli 
tude, a second difference in amplitude between 5 
the maximum amplitude and the amplitude at the 
time of maximum change of rate of said signal 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of to 
change of said blood volume, and a pulse repeti 
tion period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ- 15 IQWL ,, 
ence, said ?rst time interval, and said second Fwmwm " "klp'm’wm 1 
time interval; and 

where calculating the magnitude of mean pulse pressure 
in accordance with the following expression: Pm0=c°n$mm at CalibraliOrl 
[(1) Pmi= Kiric?l 20 ¢ii+ ¢2i= PPi=pulse pressure during cycle i 
(I) Fmi=Klrita lf=constant 
whey: _] = constant 

K1 = calibration constant Psi: PM + ¢2i+ Po 
[P‘m,~=(P,+Pd)/2—P0] Pdi=Pmo—¢1i+Po 
17ml: (P:i'+Pdi)/2—Po 25 ""'=(P“I+ PdO/z 
Psi: systolic blood pressure, in cycle i Po= constant 
[P,,,,‘= (P,+ P4)/2] r,~= ratio of exponentials 
Pm: (P;i+P4,~)/2 K3=coef?cient (variable or constant). 
Pdi=diastolic blood pressure, in cycle i 16. A method for determining the magnitude of heart 
a = constant 30 related parameters in a patient; 
P0=constant. 

15. Apparatus for determining the magnitude of 
heart-related parameters in a patient; 

comprising; 

comprising: 
detecting blood volume, and thereby blood volume 

variation, in said patient and providing a signal 
representative of said blood volume, and thereby 

slope, a maximum amplitude representative of 
the maximum amount of blood volume, a mini 
mum amplitude representative of the minimum 
amount of blood volume, a ?rst time interval 
between said minimum amplitude and said maxi 
mum amplitude, a maximum rate of change of 
said signal being representative of the maximum 
rate of increase of blood volume, a second time 
interval between the minimum amplitude and the 

50 

means for detecting blood volume, and thereby 35 said blood volume variation; 
blood volume variation, in said patient, and for said blood volume variation being cyclic in nature 
Pmvidlng a Signal representative of said blood whereby said signal comprises a cyclic curve 
Yolume. and thereby Said blood Volume Varia' having, in each cycle of variation, a variable 
"on; slope, at maximum amplitude representative of 

said means for detecting being attachable to said 40 the maximum amount of blood volume, a mini 
Patiem to lhemby detecl said Volumei and mum amplitude representative of the minimum 
"hereby sa'd blood ‘Plume vfmauoni _ amount of blood volume, a ?rst time interval 

said blood volume. variation being cyclic in nature between said maximum amplitude and the said 
whelrebx 581d slgnal compme? _a cychc clm’e minimum amplitude, a maximum rate of change 
having’ "1 each cycle of vanauont a vamble 45 of said signal being representative of the maxi 

mum rate of change of blood volume, a second 
time interval between the minimum amplitude 
and the time of the maximum rate of change of 
said signal, a ?rst difference in amplitude be 
tween said maximum amplitude and said mini 
mum amplitude, a second difference in amplitude 
between the maximum amplitude and the ampli 
tude at the time of maximum change of rate of 
said signal being representative of the difference time of the maximumrate of change of said sig- 55 . . 

nal, a ?rst difference in amplitude between said m volume between the mmmum amolmt of 
mm amplitude and said m- - um ampli_ blood volume and the volume at the time of 

tude, a second difference in amplitude between mmumum rate of. ‘Phage .of sad blood volume’ 
the maximum amplitude and the amplitude at the and a. plus? rcpetluon Pena!‘ . . . 
time of maximum rate of change of said signal 60 measuring said maximum amplitude, said minimum 
being representative of the difference in volume 
between the maximum amount of blood volume 
and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repeti 
tion period; 

means for measuring said maximum amplitude, said 
minimum amplitude, said maximum rate of 
change of said signal, said first difference, said 

amplitude, said maximum rate of change of said 
signal, said ?rst difference, said second differ 
ence, said first time interval, and said second 
time interval; and 

wherein the means for calculating calculates im 
plicitly the magnitude of mean pulse pressure in 
accordance with the following [expressure] 
expression: 
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wherein means for calculating calculates the magnitude 
e_ “mph”, _ e_ ,UMMMI.) (3) of the pulse pressure parameter in accordance with the 

Pm,,=constant at calibration PP,-=Pulse Pressure-?-Pd 
¢li+¢2i= PP,‘=pulse pressure during cycle i ‘0 Ps=Systolic blood pressure 
it = constant Pd= diastolic blood pressure 
.1 = constant k = constant 

[P2t= Pmo+ ¢2t+ Po] K’ = constant. 
Pst=Pmo+¢2i+Po 18. A method for determining the magnitude of heart 

said blood variation being cyclic in nature whereby said 
signal comprises a cyclic curve having, in each cycle of 
variation, a variable slope, a maximum amplitude 
representative of the maximum amount of blood vol. 
ume, a minimum amplitude representative of the 
minimum amount of blood volume, a?rst time inter 
val between said minimum amplitude and said maxi 
mum amplitude, a maximum rate of change of said 
signal being representative of the maximum rate of 
increase of blood volume, a second time interval be 
tween the minimum amplitude and the time of the 
maximum rate of change of said signal, a first di?er 
ence in amplitude between said maximum amplitude 
and said minimum amplitude, a second difference in 
amplitude between the maximum amplitude and the 
amplitude at the time of maximum rate of change of 
said signal being representative of the difference in 
volume between the maximum amount of blood vol 
ume and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repetition 

35 

Pdi= Pmo—¢|i+Po ‘5 related parameters in a patient; 
PM: (P,1+ 1340/2 comprising: 
Po=constant detecting blood volume, and thereby blood volume varia 
r,~= ratio of exponentials tion, in said patient and providing a signal representa 
K3=c0ef?cient (variable or constant). tive of said blood volume. and thereby said blood 

I 7. Apparatus for determining the magnitude of heart~ 20 volume variation; » 
related parameters in a patient; said blood volume variation being cyclic in nature 

comprising: whereby said signal comprises a cyclic curve having, in 
means for detecting blood volume, and thereby blood each cycle of variation, a variable slope, a maximum 

volume variation, in said patient. and for providing a amplitude representative of the maximum amount of 
signal representative of said blood volume, and 25 blood volumem minimum amplitude representative of 
thereby said blood volume variation; the minimum amount of blood volume, a first time 

said means for detecting being attachable to said patient interval between said maximum amplitude and said 
to thereby detect said blood volume, and thereby said minimum amplitude, a maximum rate of change of 
blood volume variation; 30 said signal being representative of the maximum rate 

of change of blood volume, a second time interval 
between the minimum amplitude and the time of the 
maximum rate of change of said signal. a first differ 
ence in amplitude between said maximum amplitude 
and said minimum amplitude, a second difference in 
amplitude between the maximum amplitude and the 
amplitude at the time of maximum change of rate of 
said signal being representative of the difference in 
volume between the maximum amount of blood vol 
ume and the volume at the time of maximum rate of 
change of said blood volume, and a pulse repetition 
period; 

measuring said maximum amplitude, said minimum 
amplitude, said maximum rate of change of said 
signal, said first di?’erence, said second difference, 
said ?rst time interval, and said second time interval; 
and 

calculating the magnitude of the mean arterial pressure 
P,"- in accordance with the following expression: 

penod; , _ e-KTPPI‘ 
means for measuring said maximum amplitude: said 1 _ JPPI' : R‘ 
minimum amplitude, said maximum rate of change 
of said signal, said first di?'erence, said second di?‘er- where 
ence, said first time interval, and said second time 55 PP,-= Pulse Pres3||re=Ps-Pd 
interval; and P,=Systolic blood pressure 

means for calculating the magnitude of selected ones of Pd= Diastolic blood pressure 
said parameters, said means for calculating being k=consmm 
connected to both said means for detecting and means K’ =consmm. 
for measuring.- 60 ' ‘ ' ' ‘ 

65 


