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Estimation of Blood Pressure Diagnostic Methods by using the Four
Elements Blood Pressure Model Simulating Aortic Wave Reflection
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Abstract: Invasive blood pressure (IBP) is measured for the patient’s real time arterial pressure (ABP) to monitor
the critical abrupt disorders of the cardiovascular system. It can be used for the estimation of cardiac output and the
opening and closing time detection of the aortic valve. Although the unexplained inflections on ABP make it difficult
to find the mathematical relations with other cardiovascular parameters, the estimations based on ABP for other data
have been accepted as useful methods as they had been verified with the statistical results among vast patient data.
Previous windkessel models were composed with systemic resistance and vascular compliance and they were suc-
cessful at explaining the average systolic and diastolic values of ABP simply. Although it is well-known that the blood
pressure reflection from peripheral arteries causes complex inflection on ABF, previous models do not contain any ele-
ments of the reflections because of the complexity of peripheral arteries’ shapes. In this study, to simulate a reflec-
tion wave of blood pressure, a new mathematical model was designed with four elements that were the
impedance of aorta, the compliance of aortic arch, the peripheral resistance, and the compliance of periph-
eral arteries. The parameters of the new model were adjusted to have three types of arterial blood pres-
sure waveform that were measured from a patient. It was used to find the relations between the
inflections and other cardiovascular parameters such as the opening-closing time of aortic valve and the
cardiac output. It showed that the blood pressure reflection can bring wide range errors to the closing
time of aortic valve and cardiac output with the conventional estimation based on ABP and that the
changes of one-stroke volumes can be easily detected with previous estimation while the changes of heart
rate can bring some error caused by unexpected reflections.

Key words: four elements blood pressure model, aortic wave reflection, Invasive blood pressure (IBP),
arterial pressure (ABP)
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Fig. 1. Arterial blood pressure according to the ejection of left ventricle in the previous Windkessel model. (LV: left ventricle,

SVR systemic vascular resistance, C: compliance).
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Fig. 2. Computer simulation algorithm for the arterial blood
pressure (ABP) expectation of windkessel model.

1 1 1 1
=~ _SVR — —SVR
071 |C 0004 1C 0
] B 1 0 Licpp " 1 i
ypd | L ~ s | Loy LV
At At At

o Aigoln A4 Holge) 48 ekt
AR BReIAE 1Y 19 mdyt g

4 ¢
A3 ghato] ©l Algel A Bke] TAlol o8] 5
3 =

%

=

ejo] AXH O WolHHut, 1
welo A thEue] HEetolels(C)
ShA) 949k7] wjRo] wufo] BES wje] WYL FAY

% gk

2. iSYe| AuHAE ZaH5H o

T 100A Al AE feue] Juidaet W At
719 Agew Refgh mde a7 33} o] 95ttt 1
7 19 Aeg A7 SVRS 17 2004 17t tieme] A
T RS o 2w s A% RE FEslth £ 8
wof FEeto|die 47 e HEToIds Cot G2
T8k of Hrolle s W dole] Aol sigshe 4
& L sk 28 304 disd EF i tieww

o AFYERT FHHED), T2 FEeo|4(0)
ofat, sy e] A3t whkmgo] Lk, thEHeH(V.olE
uhAg o 8 B4k Wage] T el Wl
dokah waAY 5 Fushe WRe 19 19 oFur
shgint We7k Ao) g whatskao] waElA skkh.

o ol B AR A
4o wtet @R Q.9 Q. Ca,

0—_—Qﬁ+Raza+L%+—QE 21(5)
C, C,
e A7E T2 €W 12 A6 A0S 2
& glo Slsglnt
9
0:_E£+RPIP 21(6)

J—_q, o
2 (D3} ol St
ag, .
:_%_Za—HLV A1(T)
TEE Yol EHwF Qell thet =48y (N 22
oz e,
a9, .
Oz_—c?lgﬂ"_lp 2| (8)

G2 @A FA0 2R H(©O)F YA

—1/c, 1/C, R+L/A 0% 10 0 —paro] | o
R
0 Qp+ 0 0 0 0
1

0=| 0 1€, " %', .0
—1/At 0 -1 0 1/At 0 0 0 ia, Iy
0 —_1/A¢ 1 —1 ip 0 I/At 0 0] ;- 0

4©9)

HOAHE At ol ¢S Q) Q) G, G B 7
stglon] 919 £4 mYS 7Y 20 2o PHOE o g5
of g4zl Wk wkge] WatE ofshaict.

3. AX| gtxtel Hlo|EE zAlSH RN EF Hstof wWE
&ot miso| MM HA HEo| ARITA| ChE 24
Lintono] ofaf A7 tol| A4 S7€ 37H4] Fejo] &
Y-S 4 element RS o] §sto] AQAstglon 19
49} o] Yehditt. 1 A, B, C= % U gxjofA)
A FLE oA SHEUT. e dolle 18 4a%t 2
< gl 4bo} Zro] By

- -j-a]\:l =
& 5 59 9 glo]



Journal of Biomedical Engineering Research 36: 185-190 (2015)

Aortic Blood Pressure Aortic Blood Flow

SIS s

pressure (mmHg)
g 8 BB 8
min)
o5 8% &

&
Blood Flow (lite

8
o

05 1 15

o
bbb own e oo

0 0s 1 1s

Time (sec) Time (sec)

Impedance in aorta

VTV
Aortic L R,
Valve
T C,

“}7%}7\_—/

T8l 3. 4 element modely} Tz o] ol W &=,

Fig. 3. blood pressure and blood flow through descending
aorta in the 4 elements model. (L: inertial constant, R,:
resistance of aorta, R,: resistance of peripheral artery, C,:
compliance of aorta, C,: compliance of peripheral artery).
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measured by Linton and simulated with 4 element model.
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Table 1. parameters of 4-elements model to simulate aortic blood pressure A, B, C and parameters when the inertial

constant L is 0.

L Ca Ra Cp Rp pulse width
(cc/sec?) (cc/mmHg) (mmHg sec/cc) (cc/mmHg) (mmHg sec/cc) (msec)
4 element A 0.0015 0.15 0.08 1.5 1.35 286
4 element B 0.005 0.7 0.13 2.0 1.3 286
4 element C 0.006 0.8 0.08 1.8 1.35 214
4 element (L = 0) 0 0.5 0.13 1.5 1.3 286
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Table 2. time delay from motion of heart motion to the inflection of blood pressure.

valve open- 1% low peak flow peak 1°® high peak

close- 2™ low peak close- 2™ high peak

(msec) (msec) (msec) (msec)
4 elements A 0 -43 -16 -52
4 elements B -3 -66 (-80) -
4 elements C -1 -54 -115 —270
4 elements (L = 0) -3 -74 - -
Windkessel model -14 -118 - -
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