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Abstract

High blood pressure is one of the risk factors for coronary heart disease, which causes severe damage
to the body. A timely diagnosis of blood pressure disease can protect a person from the complications
of this disease. A noninvasive method for measuring blood pressure is oscillometric. Accordingly, the
blood pressure is estimated by measuring the oscillations created by the opposition of the arterial
pressure and the pressure of the cuff wrapped around the arm. In this research, the main goal is to
create a software platform for simulating the behavior of veins and cuffs, which can be used to check
the performance of different blood pressure measurement algorithms by the Oscillometric method. In
this regard, all components including the cuff, and brachial artery, how to extract oscillations from the
blood pressure curve, and estimate systolic and diastolic pressures will be modeled. By modeling in
MATLAB, the blood pressure measurement can be evaluated without the need for a clinical condition.
The output of blood pressure parameters can be obtained by entering the main characteristics of
arterial pressure as input. The output of modeling with real samples of 50 measured cases and the
accuracy of estimating systolic and diastolic pressures according to two algorithms of maximum
oscillation and The maximum/minimum slope were checked considering the actual values. The results
of comparing the modeling performance with the measured values indicate that the maximum
oscillation algorithm has a better performance than the maximum/minimum slope algorithm. The
mean error value in the maximum oscillation algorithm for maximum amplitude pressure, systole, and
diastole is 0.64 £ 1.9, 0.82 + 1.6, and 5.1 + 6.8, respectively.
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Figure (1): Modeling flowchart provided
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Figure (5): Changes in cuffed pressure with the presence of a valve
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Table (1) - constant values required for vessel modeling [10]
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Figure (6): Modeling results of vessel cross section
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Figure (7): Cuff pressure changes along with blood pressure fluctuations
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Figure (8): Oscillations in each step
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Figure (9): obtained fluctuation curve
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Figure (10): The curve obtained from the extracted fluctuations
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Figure (11): Blood pressure profile curve for reference pressures of maximum oscillation, systole and diastole equal to 90, 120 and 80 mmHg
respectively
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Figure (12): Pressure comparison for real values and modeled values for all pressure profiles in the maximum size algorithm
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Figure (13): Modeling error for all pressure profiles in the maximum size algorithm
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Figure (14): Continuous filtering of the cuff pressure signal to extract the range of blood pressure fluctuations along with the curve and its
time derivative to extract the signals of mean arterial pressure, systolic pressure and diastolic pressure
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Figure (15): Comparison of pressure for reference data and modeling for all pressure profiles in maximum/minimum slope algorithm
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Figure (16): Modeling error in reference values and modeling for all pressure profiles in the maximum/minimum slope algorithm

DP Error
(mmHg)
+

----------- Reference MAA ------ MMSA

S 200
T —
< T N R SN e’ ==
E1o0f- T _—
5 N - o]
< Pt
= o0

0 5 10 15 20 25 30 35 40 45 50
__ 200
[=2]
£
£ 100 oo
o
@ 0

0 5 10 15 20 25 30 35 40 45 50
_. 200
el —
E 100 I
% - [SRPPR |

0

0 5 10 15 20 25 30 35 40 45 50
Profile Number
olwe yS1us g cauls JBlus/ S Tas o 1951 g0 5o jLES s Jlg  plod g1y gilwduw g 22 po (sWodId (gl LA :(VY) JSCi
Figure (17): Pressure for reference data and modeling for all pressure profiles in two algorithms of maximum/minimum slope and maximum
size
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Figure (18): Modeling error in reference values and modeling for all pressure profiles in two maximum/minimum slope and maximum size
algorithms
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Table (2): Results of sensitivity analysis of effective coefficients in vessel modeling in the article
Wlio ;0 S (g5l omo 30 g0 il pd Sl 5IGT i (Y) Jour

d c B A "
-0+ 0+ -0+ AR /-0 /0 -0+ 40+ cah
A A +Y/A +Y -\ +Y +Y A J g
—+/Y —]eY +10 +Y -0 +Y +Y ) Jeimwbo
SRRRER ¢ weleY 15 w0\ — 10 e IY o)\ o)\ HLad islas
60
50

N
o

DP Error (mmHg)
w
o

N
o

=
o

o
|
\

-~
o

o
o

3
o

N
o

w
o

SP Error (mmHg)

|

\
hdl
LA

Y]
]

o
|
\

MAA MMSA

[=2]
o

a1
o

N
o

w
o

N
o

MAP Error (mmHg)

R

=
o

0

MAA MMSA
Olwg ySTas g cads J8lus/ iSTas o 1651 98 (5w e slas 43 Anova (g ol (gl lio o :(11) JSib
Figure (19): Anova statistical comparative test in the modeling error of two algorithms, maximum/minimum slope and maximum size
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Figure (20): Changes of coefficients on the cross-sectional surface of the modeled vessel

4mﬁ
—100%a
--150%a A
—50%a
2
0 ‘ ‘ i
100 -50 0 50 100 150
Transmural Pressure(mmHg)
. x10® )
1\
—100% ¢ 1
- 1500 |
—50% ¢ [
2
0 L L L
100 50 0 50 100 150

Transmural Pressure(mmHg)

%4 x10°

E —100%b

& | |- 150%b I' \

§ |l—smb

72

Q

c

g8

E ------

E 0 | B el

0

0-100 -5 0 50 100 150
Transmural Pressure(mmHg)

2 x10?

E —100%d

& |- 150%d

4 “

§ ll—sma|

@

g2

8

a AT

) | ; ‘

0

0-100  -50 0 50 100 150

Transmural Pressure(mmHg)

o g ludan I abadio mhw (59 3wl o Ol i (TY) JSC&
Figure (21): Changes of coefficients on the cross section of the modeled vessel

Table (3): Results of sensitivity analysis of effective coefficients in vessel modeling in [39]
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