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[ AN ST ZErh , L ANSE T 407 o AE HA S S8, 1814 (e) FEL4 (d) AR T i Az
PERE 2 (B) B CIVLEFAER IR ARAES (MF) 5555 sk se IR

[00981 1 FEIAEBREEA T , WA P Hh OB 2 AT BRI B L e M % F B %
i o LRI , B FRBEAUL LA IR B 122 IR S o 1 RSSO Y i P& ik iR
e AT 50 T G Tk iRz an , LA 28 RERad o O NS s o P A s =2
CZE i A s LA R AE O ZE R 0 %), HIE O FREFAERE O PN IR O AN AR RS 2
HLOILE RIS (Barrett K& A . (2019) Ganong’ s Review of Medical Physiology,
McGraw-Hill Education,Pappano AJ,Wier WG (2019)Cardiovascular Physiology,
Elsevier,Klabunde RE (2018) Cardiovascular Physiology Concepts,Lippincott
Williams&WilkinfiaRrD) o AN 0 B 52 M S AR 2 SR MR R O IR, T
DR IR 25 B AN A A2 B R 2= #RIC 8 A PR A R IR R S S .
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[0099]  ¢q; = “’HR_ P (16)

[0100] | AR DA
[0101] —%: g — qi—1 - (17)
[0102]  FATAT AR Z by e s 8, anvr 2 R il s (9140, Kim HJ 5§ A On

coupling alumped parameter heart model and a three-dimensional finite element
aorta model.Annals of Biomedical Engineering.2009;37(11):2153-69,1tu L,Sharma

P,Suciu C. (2017) Patient-specific hemodynamic computations:application to

personalized diagnosis of cardiovascular pathologies.Springer,Hongtao L.%¢ A .
(2020) A numerical model applied to the simulation of cardiovascular
hemodynamics and operating condition of continuous-flow left ventricular
assist device.J.Mathematical Biosciences and Engineering,17(6):7519-7543) VL#2
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RS, T RER 24 (W) FAS (45 [ pd R o 2 AN A IR A AT (00
Caro CG%E A . (2012) The Mechanics of the Circulation,Cambridge University
Press) o (K, FHOOFF LU fasHs ) - BRI R [ AR R o

[0103] R BRI Le ) St s S, s UV s 5 Hs 77 - AARH O 58 150 FH Pl At A
AHIER (3 WSuga H. (1969) Time course of left ventricular pressure-volume
relationship under various enddiastolic volume.Jpn Heart J.1969;10(6):509-15,
Walley KR (2016) Left ventricular function:time-varying elastance and left
ventricular aortic coupling.Critical Care 20(270) :1-11,Bozkurt S(2019)
Mathematical modeling of cardiac function to evaluate clinical cases in
adults and children.PloS One.2019;14 (10) :e0224663,Li W(2020) Biomechanics of
infarcted left ventricle:a review of modelling.Biomedical Engineering

Letters.10(3) :387-417) , A VL DA N T FER R

t%T
[01 04] E(tn) = Emin F En (tn)(Emax - Emt'u) » *Dtn = t_ s bnax = t@E(t) = Emax [ (18)

max

[0105]  [Allt

[0106]  p(t) =E(t) (V(t)-V,) . (19)
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[0108]  FFA R WISy — ity S, IASE B 2 80h e = B rh it D 2= Hs -
PRFR P 5 2% 2 AT DA B REAR IR U ILEF HE R RN AR M & 387k (MF, 22 iMirota K (2008)
Constitutive Models of Vascular Tissue.Solid State Phenomena.Vol.144,100-105,
Avazmohammadi RZF A .AContemporary Look at Biomechanical Models of
Myocardium.Annual Review of Biomedical Engineering.2019Jun 4;21:417-442,Voigt
JU,Cvijic M(2019)2-and 3-Dimensional Myocardial Strain in Cardiac Health and
Disease.JACC Cardiovasc Imaging.12(9) :1849-1863) .1 , b T EE 1 () ks
MFRIUFTIEAR , £F4ER 7 (o) A SRR S OELE1/V © dp/dV ~ o, 3T HIAIL—F e —
ISR () FNEFHERT 71 (o) LU LA P T REROR

p 1 ( Vw)
[0109] Jf—3ln 1+3). (20)
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TR e TP iz i P AR

01111 Y 5 n[ s RS (B) AHELINS, OO ILEF AR TR A& MF) B 52 I 2
s UL e R IEANAL o 2 & fo v AR RO R , HoAE R Ee G Ol MR A
EE AR R .
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R LA S 5 58 by (8 P (R s Hs 7 DB T SR A E Pk Fs TR U3 (A o 226 PR AT N
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FEIEHRE AR LR M) S 7 ZE b R e BT RN TR) 2 11, (04512 5 TR i M A~ =4 1
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[0113]  fEEE—0 i U ER 5 SRR PN I s Tk M R ARG B A I G v A — e B= 7
5 . AR R BRI T 5B S ZARBIAHOCH P IR h B AR B w5200 7 74 13k
R AT LA ) 78 2012 7 TR0 85 R 7 BN TRD R i o A8 — Pt g S W Bk S5 1
RIS R E A B i e EE GRYESmulyan HEE A . (1998) Influence of body height on
pulsatile arterial hemodynamic data.Journal of the American College of
Cardiology.31(5) :1103-9,Christofaro DGD%: A. (2017)Relationship between
Resting Heart Rate,Blood Pressure and Pulse Pressure in Adolescents.Arquivos
Brasileiros de Cardiologia.l08(5) :405-410,Evans JMZ: A . (2017) Body Size
Predicts Cardiac and Vascular Resistance Effects on Men’ s and Women’ s Blood
Pressure.Front Physiol.9;8:56 1,Gallo C&% A . (2021)Testing a Patient-Specific
In-Silico Model to Noninvasively Estimate Central Blood
Pressure.Cardiovascular Engineering and Technology.12(2) :144-157) . Z5%f7 5t
RIRBSZN KA PN B IR AL 4 o 3 )3, R AR 81 B 5 Ik B F - B L R 3R AR RH T
71 (BBLOCK) 1M1l 55K SR LA 751 (ACE) M1/ Bt OV 5 741 (AARR) £H s (R 1 25711
o (3 DWHarris WS, Schoenfeld CD,Weissler AM(1967) Effects of adrenergic

receptor activation and blockade on the systolic preejection period,heart

rate,and arterial pressure in man.Journal of Clinical Investigation.46(11) :
1704-14 Morgan TO%: A.. (1974) Acomparison of beta adrenergic blocking drugs in
the treatment of hypertension.Postgraduate Medical Journal.50(583) :253-259,
Nyberg G (1976)Effect of beta-adrenoreceptor blockers on heart rate and blood
pressure in dynamic and isometric exercise.Drugs.11SUPPL 1:185-95,Fitzpatrick
MA, Julius S(1985) Hemodynamic effects of angiotensin-converting enzyme
inhibitors in essential hypertension:a review.Journal of Cardiovascular
Pharmacology.7Suppl 1:S35-9,Ting CTZ: A.. (1993)Arterial hemodynamics in human
hypertension.Effects of angiotensin converting enzyme
inhibition.Hypertension.22 (6) :839-46,Jobs A et al. (2019) Angiotensin-
converting-enzyme inhibitors in hemodynamic congestion:a meta-analysis of
early studies.Clinical Research in Cardiology.108(11) :1240-1248,Block PJ,
Winkle RA(1983) Hemodynamic effects of antiarrhythmic drugs.American Journal
of Cardiology.52(6) :14C-23C,Weiner B(1991) Hemodynamic effects of
antidysrhythmic drugs.Journal of Cardiovascular Nursing.5(4) :39-48) . fF—UL5C
)T S, 25y ik AR T ik R A HA S S, 25y iR A LA R 251
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Molinero A(2013)Normal respiratory rate and peripheral blood oxygen
saturation in the elderly population.Journal of the American Geriatrics
Society.61(12) :2238-2240,Park C,Lee B(2014) Real-time estimation of
respiratory rate from a photoplethysmogram using an adaptive lattice notch
filter.Biomedical Engineering Online.17;13:170,Scholkmann F,Wolf U(2019) The
Pulse-Respiration Quotient:APowerful but Untapped Parameter for Modern
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Parameter Estimation.Springer,Khoo M(2018) Physiological Control Systems:
Analysis,Simulation,and Estimation John Wiley&Sons Bittanti S(2019)Model
Identification and Data Analysis.John Wiley&Sons) »
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HAPIEE T/ ME T E (W Villaverde AFZE A . (2019) Benchmarking optimization
methods for parameter estimation in large kinetic models.Bioinformatics.35
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(2020) Efficient parameterization of large-scaledynamic models based on
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minimization.Computer Journal,7(4) :308-313,Gao F,Han L(2010) Implementing the
Nelder-Mead simplex algorithm with adaptive parameters.Computational
Optimization and Applications,51:1,259-277) o iZ /7 kAT B AL, I HAUE T H
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1) Bl e o i/ e g /71 (3 WKraft D (1988) Asoftware package for
sequential quadratic programming.DFVLR,Braunschweig, Kéln) fl1/8kBroyden-
Fletcher-Goldfarb-Shanno (& |.Zhu C,Byrd RH,Nocedal J(1997) .Algorithm 778.L-
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S ik Sk Rt i il
T 9 E & 30 (54.5%) 25 (45.5%) 55 (100%)
o UL 1 8 (26.7%) 17 (68.0%) 25 (45.5%)
R [F] 68.57+8.49 67.1248.96 67.9148.65
[0125] £ o] 161.53+5.67 174.24+7.52 167.31+9.12
A H kg] 72.00+11.33 88.52+14.09 79.51+15.03
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