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A Model for Simulation of Infant Cardiovascular Response to Orthostatic Stress

Akira AMANOT®) | Yutaka NOBUAKI', Takao SHIMAYOSHI'f, Jianyin LUTT,
Eun B. SHIM T and Tetsuya MATSUDAT

oooo pOopoooopopoopoopopbOopopooooooOoOOOOOOOODOOOODOOOODOOO
00d0doooooooooooooooooooooooooooooooooooooooooo0o0o0ago
00d0doooooooooooooooooooooooooooooooooooooooooo0o0o0ago
0000000000 00000000000D0D0O0O0 KyotomodelOOOOODOOOODOOOOOOO
g0o0oopooooo HedtOOOOODOOODOOOOOOOODOOOOODOODODOOOOOOOOOO0O0O0
000o0o0o0oooooooooooooooooooooooooooo0oooo0ooooo0o0ooooooo
00dooooooooooooooooooooooooooooooooooboooooooooooooo
0000000o00o0ooooooooooooooooonoooooooooooooooooooooo
goooooooooooooooooOoOoHUTOOOODOOOOOOOOOOO0O0O0O0O0O0O0O0O0HUTOO
00000000000000000000000000 29%00000000 13%000000000000
00000o0D0oD 23%00000 4%00000000000000

goooo OooooooooooooOooOooOooOoOooOoOoOoOoOOOObOObOOOOoOObObOOoBbo

1. 0D OO0

gboobooobooobooboooboooboobodg
gboooboooobooobooboooobooboobooon
gbooobooobooboobooobooobooobogaon
gbooooooobooooboooooobOobo
goooooooooooocoooooboOoOoooboo
goooooooooooooboOoooooobooo

f0ODo0DO0D00DO00000000O0O0
Graduate School of Informatics, Kyoto University, Kyoto-
shi, 606-8501 Japan
HoooooooDOooOO0DO0D00DO
ASTEM Research Institute of Kyoto, Kyoto-shi, 600-8813
Japan
tooooooO0O0O0DO00O000000000000000
Cell/Biodynamics Simulation Project, Kyoto University,
Kyoto-shi, 606-8501 Japan
LA Kangwon National University
Division of Mechanical & Biomedical Engineering, Kang-
won National University, Chuncheon, Korea

a) E-mail: amano@i.kyoto-u.ac.jp

gooooooooooooooboOoooooooboo
gooooooooboooooboooobobooboooo
goooooooooooooooboooooooboo
goooobooooooooobooooboooooooboo
goooobooooooooobooooboooooooboo
goboboooooocooooboOoooboobOooboOooo
gooooooooooooooboOoooooooboo
gooooooooooooooobooooooboo
goooobooooooooooboboOooooooboo
goooooocoooooooobooo
gooooboooooobooooooobooooobo
goooobooooooooooobobooooooobo
goooooooboooooooobooobooooooboo
gooooboooooooooooooooooooboo
goooooooooooooboboooooooboo
gooooooooooooooboOoooooooboo
gooobooooooooocoooooboooooboo
goooboooooooooooboOoooooooboo

jooooDoooooOd D Vol J91-D No.8 pp.2177-2187 ©UO M O0OODDOOO 2008 2177



O0000o00o0oOoooo 2008/8 Vol. J91-D No. 8

gboooboooobooobooboooobooboobooon
gbooooooboobobooboooobooobooon
ooo0ooooooooo0oooooooooo
00o0o0o0o0oo0oo0o2oooooooooooog
gbooooooboobooboooobooobooon
goooooooooooooboOoooooobooo
goobooooooooooooobooooooboo
goooooooooooocooooobcoooboo
goooooooooooooboOoooooobooo
gboooboooobooobooboooobooobooon
gbooboooocooboboobooboobo

gboobooboooooboobooobooboa
gbooooboobooboboboooboooaon
ooooooooo pOooooOoOooooOoOooog
goooooooooooooOobO0oO0ooooooga
0oooooooopO0O0O0O0oOoOoooooooo
goooooooooooooboOooooooboo
gobooooooooooooooocoOoooooboo
gboooboooobooobooboooobooobooon
googo

2, J00ODOO0OOOODOOOoOoOooDO
oo

uoooooooooooooooooooo 10
oooooooocooooo

2.1 0000000

gboobooobooooobooboobooboo
gbooboooboobooboobooobooobooobogaon
oo0oooooooooUooooOoooooo 3o
pOoo0o00U0bDOOoOoUOooOoOoOooOoOO
“Kyoto model” [6| 000000000 DO0ODOOOO
gbooooooooooooooooonooooo
ooooOoooooobooooobooboOon0o0nKyoto
model 000000000000 0OOCOOOOOOO
gboooobooooboobooboooboobobooooaon
0000 R-ROOD400msO00000O0O0ODO 60

01 0D00ooooooooooooo
Table 1 Elementary models of proposed infant
cardiovascular model.
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Fig.1 Relation between ISP concentration and
maximum contraction force.
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Table 2 Resistance values.
Resister Rj;, Rupi Rridai Rspi Riui Rup2
adult 0.006 3.9 4.1 3.0 3.6 0.23
infant 0.012 7.8 8.2 6.0 7.2 0.46

Resister Rsp2  Ry2 Rsup Rav Ring Rriaz
adult 0.18 0.3 0.06 0.01 0.015 0.3
infant 0.36 0.6 0.12 0.02 0.03 0.6

Resister Ry, R, Ryo
adult 0.003 0.08 0.01
infant 0.006 0.16 0.02
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Table 3 Volume and compliance values.

Part of Parameter Parameter values
circulation Compartment Parameter description name Adult Infant
Total Initial total blood volume 5700 783.9
circulation
Heart Heart rate HR 72 150
Left ventricle Unstressed volume Vl% 50.0 2.0
Right ventricle Diastolic compliance Criias 20.0 3.68
Systolic compliance Crasys 1.2 0.221
Unstressed volume Vro,v 50.0 3.0
Systemic Systemic arteries Compliance Co 2.0 0.368
circulation Unstressed volume Va0 715.0 93.0
Systemic veins
Upper body Compliance Cup 8.0 1.47
Unstressed volume pr 650.0 84.5
Kidney Compliance Chrid 15.0 2.76
Unstressed volume ngd 150.0 19.5
Splanchnic Compliance Csp 55.0 10.1
Unstressed volume Vsop 1300.0 169.0
Lower limbs Compliance Cu 19.0 3.50
Unstressed volume Vl(l) 350.0 45.5
Abdominal veins Compliance Cap 25.0 4.60
Unstressed volume Vaob 250.0 32.5
Inferior vena cava Compliance Cing 15.0 2.76
Unstressed volume Vﬁbf 75.0 9.75
Superior vena cava Compliance Csup 2.0 0.368
Unstressed volume Vsoup 10.0 1.3
Pulmonary Pulmonary arteries Compliance Cpa 4.3 0.792
circulation Unstressed volume Vz?a 90.0 11.7
Pulmonary veins Compliance Chpo 8.4 1.55
Unstressed volume Vo 490.0 63.7

Units: heart rate, beats/min; compliances, ml/mmHg; volume, ml.
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Table 4 Gain values for the cardiopulmonary reflex.

Reflex Limb Gain Value Timing
Peripheral resistance
(PRU/mmHg)
Upper body —0.06 sympathetic
Kidney —0.06 sympathetic
Splanchnic —0.06 sympathetic
Lower limbs —0.06 sympathetic
Venous tone (ml/mmHg)
Upper body 13.5 sympathetic
Kidney 2.7 sympathetic
Splanchnic 54.0 sympathetic
Lower limbs 20.0 sympathetic
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Table 5 Gain values for the arterial baroreflex.

Reflex Limb Gain Value Timing
R-R int 9.0 sympathetic
(ms/mmHg) 9.0 parasympathetic

Contractility (ml/mmHg)

RV end-systolic —0.021 sympathetic
Peripheral resistance

(PRU/mmHg)

Upper body —0.01 sympathetic

Kidney —0.01 sympathetic

Splanchnic —0.01 sympathetic

Lower limbs —0.01 sympathetic
Venous tone (ml/mmHg)

Upper body 5.3 sympathetic

Kidney 1.3 sympathetic

Splanchnic 13.3 sympathetic

Lower limbs 6.7 sympathetic
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Fig.3 The relation between the control signal and
the mean atrial pressure with time varying LV
model.
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Fig.4 The relation between the ISP concentration
and the mean atrial pressure with the Kyoto
model.
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Fig.6 Pressure at left ventricle, artery and pul-
monary vein in resting situation in supine po-
sition.
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Table 6 Steady-state hemodynamic parameters.

Variable Target  Simulation results
Heart
HR (bpm) 1150 145 150
LVEDV (ml) 17 27.1
LVEDP (mmHg) 5 6.08
LVESV (ml) 5 13.4
LVESP (mmHg) 82 88.0
CO (L/min) 1.202.0 2.0
Circulation
maxAP (mmHg) 700110 87.1
minAP (mmHg) 500 65 54.3

CVP (mmHg) 3012 1.803.2
HR: Heart rate, LVEDV: left ventricular end-diastolic volume,
LVEDP: left ventricular end-diastolic pressure, LVESV: left

ventricular end-systolic volume, LVESP: left ventricular end-

systolic pressure, CO: cardiac output, maxAP: maximum arte-
rial pressure, minAP: minimum arterial pressure, CVP: central

venous pressure.
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Table 7 Comparison of transient response of heart
rate simulation to experimental results.

Variables Unit Simulation experiments

@ sec 6.3 209
® sec 17.6 40 30
(©) mmHg 32.7 22
@ mmHg 23.2 17
® beats/min 150 132
® beats/min 169 150
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Table 8 Maximal or minimal values and the time of
each control signal.

Reflex Limb Normalized value Time (sec)
Heart rate 1.128 140.2
Contractility

Crays 0.883 140.6

Isp OO0 1.087 140.6

Resistance

Rup1 1.461 142.7

Rsp1 1.598 142.7

Ry 1.499 142.7

Riidt 1.439 142.7
Unstressed volume

Vo, 0.876 142.7

Vo 0.814 142.7

v, 0.827 142.7

Va1 0.866 142.7
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