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Fig.1 A diagram of cardiovascular regulation
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Table 1 Parameters in simulation

Ro 1100 (dyn s/cm’) b 20 (spikes/s)

sv 80 (em’) ks 0.9
HR, 100 (1/min) ke 2 (spikes/s)
R 0.06 k1 0.06
b 0.005(spikes/s)™ o 4000 (ms)
I 3 0.05 4] 5000 (ms)
ke 0.01(spikes/s) ™! ks 10.0{mmHg)
P, E, + 80 a 1.0{mmHg)
S 4(spikes/s) Soux 0.7k,
bt 0.1 k2 0.02(spikes/s) ™
ks 0.3 (spikes/s) ks 0.3 (mmHg)
ka 0.05 (mmHg/ms) F./HR 0.27
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Fig.2 Smulating result of HRV and SBPV. There are three peaks

in both spectrum. c/b: cycle/beat

ERRIE, Wil L WK 7E 3 M, HF SOS0R PP R 56 55 0 Sl P 1, X5 % R R R
Xt ,HF MBI B 3, LF %82 0.1 cycle/beat £/ ,{0E T 10 B @5 Mayer .
VLF BB ¥ <0.04 cycle/beat,

MTFLERSLEENLREHAFTTRAEAME, LFAREHAMEEXFREHR—
B,E I REETN SO KRS, TR HF ML EERENKRSE, B LF MMM
7 0.1 cycle/beat ML X B3, BB M # 1L,



508

T EEEER]

2001

2.2 RARMEANERMSBENNE
Rt

Malliani®! ¥ANERERERTH
AR EREHNEUEGTATESLEER
Hfm EE R AR, EARE,
HABRANOCANANSHBENERYE,
SRmME 4 HR, BPATR, B RE LW
G HF R, mEmihHe
EHMLFAVLIFEA LTS, HEZS
AAZEHEEDH AR IMERNELR
HELCLDEATRSHES D, TEMBIX
BAEEREERN, FFAEZHBT,
2,3 REENREMENGERXZE
REENER

EARSSERHREAREMNENE
1000 A
mmww
o 800
£
= 0}
o
600 |
500 . . 2 ) o
0 50 100 150 200 250
Beats
C
0 0.1 02 03 04 05
Frequency{c/b)
"y 100
3
z 2
r
[
Y
n
fw
g
-0
»
T o0 Jil
9 0 01 02 03 04 0.5
= Frequency(c/b)

<

=

~ 160 |

w

\_E,- 4

= 120 +

o

I

5 80

g 4

é‘. 40

S J

p o

g 0 0.1 02 03 0.4 OS5

Frequency(e/b)

Fig.3 A simulated spectral array showed that
both frequency and power density of LF
component was nol a constant. The reason
mey be the non — additivity of sympathetic

and parasympathetic influence on heart rate
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Fig.4 The simulation showed that the spectra of both sympathetic (F) and parasym-

pathetic (E) efferents have similar characteristies with that of HRV (C) and BPV (D)
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Fig.5 The interaction of defence reaction and baroreceptor reflex. When the
base — line discharge frequency in RVLM increases, the sigmoid curve of barorellex
moves Lo lower —right, and the sensitivity decreases
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Fig.6 Simulation of circadian of cardiovascular variability. Central sympathetic tone
and activity is higher at daytime (8:30~23:00) and lower at night {23:00~ 8:30)
by changing the value of k and k; in equation (4) . In opposition, central

parasympathetic tone and activity is lower st daytime and higher at night
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A MODEL OF CENTRAL REGULATION IN CARDIOVASCULAR VARIABILITY
WU Guo - giang, ZHAO Nai - ging, SHEN Lin~-lin, TANG Da- kan
{ School of Basic Medical Sciences, Fudan University, Shanghai 200032, China)

Abstract: A mathematical model of cardiovascular variability was developed to e-
valuate the influence of central regulation on cardiovascular variability in this paper.
The model includes 1) the simplest hemodynamic formula, 2) the regulation of heart
rate by sympathetic and parasympathetic efferents, 3) baroreceptor reflex, and 4) the
central cardiovascular activity influenced by baroreflex and relayed signals from higher
level of central nervous system. The simulation of the model showed as follows: 1) the
three main spectral components of cardiovascular variability which are coincident with
clinical measurement, 2) the same spectral peaks existed in the spectra of both sympa-
thetic and parasympathetic efferents, 3) the sigmoid curve of barorecepior reflex and
its relationship with central nervous activity, and 4) the circadian of cardiovascular
variability. The model simulated the main characteristic of cardiovascular variability
successfully. The results indicate that the central nervous activity plays an important
role in the regulation of cardiovascular variability.

Key Words: Cardiovascular variability; Mathematical model; Cardiovascular center




