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A Mathematical Expression in Transitions of Dynamic Cerebral
Autoregulation during Graded Orthostatic Stress in Humans

TOMOKI Y. SHIOZAWAt and HIROKI TAKADAf# Tt

The purpose of the present study is to express the transition of dynamic cerebral autoreg-
ulation (DCA) during orthostatic stress in humans using first-order differential equations.
Thirteen healthy subjects underwent a graded head-up tilt test (HUT; 0, 15, 30, 45, 60, 90
degrees 6 minutes each). The velocity of the middle cerebral arteries (MCAV) [cm/s] and
the blood pressure (BP) [mmHg] were measured. Transfer function analysis was implemented
with the beat-to-beat values of BP (input) and MCAV (output). Transfer function gain
[(cm/s)/mmHg] of low frequency (LF: 0.07-0.20 Hz) and high frequency (HF: 0.20-0.40 Hz)
were calculated from the integration of those data. The transition of the gain at each HUT
degree was mathematically expressed using non-homogeneous fist-order differential equations
and a new concept of cerebral autoregulation was discovered. This type of cerebral autoregu-
lation rapidly leads DCA to a different stationary state after exposure to a sudden change in
the gravitational load.
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Fig.1 As long as the fluctuation of the blood pressure is
within a permissible range, the static cerebral au-
toregulation usually functions effectively and the
cerebral blood flow volume can be kept constant.
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Fig.2 Cerebral blood flow tends to follow the sudden and
instantaneous fluctuation of blood pressure and the
similar fluctuation of cerebral blood flow volume can
be made.
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Measurement of cerebral blood flow velocity by
transcranial Doppler (TCD). The probe of TCD was
set on the temporal windows and the velocities of

Fig. 3

middle cerebral arteries were to be measured tran-
scutaneously and transcranially.
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Fig.4 Head-up tilt.

electrical-powered tilt table in supine position and

The subjects were laid on the

were underwent graded passive standings.
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Table 1 Circulatory and respiratory states during graded head-up tilt.

Head-up tilt &7 DHAEC (beats/min)  FEEZL (/min)

EtCO, (mmHg)

EYJME (mmHg) Vel.mean (cm/sec)

0 63+2 15+1 41.3+0.9 84+3 77+3
15 65+3 16 +1 409+ 1.0 80+3 75+4
30 71 £ 3% 15+1 40.5+1.2 85+3 69 + 3*
45 75 £ 3* 16+ 1 399+1.3 87+3 63 +£3*
60 82 £ 3* 15+1 38.5+1.3*% 88+4 61 +£3*
90 87 £ 3* 16 £1 379+ 1.1% 93 + 4% 59 + 3%
mean * SE; n=13, *p<0.05 (vs. 0°f&). Vel.mean: s RANEIIRMLFHEE. Et COp: FERMAI SRR T A It FE
(mmHg?) (em/s1) 12 16
16 Tk 12 * % b * *
* s 12 ok gk
12 £ 0.8
* 8 ~
8 S 0.8
LF §
4 0.4
4 E 04
0 0 =
£ % 0 0
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HF 04 SEO *p < 0.050vs. 0° O **p < 0.010vs. 0° OO0
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02 Fig.6 Transitions in transfer function gains from the fluc-
0. 0 tuations of blood pressures to the fluctuations of
0 15 30 45 60 (S?JT) 0 15 30 45 60 (gl-(I)UT) cerebral blood flow velocities during graded head-
mE ==l N LS up tilts. The left side; low frequency range (LF),

05 0D000O0O0O0OO0OO0OOOODOOOODOOOLFMOOOO
O0O000OHFMn = 130 mean &+ SEO *p < 0.050 vs.
0° 00000000000 000 600000D0O00ODO
oood

Fig.5 Transitions in spectral powers of the fluctuations of

blood pressure and cerebral blood flow velocity dur-
ing graded head-up tilts. The upper row; low fre-
quency range (LF), the lower row; high frequency
range (HF), the left side; blood pressure, the right
side; velocity of middle cerebral arteries, n = 13,
mean + SE, *p < 0.05 (vs. 0° value). The data
which were to be analyzed were taken for six min-

utes during the stationary phase.
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the right side; high frequency range (HF), n = 13,
mean + SE, *p < 0.05 (vs. 0° value). The data
which were to be analyzed were taken for six min-
utes during the stationary phase.
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Fig.7 Schematic diagrams of a transition in transfer func-

tion gain in a step of gravitational stress along the
downward vector of the axis of the human body (Gz
load). The shifting datum usually got into the sta-
tionary phase in 2 to 3 minutes after the change of
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tional stresses along the downward vector of the axis
of the human body. Each shifting datum usually got
into the stationary phase in 2 to 3 minutes after the
change of Gz load and the data which were to be
analyzed were taken for six minutes during these
stationary phases.
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