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Changes in Regional Circulation during
Arteriolar Vasomotion ;: Simulative Analysis

Sotaro HANAI
Department of Vascular Physiology,
National Cardiovascular Centerv Reseavch Institute

Although the characteristics of vasomotion have been well described recently, the hemodynamic effects
have not been clarified, The purpose of the present study was to estimate changes in hemodynamic parameters
during arteriolar vasomotion. Using the iz vivo mesentery of 6 anesthetized rabbits, inside diameters were
continuously measured during vasomotion, The system used in this study could measure inside diameters with
an accuracy of 0.45m and a minimum sampling interval of 30msec. Mean vasomotion amplitude was 1.4+0.9
um and the ratio of mean amplitude to mean resting diameter (20.3+7.6um) was 7.21+3.6 % in 13 arterioles.
Numerical simulation was done to analyse pressure distribution and capillary flow throughout the model vessel
networks, Based on morphometric and topological data reported previously, simple dichotomous networks
were modeled. Vasomotion of series components of networks such as precapillaries, metarterioles and
terminal arterioles affected the pressure and flow of downstream capillaries, but did not affect these parame-
ters in neighboring pathways.

The effect of precapillary vasomotion was marked in magnitude, Dilatation of arteriole-venule shuntings
increased the total flow of vascular beds considerably, but capillary flow was less affected. Vasomotion of
arteriole-arteriole shuntings had little direct effect on downstream flow. However, compensation for the flow
in arterioles parallel to the shunting was suggested. Shinshu Med. J., 39 : 275—289, 1991
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Fig. 1 An intensity profile across an arteriole derived from a television
image. The shaded area represents a vessel lumen which was
determined automatically by the computer program.
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Fig. 2 Network diagram for numerical simulation, Rectangles are

vessel segments, of which resistances were determined

according to assumed vessel dimensions (see Table 1) and

shown beside the rectangles.
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Table 1 Vessel dimensions of each branching
order assumed in the present study

Vessel Inside Vessel Relative
order diameter length resistance
(um) (mm)
1 30.0 1.0 1.0
2 20.0 0.5 2.5
3 10.0 0.3 25.0
4 7.0 0.3 100.0

Relative resistances were calculated based on
Poiseuille’s low.
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Fig. 3 Simultaneous recordings of vasomotions in a single arteriole. Four

horizontal lines indicate sampling sites and an arrow shows flow

direction (left panel). Four traces (right panel) are reconstructed time

serieses of vessel inside diameters.
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Fig. 4 Diameters during arteriolar vasomotion (dots) and the fitting to the

sinusoidal curve (chained line).
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Table 2 Experimental data of arteriolar vasomotion measured in the

Vessel Mean inside Vasomotion Vasomotion Amplitude

number diameter frequency amplitude ratio

() (N/min) (m) (%)

1 37.5 9.6 1.7 4.6

2 32.3 18.8 0.7 2.2

3 24.3 1.4 3.7 15.2

4 22.0 25.8 1.3 5.7

5 21.9 11.6 0.7 3.4

6 20.6 1.4 2.9 13.8

7 19.5 13.3 0.9 4.8

3 17.7 7.7 1.4 7.9

9 17.4 7.7 1.3 7.7

10 16.1 6.0 1.1 6.8

11 13.4 2.3 0.9 6.3

12 12.8 6.1 0.9 6.8

13 8.0 2.1 0.7 8.5
Mean+-SD 20.3%7.6 8.8+7.7 1.4%0.9 7.2+3.6
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Fig. 5 Changes in pressure distribution and capillary flow during vasomotion
of the model precapillary. For detailed infomation see text.
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Fig. 6 Changes in pressure distribution and capillary flow during vasomotion
of the model metarteriole. For detailed infomation see text.
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Table 3 Summary of the results of numerical simulation

Model vessels AP (%) Qcap. (%) Q*cnp. (%) Qiotar (%)

Metarteriole —5b3.6 3.9 ~0.1 1.7

Precapillary —32.6 23.3 —1.3 6.2
A-A shunting vessel —46.7 2.1 0.5 1.0
A-V shunting vessel —6.3 —6.6 —1.6 20.6

All values shown are maximum changes of hemodynamic parameters throughout a

vasomotion cycle. The maximum change is exactly defined in the text.
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