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Summary

We examined blood flow redistribution during exercise and its significance on exercise intolerance
in chronic heart failure. Sixty-three patients with chronic heart diseases underwent symptom-limited
maximal multistage exercise using a supine ergometer. We measured oxygen intake (VO,) and cardiac
index (CI) using Fick’s principle and leg flow with the thermodilution method at rest and during
exercise. Patients were categorized in 5 groups according to their VO, max; i.e., control group (n=
12), having normal right-sided cardiac pressure during exercise; A group (n=8), having an abnormal
right-sided pressure elevation, but normal exercise tolerance VO; max >20 m//min/kg; B group (n=
19) VO, max 20~15; C group (n=17) also 15~10; and D group (n=7), VO, <10 m//min/kg. At
maximal exercise, the CI max and leg flow max were similar between the control and A groups;
whereas, they decreased in the order of groups B, C and D. The ratio of leg flow/CI increased by 5
times from rest to maximal exercise in all groups, although the values at rest and at maximal exercise
were similar among all groups. The relationship between CI and leg flow during exercise was linear in
each individual patient. The coefficient of this regression line was extremely high (r=0.98+0.02).
Therefore, we calculated each regression line, leg flow=(a)-CI+(b), with the gradient (a) as an index
of blood flow redistribution to working skeletal muscles. The value of (a) was 0.64+0.12 in the control
group; 0.82+0.20 (p<0.05) in A group; 0.73+0.15 in B group; 1.00+0.37 (p<0.01) in C group;
and 1.00+0.31 (p<0.01) in D group. The C and D groups with severe exercise intolerance showed
increased blood flow redistribution to working skeletal muscles during exercise.

These results suggest that, in patients with chronic heart failure, skeletal muscle blood flow reserve
depends on the cardiac pump function, and that, in patients with severe heart failure, the impaired leg
blood flow may be compensated for by the blood flow redistribution mechanism.
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Table 1. Results of exercise test
VO, max CI Leg flow wAn
(mlmin/kg)  (/min/m?) (Umin/m?) ~ Leg flow/Cl  Value of “A
Control resting 2.90+0.59 0.25+0.08 0.08+0.02
(n=12) exercise 21.2+3.01 6.91+1.10 3.16+0.92 0.45+0.10 0.64+0.12
A group resting 3.30+0.59 0.31+0.13 0.10£0.04
(n=38) exercise 21.9+3.16 7.00+1.01 3.42+0.80 0.49+0.12 0.82+0.20*
B group resting 2.67+0.55 0.22+0.08 0.08+0.03
(n=19) exercise 17.4+1.47% 5.56+1.14%* 2.41+0.71* 0.43+0.08 0.73+0.15
C group resting 2.88+1.04 0.26+0.13 0.10+0.04
(n=17) exercise 12.0+1.41% 4.42+1.40t 2.07+0.60 0.48+0.12 1.0040.37**
D group resting 2.05+0.55 0.19+0.06 0.10+0.03
(n=7) exercise 8.30+1.99t 3.12+0.93} 1.35+0.53 0.44+0.16 1.00+0.31%*
Cl=cardiac index; regression formula of leg flow=a.CI+b.
* p<0.05, ** p<0.01, ¥ p<0.001, control vs A, B, C, D groups.
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Fig. 1. Response of leg flow to cardiac index ratio.
Leg flow to cardiac index ratio increased by 5 times in all groups, although its values did not differ
among the 5 groups both at rest and during exercise.

Ex=exercise time.
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Leg Flow 2 Control F=(0.64%0.12) XCI+(—1.57£0.55)
(2/min/m?*) A group F=(0.82%0.20)" XCI+(—2.42+0.70)
50 B group F=(0.73+£0.15) XxCI+(—1.65+0.66)
C group F=(1.00%£0.37)" xCI+(—2.29+1.35) =+p<0.05
) D group F=(1.00%£0.31)" XCI+(—1.82+0.60) =p<0.01
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Fig. 2. Redistribution to leg flow during exercise.

Leg flow increased linearly to cardiac index during exercise. The mean gradient of these regression
lines was sharp in groups A, C and D. Especially the C and D groups showed sharper decline, sug-
gesting that redistribution to leg flow was greater in patients with both congestive heart failure and

severe exercise intolerance.
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