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Objectives. This study compared the blood-volume changes and recovery in the thigh and calf during leg
exercise and evaluated the relationships to exercise tolerance.

Methods. The peak oxygen uptake and total hemoglobin levell blood-volume index[] oxyhemoglobin
level, and deoxyhemoglobin level in the thigh and calf were measured by near-infrared spectroscopy dur-
ing leg ergometer exercise and recovery in 13 patients with cardiac diseasel mean age: 66+ 6 years, left
ventricular gjection fraction: 310 82%l[1

Results. There was no significant difference between the increase in blood-volume index during exercise
in the thigh and that in the calf. The increase in the blood-volume index during recovery in the calf was
significantly greater than that in the thigh, mainly due to the difference in deoxyhemoglobin levels. There
were no positive relationships between the peak oxygen uptake and increases in blood-volume index
except for the increase in blood-volume index in the thigh during exercisel r 0 0.7301

Conclusions. There was no significant difference between the increase in blood-volume index in the
thigh and that in the calf during exercise, whereas the increase in blood-volume index during recovery in
the calf was significantly greater than that in the thigh in patients with cardiac disease. Only the increasein
the blood-volume index in the thigh during exercise is related to the leg-exercise tolerance in patients with
cardiac disease.
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Fig. 1 Changesin the total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels of thigh mus-

cleduring exercise and recovery in a patient

The blood volumE! total hemoglobin level (tapidly decreased immediately after starting exercise probably
due to the muscle-pumping action, but increased during exercise. After the end of exercise, the blood vol-
ume increased again. The increase in total hemoglobin level during exercise or during recovery was calcu-
lated as the maximum value during exercisél at point blor recoveryl at point dCTJ the initial minimum
value during exercisg at point alor the value at the end of exercisgl at point c[] respectively. The increase
in the oxyhemoglobin or deoxyhemoglobin level during exercise or during recovery was calculated in the

same way as total hemoglobin.
HbO hemoglobin; A.U.O arbitrary unit.
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Fig. 2 Changesin the total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels of calf muscle
during exer cise and recovery in the same patient asFig. 1
The blood volumél total hemoglobin level Crapidly decreased immediately after starting exercise probably
due to the muscle-pumping action. After the end of exercise, the blood volume increased again. The
increase in the total hemoglobin level during exercise or during recovery and the increase in the oxyhemo-
globin or deoxyhemoglobin level during exercise or during recovery were calculated in the same way as

Fig. 1.
Abbreviationsasin Fig. 1.

Table 10 Ghanges in total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels in the thigh
vastus lateralismuscle and in the calf gastrocnemius muscle during exercise and recovery

Thigh Calf p value
7 total Hbed A.U.0 0O 6.7+ 2.8 U 47+ 50 O NSO
A éxy Hbsd A.U.O O 032+ 37 0O 018+31 0O NSO
A deéoxy Hbe1 A.U.O O 9.9+ 4.900 6.5+ 4.90 0 0.100
0 0 0O o 0
A total Hbredd A.U.O O 2.8+ 3.20 13.6+ 10.90 00.010
oxy HbreEl AU.O O 19.6+ 11.50 123+ 94 0 NSO
016.8+ 11.6 13+ 77 0o.01

A deoxy Hbred] A.U.O O

Increase in total hemoglobin level during exercise or during recoveryl 4 fétal Hbex orAl tétal Hbrec[Was calculated
as the maximum value during exercise or recovery[d the initial minimum value during exercise or the value at the
end of exercise, respectively. The increases in oxyhemoglobin and deoxyhemoglobin levels during exercisel A 6xy
Hbex, A déoxy Hbex[or during recoveriyl 1 6ky Hbgec, A Geoxy Hbrec[Were also calculated in the same way. [
EX0O exercise; RECU recovery. Other abbreviationsasin Fig. 1.0
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Fig. 3 Relationships between the peak oxygen uptake and the change in the blood volume of the
thigh musclgl leftlor in the calf musclé right[turing exercise
There was a significaritl r 0 0.73Cpositive relationship between the peak oxygen uptake and the change in
the blood volume of the thigh vastus lateralis muscle during exercise, whereas there was no significant rela-
tionship between the peak oxygen uptake and the change in the blood volume of the calf gastrocnemius
musclﬁduri ng exercise.
Peak VO, peak oxygen uptake. Other abbreviationsasin Fig. 1, Table 1.
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Fig. 4 Relationships between the peak oxygen uptake and the change in the blood volume of the

thigh musclg leftlor in the calf musclg rightfduring recovery

There was no significant relationship between the peak oxygen uptake and the change in the blood volume
of the thigh vastus lateralis muscle during recovery or the change in the blood volume of the calf gastrocne-
mius muscle during recovery.

Abbreviationsasin Figs. 1, 3, Table 1.
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Fig. 5 Relationship between the left ventricular eec-
tion fraction and the change in the blood volume
of the thigh muscle during exercise
There was no significant relationship between the left
ventricular gection fraction and the change in the blood
volume of the thigh vastus lateralis muscle during exer-
cise.

LVEFO left ventricular gection fraction. Other abbre-
viationsasin Fig. 1, Table 1.
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