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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 levdll 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 diseaskl mean age: 66+ 6 years, left
ventricular ejection fraction: 310 82%[]

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 exercise! »[1 0.730]

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 increase in
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 Changes in the total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels of thigh mus-

cle during exercise and recovery in a patient

The blood volumel total hemoglobin levelltapidly 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 exercisel at point bLbr recovery] at point d[1] the initial minimum
value during exerciskl at point albr the value at the end of exercisk] 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.
Hb O hemoglobin; A.U.0 arbitrary unit.
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Fig. 2 Changes in the total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels of calf muscle
during exercise and recovery in the same patient as Fig. 1
The blood volumk] total hemoglobin level[(tapidly 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.
Abbreviations as in Fig. 1.

Table 100 Changes in total hemoglobin, oxyhemoglobin, and deoxyhemoglobin levels in the thigh
vastus lateralis muscle and in the calf gastrocnemius muscle during exercise and recovery

Thigh Calf p value
A fotal Hbefl A.U.O O 6.7+ 2.8 O 47+ 5.0 0 NSO
A &y Hbsd A.U.O DO 032+37 0O 018+ 3.1 0O NSO
A @@oxy Hbel A.U.OO 9.9+ 4.90 6.5+ 4.90 go.1003
O O O o O
A &tal Hbredd A.U.O O 2.8+ 3.20 13.6+ 10.900 gdo.013
@y Hbpeld AU.ODO 19.6+ 11.50 123+ 94 0O NSO
016.8+ 11.6 1.3+ 7.7 00.01

| ﬂEOxy HbRE&:l AUu.00

Increase in total hemoglobin level during exercise or during recovery] 4 fdtal Hbgx orZl fdtal HbrecOwas calculated
as the maximum value during exercise or recoveryl] the initial minimum value during exercise or the value at the
end of exercise, respectively. The increases in oxyhemoglobin and deoxyhemoglobin levels during exercise] A oXy
Hbex, 8 82oxy Hbex[or during recovery] Al bky Hbggc, 4 Aoxy HbrrcOwere also calculated in the same way. O
EX0O exercise ; RECU recovery. Other abbreviations as in Fig. 1.00
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Fig. 3 Relationships between the peak oxygen uptake and the change in the blood volume of the
thigh muscle] left[or in the calf muscle] right[luring exercise
There was a significardt] »rJ 0.73[positive 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

musclﬁ during exercise.

Peak VO, [ peak oxygen uptake. Other abbreviations as in 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 muscle! left[or in the calf muscle! right[luring 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.

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

LVEFO left ventricular ejection fraction. Other abbre-
viations as in Fig. 1, Table 1.
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