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Background: The cerebral blood flow velocity (CBFV) has been known to increase in response to acute
hypoxia. However, how CBFV might respond to exercise in hypoxic conditions and be associated with electro-
encephalogram (EEG) remains unclear. The purpose of this study was to evaluate the effect of exercise in hy-
poxic conditions corresponding to altitudes of 4,000 m on CBFV and EEG.

Methods: In a randomized, double-blind, balanced crossover study, ten healthy volunteers (19.8+0.4 years)
were asked to perform the incremental bicycle ergometer exercise twice in hypoxic and control (sea level) con-
ditions with a 1-week interval, respectively. Exercise intensity was set initially at 50 W and increased by 25 W
every 2 minutes to 125 W. Acute normobaric hypoxic condition was maintained for 45 minutes using low oxygen
gas mixture. CBFV in the middle cerebral artery (MCA) and EEG were measured at rest 5 minutes, rest 15 mi-
nutes, immediately after exercise, and 15 minutes recovery using transcranial-Doppler sonography and EEG
signal was recorded from 6 scalp sites leading to analysis of alpha and beta wave relative activities. All data
were analyzed using two-way repeated-measures analysis of variance and Pearson’s correlation.

Results: CBFV in the MCA in the hypoxic condition was significantly higher than that in the control condition at
rest 5 minutes (8319 vs. 6919 cm/s, P<0.01), rest 15 minutes (8718 vs. 67+7 cm/s, P<0.001), immediately after
exercise (11219 vs. 97+9 cm/s, P<0.01), and 15 minutes recovery (91111 vs. 7447 cm/s, P<0.01). However, no
significant correlation was found between the changes of CBFV and EEG wave activities.

Conclusions: These results suggest that the drastic change of CBFV observed during exercise with hypoxia
might appear independently with EEG wave activities.
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n=10 19.80+0.42 174.64+5.45

69.54+8.37 34.21+4.20 9.71+£3.03

Values are presented as mean+standard deviation.
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Figure 1. Experimental procedures.

Abbreviations: CBF, cerebral blood flow; EEG, electroencephalography; HR, heart rate; SaO,, arterial oxygen saturation.
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Table 2. Changes of cerebral blood flow velocity in the middle cerebral artery

Hypoxia group Control group
Variable Rest Rest Post 15 Rest Rest Post F P
. . Post . . . Post .
5 min 15 min min 5 min 15 min 15 min
Mean (cm/s) 83.08 87.56 112.10 91.30 69.94 67.43 97.08 74.20 T: 117.092 <0.001
+9.96° +8.64¢ +9.90*° +11.08° +9.51 +7.97 +9.76" +7.36 TxG: 1.525
G:20.468 <0.001
Peak (cm/s) 133.82 140.50 178.80 141.40 115.37 108.69 165.60 121.92 T: 78.695 <0.001
+23.04 +19.08¢ +11.75" +17.08° +18.29 +12.04 +19.35° +16.98 TxG: 5.285 <0.05
G: 8.810 <0.01
EDV (cm/s) 57.91 61.35 78.86 66.37 47.39 47.05 63.09 50.45 T: 39.120 <0.001
+6.61° +5.65¢ +11.69™ +8.96 +7.41 +7.23 +8.64° +5.43 TxG: 0.895
G:27.291 <0.001

Values are presented as mean+standard deviation.

F values are calculated by two-way repeated-measures ANOVA.

Abbreviations: EDV, maximum end-diastolic velocity; G, group; Mean, mean flow velocity; Peak, peak systolic velocity; T, time.

*Significantly different from rest (P<0.05).
*Significantly different from control group (P<0.05).
‘Significantly different from control group (P<0.01).
“Significantly different from control group (P<0.001).
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(P<0,0l), Figure 2. Correlation between changes in mean flow velocity of

middle cerebral artery (MCA) and changes in Beta activity for
resting 15 minutes after hypoxic exposure. P values are calcu-
lated by Pearson correlation analysis.  represents a negative
correlation of changes in mean flow velocity of MCA and
changes in Beta activity.

Table 3. Changes of electroencephalogram in the temporal lobe

Hypoxia group Control group
Variable Rest Rest Post Rest Rest Post F p
. . Post . . . Post .
5 min 15 min 15 min 5 min 15 min 15 min
Temporal lobe Theta 0.20 0.32 0.40 0.32 0.25 0.32 0.26 0.42 T:2.763
(4-7 Hz) +0.11 +0.19 +0.23 +0.16 +0.13 +0.21 +0.16 +0.18 TxG: 1.859
G: 0.012
Alpha 0.31 0.29 0.25 0.35 0.36 0.29 0.41 0.27 T: 0.489
(8-13 Hz) +0.12 +0.13 +0.15 +0.16 +0.17 +0.16 +0.14 +0.14 TxG:2.775
G: 0.427
Beta 0.28 0.25 0.21 0.19 0.23 0.22 0.22 0.20 T: 6.086" <0.01
(13-30Hz) +0.12 +0.11 +0.10 +0.08 +0.09 +0.10 +0.08 +0.09 TxG: 2.435
G:0.209
Gamma 0.19 0.11 0.10 0.10 0.14 0.12 0.09 0.08 T: 8.954° <0.001
(30-50 Hz) +0.10 +0.0.4°  +0.06" +0.04° +0.08 +0.07° +0.04° +0.04° TxG: 1.179
G:0.755

Values are presented as mean+standard deviation.

F values are calculated by two-way repeated-measures ANOVA.
Abbreviations: G, group; T, time.

*Significantly different from rest 5 minutes (P<0.05).
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Table 4. Changes of arterial oxygen saturation and heart rate

Hypoxia group Control group

Variable Rest Rest Post Post Rest Rest Post Post F P
5 min 15 min os 15 min 5 min 15 min 0s 15 min
Sa02(%) 86.50 82.20 72.40 80.10 97.00 96.80 95.30 96.70 T: 17.558° <0.001
+4.11¢ +5.41¢ £6.6820  +4.22a¢ +0.47 +0.42 +1.49° +0.48 TxG: 12.389°  <0.001
G:172.508°  <0.001
Heart rate 75.67 76.55 160.00 82.56 63.90 62.45 135.80 67.00 T: 175.09° <0.001
(beat/min) £7.969°  +9.92° 1011 +7.84° £9.97 +7.51 £9.46° £9.09  TxG: 1387
G:30.551° <0.001

Values are presented as mean+standard deviation.

F values are calculated by two-way repeated-measures ANOVA.
Abbreviations: G, group; SaO,, arterial oxygen saturation; T, time.
S1gn1flcantly different from rest (P<0.05).

*Significantly different from control group (P<0.05).

S1gn1f1cantly different from control group (P<0.01).

“Significantly different from control group (P<0.001).
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