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Figure 100 Representative time course of relative changes in
oxy-Hb, deoxy-Hb, and total-Hb during inhalation of 10%
oxygen for 5 min after breathing air for 4 min in a non-smoker.
Broken lines denote an interval of 10% oxygen supply.
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Figure 200 Relationship between Aoxy-Hb and Adeoxy-Hb at
a 10% inspired oxygen concentration based on representative
data in a non-smoker.

gooooOomcodbOOOOoOooOonO
gboobooboooboooaoboo

JoooooOoo0MMet-HMOOOOOOOOODO
000000o0oO00o0oooo0o0oooooooooo
0 00O HbID O oxy-HbO deoxy-HbO O O O O OO
dooooocoHhOOOOoooooooooooo
godoooooooooooooooooooog
O000000000000000™Moooooon
Jodooooooooooooooooooooo
0000000oooo0os000oooooo
0000000000000 Ooxy-HbOOOOOODO
0 O O oxy-Hb conX] O O 17 oxy-Hb conLLT] O O O
00000000dHODOODOODOODOOOIOHbconO
goooooo

000000000 DODODoxy-Hb conO oxy-Hb
conLLO0O0OO0OOOOHbconDOOOOOOOOO
0 O oxy-Hb cond oxy-Hb conLLO O O OO OO O
000000000000 000000OooOoOgHDb
conO0O00ODOCOHO DO OOODODD D I COHb conld
goooooocoHbOOOOOOOODOOOOOO
000000000 DO000OO00Ooxy-Hb cond deoxy-
Hb cohl deoxy-HbO OO0 OO0 00000 M OO O COHb

000 Vol. 45 No. 2



goooooog 1o

gooooooobooooono
J0000000DO0O0O0D0Hbcond OO deoxy-Hb con
gcoHbOOOoOOOoOOODOOOO
0000U00oO0o00oU0ooo0oooooooUoooo
000000000 O0twtal-HbO OO0 OOOOOOO
000000000000 000000oxy-Hb conO
0000000 O00bOO0O0oO0O0OdHbconDOODOODO
dodoooooooooooooooooooog
dodoooooooooooooooooooog
00000000000o0oo0ooooooooooo
OOtotal-HbO D00 O00O0O0O00OO*™ M OOOOO
0000000000000 0OO0O0OHbconDOOQOO
J0D0D0O0000DO000Ooxy-HbconO OO ODO
0000000000000 0DO0OD oxy-Hb conD
J0@MO00OMOoO0000000D0OOoxy-Hb conLL
000000000000 00000doxy-Hb
condO000oxy-HbconLLO OO OO OO OO OHbcon
000000000 OOoxy-HbconD OO OO QOQOO
O0oxy-HbconLLO OO OOOD OO OO O oxy-Hb
conD0 00000000000 0ODOoOXxy-HbeconD O OO
000000000 Ooxy-Hb conLLOOOODOOD
000000o0o000ooo0ooooooooooo
000000o0o000ooo0ooooooooooo
00000000o0oo0o0o0oooooooooo
gopooopoocoHbOOOOOOOOOODOOOO
O00D0oxy-Hb conLLODOOODODODOOOD
gsto.0O0000O9IO7dIDbDDN0oonooono
0000U00oO0o00oU0ooo0ooooooooooo
000000o0o0o0o0oooo0oooooooooon
oooO0ooooooostc.00000ooooooon
dodoooooooooboooooooooooog
goooooosto.00o0oooooooooooo
0000000000 0OO0OoDOOO0oDOOcoHbhoO
0000000000000 Ooxy-HbconLLO O OO
gooOoooogste.00ooo0oooooooon
0000U00oO0o00oU0ooo0oooooooUoooo
dodoooooooooooooooooooog
dodoooooooooooooooooooog
dodoooooooooooooooooooog
00000000000o0oo0ooooooooooo
gooooo
00000000000o0oo0ooooooooooo

February 25, 2005

0000000000 Adeoxy-Hb con/Aoxy-Hb cof 00 O
AD/AO] O O Atotal-Hb con/Aoxy-Hb cofl O O AT /AOO
goomoooomm

0 O Adeoxy-Hb con/Aoxy-Hb con

O O = 23/(COHb con(NOR)-23)

oooo

O O Atotal-Hb con/Aoxy-Hb con

O O = COHb con(NOR)/(COHb con(NOR)-23)
0o00Do00A0DOODOOODODODOODOOODOOOn
000000000000 COHbcon(NOR) OO O OO
OOCOHbconODOOOOODOOtotal-HbconO OO OO
000 oxy-Hb cond deoxy-HbconO O O OO 0O

obooobooobooboooboooboo
gbooaood

gcoHbOOOOODOOOOODOOOOAD/AOCOO
oAT/ACODDOO000O0O0O0OO00O00O0O0O0000O0
ooooooooooooobooobobooOoOooooo
ooooooooooooobooobobooOoOooooo
gob0o0omz200001b002000000000
gomoooooboboiooooooooooobo2r
gobooboooooobooboobooobDo
0100000 200000000000000O
OO00OOOOOTablelOOOOOOOOOODODOO
AD/AO0O0O0OOOODOOO0-14900-1.09000
O0AT/AC000000-0.4900-0.0900000
000000000oooooooooooo0n total-
HOOM OO @Moxy-HPO O M OO MM ODODODOOO
Q000000000000 200000090000
00000000000 Aoxy-HbO Adeoxy-HbO OO OO
00000000000 0Fre.30000000000

good

OTablelOOOOOODOOOAD/ACOOOAT/ACO O
oooooooooocoHbdOO76e0 000000
go0oQ0oDoi02pCc00000D0DOOCOHPOMmMO
HoOOOOcoHhO OO M OOOoOooooooooo
000000000000 Oooo21000000
ooO00AD/ACOOOAT/ACODOOOO0OOO0O0DBDO
OMoo0oo0-110000-0.1M 0000 COHbO
000005000000000002100000
goopoocoHbOOOOOOOODOOOODDOO

83



coHhOOOOOOOOODOOOOO0OOO0OOOO0OODOOOOOOOOOOOOObOOOOO

Table 100 Regression coefficients in a smoker and a computational model. The former were obtained by
regional cerebral hemodynamic response under hypoxic condition and were changed by cessation of
smoking; the latter were the results from the computational model developed and were altered according

to carboxyhemoglobin (COHb) concentration.

Smoker Computational model

No smoking for 21 hours COHb concentration
Pre Post 7.6% 0%
AD/AO -1.49 -1.09 -1.49 -1
AT/AO -0.49 -0.09 -0.49 0

AD/AOQ, regression coefficient of Adeoxy-Hb on Aoxy-Hb; AT/AO, regression coefficient of Atotal-Hb
on Aoxy-Hb. Pre and Post denote measurements before and after refraining from smoking for 21 hours,
respectively. The hypoxic condition was induced by inhalation of 10% oxygen. The smoker was consum-

ing about 20 cigarettes per day.
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Figure 30 Changes in relationship between Aoxy-Hb and
Adeoxy-Hb at a 10% inspired oxygen concentration before (A)

and after (B) refraining from smoking for 21 hours based on
representative data in the smoker mentioned in Table 1.
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Relationships Between Variablesin Regional Cerebral Hemodynamic
Response at a L ow Inspired Oxygen Concentration in the Presence
of Carboxyhemoglobin: Comparison between Resultsfrom
Computational Modeling and No-smoking Experiment

Tadashi Niiokaand Yuki Saito

Department of Environmental Medicine and Informatics, Graduate School of Environmental Earth Science,
Hokkaido University, Hokkaido, Japan

Key words: carboxyhemoglobin, cerebral oxygenation, hypoxia, modeling, near-infrared spectroscopy

A computational model for hemodynamic response at a low inspired oxygen concentration in the presence of
carboxyhemoglobin (COHb) has been developed, and was compared with our experimental data. Changesin relative
concentrations of oxygenated hemoglobin (Aoxy-Hb), deoxygenated hemoglobin (Adeoxy-Hb), and total hemoglobin
(Atotal-Hb) in the brain were measured noninvasively using continuous-wave near-infrared spectroscopy (CWS) as
variablesin regional cerebral hemodynamic response. Regression coefficient of Adeoxy-Hb or Atotal-Hb on Aoxy-Hb
was subsequently cal culated based on the experimental data. In order to validate the model, effects of refraining from
smoking for 21 hours on the regression coefficients were examined in a smoker consuming about 20 cigarettes a day.
The results suggest that the computational model developed can quantitatively explain increases according to COHb
concentration in the slopes of regression lines. In addition, the regression coefficients based on measurements by
CWS were considered to reflect the body’s ability to supply oxygen to tissues.

(3 Jpn Coll Angiol, 2005, 45: 81-86)
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