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Preliminary Study of Calculating
Cerebral Arterial Blood Oxygen
Saturation using MRI

Kazuyoshi Nakada, Daisuke Yoshida,
Shino Kohsaki, Mitsutaka Fukumoto,
Kazuo Morio, Hiroaki Yasunami,
Makoto Tawa, and Shoji Yoshida

To assess whether cerebral arterial blood oxygen satura-
tion (Sa0,) can be calculated by EPI, we examined the
relationship between peripheral SaO; and T2® signal
intensity (SI) changes in the brain in three normal
subjects, using 1.5 Tesla MRI. To decrease SaO;, hypoxia
was induced by 100% helium-gas inhalation (60 se¢) .

Sl declined as $Sa0, decreased during helium inhalation,
while rapid recovery of SI to the baseline was noted with
recovery from hypoxia.

The differential effective transverse relaxation rate was
closely correlated with Sa0,(r > 0.94). Consequently,
using MRI, we were able to calculate arterial SaOs.

Research Code No.: 209.2

Key words: EPI, Sa0,, Blood oxygenation, Susceptibility
effect, Brain

Received June 4, 1999; revision accepted Oct. 21, 1999
1) Department of Radiology, Kochi Medical School
2) Department of Radiology, Kochi Medical School

NIPPON ACTA RADIDLOGICA 2000 ; 60 : 42-44

WA Sk

2) 1 IR KOS

U &I

1L H D deoxyhemoglobin (deoxy-Hb) i, susceptibility
effect|Z & 1) T2" weighted signal intensity (SI) KT &€ 5.
Z L CHARM Cldhemoglobin (Hb) IXoxyhemoglobin (oxy-
Hb) &deoxy-HbD 2 TIZIZ100% A5454E L, arterial blood
oxygen saturation (Sa0,) (Zoxy-Hb?D/{—+& » 57— J %R L
TV, bt Ui A A 12 X - T L A RN OST
ZAL & KHSa0. 2L & DA S, MRIK X Sregion-of-
interest (ROI) H1 D Sa0,iFili > 1] At % #aT L 7-.
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i L 7=MRI 241 13 Signa Horizon 1.5T (General Electric,
Milwaukee Wisconsin) T& 1), quadrature head coil % Jf\»
7z. sequenceldsingle shot EPI gradient echo type 2000/
50/1 (TR/TE/excitation), flip angle (%60 deg.©, matrix
12128 x 128, FOVIZ24 x 18cm, slice thickness!d 7mm
TH5b.

Fig. 1 IZFRENB TE , AWEEIBIZHRE L 7-ROINSI
ERRICERI LA, ALY -2 A7 — 2 3 YI3Ad-
vantage Windows version 2 (General Electric, Milwaukee
Wisconsin) T& V), SIOHIE Z1ZFunc Tool % JH 72,
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7z, R L7270 AF %2 A — % —XINVIVO 4500 MRI
(INVIVO RESEARCH INC., USA) Tdh 5. ZO/VALF
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AR, = - Ln(SIp/SIc)/TE ---(1).
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Fig. 1 Echo planar image of the brain indi-
cating the region of interest (ROI: 900-840
mm?) used for evaluation. The region was
mainly located in gray matter, but included
white matter, vessels, and CSF in sulcus.

RoiDIE | Z1Imagnetic field inhomogeneities (y AB), deoxy-
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W EGET 5 B G ITERYSa0.fHIZAR, <deoxy-Hbx> | 2 E %[
545, v b2 HWAIRETlda 288, [deoxy-Hb]%

deoxy-HbiftfiE L 4 5% &

AR>" = a- A [deoxy-Hb] e (4)

HIRENTWEYS, K (4)D
s/ (Fig. ZB).

DNHONOFERFUIPAE | & LD 0T, HIlETLR
DIKDOEFTH BPaCODHMITA LA 22 b:hz.n‘
&, ROIH @ HAARRHN O M B VI A b —E & IE
L, &5ICIMHHbEREHb] b AT —ER DT,
# (A= a-BV-[Hb]) &T 5L, K(4)iT,

M Z b I b DI T b

A% E

ARy = A-(Yc-Yp)/100 ---(5)

LR T E 5 ;.Li’é{f\,’l[}[]fil:lg 2B OEMBDHETH 5.

51251 S)OFEBLY,
Yp-Yc =100 - Ln(SIp/SIc)/(TE - A) - (6)

© 128201 XSIOBR L L TRA .
WTH(6) LT A &,

A=a'BV-[Hb]% H

BV-[Hb]- (Yp-Yc)/100 = Ln(SIp/Slc)/(TE-a) ---(7)

EMa 13 (5) L b, BIEMOEBEZOBY & [Hb] % HW»

THiRE T L ICEDONATHA . Tz, T(7)OENITH
1\"]’/1§$uf|“7)0xy HbDZALRHIHN T 5. Thbbh, A7)

EFEDROIH Doxy-Hbim DL A MRIT i
LLEFERLTVAEDTH DS
L2 L%&dss, bivhbhBEi v 7zRONC IEBIR 72

sk s

43



44

FTI3 % CERIN S FAET 5. ZOWH 2 BRI 5Eili<
BIENRTELRWI LD, HEETObLbhOE O

BEEhoTwnh,
DD IUIMRIZ & 5 RATOSa0,illE O HEME% 7R L

1z,
ARy’ <tissue>A 14312/ SV AUZM O U 72 2 T2 {Li b
IZBWTh D2 EZ oh, [EEHEROEELRE
AR E NI X 23R &, ABOICHDIHfE S LE.

MRIIZ X Z [ Sa0, il & O il

COFHIIBAIZEEE ST, ARy, Aly A B),

Yc-Yp (A deoxy-Hb %)

SI/Sl, (A) Sa0, %
1.02 ‘ 100
ﬂ/\ll JL E N l
1 A Al 95
T N TARaY, \
. %
0.98 \ 90
\\ — susl,
0.96 = EI 85
[m sa0,% |
0.94 . 80
i/
T [ |
0.92 75
20 60 90 120 150
| Helium inhalation l sec
AR, (S (B)
2 —
J’ a
" b
1.5 - . ,/ -
e W a-AC
1 i " - . - -
’f Aﬂ
- - - - .' A
[ ] .- * - #.»
0.5 .," ‘_A’ H B
i AC
0 -
_'0-5 T T T T T 1
0 5 10 15 20 25

Fig. 2

A: Representative data of the relationship between T2* signal
intensity (SI) ratio and arterial blood oxygen saturation (Sa0s,).
Curved line shows Sl ratio and square dots represent SaO;
value. Sl ratio and SaQ. value began to attenuate at the same
time. However, while the Sl ratio reverted rapidly immediately
after helium inhalation, the recovery of Sa0; was slower and
showed some delay.

B: Relationship between changes in deoxyhemoglobin (deoxy-
Hb) and AR’ during helium inhalation (dots A, B, C: AR." in
each subject; straight lines a, b, c: regression lines of each
datum; Yc: 3a0. under control condition; Yp: SaO. during
physiological perturbation).

There was a direct proportional relationship between changes
in deoxy-Hb and AR.".

Table 1 Statistic of subjects A-C
: Correlation Slope of the
Slibject coefficient regression line
A 0.944 7.75%x1072
B 0.986 6.43x1072
o] 0.997 519x 1072
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