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Abstract

A study on several vital signs required for

maintaining appropriate cerebral oxygen saturation

Jun Aizawa, Hirofumi Nagata, Naoto Yamada, Michihiro
Suzuki, Kenji S Suzuki

Department of Anesthesiology, School of Medicine, Iwate
Medical University
19-1 Uchimaru, Morioka, Ilwate 020-8505, Japan

Objective: To investigate which vital signs are relevant
to cerebral oxygenation using near infrared
spectroscopy (rSOz2) as an index. Methods: Subjects
were surgery patients who were managed using rSO2
monitoring under anesthesia. Subjects included patients
who had suffered lung tumors with resected lung lobes
(LT group: n=50), those who suffered abdominal aortic
aneurysms and who underwent Y-type blood vessel grafts
(AAA group: n=42), and those suffering from thoracic
abdominal aortic aneurysms and who underwent thoracic
and abdominal blood vessel prosthesis implantation
(TAAA group: n=43). We investigated the perioperative
values of respiratory and/or circulatory indices
retrospectively, and investigated their correlations with
rSO2 values by multiple regression analysis. Results:
The indices found to affect rSO2 values were blood
hemoglobin concentration (Hb), PaO2 and PaCO:2 in the
LT group; Hb and ScvO2 in the AAA group; body
temperature (BT) and SvO2 in the TAAA group.
Conclusions: We believe that Hb, PaO2, PaCO2 and BT
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are important indices for maintaining appropriate brain
oxygenation.
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TAAA BE : Mo fE 38 R B ARG (I x4 2 A L0l 2 B v 7z B
fo - BHRE I K 2 M RE S ON Lo B OE R R E

2) Wk B J7 1E

il B A MR W OF H o & & BRE E 2 132 S BB R TAIT b
i, BErH & B L B INVOS 5100° (Somanetics, Troy,
USA) T & 2 M A fik me 58 f Fn £ (LA R rS0,) & # it & = & —
Lic, rSO, B ¥ — T BEFORMBHEHICH AT L. £HICH
fTLEeSmEEm Mo FyEzH ML, LTH - AAMA BT
X, Bk 7 4 > I Edwards Lifescience (USA) fh &
FloTrac“ & » % — Z # % L. 8k E K B O % % (arterial
pressure —-based cardiac index : APCI) ¥ X OV 1 [A 1 H
22 E (stroke volume variation : SVV) % F = ¥ —
Lic, 7 MABTEIAICMAANEHIMIKE D PreSep
B 5 — 5 )% (Edwards Lifesciences, CA, USA) % & A
L. b XRE Wk M8 3R FE (Scv0,) B X OV L R Ik E
(CVP) ZE =% — L7, TAAABETIX., AN EEIR LV
i@ ik # > — 7 /b (pulmonary arterial catheter: PAC)
Zf N L . i@ Kk £ (pulmonary arterial pressure:
PAP) + 3 4% # (cardiac index: CI) ¥ X WiR & & Ik M B
FfFfE (Sv0,) #EF =% —L7k, /. ANLDLHITKXK
R E W P ICEFEMAKEERNTH 28° C oK IKIE K EH L O
ML, FHERLFIF—Y O EITLRE, BKRBPITEE
B &2 kAT L. @Ak T X5 &2l E Lz,
3) i & | H

R R R LV BB o R RFZ ISR & S L rS0,. D
12 (heart rate: HR). Y ¥ @) kK J£ (mean arterial
pressure: MAP)., CVP, APCI., CI, SVV, ~% 7/ 1o t v &
JZ (blood hemoglobin concentration: Hb) ., Pa0O,., PaCO0,.
A MiEE (serum lactate concentration: LAC)., ScvO0,.
Sv0,. {KJ& (body temperature: BT)DfE Z # & L . rSO0,
EEHERELOBEBIIOWTRT L, £, &KLY
iz o - Bk EEFEOMBERNRFTIZOWN THM AL,
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e D rSO0,fE & @ B i > w THRE L=,

4) % 78y HE R

BEIXTETYEHYME FEERE TR LL, BEMERICIE
HIE D72 tBEBI RN x " BEXTH WL, £, FHIC
BWT rS0, 2z EEHK., thoBEL ML E L7 EIM
etz AT v 70 A4 XIEIT K0T o 7=, R AT I
SPSS for Windows (ver. 15.0) %= fiH L. p<0.01 & F&
Bk HEE L,

wmo R

LT B 50 5] . AAA BE 42 5] . TAAA B 43 6l 2B xF & & 72 -
7o, HBOEIE B TIUX TAAA BRI B W T F 4l R - R B BRI
D RE L B L TAH BEICE ™o 72 (p<0.01, Table 1),

Table 2 IC KB ICBIT 2 MMEF O rS0,H 2 = T, TAAA
BE T AAABE & e e L T A & 2> » 72 (p<0.01, Table
1),

Table 3-5 12 rS0, & K HEE L OMBE MK Z RJT ., LT
B T iX Hb., PaO,, PaCO, & ® M I A & 7 1E O B B4R M
»H o 7= (Table 3., p<0.01), AAA B TIi% Scv0,, Hb & @
WMicAEREOMHBBREKEZEO L (Table 4, p<0.01),
TAAA B TIL Sv0, & O ICIED M BEBEMFKE. BT & o /IiCA
O BEEE R D (Table 5, p<0.01),

Table 6 [T 4 B O E EJF o &8 £ 2 x 3, LT B Tl
N B L LT HR, MAP, APCI, Hb, Pa0O,, PaCO, & # A L .
HR, MAP, APCI (I Br4 S 7z (Table 6 k B, & & %
R%2=0.377.%7 # > #T : p<0.0001, Durbin-Watson kt :1.614),
AAA B T % ph 37 28 ¥ 1 HR. MAP, CVP, APCI. ScvO0,., SVV,
LAC, Hb Z # A L. Scv0,, Hb LA X4 S 7= (Table
6 B . R*=0.237, 8 #r : p<0.0001, Durbin-Watson
b 1.858), TAAA B T X Jh 32 2 ¥ 1 BT, HR. MAP, CI.
SvO, &# & A L . BT, SvO, LA IZ R4 27z (Table 6 F
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Bf . R?=0.332., &% M : p<0.0001, Durbin-Watson kbt :

2.065), 2B, EHEMEOZWM TIHETWVWT RO W TH
[ S S M N jﬁiﬁcﬁaﬁf@%%bwgm&ﬁ )
AN N

it 2 KRBT D Tk, LT B - AAA BE TUEZ B & 2~ 70 R R
FHRE AEBOLEIEF TR o =, TAAA BE TIiX 43 #il
6 B (14%) 12 fir & #F &% 2 B 5B 5 2 38 0 7o, #5255 Pt
R L Tix., &2 346, MAEZE2H., BEMMEE 1A T
ol ,TAMM B O R TINBEMHMRFHOREZED 2o
ﬁk%ﬂ@f:ﬁik@tb@% Table 7 (27" 9, fff & #7109

HEx2LEMHEIEY Chbo M LHEKL TEEB TH
D\Fﬁﬁ’#qJOD rS0, O f @ A 2K < o F Ik RE R - R B R [
X E 2 o 7= (Table 7. p<0.01),

% £

%‘%Hmﬁai'@w*& . ﬁaﬂj[ﬁliiéﬁ\[ﬁl%%“@
L Ab75>1f§TL’CU\57L_&)1fE FMWIE Ik D T
W, E 7=, }\I/L\Hm(cardlopulmonary bypass, CPB)x &
MOy 0 M Ml Bh % & ( percutaneous cardiopulmonary
support, PCPS) TIXABM 2 Ol - K&k o I I X 5
MmEKTIERS ., m =5 — - Ry 7RFLARYTITED
FEME I LD M AR SND D MR EE D D DN
v o« MMk TIT R M ICKH Y T v, CPBRPCPSIZ f 5 o AX ff
R O Mz X D E T LK M E FIN B X OEF IR
ToOAEMHELLTEEHRLIANTEY, KIITHZOTH
EXRWMERAROLEDOE =Y 7 ICEMT D2HMEDDHRDL
299, ZhonrbbEFRBEEICEBY KO BRELE
MH I s o@E ey EEHELZHLNICT S 2 & IX
S xRN D DLHELS WX D,

E%Fﬁml@%lyi?ﬂ ELTiE., BARBIZT D Z & L&KM
MEEZI RO RN ETLADDY, KERICT D &
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X vomMEMEMEREIINHN SIS ZDEMIC I S M
fJafEE I E IS WwWE s s, —JF ., KEIE TIE MK
R EBER FEEPEE I LEME RS T R
L FiMEFESLHLYE O 2H0EEREET CEAMNTH D,
EHICEDRFPEL 227208 O R BEITEL R
D . HEEFFIZshiveringZ A UBEMHEHEENNLE L CTL Z
SFEOMELEZIVGDL, BAE. MA#EOZOIZHKER
BREEKTICET A BEREH IR, 207D KR % B
FICIEK T &R B2 Z L1 K D time loss= ¥ [E B % 2% o 5B {E
H., W iZRERBEEL BITT 2 FHEOEMEMEL LV
cost upBAE L TWD, T, MILEtEE £ T 57201
Tt x b BRESSMEFET S22 LM IR T WD N,
MEZ@D 52 & Mmi Ll ®E o= ® A fr K
XL BEHEEZELELEAZOBREN D 5,

A E O KR TTIE . FREET O rSOLE X TAAARE T AAARE & L
i L CE N & o 72 (Table 2, p<0.01), Z #U 1L TAAA
HlZBW TOHMBFREKABIZLEZEZD  Z OB OrSo,M»&E
D THRB LEED EEZEXLOLNDS  rS0,E HEBEKEE L L
NA Z VW A4 v & L TCTLTE TIiXHb, Pa0,, PaCO0,72% ., AAA
BE T UXHb,.ScvO,, TAAARE TIZBT & Sv0, M % F & 1L 7= (Table
3-5, p<0.01), E [ Jf 4 Hr TIXLTH TrS0,=37.441+1.032
xHb+0.037x Pa0,+0.299xPaC0,, AAARE T1rS0,=16.369+2.396
xHb+0.25x Scv0,, TAAARE TrS0,=131.875-2.319xBT +0.225
xSv0, e WS BEENRB O b (Table 6), & b2, 1 %
bt (B) ICHEH L TH D ELTH TIlEPal,, AAAEE TIX
Hb, TAAARE TIEBTA @ -7 2 & K0, rS0,% @& < HE £ 7
L7 O IFLTH TiXPad,Zzm < b AAMBE TIEHbEZ & <
b, TAAMBE CHEBTITZ2EKIHFE LD NIV AN TH -
EWVW XD, T, Sev0,ESv0, T EDBL DL HrSo,E MR L
oo 1SS0 3: 7o HE A& CHENRIM X v kL o B FE R E %
MR L TWD 2 EnbRERAMIIRME ZIHEBET L L
M E SR TV, &b, M2rb oAkl 2 %< &

N
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T Scv0,® JF ASv0, & ki L CTXVEBSHEBET LI EWWDR
Tw5?

SHOEh AR N OE R OBE TN o B oo B of bR oo BF M. il BB F Ak fE A
KT LZREBICKE T 2MWE M, CPB X PCPS K @ ¥ it £
RWERHEH ., DI2VIEIRKREHMLEOHMRBREHRZITH 9 %
THEMBERNELZETE =X)L I T2 EIFTAEHATDH
DB 2 H O BE AR TIE NIRO®IC X 5 tissue
oxygen index (TOTI) & INVOS® iz X %A /& FF W% e 32 £ fn JE
(rSO0,) W H MMHRE & o TWD MR CTEICMHEHL TW
% g FE X INVOS 5100 T & 5 A, RIS ICAEfMS L7 7 e —
7 X0 2 E (735nm & 810nm) O I A/ 4 H & L . WU
THZ LAY KRMEEORFMME (rS0,) 2 &E T 2
LboOoThHhDH, WTRLoOBEBEICE W THLEBBMEIEE SN
TVl OHMEOMKRIZTMELx OB EEO KRG H N EL
75, Base line @ 80%LL F F 721X rSO0, M T 50%LL | % #E
422 z#HBTL, BT THEOT LAY
AL dE LT, DHAHEDO LA (@K AAM., inotoropic
agent - EIEEOMBEH) - WABEFEREOO LA - @M
(Ht<25%0)‘5]§'7/5})'PaC020)J:ﬁ(45mmHgL}LJ:GCﬁé/))-7J<
YT RIEO ERHICE O M ~mEMRBEAHE NI, KIZ
KiLzE T T2 - MBEELELI T2 - WRE#EEKL K G
THZ IRV MoBMEHEEZR DT D Z & &2 RER
L7z ENH 2 V. 5 OKF TiE., Pad, & Hb 3 X O BT
B LTIE rSoc 0o HBELZRD, Lo 73U X A0
—HLEEAMMIELNNTEZN . DA E=EICE L CTIX FloTrac
©lz kb APCI B XY PACIC X D CI 3 rS02 & @ B & o
M BEEBRITR Do

Table 727" L7 TAAA BECOMBEHEE OF KIZ X
LDHBICEWVWTHREFZPHET 2R DOLELHETEHR T - 2
XV mmE CIEHERBBMNIE®D risk & £ 5 F 0 R R
SN, FR MBRENRE AR DODEHETCOREB T O rS0,
D EENE» o7 B LT, KAEEKBRET OE
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Table 1 : Patient characteristics

LT group AAA group TAAA group
(n=50) (n=42) (n=43)

Age(years) 69.4+9.6 70.4%75 63.3+10.8
Gender(M/F) 24/26 36/6 32/11
Height(cm) 156.7+8.9 162.3+7.3 163.2+8.8
Weight(kg) 57.2%+9.0 64.6+10.2 61.5+10.4
Duration of
surgery(min) 286+120* 274+71%* 652+225
Duration of

373%124* 333k73* 773%228

anesthesia(min)

Values are mean = SD. LT, lung tumor; AAA, abdominal aortic aneurysm;
TAAA, thoracic abdominal aortic aneurysm; *: p<0.01 vs TAAA group



Table 2 : Values of rSO2in each group

LT group AAA group TAAA group
(n=50) (n=42) (n=43)
minimum 50.0 34.0 50.5
maximum 91.0 81.0 92.5
mean 69.5 62.3 70.6*
SD 7.74 9.13 8.68

LT, lung tumor; AAA, abdominal aortic aneurysm; TAAA, thoracic abdominal
aortic aneurysm; *: p<0.01 vs AAA group



Table 3 : Pearson coefficient of correlation among clinical

parameters and rSO2 in LT group

Variables Correlation P values
coefficient
HR (bpm) 0.139 0.011
MAP (mmHg) 0.015 0.391
APCI (I/min/m3) 0.114 0.018
Hb (g/dl) 0.201 <0.0001
PaO2(mmHg) 0.402 <0.0001
PaCO2(mmHg) 0.390 <0.0001

LT, lung tumor; HR, heart rate; MAP, mean arterial pressure; APCI, arterial pressure

-based cardiac index; Hb, blood hemoglobin concentration



Table 4 : Pearson coefficient of correlation among clinical
parameters and rSO2 in AAA group

Variables Correlation P values
coefficient
HR (bpm) 0.047 0.339
MAP (mmHg) 0.140 0.110
APCI (I/min/m3) 0.135 0.118
CVP(mmHg) -0.094 0.205
SVV(%) -0.187 0.049
Hb (g/dl) 0.413 <0.0001
LAC(mg/dI) -0.080 0.241
Scv02(%) 0.194 0.0044

AAA, abdominal aortic aneurysm; HR, heart rate; MAP, mean arterial pressure;
APCI, arterial pressure -based cardiac index; CVP, central venous pressure; SVV,
stroke volume variation; Hb, blood hemoglobin concentration; LAC, serum lactate
concentration



Table 5 : Pearson coefficient of correlation among clinical
parameters and rSO2 in TAAA group

Variables Correlation P values
coefficient

HR (bpm) -0.183 0.037

MAP (mmHg) 0.039 0.352

Cl (I/min/m3) 0.049 0.318

BT(°C) -0.550 <0.0001

SvO2(%) 0.365 <0.0001

TAAA, thoracic abdominal aortic aneurysm; HR, heart rate; MAP, mean arterial

pressure; Cl, cardiac index; BT, body temparature



Table 6 : Multivariated analysis to determine clinical parameters effect
on rSO2 value in each group
upper, LT group; middle, AAA group; lower, TAAA group

Variables B values SE B t values P values
Intercept 37.441 3.101 12.073 <0.0001
Hb (g/dl) 1.032 0.226 0.211 4.563 <0.0001
PaO2(mmHg) 0.037 0.004 0.420 9.250 <0.0001
PaCO2(mmHg) 0.299 0.042 0.324 7.111 <0.0001
Intercept 16.369 10.642 1.538 0.128

Hb (g/dl) 2.396 0.538 0.449 4.458 <0.0001
Scv02(%) 0.250 0.104 0.242 2.401 0.019

Intercept 131.875 20.337 6.484 <0.0001
BT(°C) -2.319 0.441 -0.481 -5.265 <0.0001

Sv02(%) 0.225 0.111 0.185 2.031 0.045




Table 7 : Classification with neurological prognosis in TAAA group

normal cases abnormal cases P value

(n=37) (n=6)
Age(years) 61.4+10.8 73.3x3.5 <0.0001
Gender(M/F) 27/10 5/1 0.589
Height(cm) 163.1+8.3 163.1+12.7 0.064
Weight(kg) 62.3+10.0 57.1+13.3 0.395
Duration of surgery(min) 683.11+231.7 491.7£91.9 0.002
Duration of anesthesia(min) 805.4%+233.7 603.3%82.5 0.001
Fluid balance(ml/kg/hr) 7.39+4.37 11.2+3.28 0.036
rSO, (baseline value) 67.0%x7.61 67.2+6.03 0.952
rSO, (lowest value) 60.1+10.5 57.31+4.06 0.269
rSO, (highest value) 80.8+9.45 72.1%+3.07 <0.0001

Values are mean=£SD; TAAA, thoracic abdominal aortic aneurysm;
*: p<0.01 vs normal cases



