Online publication July 24, 2009

@i Fie

5 14 IR ARSI FEEME S &

KRR B X Ao RERILREE=%Y 7
—Fr 7l FF IV —EMEZRERLELZDON? -

mAE 2 EM AW A e
EI Y S = = S 1 [0 S

TR E S
AV S

L R Ak T
I e

B B bivbiud, MEICHE L zeyt. ox lIEHO TV T X A%, B SRR ERIRIIE
Mo EOHFMEEME L7z EERMEEEICHE L T, MAHbOEERILIREEZZ ) TlIA+45Tdh
D, MIENOFEHZ BRI cyt. ox. DETTIREDHEH TH o720 NIRSIZ & B AHbR cyt. ox.d
ZAIZE R o 2N DTEIRTH ), N NORER % T3 B LT3 2 2 & TN Z L%
IEREDOrea-timel T E 2 b o & b7z, (3Jpn Coll Angiol, 2009, 49: 147-152)

Key words: infrared spectroscopy, cytochrome oxidase, hemoglobin oxygenation, cardiopulmonary bypass,

hemodilution

FU&HIC

Roach®Y1%, &4 }iEE= (CPB : cardiopulmonary bypass)
% 7 w8 IR — KBIR N A 2 XA (CABG: coronary
artery bypass surgery) iEGIZ3 3 2 AN X MET A5, E
E OFRJE, SR, — PR I 360 3 X OVRAE (JE 4,
R BT RERE ) % 5 6 72 BN B D S AR R 13 24 75
2,108151H1129%1(6.1%) TH 1), ks % pE3E L 729 6T
1Z, IREEE AR RS EICEL R b e %
RL720 —75, Newmanb?ZCABG 261 FI O HE] 7>
5, CPBAD B KA RERE A5 (53%) 12 A B,
5 SEBRORIIHENIZ BT L uH R EH D42% 12 8 Uik
BB EDS R L Tz iE LT b, o k) ik
AMEBEIZBITE L - M E 0S84 bR F & L Cld, OKRER
iE, @/NERIE, O RO, OWMEEEEG
INT Y ADEE, BEVEZLNTVED, TLHOH
RBIE, Behd 2V IEBRRT O MR, R R
FTAGDT Y INT v A X BRI FAREED K & KBS L

RPN o S b e g

HE VRS R AR B R B A8 A T FE R AR AR AR I -l 2
BRI

i R R e e A AR i ge e

THE JOURNAL of JAPANESE COLLEGE of ANGIOLOGY Vol. 49, 2009

TWbo DFY, LRI YVE o FAK fivi 5 4 B
b3 2120, FPRHIERN O RALIRREDZA L& H i)
WE=F )7L, TOREERIICHRILT 2 L0 E
BChbo DX REZNS, MHEP ORI 2K
HRDE=5 1) > 7k LTER L TE0h TRt
#1537 (NIRS: near-infrared spectroscopy) Téh %o NIRS
DRFIE, BNANEZTE Y (Hb) DI LIREER I b
YRUTHF Ny O— L% F 25— (eyt. ox)DERIL— &
JCIRREZ JHZERM 2 DI HlsE CE 52 2 Th b,
JRNANE 7TV (Hb) OFEFILIREED A FHEICB L <
12, INFTELOMEDNDH LAY, cyt. ox L TidH
P—EORBIELN TV, ZXTARTIE, R
B CONIRSIZ X 2 BiIHbO I LIRAE & cyt. ox. Dk
b= BICIREEDOZAL AR LD S, T OA FItk & B
IZBL TS %0

BAcyt. ox AIE 7ILTY X LDES

cyt. ox& 3 MY B 7T HIROTE T RO K AL
L, HERRCETEET A EEEH- TS, L
72735 Ceyt. ox. DAL — = IeIREEIX, MlgNOBERL
REOEMAEEINIRTLOTHY, HEROPIZB W

20084 9 H24H 3

147



SERIE DI L DT OREEFLIREEE =4 ) vV —F s 7 0 A F F L ¥ —BlER L ELELRO)P ? —
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Figurel Relative changes in cerebral hemoglobin oxygenation
and the redox state of cytochrome oxidase (cyt. ox.) in dog brain
measured by NIRS during hemodilution under cardiopulmonary by-
pass (CPB). The relative concentrations of [oxy-Hb] and [total-Hb]
decreased significantly during hemodilution, while cyt. ox. recorded

eyt ax ]
Alcyt. “-1| ! rareme N0 change. The full-scale value of the redox state of cyt. ox. was
e = 10 min I ofatox determined by aerobic (100% O,)-to-anaerobic (100% N) transition
1w L using a membrane oxygenator.
(A) (B)
Atotal-Hb vs Ht Acyt. ox. vs Ht

Figure2 Relationship between blood
" y + hematocrit (Ht) values and relative changes
3, r'e 3" in concentrations of [total-Hb] (A) and cyt.
i 'J" s . ox. (B) in dog brain (as measured by NIRS)

TP I X2 z;’!xf during hemodilution.
w2 g ;E o8 The relative concentration of [total-Hb]
3 E _:- S —— % ;‘E ... — ¥ F ..b_..‘......_._ ...... =) showed a Srong positive correlation with
<3 2 // ®  Ri-pos2 il ¥ = 0,006 2.067E-4X blood (Ht) values; however, there was no
3, A P <0.0001 8 g‘:of‘égg; correlation between the cyt. ox. signa and
1 .// ) Ht values. Full-scale value of the redox
2 At e .25 e State of Cyt. OX. was determined by aerobic
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Ht (%) tion using a membrane oxygenator.
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Figure3 Changesin intracerebral oxygenation during extracorporeal circulation with separate cerebral

perfusion in a patient with dissecting aortic aneurysm.

SjvO,: jugular venous oxygen saturation, BP: blood pressure, Temp: temperature, NPT: nasopharyngeal

temperature, RT: rectal temperature
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% Figure4 Diagrammatic representation
.§ of the three different patterns of change in
2 the cerebral oxygen index ([oxy-Hb] minus
g'm ik _[deoxy—Hb]), and in cyt. ox. observed dur-
€ ing surgery.

o No change Transient Continuous Each panel represents the period from be-

reduction reduction fore surgery to the end of anesthesia.
Tablel Relationship between occurrence of postoperative brain injury and type of cerebral index ([oxy-Hb] minus [deoxy-Hb]),

and cyt. ox. behavior observed during surgery
Oxygenation of Hb ([oxy-Hb] - [deoxy-Hb])

Redox behavior of cyt. ox.

Brain injury X-type  Y-type  Z-type Brain injury A-type B-type  C-type
Yes 3 1 5 9 Yes 1 5 3 9
No 22 12 23 57 No 33 24 0 57
25 13 28 66 34 29 3 66
P=0.647 P < 0.0001

chi-square test for independence
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chi-square test for independence

WZBIL CEE R REM 2R L 720 THi/rT % (Fig. 6).
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Figure5 Changesin cyt. ox., oxy-Hb,
SjvO,, and blood pressure in a 43-year-
old male who underwent cardiopulmonary
resuscitation three days prior, and was di-
agnosed as brain dead two days later.
SjvO;: jugular venous oxygen saturation,
BP: blood pressure

Figure6 Changes in the redox state of
cyt. ox. during (A) and after surgery (B)
without cardiopulmonary bypass to repair
the descending aorta of an 18-year-old male
patient.

(i): massive hemorrhage, (ii): ventricular

tachycardia and fibrillation, (iii): cardiac

arrest, (1): infusion of D-Mannitol (60 g),
60 min (2): infusion of glyceol (200 ml), mild hy-

pothermia: body temperature was kept at
32°C.

FHEA L ORMICHBBRIIFRO SN o728, Mo
oyt. oxJRIL —ETCIRRED AL & e 5E 4 & DRI ITAH

increase
3 Afoxy-Hb] [n &M‘ vm ........
: N
% 0.05
5 Alcyt ox.]l,
Q reduction
200
BP
{mmHg) "%
0
(A)
S:‘ Thiamylal
.g {ii) {iii) +——— (3mglkglhr) ———
g AleyLOR] R i i i "
5 1]
E—i reduction
g 60 min
5 03 @ (2 =
(B)
z Thiamylal methylprednisolone
° +—— (3mg/kg/hr) (0.7mg/kg/hr)
é ﬁ[Cyt. OX.] g i
E reduction I I
§ 0.3 @ () Mild hypothermia
LERIRLIZBDTH A,
TEDH

NIRS%Z Fva7zeyt. ox. DEIEIZBI LT, i OiEH
FEGENTT IV T ZL)DSEETHD, HoDREEDKE
CEALT BRIMEER T TL TS IR TE B 2 LATEY)
FEBRE D IR & AT ze WK Bl R T 265 55 191 2 Sk SR A 2 A
L7z A, MO HDbO B 35 LR E & i b

WRE 5 Vol. 49, 2009

HRRRDSERO BTz, E512, NIRSIZ & Aoyt. ox. DRk
At~ FRICIRREDZA LA R DIRE EFEE 2 M 9 5 720
T2, WEEORFELFHIT 288 8 L CHIBHT
EHIEAIRENT, SO DS, &R R -

R 2 R0 T I L A D N R AL IRFE DRI L T
1E, cyt. ox. DAL - RICIKEEZR WE T 5 Z L2FHIT

151



AR TR L BT ONRRFALIREE =5 ) 7 = F P70 st * 8 —VER R ELELZONP? -

Ho72H, NIRSIZ L A HAHbDEEFZLIREE E cyt. ox.®
fRAL — HEICIRKEOZALIZ R > 12N DTEHRTH Y, £
NENOFRE 150 2R LRI 5 2 & TR Ol
{LIRREDZEA L% IR Dreal -timel ML TE b D & A
bz,

X ®

1 Roach GW, Kanchuger M, Mangano CM et al: Adverse ce-
rebral outcomes after coronary bypass surgery. Multicenter
Study of Perioperative Ischemia Research Group and the
Ischemia Research and Education Foundation I nvestigators.
N Engl JMed, 1996, 335: 1857-1863.

2) Newman MF, Kirchner JL, Phillips-Bute B et al: Longitu-
dinal assessment of neurocognitive function after coronary-
artery bypass surgery. N Engl JMed, 2001, 344: 395-402.

3) Sakamoto T, Jonas RA, Stock UA et al: Utility and limita-
tions of near-infrared spectroscopy during cardiopul monary

bypassin a piglet model. Pediatr Res, 2001, 49: 770-776.

4) Kakihana Y, Kuniyoshi T, Isowaki S et al: Re-evaluation of
the reliability of cytochrome oxidase-signal study of cardio-
pulmonary bypass Adv Exp Med Biol, 2003, 540: 71-75.

5) Hoshi Y, Hazeki O, Kakihana Y et al: Redox behavior of
cytochrome oxidase in the rat brain measured by near-
infrared spectroscopy. JAppl Physiol, 1997, 83: 18421848,

6) Kakihana Y, Matsunaga A, Tobo K et al: Redox behavior
of cytochrome oxidase and neurological prognosis in 66
patients who underwent thoracic aortic surgery. Eur J Car-
diothorac Surg, 2002, 21: 434—439.

7) Minami T, Ogawa M, Sugimoto T et al: Hyperoxia of inter-
nal jugular venous blood in brain death. J Neurosurg, 1973,
39: 442—-447.

8) Kytta J, Ohman J, Tanskanen P et al: Extracranial contribu-
tion to cerebral oximetry in brain dead patients a report of
six cases. J Neurosurg Anesthesiol, 1999, 11: 252-254.

Perioper ative Cer ebral Oxygenation Monitoring by Near-infrared Spectroscopy:
Utility of Cerebral Monitoring
on the Redox State of Cytochrome Oxidase

Yasuyuki Kakihana,! Tomotsugu Yasuda Toru Imabayashi,! Mayumi Nakahara! Hiromi Murayama,* Chiharu Kuroki !
Tomokazu Orhyoji,! Tamotsu Kuniyoshi,2 Naoko Okayama,? Akira Matsunaga,? Yuichi Kannmura,? and Mamoru Tamura®

Division of Intensive Care Medicine, Kagoshima University Hospital, K agoshima, Japan
2Department of Anesthesiology & Critical Care Medicine, K agoshima University School of Medicine, Kagoshima, Japan
*Division of Biophysics, Faculty of Advanced Life Science, Hokkaido University, Hokkaido, Japan

Key words: infrared spectroscopy, cytochrome oxidase, hemoglobin oxygenation, cardiopulmonary bypass, hemodilution

Near-infrared spectroscopy (NIRS) is a cerebral monitoring method that noninvasively and continuousy measures
cerebral hemoglobin oxygenation and the redox state of cytochrome oxidase (cyt. ox)) using highly tissue-permeable near-
infrared light. This technique now has wide clinical application, and its usefulness in the measurement of cerebral hemo-
globin oxygenation has been confirmed under global cerebral injury and/or hypoxemic hypoxia. However, the specificity
and accuracy of the measurement of the redox state of cyt. ox. remains controversial. We applied NIRS to both animal and
clinical investigations. Based on these results, we discuss the significance of the measurement of cerebral hemoglobin oxy-
genation and cyt. ox. in vivo and in clinical medicine. Using our algorithm, cyt. ox. signals are unaffected by hemoglobin
sgnals even when hematocrit values change from 36% to 5% under cardiopulmonary bypassin adog model; in the clinical
study, cyt. ox. during surgery islikely to be a good (though not perfect) predictor of postoperative cerebral outcome. NIRS
appears to be a promising technology, but additional investigations are required to establish its clinical efficacy and justify
its routine use during the operative and perioperative periods. (3 Jpn Coall Angial, 2009, 49: 147-152)
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