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Cerebral oximetry values in diabetic patients are lower than those in non-diabetic
patients during adult cardiac surgery with cardiopulmonary bypass
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KRR A DS REERIL A RA U, I & i BE&D 7
WiEEEE ST SO T, R THmEY 3 v
7 wkT, WALRERPHE BV TR B
HEf 2> & OHBIMIZ % T, RHRIMHIZRA L
FIK B DAL T D T M R [ B S T B
b, o TRMDTZDITIX, FERIEEROY R — b
Wiz <. BER-Z2RcHoaLdsI e
MEETH D,

L2 LEERHERM L. BARDOS M OE -5
2 5 NIRRT BN T, U A7 DIRWEERT
DEBINCBAEL S D Z ERMETH D, Tt

ERHEHA0 H M
20%(784)

Fibd o - 4 £ 22
15%(574)
100 Bt BY S ok B AR
12%(454)

1 BRIZEITHEAETERRE
2010 £, 5 2019 FITHE SN, EFREFTHET L1z 390 HlORHAFETIRE,
RESFIRTTHIZEE SR - BAERARERIBRRE~NDIZE 2018]

* R EERRARE BN & — ERURTRISIET R - 8%



gk 0 Nz e itk > 2 > 7§ o FEREDF5E

87

FETE B A ORI IX., SE T ZEH oo Rl ] GEME & |
Bl 2 7 DIC TR R ARG LTS,
FERMERE I ITIZ BOWTIX, B ORI BNT
R RS - 7o & R S 72 BN 15% 12
EF. RPITRGORMNRD -7z LE S Nz,
FLCHETRERMITL WIEIC, Fritsks g
iR d ., FRILBKEF RN ORI, JAONTE
ETNERER (TERORIEIRINIEZ &) #ko
HW DB TH -7 (B3) Y, M Mltidk dLgH
BRI, iz A EE L3 2 pERHER X 4E

I LPIFIES 2 E 5N TH Y, RFEZRHLT
Z0fth
EEEE 6454
5%(44)
FEARE
BY(44)

R B
7%(54)

b % HH 1f
9%(74)

FERR
10%(84)

fa x5
10%(84)

BT L, EYIR 2 A X2 7 Tk
THZLRRBRZTERVES S,

PEFHIIIZ K BT 20 S IR D HlA

HIIMIZ & B RHASETE 298 5 72012, 5 208
AT MERHMEHM H L~ DX IS TR % 2010 4E
WZHERR L. 2017 4RI KET Lee 22 Tldya vy
ATy 7 A& L CRBRIMKE R %273
WU, LR WEDE A I 2R LT
5. FERHBIL OF T D 5 1 F ik e [ fi s & A
Iz FIET 5 DIC, # L CHUsITlE2 I £ 2 .

FERFKERIE
48%(374)

K2 BAREEIZE->T-EREEgHEDORR
2010 M5 2017 FETOEREHOEMIC X SET 78 HIORNRETT,
FERFETEFRTTIMEESR - BAERAMERIBALE~NDIZEE 2018]

xS AT LORE -
eI W EREEMNEOER (n=73)
Termination®iEh T “‘Mﬂmﬂ (n=36)

RPEBEOEN AR
EhaBoEN ()
WmoEN (FFp)
WimonEh (FRixk)
FHDEERE
[OIVWTHEFLEVWER

0% 10% 20%

30% 40% 50% 60% 70% 80%

M3 WEORMMAHLIFHEEEHSN-ZHOEE
BRRETCZEET S-OICHEITNERMMNH S LTS N-FERLE, TOEEZ. EREHKMHIN
RS NEEEFICOVTRY,, EREHMHEMNTE, BOOEhE, KOVWTEEVERE,

xR DENA LA Z BT,

BERETEGRTEER SR - BAERARERIBARE~DIRE 2018



88

EBRIAE o5 418 25 (2020)

BEER RIS N TR AR E DR
FEt PR LTnS Y,

PR L% 6 & e 0T figt 28 0 hea <0 O TR 2B D 5
£ LT, HARKRKG Y A7 L% ks
(J-CIMELS) OR—3 v 7 2 — A3 E THf &
nNTn3 Y, 22 CIEHAESHIRIE & 2k
EHEMN ERE A VA NT I A =LY,
BERHH M-I ZERE, TR DY 2L —v 3
VEIZ7TVIT—T5, AEMNETE—F ¥ —
FNE#ETa hay)izonTyIalr—yarve
BUTHEHTHZ LITL Y., FERZRFREIEY)
ICHNTED LI bZ LEHIBEL TS,

REBRFE T 5 6 2 2 RHa T H I 51 A1,
2010 4E D 29% 7> 5. 2018 4FE D 12% -~ & Wik L

THBLH Y, 2 HOWMY HALBEE EIF TS
tEbNns,

g A5 Eh % Bl

REGRBE ([0l 36w RE 6123 BE B ) i T &
M OBNALEFIEHTH D Z LIXATd Lz,
FERL— iRk CHaL AN B 2 BEHE, s
BIFN 2 WA L QRS i) Mk 45 o A TFi
2S5, Z7a A<y FIIElZ2ET 5, 7
ENBF N5, Fh SRR T R e A )
4T 2012 SEITAT - T2 T B D $on Jiti 3% i 33 1
5 PERMERER I~ O Hi I e 2 B3~ 5 Ji AL &
AU, BRI R 2 B2 WA L C AR ik
X AEMY S 2 — LIS OEE TIX 78% 12 & A
2o 7 u A<y FaMEL TWD MR 26% & >
Teo WL A B Il G £ T OFF RN, 1
W 3T DHA1E 61 ~ 90 43 L A1 L 7z fli s
B4 < (24.5%) . 41 ~ 60 43 (23.3%) DSFEW Tz,

Mg el 207 T2 Eh & L TR S -
TellE DS, i A R DB NRE SR NT &
(Il i h 67.7%) 12 o1z, FOBH & L TClhl%
WS TEIT, ERSEE R DR N T DLW

0%

15 R4 EEAV /D7 I 8N BB
Ly

ML THE@RFEETREIICED

FERLIG I IB S (CaRRHY
ins

{REIZBPRHVIL

WRENTE/G

(71.4%) . BEEH K72 (51.4%) . EH L -
TeHBIT I A N30 5 (47.0%) TH -7 (K 4),
LA Mg AN, 5 5 LM AEIRNE D
WTHIEHITE, LAz A b &2 RIY
TERNWZ ERMESTH S,

AL~ OWIEE

FRITAR Y R 7 Iz 28383 2 sE RHER H LT
o UC BRI DK -l 48 0 R BME S 3RAR S 7o i
PRAFHIR 23 < THH Lo 9 WO ek BHS L5 2 1
IR~ DOWEERTIZHRIL LT < 2 ERIMBHE X TX
7o L2 LiRILERERINZ: Lizid, OAFEBILTD
IKEEZEE TR TE AR o 2Bl R L T
5. FERMEREMHMIZS LT x A I
THFEMEZHGTEIVUE, 20X 5 Hp
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2. pERHMERRHIN Z & 72 L2 O FITH 4%
AN TIRIMBRDB) R

VR TS I NI
I S SR =

LI

R D% W1l (PPH, postpartum hemorrhage)
WX, BE 24 R ELANIT HY I 23R R 40 T i 500
mLZ®8x 250, HEYEATIX 1,000 mL %
25 O & EFE I IITFERF 250 NITHI 1T AR
KEHIMIC LV EGoERIZE LI TS,
PPH O¢ R TS ERME#M HMICEITT 200
TIX 7223, PPH T3l &k < EERMEHEM H i
RIZITHERFHCIRROFE N TH 5, HERHEH
IH I & 2T U 7o 35 A O RRAR TS HR TR I Bk B 751 55
ZEDTEIGE LR D8, K TIE o2
W 5 IR O — iR (IR E D5
BRI TOR TS D) O 78% A3l 7] %
HEL TR 5T, PHltRERMERN A4 T
7256 OXHLOBENIT XV fERE s iz e IR
BHHINMIE LTRSS Y, £, FRER
FHEETHIMMEFOARNEPBEIN TR E
BHEREM) L D VHRFIT BV TH 26% OB Tl
MBFIARE L L OMELHD Y, Fhlk, #
BHERM Mz X5 Hilpeky 3 » 7k L.
I AN 0 152 Hr A O R FEEREE S B b
ZzbNhb,

U RY — ANERIATHRINER &1
s d 2 Z LIS Tnd AL

K 5P

2p 2

e N *3
TR A
a* o om B B &

FrimER (HbV, hemoglobin vesicles) 1t F: 51z L v
SN T&72?, HbV ORI L 25 hAES
v P ddnimA R ek & LT oEHER O 72
MRt MARILER HAERS D, ARMER DL

R 5 DOFRE. — AR FEAS A O InELEL,

T AV ARNEACHEDO TR AR TR E~NES
D VIR E R D, RITZ DO—BILRFE~NE S 1
VR ERGIREOM A TRMT 52 LT
ik, RNEO~NEZ B E Y (Hb) OkRrE L
Sz & B CO B2 (HbCO — HbO,) . ik
it (HbO, — deoxy Hb) 2175 Z & TH 71k
S BWHREWREZ HbV AN BE SN D
(1), HbV AT Hb 8% U Ry — A NEH
DONTHRIMERT, —B bz (NO) izBE 9~ A1l
B IHES O MRS O RIWE R e I AV i HY % B i
T TE 5 LEShTns Y (B1), £
MR & L OB EIRETEIZ R E S, Hb iR
FEIZH) 10 g/dL TR E S, R BUFNEE bl Ic
SN RMBRAEY & LTHAWETSHS *.

PERHERER LI 2 Fr LG g & LTo
N LA MER DRI RERE

kS 3 70264 2 NLARILER O B #y £
GaBRic X 280812 2N £ TIzB% < o »
H2 O, i, FERHEHEN HIIL o 1 R 1%
MMy 2 v 7 LEBLTHD28 Y, ERaRR

®1 AIFMIRDOFFH

AR ImER R ILER L]
iRz MAEEIN 72 <. AR A E MR IR U T 52 23R BRAS A EL
Eg ) A Y T AN ARTEALREIC E DY | HIVED 7 A L REY Y A7 R
U A2 DR Bt
PRAERER - IR | Wi T 1R IR v R 4°C. 21 HIH

TR HERU ARSI, 2 B TR e B e 0 T,
B EERIK B PR IR, 2R BT BRI IR L
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1 HbVs OEE

HILIZ 63 2 AR M A OB 2 M % 8 LB
FERITIHRA OB R FHEINLTHRY, TR
X, ERMERERHRILIC BT 28T AT EA
EBRNWZEMNRERERELTEZOND, £Z
TEA VL I ERHEREN L OB Y £ 7 1 2 4E
AU, ERHERET H LI o425 N LR IMERELA] D
BRMEIZOWTIEIRY ¥ 2 A WRIEET-> T
Wb,

1) 7YX o ERMERN LT TV

IR 28 HIZ72 BTk X aMH L, v
XOLEIIRMA A= Lo TNDN, il NichE
FIEPYIBA 21TV, GRIORA 750 5 EY)EH
T2 Uiz, Z 0%, RO+ 5
HR 2 BB U B S B R BaAss & Uz, sERl
FEAE L~ D%t 4ESF 2017 T shock index
(ONHTBC/ BRI TE) 28 1.5 DL I & 72 B 16 5 % 7
BHEHPHIIERL S E LTnd, X5
MK S 56 mL/kg T 5 Z & V&7 5 R
FEI I O d iR #F 2 2% 1 il & A 100 mL (7
BRIM B D) 50% FREE) 125 U T2 K5 % 7o i Hif
BRAGHE 30 20 2383 U 7o IRf 5 % pE RGO HE I o>
FERERL A & UTeo HAMBRARAH D> & RERME R H i
IZE 5 F TIRHINLE & FEoa#s 21, B
BHEREI I E Ue iz, FRIMER & M 23 5
L7z#E. HbV OAR =5 LR, il o & % ik
ot LT2RED 3 BRI U CTRRAE L 24T o Too IR
BRI D22 W EREIPIR I N T O RMAR Ay 28 LT
BY., HAZTHWHTMHREEZZL Led - T,
Z OB B 60 434, £ IZ M H L&A
200 ml 1233 U7 S Tk ATV, F D% ORMHE
DM TRIZONTHRHN 21T -T2,

2) NTRMEROA M & 4D E
FERMEHET LT 03 2 A RED R % 10 KERT

RE 5 T O AEFRIT, B2 0%, HbV B2

60%. FRIMBREEA 100% LWV SHFEHR Loz, 7
MMERFE X © HbV BEDAEFFRMEN > e B[R & L
TIX HbV BRI 2 & A REZ T > Tnen
Z L. RIMER & Feled 2 & BERER IR S B H AR
JELHENWZ LR ERETF NS, SHITONTIE
NTAM/IMREE DR G-% G D T (P FE ST IT AL & 7
5THA5,

Al OBEHT & 0. ERMERR I TR AR
MASAFE L 72 > 7367 8T, Sl M s A
TFTERWVWHEDORY N TALRMEREL A 25
FTHI LT, MIMAEETOI DX O%E %
HZ DAREMER R SN, S8H S HITHFZER
BInEN, RMNTIIERGHATE S Z L8k
ICHAfF SN S,

SCHR

D BIEwi s FERI NI X 2 RHAZEC O BLR & A
THRIMER~O IR . N T 2016; 24: 18.

2) Weeks A: The prevention and treatment of postpar-
tum haemorrhage: What do we know, and where do
we go to next? BJOG 2015; 122: 202-10.

3) Sakai H: Overview of potential clinical applications
of hemoglobin vesicles (HbV) as artificial red cells,
evidenced by preclinical studies of the Academic
Research Consortium. J Funct Biomater 2017; 8:
10.

4) Sakai H, Sato A, Masuda K, et al: Encapsulation of
concentrated hemoglobin solution in phospholipid
vesicles retards the reaction with NO, but not CO,
by intracellular diffusion barrier. ] Biol Chem 2008;
283: 1508-17.

5) Sakai H, Sou K, Tsuchida E: Hemoglobin-vesicles



gk 0 Nz e itk > 2 > 7§ o FEREDF5E

91

as an artificial oxygen carrier. Methods Enzymol
2009; 465: 363-84.

6) Yamamoto M, Horinouchi H, Kobayashi K, et al:
Fluid Resuscitation of Hemorrhagic Shock With
Hemoglobin Vesicles in Beagle Dogs: Pilot Study.
Artif Cells Blood Substit Immobil Biotechnol 2012;
40: 179-95.

7) Tokuno M, Taguchi K, Yamasaki K, et al: Long-
term stored hemoglobin-vesicles, a cellular type of
hemoglobin-based oxygen carrier, has resuscitative
effects comparable to that for fresh red blood cells
in a rat model with massive hemorrhage without
post-transfusion lung injury. PLoS One 2016; 11:
e0165557.

8) Sakai H, Seishi Y, Obata Y, et al: Fluid resuscitation
with artificial oxygen carriers in hemorrhaged rats:
Profiles of hemoglobin-vesicle degradation and he-
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in the management of haemorrhagic shock. Br J An-
aesth 2014; 113: 113-8.

10) H ARERMGE AR 2, i EERMEHER HL~o
St tEd# 2017 (Guideline) .
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11) Diehl KH, Hull R, Morton D et al: A good practice
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3. CO #iE i & B sk

Fuooh i ™,

—PRALEFE (CO) MM MBRDFEE &R

WAEIZ72 Y. CORWNRMEDEBGA A & L
TRk S, EHEH A & L CHERIG AR RA S
NTWD, KFThD, RN I SR8
PAZE M il SR R B 1Tt A AR CO W AR A
NHIERFTEBENTND, CO AR,
CO T & Bl 2B 1k B e iz, il 7t
ML EM O NI 72 D T2 ¥, G M % A3
RohTL b, TAx1Z. XVE<OMET, %
FR7RIEHRITH LT CO L2 IR X<, CO ¥
HBIC R FFIANY) =V A5 AEEA LK CO
FTIUNY =V AT LAOEEERAATNDS, ZZ
T, COFUARY —p#fEE LTI, COREARE
N TE~NES o U ERH LTS, 72 L,
COZEMELENESBE VDOYE. invitro D
SMETIX. CO PREFLHLIR~D CO 5 D A TIX
BRLTWE L0, 2OEEHRETIL. RS
ICARERIE S22 572, b & owgdknn
JEF T < TR ER R~ D CO LS 23 R E
MTH D, N T REREABBIT, RIS 1L,
ANALFEHIC X Y BEE A E ki 2T RN b RS
ahbd,

FITHRAIZ. ~"ESvbE v 2RBESET
ZR1MMER (RBC) %2 COFY NY) —DfkE LT
HHLTWS, Rz COF Y NY — Dk
CLTIEAHTAAY Yy hE LTI, O3 A, D
fEEICREETE 5. 2) e areicENL TV 5,
3) BRI INEI D V) A 7 37w, BB, CO fE
AR IER (CO-RBC) 1X ¥k Bk 1z CO 4
A 10 RERHBETHZ L THETES L 1T
IEETONLBIZCOZRAEIEDZ LN
Thb, £, HGRHETX 5720, EHEExR
TOMHAE T TIZ2RL. KHEHAGTOMHA S
BTHD, ZZTCO-RBC D&, 4 TRBC
CO R SETWD Y, Eikic#EE 1T
LI FEEAFEE LI RIMERDOL XAV 2T S8R
WHETL, CO HTE DK O 5 T H B W]
DIV AT EMA D LENTED, BilcTkiix.
CO fEARIMERIC & D dEaRER R 2. g B

M fn B

H;& EE*3

&

JikG, Jifi, oG, AP CIEAE L CE s, AT —
< Tl BRI E IO DRSO E AT S,

REAC A A RRE 58 - SR REE (AKD 12895
CO-RBC Ot ¥

WHIZHEW, 50% Z ) ka— 1 a2T5 v O
BN K BRI A U, RSB Bl iE 75 %6 AKI €
FNEERLE, AREETLVOLE, LR
GHECIX, BG%5 HH%IZ80% OF v MR
L7z, 27U ko — L iLE 3 %1 CO-RBC
H5WIX RBC kNG L7z & Z A, RBC #
HHTIE, B5%5HEBET60% BT LD D
®. CO-RBC#HHETIX., &HOEENHERS
niz(®1), Zzok, AB&HR5HTIE. 347
Y OBE~OEERERICL > T, ~a53ME
DAFAFE S U TIRMIAE 7 vh 0 (T 2 7 L e s 2 28
BTV, 151 CO-RBC £ 5-3 THiH
ShTwk, 7. CO-RBC 5B TIL. ik
HECBHR SN BN ORRIL A b L AR RIER
IS IR ST, 2D OREEN 5.
CO-RBCIiz X V., Bt ESNTZ CONHE
OPEEAL - PIIEEH 28T D L L hic. ~A
PREATDHZLTIF S ut itk Lz
DTRBRNP EHER ST,

AFD X 5K ERETIE, MEIcE Y KE
HiIML 2 £F 5 BERUT RMRIESS 7 & v ¥ 2 BT
X BB ORBRUE SN TnD, ZZ T,
IS DORFEREIZH L TH CO-RBC AIEHRR %
RETZD00Er MR L. £3. A
X 0 i &P 5 BESUHRMIEE TV & LT, 40%
il Uity a v 22 &R LEZS > M.
ER L7V e — 2T 52 & TRBUH
ARIE DR S B (B 2). REFAVOBE, L
W L7227V & v — VR TS RRUT R RAE & 0 SN
BHEIMLTRY ., ARG TIX 9 REFMUAICE
WIASFET LTz —A. RBC il Tl 24 BRREIELA
IZ.90% 21 Lz dizxi LT, CO-RBC £ 51
TR OEFBHER S LI,

S BT, Ath OAMEG RO B EE T L & L
T, 77y ¥ iR AKLicxwd % CO-RBC

*RBACK AR - SR I, ¥ BEER AR - SRR AU RSB A - B0 AR AR
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100 @
Administration
Saline (22.4 mL/kg) S 801
0,-RBC (1400 mg Hb/kg, 22.4 mL/kg) <
50% glycerol CO-RBC (1400 mg Hb/kg, 22.4 mL/kg) % 60
(8 mL/kg, i.m.) Sample collection %
) 2 404 -@ Saline
Sample collection e
3 4 r 5 @ 0,-RBC
— > (hr) 201 .@ co-RBC
0 3 6 24 0
T T T T 1
0 1 2 3 4 5

X1

Resuscitation

Saline (22.4 mL/kg)

0,-RBC (1400 mg Hb/kg, 22.4 mL/kg)
CO-RBC (1400 mg Hb/kg, 22.4 mL/kg)

Bleeding l
(40%)

50% glycerol
(8 mL/kg, i.m.)

0 8 (hn)
0

1 1.5 24

1) £ 0— LA RSB RMARE AKI

Day after glycerol injection (day)
239 %5 CO-RBC DfanzhR

2 HImE 3 vy HFFREESERMAE AKI 239 %5 CO-RBC DR

Administration
Saline (22.4 mL/kg)
0,-RBC (1400 mg Hb/kg, 22.4 mL/kg)

Biochemistry test

.

i
0 1

L)

decompression

r

6

i
24

» (hr)

3 U3y aERBRFER AKI

ORANRERGE LTz (B3), BEHUTHW, 2 kg
OMEAMTHE LI ANV 2S5y VOl K
JRic3EE L, ST L. Zo®%ERTHZ &
THETF N ZER L, K AKL TV D4,
ARG TIX. MR 3R &L TH
MEAD B, 9RO RS Tapl O T nBEI%R S
N, ZoOFFEMEEFT LIz LT, RBC LT

CO-RBC (1400 mg Hb/kg, 22.4 mL/ng

100
—~ 80 1
§
[0) i
-@- 60
S 401
c
=]
@ 20
0
0 6 1 24
Time after resuscitation (hr)
i
100 o
< 80/ -@- Saline
L -.- Oz'RBC
[}
‘E 60- @®- CO-RBC
©
2 401
2
5
» 20
0+ T T
01 6 12 24

Time after decompression (hr)
(2349 % CO-RBC D a@mzhR

CO-RBC Z## 5 LTc & Z A, RBC#GHTIL.
18 [ TAPIA LT Le b DD, CO-RBC £ 54
T 100% O ZWEE T 5 Z LR TE e,

E R0

CO-RBC 1% AKI & 7 )V 8 ¥ O B i~ Z K <
CO z a9 DR R. B iR Rz B LT,
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CO-RBC 2 fiifHic R TE D Z LB mT
% &, CO-RBCIFERBYZ 1) Tlx/e<. ¥F
IR I B [ PR i FH W7 BB 72 87 LRI e & LT oomf
etk 2D TN D,

3CHR

1) Taguchi K, Ogaki S, Nagasaki T, et al: Carbon
monoxide rescues the developmental lethality of
rhabdomyolysis-induced acute kidney injury in di-
saster. ] Pharmacol Exp Ther 2020; 372: 355-65.
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4, —BALRER S NIRIMERIZ K 5
WIEY a v 7065084

H B Fn

FRIMEREIILIZHIIME S 3 > 27 28 & DR T2 #FE
R ZRHET 2SO0, B~ EOSE A
BTG T D5, WEERR R O A A TUES
. L EO B IR & T IRINITHEIET Do
FRIMER & A2 O FEMAE FRAEDNR) 2H T2 A
TARIMER (~NEZ v /NMafk : HbV) 28T
LTI, By a v 7250 T Y b E
HbV TR T D & 45 Mol 1l F i it s 5 3
HEh, SV RATIS—ERAMTE Ku s
F—B 7 L OlfssthE~ — b — Bk LR
BV, BARMNS, B TIR, IR
A L WERAEMEBR S hTunzn,

—BB LR FE (CO) 1Z. RN A ML AT s L
THIRL - PURIEER 722 & D% % e AR B MR
PRTZENRABNTND, RIS )
LT% CO BRHEMITE < T & KA 2B IR
RV RER?Y, TS OMRICESE KET
X, BEREEREOBM ST 7 b ok il R i R
242 Z A2 HIIZ LTz CO DEGRRERA F
HBENTNS Y, 212, CO #EHT D EA 00,
B LI DEFS S 2 42 B Pk o 1 I P i i 55 2 P B G
ErLEXLND, WEGRZ &z, HbV X CO
LRI RS ST R NE S e BV Rk
ELTHLTEY., 20408k Pz CO#aHT
X%, AfETiE. HbV Iz CO #HHEr & 872 CO #
A% HbV (CO-HbV) OBHFIRHE L M. S HiT

- BREEIMESOEY (35 gldL)
* COLTH¥MLIEE

[ DN ISR

7k

VR L P VR DR e RS L A BT RR AR A & LT
DA Rt E I T D,

CO-HbV DHIFIR

CO-HbV %, deoxy-HbV 43 #kiiiiz CO 5 A %%
BENRT V7T B LI X VIERTE S0,
HIARFTANE S 1 aRLSOW B L R
1% deoxy-HbV &[] —TH D (B 1), T7bb,
EREEEOEWIEE (Y VIEE/ 2L A5 u—
N/ B IREE /PEG IRE) 2 SR S N2 IRE
Bz pEsEIn & v i - R Lz hNESrE Y
RIS (R 35 g/dL) 12 NEL L 7 hE 7-%#9 280 nm
DOVRY —AEEEZH LTS, e, ®WAE L
T, kiAo s U OBEIRBIEAZ /R ST
R O~NEZ B Y VIREIT 10 g/dLIgiE S
TWD, X BT NEILEES) ) 74 )V hL— 3
VIREICED AN RESRT A VAR E DEY)
ZSEARRE L. MWz DT 028 Gk
BRISAETH D ki, BT 2 EHOMRIEN T RE
TH Y BUTORMERBEF L v FIEDHLTND,

CO-HbV O %41k

CO D& >R DL 271 CO i
ZRET D7D, CO-HbV ZBEHEAIEHIT 21T
CO-HbYV DL &2 RS D8R3 5. CO Hh
FOLERAR & LT, BRI, TRl o

s JLIVAT)—
e ////ﬂ

SK\\\°$UI?b>7U:—»EM
Ic& B RESEIH
- MERAREL

I X BRT2AEMOREHTHE

- RiE RERES /R #

ca. 280 nm

1 CO-HbV OEE &%

/G O S [T ST N N Y VAV S N S o2
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HEHERSNA SN TR Y., Ziuk. CO 23RImEk
FONETBEY EHEE L. 20 ~0E R IER
ZHETLHZ LTERREIND, —J.CO-HbV IiZ,
TTIZCOBNESubL Y LA LTS edd
N OFRIER OFf M 2 FLEE3. CO hil%
EZRR LW, £, CO DAL LTHEALT
W3 HbV HEDZAeM S I iHfE S TR Y,
CO-HbV I LMD EWEHFEAER L LTLRLLT
HHTE S,

CO-HbV i K B itk = v 7 6 DAL LR
i P8 e 55 oD 4 i)

CO-HbV 23 HHIMMES 3 » 70 6 DAz Ric
Iz, i & v & S B PR R e %
MET 2 RE2HT 5 ERIWIERIZEL VR
EhTns?, BEiciE. &Mk 50% %
SEFPL (28 mL/kg, 1 mL/min) U CHESL U 7z HiIfL
Wy ayZ7EFNVTy b CO-HbV TirAE L
LT A, #RAE 6 R (BRI T) T2l
MEFL, e RinEk (WRBC) kO HbV #r A Ht
LRI ATE)RE CEEBIARE - O D) LMk
H AR (B)IRILES 3 B O g Ak iR %57 1) % Rl
WL, £, Wiy a v ZickvERLZEN
72 ML pH DR T L ALEER i @ L7 & CO-HbV ##%
E1RFMBETIREFEETREL TR, /R
WET V R—=V ZAZHERLMICEELTNWS, &
. CO ZHH Lz CO-HbV 2315 B 4
ELUTHERE L. RRYAHAR GRia) ol 2 ke L
Tl tEZ NS,

X BT, BRI 545 O JE NP i B 2 Lokt
T HREBEFEM LUz E Z A, wRBC = HbV #7 4=
TR, BAEGRMBIZ NS AT I F—ERH
BFe RaFlFr—ERlR—A5 1 L L T2
~3 I ERLTEY., R REEC L 5k
EOMGELR LG HGEZER L, —F T,
CO-HbV #f2E1%. ESR#EIERZ R L. Zhbo
fEas 2 N5 A —&2 O EF A2k, iz,
CO T & 2 & I FHE R B S 3 A 7 DR D — 1
LT, BibEMTHD=burFos Ol
B 2ERZMM L EZ A, wRBC O HbV

HWAERTE= e Fa s U RER LTV,
CO-HbV @A TETIXEBBRD N9 o T,
X o7T, CO-HbV X, BMEERIZL > THEES
N DI EREOEEZMEIT DR, Eo
RitfEEA2BIR L CND EEX BND,
NLHRIMERELFHI T D HoV I lises Giim) £ 3
ER %23 % CO & S w7 CO-HbV ik, i
Y7 BR RS R R A L, HIEY 3 v 2z
f U ColR IMERE I & 725 ORF AR R & H 1R R
EZRRTIMEEETD. ZOX S PR
ERELTEOWERTF Yy L EHT 5 CO-HbV
% RSN T 2 3B S TR TH DA,
BB TE Ty AR S dv. di I PRI Bk
FTHZ LML,

3CHR

1) Sakai H, Seishi Y, Obata Y, et al: Fluid resuscitation
with artificial oxygen carriers in hemorrhaged rats:
Profiles of hemoglobin-vesicle degradation and he-
matopoiesis for 14 days. Shock 2009; 31: 192-200.

2) Motterlini R, Otterbein LE: The therapeutic poten-
tial of carbon monoxide. Nat Rev Drug Discov 2010;
9: 728-43.

3) Ogaki S, Taguchi K, Maeda H, et al: Kupffer cell in-
activation by carbon monoxide bound to red blood
cells preserves hepatic cytochrome P450 via an-
ti-oxidant and anti-inflammatory effects exerted
through the HMGB1/TLR-4 pathway during resus-
citation from hemorrhagic shock. Biochem Pharma-
col 2015; 97: 310-9.

4) Safety and tolerability study of inhaled carbon mon-
oxide in kidney transplant patients. ClinicalTrials.
gov, https://clinicaltrials.gov/ct2/show/
NCT00531856 (Access: May 7, 2020)

5) Sakai H, Horinouchi H, Tsuchida E, et al: Hemoglo-
bin vesicles and red blood cells as carriers of carbon
monoxide prior to oxygen for resuscitation after
hemorrhagic shock in a rat model. Shock 2009; 31:
507-14
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5. BHEIERFIMBIHBIMIZ N 35 N LaRIeR % iz
PRERBhHEG) TR

GG

WRARIFANIC B 2 KREHIOY 27 L9 <
15 2 % N LRI Bk oD 25 B

JE A S LV B Ay O E AR A BRED 10T
Ho., IS 3 > 7 » SEMERAL, S5
IFHICED ETORBHMBEZY 55, KEOD
HIMAE Ul iBa. Kbiviz Mk Zz 4l 5 i & 1k
M. JEes OBEBER 200G £ DT frbhsidh
X7 57w, FlEIERAMT 125 D — &R 72 iR 5 o
1o5THY. i EEBEES. RS, G
PGSR 7R & O Z Iz L Tiibivd. itk
H i 2 A5 & 9 B HIME B O SRS 1 ZE L
< E7R < HHER PR R bE TIXAieI bR
FEBI D 0.9% 1T ML AT & 72 > Tz, Mt
A B IF ANl B BRIEF D 0.3-1.8% A3 i L % 2B
LB LEEISRTVWS VY, E L. KL
HEGRET S &, HILEIZED THEY v briciE
TBHEZENRD D, MMIECIRRMN £ 72122 T
. MEENS < KD U 27 3@ W Bk % 72
IEIE R Z2 OIS 2 A 0 | RTINS
INHOMEICRETS L. KEHILOY X703
SIHIZRED. ZOXHRTMTIX. A2
o TNARBETH > ThH, A EEND Z
LT X o TME AR B EMGIE DORIERED U A
IRBDB, Lichd->T, BEAKHTFMNE TR
SHWHTE D NLFMERDERIEHNEEND,

FifirhO KREBIIZH G- 35 bD~NEF/ O v
/N D BRI 73

~EZ 1B YN (HbV) X IR I ik i 7k
MERD SHH, BRI, YAV RAEARTEIEESh
Fe~NEFSuE v Z )R —AThH Tk Ui
ETHDY, TRTOMBRIZHHTE, &G0
VA7 7L, BYHRESAEET, W RRIZER
RIS END LS Tn5 Y. HbV IZFiR=
CHIETDZ ENARETHY., ZaxA<xyF b
L, Fifih Rk KL R
TE D, £l Frd TXX HbV OFIZ. ~E

kB

syl blt/MIBIizNEENDT B AT
U v 7 T ORI X 0 BEEBUME % BRI
TE35ZETHD Y, @D HbV OREFEHAEL.
Py, % 28 Torr IZF%E SILTWDH S, g A B
@D HbV 1L Py, & 9 Torr IZFEE LTz, BLRTICITHIL
TEWFFE Tk, mEREEBFIM: lowPs-HbV 23 E Sk
DT T2 LR S, JEEIT T 2 B R S
ORI S EDEBAD SN TND Y,

BEIER AT T )L TONEZ 1 B 2Nk
BeGAZ K B RIS EREE D R E

. BN, FRCiiZe & o EE R UIRR ORI
AU B R EHIMA~O N T RIMEROEH 12 B3 5 bf
FIZZNETIrbILTWaeh o Tz, AT
+ JAM I OB E 7 L T HbV #5500
Bl AT o7 7

ANTIERERE RICT v hoklizafL. [
R 2R BRI E D 30% 2 A0d Ikl 2 &,
Zy MEIBIrEy 3 v 7 L0 R EfTh R
WEETY NIy avy RV ET S, Bl
EHB ORI X o THLEIX— Rz nE 5 %
2 BB REKER GO TLE 5% TV T I VIR
WG HE ORI HE % LIRFBINIZRC L
(B1A). 5% & N T A7 I v icEEEFE B MM
HbV % %0 Uz ¥k (lowPs,-Hb, Py, = 9 Torr) .
HAHNWE5% B T AT I T HDY 2R, L
7 (HbV, Py, = 28 Torr), 5% & 77 2 T
Z v NRIMERZ > U e ik (rat-RBC) % #iL 2
n&b5935 L. NTWREGEHTEZE D& TOT v b
THFEIXLE LERF LT (B 1A, B),

—F. E 1 RE#%OZNEN OB RILEEE 7
J£ (Pa0,) i%. rat-RBC 1% 59.4 + 12.5 mmHg,
HbV #f 1% 58.3 =+ 10.1 mmHg. lowP.,-HbV £f 1%
70.5 £ 14.5 mmHg T & - 7z, lowPs-HbV B @
Pa0, 1%, rat-RBC Nz HbVH#E X W D HEITH
MTH o7 (B2A), HSA D pH X% I
D3OOW LI L THRIZIKRFNL, 7Y K—
VAL oT (K 2B),

* SR R R IR BB 2
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T . <
e D &
BRNEN %;\“ % % %%E% @, %
e B e e T %5 %
VYV U WewW Vv v 160 -
A 1.0/ B
%
0.81 s
o
) <
S 0.6 =
= =
> = rat RBC »
2 0.4+ — lowPHbV o}
> c
D — HbV S
0.2 HSA 5
O- T T T T T T T T T T T T L L L L L /I L Il

O L 1
0 10 20 30 40 50 60 70 80 90 100 110 min o 10 20 30 40 50 # 80  110min
—— ratRBC  —o— lowPsHbV o HbV HSA

1
v FEMUIR+ERLAES 30% Bk, v bFRIEBK (rat-RBC, blue, n = 5). SBERMNEAT
45 0 E vk (low-P50 HbV, P50 = 9 Torr, red, n = 8) . ANE4 0O E > /MK (HbV, P50 = 28 Torr,
pink,n =5). b FM;E7 LT I 2 (HSA, green, n = 8) 5% M (A) A£1Fh#R & (B) EHBIRE (MAP)
DEL, EFTHEHEERETET, *P < 0.05, HSA # vs. DT RTOE., RENELES .

220
2001
180 -
160
140 -
120 -
100
80
60

40 L 1 L 1 L 1 II 1 /I L
o 10 20 30 40 50 ¥ 80 N 110 mi

Changes in PaO, (%)

n

0.20
0.157
0.107

0.057 Jl
T of- f
<

-0.057

-0.10

-0.157

-0.201 L -
_0 25 1 1 1 1 1 I/ #l II 1
“> 0 10 20 30 40 50 ! 8 ¥ 110min

—— ratRBC  —o— lowPgsHbV  —o— HbV HSA
2
v FERYIR+RARILES 30% Mk, (A) SRMEZESEE (B) pH D%, 5 FFRIBR (rat-
RBC) # (n = 5); SBFHRMENES O E /NEK (low-P50 HbV) 3 (n = 8) ; AES O E /MK
(HbV) 8 (n=5); E FM;EF7ILT S (HSA) 3 (n =4~8) JEIITHEIZERETRT P < 0.05,
low-P50 HbV B vs. ZDHDEE ; #P < 0.05, HAS # vs. TDMDE, RIENEDED T,

w




gk 0 Nz e itk > 2 > 7§ o FEREDF5E

99

fRlE Iz X 5 MmEFL Mo £ 1%, Hbv,
lowP;,-HbV, rat-RBC @ 3 #ETHifl S Cniz (B
3A), HbV. lowP,-HbV DfigF=EMAEIL. NlitIkk
% OWEIRAEREDMIE R L 7R R C rat-RBC & [F%%
TH Y. Fiz. lowPs,-HbV Ll IR % OB Ak
WCEHZ AR TH 2 st mg vz (R’ 3B).
Flo. ik RMOBIZRETT -~ 7 AiliGIRE
FVDER T, HbV O3 E s 2K 7200k
L7edZ Lahlitss, ARNEENS O
Bz LB RIS oY, BERSIHED
EUT. =T RIE6 7 AU EEARE L.

JAATHIMIZ 62 HbV OERRIGH

BRWEDFEE & AR DA I KV L IgERARE
FMBLRETITDONTND, LrLRAb, £<
DRERANBHEIZ TR h DZER DR B LI LT
BRI AN B & 72 DB Z R L. Pl Tl
ATED NLRMBRDOAEMEEFRE L TN D,

F A OWFZEIX. HbV ofgFEMmMEREIX. vk
12 KB IEMHERE DO FEAE R T & %, sRlnEkigm &
FEETHDZ La2RM L, FMREIZHY 25
i L. ko RE Iz LTl bz HbV #5
RS B Z L AHRAIVE, AR Bk I o [6]
RHMEBZES T LN TED, £k, v av
7 RoMEIR, ZF O % O FEHE g2 M D RS 3 AE
REDEERAMEZNETE S X 5Itkbd L
MrrEn B,

3CHR

1) Daniels L], Balderson SS, Onaitis MW, et al: Thora-
coscopic lobectomy: A safe and effective strategy
for patients with stage I lung cancer. Ann Thorac
Surg 2002;74: 860-4.

2) McKenna R]J Jr, Wolf RK, Brenner M, et al: Is lo-
bectomy by video-assisted thoracic surgery an ade-
quate cancer operation ? Ann Thorac Surg 1998; 66:

1 1 /1 1 I 1

80 I 110 min

A Lactate (mmol/L) @)

1 1 /I 1 Il 1

0 10 20 30 40 50 ! 80 M 110 min
—o 1atRBC  —o— lowPgHbV o HbV HSA

3
v FEMUYIR+ERLEE 30% Bk, (A) BiRMERE=E (Ca02) & (B) ILEEBENEL, S v
kFRMEK (rat-RBC) 2 (n = 5) ; SERBNEANES OE /K (Jow-P50 HbV) 3 (n=8); ANEY
OE /MK (HbV) 8 (n=5); E FMF7ILT I (HSA) 3 (n =4 ~ 8), EIXTHIE - 1ZHRE
THERT . #P < 0.05, low-P50 HbV £ vs. rat-RBC £ and HSA # , REBES &S, T P <0.05,
rat-RBC # and HbV 2 vs. HAS B , REEAIE D8 HT. I P < 0.05, vs. HAS & , Bonferroni/Dunn %,
*P < 0.05, low-P50 HbV £ vs. HAS £ , RIEBIE DB
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1903-8.

3) Sakai H, Hamada K, Takeoka S, et al: Physical
properties of hemoglobin vesicles as red cell substi-
tutes. Biotechnol Prog 1996; 12: 119-25.

4) Sakai H, Tomiyama KI, Sou K, et al: Poly (ethylene
glycol) -conjugation and deoxygenation enable long-
term preservation of hemoglobin-vesicles as oxy-
gen carriers in a liquid state. Bioconjug Chem 2000;
11: 425-32.

5) Cabrales P, Sakai H, Tsai AG, et al: Oxygen trans-
port by low and normal oxygen affinity hemoglobin
vesicles in extreme hemodilution. Am J Physiol
Heart Circ Physiol 2005; 288: H1885-92.

6) Yamamoto M, Izumi Y, Horinouchi H, et al: Sys-

temic administration of hemoglobin vesicle elevates
tumor tissue oxygen tension and modifies tumor
response to irradiation. J Surg Res 2009; 151: 48-
54.

7) Hashimoto R, Kohno M, Oiwa K, et al: Inmediate
effects of systemic administration of normal and
high O,-affinity haemoglobin vesicles as a transfu-
sion alternative in a rat pneumonectomy model.
BM]J Open Respir Res 2020; 7: e000476.

8) Kohno M, Ikeda T, Hashimoto R, et al: Acute 40%
exchange-transfusion with hemoglobin-vesicles in a
mouse pneumonectomy model. PLoS One 2017; 12:
e0178724.
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6. BBt G- O

R RE

NILBFERAFITONT

~EZ 1B Y (Hb) 1E % % vl @I i A ik
TEHEAETHY . LRz & > T bHER
g ik ERE 2 > TW\WD, Wm%EY TIiE. Hb
VEARIMER (FAE © 8 um) OHIZHRD THEIEE (35 g/
d) IZE CAFEN TSN, BN X Y FRmERA:
WHERET D LRk A R EIER (3N 24T %, Hb
& i o 7o N LB 358 4 (HBOCs, hemoglobin-
based oxygen carriers) W72 EWERERH 5.
Hb OFMHEIZHRLI A HHMENTNED T, &
~OfREEZ T D DI +NEBEZ LY.,
MENMRHZE TS ELHRTOFRERELT
DTDICEA LY T 55, k4 72 Cell-free
HBOCs 2BFE S 31, BRK TIX R R A BR 2352 0 &
nre V. ThREEESED TR TH D Z LT
X5, LaL. Znd B idWRM: NO &
LT LRESHTLE S o, MBI
SUNTIEME AR & ORIWERSHERR S L. £ < Oz
DBHFED HHOR LT 7,

Z iz skt L T, Hemoglobin vesicles (HbV) i
Hb i@z ViR — MMTHA L2 A4 7ONTHE
FEMATHD D7D, MAEIRH 2 TE kil
DONO IZBHET HRMEM Ik TE %, HbiRE
1% 10 g/dL IZF%E S HER R BRI W ICFRAT &
. Xl Y RMERAREm & LT TE S L%
%577, HbV Okt & 725t h Hbix b bRl
ERPOHEELTHETWS, b MRIMEROMER I
Ll TR LR O WFEFFE S T oI B35
gt I AAR TR HEE LA SN2 D
B WFZEH & LTI R ILBR O % 32 1) T
5o ARIMERD & D Hb OREHETRIZIX, FRiliEkD
P, VAIM & A N v < ks ORRAEEIRIZ X B R
. — IR #EE S (HbO, — HbCO). 60°Chn#EL
WLBR, ZEMEAHE T AT B DR E, F/ 74 v B
L—y gy, B - R - AR OR TRESE
T, 5N Dk HhCO IBIITMm e TR E
TR E LTSRS REL 72D 7,

HbV X, RIMERFRMmIZ S 5 & 5 72 i im T HUR
BIENTeOIZ, MR BIRR < #5- T, &R

2AEMIZBIRMRIENTRETH D, TNETIC. 18
B ML B D 40 ~ 50% 7% AU B i U H o e
avIORELLET Y b, UYX, E—S
Rzl L HEDO HV #8595 2 Lic XV #x
IR L TWD, Z DA OIMATEIRERILIE S
ARLAE T, AR IER () 26 Uz a &
Rz HRE L. RO NO 25T 52 L bin
ZEMNMESNTERL Y, ARTIX. HRBLY
TRBEHICHR T 2EEOBILMY 2 v 71
B L TOIRFIZOWTHMNT 5,

iy a v 78#AEICBT %
HbV B - DR

HIME2SIERIMAE D 50% 2z 5 X 5 7R EE
OHUMME Y 3 > 7 RREARS LS 23 BB U & e iR
MEMEL D, BAIZIENRTHZ LG
D H O GREMICEH L, ki85 200 nm &7\
S RHME SR TR Bl G-I hf i 72 HbV % HY
Aty = > Z7iek UCTHER LG A ofmsh 3
IZOWTHRE Lz,

RO KEEEINR X » 25 mL/kg D 2B % 17
W 12.5 mL/kg & EHIA K TR 5 &, Hb i
JE1X 5 g/dL Hifk. “FIEIAREIX 20 mmHg Hij# %
TR NT 5, HHICE I E B 5
N—hEERLE (B, MEETF»5 10 432
Wiz, @ HbV 7.5 mL/kg IZHIE & 5% 717 3
> 5ml/kg Z#G LIcH., @5% 7 /L7 32125
mL/kg # 58, @L-#AEEF MY 7LD U7k
(5275 w27 ) 375 ml/kg £ 58, @240 (b
MLk 2 3R00) 12.5 mL/kg #-5-1F. @R IR CMRE
X0 » 50T OVER Lz i RIER) 7.5 mL/kg (1<
Bl E#EE 5% 77 I 5mlke G LIEHA
YER% LTzo

HbV D25 #4512 & v Hb J4)E1% 7.1 g/dL
2. P EIIREIR 47 mmHg % Tl L. 18 R
BOEFRITI0% ThHholz. 5% TNT I VL
L-#EE b U 7 AV U7 VERED Hb 21, S
BRFIX. N F 3.4 g/dL, 33 mmHg & 4.0 g/
dL. 33 mmHg THV ¥ 3 v 725 DuEIZAD
SV 12 RERI AT PO LT, 20k

* A R s A B i



102

EoREIE F41% FH2%5 (2020)

1 DYFERFFEIEL Y BRBER

MERE G- O Hb JRJE & SFH W IR 2z Ehn
9.1 g/dL & 68 mmHg. 8.0 g/dL & 62 mmHg TH V.
LHR 18 R b AEF L TWie, e, i
D ML EE [ E 12 D™ T Sonoclot® 12 & v #i4fi L7z
LZA 5% TATIVHEL-AEF Y T ALY
VOV TE TR S AL 5% [E R R (ACT, activated
clotting time) A3 400 FMZIER T 5 72 &R & D) |
DEHEEA2 2 LZois LT, HV # 51X
ACT 25 200 B RLJE TalM R Bk 5 054 L
IR BRI S 13 T - 72 s

Bboiz

Z O XS HbV IR, IR KEHIMITR L
T, ML 5. WOTH EZ THLER
TS L TR A TE B N LR HEEmA & LT
MRS N5, HbV #4572 o 28
IR CTH Y. RILBROFA & e 5 L En
P, IEBRICEIEE LTl OWMIMIEENRTE S ET
OBFFRZZNLERZT Y » O35 X 5 I1ckRES
NE o525, 7LRAY XL TOlIMNIERE
IS OB S DBEMICKEETH 553, HbV
BHFEN AL, BrLvMEdEHmEY 2 > 2~
D - M ARG T D72 3D D L HIfF SN D,

3 WK

1) Natanson C, Kern SJ, Lurie P, et al: Cell-free he-
moglobinbased blood substitutes and risk of myo-
cardial infarction and death: A metaanalysis. JAMA
2008; 299: 2304-12.

2)WMIEAR  NIRILEK (NET B RY 7))
BHIOH LRI . H@lvh 256 2018; 64:
589-96.

3) Sakai H, Sou K, Tsuchida E: Hemoglobin-vesicles
as an artificial oxygen carrier. Methods Enzymol
2009; 465: 363-84.

4) Sakai H, Seishi Y, Obata Y, et al: Fluid resuscitation
with artificial oxygen carriers in hemorrhaged rats:
profiles of hemoglobin-vesicle degradation and he-
matopoiesis for 14 days. Shock 2009; 31: 192-200.

5)Ikeda T, Horinouchi H, Sakai H: Cellular-type he-
moglobin-based oxygen carriers as a resuscitative
fluid for hemorrhagic shock: Acute and long-term
safety evaluation using beagle dogs. In: Hemoglo-
bin-based oxygen carriers-principles, approaches
and current status (H.W. Kim & A.G. Greenburg
eds.) Springer-Verlag (Berlin/Heidelberg, Germa-
ny) Chapter 28 2013; pp. 501-26.

6) Hagisawa K, Kinoshita M, Takase B, et al: Efficacy
of resuscitative transfusion with hemoglobin vesi-
cles in the treatment of massive hemorrhage in
rabbits with thrombocytopenic coagulopathy and its
effect on hemostasis by platelet transfusion. Shock
2018; 50: 324-30.

7) Hagisawa K, Kinoshita M, Saitoh D, et al: Intraos-
seous transfusion of hemoglobin vesicles in the
treatment of hemorrhagic shock with collapsed ves-
sels in a rabbit model. Transfusion in press.
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BUMAETE > 2 > 7 O ERIFE 2 3R 95,
a2 —FHEEBRE MY 2 7 LD

SR S ST

®E

BUSEYE S 3 v 7 OWIIPEERIRAIZX. R AR 1M
TENREE = & — Ll - OB VEE IR OB 72 %
GaEffinnEizied, EHREE - a AT h
NDF— DRI H T2 DN, BIERE OIFRE
IR L o RE 2 L7200 . Zhidiumn
TEBHETA RT7 A4 VESFRERLTO—RIZ bR - T
X, ZOMEBETRT DL, WInEEY = >
7 OFIIEERERA: 2 B BRI rTREIC 5. IRUIAE
Py g v ZIEBREHIY A5 AR EE LTI LT
X, EBHIZZ DY AF AEHW, BIEELES 3 »
7 OPIEBRIEAEIT I 1 D X — X EW S oG-
B, MATENE DT R S RIE T E R
FLTX %z, 4, b OIEERHS L 2 oEE
WZOWTHERT B,

e

WAL, il 28ORERR 28 70 & DIEGHEIC K 0 5l
TR IND2HMRERIMEREETH V. EAE
b3 2 LBUEYE Y 3 v 7 9 BRIc Nz b, 2D
20 45T 31 2 ¥ o Ak iz X0 Jiii S
Vav s OEFRIEHELTE TN HOD, K
SRE U CTHERTRIEEIZBIT 25K D 10-30% % 5
DM TH S Y, FEERNRBIEZES A RS
4 > & L T Surviving Sepsis Campaign Guidelines
(SSCG) 3% 1 . SSCG ITHEHL U 7z ¥R DI IRIE.
WeliE s 3 v 7 BEOEfFR N Lizwd 53
57, LpLiens, HKESTEILSLD,
SSCG ITHEHL LTI 72 S THR Y,

SSCG iZ. MfEM: Y 3 v 7 & OWIEREIC
BT, KEOEK & M BHEHE O ) e b
L0, ME(=FEIE) o, 2 L TR~
Mk - 25 ORGT e b bt (=20 Rp0
HE) 2t 5Z L 2m<HRELTWD, Le
L. 26 DFHANTHT DIBITIIMMANZERSH D |
Ele— NDOEH DR T SRR - BB LIC
EVINFFRELSENT D, T DD, Frizlui
EMES 3 v 7 ORI W T, HM R
BHEOMITHREZREICE=2— L. HBDIEH

BHERGERER SN, ITEEARLE
REERFIEEEM - BT — AT & o TR &
FhoRERAEMLERD, ZDZ L% SSCG w5y
RETO—RicbRoTE LY, Z0 X5 ikl
FEYES 3 v 7 DRI T, BB R E %
Ay ¥ a—x HEHIHET DI BRE IS AT A,
EHREEEOAHZEIE L., EHETLE LR
BHAZWREIZT 0D LR, LA LRES,
ZFDX O BRFBREH Y 25 MTHREITIF L A EH
HEanTWARW BULEEY 3 v 7 BEICBN T,
MAE PR DT 4 —=> F e ar ¥ a— & HlfEd
5 LT ARG RS SRR R 52 O Hl S
HHRETH o7z & 5 TR gess Sd.  BoiiE M
Y avZiEBIFbarE a— R HEIEEREE O
ME - ARtk E R RET S Y, L Ly MU
Py 3 v 7 OPIRRE B b AR G2 a v
Y a—X HEHIET 2 BREH Y A7 A, #@E
&L Ripot,

DEDX S fERod sictkscid, Wi
va vy ZITRB SRS 2 Y 2 — & HE)
W B WUMAEN: > 3 » 7 1EBRE LY A7 A & B%E
LTEREY, BF Ly A7 L. BEOIME:
DHIHREZE=X— LR 5, ik - M DU
O HREAEZaVEa—ZFI#E L, ME - OHE
Z HEIC I ZE L CIERILT 5 Z L2 HIY
L5, AFRTIE. BEOFEBREMS AT L, D
EVIMEOEH Y 27 L0, IfITE & 0L ESD
2% MR HIE 2 5B B X7 A DM
FUTOWTHEEL L. TADBATE L CTX mifEy A
F A, FLTHREY ZAF AE RO TEWFZRER O
FICHA LR 5,

PERDBREILY 2T L ORE A

B 72 v LSO E AS A B A1 2 AR A 4]
F. BDHWIIIME ¥ OEREERFIZBWT, I
BRI B ILIRE OB % 2 > ¥ o — X2 filfH
WX aBML. MEEBBHET DS AT L0
BREnTE LYY, b0y A7 AFIME
EOREFHEN L ET D, Tbb. WEIRNA
PRAMGH R ETRILERRD 55 EBHFITBWT

* ESLAGBRAR I o X — JEBRE R T
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M Z2E=42—L2n5, = b7y Rz
E OMEHRER SR AE2HET2 ", HD VI
MUE 72 & TIRILERRD 5D BEITBN T,
J VT KL F U 5o A% PG S 1% 55 &
T5 Y, HEBEIHE—(EDOR) THY., 0
¥ AT A OHIEIRIERIZE 1 (A) O X 5 i CTH
Milc&i &z, 22CIE. T OB EHE LG
HE D2 (FIERE) ITHSNWT, MEZ EMT
5 X 5 ITHA G m AT (BURETRIE) ShT
Wiz Bz E, FHUMEAES HEMEM X v &
FrEmnwigys, =bue 71y FEEEZEL
T2 X 5 icHhilfEgs & i e (% < X LB o dil4E)
LTRBFIE ok, ZOL5ic, H—HED
. FIETENIC OO TR TH - 7z,
Z LT, BATHED % <. RS SEAI 5 &
PRTFOICHET25E5XY, avbEa—4%H
B D A IEREIZ e U C Il F Al &2 B A4l
~HIETERLLHE L TCND, IEMECHIETE
2T, ary Y a—42% gEi)EHEIz X
Y, fitroimE - AR AR 2k T 5
7 E BB A kot LS ShTnsg U,
Tk O EEZF O E ERAMENES 3 > 2

MEDBIREES
sHAIEDRE

mE (8%

* v . H AR T

BFITRT B IE & O B O RIRF I~ H T
XD EWVWH &, FRIEFABRICHEMTIZ ARV, B
ZIE. MAEBHESR CIE 2 R, o E
ZHIMLE S & LEb, 1A)orv—7"%#F1
(B) ® X 5z, Bz EAIEE T IVTILE « 0
HEORIFFHIEATREZR X 5128 x5, LaL.
A BERI X £ 72 1 T < BT DB L
(K DHARKHED) B X I DR ET 5 (FHRAED .,
SFY, AT D 2 HOHENL —F1ZRBHNITK
ELTWLDH S, 2T, ZOTHEHET D2
Wiz, B1(C) o X 52wz 2 [MokIfes - Hig
N—FDHIE TN LB T > TL b, DF
V., AT AHOREN — 7RSS FRDT
BHEZR RIS A5 222> T LE S, EHNTHAd
BIMER AR OIS HIFRBIZ X > TRE L
W, MAFRHERIE, OHHEEZEL LD TR
LLbT D, ZTOXHREMBRLE AT -LH %
OFFHIMmD THL <, ITha2EE T 2 MEREH
VAT BFEIE LR T2 Y

BAZE U2 OLiE: S 3 v 27 1EBREHY 25 A
TAX. ZOX S RMEEZTRT L, R/EkK

MEIREDHD

Rt —> WE GHAE)

1(A)
HHMG, DEDEFBHEOEFEFEICL S, MEFES T LORKR,

mE (Bz@

HlEISs H FRINYT I—[ MEURHEE

» [ME GHalB

MBLE (BiEm) —*-?—-{ #1128 H EHEIRY T |—[ R » > WEHE GHE

1(B)
B IRk LT, DR EFBROBIFEFEIC L S, ME S EHEOHIE S R T LOEXE,

iR, MERFEFODREEFEIL—T~DFH ;

FiR. MROMESRIEIL—T~DFH

il fEISs

mE (BfRE

sy - memes

> ME GHAE

il fEISE
Bl 1SS

MBHE (BRE

Eﬁuﬂ‘b?l—[ -

> hWBtHE GHAB

Bl 1SS

1(C)
THMA A TR L ME & DMEHEDOHIE S X T LIZE T 5 BEFSHHESE S X T LOKKR,
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DOFE THNFE L IFLL BRB T 7 u—FT
VAT KRG LT,

BT ES, ME - R - POEIRE
DEIE) « ZEONE I 2 P8 T 5 A AN 2 B &
HEEEFINRD T A 2 Tilak 35 7212, Guyton
5 73 1950 4 AU FEME U 7o 08 B2 - 45 B8 5 % M558
L. &Y QR 2068 iy HiGm & i U7z (3 2
AN, Z oHHIE, RKEMIC2ERRE LA
NED SR B M]EE. F L Tag - ilifasR, 57
B IR Al U, DS & A8 O SR8 2
AR - GOFET - EEEN B725 3 IRICHE
B LT 5. LD SO AR AL
HIEREMT VX7 Z 7 A% =1 v 7 i
Do LVEIML, FEE TS A i &
LCERIND, MAETRD S LM~ ORIk 7
X, ELAUERRNO ERICAET 57D, Ef
DFEEEEIMTIUE A U, BEEE Tl ER IR R
Ve LTERENS (B2A), HELHHE
it & R IRIE TR O s (P BRI £ 2> BAEA D
D - BRI - AOEFETHERS Y,

A LHEREBICB T 50 HmH&E (CO) &
DEIE (Py) OBfRIX. SEEIZE LT, BLRD
X5 BRSO,

CO = SX{In(Ps + ) + B} (1)

ERiE. L - BLOKZATHESNL, 2O
RS 3 IRTTIERE LTI 1 R, o v A O
Bt LTREND, a. plIREEKEARRESN
578, HEOHHBEmRES (MAHRE R
FEMAtHRE) DR TEORMER T A XL TE D,
S O#EIE. A EHIFROME DI 2
(®2(A)).

FIRE T I B 1) D kE R (COy) &4
AL Py Pry) OBfRIZ. BLUR D 1 &k TR
SiFsnd Y,

\%

COV =W - GSXPRA_GP X PLA (2)

ZORIE 3 RIGEERE ETIETFmE LRSI
AR R (V) ORIV, Fld ERIC
AR EIT 5 (B2 (A)). W, Gs. Gpld, MHPEER-

EERDESL L a7 F A4 T AHKAF L. Wk
BRI OME Z2 ik, KRR L O—iEN T
FE—E LR D. Ko THIRERR AL
BRI DI TE DR 2 T A ZLTE D,
M (AP) i, A& (CO). LB E (Pyy) |
Z L TEEST (R) EELFOXTRBRSIT 515

AP = COXR+Pg,u (3)

ZDE 5T, TRBEZRORBEMEREIZ. DR
(S) - AhiEERMAEE (V) - MEHEH (R) © 3 @D
RT AR T—RICRS L, ME - OHE - 4
DEESFHIICE T, Eido 3 REEK Lo
HIRE « AAhIGER M - M I 20 UHEE
LT ERTED O,

RMEME S 3 v 7 2 & e LTIz 81 5 41
PRERERAECIE. kI £ 0 A RD G BRI & 2 A
L. IMERMESRIC L0 ISR 2RIET 2 2 &n
PPN Z L EEZ BND, S SIS
SEHrE R A E X D & UEIc X RS
MAHBRIZI U CTH R BR ML = & M55 HEHT 2 1l
W, BELTAIME L OEAWET S
TEMAEETIE VWL EEZ T, L EDEZIC

300 \ HEMNBL S R
\/r
~ 5 200
w2 T L
LR
FEL —
= & E 100— ;
g BIRERTH
(o]
(o] _
0 10 BILBE
10 (mmHg)
FENERE 20 %0
(mmHg)
2 (A)
DRENBRTEER. He 0L SR &Ik

ERTEOXRAMNMAKE - EADEENRE
Ehd. (XHK10 KYHKESIA)

MmEEH (BIRE)

nE (BiEE —- .

ak |—>| SHRY T H MEREE J '

> [ME GHAIE

INSXE
(Bi2E) OFEH

BHER

%R (91
DBHE (BEE —» AR (BRE)

- |—-| ST H

LRy

RIA MBHE GHAE

)_.,

BEER MEEH
MmRE GEEE GERE®)
INVBBEE
GHEEB)

PILVEIRE (GHANE)

INSAZ
(R DHH

X 2 (B)

BIMEMES 3 v Y OMNPHFEBBHFE L X T LOEXR

NA, /L7 FLF Y2 RiA, Y U7 ViR, (XRS5 & YRESIF)
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FHASXHAIZ, B2 B) ITHERNTRT L 5 2K
MFEMES 3 v 7 IEBREEY 27 A% L Y,
BED BT A Z A OILE - DR - hOEIR
JE GO FEIE) BFHIIS L, Z B0 BRE A % &2 O,
TETR T DREREE D 35 2 & . FThbb Rt
L7z Hae - AREBRILEE - S oHEE
fERX (1) ~ @ ickvFEHENhD (B2(B),
Z A& HEEE) DFH) ., ZDY AT AORIEH 2
YEa—Xxiz, HELT AT - MAHEZ AN
FTHL., FORETOMMAHREHEEEZZE LT
HRIEBRILE R - A& RO BEMERFEH SN D
(B 2(B). T A% (HEH OBH), ZL T,
MEHSHTLO H R & HEE A DR ZIT S Z I
s (2 7 KLY >, NA) o580 HH S
. BREBRINEE O B EAE & HEE ORI 3
SEWE (VA AW, RiA) oRGERHIE S
bo Z DX 5T L THIMIXT S OFEBE R DOHEMIHE
PEAHE L TOERE~FFESE, ZORREEL
TILE - RS HEfE~ffHShs Y, Z
DY AT NI 2 WMOFIEN —7 LA . 2 1A
ON—71F, HETHHEETX S, fIxIE.
HOMBFEEDIA~ORETERTE S L, MERE
EORFIERIMMEENL D & QLR RIFT L
Th, ZiutigEzimEE2 Hu~@H< 0T
Nz X e X S n., F0kd. HE T
BT 272012 1 (C) @ X 5 ZeiklfEss 2B ind
HHEL L, VAT AZLEeKRE LTHEEILET
ED, RITED S, WK TR, A UG 3E
TIMEEPLEFIET D & 5 Bl axik, RN
ZbZIFTANLND,

WOk S 2 > 7 JEEE B 2 7 A ORI RE

e R RIZBWTREEE LPS (4 mg/kg) %k
WHEE, > 3 > 7 RAE (AP < 50 mmHg) 25V .
% U IIMIEYE Y 3 v 7 JEBRE Y A5 A%
A L. ZoflEskeRi Lk,

B 3\ BRI 331 2 PGB A D %t % 7R g,
VAT AFEE% VT KLY e VK
2B L (K3 (A)), M & A58 IL
Wz B R ~HIE Lz, 2 VT KLt
V> ORIMER D21z, DAHRE D RIRF I s
Lice DX 5 ITMEDT & 6B ML & % HilHE L
oA A, 1R LU I E 1 HAE4E 70 mmHg,
D HIEF H AR 130 ml/min/kg % T HBIMIC L
#LTc. HEAED B D % EmAEHSHIXINT « O
HEED 6% LUTF E/hE L, HEMZ 4 Rz
DV EELUTHE LY., Z 0 4 ok,
e EARE S IErE VTN e = i [ N A P A
. BBEBRTILTITH -z, M. ME -
RO BEM (B 3 (C) o) 1%, HHE T z2im
LEE L7ens, IMAE P & G BR M & oo H 4l
(B 3(D) o) 1l S ZEF L Tnd, M)E-

DR O BRIz 6 3 2 M PT & BRIk
BOHBEMZ. %k BT DITERRICE DY
Dl 1 HHICEFHSNDTH Y., AR
HENRESHEL TN,

SCAEYE S 2 > 7 PN BRER LI B
N—5 W SE D RO

WEME S 3 v 7 12BN T, RIRMARR OIRIE
1tz & 2 BiResmOERIE. B U 72 068 2 s
THEMEDBEA =R A EEZD, LHL, b
TP Rz R R R TR AL LB RIZ 22 D 2 &
25, WliEdEs 3 v 7 BEO VB EELI T3 Y,
TR L, BEN:ES 3 v 7 BEFIIBN T, #
W BREREIZ X 0 MATEN AL LTIc D BT —
SOHEWIRR B G A B b BRI R L & D
iz, PHROUEBEDR LD D Z ERMEShE Y,
LU, BUdEdtEs 3 > 7 OWIMITEER IR A oA
PEEAD & N — 2l 32 v 5 Z L idnlagns ?
HWTZBIT IR BN RIT 2 U A 71X 72200 2 5T
R EDOBLEENDER L7202 ? 209 Ak, B
BETHDITH P SRR TH -7,

XS TEFEOL LizIkAIZ. RO LPS ik
MEEEEY 3 v 7 FF L O EIERES BN T,
WRFER B — 2l Tch b7 V4 r
FEG UEBROMITEER E~DEBE KRG L
7% FEBRTIEHEH TR BB TKIGE
LPS kNG L. BUEEM: Y 3 v 7 (I E<
50 mmHg) Z1ERk L7z, ¥ =3 > 7 VK 1 BEfE#E
SIMENEY 3 v 7 JEBREH Y X7 AT L 591
PEBRIREABAMG Ule, 7 HHZ RIEAE (CHE) . 608
X — 2GR 5 (BB ) & Lz, BBRET
D% A 140 bpm L R ic#iFE 525 Xk 5, v
v O k-G-8 % 10 ug/kg/min LR O#HiPH T
FAFNCHIE U, WL S oI BRIER AR 4 Ff
-7z (B4(A). WHET, ¥ A7 MTiEHE%
RN/ VT KLY v &) U ARDOPS %
HEBALE U, MEIX 70 mmHg, OAHEIZY 3 v
Z AR O £ Telss S, 4 RERIMER U7z, 1L
E L DRI TR R r -T2 (K 4
(B)), BBHETZ > VA v )LIX¥EY 2 ug/kg/min
e an, OfEE C Rz el L 30 ~ 40 bpm
OHRERIK 2R (B4(C)). /AT KL
V) ANV OB BT R TR IR
Mot (B4(B)). BBREZ CREZ IR LR
FWHLERIZARITEHD L. BBEENIZB N TOR
FLER WIS BRE I E v AEIE> Lz (K
4(D)),

T ORFZERERD B, e B — & BT
WU u N OBRHEREIX. BULEES 3 »
7 ORI E 2 SS9, O R &
LoDl TR 2 4@ IR T&E 5 Z L 2SRE
Shie ¥, Wik, 2ok, /RORAEIE
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KIS 28 Ul o Te & 9 BLERZE WS RS B
Nice ZOX 5 R REZHRNETITES &5
5L, “HERHBROKET, ARG THE
fEDNRA T ZITHL L2 N N2, L L
b, HENEMEY 257 20X 20 X5
RNAT ANONEARTEIZT D, RERD,
BB 27 A B E. ERE SRR b
0 — VR B IFRERE . HIEGREIC OAFEDS
WTHA R G2 ZRTTEETENLSTHD Y,
TDEIZ. DX Sy AT ORI
Lz F T, ENMEOL THHD THM
THHZ LEBRIRBELTND,

BHYIT ! FRORE

BADOTEBEHY A7 A B ERB I8 AT
B ET WISErEY 3 v 7 BEOEHEEZITS
Efl - BEMOAHEEZ KIFICRKT S Z L28T
&5 W, ZORER. EFE I % Mt o> TR 5K %
A IMITF 5805252 LT D,
PEo T, ZOMBIEH Y A5 MIFRBLIZE
WTHD TEHTHS LHIff a5, £, Z
DX O RHBEHEY AT ML, BEREEE o
fil 23T FR X 4L 2 R SIE B OB, FRITHIEKR
ERMEERS>TWEFMaaF 7 1 b A&
JEDIRIRHBIEBNTCH M THH LI Sh
bo FEla a0 N ARG TIE, ik ok
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ZAFAELTOMODTHA LSS, &5
IZNWH ETHRL, IFREHY AT MIEED
AL, BEALIC RWNIC BT D Z EnTE
%o —J7. MAHE - RLERIRIE . B SEER
TR BN T E 228, BRIl E)
WRA T —F i & 0 IRNIZFHTE D DRT
HbD., TNSOREE X IRIZEE Iz L TR
W 2E=F%—0¥IZ. SBOMIMIENY 3 v
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Development of computer-controlled hemodynamic management system in septic shock

Kazunori Uemura*

*Department of Cardiovascular Dynamics, National Cerebral and Cardiovascular Center

Hemodynamic resuscitation in septic shock requires
aggressive fluid replacement and appropriate use of
vasopressors to optimize arterial pressure (AP) and
cardiac output (CO). Because responses to these
drugs vary between patients and within patient over
time, strict monitoring of patient condition and repeti-
tive adjustment of drug dose are required. This task is
time and labor consuming and is associated with poor
adherence to resuscitation guidelines. To overcome
this issue, we have developed a computer-controlled
closed-loop drug infusion system for automated hemo-
dynamic resuscitation in septic shock. Our system
continuously computes arterial resistance (R) and
stressed blood volume (V). Negative-feedback algo-
rithm in the system controls R with noradrenaline
(NA), and V with Ringer acetate solution (RiA),

thereby controlling AP and CO. When our system was
applied to dogs with septic shock, it automatically ti-
trated the infusion of NA and RiA, controlled R and V,
and restored AP and CO at target levels precisely (ab-
solute % error <6 %) over 4h-period. With use of this
system, we also examined the effect of the use of short
acting P -blocker, landiolol, on the initial hemodynamic
resuscitation of septic shock. Use of the landiolol was
associated with reduction in cardiac oxygen consump-
tion and arterial lactate level without compromising
the initial hemodynamic resuscitation. In this review,
we introduce several previous closed-loop systems de-
veloped by other groups and our novel approach to
control the hemodynamics in septic shock, and discuss
the implications of these developments.

Keywords : closed-loop control, cardiovascular drug, hemodynamic resuscitation, septic shock

(CircCont 41: 103 ~ 110, 2020)
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i P Treatment of Overt and

Suspected infection (SIRS) and
Document Potential Source

v

Risk Stratification:
Systolic blood pressure<90 mmHg after 20-40 cc/kg
volume challenge or lactic acid=4 mM/liter
Shock index > 0.9

Y

Antibiotics and Source Control

;

Hemodynamic Optimization and

Cryptic Shock

Central Venous
Pressure
(cvpr)

Crystalloid
or Colloid

>8-12 mmHg

%

<65 or >90 mmHg

Decrease oxygen consumption:

Mean Arterial

<70%

Sedation and Mechanical Pressure Vasoactive Agent(s)
Ventilation (MAP)
>65-90 mmHg
Central Venous <70% Arterial O, Content
Oxygen Saturation 530> 93% and
{chozl Het > 30%
Inotrope (s)
Goals Achieved in
6 hours and ‘*
Mo Repeat Lactate

1 BMEBFIZESTLREMBEFEREEHR (4 &L YEIA)
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Limitation of antithrombotic therapy for sepsis with disseminated intravascular coagulation

Yasunori Matsunari*

*Department of Clinical anesthesiology Mie University Graduate School of Medicine

In recent times, patients with sepsis accompanied by
disseminated intravascular coagulation (septic DIC ),
have a significantly high mortality rate. Many clinical
trials have failed to prove the efficacy of antithrombot-
ic therapy for septic DIC. This is partly because anti-
thrombotic therapy could impair the host defense
against bacterial invasion. It is difficult to distinguish
physiological thrombosis formation from pathological
ones in septic patients. This is due to a difficulty to
discern when to begin antithrombotic therapy for
pathological thrombosis. In addition, we do not have
any guidelines for the adequate choice and duration of

therapy.

Furthermore, several reports revealed that treat-
ment strategy based on an early goal achievement for
septic patients is similar in outcome with conventional
therapy. Improvement of circulation is essential for
DIC treatment because impaired circulation enhances
tissue factor expression on the endothelial surface.
However, hemodynamic parameters such as arterial
blood pressure and central venous pressure are not
enough for adequate management and follow-up.

Novel therapeutic regimens are needed in both anti-
thrombotic and circulatory management.

Keywords : disseminated intravascular coagulation, antithrombotic therapy, circulatory management, sepsis
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Cerebral oximetry values in diabetic patients are lower
than those in non-diabetic patients during adult cardiac
surgery with cardiopulmonary bypass

Toshihiro Mori*, Noriaki Fujita*, Yuji Morimoto*

Abstract

Introduction: Diabetes mellitus (DM) is one of the
well-known risk factors of postoperative stroke in
cardiac surgery. Cerebrovascular CO, reactivity and
the changes in cerebral blood flow are impaired in
diabetic patients. Regional cerebral oxygen
saturation (rSO,) measured using near-infrared
spectroscopy (NIRS) has been utilized in cardiac
surgery to evaluate cerebral oxygenation. However,
the difference of the rSO, values between diabetic
and non-diabetic patients during cardiopulmonary
bypass (CPB) has not been well investigated. The
aim of this study was to compare the rSO, values of
diabetic and non-diabetic patients who underwent
cardiac surgery.

Methods: Thirty diabetic patients (DM group) and
30 age- and gender-matched non-diabetic patients
(NDM [control] group) who underwent coronary
artery bypass grafting (CABG), valve surgery, or
both utilizing normothermic CPB were
retrospectively investigated. The mean values of
rSO, at nine time points during the entire period of
cardiac surgery were measured.

Results: The rSO, values in the DM group were
significantly lower than those in the NDM group
(p<0.01) and the difference between the groups
increased with the time after the initiation of CPB.
Conclusions: The rSO, values in diabetic patients
are lower than those in non-diabetic patients during
cardiac surgery with normothermic CPB. A further
large prospective study will be needed to investigate
the relationship between lower rSO, values in
diabetic patients and postoperative outcomes as well
as the mechanism of the lower values.

keywords: near-infrared spectroscopy; regional
cerebral oxygen saturation; cardiac
surgery; diabetes mellitus

Introduction

During the past 20-30 years, the prevalence of
diabetes mellitus (DM) has rapidly increased and
415 million people were estimated to have DM
worldwide in 2015.”? Usually, diabetic patients have
many complications such as nephropathy,
neuropathy, retinopathy and cardiovascular
disease.” With regard to the cerebral circulation, it
is reported that cerebrovascular CO, reactivity and
the changes in cerebral blood flow are impaired in
diabetic patients.”

Perioperative cardiovascular morbidity and
mortality are increased two- to threefold in diabetic
patients.” A recent study of >10.5 million noncardiac
surgical procedures from a large U.S. hospital
database reported that major perioperative adverse
cardiovascular and cerebrovascular events were
more common among patients with DM than in
those without DM.” This study showed that diabetic
patients had greater adjusted odds for perioperative
stroke than non-diabetic patients. For cardiac
surgery, one study demonstrated that diabetic
patients had a 50% increase in early mortality
following coronary artery bypass grafting (CABG).”
A study of 2779 consecutive patients undergoing
isolated CABG showed that diabetic patients
(19.4%) experienced prolonged stays in the
intensive care unit (ICU) and hospital and more
complications, including stroke.” In addition, a
recent study of 25159 patients with isolated CABG
listed in the Danish National Hospital Register
indicated that DM was one of the risk factors for

* Department of Anesthesiology, Hokkaido University Hospital
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stroke within 30 days after CABG.” Thus, DM may
be related to the onset of stroke in cardiac surgery.
Therefore, we need to know more about cerebral
circulation and oxygenation in diabetic patients
during cardiac surgery.

It is reported that jugular venous oxygen
saturation (Sjv0,) values of diabetic patients are
lower than those of non-diabetic patients during
cardiopulmonary bypass (CPB).” ' Recently, to
evaluate cerebral oxygenation and perfusion,
monitoring of regional cerebral oxygen saturation
(rSO,) using near-infrared spectroscopy (NIRS)
has become widespread in cardiac surgery. It has
already been reported that the use of NIRS
oxygenation monitoring during cardiac surgery with
cardiopulmonary bypass can contribute to a
decreased incidence of neurologic deficits and
postoperative cognitive dysfunction.’” As far as we
know, there has been one study comparing the rSO,
changes in response to a adrenergic agents during
CPB of diabetic and non-diabetic patients."”
However, there seem to be no studies examining
these changes throughout the cardiac surgery.
Accordingly, the aim of this study was to compare
the changes in rSO, values of diabetic and non-
diabetic patients over time during cardiac surgery
with CPB.

Methods

After approval by the ethics committee in
Hokkaido University Hospital (014-0319), we
retrospectively investigated adult patients who
underwent CABG, valve surgery, or both
procedures in our institution. Thirty type-2 diabetic
patients (DM group) and 30 age- and gender-
matched non-diabetic patients (NDM [control]
group) were extracted from electronic medical
records covering the same period. For matching
procedures, non-diabetic patients with the same age
and gender as the DM patients were searched for
one by one in our database. If no patient of the same
age was found, we searched for one aged = 1 or =
2 years.

The definition of DM was based on the diagnosis of
the internal medicine department. Exclusion criteria
included emergent surgery, cerebral infarction and
hemorrhage sequelae, advanced carotid artery
stenosis (>70%), active liver disease, chronic renal
failure requiring dialysis, and a low ejection fraction
(<20%).

Intraoperative management
General anesthesia was induced with midazolam

(0.05-0.1 mg/kg), fentanyl (2-4 pg/kg) and
rocuronium (0.6-0.9 mg/kg), and subsequently
maintained with sevoflurane (1.2-1.5%) and
remifentanil (0.1-0.5 ug/kg/min) before CPB, in
addition to propofol (2-3 mg/kg/hr) after the
initiation of CPB. All patients were monitored with a
5-lead ECG, and by pulse oximetry, end-tidal carbon
dioxide (ETCO,) and sevoflurane concentrations,
and rectal temperature as standard practice. In
addition, an invasive arterial catheter, central
venous catheter, pulmonary arterial catheter,
bispectral index monitoring (BIS™, Covidien,
USA), transesophageal echocardiography, and rSO,
were monitored. All rSO, values were measured
using an INVOS™5100C (Somanetics, Troy, MI,
USA) with sensors attached on each side of the
forehead. After an accommodation period, data
collection was begun and the data were downloaded
to a storage disk every 5s throughout the surgery.

After administration of heparin 300 U/kg followed
by cannulation via the ascending aorta and superior/
inferior vena cava, CPB with a centrifugal pump was
established, adjusting the pump flow rate to 2.4-2.6
L/min/m”®, perfusion pressure to 40-60mmHg, with
mixed venous blood oxygen saturation (SvO,)
>70%. Phenylephrine (0.1-0.3 pg/kg/min) or
noradrenaline (0.05-0.1 wg/kg/min) was used to
maintain perfusion pressure when necessary.
During CPB, alpha-stat acid-base management,
continuous blood gas monitoring using a CDI500™
(Terumo Cardiovascular Systems, Ann Arbor), and
a normothermic technique (rectal temperature: 35-
36°C) with natural cooling were employed. All
patients were transferred to the ICU after surgery
while intubated. ICU management was performed
according to our regular institutional practice.

We conducted observations at nine time points: the
start of surgery (T1), 5 min before and after the
initiation of CPB (T2, T3), 20 min, 40 min, and 60
min after the initiation of CPB (T4, T5, T6), 5 min
before and after the separation of CPB (T7, T8) and
at the end of surgery (T9). The right and left mean
values for 5 min were averaged at each time point.

Physiological values that might affect the rSO,
values of the groups at T1 and T8 were compared.
The mixed venous oxygen saturation (SvO,) and
cardiac index (CI) were compared at T1, T2, T8 and
T9. To evaluate the influences of inotropic and
vasoactive agents on the rSO, values, vasoactive—
inotropic scores (VIS)''® at T8 were also
compared between the groups. VIS were calculated
by the dopamine dose (ug/kg/min)+ dobutamine
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dose (ug/kg/min)+ 100 X the epinephrine dose
(ug/kg/min) + 10 X the milrinone dose (ug/kg/
min) + 10000 X the vasopressin dose (U/kg/min)
+ 100 X the norepinephrine dose (ug/kg/min).
Statistical analysis

The primary objective was to compare the rSO,
values of the DM and NDM groups. According to a
previous study that measured rSO, during CPB in
diabetic and non-diabetic patients, the values were
52 =12 in diabetic patients and 62 * 8 in non-
diabetic patients."” Power analysis indicated that we
needed a minimum sample size of 18 patients per
group to detect an effect size of 0.98 using an
independent Student’s t test with an « of 0.05 and a
power of 0.8 (G*Power 3.1.9.2 [Heinrich Heine
University]). Therefore, we compared the rSO,
values of DM and NDM groups comprised of 30
patients each. Normal distribution and dispersion
uniformity of all variables were confirmed using the
Shapiro-Wilk test and Bartlett’s test for all data. We
confirmed the normal distribution of rSO, data.
Therefore, we analyzed the data by two-way
repeated measures ANOVA followed by Shaffer’s
correction for multiple comparison.

For the comparison of the patients’ characteristics
and perioperative factors, we applied Student’s t test
for data having normal distribution with equal
variances, the t test with Welch correction for
normal distribution of data with unequal variances,
and the Wilcoxon rank sum test for data with non-
normal distribution when dealing with continuous
variables. We used Fisher’s exact test when dealing
with categorical variables. Normally distributed data
are expressed as mean = SD, and non-normally
distributed data are expressed as median
(interquartile range). p<0.05 was considered
statistically significant. JMP®11 (SAS Institute Inc.)
was used for all statistical analyses.

Results

Table 1 shows the patient characteristics and
perioperative factors. There were no significant
differences except for body weight (p=0.02) and
HbAlc (p<0.01).

Figure 1 displays the time course of the rSO,
values of both groups. In the two-way repeated
ANOVA, there was no interaction effect between
groups or within each group (p=0.71), and the main
effects between groups and within each group were
statistically significant (p<0.01). Accordingly,
multiple comparison analysis was conducted for
each time point. In comparison of the DM group and

the NDM group, the rSO, values at T2, 3 and 5 in
the DM group were significantly lower (p=0.03,
0.04, and 0.02). After T6, the difference grew to
about 39% (p<0.01). In comparisons within groups,
the rSO, value of T7 was higher than that of T6 in
the DM group (p=0.02). The rSO, values at T7 and
T8 were significantly higher than those at T1, T4,
T5, T6, and T9 in the NDM group.

There were no significant differences between the
groups for Sp0O,, ETCO,, MAP, CCP, and rectal
temperature at T1 and T8 (Table 2) and for SVO,
and CI at T1, T2, T8 and T9 (Table 3). Nor was
there a significant difference in Hb values between
the groups (DM; 9.4 [8.8, 10.5) g/dl, NDM; 9.2 [8.5,
10.5] g/dl, p =0.34) at T8. The total norepinephrine
dose during CPB was not significantly different
between the groups (DM; 0 [0, 1.77] ug/kg, NDM;
0 [0, 1.87] ug/kg, p=0.39) and the same was true
for phenylephrine (DM; 0 [0, 0] ug/kg, NDM; 0 [0,
0] ug/kg, p=0.17). VIS in the DM and NDM groups
at T8 were 6 (4.25, 9.75) and 6 (6, 10), respectively.
No significant difference was observed between the
groups (p=0.78). Even when focusing on the
norepinephrine dose (ug/kg/min) alone at T8, no
significant difference was seen between the groups
(DM; 0 [0, 0] ug/kg/min, NDM; 0 [0, 0.04] pug/kg/
min, p= 0.73).

Discussion

In this study, the rSO, values in the DM group
were significantly lower than those in the NDM
group during cardiac surgery except at the start of
surgery (T1) and in the early period of CPB (T4,
T5). As far as we know, this is the first study to
examine the changes of rSO, throughout cardiac
surgery.

With regard to the index of cerebral oxygenation,
there have been some studies concerning SjvO, in
diabetic patients who underwent cardiac surgery.” ™
These studies revealed that SjvO, decreased after
the onset of normothermic CPB in the diabetic
patients and that the values were significantly lower
than those in non-diabetic patients.””™ ' It was
speculated that diabetic patients could not
compensate for the acute decrease in oxygen
delivery caused by the onset of CPB because of
impaired cerebral autoregulation.” However, the
complexity of SjvO, monitoring limits its widespread
daily clinical use due to the invasive technique.'”
Instead, rSO, monitoring has become common to
evaluate cerebral oxygenation and perfusion. The
rSO, values are regulated by cerebral blood flow,
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Table 1 Patient characteristics and perioperative factors

a0 ey P
Male/Female (n) 17/13 17/13
Age (yr) 72 + 6 72+ 7 0.970
Height (cm) 159 =9 157 + 10 0.402
Weight (kg) 61 = 15 53 £ 10 0.024
nsdinusern 00 06
Medication only, n (%) 14 (47)
Diet only, n (%) 6 (20)
HbAlc (NGSP) (g/d1) 6.6+0.8 54+06 < 0.001
Hb (g/dI) 11.6+14 120+ 1.6 0.155
Cr (mg/dl) 1.1+04 0.9 £0.3 0.149
EF (%) 57 =14 59 =+ 14 0.586
Hypertension, n (%) 23 (77) 15 (50) 0.060
Hyperlipidemia, n (%) 15 (50) 17 (57) 0.796
Chronic Af, n (%) 10 (33) 11 (37) 1.000
History of cerebral infarction, n (%) 2 (7) 6 (5) 0.150
CABG + valve, n (%) 4 (13) 4 (13)
Valve only, n (%) 19 (63) 24 (80)
aortic 13 13
mitral 1 6
tricuspid 2 1
multiple 3 4
Re-do surgery, n (%) 2 () 2 (7
Operation time (min) 381 £ 121 352 = 116 0.369
Anesthesia time (min) 511 * 132 479 = 121 0.341
CPB time (min) 193 = 61 183 £ 67 0.564
AXC time (min) 121 £ 62 139 = 60 0.475
Blood loss (ml) 1071 £ 141 1085 =138  0.941
Blood transfusion (ml) 2023 = 1314 2116 = 1503  0.805

Data are expressed as mean + SD
EF: ejection fraction; CABG: coronary artery bypass grafting; AXC: aortic cross clamp
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Figure 1 Figure Time course of the rSO2 values of both groups.
T1=the start of surgery; T2=5min before CPB initiation; T3=5min after CPB initiation; T4=20min after CPB
initiation; T5=40min after CPB initiation; T6=60min after CPB initiation; T7=5min before CPB separation;

T8=>5min after CPB separation; T9=the end of surgery. The number at each time point is the ratio of rSO2 to T1.
*p < 0.05; **p < 0.01 compared to the same time point in the NDM group

Table 2 Intraoperative hemodynamic variables at T1 and T8

DM group (n=30) NDM group (n=30) P value

SpOZ (%)

T1 100 (99, 100) 100 (99, 100) 0.760
T8 100 (99, 100) 100 (99, 100) 0.381
EtCO, (mmHg)

T1 37 (36, 38) 36 (34, 38) 0.521
T8 29 (27,32) 30 (28, 32) 0.454
MAP (mmHg)

T1 59 (54, 65) 60 (54, 66) 0.830
T8 57 (47, 67) 56 (49, 67) 0.965
CPP (mmHg)

T1 50 (48, 58) 53 (48, 57) 0.728
T8 50 (40, 60) 50 (41, 57) 0.965
Rectal temperature (°C)

T1 36.8 (36.5, 36.8) 36.7 (36.4, 36.8) 0.852
T8 36.4 (36.1, 36.6) 36.3 (35.9, 36.5) 0.061

Data are expressed as median (IQR)
MAP: mean arterial pressure; CPP: cerebral perfusion pressure
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Table 3 SvO, and CI at T1, T2, T8 and T9

DM group NDM group DM group NDM group Pvalue
(n) (n) median (IQR) median (IQR)
Sv0, (%)
T1 26 26 74 (70, 79) 75 (71, 81) 0.431
T2 26 26 78 (75, 82) 77 (72, 82) 0.576
T8 29 26 79 (73, 84) 82 (75, 87) 0.244
T9 29 27 71 (66, 77) 73 (67,77) 0.431
CI (L/min/m?
T1 25 26 2.6 (2.2,3.3) 2.4 (2.0,2.8) 0.278
T2 26 27 2.6 (2.2,2.8) 2.7 (2.1,3.2) 0.327
T8 26 28 2.2 (1.8,2.9) 2.2 (1.8,2.7) 0.781
T9 27 29 2.7 (2.2,3.3) 2.6 (2.3,3.1) 0.748

Sv0,=Mixed venous oxygen saturation; CI=Cardiac index.

and the cerebral metabolic rate for oxygen,
hemoglobin concentration and arterial oxygen
saturation as well as Sijz.m However, the value of
rSO, does not necessarily accord with SjvO, because
some (25-30%) arterial components are included in
the calculation of rS0,."”'® Accordingly, it is
important to know the changes in rSO, during
cardiac surgery in diabetic patients.

In spite of the fact that there were no significant
differences in physiological indicators at the start of
surgery (T1), rSO, values in the DM group were
lower than in the NDM group, although not
significantly. This is the same tendency as
demonstrated for Sjv0,.” ' In contrast, Baikoussis
et al. showed that there was no difference of rSO,
values before oxygen administration or before any
sedation was given between 37 diabetic and 63 non-
diabetic patients who underwent cardiac surgery."’
It was reported that volatile anesthetics altered
cerebrovascular CO, reactivity and that it was
impaired in severe (= insulin dependent) diabetic
patients under both sevoflurane and isoflurane
anesthesia.”” Accordingly, a deteriorated effect on
cerebral oxygenation may begin to appear after the
induction of anesthesia in diabetic patients.

Around the onset of CPB (T2 and T3), rSO, values
in the DM group were significantly lower than in the
NDM group, whereas the values did not decrease
compared to T1. The latter was a different finding
from the results for SjvO,, although the reason for
this is unknown. However, the former findings
suggested that diabetic patients could not follow the
changes around the onset of CPB, as was the case
with S;vO,.

Forty and 60 min after CPB (T5 and T6), the rSO,
values in the DM group decreased and the difference

between the groups became larger. This is
incompatible with the results for SjvO,. The above-
cited reports demonstrated that SjvO, values
gradually increased in both groups although there
were still significant differences between the
groups. Abnormality of autoregulation of cerebral
blood flow during CPB has been reported in diabetic
patients.”” The mechanisms for this defect may be
attributable to impaired endothelial-dependent
responses.”” It is well known that the CPB process
can cause serious damage to the vascular
endothelium.” Therefore, it is possible that more
impairment of cerebral endothelium occurs in
diabetic patients with longer CPB time. Another
hypothesis is the effects of phenylephrine and
norepinephrine. It was reported that norepinephrine
reduced the rSO, value during CPB in diabetic
patients, but not in non-diabetic patients.'”” There
was also a trend towards a greater reduction in rSO,
in diabetic patients with phenylephrine
administration.”” Accordingly, rSO, in diabetic
patients decreased more, although the total amounts
of norepinephrine and phenylephrine were not so
large in our groups.

The increases of the rSO, values from T6 to T7-8
in both groups were presumed to be due to inotropic
agents. We mainly used dopamine, dobutamine,
epinephrine, and norepinephrine. However, the
doses of norepinephrine at T8 were small in both
groups. The first 3 agents mentioned above are
known to increase cerebral blood flow.?” In our
study, there were no significant differences in VIS
and similar increases in rSO, were seen in both
groups. In spite of the similar increases, however,
the enlarged difference between the groups existed
until the end of surgery. However, there was no
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significant difference in physiological data at T8.
Accordingly, it was speculated that impairment of
cerebral oxygenation itself continued even after
CPB in diabetic patients.

Our study has several limitations. First, this was a
small, single-institution retrospective study. In
addition, we could not evaluate postoperative
cognitive dysfunction. As the next step, a large
prospective study will be necessary to evaluate the
relationship of rSO,with short- and long-term
outcomes, including higher brain function. Next, we
could not obtain all the physiological data at each
point. Accordingly, we could not sufficiently evaluate
the mechanism of rSO, changes from these data.
Finally, we used an INVOS™5100C as the near-
infrared spectrometer. A previous report indicated
that rSO, measured with the INVOS ™4100 was
more affected by individual factors such as the
hemoglobin concentration, skull thickness, and the
area of the cerebrospinal fluid layer than machines
utilizing the spatially resolved spectroscopy (SRS)
method.” In addition, a recent report indicated that
the INVOS™5100C might overestimate the changes
in the cerebral hemoglobin concentration.’”
Accordingly, another type of near-infrared
spectrometer should be tested.

In conclusion, the rSO, values in diabetic patients
were lower than those in non-diabetic patients in
cardiac surgery with normothermic CPB. A large
prospective study is needed to investigate the
relationship between lower rSO, values in diabetic
patients and postoperative outcomes as well as the
mechanism of the lower values.
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OEFRITIX. K% 2 BN RN ST v 7
Ny Z7PC1 A1 Al S, ERBEFIZXD
fFEHOBEICI Y A TR Y £9, /2R T,
WERNS 2 HIZ1NEE PC 2 5 REND -T2

k5T, AA—RIZHFNZ R LTHWE L. BE
B2 1% 7 v 7 okt 7n & O8h W HH 23 AT &
. Zoom TDO I —F 4 ¥ FREAD A H»E
BiTbhTE 7,

Fo. auFEREBRNRE -7 Lo TnD
RN -8 D ORBEADOEFARNRD V. whiT
e~ A — LTl A2 LE Lic, B4 <
Wby, 77V EHWETFLEBREETOL v
FAVZBTHIRLTH X E Lk, WHFER
7L R TEBOBIML ) OF L LT NTE
T4y ETHR 2D, AAHEIiTEA. KED)
P ELE,

E Rt.0)

HLE O T O LTI OEGE TR, HAT
FThenk 5 HADOHRENES DI
BRoTNWHOEELET., EREHZOE XTI
HYETH, R RITEEAY > TRP o e LK
CTWETL. b LERITHRENR TS RN
b, TRIFT-oTHDIERNE 1 &, WER-T
BxTcWERWEST, RBRICRVETN Z0D
RO EEZTED, OB HREHZILL
TRE ol ) FELAEF%. HILGF &8 EIL L
O ETDHIRAEITTESRHEB L EF T
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-3 Wk O 4 - T Fz ) 2R 7 AR A O 5 C AR BT 23 S frd L

8 B2 IR 28 7E Pt AV BB SE IR I A S 2tk
334 11 e )

Salama M, Akan A, Mueller MR: Transcutane-
ous stimulation of auricular branch of the va-
gus nerve attenuates the acute inflammatory
response after lung lobectomy. World J Surg.
2020; doi: 10.1007/s00268-020-05543-w.

WA D 7N B TR EEBI bR A 2 32 1) % HE 100
N % 56 B 1) 2R B A E AN B RIBRE (n = 50) & %f
WERE (n = 50) 12401, M 40iE~ —h — OHER K&
Ol #% D $%3# % Feiiz L7z (NCT03204968) . A Hff
ZRiiE. BE L OERIEIh TR, EEw
RREA ORIBITTATHTH 2 S 4 HE T, 40
SEIDZ v, 20 3 0F 7 THkfe Uiz, .
PERI, TR, GIBRIRAL, BEfEERIC A AT
R ote, FERE LT, itk OMlig A BRI
TE 14% 12k U THIEARE 6% THRIZIEMTH Y
(P =0.04). ABE#IM St A 15 = 14 H (¥
+ SD) iz U CHIEAE9 = 7 H THEIT ML
72 (P=10.04), Ifil7% CRPIZMi#4 1 H T X B
157 =+ 83 mg/L iz % L CHIW R 90 = 42 mg/L &

BB EZ R Lz (P =0.01), itk 4 B Tidxt
HETHE 138 = 101 mg/L iTkf U CHIELTE 77 = 94 mg/
LEFBEZENRNEEEZZI R > P=
0.12), If ¥ IL-6 1% fff 2 1 H T & [/ B 258.6 +
110 pg/mL 12kt U CHIMHEE 154.8 = 93 pg/mL &
Bl R Lz (P =0.02), fiitk 4 H T3
B 98.3 = 39.7 pg/mL iz %} L CHIEHE 93.7 &= 32.9
pg/mL & AT o, I IL-10 {2 DWW T
. SHIREE IR ET. MR 1 B vtk 4 B TR
PN TR IR AL R SR~ TS, RIBRE Ciaf
B1HTHRIGEMEZ R LT, g IL-18 KO
TNF-a {2 2oW T, i THEREIER <.
SHERE & R & ORIZ D AT o7, 2L
oz e, BEMBEMIOFEIL. 25 <
) UHEHIRIERK 2 LT 28 O%RIEK IR
(IL-6 ' CRP) Il L7z L& x b D, Lk
JEMES A b B A > IL-10 OZEAL D FIEHE L
B, HIERHZ BN CORAIEREAEZR LI &
5. REMRREIT e R YT s L. i
P P A Bt DRI & AR O IC BBk L7z D
DLEZBND, IL-18 LT TNF-a i22W T,
feE 5k S AU T R ORLRRA & B S dv, 23
NWZ EPS, EMRHERKREETH V. BN KR
HTERPSTZOD LR,

B ERILEN TRV D TR & B F 2RV,

TN D S BELR R,

7 B2 110 2 SR R T PR A8 BT K B 0 T R B H i
(TREAT AF) f4F: 2 LEG R 22

Stavrakis S, Stoner JA, Humphrey MB, et al:
TREAT AF (Transcutaneous electrical vagus
nerve stimulation to suppress atrial fibrilla-
tion) A randomized clinical trial. JACC Clin
Electrophysiol 2020; 6: 282-91. doi: 10.1016/j.
jacep.2019.11.008.

AW TEVEME O M E) (AF) 1295 18 MK
508 B ER I (LLTS) ORY R %2 FH A~ Ikt ] &
BRI L ALK R TH 5. LLTS 1FA T Bl
T (20 Hz, 73V Allig 200 u #, 5K 1 mA) THOD
H¥Ek GRMEERE, n = 26) £ /213 HZ CRHERE, n =
2012 1 H 1REREL 6 #» HiciE - Titbhiz, B
BRITEEMRENEOLE Nizh D08, HRITIE
HEMRR L EIT R . BEIIE D S OO TR
FECTE D B OURALASHHREEIZ DWW TIFA S &h
TRV, T — X224 L ifges b §ik
IhTnbd, EIELILTET. 3 » A%, 6 » AR
2 A DI R BEHER O EX T =2 — 21T, il
PRI 695 AF O3 OE R 2 i L
Too Fio. EELAALET. 3 » A%, 6 ¥ HEEIZS
SEOLERBRAEZTTY., OALEZHEE L.
RIRFICER M 2 F7 0, I YA b A > O %
fiotz, EIEAALTIOBREE RICTHEXR TR >
Too MEAEZALTTO AF B3 B O h YLl iG R T
4.5% (PUSFREEEPH : 0.2 ~ 31.0%) . % HEEET 1.0% (0
~15.0%) TH V., HEEZ P> P = 0.43),
6 7 H % IZAF & 2> FIX B B T2.0% (0 ~
11.0%) . SHEHET 8.5% (0 ~ 42.0%) TH V. 3 »
AL 6 r A OFT — & #&bE T g
35 &, ARBHZ R THREREE T 0.25 (95% CL:
0.08 ~ 0.77, P = 0.016) L{&F L7z, liLH TNF-«
D JAE T RHRBHT FER CTHRERRET 0.77 (95% CI:
0.63 ~ 0.94, P = 0.0093) & =IT/IE R L7228,
IL-6, IL-18. IL-10, IL-17 OfEIFEL . haefiliic
HREREIGZ AR otz OHAZEENZEE L CTidxt i
TR e CTHRERE TR Dk (LF) I3 A BITK
<. EmARkES HF) iZAEIZ/NE L, LF/HF
FERICKRE P oTe, BEMRAEIX AF 23558
T5HEE LTHPND DT, BHFIIZE->T
AF BB TR DI HINTH D, L.
RIREIME & 0 SRR Tid. L el
WP RARANCAER 5. £z, ARSHEE OFERE
7 AR X A SR AR TG B 2 5 5 . Bk AE
PR C 1l A 3 2 AR AR & il 9 5 Wl REME
DDA, R CIR L et sk 0 B 2 3R 1)
WCHIELCTE BHERD D, BEHETAF BT
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k- 7ens, AF O ERfeRilIZE I Lz -7
e, HEMRHIEIX AF O3 2T 5
M. AF OEILITIEZH E VRN HNO2rS L
7200,

AR 2N b B E R ORZETH V|
BRALSN TSR TE 5, LaL., &
TEOF—2DIELOEXNKEL, MEHLENE
RN TRWE T2 T 5,

BINRHE S TR PEAL DR R R AL 2 R aRIT X B
&6 %2 52 780

Heusser K, Thone A, Lipp A, et al: Efficacy of
electrical baroreflex activation is independent
of peripheral chemoreceptor modulation. Hy-
pertension 2020; 75: 257-64. doi: 10.1161/HY-
PERTENSIONAHA.119.13925.

IR 52 R e pE I % 7 ORI 2 B IR BTG
PEALTRIRCIE. SR I 3 AT B A3 X
5 LEZBILTWA, FHBIR/MEIZH 2 KRk
SRR B DA TNIAREEFZ R 6 L CA&p
RGBS 5 HcEf 35 & x 6
5. KW TIIARMALAZ RN HDOANN, )
I S S G AL MR IR 1T 2 D ISt 0D 3 B Aok 0 )
MR L2 52 20 E 5 hERE Lz, 8IiRIE
SAHEEARIZ S U T BN R < BN S 2R 33
WP R E B E 11 ZI2B W T, BIRIE S S
PRI 20 gL ME, #. s g
TEB DRSS 2T, KRR 2 IRAE T I3 e
238 £ 12 mmHg (CF#) = SD, P = 0.057), L%k
7310 = 6 bpm (P < 0.001). #5233 &R IG B 2% 7
=+ 7 bursts/min (P = 0.031), #5%E2R 10 = 7L (P
= 0.002) {7z, (KL FIRAE & Sk R IRAE TH)
RIS SHE AT R T 2 I 2 iR Lic & 2 A,
U I D254k (—15 + 7 vs. —14 + 8 mmHg, P
=0.938). LMAEDOZEAL (—2 + 3vs. —2 &= 2 bpm,
P =0.701). s REAREE B DZEAL (—6 = 4 vs.
—4 + 3, bursts/min, P = 0.531) Iz 213 A b2
Motz, Lo T, KEEFHEIZ X 2 KMILEZR
B HOANZ. YRGS RFIZBNT
BRTE S FHETEAIC & B B EVEH 20§88 L2,
A REIT B WD TS AR IR ) Z Gk LA As
BECB IR ZAT > TS ERTETE 28, 7
o ha— ) (E#EEHE, KEEE. BBEOIH &
Tt IKEE S & iR O LR O &) A3kHER LTV
RNEDITBX D, BRI AR IS O <UR
DRI Z 24 R T 2 WDV TR
B Z BILTNZRW,

(ENTAEBR AR W SE 2 o & — (R BR B B A0
JITH 480

II

A =7z PR 1 IRF-1) iZE)IRME
1IZ%)9° % mTOR oMz S35

Peng K, Fan X, Li Q, et al: IRF-1 mediates the
suppressive effects of mTOR inhibition on arte-
rial endothelium. J Mol Cell Cardiol 2020; 140:
30-41.

A M A T > Mz f#i D mammalian
target of rapamycin (mTOR) fIfIFNZ AT > DN
FeAb B 58203, [FRHT F 7B ISR AR EE D F§
JEZWEMIED Z EMHRESNTNDINZD A S
=R NCET DNIEIA T TH D, FHH STk
W% T mTOR MfIANZ. & N RENIRA B
W (HAEC, primary human arterial endothelial cell)
DA v E—7 xn VRN (IRF-1, interferone
regulatory factor-1) OFIREZWIME D Z L 2
# L7z (Am J Physiol Heart Circ Physiol 2019; 316:
11408-20) . AL Tl mTOR #iIFNIC & 0 58
AT B IRF-1 25, mTOR #14l%] o HAEC 14
FEAMGEIREFIC E DX 5 R A =X A THE- LT
LS Eit Lk, Z O F mTOR HifilF T&H 2%
FR<A TR MY Y LI IRF-1 OFBER ST
ICHE B A IS 2 2 &, B L7z IRF-1 1
HAEC O 7 K b — ¥ A0 &2 f# 1S w5
Z & T HAEC Offifatg i 2852 L%
HH U7, %7 mTOR il #1ic X % IRF-1 D%
HLE O INTIX PKCS OFEMEALS EE 2% H %1%
ELTWwWbZ LRI Lk,

ARFSCTH B2z S e mTOR MfIFNIz & 5
N AL SR DR RIS H i R 7> Mg
WHEFORRIZTHET D Z ERMfFEn D,

LA FRDRE THE I 5 CD44/NOX # B D
LT LEY BTV 7 RICBIS LTS
Chen W], Chang SH, Chan YH, et al: Tachycar-
dia-induced CD44/NOX4 signaling is involved
in the development of atrial remodeling. J Mol
Cell Cardiol 2019; 135: 67-78.

DB OFERE I D EARIAE~DERIL A L A
EIINT TN R) VT ORENREETHD Z
ERE SN TWNWBERZED A B =X AENTIIAT
DTHD. K LOFEBHRERIZTe T Arr BOZ
KA TH D CD44 & 7D Fiid NADPH4 (NOX4)
DY T FINOERALRLEHOV 7Y > FICE
BWRREIZIIIZLTWD Z LR BT LTS,

DFEFIHRO HL-1fiffaz v, 1) BieX
L A% NOX2/4 DFRBIEZ#EREIz, 2)Ca®t »> R
) > 7% oxidized CaMKII O¥8i 5 & Ryanodine 2
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(RyR2) Z B D) vt (Ser-2814) DI & %
fekm iz HL-1 M D~ — 3 Y 7 O D EER %
PR TOHBMEHT X D in vitro DR 247 - Tz,
R—=y v Rl E1T 9 & HL-1 Ml fa N @ CD44/
NOX4 ¥ 7 F N OiEMALAFE S, FO/MEIT
b7 a g RE A (HAS) 12519 5 siRNA 4L
Hizk ik Lz, U EOFEFEEZILIZUTD2
ODERTHERLTNWD1)CD44 / v 7T b=
%7 ZHK DO E R TIX Ca¥t A N— 2 ZA D
RS, 2) B~ AR O EH
fazCD4d 7 a2 ik TREAZTT S &
Ca*t ZA =27 ZDOBE N LIz & 5 FEBr
FT—=HThH5b,

S BT A O SRR R OO 5 R N
oxdized CaMKII D¥EHI 72 &N RyR2 DV Vg
b3, CD44 KA~ 7 A TiRip AR~ 7 Az g
LTCHEIRBD Lz W9 i vivo DERT — X
LR L TND,

U EOERBEEREI Y, DEOHRIR—Y 2 7T
FEIND0EHMEAO Ca® N> RY v 7
HZ CD44/NOX4 & 7' F 0V OFEMAL R EETH 5
ZEDRIE I N,

RHZBTS7 RV UZBERY T FND
e

Ito A, Ohnuki Y, Suita K, et al: Role of s-adren-
ergic signaling in masseter muscle. PLoS One
2019; 14: e0215539.

BT KL F VU Rk (B-AR) O XEFERY T X
ATEB LB, TH D, W72 5 NITERTIZE
WTiE, L& B DTN DOY T X A4 7 HIEL
TWd, L LA B3R HITR R D LICE
FBEERY T XA TIX, THHDITHLTHE
KieRBIF 3 EE Y724 712 B, TH D, %
T 7 2 A4 PRENRBENC OV TOLH T Z
FTHE < OIFFERE D HAS STV D 23515
TIXIE & A ERER RV KGR SUTE K O
B-AR OY 7 X A FREEE) I B ENT DN TR T2
e R TH 5.

< R Pr-AR OERM T I =AM TH D K
THEIv. BAR DEHNT A=A N TH B L
V7T a =)L SR G U TR () &
ZHEHI U TR G Lc, ZORROHTIZ RS
Z I UERERETIIER. fRMEE. LR T R
=3 A ORISR M, 7Ly 75—
NARGRETIIERIZA SN B3RHEALS T R b —
VAR EN P oTe, WHTIX KT & I $
HRETIHIERIZAR SRP o TS, RRHEL &
DT R b — AR OE & BEMmL T»
Teo VL7 u— U 5RETIRLG & R
KIZA SN TEDRHEALSLT R b — o R &

ot

UEDAH=ALE LT RTZ I HEHHTIX
calmodulin kinase II (Thr-286) 72 & U (T
phospholamban (Ser-15, Thr-17) ® U > gk DEIE&
MEIMLTHWD Z 25, IR v > o Al
ORI X DAY & Wi v 68 i~ O fkHEE T
DRMNEETNDZ ENRBEINTE, — 7L
> 77 v — )V #ETliX Akt-mTOR ¥ 7" )V O iE P
fteF—hr77V—<—Hh—TdH5LC3DIHH
O X DR S 7 OEAL RS HEE
INDZ LEHERL TS,

DL EDEBREEFIE B-AR ¥ ZF N FH L a
=T OIEYIHEE OF IR ERENNT 72 B Rt 2 R
®mLTWnb,

(5 LK S ol 2 R A B S R
BA 0

III

DTN AREERORER . T —7
97750 B DK IHERIFFE

Olsen T, Jorgensen OD, Nielsen JC, et al: Inci-
dence of device-related infection in 97750 pa-
tients: Clinical date from the complete Danish
device-cohort (1982-2018) . Eur Heart J 2019;
40: 1862-9.

TNA ABEEGIT, O X AR TN
A A& LTI BN TR AT 5 L 72 A hF
FETH D, HHDIX. Tor~—27TH10 HHlD
pacemaker 33 X OVl 2 A ABUBRANE) &5 (ICD) Dl
ZIABZ TG (A &2 de) OBERT —% %M
WTT NA ZAOEH RN W DT A A BH K
PIEEREFE L. ZO/RMRKE IO THRE
% KRB IS 2 520 U Tz,

1982 41 A 2> 5 2018 4E 4 7 1Z pacemaker 3 X
WV ICD Rl Z AR TG & 7 13 B TAlT 2 i fT L7z &
# 97,750 B (A% 128,045 #il) Z#xt4 & Uiz,
S ¥ 38 B R I 4.42 4R T OB BRI o & R
566275 4T &b - Te. BEFHIF T 7 S A AR
R RN & U7 A ARG 1827 - 598HE &
NTWIz, 734 AN IR 31T 2 FAHIT,
pacemaker : 1.19% (95%CI: 1.12-1.26) . ICD:1.91%
(95%CIL: 1.71-2.13), . il 7 [7] #] % ¥ (CRT)
pacemaker (CRT-P) : 2.18% (95%CI: 1.78-2.64) .
CRT iz ICD #% & 25 £} il = #1 7=z CRT-D : 3.35%
(95%CI: 2.92-3.83) TH oo Flo. T34 X
HEY Y A7 1XFHLORE Z AR TR TIZARL .
3¢ 4= # % pacemaker : 0.94%. ICD : 1.66%.
CRT-P : 1.60%, CRT-D : 2.42% T& - 7z, H T
I — RET A2 O OfE5. #ak
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F A A (ICD & CRT). HFAMi. 731 AR
B OPEERE, B, REHR Y RN HE
IZBE LTz,

& BIX. pacemaker DHFHIFE X IARHITIEF
NA ABHEGL ) 2 7 13EWA, ICD Y A5 AT
HIMITE L. CRT T A AR Z A BB THF
MBI CIEEICENY A7 20T 5 LSt 7z,

RS ARG oD JILFE 2 L BRI & oD B

Walker KA, Sharrett AR, Wu A, et al: Associa-
tion of midlife to late-life blood pressure pat-
terns with incident dementia. JAMA 2019; 322:
535-45.

Hh AT oD I B VX RRRINE D FEAE U A 7 %1
IMEEDREMRD 5. FE S, hEE X
FE N2 24 BB BRHA U EZE &% — 2 &
FRAE Y A7 OB Z G LTz,

1987-1989 4F- (55 1 [\l FE A ) (1 2K [H 4 Hilk T
45-65 % D 15,792 N&2E&H L. 2011-2013 4F (35 5
[BIREARE) & CTlzm)E25F 5 BIHE Lz, £z,
2011-2013 4 (55 5 [AIFEAfIE) & 2016-2017 4E (55 6
[ FEAR ) 1R REMR A 21T > Tee T D DFE
58T Uiz 4,761 N CEEI4ER © B8k 54 5%,
o5 5 A FRAM RF 75 5%, M 59%. BN 21%) % fi#
Br U7z. 140/90 mmHg X Y B4 % & L,
90/60 mmHg R 2K E & R L, hEM (8
1-4 [RIGEAREE) 2> & i (55 5 [RIFEAEE) o1l )T
PRA =T, OQIERMFE—IER ML © 155 MLFEHE
Fritt (833 i) @IE# I — I EH#E (1,559 #1)
e I — v I A (1,030 1) @1E 3 ML — i
Bt (927 Hi)) G I F— I ERE (389 #11) o 5 #EiC
S U, EEEFRMIE H X5 5-6 [ FEAMGRE 0 F84
FE OFTRFERE,  BIRELAGIE X5 6 [0l FEAm R D%
JERIMSREREEE & Uic, MRAT ORGSR, ME & —
VB4R 100 N2 72 0 OFBFERAEIL, 1EH ME
HERRRE - 1.31 A (95%CL: 1.00-1.72) . 1F 5% 1L E—
I ERE 0 1.99 A (95%ClL: 1.69-2.32) . & IfiLJF —
I ERE © 2.83 A (95%CI: 2.40-3.35), 1F % IfiLJE
— &I ERE © 2.07 A (95%CI: 1.68-2.54) . & IfiLJE
—ARMLTERE : 4.26 N (95%Cl: 3.40-5.32) T - 7z,
TR MUEAER R 83 2 RRBRMESAE Y A 7 1%, &
M E—EIMERE © 49% (AN — K@ 1.49, 95%Cl:
1.06-2.08) , &Il FE— 4RI ERE62% (NP — REE -
1.62, 95%CI: 1.11-2.37) THEIZEML Tz, %
7o, RO ME L3 mEBRIT, P OFRE
RS IMLEDSFRANE Y A7 OB L EHE LT
(NP — RH s 141, 95%CLE 1.17-1.71) . Bl ¥k 24T
THH O TiZ, B4 MEHER R Ui E—
PRI FEHE 0D A C il Ji R A BB [ 55 D BE N 2358 6
b,

EHOIX. RO 22 R & i)

—ARMLE DI FAE B R X — 2 DSPRHVEFRIE Y A 7
ORI LB D D LR T Tz,

20 FE DA A YN N—=I1ZB T 5 hEHR
ROMERBY R Y L EET—F R— R E T
Strongman H, Gadd S, Matthews A, et al: Me-
dium and long-term risks of specific cardiovas-
cular diseases in survivors of 20 adult cancers:
A population-based cohort study using multiple
linked UK electronic health records database.
Lancet 2019; 394: 1041-54.

WA DA BE OEFRIERIE I A L 73,
MBAF AL N—12 BT 5 th BRI R Y
A7 OF EEMICEATA T U AR LT
W5, BEDLIZEET X RX—2A&HH L THA
FRBIOLMERE Y A7 2 Uiz,

W B PET — X R— A5, FIEHE D E
W AT 20 FREHO B A YA N— (18 3%LL L. 23
AWtk 12 5 A UL B4 A7) L4, % e~ v F
ST A AR DS 72 O R 2 3E L Tz. 1990
FE1THP S 20154E12 HETONRA Y N A N —
Tt 108,215 i CF-¥4F b 66.1 %, 2ot 52.4%) B &
OSRHIRTHE 523,541 Bl CEEI4EHR 66.0 1%, 53.1%) %
AT Uy DSAFRBRNT YA N — DLFROMAE R
B R R R LR Uz, BT OFE R, 20
i I8 FED A YN A N—IZBNT, RHEEE L
FEARTHEIRIMARZERRE Y A 7 O KiliE78 BR300
itz 4Ekh, M SA &R B o dm fER
K7 (B2, BMIL, BEFSIERS) 2% o —

REIZIBRAFIZ L BZENRE L, ARSI
AP N— 1 1.72 (95%CL:1.57-1.89) . 1= A3
MAYNA N— 1972 (95%CIL:5.50-17.18) T&H -
oo ET2. 20T 10 FEONRA T ANA N—ITBWN
T, DAL/ ODTHIEDY A7 EFANED b,
TS — REHEOWRIZ, JERY X2V V!
1.94 (95%CIL:1.66-2.25) .  F1 L5 © 1.77 (95%Cl:1.50-
2.09). % 3P B © 3.29 (95%CL:2.59-4.18), &
N A0 1.96 (95%CL1.46-2.64) . Jifi A3 A :1.82
(95%CI:1.52-2.17). B 25A : 1.73 (95%CI:1.38-2.17)
HETH oo, FITNENR. 2. wEEIIRE &,
fzer, OMEFRIEIED Y 27 ER D b,

EFEHIT. L OBATOLIEERY 27 L&
MRRD BN AT NE = IR ARIC L D2
BRE W R, ALk S E 2GR N -
ThDHARErE bR Lz,

(TR PR A e U e A B 1l o 7
NN k)
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AEOXAL M ERD L, —H, HFROHRIZ
BT ATy = RKROAMED X S ITRX DM,
AEZZOX S BREOARTIER N, XA MVBR
T LT, EVHIXERTHDIMN, HEez2ii- T
i< ECHREMIHELRbhDZ LR, FEOD
BB N — 2 ICERICHR S Tnd, #L T,
AEZE RS, FEHFORIFGED X 5 RAESIT
WCEZHZD, ZOLSRT 7Fa—FiF, Higs
INGRE (S EL/NGL) TIZZR WS, H B DR A TE T2H,
BRLUTERZ LAERITEDZ L ZFN, LT
N BIZEEITE S &2 TnD NTRWiT
MOHREMRH D Z L ERET D, AEN ST,
FOXHIRIENRETHBHDLHATL B, ZIL b,
AEIZIE. DO 1N EBDH D, Thb
He =7V VBHEOEBREEZBMTL, EEBA
FHETOLHAIAY) —Fy Ty —EInOT,
BUREE O 2585 Z Lick > T, AT
RREDORY F PRI LN TES, L LBUK
oo | RN 1| WAL = 4 hahe YoV A AV =R A ¥ VA 2/ AV
Th. HNREENPET O TIER V. mWHLAL
BRDUNTFHATE Z LT, &RITED), &
S5EkEiiolc. ZOZ LIFR ORI LR
TEXOMETHY., AFEFITBNTH, Wikl
725 No reflow BLL 2 W 5 : Z DJFRE L 1RE
(1999 4., R&E3ERE) | L4 oFHEE LT 5 L.
PRBR A2 E LS LW O HERE Yo R
T—HTH D,

AEORERIZ. s LTIEZRITRB I DR
RFZE &1 2 ) & 5 B DB X Bl Tk,
KEDPITIXTIERENFE ) & TEIRIFSE ) D 2 fRic o
T, FNENOWREETT-> T L TEENRLE
LELTWBZ Laidikd 5. LUFiT, ALY
MR 21T 5. 9. Mim 14 (E2EE2T 54
WOHEIX?) IZBNWT, BIRENS kE2T->T
Wb, Fiut, EEHROBE. = Ra—3—
FRETIIRLSERBRETHD. LI ETDH
5 (Bl IX TR PR EOMBEOLA., = K
I—P—IHEETH D), FHITT ORI
DNWT, ERITAIZEEREREE TRVWETH>Z L

LR L

B ERBHEHREY 5~
ERAREAR PSS

MTERNZ L &2ZT, 20 2 FEIHEESIX
BZD<A v REHORERE, L) Z a2k
TnWb, LPL—LT, ZoZ tidFHEoEK L
WFANT. EIREEE &2 5 TROWIIZEE O T
58 L7 T > T ITIF— LRHER Z L 2
RLTWBLEHNZ B,

FERERFZEARICBE L Cid, AFZRIC 6372 10 I H
LWV b OEZES, EAPRITIX RN &R
SR LamiT b, ERIEMERIE. A
HIRFSE. FENTRORTZER X O FEIHIIIFZE @ 3 FEES
HY. FRFNIZONTEEG 2D CHM 2T
5. HRIT, XY-Z AR (2 2 Tik, WA,
WMRB~DOAD i, MEANTFTV—)ITLDE
VbR, A ZRGE TIRHARK ) N T



Bt

137

HY. ZOHTIRABALIZNVN AL ? ), THE
RPN B BEIIRL RN ? 12 E. LD
AL RR D R END, B, FENRBTS
FERERFZRIT 31T 2 kK - Bkfki 2 & D b1 TR T2
WAITIX, 6 B GEHEMZEOE M) B L O 7 & (5
B DRI 230> 5 | T D BRI 7 TIPS) 72 5
Gl EEREYTEN, ZoFEEOHAIIZE
FUTONWT, HHORBREE -T2 ~53TID
ZEHRMELHPLTWDAICHD ENR D,

BERPRIFZeAmIC B L Clid, 8 3 CHEIRER A F%E D
HED TN DONWTHIT 5, 8-1 (EERRFZE & 13T
FT?) Tk, F£EKEM ST, BKZEO RO
BIWITE, M AWRZE et ER, R, EAT3E
HBER) ONLE ST 2 KRB L, W& ~DOR
WHA R&oTnd, 7. 82 (ZaEpigd
DRERIIZE 2 L2 P2 S0 on ?) Tk,
BERIFZE S B 72 Bl I, FIXFEI NI R AoA £
NN DIT S, HARETE &2 5 Mz B4
SikeB 2 x2. ENOBE S AIETLT S
TeDThHD, & LEDOIFRBNTHD, LTI
HTIX, BN —T %2R NTIr -z J-WIND
ez Fliz. RiEGRIFZRIC S < BT A >,
BEOTY M) —FHl, BEXOKFZY KRA > b
DIFHENT 72 E D) ONTBBRTH D (7235,
JWIND fffZe CRrH T« 7t b leofk=aF
VIONRBEDOETH 723 b KU 7 KATP
F ¥ TATDOWTIX, WEEZ D4 T-FEREH &
L 72 o 7z (Nature 572: 609-613, 2019), I h =2
RUT7A~DORERIOI b2y KU 7O & v
SBL IR LR 7 a—=0 2MRic kY.,
MITOK & W5 & > X7 457, MITOK |X %
Vo ALy (K+) 235, BN LIRER R
<HEmd, iR ORI TR, B 280K
T E R (Burst-like flickering activity) ZH: b,
WAL U TIRERME (N, Ao lss
PTETRBTNLT WEIE R <. A — A0 ]
IZHE5) Td D75, HTIIA 2 B RMEAMEH -
7zo —Ji. ABC IV AR—EDT77 I —T
&% MITOSUP L AWEEKRTHZ &ick .
K+ OHEFRPNZE L, ATP i3t LT k2
MDHDHZERMWERENZ, L Tinvivo DL X
LTI #FH DS & L TV B pharmacological
preconditioning 12 & 2 LMRFEIZBIG L TWD Z &
B, WD TRENTE, S5RIBEHTZ NN ST
BB, ZOREORBRHHFEND).

LT AT, FEHENEZLNIEE Z O 21T T
SR L TWD DI, 2 08hndh 5 LEbhb,
1920F, ZD2 00D MV DI
ZRANTNWD O TH D, T7bb, SR
HLETHEMED A T =X L3 (KA 0
TP A aXF o TEEDZL)NENTHY.

ZOMEITAT U S ERSBRRICB I 2 B4
TREEL 722, A, ERERIFZEIE. ZERERFZE O
IS5, ZRORBHEHE > THWDIR
ROEEMIEELTIA > L, Hal¥# 7y e —F
X VRN E ZRDDDDOTHY ., S HIT
FEHEOSERME DL, TNEHOSERZBRTD )
WS ZERANTHD, LT, HH 1H0H
HIL. FHOWGEERE. T72bb, PEEZE I »
BIFEOMFIZ A, HAICTERFEIZS 7 b
LTV NI > Tnd A, 2o Z itk
M ARFEFIX. WHICFET DAL, death valley
Bz X o LERLTND,

ST, FnLBMcEEZR O, FscERICEE
5Z¢ThH%. £7. Higeno dbos, BliTo
VAT ATIE. BAMEDZ L 2EXDRBND
HIRME (BEHEOSEREVD L, wokh L L
RECTa—b —%RARBE, LW HIRRE) TFF
PIBELOTIRL TR, RETBDONERH
DIRVIRETITHOND L WS ORERED L Z AT
BB, TPz, FOX 5 BREGEOLMERER
LTI RETHD. &0 9 DITRERH
ThHD (2B, FsClERICBE L TERIX, TR -
BT - HARRIERIIEE O D DOWFERLT 7 T
7 TR 7h (20204, AT HHRR) I E VWS
BMOFEHT, EHIFEEIELHMEZRERBLTY
B)e Efo, XDOR—I L TDFHITHONVWTHE
LENTWS, ZHIZHONWT 1O ITFENTEL
E VAR RAATZRITER SN D T e,
ZFN72 0 ONETHIgE 2D TNk, e
BRPARERLEFIZIZR > TN Z5TT B L,
EIHFEER L OR A2 TIREST 257210 T
FTRTOELEEW S T LITZEERH Y, wLl
corresponding author & last author % 43 I % 1 ]
ZHHEHITHD (ZNEHDORAL TN &, 2
D TRIBEPZTR L CTIE) v EHERE
Licb &z, NBER S50, &l - 2iETh D
IRE &L WG OB AR U o s & T o =4
L LTHEINZH-TzZ L exttbEnb),

RIT, 3 14 mIEEBGRE D E LT D
ABOEER], ZOWST, BEEHENHR AT
AR ZET D00 ? 1205 WAL T,
ZFRIZHGRET B EELE>TND, FDXH7%
%% L TWDONEIARFITED N, FiTZ 0
BTN, EEPR—FAZEEB L Tsx e o T
ZLThDH, LB IEXD, ELT. wHI
SHLTZOFEONT LoD TIERNWEAS
NPCEH, R EEMIEEZIZILH XS
L,

(ESLAEBRAFRAIZEE o 2 — 1R (i 45)



1 EEEE A% W2H (2020
i 1]
BEER R FWilot
E W K M
B HR AR R D W AETENEN 125k, 11 5bic i 2 2 BET

1917 45, BEERZRZITB W T, W R o I is #%&
WA e U, BRI S A5 24 T Tl 225
JEHE= AR 222 R & T BRI L&
Uiz. Eiz, 1920 48, Jb B L =R+ 2Rk &
& U TBIEZR AR ARBIIBGE L E Uiz, Bk,
P EFE RN 2R 22 R VR 2R e Tl Bk Bk
DOHETH DI L KOS LTz B %2 Hig
L. &R Jee o Tiksr H ) TR0k 2
HARLE LT, IRESRTRRETH D ILHLE=AE L
BHRZ LN PREEYIORB 2T 5L LT,
DLt HE - It hz>TEE Lz,

2017 4 BEEFE 2K IR 2230 BRI R 100 4F %30
Zv SAERITEARE LT K& BRIZ. A4 2020 4F
IZBHBE 100 4E 23 % 9, ZA LT, 2018 4E5
HITIE, BrmRbesil 1 BRENARBEE Nz LE Lz,
%Lwﬁ&ﬁkm BERIOER A B 27 5 A

—HENRENETE DB X Ok okidiE, 4
lf%ﬁ@ﬁm%%%zéimiw RE. SRR
v = bR L —F 1 - MY
Y& —, ERHRBANOEBTL RN—&Z—it k5
BAWSEL — DOMRZRE. BESAIRL &
TR EHEPIRMETE D X oA R T RN
ENTVET, 5% b, =2 b T2 ABOFER
BEEE i T 2T, EENEb ool LV
JEZEBR PRGN T D FETT .

2 TP 2 B )IARIRGIRIT X+ 2V R AWNIZH
D REFEBRIE. 31 ORERLE 30 O
FiT, WHEEZED D & 900 44 DR R IZERDS
AHEMHEIZERE S, — P oREE T
#13,000 A, —HODABEEEE D 800 N &K%
9, &5z, 41 16,000 N2 Eofiak sy
ZUF A, PR AR 14,000 I B A T
F9. T, FREMREREE & U ChER R EE
T L bz, 2H 99 OBLERERSE & DA
HATFROBE PO A U CHUS RS I D EER LT
WET,

F 7z, 2016 FEITIFERRERFZE %R BE iz, 2018
HITIIMA T ) BEREP LSRG R E S,

B R E L THE—DIFEL 72 > TV E
T Fie. 2018 FFEITIXNBIF O Al ik A # L€
FIVRBEICIRE S, AR EEREL, Al
Befli oM Uiz mfEomhR/b, HE)bzHigL.
REwRFH L LERESA~OY —E 2 _EiC
YA TNET,

BEREIE IR AP PR R B 5

i YN e S R e S LSy 1T |
nXZP 6@“5 & 33 413\ 1950 ﬁk EIZIK)\T%B&)
TRETO 2 M OB IRIHE 244 % 7o KB
B2 AR A CUREBI ) 2VR E%. ME
BARFELE L, 20124810 H k0. FRIGEE
5 REIR N Tihd— 3L & 72 > TE O W RRFRHE
EHELSERT D Z L 2 HEIBY, #HELS
b OE AL &AM OFELE 2 A Tokk & 72 B &
HEDTNET, EREFRERRHEGE TIX. RERHE
ZFAite s X —TO2YHE: Srhibgtr s 2 —
TOHEELEFEH, HABHEE Y X —TOKIF
BHL BT X —CTOBM - EREH 2T
TVWET,

D Fiikr ¥ —

2018 4R ITHTEE L e #im Be BRIT X, Befdt OB
MEFAZTE2BBOFEMELZ—NHV F
Fo LSRN 7R & DI NG & AABETAF L
DRI NA 7Y v REMI=E, vR vy b ZEFAM
%, 3D g TR % U2 T X 2 WS Tl
BREEHATHET, KRS OTFMIZ—H
Bl 40 FEFLE T, 2019 4EOFRENZ 9,310 £ (B
BT T4 A A ) Tl Tty X —Tlix
KINER A 2RO TMNFII SN TR Y. HED
SHZ ERMBE. OB ARBIERITIRIA
DR TT, "7V RREIETEAT Y b
2 TAVR 212U, &7 A ADIRR S FEht S
NTVWET, aRy bBRIZ X 2860 T Tix
A AR THEA et R 2 E L TVwET, Z0
fih, BB TRCEBEER OAFH T2 &,
KEFFBE 72 B TIEOFMBSEE b T ET,
TR LI T OB HEZRWLE T 6 U C RIS L i

R0 S R R



MR

139

BB — Z BB L TR, FMBITOR
BB DML TWE T, HAER» SlBEmE £
T, BEEBEALS . PMNE & —BilHEOREIC
HOET RSB TS, BRI OFHH B 5|
PR SRR & 72 o TRE R T 2
BHLCRY., R & REERE M, AARLERR 2
XU, BA RO 203 BRIk TnET,
FNENORTD NeFEM it L. BEWITHI
BMLAEWERBSL, —AOEVDEEZADED,
Z L TRROERDESDTZ D, Ik O TR
ZHEHA LT, 365 H 24 FRIEE > TWET,

2) frhigHie v ¥ —

Hrh i v & — 1% 1988 4E 5 BT Atk I ERE
BELZPRT DR E L THZ SN E L, EE
IR ER SR R 23 M 5 ICU # & L RrE
BRI L2 ERT O R IT#iss S, Beskssd
DOHAEBEZ 21X T D% %2 &b N TS DB MER
HIE B E OB IRFRITIRIL < bt L TE T
T3, NTIEILZ 0% U R i ML 8 i A< i
AR, AR R, KBRSV — 2 R0
> RN RSN Tl 7 & OARA BB Al B 2
55D 1 A HE R 1 DA A S IRE ] BE 7R A %
Bz, EEBFBIICY > TnET, RETIE
R 2B N 5= a3 VOB AZK Y,
DR 72 53 BN 22 P i i T fiL
ATHWET, ICUHREIX. AX v 7 4~54%,
LYTY b1 ~28DF 6~ 745 24 I’
THIBIT e > TWET, 20184E5 H. 1 5fFIC
Bk Lo grdEhinidir o % — i, kv mERE
SRR & Hlt 2 R U e s e e it T & B &
5. VIRIKL T2 O % KigicizE L, Btk
vE—, Fiitrh—rp & LBEICHEBERZD ., &
PEHAEFE O i & U CThEN A o BEE B R
1,000 £ DRI YTz > TWET,

) WAL L ¥ —

RIS B FIE 2,000 7 NEL EE#HES N
TRY. mAOEEL - BHL - #aiix, &&
OEFOESLAFETIHELZE LKL TNIE, &
W B Tl R A O, ) X AR TI R R
DR T IR 2R E 9, BRI Ree
WEH R E O ENERE T TR, e
DN R MM I BT B 72 6D, FER DiEE v

BT 7 u —F Tk, B9 L HIE R Buah i
BPELNTWRNONRBIRTY, 201846 HiT
BlRk SNz MY v & —i%, HEMIERm R s 2Lk
x4 & Uy BREERL « UNE DR - BIBARL - Kt
Bl b LIEEBOBIERID, 2 oM
LS & DGR Z I U, AR T A& 12kt
T 5B - WEETOBIRI I AKX —TT, 4t
VA —"TiX. 1B ERE OB R KRR 2 H
L L, k7 vy 7 - FREREIE R & O
DOBEL L iz, ENTRERZED 20 RAIT
S BEEEE | R~ A > RTVRRIIREDT
0y AERELTVET,

DBy TRV —

My x—ik, EarErTEEICERLE
BESCEIEOHEREEMTHAZ Licky, XV
X Quality of Life 2528452 L #HMME LT
WET, 1993 X D BAKIFDIEEZIBO TV
FREEA R OBERM & 23 A BUE A~ O it 12 715 &
LCTHRAeZS S EF TW e BHERA hL &2
V. 1996 FiT 155 1 RYE MR EIIZE ) AT L
T2 Z LT E V £9, 1997 4R ICIENE S FI& H# A
MIKRIARIZEE S, F—2 b 77 LY
ADEMRIZZBERIGE Y £ L, 2006 4E1TH
ARPIRIEARERHIE S, BIM7 T IXBA B
B SR 58 O AN E B L 72 0 IR B 3 E N A TR
LR, X BT 2007 D B LRI RE TRA T
07y Y aFIVERT T IBEED. RER
NG PR LM i ) THRE AR P R pk = — A
LEERED T2 OFHME 2 — A &2 &E L. &
EHFEHMER L OCREEDOERZIT>THWET,
FO%, BT, BABREORTIERL., 4
BYHEIN DRI - 2RI TE D X
5, ZOIEHHPHEZIERIEDLENRTTE R
EB, 20Ty TRy 2 =1L %
L7z, WEE & LTI, M7 F— A, HMHK
Dfth, BRI PbD~=aT MR E %
fFoTWET, 2019 FFITHERIN A B HEEHBEIL
FIRBE & 720 | R 6 4 (RRIR] 2,8 ph it Bl 2,
ARFL, ARID ., YzxI<x—Tr— 14,
FAllhifi 3 44, SEAIAD 3 44, FHFFEL 1 ANEH)
LTWZET,



140

EBRIAE o5 418 25 (2020)

7 S il

Impella
— Ry & OBERERIE 2 HIE Licth UDOEBREEB T N A A —

f

®HE

OELRMBHLAFERR Y ST —FT
(Impella) DELHTMATEIREY R — kN OMIHEZ1F
TR, ELEHMY (7> a—R) &5 e
5 b AMIERMAREICT LA v a v e
RLTNWD,

O AIITB W TiE, 2016 4T Impella 2.5 B L O}
5.0 3. 2019 481 CP 3B FH KR S L. R A (T
AR BB LT B (2020 45 7 A BAET
2,000 JEH) o

©® AIFH T, Impella @ FEFER IR B 2 M50 L7z I
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ESPVR, end-systolic pressure volume relationship; EDPVR, end-diastolic pressure volume

relationship



142

EBRIAE o5 418 25 (2020)

IABP

150 ~

100 A

50 A

EEE (mmHg)

Partial support

150 1

100 4

E (mmHg)

50 A

EE

ECMO

150 -+

100 A

50 A

Impella

200

= 2

Total support

150 -

100 A

50 4

100
EZARE (m)

200
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EEEHAEREIETHRLEDDOTH Y HLOLNA
HE RO E 2Kk Ui TH 5, flidhik=
VTIAT U RAELDHBIZRESEEI NS Z
LB, il I B S BE R IR V2 1 R I v

o

BLE LD,

MATEIRER FEE 2k L7e £ RIS ONER
BT LTV D OB R T IUTEET 7 b
LITIE D72 572, National Cardiogenic Shock
Initiative D5 Tix ?. Lactate 13 % DR % %
UIIZRT DD TH V. Atk CPO & Lactate
BTy a3y 7 BEOTHEIPEINETE 52 L3R
SN T3 (E3C0),

Impella % B T 2 00%. FFATREZ2E P O
PEBRSE 05 2 MERE T E D72 O HERE & o)
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LVPE left ventricular pressure; AP, arterial pressure; LAP, left atrial pressure; LV flow, blood flow
ejecting through aortic valve.
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VBRI N & W SRR A XHN
JERWZ LRI NE Y, 4%, Pivotal RER
kv, Marte” sofshtEREE L T
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BHEB~YT7 NERDZ L TPVARKRIZORN
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VA-ECMO DR £ Cd - 7z PVA ¥/l % Impella i
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TR Uz, i~V EIVTM2, i fL7% (2
/45)5/5 mm, R $fi/ #f, MF 80/-mmHg,
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FONEMEY 3y 7 ek LYW Uiz, £72.
SOENFFEIZ X DR R, FEF2—7 X0
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VA-ECMO ECPELLA
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6 VA-ECMO & & U ECPELLA TOM{TEIRE & PV loop DZE 1L,
LVP, left ventricular pressure; AP, arterial pressure; LAP, left atrial pressure; PAP, pulmonary
artery pressure; RVP, right ventricular pressure; RAP, right atrial pressure; LV flow, blood flow
ejecting through aortic valve.
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