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FE e TR O IEER, %

vy, TUTNLY, AV T CRREREO FFE

=
R R FT8E
Bk RE S
= g5

MERAZAV, 50%%E5, BETIC nt,
Ty I7nLy, £V 71, NLA, NLA &
ROr # 3 v miiE OB 21T, TBREEDE
=% =TTz, FFER, NHEAEFHDHEOZLE A
E L. ~mt T, FEINR, PIIRMAE,
FHHEE, HBEEOVTHYL, TofifHr Kb
MoToDIEK LT, 4 Y 7N Tk B R
fu7c. NLA, NLA ZE¥ETik, FFERMmEE DR
PR EL, COFERIKERIC LEAFL, B
FHMFETERTRE 0 EBEbhe. FH I
HEETERVCThomiE b R <RI
7o, FFPEER, MR~ P2 L MG RliE R
DOEAL BE 2T, ~ut v UNORKEE T
FoEMBBEECERE T, HES2ERST &
iAo EBbhs.

2 U &I

W, BERERICEAT 2RO ES I, F
i, WMEERFORFIMTERED ZE) OMIE &, MEHE
OFEEORERF DAL, FFIEIFMRFO T
BIRBEEDIEIB &\ » B A S B ERIC X B
MEAERDPBERINDESE o> TR, L
L, FREOZEE) & Rk, FFEED Sh 5,
VoL 5 EELEEZ SN BHEETREEREY
EDRICELT a0 L Tix, Zo#HE( DL
RIGRP I TR S,

AfETix, ThETEESHRE L TR

*EFEE BRI

B, WBREFERHREOLHCET %M £
RO ez T, FE~OE DRV LS
, FHEEREGHGICHIRMTOMEEEE LT LIE
LI EIR 2T\ 5% neurolept analgesia (NLA),
NLA % (mNLA) ROV % I v SiEOFE
R, HWBEFRLRSRBICRETEESE2, 1 X2H
ToRRFERE R0 B HEH R & iz 7e.

HREFE

MAER AASEE A AL, ¥ % 3 50mg Wi
%, ¥4 7 I7— 10-20 mg/kg #itic TAMR
XEEENFEL, 50%%R, MR FICEEAL
A L= 2k Y REMER 2T\ Bk TR, B
MBEIREE =% —%EK, ~rr7e=0ULn 4
mg FELTHE L. B+ HBB#aks zoi
BRI CRERR L, RHFER~E 2-4mm o, [k
~fR 6-Tmm O 7'n—7%¥EE EWKET (A
A" MF-47, MFV-1200) 2t L, D kD
O MFEEOREICH L. PIRMEERO 721 i3
BIEEIRO K SFIR~H 7 —F VERFA, %
7 FF B IR M B E o> H B9 TOMSERRIR & v PR IRIC
HF—FNEGE L. B UL AAEHER 51X
2Ty - HovhTF—FAERMEIRE CREAL,
BEREIC X A0MEEOHTE (BAXE AH,
EQ-611V) izl L7c. FHHRIEET#, mE
fE7H S DEIE 285 - T, Fi0z 0.5 TLUF D& RE:
B EET L.

1)ER—WFE—-1.6% nt > (128, ~vt

VER), FER-BFE-2.T%T 7L (8,
TNV UEE), B)ERBE—2.3%1 V7
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vy (7THE, 41 V70V U8, WES—HE
—NLA (786, 7= 4 =—/ 0.0l mg/kg, F
r~_Y K= 0.5mg/kg, NLA Bf), (5)%% —M
#Z-—mNLA (786, _v# v 3mg/kg, o7
+,%4 1mg/kg, mNLA ), (6)E%—E—~
Z3v (THH, 7% 30mg/kg/h CTAHM, &
g3 UF).

Db RERE T 1 RefEfERE Lo, 305 Rt
B#E T, TORIENERIC X 2FEFERTIC 4
BT L7c. EBx PaCO; 1 30-40 mmHg
iz, fkiRix 37°C mifkicHERF L7,

FEERE (MAP), O4AHE (CO), FFEhIR ik
& (HABF), MikififtE (PVBF) % X OBk i,
FINR ML, &R Mo i 4 2 58 (L 213), Hb
i, FeFeafupEE (IL282) oJIEx, WRELAT, AR
e (BAAG X » 1 WER), BRERRE T 2 KRS H4R I i
fr, MmiE LDH, GOT, GPT i, Filr#fEai, MK
Meml, &7 % 4REICElE Lic. FiE#EffE =
(DhepOz) K UNFREEH HEE (VhepOy) 2o\ T
i, FFEAR, PR MmkE &, BRI (REA
iR TRM), PIURIM, HFEIRMOBEESRE
(£ h ChaO,, Cpv0Oy, ChvOs) 75,

DhepO; (m//min/100g)

ELCTHE Lc., HRrERAE Y, BFNOHE
{22\ T, paired t test %, B0 H#Lic DL
Tk, 7RO ERDEEEETRAL,
p<0.05 THEZEH Y LHIE L.

fis R

£ BT 5 BRI o MAP, CO, HABF,
PVBF, #&HF k& (THBF), DhepOs;, VhepOs,
ChvO;, DhepOy/VhepO; K% GPT o FEifllfEiz
#1lizmLic. MAP & NLA B2, ~uty
BRUOT o7 v BT HERT, Ecr 7 3 VR,
raty, TUTAVY, 4V TNV BT HR
THERED > @3, HEICEEEZRAD S
N o,

BRREEF O, BREER ORI 2 eI 1) 5
FHEEAOZELER 1 ~KYIZRT. T
RN B ARRE: =R &, AN IRRE: =5 &
L7, MAP (3 =fOBRAMKE: L NLA CRRE:
iz, ~ut o8 73+2mmHg, =710 B
74+2mmHg, A Y 7 L v # 74+1 mmHg,
NLA #f 114+8 mmHg, * AEIZIET L7z,
mNLA L7 # I o TiEBEfb L7 (K1).
CO W AWK NLA THERRBAZTRLE

PVBF><C 0 +HABF><Ch 0 (~ut  HELANBEO 7246%, =700 v
=t vOy+——F— a
100 ~+PYF2T 00 ' BE7349%, £ V7L L BE824+8%, NLA BE77
VhepO; (ml/min/100g) +5%) oicx LT, mNLA &4 % 3 v CiIZit
. AR o tc 2). HABF 17 # 3.
:Dhepoz_wxchvoz5),ﬁl B Hiis .l)/ ([z] ) . . -
100 T, WREEP, BRERE & A Ve h o DRt L
%1 Control values of each group (X+SE)
halothane enflurane  isoflurane NLA mNLA ketamine
MAP (mmHg) 1306 128+5 13316 149+6* 146110 1664-5*18
CO (m/-kg—'-min~!) 208+17 240-+20 213+18 199+13 192419 214415
HABF (m/-100g ! min—1?) 39.74+4.1 63.8+6.5 39.04+3.9 53.2+15.2 33.11+8.8 40.715.6

PVBF (m/-100g ! min—!

116.4+7.5 107.1£15.9 127.049.5 101.1+6.9

92.845.3 110.047.5

THBF  (m/-100g ''min~!) | 156.146.2 170.8+18.3 166.1410.5 154.3+19.5 125.9+6.7 153.0-9.4
DhepO, (mlO,-100g—!-min~1)| 27.143.3 24.343.7 25.8+2.7 24.24+3.7 21.2+1.7 26.2+1.9
VhepO, (mlO,-100g~'-min~?)| 7.240.9  5.8+1.0  8.5+2.0  58+1.4  6.24+1.6  5.0-40.7
ChvO,  (mlO,-dI-Y) 10.0+1.3  10.1+1.6  10.241.6 12.0+1.3 11.940.3  14.07F1.2
DhepO,/VhepO, 3.3+0.5  4.8+1.1  3.940.7 7.243.0  4.8+1.3  5.840.9
GPT (1.U.) 3043 262 2644 3647 103171 67115

MAP=mean arterial pressure; CO=cardiac output; HABF =hepatic arterial blood flow; PVBF =portal venous blood
flow; THBF =total hepatic blood flow; I)hepogzhepatic oxygen supply; VhepO,=hepatic oxygen consumption;
ChvO,=hepatic venous oxygen content; NLA =neurolept analgesia; mNLA =modified neurolept analgesia.
*p<0.05 vs. helothane; 'p<0.05 vs. enflurane; 5p<0.05 vs. isoflurane
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Cont Anes Post Cont Anes Post
Changes of MARP (mean arterial pressure)

Ohalothane; @®@enflurane; Xisoflurane; ANLA; AmNLA; Yrketamine.
*p<0.05 vs. control; ©p<0.05 vs. halothane: t p<0.05 vs. enflurane;

§ p<0.05 vs. isoflurane; a p<0.05 vs. NLA; b p<0.05 vs. mNLA.
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Cont Anes Post

Cont Anes Post

Changes of CO (cardiac output)

Ohalothane; @®@enflurane; Xisoflurane; ANLA; AmNLA; Ywketamine.
*p<0.05 vs. control
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T, nmty, =70y, NLA TIRIED
€ TFICHA LTRY O~et o BEA S RE D63+
6%, T 7L R601+10%, NLA B¥49+7%)
L7z7y, mNLA TRMmENKT2ED S ARh
Sk b b b HED L GHRED62111%),
OV EREBRIC bR L. 4 Y 7L T
1%, e LARKEMRICEAD 2R L GHEfED59+
7%). Lit HABF oZ1tixK 3 ic="3. PVBF
13, WAFKERECIE o v & o OB BB I R
ED821+9%, ME:EIZ86+10%, &4 Lico
X LT, =7y, £ Y700 TiER<L
HFE e, 72 30T, RErh, SRBREO9I
F10% EBEDK TICHE E ~»cnizx L, NLA,
mNLA &+ %, NLA B2 NBREN86+7%,
mNLA #£2381+3%, &AL, I
1% NLA BfCxIB{ED73+4%, mNLA FTi373
+8%, XA L (K4). f£-T
THBF & LCiE, WMEFIE v B2 R R E
D69+6%, = 7N L U BHETI01+H8%, L rt
v, TNy TRBANAKE L, KB D
RO ET 2 HOOFE LW DTS DIk

%
100

50-
1 ISEM

Cont Anes Post

L, 4 Y7y Tiamkih, Rk e bR
FrXhi:. £7 NLA, mNLA & (it BE
A L (NLA BECHREDT75+7%, mNLA
BETT645%), BRE:ZZ @ Lz (NLA BF
T IRED68+5%, mNLA BET69+4%) mic
LU, &I U TkREAF, BERVT 2500
R 13 A B L (K 5). DhepOs i
THBF 212 3FfT LCELT 55, MREFEA
vt U HECTHBEN59E6%, T 7L BT
66+9%, NLA #T6647%, mNLA # T71+4
%, 7HIUBETIIH6%E, 4V 7L UL
NTRTEZICHD Ui, FEHSE, BARKERE
AHRBEICEIE Lioolcxt L, #IRFKE:S BTk
W hErGE L7z, Bz mNLA TR BED51+
9% L E LV AR SR (M6). VhepO,
Fomt VBT, REP IS IRIEDT617%, KK
W:1%62110% & HREOWA &R Lichs, o R
BT, WThbAEBEORDVERED bR -
(X 7). DhepOs/VhepO, i, W AKKEBETIZAE
BEOBrBD SR >Diext L, NLA T
AR S FREOT1+6%, MREE#67112%,

%
1004 \I
f
\ pA¢ ‘[
\‘\\ \{‘3
\
| JEEY
W\, T
\‘ \‘i( l
50- T *
1 ISEM
T *
Cont Anes Post

Changes of HABF (hepatic arterial blood flow)

Ohalothane; @enflurane;
*p<0.05 vs. control

Xisoflurane; ANLA; AmNLA; sYwketamine.
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Changes of PVBF (portal venous blood flow)

Ohalothane; @enflurane; Xisoflurane; ANLA; AmNLA; JYcketamine.
*p<0.05 vs. control
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Cont Anes Post Cont Anes Post

Changes of THBF (total hepatic blood flow)

Ohalothane; ®@enflurane; Xisoflurane; ANLA; AmNLA; srketamine.
*p<0.05 vs. control
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CBLnt Anes Post Cont Anes Post

Changes of DhepO. (hepatic oxygen supply)

Ohalothane: ®@enflurane; Xisoflurane: ANLA: AmNLA; ‘ketamine.
*p<0.05 vs. control

X 6
% % L 1,
00 < | > 1001 \ Tk
f N
*
504 * 501 I —
| ISEM |
L . , T . .
Cont Anes Post Cont Anes Post

Changes of \'lhepoz (hepatic oxygen consumption)

Ohalothane; @®@enflurane; Xisoflurane; ANLA; AmNLA; Yrketamine.
*p<0.05 vs. control
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Cont Anes Post

Changes of Dhep0./VhepO. (hepatic oxygen supply/consumption)
Ohalothane: ®@enflurane; Xisoflurane; ANLA; AmNLA: ‘rketamine.

*p<0.05 vs. control

mNLA TiZMRE£67+4%, 74 2 2 THREME
N+10%E, BEOETFEZR LA (K8). MR
DZAbE, ChvOy DOfEIC—E5EA S il TR
Xhte (K9).

% ES

IO ZPEEADELE, £R, BRES
BraAsBEs LEshTER2ICE LD, BA
R R BTt 1.5-2.0 MAC D FfE:T MAP (%
KL L7045 mmHg & 7 B ERICIHREHEE % 74
#iL7oh%, NLA 2BI LTt Irestedt & #ise
LAE#%, mNLA T NLA t 3% hfis®
2 oNBREER, Fr 8 2oV TULTFiH
EE T 10 mg/kg DFEFER G TEBRIBUCR LT
FKEINRD OB EZAHENL, I HIETET K
B R e L CASEOBEEL L. 208
2 (WO)rwt o REECE, =70 vy, V7
LA ERT, BFER, PIDRIMGEE O R 2 #E
L, - TH~omEGEI D L, FTol
FHBELIMHE S B, (2NLA, mNLA Tix, #&
RS X B RFEIRIKEIE A A s <, FFEIIRMI2 &
OIFEEZ A BT 2k H 5. BRARK

X8

BeCix, MREMET & & BICREIZEIET 20Tk
L, NLA, mNLA 7 CEIRRE: CIIRmEIC b
ZTOERANERE L, WFnREOR 1 EREL, %
NZESICRE LEBE, FiOy 0K Th o FEHEt
HITRRERICc L LAWD T2 2 LB bn s -
7.

ST, ret it X BFEEORRIZALHS
D TIE e\, FFOREERIE & M EICBIE LT
ZE0HELOMEBCIVERINA T
B0 EEL L, FAFOFRErhETLY
BUHRE LTRIDY 2y, vt IR,
PaOy; WMET T 28 EELET 2 L8, ~nm
v BEDSIFERINEIER O G REBETH 51
Hiz, Mg & RADRIC IS 5 TR
Er#5b, ~utrickd VhepOy oA
DhepOp A4 T BBRICIE, FFiCH L C{R#ENIC
< R BE 5% %, in vitro T, »=
+ 1% NADH BikFEBZEOMEWE THY, 2
b2 R 7 CTORBIHY EELRE 2K T S,
MFRMEBEEZEDOCEI T L ELZOA T
21 A% in vivo Tix VhepOs 13 DhepO, iz f7
L, HEIR TV A Z L3 ClclE L. &
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% %
100- 100
§
. *
Iy
$ %
50 504
ISEM ISEM
Cont  Anes Post Cont Anes Post
Changes of ChvO. (hepatic venous oxygen content)
Ohalothane; @®@enflurane; Xisoflurane; ANLA; AmNLA; stketamine.
*p<0.05 vs. control; § p<0.05 vs. halothane, enflurane and isoflurane
9
*2 HHEESREEFORFER, FBEERSOLH
FFBh IR PR BN IrEssE Bk BMEE FFRMIRm  foEem
mfis  miE miiE pHAE MEBRE %R MESR R
- 63 72 69 59 76 77 64 T
A RV 60 82 70 66 79 86 70 —
A TNy 74 89 88 81 107 81 84 -
NLA 49 86 75 66 100 71 79 —
NLA % 62 81 76 71 91 82 83 -
A 93 82 85 71 87 87 79 -

BlEx T GO CRR—MEHR) IR OfE2100 & LB & T 2EE (%)

TES &AL

fo, I, MlAOEHIEICEE L iz, Moo
R 23]t (1) 7 B R s © ASAT Y 7 B P I S 2008
BT, MaNEEET v s F DA ER
NEET B L bR TV BY 2y, KEEHEIE &

vt i, ERICZDEHI N T AL A L B
MEEBEbRTEIY, ZOHENS, ~ut
v ONBEEOBHN G NS.

NLA, mNLA 3k X v, FFRESEBEORKEE
WCHER X RS TRED, FERCBE LT
BFRTICHSA TR, SEOPEN S
HABF oDz KE 30D FiOp 7365 < #EFF

NBREEFE, MIRMFPOBHEEEDS S <, L
MR #FSh5 PVBF 2k - CfoEHlit
e Tw%. Lo L HABF oAz X 3 driv-
ing force DT 26 NFNMKDIEH 2B Bh
L, RmEIC LI MR RO < o, BK
N, Mg RIlcENZERIC R L & &z, BT
FER TGN T v 2 OIS D 6 BT O SEERIE & 17
STEtELD 5. FRBRAREEEOHHICL S
FFEBRIMSI o O FTREMEIC DV T H o e S
NULELBRbhE. AV IAM LU RO Z 3 ik
FRENHORE AL, L vbl), FFiMmEsE
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Effects of Various Anesthetics on Hepatic Circulation

and Hepatic Oxygen Metabolism in Dogs

Nobuyuki Matsumoto

Department of Anesthesiology, Saitama Medical School

Effects of halothane, enflurane, isoflurane,
neurolept anesthesia (NLA), modified NLA, or
i. v. drip infusion of ketamine on hepatic circula-
tion and hepatic oxygen metabolism were
studied in 48 mongrel dogs under the control
ventilation with N;O-Os-pancuronium (FiO,
0.5).

Hepatic arterial and portal venous blood flows
were measured using elctromagnetic flowmetry,
and hepatic oxygen delivery and consumption
were calculated from measured hepatic blood
flow and oxygen content in the hepatic arterial,
portal venous and hepatic venous blood.

Hepatic arterial blood flow and portal venous
blood flow, hepatic oxygen delivery and hepatic
oxygen consumption significantly decreased
with halothane anesthesia, but were maintained

well with isoflurane anesthesia. Hepatic
arterial blood flow excessively decreased with
NLA and mNLA, and then total hepatic blood
flow and hepatic oxygen delivery decreased
even after anesthesia with NLA and mNLA.
Those were maintained well with ketamine
anesthesia.

These results indicate that: 1) effects of
isoflurane, enflurane, or ketamine on hepatic cir-
culation and hepatic oxygen metabolism were
considered to be better than that of halothane;
and 2) it is necessary to be cautious of inducing
the imbalance of hepatic oxygen delivery and
consumption resulting in hepatic hypoxia during
and after anesthesia with halothane, NLA or
mNLA.

Key words: Hepatic circulation, Hepatic oxygen metabolism,

Intravenous anesthetics, Volatile anesthetics
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