h3hvl 3 2815 2] 2005; 49: 18~24
Korean J Anesthesiol Vol. 49, No. 1, July, 2005

ol Aboq

a o

U 0

=230 B'oENs= X0
Desflurane OO [

Hegustn ALFAEFEAE,
ox= = ] A
=2For - =yE - AN -

M Prop
EFxs ¥

ofol, Enflurane, Sevoflurane,
T T AX|O] HHYt Hlul

Comparisons of Propofol, Enflurane, Sevoflurane, and Desflurane Anesthesia in Laparoscopic Cholecystectomy

on Postoperative Liver Enzyme Levels
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Background: Many factors cause postoperative hepatic dysfunction, and anesthetic agents and type of surgery are belived to
contribute to hepatic dysfunction. The authors planned this study to evaluate the effect of different anesthetic agents (sevoflurane,
desflurane, enflurane or propofol) on liver enzymes in the patients who undergone laparoscopic cholecystectomy.

Methods:

80 patients were randomly selected from among those who had undergone cholecystectomy and divided into 4 groups;

an enflurane group (n = 20), a sevoflurane group (n = 20), a desflurane group (n = 20) and a propofol group (n = 20). Preoperative
values of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) were compared with

those on postoperative days 1 and 3 in all groups.
Results:

In all groups, ALT and AST were significantly elevated after operation, and then showed a decrease 3 days after

operation, but remainrd of above preoperative levels (P < 0.05). However, no differences were observed between the 4 groups

P < 0.05).
Conclusions:
effect on liver function after laparoscopic cholecystectomy.

We consider that propofol, sevoflurane, desflurane and enflurane are equally usable and that they have little

(Korean J Anesthesiol 2005; 49: 18~ 24)
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liver enzyme, enflurane, sevoflurane, desflurane, propofol.
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f+X= thiopental sodium 5 mg/kg, succinylcholine 1 mg/kg
Faste] 7@ A#sR F29 2 enflurane, propofol,

F @ oAZ AYse niAE 443

midazolam 2-3 mg%

=

sevoflurane, desflurane

29 2 AeEAL ASHom Ausdn v
F&o] A2E7] AAd ZE oA fentanyl 1 ugkgES
ogtRar A o3 3+ 7l wske Aol wjA
98 fentanyl (AF x 03 x 48A]ZH3} ondansetron 8
mgl 2Y 34 AUMAFXAVE WEol & F AL F
daAdt o= 7—}:““/‘1 o] o], AW, FFA, #H
WAL FAFe] AST, ALT, ALP
?:l B, e T 1Y, £ F 394
=z (7600 110 model, HITACHI, Japan)¥|%lth. 7Ate] 3
040 IU/L, ALPE 39-

AAE ASTE 040 IUL, ALTE

b

/\

o], =54,
student t-testE ©]-&3}P +
7% 49 vl

1_
1= repea-

EH N,O 2 L/min, O, 2 LminE FYPsHEA 72 oA ted measured ANOVA (SPSS 10.0)Z Hlw3lgth ALE AR
enflurane 1.5-2 vol%, sevoflurane 2-2.5 vol%, desflurane 5-6 S Duncan testE A|3sFe] HIwEFP P Zko] 0.057] %Sl
vol%, propofol 8-10 mgkghZ v}HE FAIT. ZE + Ae=2 g9 sty BAsYch
A = oL 3t vecuronium bromide 0.06-0.08
mg/kgo]l BFHAL TFHYE L3S FF 10 mlkg, SF 4 o}
T 1R23EoE AT BIINTE 7Y o|itEtE A E5tol
35-40 mmHgE FAHEE A8t F& T A4 B 2= F 988 & F Fe T AEAY F
T THEY, AAE, sHIMAESE, 57 T olitsE g5 wuuAY A Aol AW 18 F+E Ast
Table 1. Demographic Data

Group Enflurane Sevoflurane Desflurane Propofol

No. of patients 20 20 20 20

Age (years) 532 £ 5.6 51.8 £ 39 443 + 109 504 £ 7.5

Body weight (kg) 59.5 + 8.1 64.8 + 4.6 62.6 + 4.2 639 = 5.0

Sex (male : female) 8:12 16 4:16 6:14

Operation time (min) 75.0 £ 245 77.5 £ 23.7 855 + 269 68.0 + 21.7*

Anesthesia time (min) 98.5 + 25.6 95.0 £ 25.6 1085 + 379 815 + 327
Values are mean + SD. *: P < 0.05 compared with desflurane group.
Table 2. The Changes of Alkaline Phosphatase (ALP) among the Four Groups

Enflurane Sevoflurane Desflurane Propofol

Preop 64.6 £ 6.8 66.7 £ 5.4 628 £ 112 682 + 6.0

Op 612 + 64 634 * 6.2 79.7 + 184 65.8 £ 175

POD1 563 + 6.1%" 637 + 63 746 + 15.0 603 + 6.7

POD3 522 + 59+ 632 £ 54 750 £ 139 613 + 45

Values are mean + S.E. *: P < 0.05 compared with preop,

"L P < 005 compared with Op,

. P < 005 compared with POD1. Preop:

pre-operation, Op: in the recovery room after extubation, POD1: 1 day after operation, POD3: 3 day after operation, ALP normal range: 39-

117 U/L.
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Table 3. The Changes of Alanine Aminotransferase (ALT) among the Four Groups

Enflurane Sevoflurane Desflurane Propofol
Preop 17.7 £ 1.7 19.7 £ 2.7 198 £ 24 192 £ 2.3
Op 28.0 + 3.7* 262 + 2.6% 422 + 7.7* 387 + 7.1%
POD1 36.0 + 3.9% 339 + 33+ 40.0 + 6.5* 49.8 + 9.6*
POD3 264 + 2.7 287 + 2.9+ 352 + 5.8* 30.3 + 3.8+

Values are mean + SE. *: P <

0.05 compared with preop, "L P < 005 compared with Op, . P < 005 compared with POD1. Preop:

pre-operation, Op: in the recovery room after extubation. POD1: 1 day after operation, POD3: 3 day after operation, ALT normal range: 0-40

U/L.

Table 4. The Changes of Aspartate Aminotransferase (AST) among the Four Groups

Enflurane Sevoflurane Desflurane Propofol
Preop 204 + 100 209 + 2.0 192 + 23 214 + 17
Op 38.8 + 5.8% 34.6 + 3.6% 488 + 8.5% 60.4 + 15.2%
PODI1 441 + 6.3% 379 + 4.5% 407 + 43* 574 + 11.3*
POD3 289 + 2.1+ 237 + 24" % 328 + 72% 253 + 161

Values are mean + SE. *: P <

0.05 compared with preop, ".P < 005 compared with Op, ¥.P <005 compared with POD1. Preop:

pre-operation, Op: in the recovery room after extubation. POD1: 1 day after operation, POD3: 3 day after operation, AST normal range: 0-40

U/L.
37 29 2094 808 B2k A9el sk 84
o 9% R AFe A F Al #% Aolst g

Propofoli#©] Desflurane 2.t} & A7) 314 #%e
U w AR b 9% Aole fIATHP < 0.05)
(Table 1).

Alkaline phosphatase (ALP):= Enflurane™ S A 9]8lale Al
el & F3d o] TAHSE oot glitk(Table 2).
Enflurane* 9] A% & A ALPS} & A% ALP= FA4
o= zol7t gy & F 1UAREH & T 3947
A & A ALPAET 99 A TFATE RAFAGP <
0.05)(Table 2).

Alanine aminotransferase (ALT) 7% Yl TWdA EF &
FARY BAHOZE 99 YA F718FHIL desflurane
Agletie & F 1940 7P =3P < 0.05)(Table
& ¥ 3949 ALT A€ v EF £ § 1948t
ol QA Polxoy & A FAEHYE 99 A =

gom o 7o 99 Sl Aole FUJUTHP < 0.05)(Table

3). Enflurane ¥ Sevofluranew*2 & AFHEH F£& F 1

dANAE Fa AT 99 YA Frtstd A =&

SHANE Roltp/l £ F 3dAd ¢ F 1

9o A TihE PO FEAFT FF

2ol It} DesfluraneS 4%

AE Holtyl & F 3YA7LA

Q]
=

fr & e &

)

20

1Al Hls|
ARTE 29 YA =JTHP < 0.05)(Table 3).

Aspartate aminotransferase (AST)7-$- Enflurane ¥} Sevo-

fluranex*d] A% & & 147 71 =& SAHAE HolH
Desfluranew 7 Propofoli*®] 7% F&2 %o 7} w2 =
AAE EH¥Y. X Enflurane? Desflurane o] 3¢ %€
T 3dAE & A SAARG 99 A =L FAE B
Ao} Sevofluranes™ ¥} Propofolitd] A% & % 3|

& A FAZ g2EE BAFUTHP < 0.05)(Table 4).
I =

F& T #As= 7 7Ty &' 98 kA &9
o] #dd F Jd=d FYAA AAY 2 S AHEE,
Fe A% FoAE A FEGA T A= oA, &
WNESHFS EFS v 3TH, A2, vk ZHel, &
o] FTRY F9, 249 HAF Bx, € AT o uz
A7RZAY 7139 F7t ZAEAALGSIIE QI 1 EF/
o A&, FeFY AE, A daF, golrtstead, W4l
A A", 19, Fed 9 AFHN AHFEAY &4,
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Halothane, enflurane, isoflurane, desflurane
Aste A FUEAS A oA
gt APHoR 1 &S o dgE
2 4 ek w3 AAE Trifluoroacetylated protein®]
A A ] A hAFER vl s AR o] R4
b &g AEE FAHATY sgonz? FnH
Ae AW Aol HSTE AAHA AT F
Aot a2y Yt Ao %% o] TFA-labled proteing
FAsuE BT kel dojus AL oYk 1 o
f+Z TFA-labeled protein®] YFqto] FPoZA 28-S S
o= A, “antigenic threshold theory”ZA] AW tiALE o] Y
< isoflurane®] 1} desflurane®] THEJUl= TFA-labled protein
o] 1 gHhoz AT g =G vHFo F& A
A= Z3te A, & 9 7144-S TFA-labled protein 7}
TFZ2H0 7 7+ dihydroamide acetyltransferase$} -frAls}od
ARl ol AAX T+ £4E oA wera
33>

Halothane hepatitisE

o
=

o] o
A=

JosJle Aoz €A
cetylated hepatic protein halothaned] =% ¥ ZE 3z}l A
ey A gl Agk deuk-g-o] AJE Tt} TFA-labled pro-
teind] W3 WG 7oL 40A7AE ALy L
2811 Aol halothane. 2 vw}3 W2 32}7} halothane w}3
Fol A4 NGO AFHRSL Bud u Ak ol
7t Z249] A E -2 acetylated proteins & A 3h= A3}l
Ape) AEsh ARA BAT AT BAANE AEA AL

trifluoroa-

o

ol AMEEHI d' FYrHHAAES AAW hARE©] halo-
thaneol] Hlste] @A 7] wjFol| HEGHEY AT
=53] At 2y Az Ao ool HHEA O 2 halo-
thane®]} enfluranedl] =& % 32to] A9 G449 7t 7158
BRItk sitigte wAapgh-o] doljd & e FAWHA
Aae Fste Zlo] a9 A 2k

Enflurane ¥}3] & 74999 B E-LS 807HH T 1H [Tt 2
223 AP @d Z=# o)A enflurane 73] Al halothane

hepatitis®} FAHEH 2H71%5 A 37F UEbgEE,” 01312 halo-

thaneo] 7+2+E Zz}o| A enfluraneo] o3+ W a}Hkg-o] 2
oz Wy v 1 5A4S dod F ASS A
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o E o]9} 22 maHkgoZ g AduisiE 1 542
isoflurane™ desflurane| A& 83+ 9+S 3 Aolgls #

2 AFEo] U
Martin 522 desflurane &2 w13 & 12UA A HAA

2
% 9o @ B4 A2 DAL o BAE 10
O

=2—"
tj A= o] halothaned} v}ZH7EA| 2 tn'fluoroacetyl chlorideZ U
Atgo] &3} ukg-ate] Weiskopf 5% A%3 e A9z
ol A desflurane 7.35 MAC-hour9] A w3 A 7+ 715 &
29} om Qle Aol® fllon HAHAE Hold A
= AT SHom, Zaleski 5w AR A
Z}7Z} Desflurane™ isoflurane & 2 ©wlF e FoA & & 244
7t 7+ A4 9u = Zolrt glduy Hussth

ovrr

14

Desflurane< isoflurane THAFE-9] 10%A =o]|H TFAS A
37]1% 3 halothane®] 1,0008] ©]3t2 wAtuH$-S E3F

7S4S UB 258 A9 Fuenn 202 g

A AR EE FYUEA oM P Ee 7 548 U
et} shAl o
Sevoflurane®] 73-% AW hAFE-©] defluraned] 100w] o]*F

oA T 7|Ho® tAtE o TFAS ek
Sevoflurane trifluoroacetic acid (TFA)7} ©}d hexafluoroiso-
propanol (HFIP)Z UJAIE|EE TFARCTH 7F guide] djgh
Ads o] "Bolx=d vy} SF 5 A 3l phase 1T biotrans-
formation¥] ©] HFIP-glucuronide® A& o] ALHOZ 2143
g 2 122417 el WA E T vhE F 2 o] Fd
= Al EAsA Fegh

Nishiyama =03 3090 1802 A}olol sevoflurane©] L}
isoflurane®] WFE-ZH o7 wZAARE F71Ho= 7 7|1% &
& FAE F/M7IAE e itk ® 1
797 AST, ALT, GTP7} 7}4 Eo] Z7lstgtta &t
a8y B dPdAe & F 19A 1 =2
At} o= sevoflurane®] TH-E 12A17F Yol A}
3 awog wjHETE Fink 597 oA 717
£ 2.

Cozen 5% sevoflurane©] v} & 7t /=
U H-zwWete] 50 mmHg ©]3lolH Z_} g

EREE

h=iye]
=1

%
2

2 B89, Fujita 52" sevoﬂuraneol hepatic O

BIE5TY HlEo halothane‘-"]b} isoflurane 2.t} Zt7] wj &
ey FHo] Z0]5 halothane©] L} isoﬂuraneirz} A
2ZFd oig FHFe] o A& FE ASS AR
, Frink 51* <J3lw 569 QMWM AN
7 MAC-hours®] sevoflurane v}% 3 transaminase$} 7t
7]}0;0” ol% W3l7k 1tk Morgan &

5™ sevoflurane®] 2
MAC o3}l A= enflurane 20t 7HeH S 2

FAA A
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in hepatocellular integrity)E 7142 4+ AS HAIIH

E GST FA= F W Huye Bided vEHETE Al

9} & T 244 ﬁ'&i halothane®} sevoflurane "} 9] Z 3}

o} w52 H,® ET propofole 7He] AArA S FUIA|

7= propofoli gt THAES lipid WAFSZHE diARE
237t 2 4 gk Propofol®] lipid vehicleo] ' A=}

oM oGSTE 47+ AsAZ = Avtsttiee® lipid A

ToF THNE HAARY FeE AWetrlde FEsit
Propofol®] aGSTE A5 AIZITHE Tiainen 59 Ax}e}

22 HZo Murray$ Trinick 52* PropofolS ©] &3 %

AlZre] A A¥E Folx GST7} Sy O}X] WS

}Mﬁr a2t AT A H
t 3] Aol GGST4 %‘

Iz
5o

&2 o
fr

g ¥
>~I
PRUNE Y

»e—_Q_X]

o
LB
o o reorr

ol
i 4

o

gt

o] Z%z] T
2]
21

32

ALT)o = 9H]

Z]
!

OII

CE
==

“Hﬂﬂ °‘°i o2& Hrieh A osit

7y, G=A <o) obd 3xloA propofol T}E Al AST,
ALTS] W3l QI9lE A7 AR 847 #& F 2
7% AAeAY ke Rud d7AREs B 90 vAA

o) FFeletr] Ho= ’“’“Z}ﬂlf’ﬂ g Ego] 7 Has

Ae) F7h 419 Rz FFArh E£3 propofole] F1k
HE &4 uﬁbﬂ Hetle AE W 829 o

GST (glutathione s-transferase)S 2 ZA

rane 20} aGSTE F7MA71A] Zete
sevoflurane©| Y desflurane 5< Aj
Oﬂﬁl— 740]3]__‘: :Lﬂ_‘: oh;}_

2 Addgoa Z+ vpFH A7 7§49
AAA FAHLZ ole Aole UARD vb 7]

} A7l enflu-
AFAR} oL
& FYvAANG o

orl

o\

=2

ks

o

iy,



533 9] 69 : vhFAle] WE & F 7hE2A9) W}

o

EorE 2

o]

[i3
=

10.

11.

12.

$ol
2
=

3l =
ot Azle] Ao zE HAYS B
thaneo| =& U 2}H enfluraned] A&

o3 ]

L T aLATE FAY EApe] HAAS @

9] 7% enflurane, sevoflurane, desflurane, propofol &
ntHFAE Attt fAAAR Q1 I+ ALA
Fogk atol7h gls Ao AzdE

Ll

fo 9 md

o

2 AeAse 44 9

AA FE7t AZETh & 7]E 3 Adko
i

a9 W] tsire o

HE e

2~
T

ror

. Tobis MD: Patients with hepatic and renal disease. Introduction

to anesthesia. 9th ed. Edited by Longnecker DE, Murphy FL:
Philadelphia, W.B. Saunders. 1997, p 308.

. Kim SD, Kang BJ: Effects of halothane, eflurane and isoflurane on

hepatic function in children. Korean J Anestheisol 1992; 25:
719-25.

. Cho YH, Lee JC, Choi BS, Yoon YJ, Jin SH: The Effects of

halothane, enflurane and regional anesthesia on SGOT and SGPT.
Korean J Anestheisol 1989; 22: 892-905.

. Lee BH, Chea JS, Chung MY, Kim BS: Comparison of post-

operative liver function between thoracic epidural blockade combined
with N>O-O, and general anesthesia with enflurane. Korean J
Anestheisol 1996; 30: 571-6.

. Fletcher DR: Gallstones. Modern management. Aust Fam Phy-

sician 2001; 30: 441-5.

. Halevy A, Gold R, Negri M, Lin G, Shlamkovich N: Are elevated

liver enzymes and bilirubin levels significant after laparoscopic
cholecystectomy in the absence of bile duct injury? Ann Surg
1994; 219: 362-4.

. Andrei VE, Schein M, Margolis M, Rucinski JC, Wise L: Liver

enzymes are commonly elevated following laparoscopic chole-
cystectomy: is elevated intra-abdominal pressure the cause? Dig Surg
1998; 15: 256-9.

. Gelman S, Fowler KC, Smith LR: Liver circulation and function

during isoflurane and halothane anesthesia. Anesthesiology 1984;
61: 726-30.

. Stock JGL, Strunin L: Unexplained hepatitis following halothane.

Anesthesiology 1985; 63: 424-39.

Goldfarb G, Debaene B, Ang ET, Roulot D, Jolis P, Lebrec D:
Hepatic blood flow in human during isoflurane-N,O and halo-
thane-N>O anesthesia. Anesth Analg 1990; 71: 349-53.

Fujita Y, Kimura K, Hamada H, Takaori M: Comparative effects
of halothane, isoflurane, and sevoflurane on the liver with hepatic
artery ligation in the beagle. Anesthesiology 1991; 75: 313-8.
Peters JH, Ellison EC, Innes JT: Safety and efficacy of la-
paroscopic cholecystectomy. A prospective analysis of 100 initial
patients. Ann Surg 1991; 213: 3-12.

23

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

Kim SJ, Woo YC, Oh SW, Koo GH: Comparison of propofol with
enflurane anesthesia in laparoscopic cholecystectomy for the
change of liver function. Korean J Anesthesiol 1999; 36: 279-85.
Luca A, Cirera I, Garcia-Pagan JC, Feu F, Pizcueta P, Bosch A,
et al: Hemodynamic effects of acute changes in intra- abdominal
pressure in patients with cirthosis. Gastroenterology 1993; 104:
222-7.

Diebel LN, Wilson FR, Dulchavski SA, Saxe J: Effects of
increased blood flow. J Trauma 1992; 33: 279-83.

Ishizaki Y, Bandai Y, Kazuyuki S, Abe H, Ohtomo Y, Idezuki Y:
Safe intraabdominal pressure of carbon dioxide pneumoperitoneum
during laparoscopic surgery. Surgery 1993; 114: 549-54.
Eleftheriadis E, Kotzampassi K, Botsios D, Tzartinoglou E,
Farmakis H, Dadoukis J: Splanchnic ischemia during laparoscopic
cholecystectomy. Surg Endosc 1996; 10: 324-6.

Oh SW, Lee BR, Jung YH, Park JW: Comparison of the changes of
liver function in patients after open versus laparoscopic chole-
cystectomy. Korean J Anesthesiol 2002; 42: 757-60.

Clarke RSJ, Doggart JR, Lavery T: Changes in liver function after
different types of surgery. Br J Anaesth 1976; 48: 119- 28.
Chung SB, Jeon JK: Changes of ALP, SGOT and SGPT levels
following halothane anesthesia. Korean J Anestheisol 1983; 16:
3159.

Park YC: Comparative evaluation of pre-and post-operative liver
funcion in general anesthesia. Korean J Anestheisol 1986; 19:
111-21.

Jeffrey MB, Susan AR: Metabolism and toxicity of inhaled
anesthetics. Anesthesia. 5th ed. Edited by Miller RD: Phila-
delphia, Churchill Livingstone. 2000, pp 155-60.

Njoku D, Laster MJ, Gong DH, Eger EI, Reed GF, Martin JL:
Biotransformation of halothane, enflurane, isoflurane, and des-
flurane to trifluoroacetylated liver proteins: association between
protein acylation and hepatic injury. Anesth Analg 1997; 84:
173-8.

Eger EI, Smuckler EA, Ferrell LD, Goldsmith CH, Johnson BH:
Is enflurane hepatotoxic? Anesth Analg 1986; 65: 21-30.
Martin JL, Plevak DJ, Flannery KD, Charlton M, Poterucha JJ,
Humphreys CE, et al: Hepatotoxicity after desflurane anesthesia.
Anesthesiology 1995; 83: 1125-9.

Gut J, Christen U, Huwyler J: Mechanisms of halothane toxicity:
novel insights. Pharmacol Ther 1993; 58: 133-55.

Martin JL, Dubbink DA, Plevak DJ, Peronne A, Taswell HF, Hay
EJ, et al: Halothane hepatitis 28 years after primary exposure.
Anesth Analg 1992; 74: 605-8.

Brown BR Jr, Gandolfi AJ: Adverse effects of volatile anaes-
thetics. Br J Anaesth 1987; 59: 14-23.

Sigurdsson J, Hriedarsson AB, Theodleifsson B: Enflurane he-
patitis: a report of a case with a previous history of halothane
hepatitis. Acta Anaesthesiol Scand 1985; 29: 495.

Jones RM, Koblin DD, Cashman JN, Egar EI, Johnson BH,
Damask MC: Biotransformation and hepato-renal function in
volunteers after exposure to desflurane. Br J Anaesth 1990; 64:
482.



ERESELER

3L

32

33.

34.

35.

36.

37.
38.

39.

40.

41.

t Al 49 A A 1& 2005

Wrigley SR, Fairfield JE, Jones RM, Black AE: Induction and
recovery characteristics of desflurane in day case patients: a
comparison with propofol. Anaesthesia 1991; 46: 615.
Ghantous HN, Fernando J, Gandolfi AJ, Brendel K: Minimal
biotransformation and toxicity of desflurane in guinea pig liver
slices. Anesth Analg 1991; 72: 796-800.

Weiskopf RB, Eger EI, Ionescu P, Yasuda N, Cahalan MK, Freire
B, et al: Desflurane does not produce hepatic or renal injury in
human volunteers. Anesth Analg 1992; 74: 570-4.

Zaleski L, Abello D, Gold M: Desflurane versus isoflurane in
patients with chronic hepatic and renal disease. Anesth Analg
1993; 76: 353-6.

Koblin DD: Characteristics and implications of desflurane me-
tabolism and toxicity. Anesth Analg 1992; 75: S10-6.

Suttner SW, Schmidt CC, Boldt J, Huttner I, Kumle B, Piper SN:
Low-flow desflurane and sevoflurane anesthesia minimally affect
hepatic integrity and function in elderly patients. Anesth Analg
2000; 91: 206-12.

Frink EJ: The hepatic effects of sevoflurane. Anesth Analg 1995;
81: S46-50.

Kenna JG, Jones RM: The organ toxicity of inhaled anesthetics.
Anesth Analg 1995; 81: S51-66.

Nishiyama T, Yokoyama T, Hanaoka K: Liver and renal function
after reported sevoflurane or isoflurane anaesthesia. Can J Anaesth
1998; 45: 789-93.

Conzen PF, Vollmar B, Habazettl H, Frink EJ, Peter K, Messmer
K: Systemic and regional hemodynamics of isoflurane and
sevoflurane in rats. Anesth Analg 1992; 74: 79-88.

Watanabe K, Hatakenaka S, Ikemune K, Chigyo Y, Kubozono T,

24

42.

43

44.

45.

46.

47.

48.

49.

Arai T: A case of suspected liver dysfunction induced by
sevoflurane anesthesia. Masui 1993; 42: 902-5.

Shichinohe Y, Masuda Y, Takahashi H, Kotaki M, Omote T,
Shichinohe M, et al: A case of postoperative hepatic injury after
sevoflurane anesthesia. Masui 1992; 41: 1802-5.

Frink EJ, Ghantous H, Malan TP, Morgan S, Fernando J, Gandolfi
AJ, et al: Plasma inorganic fluoride with sevoflurane anesthesia:
correlation with indices of hepatic and renal function. Anesth
Analg 1992; 74: 231.

Frink EJ Jr, Morgan SE, Coetzee A, Conzen PF, Brown BR Jr:
The effects of sevoflurane, halothane, enflurane, and isoflurane on
hepatic blood flow in chronically instrumented greyhound dogs.
Anesthsiology 1992; 76: 85-90.

Sear JW, Prys-Roberts C, Dye A: Hepatic function after an-
aesthesia for major vascular reconstructive surgery. Br J Anaesth
1983; 55: 603-9.

Murray JM, Trinick TR: Hepatic function and indocyanine green
clearance during and after prolonged anaesthesia with propofol. Br
J Anaesth 1992; 69: 643-4.

Tiainen P, Lindgren L, Rosenberg PH: Disturbance of hepato-
cellular integrity associated with propofol anaesthesia in surgical
patients. Acta Anaesthesiol Scand 1995; 39: 840-4.

Taivainen T, Tiainen P, Meretoja OA, Raiha L, Rosenberg PH:
Comparison of sevoflurane and halothane on the quality of
anaesthesia, serum glutathione transferase alpha and fluoride in
paediatric patients. Br J Anaesth 1994; 73: 590-5.

Freund HR: Abnormalities of liver function and hepatic damage
associated with total parenteral nutrition. Nutrition 1992; 7: 1-5.



