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= Abstract=

A study of indicators to predict the early graft function after canine
orthotopic whole liver transplantation : Analysis of preservation injury
seen in protocol biopsy, change of plasma lactate, ammonia and arterial pH.

Tae—Won Kown, M.D., Sung—Gyu Lee, M.D. and Kyung— Yub Kong*, M.D.

Department of Surgery, Pathology* University of Ulsan
College of Medicine and Asan Medical Center

One of the most dramatic advances in the field of liver diseases in the twentieth century
1s the successful transplantation of the human liver,now on a worldwide scale. With the de-
velopments of new surgical techniques,transplantation immunology,and the capability to pre-
vent and to control infections,it has been developed and become an acceptable therapy for
patients with irreversible liver diseases.

After transplantation,it is of paramount importance to predict the function of allograft,
which affects the result of transplantation and patient’s survival. After transplantation,the
first two or three days are always characterized by a marked elevation of transaminase lev-
els and hepatocellular failure.

Poor early graft function(PEGF) has a clinical spectrum characterized by varying degrees
of coma and renal failure associated with lactic acidosis, persistent coagulopathy,poor bile
production and marked elevations of ALT and AST. The occurrence of PEGF is unpredicta-
ble;its most severe form,requiring retransplantation and termed primary nonfunction(PNF),is
seen following approximately 10 % of transplant procedures. Possible etiologic factors include
liver disease in the donor,technical errors,ischemic injury,and immunologic damage. Ischemic
injury is inherent in the process of organ retrievalstorage,and implantation and is considered
as the main factor to contribute to PEGF.
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Protocol biopsies of liver allografts obtained during backtable preparation and 1 to 2 hours
after revascularization in the recipients have detailed the sequential histologic events that
occur after reperfusion. Once the liver is revascularized,quick assessment of its quality from
metabolic studies 1s far more practical than a postperfusion biopsy.

The purpose of this experiment is to observe whether protocol biopsy of allografts(during
backtable procedure and 2 hours after revascularization), serum lactate, serum ammonia and
arterial pH would be used as the indicators of imtial graft function after canine orthotopic

whole liver transplantation.

The experiment consisted of ten cases of orthotopic whole liver transplantation in mongrel
dogs using venovenous bypass. The arterial blood were taken at just after anesthesia,
anhepatic period,15 minutes,2 hours,and 6 hours after reperfusion in recipients. Protocol biop-
sies of allograft were taken at backtable preparation and 2 hours after reperfusion. We
grouped the recipients according to the result of survival time(group Aj;short survival time
group,B;long survival time group) and according to the degree of preservation injury(group
C; histologically no preservation injury group,D;histologically preservation injury group). And
we analysed the change of parameters(serum lactate,ammonia,ALT,AST,arterial pH,histolégic
finding) between group A and B and between group C and D. To evaluate the statistical
significance,we used the SAS program and IBM—PC.

In conclusion, we found out that preservation injury seen in protocol biopsy would be one
of the indicators to predict the initial function of allograft and the pattern of change of
serum lactate and blood ammonia are another possible indicators. And we also found out

that immediate correction of metabolic acidosis which usually happens just after reperfusion

would be related to the result of transplantation.

Key word : Liver Transplantation
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Hartmann’s solution

“@~———— Portal vein

“———— Abdominal aorta

Fig. 1. Method of in-situ perfusion used in donor dog,
Note that the catheters were inserted in ab-
dominal aorta and portal vein.

Fig. 2. Method used in donor dogs ofr decompression
of the inferior vena caval and splanchnic
systems during removal of recipient liver and
replacement with a homograft.

JV external jugular vein, SV : splenic vein,
FV : femoral vein
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Table 1. Histologic classification of transplanted liver(by Jenkins et al. 1986)

Grade I  Normal transplanted liver Minimaportal cellular infiltration, well preserved he}ﬁéiic architecture

Grade 1la Moderate ischemic injury Moderate hepatocyte swelling and degeneration, vascular congestion,
lobular infiltration by PMN cells

Grade IIb Moderate rejection Lympheyte infiltration in portal triads and centrilobular regions

with congestion and slight hepatocyte swelling degeneration
Grade Il Viral hepatitis

Grade NVa Severe Ischemic injury Extensive hepatocellular necrosis, diffuse PMN cell infiltration,
and thrombosis of microvasculature
Grade Vb Severe rejection Extensive portal and lobular lymphocytic infiltration assoclated with

hepatocellular necrosis

Table 2. Operation profile

Dorér No. Cold Anhepatic Venavenous Venovenous Survival time
1schemic period bypass time bypass flow after reperfusion
time(minute) (minute) (minute) rate(lL/minute) (hours)
1 260 42 54 0.6 13
2 230 28 40 0.5 2(op. death)
3 210 25 34 1.1 31
4 190 21 30 11 11
5 210 30 45 1.1 14
6 245 35 48 0.9 8
7 280 37 52 0.4 45
8 265 39 56 0.7 59
9 220 35 50 0.5 62
10 255 22 32 1.2 28
Average  236.5+9.16 31.4+231 44.1+3.01 0.78+0.090 27.3+6.82
S mean+SEM ' 7

5 et : s

Fig 3. Histologic finding of normal transplanted liver Fig 4. Histologic finding of moderate ischemic injury
(Grade 1 ). Note that minimal portal cellular of transplanted liver(Grade [la). Note that
infiltrate and well preserved hepatic achi- moderate hepatocyte swelling and polymorpho-
tecture. nuclear infitrate in periportal space.



Fig 5. Histologic finding of severe ischemic injury of

transplanted liver(Grade ©a). Note that
submassive hepatocyte necreosis and diffuse
polymorphonudlear infiltrate.

3,4,5).

D odd 25 BE 3 APE 2P0 A
A=A (Grade & 24k

2) WARFFE 2A A AP G ZHAANAM 5 6}
2 e A4aA(Grade 1), 4 vty 255 dde4
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FH AAFE 2 AT A AR 244 2P E v
wa HE S| «l 01547\_}94 z4 W3E vlm

T &l ddd ‘E(Grade I)° C 202 Uny
74 D 208 RFa9on 2 2o 244y
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& dastgch C#+& dog Nol,
,5,6,7 01} (table 3).

3. 5YHE pH Y A lactate, HE 2|0}, Ala-
nine Transaminase, Asperatate Transaminase 43}
A HAEY 7 EAE A g AHI Aow

Ayt

1) SYE pH H5}

ul# A& 7.33+0.016(mean+SEM)g 0.1, F717)
o] 7.26+0.022(mean +SEM), A &FF 1584 7.17
+0.030(mean = SEM), 2A] 7t 7.09 +0.058(mean +
SEM), 647t 7.08+£0.041(mean+SEM)Z o] A%
A Zre] A met 743k th(table 4,5).

ZHol 4 % o] 4 7he]
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271 3 7l AF AHEA #Y A7

Table 3. Results of protocol biopsy of graft

Dog No. After preservationReperfusion 2 hours
1 I 1
2 I Ila
3 I I
4 I la
5 I JIE
6 I Va
7 I Ila
8 I I
9 I I
10 I I

Table 4. Change of arterial pH

Dog No. Baseline Anhepatic Reperfusion

period 15 minutes 2 hours 6 hours

1 7.33 7.24 7.04 7.08 712
2 7.25 7.33 7.05 6.59 -

3 7.37 7.28 7.20 7.18 7.05
4 7.38 7.27 7.14 7.10 7.29
5 7.38 7.27 7.14 7.10 7.29
6 7.38 7.18 7.05 7.11 6.82
7 7.27 7.20 7.24 7.21 7.06
8 7.26 7.29 7.26 7.21 7.16
9 7.31 7.40 7.21 7.16 7.09
10 7.33 7.20 7.29 7.19 7.07

Average 7.33£0.016 7.26£0.022 7.17+0.030 7.09+0.058 7.08+0.041

; mean +SEM

2) HA i H

nlH A% 41.943.95(mean + SEM)mg/dLg o™
E271 W 54.1+1.96(mean+SEM), A B7FF 158
of 73.1+8.35(meantSEM), 2A]7tel 99.0+10.06
(mean+ SEM), 6A17 o] 94.1 +14.04(mean +SEM)
2 AAFFE 2/ AR FrtEg ol F gasdn
(table 6).

3) &% Aot Big}
o}H A% 45.2£3.58(mean + SEM)umol/L.g 2.4
B7v7] ) 87.0+12.30(mean+SEM), A BF$ 15
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Table 5. Chage of arterial gas

Dog No. Baseline Anhepatic Reperfusion
period 15 minutes 2 hours 6 hours
PH 7.33+0.016 7.26+0.022 7.17+0.030 7.09+0.058 7.08+0.041
PaCO2 37.9+1.72 27.9+2.49 37.6 +4.57 49.5+£3.17 36.0+£4.80
(torr)
Base excess 414.2+24.73 438.6 +40.42 392.0 +44.97 412.8+42.26 395.3+50.1
(mEq/L)
HCO3— —-3.6£0.55 —12.4+0.79 —15.5+0.83 —145+1.27 —-17.6+0.85
(mEq/L)
02 saturation 99.5+0.34 99.7+0.17 99.8+0.03 99.8+0.02 99.8 +0.03
(%)
Hemoglobin 11.1+£0.47 8.3+0.37 9.4+0.58 9.1+0.66 9.1+0.62
(g/dl)
‘;‘mean +5EM ) -

Table 6. Change of plasma ammonia

Dog No. Baseline Anhepatic Reperfusion

period 15 minutes 2 hours 6 hours

1 33 67 87 32 44
2 61 164 95 152 —

3 48 72 124 137 103
4 60 105 105 120 84
5 41 72 79 100 110
6 57 90 130 157 127
7 52 79 167 84 88
8 34 23 236 51 48
9 38 13l 59 2
0 33 67 87 32 34

Average 45.2+3.58 87.0+1230116.9+16.3789.8+16.06 75.1 +11.61
; mean+ SEM

2o 116.9416.37(mean+SEM), 2A|7to] 89.8 +16.
06(mean+SEM), 6A]7te] 75.1 £11.61(mean +SE-
MYZ ABHFE 158747 F7isid o3 Zasigd
(table 7).

4) X ALT wig}
o A% 27.9+1.63(mean £ SEM)IU/LGon =
7t7) W 62.2+16.44(mean+SEM), A A H3F 158

Table 7. Change of plasma lactate

Dog No. Baseline Anhepatic Reperfusion

1 503 558 767 103 98

2 53 58 88 120 -

3 502 627 997 654  69.4

4 47 155 1903 108 943

5 481 603  is2 92 987

6 218 473 497 1645 1925

7 524 531 595 1056 101

8 192 42 168 519 53

9 349 575 668 715 48

10 419 6512 81063 31081 392
Average 419£395 54.1+196 7314835 99.0+10.06 941+ 1404
; mean+SEM - )

o 468.3+116.93(mean+SEM), 24| 7] 1035.5+
347.69(mean+SEM), 6A] 7kl 1247.3+479.69(mean
TSEM)E o)A F Azte} At wel F7iEtd o
(table 8).

5) ¥ AST w3}
ol A% 21.5+243(mean+SEM)IU/LY oy &
Zk7) W) 48.2+9.46(mean £ SEM), M A F T 1589
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Table 8. Change of serum alanine transaminase
(ALT)

Dog No. Baseline Anhepatic Reperfusion
period 15 minutes 2 hours 6 hours

1 35 44 330 474 726
2 32 85 1115 1434 -

3 26 31 620 1120 1194
4 22 147 18227 1269 9325
5 34 63 350 4056 684
6 20 23 178 3298 4021
7 28 199 311 166 244
8 31 20 45 139 202
9 23 63 402 463 425
10 28 47 1105 2587 3405

Average 279+163 62._2 +16.44 468.3 £ 116,93 1035.50 £ 347.69 1246.3 £ 479.69
. mean +SEM

Table 9. Change of serum aspartate transaminase
(AST)

Dog No. Baseline Anhepatic Reperfusion

period 15 minutes 2 hours 6 hours

1 31 29 199 275 630
2 30 104 1505 1950 -

3 29 41 409 1256 1380
4 16 39 234 267 298
5 17 49 243 281 308
6 15 19 180 2738 3128
7 12 95 276 89 123
8 23 13 21 55 104
9 29 55 229 282 271
10 13 38 601 1467 2108

Average 21.5+2.43 48.2+9.46 389.7+132.90866.0 £295.25 937.8+ 362.64
. mean*SEM

389.7£132.90(mean + SEM), 2A] 7}l 866.0 +295.25
(mean+SEM), 6A]7bo]l  937.8+362.64(mean+
SEM)ZE ol % Aj7te] Ao wet Frisidth
(table 9).

SO|MEXD HI|MEROMO ZHHEel S
3 pH ¥ Y M EF 420} ALT, AST
B 3

r

— AT

A ol N F oAk 7] N IlF AF XH BI AF

Table 10. Comparison of operative profie between
group A and group B

Group A Group B P

Cold ischemic time 227+124  246+133 0.2
(minute)

Anhepatic period 31.2+£351  31.6+3.40 0093
(minute)

Bypass Time 43.40+4.04 44.8+4.92 0.83
(minute)

Bypass flow 0.84+0.120 0.72+0.130 0.53

mean + SEM

* Group A © Dog No. 1,2,4,5,6
*Group B : Dog No. 3,7,8,9,10

T ATVE reddoz BAsld BEY
Zvol ZHyd Seje|(H7|AET)S x| 5 ulg
(7B EF)E 77 AT® Brog BF3gen
o] W A#& dog No.l,2,4,56B&dog No.3,7,8,9,
10 o] %) th(table 10,11,12).

1) o[AjZbe] ZEs

ABEE 207 A 2APA A, AzolN 5o}
g % 4 o}2)(80%), BEolA Sekel & 1 vkl (20
AN RE EAol el o 4F 2400 A 24
AT o ATk T e dEE 5 A AE2A
EEENTEY

2) ZUE pH B3l

98 PHe= Ad# BRdA 77 =i 23 7.34
+0.02(mean+SEM), 7.31+0.02(mean+SEM), F
7v7) W 7.2440.02(mean+SEM), 7.27 £0.03(mean
+SEM), A AFZE 1589 7.104+0.03(mean+SEM),
7.24+£0.01(mean £SEM), 2A]7Fe] 6.99 £0.10(mean
+SEM), 7.1940.01(mean+SEM), 64 7to) 7.07+
0.09(mean+SEM), 7.08£0.01(mean+SEM)% 2. ¥
AEFF 158 A pH7l $AFH 2 2(p=0.012) 9
971 A h(figure 6).

3) g
3y RS

XKoo
+ 5.65(mean +

kY
A# BEAA 47 w4 F 440

SEM)mg / dL,,39.7 + 5.99(mean *
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Table 11. Change of parameters in group A

Baseline Anhepatic Reperfusion
period 15 minutes 2 hours 6 hours B
Arterial PH 7.34£0.02 7.24 +£0.02 7.10£0.03* 6.99+0.10 7.07 £0.09
Plasma 44.0+5.65 54.9+2.24 76.4+15.86 117.5+12.58 120.9+23.89
ctate(mg/dl)
Ammonia 50.4 £5.65 99.6+17.45 99.2+8.82 112.4+22.59 91.3+18.06
(umol/L)
ALT(U/L) 28.6+3.15 52.4+10.34 444.0+171.73 1176.0+569.18  1439.0+865.35
AST(IU/L) 21.8+3.56 48.0+14.86 472.2 £258.45 1102.2+£522.05 1113.5+705.72
; mean+SEM
*p < 0.05
Table 12. Change of parameters in group B
Baseline Anhepatic Reperfusion T
period 15 minutes 2 hours 6 hours
Arterial PH 7.31+0.02 7.27+0.03 7.24+0.01* 7.19£0.10 7.08+0.01
Plasma 39.7+£5.99 53.3+3.45 69.8+16.04 80.5+11.22 72.7+10.44
ctate(mg/dl)
Ammonia 40.0+3.47 74.4+17.21 134.6+31.16 67.2+£19.86 62.2+13.98
(umol/L)
ALT(U/L) 27.2+1.31 72.0+£32.57 496.6 +177.86 895.0+458.42 1094.0 + 604.83
AST(U/L) 21.2+3.72 48.4+13.47 307.2+96.35 629.8+303.05 797.2 £404.33
; mean+SEM
*p < 0.05
(PH)
7.5 umol.
140,
A 3
B 120_: A—a—
‘\\\\\/‘ 100_: B -
1 P<0.05 803
A X
B 403 A
| B
6.5 . T + . 203
Baseline Anhepatic Reperfusion 2hr 6hr  Time
phase 15 min 0, . . .
* Group A : Dog No. 1,2,4,5,6 Baseline Anhepatic  Reperfusion 2hr ' 6w Time
Group B : Dog No. 3,7,8,9,10 phase 45 min

Fig. 6. Comparison of change of mean arterial pH be-
tween group A and group B,

SEM), F7v7] ul 54.9+2.24(mean+SEM), 53.3+
3.45(mean+SEM), A @AFF 1584 76.4+15.86
(mean £SEM), 69.8+16.04(mean+SEM), 24|74
117.5 £ 12.58(mean + SEM), 80.5 + 11.22(mean +

Fig. 7. Comparison of change of mean plasma ammo-
nia between group A and group B

SEM), 6A]7ke] 120.9 +23.89(mean +SEM), 72.7+
10.44(mean+SEM)Q o™, A dog 997y} 9l
AE FAL AZd Hg) BRAA Auiyoz ¥

Z=7F wtol oAzt 7l BEAY & HA

— A9 —



AEH F24 A DolAF oty 27 T 7% 4 F AH #I AL

o A Mg Brd A4 AVFF 2ALE
Hoz 6A7t A PadtE B4 Ho F A9
AlZbE 93 GAE o4 71Fe] AERA JgE
By oh(figure 7).

oX

4) g% Qo W3

43 gmucls AZd BRdA 24 sANE
504+565(mean+SEM)umol/L 40.0+3.47(mean +
SEM), 2217] o 99.6+17.45(mean+SEM), 744+
17.21(mean+SEM), AM#AFF 1589 99.2+8.82
(mean+SEM), 134.6 £31.16(mean+SEM), 2] 7td)
112.4+22.59(mean £SEM), 67.2+19.86(mean+S-
EM), 6A)7td] 91.3+18.06(mean+SEM), 62.2+13.
98(mean+SEM)2 FA T3 o9& gldA%, BE
dMe ABFF 1588 AHes vxvt 843 ¢
AT ATdAE AdHoz FEe Pavt
BEE A kol A 7te] A WE HF dEYole]
Wy} ol 7te] NN ERAM 997t A& Ao
Y 75 ¢l et (figure 8).

5) 8A ALT g3}

83 ALTE A7 B 247 w3 % 286
+3.15(mean + SEM)IU/L, 27.2+1.31(mean +SEM),
27171 u) 52.4+10.34(mean+SEM), 72.0£32.57
(mean+SEM), A AFF 1589 444.0+171.73(m-
ean+ SEM), 496.6+177.86(mean+SEM), 2A] 7t
1176.0£569.18(mean + SEM), 895.0 +458.42(mean
+SEM), 6A]7te]  1439.0 +865.35(mean + SEM),
1094.0+604.83(mean+SEM)2 & F ZFo|A o
A% A)zte] Az wat Frtskdch $4E, A
3 oo gisixut AAFFE 158 olF Bz H]
3 ATAA ALTY w38 F7i7t dad=o AaF
3 ALTe ®zlopato] o4 7te] 715 o Fe T
7t 21g Aoz Azt figure 9).

6) §X AST w3

83 ASTe AT T BrdA 27 np 2% 21.8
+3.56(mean + SEM)IU/L, 21.2+3.72(mean +SEM),
27t7] o) 48.0+14.86(mean+SEM), 48.4+£13.47
(mean+SEM), ABHFF 1589 472.2+258.45(m-
ean + SEM), 307.2 + 96.35(mean + SEM), 24| 719

mg/dl
140,
1203 A_a
100 3 B .o
80
607
wl?
=B
203
03 .

Baseline ' Anhepatic IReperfusionI 2hr 6w Time

phase 15 min
Fig 8. Comparison of change of mean plasma lactate
between group A and group B

n.
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1400,

A—a-
1203 B_o
1000,
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B
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Baseline  Anhepatic  Reperlusion 2hr 6hr  Time
phase 15 min

113

o

Fig 9. Comparison of change of mean serum alanine
transaminase(ALT) between group A and
group B

.
1200,
R

1000 A-e—
1 B_o
800_]

600_]
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2001
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0‘ B _[@-——— .

Basaline Anhepatic Reperfuslon 2hr 6hr  Time
phase 15 min

Fig 10. Comparison of change of mean serum
aspartate transaminase (AST) between A
and B

1102.2 +£522.05(mean+ SEM), 629.8 + 303.05(mean
+SEM), 6&]7t]  1113.5+705.72(mean +SEM),
797.24+404.33(mean+SEM) 2 & # 2T A 0]4
3 Azrel Ase) wat FUbstAchatd, B A
ool AT F217] o] F Byl ¥d AFAA

— A
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AST-O’] 335} 27}7} 34%_}5]01 xﬂ_\,} 3?‘_ AST_—]
Wylokate] o) 7ke) V)% ol Zo) BAV U RO
2 Azt ch(figure 10).

Table 13. Change of parameters in group C

30
3

TEYAM 2E
i 2(DZ)MY TEHY
Y MMHZE FDLOLALT,

&40l 8l

Baseline Anhepatic Reperfusion
period 15 minutes 2 hours 6 hours
Arterial PH 7.32+0.01 7.28+0.04 7.16 £0.02 7.16+0.02 7.09+0.01
Plasma 39.3+£5.78 53.9+3.48 73.3+£15.86 80.0+10.93* 72.1+10.04
ctate(mg/dl)
Ammonia 36.2+1.93* 72.0+17.22 118.6 +31.11 56.8 +20.38* 53.4+12.63*
(umol/L)
ALT(U/L) 28.6 £2.06 41.0+£7.31 500.4+176.91 956.6 £437.60  1190.4+578.05
AST(IU/L) 25.0+3.28 35.246.94 291.8+98.80 667.0+288.38 898.6 £373.61
; mean+SEM -
*p < 0.05
Table 14. Change of parameters in group D
Baseline Anhepatic Reperfusion -
period 15 minutes 2 hours 6 hours
Arterial PH 7.33+£0.01 7.23+0.02 7.14+0.04 7.02+0.10 7.05+0.09
Plasma 44.5+5.78 54.3+2.25 72.9+7.88 118.0+12.44* 121.6+23.66
clate(mg/dl)
Ammonia 42.2+3.65*% 102.0+16.47 115.2+15.37 122.8+14.16* 102.3+£10.03*
(umol/L)
ALTU/L) 27.2+2.72 83.4+30.62 436.2+172.38 1114.4+591.08  1318.5+905.89
AST(IU/L) 18.0+3.11 61.2+16.42 487.6 +254.81 1065.0+537.87  986.8+744.96
; mean+SEM -
*p < 0.05
1) =45 (table 15).

cold ischemic time, ¥-7t7] A &A1 7HA — A0
AL 2 EF&5ndM CZ DF & & Ao
Holz| ¢ol & ZHAA o] APHASTE ¢
F dden BENLE BAGHCZ e A
2| gk, zkzh 38.6 9.459 16.0 7.51 A17H(p=0.09)o.2
ZAPAM BE EAo] QAW CFe A&7

m\m o

o) Ao) ARFE 24 A £HAAA o471l
Neg dded osh dedzd 42Eun

2) 9% pH g
$UY pHE CT3 DEIA 242 slHAE 7.32
+0.01(mean £ SEM), 7.33+0.01(mean +SEM), F 7}
7] ® 7.2840.03(mean+SEM), 7.23+0.02(mean+
SEM), Al B &% 1589 7.20+0.04(mean+SEM), 7.
14 +0.04(mean £ SEM), 2A} 7l 7.16 +£0.02(mean +
SEM), 7.02+0.10(mean £ SEM), 64] 7t 7.09 £ 0.

A4 —
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Table 15. Comparison of operative profie between
group C and group D

Group C Group D P

Cold ischemic time 242+11.24  231+15.36 0.57
(minute)

Anhepatic period 326+£3.90 30.2+2.81 0.63
(minute)

Bypass time 45204508 43.0+3.79 0.83
{minute)

Bypass flow 0.76£0.120 0.80+0.140 0.83

(L/minute)
Survival time 386+945 160751 0.09
mean + SEM

* Group C . Dog No. 1,3,8,9,10
* Group D : Dog No. 2,4,5,6,7

7.5_]
D
c \
C—o—
D—o—
6.5 .

T T
Baseline Anhepatic Reperfusion ! 2hr
phase 15 min
¢ Group C : Dog No. 1,3,8,9,10
Group D : Dog No. 2,4,5,6,7

6hr  Time

Fig 11. Comparison of change of mean arterial pH be-

tween group C and group D

umolL

140,

1203 Qeo-

1003 D—e—

807

60_7

1D
407 c P<0.05 P<0.05
207 peoos
T T
Baseline ' Anhepatic ' Reperfusion 2hr 8 Time
phase 15 min

g 12. Comparison of change of mean plasma ammo-
nia between group C and group D

01(mean+SEM), 7.05+0.09(mean+SEM)Z < +#
25 Azt A wal Zasigoen FAGHeR
9] 9] 7} i tH(figure 11).

43 A7

mg/dl
140,
1201 C—e—
100_] D—e
80_]
60_] P<0.05
403 O

1 C
20. 3

0: T T T

Baseline Anhepatic Reperfusion 2hr 8hr  Time
phasae 15 min

Fig 13. Comparison of change of mean plasma lactate
between group C and group D

3) #3 X wg

g4 2de CEd DA 77 ntHFF 393
1+5.78(mean+SEM)mg/dl,,  44.5+5.78(mean +S-
EM), %317 9 53.943.48(mean+SEM), 54.3+2.
25(mean+SEM), A #HFE 1584 73.3+15.86(m-
ean+SEM), 72.9+47.88(mean+SEM), 24| 7td] 80.0
+10.93(mean+SEM), 118.0+12.44(mean +SEM),
6A1 7t 72.1+10.04(mean+SEM), 121.6+23.66
(mean+SEM) mg/dLE, AAFF 247t Ho] ¥
A et B g og AgEAMY ooyt 9
H(p=0.049).844, FASH g 97 A= ¢
ARt Do ws] CEoM Awtdoz 8% e}
wol o] A7t 715 R EEAMO ¢eE nYon ¥
g DA e A1zt Ao wel 271 Gatel w3
2 RgAY, CEINE A#RE 2 AE FHo
B A G4E B 8y 24 5o AzhE w3
FE= o4 V15 AFEM dE mYrHfig
ure 12).

4) g5 2o} #ig

dF d=Yote Avd BEdA #7 wFx%
36.2+1.93(mean + SEM)umol/L, 54.2+3.65(mean+
SEM), ¥7t71 wf 72.0+17.22(mean+SEM), 102.0
+16.47(mean+SEM), A AFE 1589 118.6+31.
11({mean£SEM), 115.24+15.37(mean +SEM), 2A] 7}
o] 56.8+20.38(mean+SEM), 122.8+14.16(mean+
SEM), 6A]7te] 53.4+12.63(mean+SEM), 102.3+
10.03(mean+ SEM)umol/L2, v} A3 A#EFE
2N 7L, 6A17te] #F ®mr) EAsd oz 997}
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g4,

ATt CZolM ABFF 158& AYPez
A A gt A wE DIedAE 2 Azt
olF Zaste & EHAow, Czd wa ¥
FE7t #A FASA A wE EF grold

12003 C—o—
D—e—

I b

T T
Anhepatic  Reperfusion 2hr
phase 15 min

Basallne 6hr  Time

Fig 14. Comparison of chane of mean serum ALT be-
tween group C and group D

A

] D—o—

] o
01 ¢
Baseline

" Achepatic | Reperfusion = 2hr |
phase 15 min

6hr  Time

Fig 15. Comparison of chane of mean serum AST be-
tween group C and group D

W INE ¥F s B AFEMY 9o
R Fth(figure 13).

5) §A ALT Hsl

3 ALT= C# DA #AZ =t F 286
+2.06(mean = SEM)IU/L, 27.2+2.72(mean+SEM),
7471 o 41.0+7.31(mean+SEM), 83.4+30.62(m-
ean+SEM), A #FFE 15%9 500.4+176.91(mean
+SEM), 436.2+172.38(mean + SEM), 24| 7t} 956,
6+437.60(mean+SEM), 1065.0+537.87(mean+S-
EM), 6] 7t 1190.4 £578.05(mean+SEM), 1318.5
+£905.89(mean+SEM) & %} & ZFoA o] F 4
el Aol Bt Foheged FARY oeje B
252 kch(figure 14).

AR

6) €A AST g3

g3 ASTe Camt DA ZH7 wi3 3% 250
+3.28(mean = SEM)IU/L, 18.0+3.11(mean +SEM),
F7v71 o 35.2+6.94(mean+SEM), 61.2+16.42(m-
ean+SEM), A #FF 158 291.8+98.80(mean+
SEM), 487.6+254.81(mean+SEM), 24]7to] 667.0
+288.38(mean + SEM), 1065.0 +537.87(mean +
SEM), 64]7to] 898.6+373.61(mean+SEM), 986.8
+744.96(mean+SEM) 2 & & R FoA o]AZ 4
el A wet Frtstdos FASH oo #
e A skt (figure 15).

[

i

el 3 o] zke] TG fE o el HH
Batel Al A Helw, 53] 271043 71eR
A ohAA e Jse #YT 5 UAE AT
717k ez Aolres B8 AU @x
o A8E B o 2HE zH AP o
BHOoR 27] oAt JeRAE 2 WIS
A wAA xPYd @l AU, F&F
271789 A, A#FAY %o HEY 4 2
Bi FEdFe dAsy RS )t
P, 271 e RAe O 71 AA e}
NEe Aol& HolAghe® Houtgolu g%
o FRT Aol glo] AL Aol g oo}
BaHs 10-15% Awoln's o

AU Al
A ASE BBARAN, BNASE 98 54
F PIRE 3 By Sk o7 A Y

R Aol FaY9deg JAAG A

ToARg A HEY EQATE VS F44)
72 9] vital signe] @39} inotropic agent, vaso-
pressor?] Al&, transaminases $*2|%5° 2 WA A
Ho®, Fa o oA ezt FEME 247
AHE B3 1 AEE spelsirl dopras, maly
o] A o]Ato g M o] & HEE FHRAAN AT
= A8 ZAle BAglel 3t HEAE @
Bote eFdefat #&F e e, AL, Mz
3 5oz AR Wod & $Z2EH 294
E ARstd A3FY, e G, A4S A
Az, 17 o] glod o] g3 A durw,



AYA 224 A VAF AT 27 T A% AF N Ee VY AT

ARz M o] A7) A Al WARFAE AL
in—situ perfusion®] A|PEHAA dutxgog wals
ischemiat= cold ischemia® 9}w] gt} (Stard %,
1984;Starzl 5, 1987;Chazouilleres %,1993). ¥z
BFY9 A&4se cold ischemias AEe A
AHE ZAAF|HEET HEAdEge] PG TaAl
A RESHE Fo|A HAW, FdHozy T
sinusoidsel &4& sl Rrjeldzte] 7|54 3E
ZPY F YoprHns,

2o d4Adel FHAA oA F o]HT 7F
9 o Z& YA, Ay, z48H o2 7HEsEtA
HAA8 ol x] HdAHQ Nxe goH die
ol AREY FHH ZAFA=z wusA dd. o
e ZtoldF: A& 2448 A T #AHE £
F23 ¥y PBEA(ALTAST)A o Z7i9} €4S
2R Fo| BE &3 Jddrin Rudey’®
P AR oE RESAHL WIEE 2 ABFA
Wy sls Aoz T 24FEE AW E wd
sinusoids®] &AM FHHT Aoz A Yon?
“5.2% )R & cold ischemiar] H-EA<Q sinusoidse)
Wetald ge ggtos HE LEH ofd @i A
E&Are] 2HEH o|AFE AJBFE sinusoidse ]
g A E7) 2 o]2 98 microvasculature
o mtzlgl HHeo Wz YFI AGEEA BE
T, AEFRE oz dyo| ML T o] ZHE oxygen
~free radicale] S@=e] FH43dly] YRoz HM
g3 g,

o] A HE Zo AP 2AHAE A A4
AZAE HolA HH"H® o]AF oAt J%e
dasted A7 Ao 21 goe oA FAtY
ol& ¥ g FAsted FFHLEC™. Demetris T
of oatd, AT AW TAAAEY HA
Tol B A$ 274zt 7lFFde] LAY
Bastgoen o A 2BE ofdF ofy7te
Ve B gz rmezm g, ¥4,
o] BHIA BB £4o] sinusoidse] F2 HAFH
o2 FFAvReaEs 1 A=E BAGeY A
o] slon weld &40 FAxg WA= proto-
cold] 2% AAFF 94 ZFHA Fasivu
Bo3a ¢omE B®  Jenking F& o] W 2F

A

i}
27% R o2 7% e 458 5 AT

lo,

Busi gopn,

ABFF olAe AFte]l HT3HEA A R
523, Axd A, A 5o HgE Holy,
2o 2 2 AL £ AR ET A& F
o A7 BAHEH AT HAE HAE b
R EE Agol MY H$ W eREE 43
g o qloprene R &4l PAY AR A
& 71299 A (lobular regeneration)e] o] % 2
—3dA ARl 71048 AAAAL Ho|A
o,

F 2A7 A9 =AFAIZ Jenkins T B
(Table 2)& A &3l BAYPOoH, &4 PAE &
(CHYH AU F(DF)ez gy FeAH
Aty FgaM #Ha, dxyel, ALT, AST, &
Wy pH & vlus] Hokoh

ol A% o] 7te) 71 g 4FY F e BIEA
AEE o8 RIdA FHEe A EA (arterial ke
tone body) ratio'™'?, o}u] x4} clearance'"*®, ¥
A FETEY 2 B1 Fa Qo FHE A&
A ratiox M E pEEx=alel e NADe 4t
3 BANAE w3y 23 By A ¢S
gt ale Ao 2™ o A% Anpy W] FPAE Y
Bl ert2 o7ty 71%g 438 & A
#E, o] o=z RHabe At Fad HY
g &7) 2ol oAt v15 & FH e o5
Halrh dFHdoen ojuxae] He 7N
clearance7t o[217te] 71F AFAEZ 2 E JHA
ot kel Ag ojAFE duhd el AYXE
FABETR 7 E dEE ¢ AT

Ao AL ol F 7bg RHEAA HAR ¥
He HAEY on, Aadd A NEE A
Hog wdd 5 gy F9Y pHe ZhoA tjAzt
ol o= drYols: FAldl AAEA o]E 9
o2 BFsd taA(ALT,AST)E HA8IE Y.

FEAH 2o fEE REELE 99
g 7b3 e, o) b ALTe ASTY ¥3x $A 83
o do= g WrAEZ HE ANAE
oA I FA7E Rk ¥sle] o] HiTh 4y
g3 AN yro WHil: o FoA FATHoE
ool AN, AZAETAA ABFE 2ATE
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JHog gastd 7ledd AFE2AM 9 99g 7|
g3+ duck #§H ABFE 158 Ao FAF
pH7} FARH o2 & 7M1 ABRF B A
HSe A AEY AETt oAty vlFe ¢S
nAd £ Uee ¢ 7 AANTEY dmoly H4
o] 4 7t} 71— dEANE2A FAEH g #F
& 4 AU B9, BE &40 Jddd 23 9
W T vmefA 7 7o AEVNNE FAgHz
= 997t 1A (p=0.09), 217t 38.6 9.45, 16.0
751A7t0 2 AolE Ho 2oz FHHE R
& o] A dFE F F UgE B F
olon, o] W ALTS} ASTe ¥z EAgHoZ
oole UAAY BE S44o] §IY FolA o W
A FASHEAS 84 23 R AFFE 24
el dAFFEEr FAGH o2 997t 31313111,
Aol A FAAM &4 UAUE TS 2
At o 9A FAEAT ABFF 2 AN
Moz #aste YL Hd AFEAY 997
T Aoz A=Y, 34, €F drdols v
AF, AVFFE 247, 64T 25 FAHEHz 9
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B gy Eae] g FAlM E4gel ddd F
d ¥ ¢ e FEE FAHL, ABFH 1%°
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Aeow HYFEe At we @3l 01447}

715 dEXNER 997t v Aoz AAHA
FH¥9 pHe Feddd 48 uid A4
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oj4e] AFgR B AT ody HAFF
247 Y AR BEHE BREESAT 3
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