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Injury to hepatocytes and 
non-parenchymal cells during the 
preservation of human livers with UW 
or HTK solution: a determination of 
hepatocellular enzymes in the effluent 
perfusate for preoperative evaluation 
of the transplant quality 

Abstract In 50 livers harvested for 
transplantation, injury was assessed 
by determination of the enzymes in 
the effluent perfusate after cold is- 
chemia. The results were compared 
to the histology and the clinical 
course after transplantation. 
Whereas the release of the markers 
of endothelial cell injury did neither 
correlate with the history of the 
graft nor with the postoperative 
course, the release of hepatocellular 
enzymes in the perfusate did indi- 
cate preexisting damage of the liver 
even when the biopsy showed nor- 
mal liver tissue. Of 12 livers with 
high activity of hepatocellular en- 
zymes in the effluent (activity of 

more than twice the median), 7 
showed delayed onset of function or 
a primary non-function. In the other 
38 livers with an enzyme activity be- 
low this borderline no delayed func- 
tion or primary non-function was 
observed. Because of additional in- 
fluences a prognosis of the function 
after transplantation was not possi- 
ble, but the determination of the 
enzymes in the effluent of marginal 
livers probably allows the preopera- 
tive recognition of organs which will 
do well. 
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Introduction 

For pre- and perioperative prognostic evaluation of 
transplant function, there are only investigations de- 
scribing statistical probabilities deduced from different 
single factors. These evaluations are not able to predict 
satisfactory or good function in the individual case [5, 
8, 161. Postoperative graft function is primarily influ- 
enced by the quality of the donor organ and preexisting 
injury. The extent of preservation injury has until now 
only been shown in experimental studies [l, 151. In rat 
livers, which were preserved with Euro-Collins and Uni- 
versity of Wisconsin organ preservation (UW) solutions, 
a predominant injury to the endothelium was found af- 
ter cold ischemia [4]. This result was confirmed for the 
human liver by examination of 21 UW- or HTK-per- 
fused grafts [12]. 

The results of this study suggested it may be possible 
to estimate the “quality” of the transplant and predict 

the graft function by the activity of hepatocellular en- 
zymes in the effluent of the preserved organ at the end 
of the cold ischemia time. To evaluate this parameter 
we looked for a correlation between enzyme activity at 
the end of the cold ischemia time and the postoperative 
graft function in 50 livers, which were harvested and 
preserved for transplantation. 

Materials and methods 

For this retrospective study. 50 livers were examined in a 10-month 
period. The livers were harvested for transplantation in the trans- 
plant center of Essen. The interval of cold ischemia times enclosed 
a period from 6 to 16 hours with a mean value of 13.2 hours. Thirty- 
nine livers were perfused with UW solution and 11 with HTK solu- 
tion. Depending on the preservation solution primarily used, the 
livers were rinsed again at the beginning of the back table prepara- 
tion with 500ml UW or HTK solution. The perfusion was per- 
formed via a balloon catheter placed in the portal vein [7,9]. Dur- 
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ing perfusion, the infrahepatic vena cava was clamped. From the 
first 100 ml of effluent from the liver veins, three 10 ml portions 
(P 1-3) were collected. The collected samples were stored at 4°C 
and centrifuged as soon as possible (900 x g for 10 min at 4°C). In 
the supernatant, the enzymes lactate dehydrogenase (LDH), as- 
partate transaminase (AST), alanine transaminase (ALT), gluta- 
mate dehydrogenase (GLDH) and creatine kinase (CK) were 
measured by standard methods [2]. Thrombomodulin was deter- 
mined by ELISA (Diagnostica Stago, Asnikres sur Seine, France). 
An aliquot of the supernatant was deproteinised and used for the 
measurement of glucose [2]. The relative release of the endothelial 
and hepatocellular enzymes was measured as described in [12]. 

The back table preparation was done simultaneously to the 
hepatectomy of the recipient. Thus, the period between the collec- 
tion of the effluent samples and the beginning of warm ischemia 
(start of the implantation of the graft) was no longer than 40- 
80min. The warm ischemia time was 60min on average (40- 
70 min.) During the warm ischemia time another perfusion was 
performed with 500 ml Ringer’s solution (2 %, 20°C) in the case 
of UW-perfused organs. The HTK-perfused grafts were rinsed 
with 500 ml of cold HTK solution. 

All 50 livers were biopsied after reperfusion (0-biopsy) for his- 
tological examination. The tissue was studied for preexisting dam- 
age and for alterations resulting from the harvesting procedure 
and the preservation. In addition, the determination of LDH and 
the transaminases was performed 24 h after reperfusion. 

For the estimation of graft function, the parameters of liver 
synthesis (thromboplastin time, partial thrombin time, thrombin 
time, and fibrinogen) and the clinical course were documented for 
the first five postoperative days. An initial non-function (INF) 
was defined as the need for intensive care treatment with ventila- 
tion, increasing circulatory instability, and the necessity of substitu- 
tion of the coagulation factors. Delayed graft function was said to 
be present if the stabilization of the patient and the normalization 
of the biochemical parameters was not observed earlier than 48 h 
after transplantation [6, 71. The statistical evaluation was done us- 
ing Student’s r-test, the significance being fixed at P < 0.05. 

Results 
The highest activities of the enzymes LDH, AST, ALT, 
CK, and GLDH can be measured in the first three 
10 ml samples (P 1-3), as shown in the former study 
[12]. Here, the averages of these three samples were de- 
termined (Table 1). The median of enzyme activity in 
the effluent of HTK-perfused organs was twice the ac- 
tivity of UW-perfused. The correlation between LDH 
as a marker of the global injury and AST and ALT as 
markers of hepatocellular damage was high (Y = 0.984 
for AST, r = 0.927 for ALT), but there was no correla- 
tion between the hepatocellular enzymes and GLDH. 
GLDH activity varied in the different organs between 
0 and 1142 U/1. 

There was no significant correlation between the 
length of cold ischemia time and the activity of the 
hepatocellular enzymes (the median for the grafts with 
high LDH activity was 13.3 h (Table 2), the median of 
the grafts with moderate enzyme activity was 12 h. Two 
grafts with good postoperative function had a phase of 
circulatory instability and depression in the donor his- 

Table 1 Enzyme activity in the effluent while rinsing during back 
table preparation. UW-preserved livers were rinsed with 500 ml 
UW solution, HTK-preserved livers with 500 ml HTK solution. 
The samples were collected from the liver veins. The median values 
of the first 30 ml were presented (with minima and maxima) 

uw HTK 

LDH (UII) 1635 (183-23250) 3070 (223-21250) 
AST (UI1) 403 (9-6050) 880 (45-5505) 
ALT (U/1) 324 (7-5434) 712 (38-4907) 

CK (UA) 120 (9461) 233 (100-446) 
Thrombomodulin (ng/ml) 67 (0-2286) 142 (44-440) 

GLDH (Uil) 18 (0-1142) 58 (6-148) 

tory (liver: PA, GR). These organs had high activity of 
the markers of hepatocellular damage as a sign of an ad- 
ditional ischemic reaction. Another reason for high en- 
zyme activity in the effluent was the splitting of the or- 
gan in the cold ischemia time (liver: ME) (Table 2). 

All livers with abnormalities concerning histology, 
perfusate enzyme activity (LDH > 3300 U/1 for UW- 
preserved organs and > 6100 U/1 for HTK-preserved or- 
gans), or function (delayed function or primary non- 
function) are summarized in Table 2. An LDH activity 
of 3300 U/1 in UW-preserved organs and 6100 U/1 in 
HTK-preserved organs is double the activity of the me- 
dian of LDH activity in the total number of preserved 
organs. Out of 12 livers with LDH values above this bor- 
derline, 5 showed an initial non-function after trans- 
plantation and 2 developed a delayed function. The 
other 38 livers with LDH activities below the borderline 
did not show a functional disorder (Fig. 1). Two out of 
6 livers with histological changes in the 0-biopsy had an 
initial non-function, but 3 of 44 livers with a normal bi- 
opsy also had an initial non-function. In 2 organs classi- 
fied as normal, the function was delayed. The markers 
of endothelial damage, creatine kinase and thromb- 
omodulin, showed a different course to the hepatocellu- 
lar enzymes. They were neither increased in the case of 
preexisting damage of the organ nor did they show a 
correlation to the postoperative function. Although in 
the majority of the livers the relative release of creatine 
kinase was higher than the relative release of the hepa- 
tocellular enzymes, the activity of creatine kinase did 
not correlate to the period of cold ischemia. 

In the effluent of all livers we measured high concen- 
trations of glucose. Glucose concentrations were signifi- 
cantly higher in the UW-preserved organs (median for 
glucose concentration in UW-preserved organs: 
23.3 mM, in HTK-preserved organs 11.7 mM, P = 
0.0085). 
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Table 2 Liver enzyme activity in back table rinse correlated to histology and to postoperative graft function. Presented are all organs 
with peculiarities in effluent, histology, or function. Of three HTK-preserved livers with LDH activities over 6100 U/I and nine UW-pre- 
served livers with LDH activities over 3300 U/I, five showed an initial non-function and two a delayed function. Two out of 5 livers with a 
pathological histology in 0-biopsy developed an initial non-function (CIT cold ischemia time, INFinitial non-function, u. k. satisfactory) 

Liver Preservation CIT (h) LDH (U/l) Anamnesis of the donor Histology 
solution (P 1-31 

LDH (U/l) Function 
(24 h1 

KO 
SL 
OM 

HTK 
uw 
uw 

13 
12 
14.5 

2 670 
1526 
5 317 

32 years, CCT, 0. k. 
52 years, ICB 
35 years, CCT, 0. k. 

Severe harvesting lesion 
50 % fatty degeneration 
Fatty degeneration < 5 YO, 
0. B. 
0. k. 

746 
673 
761 

0. k. 
0. k. 
0. k. 

PA uw 13.5 9 150 18 years, cerebral tumor 
AST 85 U/1, ALT 195 U/I, 
resuscitation 
21 years, CO, intoxication, 
split liver 
48 years, Carotis occlusion, 
noradrenaline 

1464 0. k. 

M E  

GR 

uw 

HTK 

16 

16 

27 650 

21 125 

0. k.  857 

1275 

0. k. 

Exogenous toxic liver 
damage, fatty, 
degeneration 15 % 
Harvesting lesion O 11, fatty 
degeneration < 10 % 
0. k. 
< 15 YO fatty 
degeneration 

0. k. 

LY uw 12.5 5 628 25 years, CCT, 0. k. 926 0. k. 

SM 
co 

uw 
uw 

10 
I 

25 925 
16 183 

45 years, ICB, resuscitation 
53 years, CCT, AST 700 U/l, 
alcohol anamnesis, bleeding, 
shock 
20 years, CCT, 0. k. 

3650 
2510 

Delayed 
Delayed 

KL uw 13 5 140 0. k. 3879 Arterial 
occlusion, 
INF 
INF FE 

MS 

BE 

HTK 

uw 

HTK 

14.5 

6 

14 

16 200 

3 618 

7 377 

57 years, ICB resuscitation, 
alcohol anamnesis 
48 years, ICB, 0. k. 

9276 

4870 

9250 

0. k. 

Parenchyma 0. k., conspi- 
cuous vascularization 
Exogenous toxic liver 
damage, fatty degenera- 
tion 5 Yn 

30 % hepatocyte necrosis 

INF 

23 years, CCT, AST 95 U/1 INF 

wo uw 7 4 277 69 years, ICB, 
LDH 4200 U/I, 
sod 163 mval/l 

5055 INF 

of this enzyme. This delay in release might account for 
the lack of correlation of GLDH activity with the other 
enzyme activity. 

Comparing the findings of the histology and of the ef- 
fluent samples with the graft function, it was remarkable 
that in all cases of initial non-function and delayed func- 
tion the effluent samples showed high enzyme activity. 
On the contrary, the histological examination only yiel- 
ded pathological results in two out of seven livers (graft: 
CO, SM, FE, KL, and MS). So the sensivity of the efflu- 
ent samples in the prediction of poor function was high- 
er than the prediction based on the histology 
(100 % :29 %). This might result from the delay with 
which insults lead to morphological alterations of the 
tissue. 

As shown in Table 2, high enzyme activity in the ef- 
fluent samples does not necessarily induce a malfunc- 

Discussion 

The enzyme activity in the effluent samples can com- 
prise the injury of a preserved liver until the end of 
cold ischemia, i. e. the damages occurring during the 
cold ischemia time, but also preexisting injury can ag- 
gravate the ischemic injury. The effluent of HTK-pre- 
served livers shows a significantly higher level of en- 
zyme activity than the effluent of UW-preserved organs. 
This might be the result of the different viscosities of the 
two solutions giving better rinsing of the liver with HTK 
solution [12]. Preexisting damage, for example, instabil- 
ity of circulation [liver: GR, PA, FE), as well as damage 
acquired during the cold ischemia time [liver: ME], 
gives rise to a clear increase in the activity of LDH, 
AST, and ALT in the effluent. The release of GLDH is 
delayed because of the intramitochondrial localization 
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Fig.l LDH activities in the effluent in comparison to graft func- 
tion, the values for UW- (n=39)  and HTK-preserved organs 
(n = 11) are presented separately. The borderline between normal 
LDH activity and increased liberation was set at twice the median 
of all activity (for UW 3300 U/I, for HTK 6100 U/l). The border- 
lines are indicated by iines. (ZNFinitial non-function) 

tion of the graft (liver: ME, PA, GR), but the danger of a 
dysfunction is increased significantly (42 YO). Specifity is 
relatively low in comparison to sensivity (42 YO : 100 YO). 
This is probably caused by the high influence of addi- 
tional factors that might affect the organ after determi- 
nation of the effluent samples, e. g., warm ischemia 

time, circulatory insufficiency, infection, and rejection 
[16]. Unfortunately, a “good” liver may slide into non- 
function for such reasons. Conversely, a transplantation 
without any problems may develop successfully even 
with a graft that had a history of damage [5] .  

All earlier investigations, which wanted to predict 
graft function by donor criteria, recipient risks, or func- 
tion tests, were unsuccessful in predicting the outcome 
for the individual case [5, 6, 14, 161. Similarly, it is not 
possible to exclude errors in prediction based on the ef- 
fluent samples, but low LDH, AST, and ALTactivity in- 
dicates a high probability that sufficient graft function 
will follow a transplantation without major complica- 
tions. 

As reported earlier [11, 121, in the effluent of pre- 
served livers, high levels of activity of CK-BB and 
thrombomodulin can be demonstrated, showing signifi- 
cant damage to endothelial cells [ 3 ,  10, 13, 17, 181. Sur- 
prisingly, this damage to endothelial cells, which in the 
majority of the livers is greater than the hepatocellular 
damage, does not correlate to graft function [13, 141. 
This suggests that the hepatocellular damage is the lim- 
iting factor for graft function [11]. 

In conclusion, the effluent samples were a sensible 
marker for preexisting damage or damage acquired dur- 
ing cold ischemia. Additionally, the effluent samples 
give a helpful parameter for the decision to transplant 
a marginal organ. The test can be performed during 
back table preparation before the recipient hepatec- 
tomy is started. In our study, when there was low en- 
zyme activity in the effluent samples an initial non-func- 
tion was not seen. In our opinion, low effluent enzyme 
activity therefore suggests that the risk of graft failure 
due to donor problems can be excluded. Nevertheless, 
the prognosis for the transplant finally depends on the 
course of the operation and the condition of the recipi- 
ent. 
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