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Abstract. From June 1988 to October 1990, a total of 100 
orthotopic liver transplantations (OLTs) in 91 patients 
were performed at the Hospital Clinic of Barcelona. 
Euro-Collins (EC) solution was used as the flush and stor- 
age solution in 29 livers, and the University of Wisconsin 
(UW) solution was used in 24. A combined method, con- 
sisting of flushing and harvesting the liver with UW solu- 
tion through the portal vein and with EC soIution through 
the aorta, was used in the remaining 47 livers. Livers har- 
vested using such a combined method showed substan- 
tially better postoperative function in terms of AST, ALT, 
and prothrombin activity than those harvested in EC solu- 
tion alone. Although AST and ALT values were lower in 
patients whose livers were harvested using the combined 
method than with UW alone, differences were not signifi- 
cant. On the other hand, prothrombin activity was consis- 
tently better in the UW group. Bilirubin levels, platelet 
count, and bile output showed no difference among the 
three groups. We conclude that the combined use of UW 
and E C  solutions for flushing and harvesting is not hazard- 
ous to human liver preservation and, in fact, may consider- 
ably reduce the amount of UW solution needed and, con- 
sequently, the costs. 
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Since 1983, orthotopic liver transplantation (OLT) has 
become an effective therapeutic modality for end-stage 
liver disease [lo]. Up until 1987, the mainstay of liver pres- 
ervation was cold storage in Euro-Collins (EC) solution, 
which provides acceptable graft function within a preser- 
vation time of 9 h [3]. The University of Wisconsin (UW) 
solution. subsequently proved to be a major advance in 

Preliminary results from this study were presented at the First In- 
ternational Congress of the Society for Organ Sharing in Rome in 
June 1991 and will also appear in Transplantation Proceedings. 
Offprint requests to: J. C.  Garcia-Valdecasas 

organ harvesting. Its safety and efficacy have been widely 
demonstrated for extended preservation of the human 
liver [ l ,  6-8, 11,15-181. Nevertheless, due to its numerous 
components, the cost of UW solution is generally quite 
high. Therefore, in June of 1989, we began using UW so- 
lution in combination with E C  solution. The aim of this 
study was to retrospectively compare postoperative graft 
function in livers harvested either in EC solution alone, in 
UW solution alone, or in a combination of the two solu- 
tions. 

Materials and methods 

From June 1988 to October 1990, a total of 100 OLTs in 91 patients 
were performed at the Hospital Clinicof Barcelona. ECsolution was 
used as the flush and storage solution in 29 livers and UW solution 
was used in 24. The remaining 47 livers were harvested using acom- 
bined method in which UW solution was flushed through the portal 
vein and EC solution through the aorta. Table 1 presents data on the 
graft recipients, including sex, age, and indication for transplanta- 
tion. Donor groups (EC, UW, and combincd) were similar with re- 
spect to age, sex. cause of death, length of hospitalization, and liver 
function (Table 2). 

Table 1. Recipient data 

Group EC UW Combined 
Total no. of grafts 29 24 47 NS 
Mean age f SE 44.4f11 4 2 f l O  43.8f9 NS 
Sex (malelfemale) 16/13 12/12 26/21 NS 
Indications for OLT 
1. Fulminant hepatic failure 
2. Cirrhosis 

Chronic active hepatitis 
Cryptogenic 
Alcohol 

Primary biliary cirrhosis 
Sclerosing cholangitis 

3. Cholestatic diseases 

4. Other diseases 
5. Retransplants 

immediate 
late (chronic rejection) 

6 

4 
10 
9 

9 
0 
2 

2 
5 
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Table 2. Donor data 

Group EC uw Combined P 
Numbers of donors 
Age (years) 
Sex (male/female) 
Mean number of days 
in hospital 
Liver function (mean) 
AST 
ALT 
Bilirubin (mgjdl) 

29 
24.8 f 2 
16113 
3.6 f 0.5 

775 11 
93 f 34 
1.0 f 0.1 

24 
28.4 f 1 
12/12 ’ 

3.4 f 0.6 

4 6 2 6  
48.8 f 8 
0.9 f 0.1 

47 
23.3f2 NS 
25/22 NS 

2.4f0.7 NS 

80.858 NS 
70f15 NS 
0.8f0.1 NS 

Table 3. Score for early postoperative graft function 

Parameter Assigned 

Serum alanine aminotransferase (IUII)” 
< 1000 1 
1000-2500 2 
> 2500 3 
Bile output (mUday)b 
> 100 1 
40-100 2 
< 40 3 
Prothrombin activity 
> 60 YO (spontaneously) 1 
> 60% (with fresh frozen plasma administration) 
< 60% (despite fresh frozen plasma administration) 

value 

2 
3 

a Highest value within the first 72 h after transplantation. Normal 
values in our laboratory c 40 lull 

Mean value during the first 72 h after transplantation 
Lowest value within the first 72 h after transplantation 

Table 4. Early graft function and type of organ harvesting 

Group EC ww Combined 
Score: I and I1 (good, 20 (69%) 20 (83 %) 42 (89 %) 
intermediate) 
Score: 111 (poor) 9 (31%) 4 (17%) 5 (11 Yo) 

Organ procurement 
All livers were harvested in a similar fashion with dissection of the 
porta hepatis and celiac axis. Mobilization of the liver was not per- 
formed until the liver was cooled. The liver was perfused with either 
ECor UW solution through the portalvein and the aorta. In the group 
using the combined method, two liters of UW solution was flushed 
through the portalvein, while ECsolution wasused through the aorta. 
Around 250 ml was left in the bag for a back table flush through the 
celiac axis. No precooling was done. All livers were obtained on a 
multiorgan basis with kidneys in 100% of the cases, hearts in 60%, 
and pancreases in 20 %. Livers were flushed and preserved totally in 
UW solution when procurement and harvestingwere also performed 
for pancreases or when there were two organ donors. 

Recipient operation and perioperative care 
The previously described operative technique was used [2,14]. He- 
patic replacement was performed in all cases by the same surgeons. 
Prior t o  reperfusion of the liver, the hepatic graft was flushed with 
HaemoC. Patients were managed in a similar way during the post- 
operative period, following a previously established protocol. Im- 
munosuppression consisted of azathioprine, cyclosporin A, and ste- 
roids (triple therapy). 

The following parameters were evaluated in the three groups 
(EC, UW, and combined): cold ischemia time, immediate graft func- 
tion in terms of AST, ALT, prothrombin activity, bilirubin, platelet 
count, and bile output from day 1 to day 7. The probability of graft 
survivalwasalsocalculated,with amaximum follow-up of 12 months. 
In order to obtain a complete picture, early postoperative graft func- 
tion was graded using a scoring system previously described [5].  In 
brief, a score was obtained from the peak ALT value, the mean 24-h 
bile output,and the lowest prothrombin activitymeasured during the 
first72 h.Foreachpatientthescorecorrespondedtothesumoftheas- 
signed value of each parameter, with a possible range from 3 to 9. De- 
pending on their scores, patients were classified into three different 
groups: I (good early graft function) when the score was 3, or 4, I1 (in- 
termediate early graft function) when the score was 5 or 6, and 111 
(poor early graft function) when the score was 7-9 (Table 3). 

Statistics 
Statistical analysis was performed using the analysis of variance fac- 
torial and repeated measures. Actuarial survival curves were calcu- 
lated according t o  the conditional probability of Kaplan and Meier. 
Curves were compared by means of the log-rank test. Figures are 
given in absolute values f standard error (SE). 

Results 

Preservation time 

The cold storage time, measured from the time of portal 
venous perfusion until the time of reperfusion in the reci- 
pient, once the portal vein anastomosis was completed, 
had a mean of 253.8 f 16 min (range 180430 min) in the 
EC group while it was 300.7 f 13 min (range 216-720 min) 
in the combined group and 539f50min (range 310- 
1080 min) in the UW group. There was a significant dif- 
ference between the UW and the other two groups 
( F =  28.137, P = 0.0001). 

Postoperative liver function 

There was one primary nonfunction in the combined 
group (preservation using the combined method again). 
One patient in the UW group was retransplanted after 
10 days (this time with a graft preserved using the com- 
bined method) because of acute hepatic failure, with a 
rapid rise in ALT and a sharp decrease in prothrombin ac- 
tivity. Nevertheless, the pathology showed a normal or 
near-normal pattern of the liver tissue. 

Figure 1 shows the AST postoperative levels in the 
three different groups. As can be seen, livers in the com- 
bined group fared better than those in either of the other 
groups. An analysis of variance (repeated measures) 
showedanFvalueof6.79(P= 0.0018).Fromday 1 today 5 ,  
differences were significant only between the EC and com- 
bined groups (Dunnet t = 2.2-3.2, significant at 95 %). UW 
values were not different from EC or combined group 
values on any of the postoperative days considered. 

Postoperative ALT levels were also consistently better 
in the combined group (ANOVA F= 5.973, P = 0.0037). 
Again, the differences were significant only between the 
EC and combined groups on postoperative daysl-5. 
Values in the UW group did not differ from those in either 
of the other groups on any given day (Fig. 2). 

With respect to postoperative prothrombin activity, le- 
vels through the 1st week were always better in the UW 
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Fig. 1. Immediate postoperative AST levels. The combined group 
fared better than either of the other groups (ANOVA, F=6.79 
P= 0.0018). + ECgroup; UW group; 0 combined group 
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Days 

Fig.2. Immediate postoperative ALT levels. Again, the combined 
group did better than either of the other groups, but the differences 
were only significant between the EC and combined groups 
(ANOVA, F =  5.97, P = 0.0037). Symbols as in Fig. 1 

group (ANOVA F= 10.1, P= 0.0001). On postoperative 
days1 (F=3.27, P=O.o4), 2 ( F = 5 . 1 ,  P=O.O08), and 3 
( F =  7.5, P = 0.0009), either UW or combined was better 
than EC. On the other hand, on postoperative days 5 and 
7 ( F =  8.4, P = 0.0005), only UW values were significantly 
better than those in the other groups (Fig.3). 

Neither the evaluation of postoperative bilirubin levels 
( F =  0.559, P =  0.57) nor the platelet count ( F =  0.827, 
P= 0.44) nor the bile output ( F =  1.38, P= 0.25) showed 
any difference among the three groups. 

When we considered the score already mentioned for 
early postoperative liver function, we found that nine 
(31 %) of the EC-harvested livers were in group 111 (poor 
early graft function), while only four (17%) in the UW- 
harvested group and five (11 %) in the group using the 
combined method were. The differences, however, were 
not significant (Table 4). 

Need for retransplantation and graft survival 

There was one early retransplantation in each group: in 
the EC group, due to arterial thrombosis, in the combined 
group because of primary nonfunction, and in the UW 

90 “1 
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Fig.3. Immediate postoperative prothrombin activity during the 
f ist  week was significantly better in the UW group (ANOVA, 
F =  10.1 P= 0.0001). Symbols as in Fig. 1 

lo ”i 0 0 3 6 9 I2 

Months 
Fig.4 Actuarial graft survival. At 12 months all groups have a sur- 
vival probability of 82 %. Symbols as in Fig. 1 

group, due to an unknown cause. A total of six patients 
were retransplanted in the follow-up period because of 
chronic rejection: three in the EC group, two in the com- 
bined group, and one in the UW group. The probability of 
graft survival at 12 months in the three groups was very 
similar, between 80% and 82 YO (Fig.4). No deaths during 
the follow-up period could be related to the type of pres- 
ervation. 

Discussion 

Euro-Collins solution has been used as the standard for 
liver preservation in Europe as well as in the United 
States, allowing safe cold storage for up to 9 h with sub- 
sequent excellent liver function. Since 1987, the Univer- 
sity of Wisconsin solution, described by Belzer and his co- 
workers [l, 7,8,11,15-191, has become the new standard 
in liver preservation. 

Some researchers have suggested that the consequen- 
ces of combining different solutions for organ flushing and 
harvesting may be additive and beneficial [4, 131; others 
say they may be deleterious [9,12,19]. In fact, it has pre- 
viously been shown that initial flushing with Ringer’s lac- 
tate or EC solution significantly decreases the survival 
rate in an experimental rat liver transplant model [19]. 
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This has been related to initially induced severe sinusoidal 
endothelial damage [9,12]. However, recently published 
data [4, 131 using various types of combined methods in 
human liver transplants do not substantiate this finding. 

Although our program has not varied the emergency 
basis of OLT substantially, we have been able to show that 
such a combined method, even with long periods of ische- 
mia (up to 720 min), is a safe procedure since, in our series, 
there was only one primary nonfunction. Although this 
early failure occurred in the combined group, this gives an 
overall incidence of 2.1 % (1147) in this group, which is well 
within the range of previously published data [4]. The 
47 livers harvested this way showed substantially better 
postoperative liverfunctionintermsofAST,ALT, and pro- 
thrombin activity than those in the EC group. On the other 
hand, when compared to the UW group, AST and ALT 
values were lower in the combined group; yet, the differen- 
ceswerenot significant.It hastobenotedthatthepreserva- 
tion time, although significantly longer in the UW group 
(mean 9 h), was within the safe limit for EC-preserved or- 
gans. We therefore postulate that the combined method 
described here is not hazardous to the liver. Moreover, this 
combinedmethod may considerably reduce the quantity of 
UW solution needed. The price for a liter in our hospital is 
currently U.S. $200, which brings the total price for the 
combined group (takinginto account the value of 6 litersof 
EC solution) to U.S. $600,  whereas it is U. S .  $1800for the 
UW group. In other words, using the combinedmethod re- 
duces the cost by two-thirds. 

The tendency towards higher transaminase levels in 
the UW-harvested livers suggests worse ischemic damage. 
As has been pointed out by others, ischemic changes are 
time-dependent, even in UW-preserved livers [4,15]. Pre- 
viously, published data has emphasized the safety of ex- 
tended preservation in UW solution with equally good 
postoperative liver function [l, 7, 11, 15-18]. Neverthe- 
less, a recent study by Starzl’sgroup 141 showed that the re- 
transplantation rate and the primary nonfunction rate 
rose as cold ischemia time increased. The results herein 
suggest that the preservation time should always be kept 
at a minimum. Aware of the importance of good, immedi- 
ate postoperative liver function, we are reluctant to 
change the emergency basis of OLT in our clinical pro- 
gram. However, we are currently working on a prospec- 
tive and randomized trial to substantiate this fact. 
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