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long-term graft survival after liver 
transplantation in the UW era: 
late effects of cold ischemia 
and primary dysfunction 

Abstract The use of University of 
Wisconsin (UW)  solution in liver 
transplantation (LTX) has signifi- 
cantly prolonged preservation times 
and facilitated semielective trans- 
plant procedures. Despite this ad- 
vantage potential risk factors relat- 
ed to the donor, recipient, or cold 
storage method will persist in the 
UW era and detrimental effects will 
be reflected by primary dysfunction 
(PDF)  after LTX. Concern has been 
voiced about the maximum period 
of UW preservation in LTX and 
various cold ischemia times (CIT) 
are mentioned. To evaluate the ef- 
fect of UW solution in LTX, a pro- 
spective European multicenter 
study was initiated in 1988 and 
short-term results have been report- 
ed previously. This report focuses on 
the long-term effects and survival of 
prolonged preservation with U W  
solution and primary function after 
LTX. Three hundred and fifteen 
LTXs were performed in 288 pa- 
tients in participating European 
centers. Complete follow up of at 
least 6 years was available for 296 
grafts in 277 patients. Effects of do- 
nor, preservation, and recipient risk 
factors on PDF including primary 
non-function (PNF) and initial poor 
function (IPF) were evaluated. 
Next, the effect of risk factors on 
graft survival (GS) was analyzed in- 
cluding the long-term impact of 
PNF and IPF using multivariate 
analyses and the Kaplan-Meyer 

method. PDF occurred in 15.2 Yo 
(45/296) with PNF in 7.8% and IPF 
in 7.4 YO. Patients with IPF had a 
33% lower GS at 3 months those 
with immediate function (IF; 58 % 
vs 91 YO; P < 0.001). This difference 
persisted up to 6 years for patients 
with IPF with a 39 % GS vs 72 Yo 
after IF ( P  < 0.001). Median CIT 
was significantly longer in grafts 
with PNF compared to IPF or IF 
( P  = 0.03). Long-term GS, however, 
was significantly influenced at a 
lower CIT threshold with a 6-year 
GS for CIT I 16 h of 67 %, com- 
pared to a CIT > I6 h of 51 Yo 
( P  = 0.03). Other independent risk 
factors for the 6-year survival rate 
were re-LTX, ABO incompatibility, 
and recipient diagnosis of acute he- 
patic failure. In conclusion, liver pa- 
tients with PNF, but not with IPF, 
have a significantly lower CIT. IPF is 
associated with a significantly lower 
3 month GS compared to IF, but this 
difference of 34 YO does not further 
increase during a 6-year follow up. 
Although a short term follow up (3 
months) shows that with UW solu- 
tion CIT up to 18 h has no adverse 
effect on GS, the 6-year data clearyl 
suggest that CIT should be kept to 
less than < 16 h to avoid tetrimental 
effects on lang-term GS after LTX. 
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Introduction 

Over the last decade results in organ transplantation 
have improved tremendously. Achievements especially 
in the filed of graft preservation and imrnunosuppres- 
sion have contributed greatly to this effect [ l ,  21. A mile- 
stone was the introduction of the University of Wiscon- 
sin (UW)  solution developed by Belzer and his group 
in 1987 [ 3 ] .  In several experimental and clinical studies 
it was demonstrated that the use of UW solution allows 
longer cold ischemia times with better graft preserva- 
tion and posttransplant function than when Euro-Col- 
lins and similar solutions are used [4-81. The advantages 
of UW solution have been longer preservation times 
with semielective liver transplant procedures and the 
possibility of reduction or splitting of the liver graft on 
the back table [6,7.9]. 

Although the initial experience with UW solution 
showed that livers could safely be cold stored for as 
long as 24 h [7, 91, it has recently been speculated that 
the extension of the ischemia time is still a risk factor 
that may effect posttransplant liver function and survi- 
val [ 10-121. Primary dysfunction, including primary 
non-function and initial poor function, remains a serious 
complication after liver transplantation [lo, 131. Proper 
timing of retransplantation is important and requires 
more insight in to risk factors to prevent the risk of graft 
failure as early as possible. 

To evaluate the effects of preservation with UW so- 
lution and prolonged cold ischemia times on patient 
and graft survival and graft function after liver trans- 
plantation, we initiated a prospective European multi- 
center study. This study was part of a European multi- 
center study on UW solution in kidney [14], pancreas 
[lS], and liver transplantation. A large number of donor, 
procedure-related, preservation, and recipient factors 
was assessed to determine their effect on graft function 
as well as on graft and patient survival. This report focu- 
ses on the long-term survival and effects on prolonged 
preservation with UW solution and primary dysfunction 
after liver transplantation. 

graft and patient survival data were ohtained from the European 
Liver Transplant Registry. Complete follow up of at  least 6 years 
was available for 796 liver transplants in 777 patients. 

Donor population 

Characteristics of the liver donor and donor operation were accu- 
mulated. Livers were procured using a standardized technique 
[16, 171 in 63%. whereas 5‘the rapid flush technique”, described 
by Starzl et  al. [ l X ]  was used in 37 YO. In general, 2 1 of IIW solution 
(4°C) were infused through the aorta and 1 1 was used as a portal 
flush to achieve rapid core cooling. After removal, the livers were 
flushed on the hack table. Flush out of the gall bladder and com- 
mon bile duct with UW solution was strongly recommended to 
our participating centers. 

Recipient operation and care 

Recipient hepatectomy and transplantation were performed using 
standardized techniques as previously described “1. Prior to revas- 
cularization, the liver was either flushed with 500-1000 ml of 
lactated Ringer’s solution with 5 YO albumin or  blood reperfused 
from the recipient, depending on the Center’s preference. The 
postoperative immunosuppressive regimen consisted of cyclospor- 
ine, prednisone, and azathioprine. according to the individual cen- 
ter protocol. 

End point 

Graft failure was defined as non-life-sustaining function of the 
liver requiring immediate retransplantation or leading to death. 
For graft survival the end point was graft failure, while patients 
who died with functioning grafts were censored at  the time of 
death. Initial poor function was defined as AST > 2.000 lU/l and a 
prothrombin time > 16 s on postoperative days 2-7. as proposed 
by Ploeg et  al. [13]. 

Statistical analysis 

Estimates of patient and graft survival were obtained by the Ka- 
plan-Meier method. The effect of variables on patient and graft 
survival was analyzed by both uni- and multivariate analyses. P va- 
lues of less than 0.05 were considered significant. 

Patients and methods 
Recipient population 

Between 1988 and Ic)X9.21 European liver transplant centers par- 
ticipated in this study which was at  that time coordinated by the 
Department of Surgery of the Leiden University Hospital in close 
collaboration with Eurotransplant. A total of 315 liver transplants 
were performed in 28X patients. Of these, 275 were first transplants 
and 41 retransplantations. Four out of 31 retransplantations were 
secondary transplantations and 11 out o f  31 retransplantations 
were replacements o f  a liver that had been transplantated before 
the study period. Data on patient and graft variables were collect- 
ed prospectively during the first 11 days on a day to day basis and 
then during the first 3 months after transplantation. Long-term 

Results 

Overall patient survival at 3 months was 83 O/O and after 
6 years 63 %. Overall graft survival was 75 YO after 3 
months and 56 % after 6 years. The median cold ische- 
mia time of livers with immediate function after trans- 
plantation was 9.5 h versus 9.4 h in livers which suffered 
from initial poor function. In grafts with primary non- 
function, a median cold ischemia time of 14.5 h was 
seen ( P  = 0.03). Primary dysfunction occured in 15.2 YO 
(45/296) after liver transplantation; primary non-func- 
tion was present in 7.8% and initial poor function in 
7.4 YO. Calculating the effect of initial graft function on 



graft survival liver transplants with immediate function 
had a 3-month graft survival of 92 %I and a 6-year graft 
survival of 72 YO. Grafts with primary non-function had 
by definition, a 0% graft survival. The livers with initial 
poor function had a 58 YO graft survival at 3 months and 
only a 39% graft survival after 6 years which is signifi- 
cantly lower than for livers with immediate function 
( P  < 0.000 1 ). 

Next, the effect of cold ischemia time on graft survi- 
val was assessed. When cohort analysis was performed 
at the level of a 12-h cut-off point, no effect could be 
seen on graft survival comparing livers preserved for 
more than 12 h versus those who were cold stored for 
less than 13 h. For the _?-month follow-up period no sig- 
nificant effect of cold ischemia time on graft survival 
was seen for up to 18 h preservation time ( P  = 0.057). 
The 6-year follow-up analysis. however, showed at the 
level of 16 h a distinct cut-off point. Those livers pre- 
served for less than 16 h had a 67 % 6-year graft survival 
whereas those preserved for longer than 16 h had a 6- 
year graft survival of 46%. ( P  = 0.013). When the co- 
hort analysis was extended to 17, 18, an 19 h cold ische- 
mia time, the P value remained significant at the level 
of P = 0.01. When other variables were included in this 
analysis using a Cox’s regression model. blood group in- 
compatibility, recipient sex, recipient age, donor age, 
and cold ischemia time were the only independent pre- 
dictors of graft survival after first liver transplantation. 

Discussion 

This paper reports on the results of a prospective study 
on UW solution in liver transplantation within an inter- 
national organ-sharing system. The perspective of this 
study is not omited to the results of a single institution 
but it also reflects the quality of shared donor livers ac- 
cording to the allocation policy for livers in Europe. 
UW solution has now been used as a preservation solu- 
tion for liver transplantation for over 10 years. Many 
procedures have peen performed after U W  preserva- 
tion without major complications despite longer preser- 
vation times. Nevertheless, with longer cold ischemia 
times more kcherniaireperfusion injury is likely that is 
detrimental to the graft function and graft survival and 
could increase antigenicity. Despite this vast experience 
the major question of the optimal length of preservation 
with UW solution in liver transplantation had not been 
answered. Our long-term analysis shows that primary 
dysfunction has a significant effect on survival after liver 
transplantation. Liver grafts with primary non-function 
but not initial poor function have a significant longer 
cold ischemia time. It remains to be seen whether this 
is a true cold ischemia time effect or whether interfer- 
ence with other variables is also responsible for this out- 
come. Initial poor function is an important clinical enti- 

ty which leads to inreased morbidity, mortality, and a 
higher retransplantation rate. In our study initial poor 
function was associated with a significantly lower 3- 
month und 6-month graft survival than in liver trans- 
plants with immediate function. The difference in graft 
survival which was 34 YO lower in those livers which had 
suffered from initial poor function than those with im- 
mediate function, occurred in the first months after 
transplantation: however, it did not increase further dur- 
ing the 6-year follow up. 

Next, we found that there is a definite effect on the 
length of cold ischemia time on graft survival. Follow- 
up analysis after 3 month indicates that preservation 
times up to 18 h with UW preservation are without ad- 
verse effects on  graft survival. Long-term data with a 
6-year follow-up, however, indicate that cold ischemia 
time should be kept to less than 16 h to avoid detrimen- 
tal effects on graft survival. We realize that cut-off 
points for preservation times should not be viewed as 
sole indicators of future graft function. Nevertheless, 
the indication of an optimal safe graft preservation 
time should help the decision of the individual clinician 
facing a multitude of individual donor and recipient fac- 
tors. Preservation time is on many occasions the only 
factor that we can truly control ourselves. With many 
other risk factors present, the cold ischemia time should 
obviously be as short as possible to prevent primary 
dysfunction. Ischemia/reperfusion injury with primary 
dysfunction possibly activates antigenicity and the 
chance of chronic transplant dysfunction after liver 
transplantation. It is also very questionable whether 
cold storage followed by reperfusion is the first step to- 
ward graft failure. It is possible that the very unphysio- 
logical phase of brain death could predispose to dys- 
function of the liver after preservation and transplanta- 
tion. In this respect, first results of a pilot study per- 
formed in our institution show that activation and upre- 
gulation during brain death causes dysfunction of the 
liver which is aggrevated by cold ischemia (Van der 
Hoeven et al. in press). 

The results of this study underline the fact that the 
outcome after liver transplantation is influenced by 
multifactorial events. The introduction of UW solution 
has greatly improved liver graft preservation and al- 
lowed the increase of cold ischemia times. Nevertheless, 
preservation remains a risk factor and it is questionable 
whether the cold storage method will allow longer pre- 
servation times with the solutions we are currently using 
in liver transplantation. In this respect a parallel to kid- 
ney transplantation should be drawn. In kidney trans- 
plantation pulsatile machine preservation has remained 
superior as regards outcome compared to cold storage 
preservation. It appears not unrealistic to state that fur- 
ther improvements to liver preservation could be made 
by exploring the possibilities of machine preservation 
for the liver. 
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