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liberal policy of split liver 
for pediatric liver transplantation. 
A single centre experience 

Abstract We adopted a liberal pol- 
icy of extensive use of split liver in a 
pediatric liver transplantation (LT) 
program. Over a 19-month period, 
we have performed 64 LT in 54 pa- 
tients with pediatric indications. 
One patient received two liver grafts 
as a part of a liver-small bowel 
transplantation and was not consid- 
ered. Of the 60 LT considered, per- 
formed in 53 patients, 34 were with 
split grafts. The l-year actuarial sur- 
vival for the patients transplanted 
with a split graft was 81 YO and 89% 
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when only elective cases were con- 
sidered. The median time on the 
waiting list was 22 days with no 
mortality. The extensive use of split 
liver allowed transplantation in a 
large number of pediatric patients, 
with good results without the need 
for living donor liver transplanta- 
tion. We envisage a trend towards 
systematic splitting of liver grafts. 
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Introduction 
The split liver (SL) technique allows division of a cadav- 
er liver into two parts that can be separately transplant- 
ed into two different recipients, most commonly a child 
receiving the left part and an adult receiving the right. 
Early experiences with this technique, in the 198Os, lim- 
ited its use to extremely urgent cases, with discouraging 
results. In recent years, the technique has evolved and 
several centers involved in pediatric liver transplanta- 
tion (LT) have reported excellent results using SL for 
elective cases [3-51. However, restrictive selection crite- 
ria for the donor are often adopted, limiting the diffu- 
sion of SL. 

We report our experience with a liberal policy of ex- 
tensive use of SL in a pediatric LT program. 

Materials and methods 

We started our pediatric LT program in October 1997. From the 
beginning, we deliberated to adopt a liberal policy of SL, based 
on the hypothesis that any liver that could be transplanted as a 

whole could also be safely split. The decision whether or not to 
split a graft was therefore based mainly on recipient’s (R) rather 
than on donor’s D criteria. The liver of every D that was assigned 
to our center was evaluated for transplantation when at least one 
ABO-compatible R with a D/R body weight ratio 5 12 was on our 
waiting list. Gross pathologic findings at the harvesting operation 
were the main criteria for organ refusal. Particular care was ap- 
plied to the evaluation of D over 50 years of age, but age was not 
per se an exclusion criterion. 

Every accepted graft was allocated to the most urgent ABO- 
compatible R on the waiting list. Length of waiting time was a fur- 
ther allocation criterion when more than one patient with the 
same urgency class existed. The liver was transplanted as a whole 
when the DIR body weight ratio was 5 2 and split when it was be- 
tween 2 and 12, maintaining a graft/R weight ratio 2 0.8. 

Of the two grafts obtained from the split procedure, the left was 
transplanted at our institution, whereas the right was offered, as a 
rule, to another center, With the agreement of restitution of the 
split at the first opportunity. The allocation of the left grafts receiv- 
ed from other centers according to this agreement was done with 
the Same criteria described above. The splitting procedure was per- 
formed, whenever possible, in situ, as described by Rogiers Is], by 
a mixed surgical team composed of members of both the centers 
involved. It was, however, performed ex situ when required be- 
cause of hemodynamic instability of the donor or for logistical rea- 
sons. During the last year, we have also employed an alternative in 
situ splitting technique (AST). that we have recently described (21. 
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Table 1 Indications for LT 
Indication Whole size Reduced Split 

Elective 
Biliary atresia 14 2 23 

1~~~~~~~~~~~~~~~~~~~(111(111)(11 
b . 1 1 1 1 1 . 1 1 1 1 1 1 1 . 1  

Cryptogenic cirrhosis 1 
Crigler Najjar 1 
Budd Chiari 
Chronic rejectiona 
Byler 
Alagille S. 
Vascular malformation 
Malignancy 
Autoimmune hepatitis 
Urgent primary 
Fulminant hepatitis 
Cryptogenic cirrhosis 
Urgent retransplantation 
Arterial thrombosis 
Venous outflow thrombosis 

1 
1 1 

1 
1 

1 
3 
1 

2 1 
1 

1 
1 

2 
1 

%st transplant performed at another institution 

We used the left grafts thus obtained, substantially larger than 
those obtained with the standard technique, even for large R, 
with DIR body weight ratios between 1 and 2. 

In all cases, an effort was made to limit the ischemia time as 
much as possible. 

The LT in the recipients were performed with standard tech- 
niques. 

The immunosuppressive treatment was based on a double-drug 
regimen with cyclosporin A and steroids, with progressive tapering 
of the steroid doses, to discontinuation over 3 months. Histologi- 
cally proven acute rejection episodes were treated with steroid bo- 
luses and in cases of resistance, with conversion from cyclosporine 
to FK506. Actuarial survival was calculated by the Kaplan-Meyer 
method. 

Results 
From October 1997 through May 1999 we have per- 
formed 62 LT in 54 patients. One patient, receiving two 
left grafts from split procedures, as a part of a liver-small 
bowel transplantation, was excluded from this analysis. 
Only 53 patients, receiving 60 LT, are therefore consid- 
ered in this study. The series includes two patients of 
adult age, receiving three LT in total, who were trans- 
planted for biliary atresia, which is typically a pediatric 
indication. Thirty-four (56.6 YO) transplants were per- 
formed with grafts obtained from split procedures, 20 
(33.3%) with whole size grafts and six (10%) with re- 
duced size grafts because it was logistically impossible 
to perform the splitting. The 34 split grafts Were ob- 
tained from two ex-situ and 32 in-situ procedures; of 
these 30 were left lateral segments, three were left hemi- 
livers obtained by AST and one was a right lobe. All the 
remaining right grafts were transplanted at other institu- 
tions. Table 1 reports the indication to transplantation 
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for the three types of graft, stratified for elective, urgent 
primary LT and urgent retransplantation. 

The age range of the donors for the split grafts was 
2-60 years, with a mean i SD of 28 f 17 years; their 
weight range was 14-85 kg, with a mean* SD of 
66 * 16 kg. The age range of the recipients of the split 
grafts was 2-21 years, with a mean 2 SD of 3 * 4.5 years 
and their weight range was 3.4-55 kg, with a mean f SD 
of 14 +- 12 kg. The mean * SD donor to recipient weight 
ratio was 7 * 3.2. 

The mean f SD ischemia time for the split grafts was 
340 f 122. 

A split graft was the first graft received at our center 
by 31 patients; five of them died while 26 (83.8%) are 
alive 1-18 months after the LT (median 10 months) and 
two of them were retransplanted. The 26 survivors 
were all in the group of 29 patients transplanted elec- 
tively, thus representing 89.6% of them. The three re- 
cipients of the left grafts obtained with the AST, respec- 
tively, weighing 38,48 and 55 kg, are all alive. 

Figure 1 shows the actuarial survival curve after LT 
of all the pediatric patients, of those who received a split 
graft and of those who electively received a split graft. 

The median time on the waiting list for LT for all our 
elective patients was 22 days and showed a progressive 
decrease to 7 days for the ten patients enlisted during 
the last 6 months. No patient on our waiting list for elec- 
tive LT died while waiting for an organ. 

Discussion 
Our result show that a liberal policy of extensive use of 
the split liver technique, allows the performance of a 
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great number of pediatric liver transplantations after a 
very limited waiting time, possibly meeting all the de- 
mand, with excellent results, without the need for living 
donor transplantation [l] and without interfering with 

A further step can be the extension of splitting to in- 

previously described proved effective in obtaining a 
left graft suitable successful for transplantation in pa- 
tients of adult size. We believe that a trend towards sys- 

tematic splitting of cadaveric livers should be one of 
the measures to face the progressively increasing liver 
graft shortage. 
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