
ORIGINAL ARTICLE

Splitting livers – balancing the gain and the pain
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Introduction

The increasing success of liver transplantation over the

last three decades and the widening indications for trans-

plantation have resulted in an increase in the number of

people with end-stage liver disease who would meet the

criteria for selection and benefit from the procedure [1].

However, in the UK, as in many countries, the number of

donor organs available for transplantation has steadily

fallen [2]. To meet the increasing demand for organs in

the face of a dwindling supply, surgeons have been inno-

vative in making the best use of those organs that are

available, including the use of livers from marginal

donors, from living donors and from non-heartbeating

donors.

Splitting of selected livers was introduced primarily to

reduce the mortality of children on the waiting list. For

children, the interval from listing to transplantation has

shortened and deaths on the list have fallen [3]. For

adults, the consequence of splitting livers is less clear: on

the one hand, there is the increased risk of graft failure

and patient death associated with receiving a split rather

than a whole liver. However, the effect on the waiting

time, and hence the risk of death on or removal from the

transplant list and the increased risk of death after trans-

plantation if the patient’s condition deteriorates, is less

certain.

Registry data, both in Europe and North America

[4,5], have shown that the outcome of split livers tends

to be inferior to that of whole organs. There are many

potential reasons for this difference and a learning curve

may be one factor, but the effect of splitting is inevitably

to turn a good graft into a marginal one [5]. Only opti-

mal livers can safely be split and must be used for those

recipients who are relatively fitter. We therefore wished to

assess the implications of splitting on survival for both

adults and children.

Patients and methods

This analysis of data following first elective registration for

liver transplantation is based on 152 paediatric (aged

16 years or less) and 965 adult patients registered at UK

Transplant from the Birmingham Liver Unit between 1

January 1998 and 4 December 2006. Of these 1117

patients, 901 were transplanted and of these, 155 received

a split liver. The decision on whether or not a liver

was split was taken by the surgical team, who assess the
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Summary

Division of donor livers has allowed effective expansion of the donor pool and

has been associated with a reduction in the mortality of children awaiting liver

transplantation. However, adult recipients of a split graft tend to have inferior

transplant survival, compared with recipients of a whole graft. We have analy-

sed the impact of the splitting programme at a particular centre on the life-

years lost or gained in both adult and paediatric recipients. We estimate that at

1 year after transplantation, splitting livers has resulted in a gain of five life-

years for the paediatric recipients with a loss of six adult patient years; at

5 years post-transplant, a gain of 25 life-years for the paediatric recipients bal-

ances a loss of 30 life-years for adult recipients. While this analysis is based on

a number of assumptions, and so the results must be treated with caution, it

does give rise to a number of ethical considerations which require open and

public debate.
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splitability of the liver according to nationally agreed crite-

ria and whether potential recipients are fit enough to

withstand a split liver. Patients not entitled to National

Health Service (NHS) care and those with intestinal failure

associated liver disease were excluded from the analysis.

Transplant recipients were included if they received an

orthotopic liver only transplant, where the liver was from

a heart-beating donor. Recipients were excluded if they

received a reduced liver transplant, that is a liver where

one or more segments have been removed. Removals from

the transplant list for reasons defined collectively as ‘con-

dition deteriorated’ were treated as deaths on the list.

Following transplantation, 16 patients had no follow-up data

recorded and so the post-transplant analysis is based on

950 adult and 151 paediatric registrations, leading to 767

and 118 transplants, respectively. Survival following trans-

plantation is based on the transplant survival time, defined

to be the earlier of graft failure or patient death. Trans-

plant survival rates for adults and paediatrics who received

a whole or split liver were obtained using Kaplan–Meier

estimates. The model for end-stage liver disease (MELD)

scores at transplantation for adults were unadjusted for

liver cancer and calculated from the standard formula [6].

Time following registration was analysed using a com-

peting risks approach [7] to take account of the different

possible end-points, namely death on the list, removal,

whole or split liver transplantation. Cox regression mod-

elling [8] was used to determine factors influencing these

end-points. The impact of transplantation on the time

from registration to the earlier of death or graft failure

was assessed using a Cox model with a time-dependent

variable that had a different effect, corresponding to

whether the transplant was whole or split.

Results

Cumulative incidence curves, based on time since regis-

tration, were obtained for death on the list, removal from

the list, whole liver transplantation and split liver trans-

plantation. The ultimate unadjusted probabilities of the

four events overall, and for adult and paediatric patients

separately, are shown in Table 1. The overall mortality

rate on the registration list is 11% and the removal rate is

3%. Transplant survival rates following whole or split

liver transplantation are shown in Fig. 1.

Adults who receive a split liver have lower survival

rates than those who receive a whole liver. For paediat-

rics, survival rates are superior to those in adults, but are

generally lower for those who receive a split rather than a

whole liver.

The average MELD score at transplantation in adults

was 15.6 for those who received a whole liver and 15.8

for those who received a split liver. Data on paediatric

end-stage liver disease (PELD) scores were not available.

The dependence of the risk of the four events on age at

registration and primary disease (chronic viral, alcoholic

cirrhosis, cholestatic, cancer and others) has been analy-

sed; recipient size was not considered. In adults, the haz-

ard of death on the list does not depend on either age at

registration or primary disease. However, patients are less

likely to be removed from the list if they have cholestatic

disease. The chance of a whole liver transplant depends

on primary disease alone. Patients with alcoholic cirrho-

sis, cholestatic disease or ‘other’ primary diseases are sig-

nificantly less likely to receive a whole graft. The chance

of a split liver transplant depends solely on recipient age

with younger patients having a greater chance of this type

of transplant.

For those who were transplanted, the unadjusted med-

ian waiting times to transplantation are: for adults

52 days (95% CI: 47–57) and 75 days (95% CI: 62–88)

Table 1. Probability of transplant list outcome.

Overall Adult Paediatric

Death on list 0.11 0.12 0.10

Removal from list 0.03 0.02 0.10

Whole liver transplantation 0.70 0.76 0.32

Split liver transplantation 0.15 0.09 0.48
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Figure 1 Transplant survival rate of adult and paediatric recipients by

transplant type.
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for whole and split grafts, respectively, and for children,

42 days (95% CI: 19–65) and 52 days (95% CI: 26–78).

Adults who have been on the transplant list for

<9 months are more likely to receive a whole liver graft.

For children, there is little difference in the times to a

whole or split liver graft, although they are more likely to

receive a split liver transplant if they have been waiting

more than 3 months.

To assess the benefits of transplantation, patients who

have had a transplant were considered with respect to the

earlier of death or graft failure. For adult recipients, the

hazard of death or failure for patients who receive a split

liver transplant is 1.94 times that for those who receive a

whole liver transplant (P = 0.001). For paediatric recipi-

ents, the hazard of death or failure for patients who

receive a split liver transplant is not significantly different

from that of patients who receive a whole liver transplant

(hazard ratio = 1.58, P = 0.38).

In modelling the time to death or failure from registra-

tion, regarding the survival time of patients still alive as

censored, the type of graft is taken as a time-dependent

variable. This allows for the hazard of death or failure to

change at the time of transplantation in a way that

depends on whether a whole or split liver is transplanted.

Overall, transplantation reduces the hazard of death or

failure, but not significantly so (hazard ratio = 0.93,

P = 0.64). However, the risk of death or failure overall is

significantly affected by whether the transplant is whole

or split (P < 0.002). For adult patients, the hazard ratio,

compared to no transplant, is 0.93 (P = 0.62); the hazard

ratio for a whole liver transplant is 0.85, compared with

that for a split liver transplant of 1.86 (P < 0.001). Thus,

following transplantation, adult recipients of a split liver

transplant have about twice the risk of death or failure at

any time, compared to those who receive a whole liver

transplant. For paediatric patients, the hazard ratio com-

pared to no transplant is 0.84 (P = 0.71). There is no sig-

nificant difference between whole and split liver

transplantation, and the ratio of hazards for whole rela-

tive to no transplant is 0.76 while that for a split liver rel-

ative to no transplant is 0.91. (Table 2).

These results suggest that either the condition of adult

patients at transplant or the rate of change in condition

while on the transplant list needs to be taken into

account, or that there could be selection bias. The latter

is more likely as both the severity and progression of ill-

ness, as reflected by the MELD or DMELD/time score,

correlate poorly with survival [9].

The median waiting time for a liver transplant is

82 days for a paediatric patient. In the time period cov-

ered by the study, there were 119 paediatric liver trans-

plants, of which 48 were whole and 71 split; on average

1.11 per month. If no split livers were available, there

would be 0.45 per month. Reducing the number of livers

by approximately 60% would increase the average waiting

time by a factor of 2.5 to 202 days. The availability of

split liver transplants results in reduced mortality on the

transplant list. From the incidence function for the time

to death on the list for paediatric patients, the probability

of death before 82 days is 0.06. Similarly, the probability

of death before 202 days is 0.10. The additional risk of

death that would occur if split livers were unavailable is

therefore 4%.

In the time period covered by the data, 152 paediatric

candidates were registered. In the absence of a split liver

programme, a further 4% of these would be expected to

die on the list. The splitting procedure would therefore

have enabled six patients to have a transplant who other-

wise would have died. Again, based on the limited data

available, the 1-year survival rate for paediatric recipients

of a split liver is 0.85, where the earlier of death or graft

failure has been taken as an event. Using this survival

rate, which will be an overestimate because of lack of fol-

low-up data, it then follows that 6 · 0.85 = 5 children

would expect to be alive at 1 year, corresponding to

approximately 5 · 1 = 5 life-years gained in the 1-year

period. A similar calculation based on the 5-year survival

rate of 0.76 yields a gain of approximately 5 · 5 = 25 life

years over the 5-year period.

Given that 65 of the patients originally destined for a

split liver transplant are ultimately expected to benefit

from a whole liver, 65 livers will be required to forestall

further paediatric mortality. This would mean that a

number of other patients would not receive a liver, or

that there would be a general tendency for increased wait-

ing times with transplant list mortality balancing the

reduction in supply, or a combination of both. The

impact of this has not been explored.

A more stringent assumption would be that the num-

ber of whole livers available to paediatrics remains con-

stant, so that 71 patients would not receive a liver if a

split programme were not in place. In this case, the bene-

fit of splitting in terms of life-years gained would be

much greater.

For adults, the situation is reversed as there is an

apparent reduction in survival rate that stems from

an adult receiving a split rather than a whole liver. Insuf-

ficient data are available to estimate median survival

times. However, the 1-year survival rate for a whole liver

Table 2. Hazard ratio of death or failure following a transplant.

Overall Split liver Whole liver

Adult recipient 0.93 1.86 0.85

Paediatric recipient 0.84 0.91 0.76
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recipient is 0.83 and that for a split liver recipient is 0.70.

The 1-year survival rate is therefore decreased by 13%. In

the period covered by the database, there were 84 split

liver transplants that may otherwise have been whole. In

the 1-year period following transplantation, an additional

13% of patients, that is 11, would be expected to die.

This represents a loss of 11 · 0.5 = 6 life-years, assuming

a uniform death rate over the 1-year period, with the

deaths occurring mid-year.

The 5-year survival rate for a whole liver recipient is

0.73 and that for a split liver recipient is 0.59, giving a

decrease of 14%. Therefore, an additional 12 patients

would be expected to die in the 5-year period following

transplantation. This represents a loss of (12/5) ·
(4Æ5 + 3Æ5 + 2Æ5 + 1Æ5 + 0Æ5) = 30 life-years assuming a

uniform death rate over the 5-year period.

Discussion

The results given in this paper are based on a relatively

unrefined analysis with some heroic assumptions. Specifi-

cally, we have not formally taken into account the condi-

tion of the patient at transplantation. However, the values

of the MELD score at transplantation suggest that adults

transplanted with a split liver are in a similar condition

to those who received a whole liver.

The assessment of the benefit of transplantation has

been based on unadjusted survival rates, so that we have

not taken account of the fact that patients with different

characteristics may be allocated to whole and split livers.

We further note that the whole livers needed to forestall

paediatric mortality, in the absence of a split liver pro-

gramme, would result in others not receiving a liver,

longer waiting times to transplantation and increased

mortality on the waiting list. The impact of this has not

been quantified.

A further assumption is that the mortality rates in this

particular centre are representative of other UK centres.

An analysis of the national data shows that there is no

significant difference in the transplant survival rates expe-

rienced at Birmingham and those of all other UK liver

transplant centres. Similarly, the mortality on the waiting

list at Birmingham is comparable to that of other centres.

In summary, the split liver programme at this centre

has led to a gain of 5 life-years for paediatric patients in a

1-year period, balanced by a reduction of 6 adult patient

life-years. Over a 5-year period, a gain of 25 life-years for

paediatric patients is set against a reduction of 30 life-

years for adult patients. We have not addressed the impli-

cations for costs and use of resources. Furthermore, these

results may not be directly transferable to other nations

where the risk of paediatric or adult mortality on the

waiting list may be different. However, the exact numbers

are perhaps less important than the observation that

adults are being harmed while children are benefiting

from a split liver programme in this centre.

Clearly, there are ethical issues to be addressed. Public

opinion [10,11], in so far as it has been assessed, seems

to favour allocation of organs to children in preference to

adults and, when questioned, the majority of adult recipi-

ents state that they would be prepared to accept a lower

transplant survival if children were to benefit. However,

there remain many questions to be answered: extrapola-

tion of people’s responses from a theoretical to a real sit-

uation may not be valid. To benefit the younger at the

expense of the older may be questionable in the light of a

policy against age discrimination, and whether public

opinion can be taken as a yardstick of what is medically

ethical is less certain.

Patients should of course be fully informed before they

agree to transplantation and should understand that they

may receive a split organ: it is still uncertain how to man-

age the recipient’s right to opt out of receipt of categories

of grafts and how to balance the rights of competing indi-

viduals for a scarce resource. It is probable that with

greater experience and innovative techniques, the selec-

tion of both organs and recipients will improve. The

adverse impact of a split liver will then be reduced with-

out adversely affecting the benefit. Consequently these

results, which must be interpreted with caution, are likely

to reflect the worst case scenario.

The need to balance benefit to paediatrics with loss to

adults is a result of the donor organ shortage. Current

estimates suggest that up to half of the organs in the UK

that could be used for transplantation are discarded [12].

Until the imbalance between the need for transplant and

the availability of organs is addressed, these ethical issues

will continue to pose a challenge for healthcare profes-

sionals, potential transplant recipients and their families,

and the wider public.
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