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POTENTIAL FOR REFINING THE SHARING SCHEMES – SIMULATION RESULTS 
 
BACKGROUND 
 
1 The National Living Donor Kidney Sharing Schemes, including both paired 

donation and altruistic donation, continue to expand and represented 10% of 
living donor kidney transplants in 2014/15. 

 
2 Questions about further possibilities for expansion have been raised.  In 

particular, whether any of the following would increase transplant numbers: 
 

a. More frequent matching runs 
b. Non-simultaneous Extended Altruistic Donor (NEAD) chains and 
c. Matching of altruistic donors as and when they arise. 

 
3 Colleagues in the School of Computing Science, University of Glasgow have 

developed a simulation tool and have explored these questions based on recent 
data and experience in the programme.  

 
RESULTS 
 
4 The full details and results of this work are available on request (contact RJ), but 

the Executive Summary is provided at Appendix A. The requirements of the 
simulator were discussed and agreed so that the results would be as meaningful 
as possible.  Relevant (anonymised) data were provided not only for patients and 
donors, but also of various rates of attrition (eg patients becoming unfit for 
transplant, positive crossmatches etc). so that transplant rates were as realistic 
as possible.  In addition, a number of sensitivity analyses were carried out to 
ensure that results were robust and not too sensitive to changes in our underlying 
assumptions. 
 

5 The main results are summarised in Table 1 of Appendix A.  This shows that: 
 
More frequent matching runs 
Matching runs every 2 months would increase transplants by 3.5% 
Matching runs every 1 month would increase transplants by 6.4% 
Matching runs every 2 weeks would increase transplants by 7.1% 
 

 As one might expect, transplant numbers are greater by increasing the frequency 
of the matching runs, but the gains are rather modest set against the logistics of 
making this possible.  The extra benefit between monthly and fortnightly is 
minimal.   

 
 NEAD Chains 
 The simulation assumed that chain segments of two (or three) transplants would 

be identified in each matching run, with a bridge donor to the next run. This 
showed a 1.7% (3.4%) increase in transplants assuming a negligible renege rate 
among bridge donors (2%).  If the renege rate reached 10%, then overall a 7% 
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fall in transplants may be expected, compared with current arrangements. The 
increase in transplantation is not greater, in part, as this process results in 
redundancy of other altruistic donors, who may no longer have a match as a 
result of the number of bridge donors included. 

 
 Match altruistic donors as they arise 
 The simulations suggested that there would be a 1.7% fall in the number of 

transplants overall if altruistic donors were matched on an on-going basis.   This 
reflects that current arrangements make effective use of altruistic donor chains, 
involving patients who are difficult to match in two or three-way exchanges. If they 
were matched as they arose they may produce chains with patients who could be 
otherwise matched in the next run, rather than with patients who do not otherwise 
match (as they are by being part of the regular matching runs). 

 
SUMMARY 
 
6 The results of these simulations are very informative in thinking about further 

expansion of the NLDKSS.  Benefits of NEAD chains (<2% increase in expected 
transplants) would seem to be outweighed by the complexity of trying to 
implement such arrangements, complexity that in itself could lead to fewer 
transplants as transplant centres try to manage the outcomes of matching runs.  
Matching altruistic donors as they arise leads to a slight fall in expected 
transplants and will not maximise the benefit of the altruistic donation (particularly 
for highly sensitised and other difficult to match patients). It is unknown, however, 
what the cost in potential additional donors may be by not matching donors 
immediately. 
 

7 Moving the quarterly matching runs to a two-monthly basis with 6 runs a year 
instead of 4 confers a greater benefit in terms of transplant numbers (3.5%) than 
other options above and could be considered. However, this move could have a 
negative impact overall at a time when the eight week window for transplants and 
the introduction of long altruistic donor chains and ‘sharing weeks’ are starting to 
have a positive impact on timeliness and numbers of transplants.  It would seem 
important that these new features of the scheme are allowed to bed in to 
minimise logistical complexity and to maximise potential. The significant 
advantage of scheduling transplants to occur within 8 weeks of matching is that it 
enables pairs from failed matches to be entered into the next run rather than be 
forced to skip one and prolong their wait.  
 

RECOMMENDATIONS 
 

8 It is recommended that the options of NEAD chains and matching altruistic 
donors as they arise are not considered currently, as any minor benefit could 
easily be outweighed by added complexity.  It is further recommended that a 
move to two-monthly matching runs be reconsidered in 12 months’ time when the 
benefits can be weighed up in the context of the success or otherwise of the 
eight-week target for transplantation after matching.  

 
 
Rachel Johnson 
Statistics and Clinical Studies       Nov 2015 
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Appendix A 

Kidney-Exchange Simulator: Executive Summary 
David Manlove and James Trimble, 16 November 2015 

Introduction 
This paper describes a computer program which simulates a kidney-exchange scheme. The 
program has been designed to closely imitate the National Living Donor Kidney Sharing 
Schemes (NLDKSS), and its features include hierarchical optimisation of the NHS criteria, 
simulated laboratory cross-matching, and recourse from 3-way exchanges to embedded 2-
way exchanges in the event of illness or positive crossmatch. 

Simulations have been carried out using this simulator to assess the effects of policy 
proposals for the NLDKSS. We find that more frequent matching runs are associated with an 
increase in the number of transplants, that non-simultaneous extended altruistic donor 
(NEAD) chains would increase the number of transplants only under the assumption of a low 
renege rate, and that matching altruistic donors as soon as they arrive would decrease the 
number of transplants performed. 

Simulator architecture 
The simulator has three main components, all of which are designed to closely simulate the 
NLDKSS. The data generation module generates a collection of donor-patient pairs and 
altruistic donors, by sampling with replacement from the distributions of NLDKSS 
participants since January 2012. The pool management module controls the evolution of the 
pool of exchange-scheme participants, by adding new participants each week and removing 
those who receive or donate a kidney, or become too ill to remain in the scheme. The 
optimisation module carries out the matching-run process, and is functionally the same as the 
program used by NHS BT for matching runs. 

Simulation results 
The results below are based on mean values across 50 replications of each policy. 

• Increased matching-run frequency is associated with a higher overall number of 
transplants. Under our baseline assumptions, performing matching runs every two 
months—rather than quarterly as is current practice—results in a 3.5 per cent increase 
in the number of transplants. Fortnightly matching runs result in a 7.1 per cent 
increase in the number of transplants. 

• We have simulated non-simultaneous extended altruistic donor (NEAD) chains by 
assuming that the final donor in a short or long chain does not donate to a patient on 
the waiting list, but rather returns as a non-directed donor (NDD) in the following 
matching run. Such NDDs can subsequently initiate chains in the same way as 
altruistic donors. This NEAD-chain policy could result in a 1.7 per cent increase in 



KAG(15)36 
 

4 
 

the number of transplants, or a 3.4 per cent increase if “extra-long” chains with three 
donor-patient pairs are permitted. However, this benefit from NEAD chains only 
exists if the bridge-donor renege rate is low. Under a pessimistic scenario in which 
approximately 10 per cent of bridge donors renege before their first matching run as a 
non-directed donor, the NEAD-chain policy results in 7.0 per cent fewer transplants 
than the current policy. 

• The proposed policy of attempting to match non-directed donors as soon as they 
arrive would result in 1.7 per cent fewer transplants than the current policy, according 
to our simulations. 

Table 1 shows the number of transplants carried out over a period of 5½ years, for each of the 
simulated policies. Each row of the table shows the average (mean) over 50 simulator runs. 
The main report and an accompanying spreadsheet provide further details of the simulation 
results. 

Table 1: Simulated number of transplants carried out: current policy compared to 
alternatives 
Policy Transplants 

carried out 
Difference from 

current policy 
Current NLDKSS policy 578.4 0.0% 

Matching runs every two months 598.7 3.5% 
Matching runs every month 615.3 6.4% 
Matching runs every fortnight 619.7 7.1% 

NEAD chains 588.4 1.7% 
NEAD chains, high attrition rate 538.2 -7.0% 
NEAD chains, XL chains 598.2 3.4% 

Match NDDs every week 568.3 -1.7% 

Sensitivity analysis 
Four additional runs of the experiments were performed, using modified input parameters. 
These comprised (1) high patient attrition probability, (2) low patient attrition probability, (3) 
shorter time between matching run and transplant, and (4) a longer time before altruistic 
donors who have not been matched leave the scheme. The experimental results were found to 
be robust with respect to these modified inputs. 

 
 


