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Transplantation is the preferred option for treatment 
of end-stage renal disease as it is less expensive than 
long-term dialysis, reduces patient mortality and 

substantially improves quality of life (Wolfe et al, 1999). 
Organs for transplantation are obtained from deceased 
and living donors, with deceased donors being further 
characterized by the donor’s mode of death: cardiac or 
brain death. There is a limited supply of organs for 
patients waiting on the transplant list who are not part of 
the living donor programme. This inevitably leads to a 
substantial waiting time for many patients. Excluding 
patients who receive kidneys from living donors, the 
median waiting time for a kidney transplant in the UK is 
1156 days (NHS Blood and Transplant, 2013a). In 2013, 
6079 patients were waiting for a kidney-only transplant 
(NHS Blood and Transplant, 2013b).

Furthermore, the number of patients requiring a kid-
ney transplant is increasing, and despite the rise in dona-
tions from living donors over recent years, demand still 
greatly exceeds supply. One solution is to pool kidneys 
offered by living donors who are incompatible with their 
preferred recipient. Once the incompatible pairs have 
entered the pool, they can be compared with other 
donors and recipients and compatible pairs identified. 
This is known as the living donor paired exchange sys-
tem and operates in many countries throughout the 
world. This article discusses the programme in its cur-
rent form, the problems encountered and the various 
modifications that have been adopted and proposed to 
improve its success. 

Clinical history
A 67-year-old computer management consultant was 
diagnosed with hypertension by her GP. Blood tests per-
formed as part of her initial investigations revealed a 
raised creatinine level and she was diagnosed with early 
stage chronic kidney disease. After a progressive decline 

over 10 years, she developed stage 5 renal failure and was 
treated with peritoneal dialysis initially and then haemo-
dialysis. By this point, three possible living donors for a 
kidney transplant had come forward, but none were 
found to be compatible. Eighteen months later, a match-
ing pair was identified, also consisting of an incompatible 
donor and recipient. The donor in this pair was able to 
provide a compatible kidney for the patient on the wait-
ing list. In turn, the recipient in this pair could receive a 
kidney from one of the patient’s incompatible donors. 
This paired exchange subsequently took place without 
complication and, as a result, the patient’s time on the 
waiting list was reduced compared to standard waiting 
times for a deceased donor kidney. 

The need for more living donors
There is a growing gap between the number of patients 
requiring a kidney transplant and the supply of organs. 
Increasing the pool of living donors is an attractive 
option as donated kidneys from this group show better 
transplanted organ (graft) survival than organs from 
deceased recipients. In 2013, 969 living donor kidney 
transplants were performed in the UK, accounting for 
55% of all kidney transplants that year (NHS Blood and 
Transplant, 2013b). Five-year graft survival is 91% for 
living donor kidneys and 85% for deceased donor kid-
neys respectively (NHS Blood and Transplant, 2011). 
Overall, 5-year patient survival in recipients of a living 
donor kidney is 96% compared to 87–9% in those who 
receive a deceased donor kidney (NHS Blood and 
Transplant, 2011). 

Therefore, increasing the living donor pool of kidneys 
offers a number of benefits: meeting the demand for 
kidney transplants, reducing the time spent on the wait-
ing list receiving renal replacement therapy, and also 
improving the outcome for recipients. Time spent on 
dialysis before transplantation is an important factor in 
determining the success of a kidney transplant, with a 
worse prognosis conferred by a longer time spent on 
dialysis (Meier-Kriesche and Kaplan, 2002).

Paired kidney donor exchange:  
the UK system
Many patients on the renal transplant waiting list have 
one or more friends or relatives who would be willing to 
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donate a kidney, but with whom they are incompatible 
for a transplant. This is the result of either blood group 
(ABO) incompatibility or the presence of a ‘positive 
crossmatch’ in which the patient possesses antibodies 
against antigens on the donor organ, in particular HLA 
antigens. These antibodies are produced after sensitizing 
events such as previous blood transfusions, previous 
transplants and pregnancy. 

The living donor paired exchange system allows living 
donor kidneys to be transferred between two or more 
incompatible pairs to create the same number of compat-
ible pairs, as shown in Figure 1. In this system, a living 
donor and his/her incompatible recipient in need of a 
transplant are entered as a pair into a centralized list for a 
country or region. 

Paired donor exchange was first suggested by Rapaport 
in 1986 and the first paired kidney transplants were car-
ried out in Korea in 1991, where the supply of cadaveric 
kidneys is severely limited and kidney transplantation is 
highly dependent on living donors (Rapaport, 1986; 
Kwak et al, 1999). Paired kidney transplants are now 
performed in many countries including the United 
States, Holland and the UK. 

Paired kidney exchange was first made possible in the 
UK in 2006 after a legal framework for the process was 
created by the Human Tissue Act 2004 and the Human 
Tissue Act 2006 (Scotland). The responsibilities of the 
Human Tissue Authority include regulation of living 
donor transplantation. NHS Blood and Transplant, a 
special health authority established in 2005, maintains a 
waiting list and matching system. These organizations 
provide the basis for centralized regulation and coordina-
tion of paired living donor exchange in the UK. Every 
3 months, the list of registered pairs is processed to deter-
mine combinations that will maximize the number of 
transplants performed and the likelihood of a successful 

outcome. This is termed a ‘matching run’ and is achieved 
using an algorithm (based on the criteria in Table 1), 
which assesses the likelihood of success in transplanting 
organs from all possible two- or three-way paired 
exchanges.

Each possible exchange is allocated a number of points 
based on these criteria, and the combination which 
maximizes the total number of points is selected to pro-
ceed. In the initial four matching runs in the UK, only 
two-way exchanges were considered, but three-way 
exchanges are now common in all matching runs. The 
relevant transplant centres are notified about the match-
ing pair, allowing cooperation between centres to ensure 
that all the relevant investigations and preoperative 
assessments can be carried out before a planned trans-
plant. In 2012–13, 55 paired living kidney donor trans-
plants took place compared with 51 in 2011–12 (NHS 
Blood and Transplant, 2013c). 

In the UK, it is recommended that donor nephrecto-
mies and recipient transplants take place at the centre 

Donor A

Recipient A

Donor B

Recipient B

Figure 1. Principles of paired kidney donation. Each pair represents an incompatible 
donor/recipient pair. 

Factor	 Points	 Description

Geographical proximity	 20 points if same centre/area	 Based on five areas of UK. Prioritizes nearby exchanges 
of donor to recipient		

Calculated HLA	 0–50 for 0–100% calculated HLA 	 Priority to sensitized patients. Calculated HLA antibody reaction 
antibody reaction	 antibody reaction frequency	 frequency is determined at UK Transplant by comparing patient’s  
frequency		  unacceptable HLA specificities with HLA types of donors of identical blood  
		  group in a pool of 10 000 donors on UK Transplant database. The % of  
		  blood group identical donors who are incompatible with the recipient  
		  determines the level of calculated HLA antibody reaction frequency

HLA-A, B, DR	 000 mismatch – 15 points;  	 Prioritizes well match transplants. Four mismatch levels as used 
mismatch (mm)	 0 DR mismatch and <2 B mismatch – 10 points;	 in decreased donor allocation scheme 
of transplant	 (0 DR mismatch and 2 B mismatch) or 	  
	 (1 DR mismatch and <2 B mismatch) – 5 points; 
	 (1 DR mismatch and 2 B mismatch) or (2 DR mismatch) – 0 points

Donor–donor age	 3 points if ≤20 years, otherwise 0 points	 As a tie-breaker, to prioritize a ‘fair’ exchange 
difference		

All blood group-compatible exchanges considered except O donor kidneys are only allocated to group O recipients. HLA = human leukocyte antigen. From Johnson et al (2008)

Table 1. Criteria used in UK paired donation scheme
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where the donors and recipients are based respectively 
and that the kidneys are transferred accordingly. The 
rationale for the kidney rather than the donor travelling 
is that it helps to preserve anonymity between donors and 
recipients of different pairs. 

Potential problems with paired donor 
kidney exchange
While this system considerably expands the pool of liv-
ing donors for kidney transplants, there can be prob-
lems. For example, an imbalance between the number 
of donors of a particular blood group and the number 
of recipients of that blood group can significantly 
reduce the number of possible paired matches. Another 
issue is that although HLA compatibility is assessed 
between donors and recipients, other compatibility 
parameters such as lymphocyte or antibody crossmatch 
are not always assessed initially and a later discovery of 
incompatibility can prevent a potential transplant going 
ahead. In the UK, there have been 27 matching runs to 
date (as of October 2013) with the most recent run 
identifying 35 possible transplants. Of these, 11 did not 
proceed to transplantation (Organ Donation and 
Transplantation, 2014). In the Dutch system, cross-
matching is performed centrally and included in the 
algorithm used to select optimal combinations of paired 
exchanges (de Klerk et al, 2008). 

Furthermore, there is the risk that one of the kidneys 
involved in the exchange may be irreparably damaged in 
the process of harvesting it from the donor. This can lead 
to an unbalanced situation in which one recipient does 
not receive a kidney despite their paired donor having 
donated one. 

The ‘blood group O problem’  
and use of desensitization
The current system for matching pairs in the UK will 
allow any blood group-compatible exchange with the 
exception that blood group O donor kidneys are donated 
only to blood group O recipients (blood group A and B 
patients can receive organs from B and A donors respec-
tively as well as O donors, whereas O patients can only 
receive organs from O donors) (Glander et al, 2010). To 
overcome this restriction and allow transplants between 
blood group-incompatible patients to occur, it is possible 
to desensitize O group patients before transplantation, 
removing antibodies against group A and B antigens. A 
number of desensitization protocols have been devel-
oped. Tydén and colleagues (2005) developed a protocol 
using immunoadsorption to remove antibodies from 
recipients in conjunction with rituximab (an anti-CD20 
monoclonal antibody), that reduces B-cell and antibody 
levels after antibody depletion. In 2005, they reported 
that 12 patients had been successfully transplanted with 
kidneys from blood group-incompatible donors with no 
significant side effects from treatment at 1-year follow up 
(Tydén et al, 2005). 

Desensitization has also been suggested as a means of 
overcoming a positive crossmatch and there are currently 
two main protocols: high dose intravenous immuno-
globulin alone, and low dose intravenous immunoglobu-
lin combined with plasmapheresis. Rituximab has been 
used with both protocols to increase their efficacy. These 
protocols have successfully allowed patients to receive 
kidneys from donors with whom they have a positive 
crossmatch, and the transplants appear to have good 
short-term outcomes (Montgomery, 2010; Vo et al, 
2010). Montgomery (2010) found that performing liv-
ing donor kidney transplants after desensitization using 
low dose intravenous immunoglobulin and plasmapher-
esis provided a significant survival benefit over waiting 
for a compatible kidney while on dialysis, with the sur-
vival advantage more than doubling at 8 years. 

Desensitization of patients with anti-HLA antibodies 
on the deceased donor waiting list remains debatable 
because of the uncertain availability of deceased donor 
kidneys. However, Vo et al reported the successful trans-
plantation of 76 highly sensitized patients using rituxi-
mab and intravenous immunoglobulin. At study entry, 
the mean time on dialysis among recipients of a trans-
plant from a deceased donor was 144±89 months. 
Following desensitization, the time to transplantation 
was 5±6 months (Vo et al, 2008). In a further study, the 
same authors found that the same regimen could reduce 
the time on the waiting list for deceased donor recipients 
from 95±46 months to 4.2±4.5 months after treatment 
(Vo at al, 2010). 

The costs of desensitization for a potential transplant 
vary from country to country, but in the United States for 
example, patients who are entered into a desensitization 
programme can expect this to cost an additional $20 000–
30 000 above the cost of a kidney transplant that does not 
required desensitization (University of Wisconsin 
Hospitals and Clinics Authority, 2014).

Paired donation and desensitization 
Desensitization and paired exchange have traditionally 
been considered as competing strategies, but increasingly, 
paired exchange is becoming integrated into desensitiza-
tion protocols. Montgomery (2010) proposed a trans-
plant modality algorithm to identify which donor/recipi-
ent phenotypes would benefit from each of these modal-
ities (Figure 2). Patients with a positive crossmatch to a 
live donor who have phenotypes that are easy-to-match 
(O donor; narrow sensitization) and/or difficult to desen-
sitize (high titres of donor-specific antibodies) would 
benefit from paired donor exchange. Those who are dif-
ficult to match (AB donor; broad sensitization) and/or 
easy to desensitize (low donor-specific antibody titres) 
should be considered for desensitization protocols. 
However, phenotypes that are both difficult to match and 
difficult to desensitize may benefit from a combination of 
paired exchange and desensitization in which they are 
paired with a more immunologically suited donor. 
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Altruistic donors
Altruistic donation, also called non-directed donation, is 
becoming increasingly common (Matas et al, 2000). 
Conventionally, these have been individuals who have 
offered to donate a kidney to anyone on the waiting list 
for a deceased donor kidney. However, it has been sug-
gested that, if willing, the kidney could be more usefully 
used in starting off a chain of paired donor exchange 
transplants (Figure 3). The kidney from the donor of the 
final pair is given to a patient on the waiting list for a 
deceased donor kidney. 

Given the nature of altruistic donation, it is vital that 
the donor is thoroughly evaluated both physically and 
psychologically and that he/she is motivated only by 
altruism. For example, centres may have to contend 
with donors requesting that their organs be given to 
recipients with particular characteristics such as religion 
or background. 

Despite these issues, use of altruistic donors to start 
chains of paired kidney exchanges could increase the 
number of living donor kidney transplants as well as 
provide an end organ for a recipient on the cadaveric 
waiting list. Altruistic non-directed kidney donation was 
made legal in the UK in 2006, and in 2012–13, the 
Human Tissue Authority approved 104 altruistic cases 
compared to 38 in 2011–12 (Human Tissue Authority, 
2013). 

A further benefit of using altruistic donors in paired 
kidney donations is that they mitigate the type O imbal-
ance in incompatible pairs, potentially reducing the need 
for desensitization. Altruistic donors are more similar to 
the general population and, consequently, approximately 
48% of altruistic donors are expected to have blood type 
O compared to 25% of donors in incompatible pairs 
(Gentry et al, 2011).

Exchanges involving more than two pairs
As discussed previously, the UK matching system now 
allows exchange between three pairs (Figure 4). This 
modification was made because of the small number of 
potential transplants yielded by the original two-pair 
exchange system and studies suggest that the optimal 
maximum chain length permitted by a matching run 
algorithm is three (Saidman et al, 2006; De Klerk et al, 
2010). There have been many cases of paired exchange 
transplants involving more than three pairs, particularly 
in the United States where paired exchange has existed 
for much longer. 

Unbalanced paired kidney exchange
A variation of the paired exchange programme involves 
introducing a compatible but not identical pair with an 
incompatible pair. For example, an A donor and O 
recipient (incompatible pair) could be paired with an O 
donor and an A recipient (compatible but not identical). 
This leads to two compatible living donor kidney trans-
plants. In practice, this requires a high degree of altruism 

Recipient A

Recipient B

Altruistic donor

Recipient X 
(Deceased donor 
waiting list)

Donor A

Donor B

Figure 3. Altruistic donation: the altruistic donor starts a chain of paired donor 
transplants.

Incompatible live donor

Kidney paired 
donation

Desensitization

Transplant

Difficult to match
n AB donor

n Broad sensitization

and

Difficult to desensitize 
n High antibody titres

Difficult to match
n AB donor

n Broad sensitization

and/or

Easy to desensitize 
n Low antibody titres

Easy to match
n O donor

n Narrow sensitization

and/or

Difficult to desensitize 

n High antibody titres

Positive cross match

Kidney paired donation  
followed by desensitization

Figure 2. Transplant algorithm incorporating kidney paired donation and desensitization. 
Reproduced from Montgomery (2010).

Donor A

Recipient A

Donor B

Recipient B

Donor C

Recipient C

Figure 4. The principle of three-way paired exchange. 
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on the part of the compatible pair. Although an improved 
match might be available to the recipient through paired 
exchange, a compatible direct donation is already possible 
and may seem like the preferable option rather than 
going through a matching run (Ferrari and de Klerk, 
2009). Kranenburg and colleagues in the Netherlands 
investigated the willingness of matched donors and 
recipients to participate in a paired donor exchange 
despite a direct donation already being possible and 
found that a third would be willing to do so (Kranenburg 
et al, 2006). Although not widespread practice, this 
option could potentially increase the number of compat-
ible living donor kidney transplants, particularly for 
blood group O donors. 

Conclusions
The living donor paired kidney exchange system has been 
established in the UK and a number of other countries as 
a method of increasing the availability of organs for renal 
transplantation. Modifications to the system have been 
both adopted and proposed to increase the pool of living 
donors. Although more long-term data are required to 
determine the role and effectiveness of these interven-
tions, the living donor kidney exchange programme rep-
resents a ray of hope for the many patients in need of an 
organ on the transplant waiting list. BJHM
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KEY POINTS
n	Organ transplantation is an established treatment for end-stage renal failure.

n	The demand for kidneys from patients on the transplant waiting lists continues to 
exceed supply.

n	The living donor exchange programme offers a solution by pooling incompatible 
organs from living donors so that these are more widely available to other 
potential recipients.  

n	Paired kidney transplants are now performed throughout Europe, Asia and the 
United States.

n	Numerous modifications to the programme have been adopted and proposed to 
further increase the number of potentially successful transplants. These include 
desensitization and altruistic donation. 


