
48

Kidney paired donation: benefit of this program on the 
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Abstract

Objective: To demonstrate the experience since the transplant program under paired kidney exchange donation implementa-
tion; program that increases the donation rate by 25-30% in hospitals with no inferior graft survival compared to directed living 
donor kidney transplantation. Method: Observational, analytical, longitudinal and prospective study from December 2018 to 
July 2021. All G5 KDIGO chronic kidney patients who were HLA or ABO incompatible with their original donors in the pretrans-
plant protocol and who were transplanted under the paired kidney exchange donation program, were included. Results: 22 kid-
ney transplants were performed under this program. Survival of the graft and the patient 1 year after transplantation was 100%. 
The post-transplant glomerular filtration rate was 72.5 ± 17 ml/min/1.73 m2 body surface. 36.3% of hypersensitized patients 
were successfully transplanted. The in-hospital donation rate increased by 33.33%. Conclusions: Transplantation under the 
kidney paired donation program constitutes a real modality of successful transplantation when there is incompatibility with the 
original donor. The greater use and socialization of this program can increase the country kidney transplantation rate, reducing 
the waiting list. Our hospital represents the largest experience published in Mexico with this transplant program.

Keywords: Kidney paired donation. Kidney transplant. Exchange. Compatibility. HLA.

Resumen

Objetivo: Demostrar la experiencia adquirida desde la implementación del programa de donación renal pareada, el cual 
aumenta un 25-30% la tasa de donación en los centros hospitalarios sin inferioridad en la sobrevida del injerto comparado 
con el trasplante renal de donante vivo dirigido. Método: Estudio observacional, analítico, longitudinal y prospectivo de 
diciembre de 2018 a julio de 2021. Se incluyeron todos los enfermos renales crónicos G5 KDIGO que en el protocolo pre-
trasplante resultaron HLA o ABO incompatibles con sus donantes originales y que fueron trasplantados bajo el programa de 
donación renal pareada. Resultados: Se realizaron 22 trasplantes renales bajo este programa. La sobrevida del injerto y 
del paciente a 1 año postrasplante fue del 100%. La tasa de filtración glomerular postrasplante fue de 72.5 ± 17 ml/min/1.73 m2 
de superficie corporal. Fueron trasplantados exitosamente el 36.3% de pacientes hipersensibilizados. La tasa de donación 
intrahospitalaria aumentó un 33.33%. Conclusiones: El trasplante bajo programa de donación renal pareada constituye una 
modalidad real de trasplante exitoso cuando existe incompatibilidad con el donante original. La mayor utilización y la socia-
lización de este programa pueden aumentar la tasa de trasplante renal nacional, disminuyendo la lista de espera. Nuestro 
hospital representa la mayor experiencia publicada en México con este programa de trasplante.
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Introduction

Compared to dialysis, renal transplantation is the 
most cost-effective renal replacement therapy modal-
ity capable of providing better survival and quality of 
life to patients, both adults and pediatric1. According to 
data from the National Transplant Center (CENATRA), 
in 2019 and 2020, a total of 2986 and 914 renal patients 
were transplanted in Mexico, respectively. By the end 
of June 2021, 16,801 renal patients were waiting for 
their transplant. Our hospital transplanted 38, 14, and 
14 renal recipients back in 2019, 2020, and the first 
half of 2021, respectively. Upon completing the trans-
plant protocol, 30% to 40% of all couples will have 
ABO or HLA incompatibility2. In 1986, Rapaport pro-
posed that patients who cannot receive a kidney from 
their donor should be given the opportunity to exchange 
donors in such a way that each recipient receives a 
compatible kidney and donors can fulfill their wish for 
donation3.

The first actual exchange procedure took place in 
South Korea in 1991, followed by Europe in 1999, and 
the United States in 2000. The slow acceptance was 
mainly due to ethical and legal constraints3. In Mexico, 
the first cohort of renal transplant patients with donor 
exchange was published in 19984, and subsequently, 
further reports would be published in 2017. Some 
transplant centers have performed this modality anec-
dotally. Our hospital formally initiated this program at 
the end of 2018. Currently, paired donation is an alter-
native authorized by CENATRA.

Renal donor exchange is generally encompassed 
under the paired kidney exchange donation program, a 
program that has evolved over time. Initially, only the 
simplest modality was performed: pairwise exchange 
(simple swaps between 2 couples), later introducing 
exchanges among 3 couples and the concepts of renal 
donation chain, paired donation in domino, introduction 
of altruistic donors into the chains, non-simultaneous 
extended chains of altruistic donors5, use of bridge 
donors, initiation of chains with deceased donors, 
exchange of lists in chains6, (Figs. 1-3), and desensitiza-
tion within the program. These variations arose to make 
sure donors could not withdraw after their paired recipi-
ent had received the kidney transplant7.

In addition to facilitating exchanges between incom-
patible pairs, paired kidney exchange donation pro-
grams now welcome compatible pairs, allowing 
recipients to receive kidneys from younger donors, 
with better anthropometric matching with their donor 

or better HLA compatibility. Adding compatible pairs 
to paired kidney exchange donation programs also 
increases the number of matches for incompatible 
pairs or hypersensitized patients, thereby improving 
the overall matching capabilites of the program8.9.

To overcome the multiple challenges of selection 
within paired kidney exchange donation programs, 
manual mathematical calculations or highly efficient 
computer algorithms are used to select transplant 

Dead donor

Donor #1 Receptor #1

Donor #2 Receptor #2

Donor #3 Receptor #3

Bridge donor

Figure 2. Deceased donor initiating the transplant chain with use of a 
bridge donor (adapted from Bahena CL, 20186).

Receptor #1

Donor #2 Receptor #2

Donor #1

Figure 1. Closed-loop chain of 2 couples (adapted from Bahena CL, 
20186).
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exchanges with n being the total number of incompat-
ible donor-recipient pairs, the total number of combi-
nations equals (n2 - n)/210.

Mathematical algorithms based on the blood type 
of donors and recipients, sensitization status, and the 
size of the pool of incompatible pairs can determine 
the highest probabilities of successful matching within 
the program, optimizing the successful pairing of 
donors and recipients11 based on the principles of fair-
ness, utility, and justice12.

Regardless of the immunological complexity and 
search for a compatible donor in the donor pool of a 
chain, there are also logistical challenges. Firstly, the 
creation of chains takes time and is often done elec-
tively in such a way that donor and recipient opera-
tions can be performed sequentially and within a 
reasonably short period of time. On the other hand, 
transplants from deceased donors are semi-urgent, 
and chains starting with deceased donors need to be 
mobilized urgently and non-electively13.

Method

This study aims to demonstrate the experience 
gained since the implementation of the renal trans-
plantation program under paired kidney donation, a 
modality that can increase the donation rate by 25% 
to 30% in the hospital without inferiority regarding 
graft survival compared to directed living donor renal 
transplantation.

This study was an observational, analytical, longi-
tudinal, and prospective study of patients transplanted 
under the paired kidney exchange donation program 

at our hospital from December 2018 through July 
2021. All the couples that accessed the program com-
pleted the pre-transplant protocol and were evaluated 
and authorized by the internal transplant committee. 
The donation risk was estimated for each donor, and 
the probability of matching-compatibility was esti-
mated for each recipient and crossing14. The Alvin 
Roth algorithm was used to perform the pairings in 
the transplant chains. Each recipient’s notarial con-
tract deed was requested, and simultaneous or 
sequential nephrectomies of the donors were performed 
in adjacent operating rooms. Nephrectomies were per-
formed using a conventional technique through open or 
laparoscopic nephrectomy, and the kidneys were per-
fused ex vivo with a preservation solution prior to 
implantation that was performed in the right iliac fossa 
and contralateral to the kidney obtained, with end-to-
side vascular anastomosis from renal vein to external 
iliac vein and from renal artery to external iliac artery 
(Fig. 4) using 6-0 Prolene vascular sutures. Neouretero-
cystoanastomosis was performed using the Leich-
Gregor technique with 6-0 PDS sutures and a ferule 
mounted over a 6-Fr double-J ureteral catheter.

The induction of immunosuppression was performed 
based on the baseline immunological risk, using basi-
liximab or thymoglobulin. Maintenance was completed 
with mycophenolic acid, tacrolimus, and prednisone. 
No renal patient was desensitized before or after trans-
plantation. The baseline demographic, clinical, and bio-
chemical characteristics of this group of patients were 
determined, along with post-transplant assessments in 
compliance with the hospital internal protocol. Renal 
allograft biopsy was performed between months 3 and 9, 

Donor #1
Rh O

Receptor #1
Rh A

Receptor #2
Rh O

Donor #3
Rh A

Receptor #3
Rh B

Donor #2
Rh B

Figure  3. Introduction of an unbalanced compatible altruistic pair 
(adapted from Bahena CL, 20186).

Figure 4. Paired kidney transplant program. Implantation of the graft 
with end-to-side vascular anastomosis from renal vein to external iliac 
vein and from renal artery to external iliac artery.
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and these were evaluated using Banff criteria (2017). 
Glomerular filtration rate (GFR) and graft survival 
1  year after transplantation were determined, along 
with the GFR of each donor in the post-transplant 
period.

Statistical analysis

The variables analyzed were age, sex, etiology of 
chronic kidney disease, blood type and Rh, panel of 
reactive antibodies, type of induction to immunosup-
pression, type and level of maintenance immunosup-
pression, body mass index, hemoglobin and serum 
creatinine levels, GFR in mL/min/1.73 m2 of body 
surface area, complications, and graft status at the 
time. Histological variables from renal allograft 
biopsy were obtained according to Banff classifica-
tion (2017)15. The Student t test was used to compare 
the means of the GFR and the graft survival of patients 
transplanted under the paired kidney  exchange 
donation program and in a cohort of  patients with 
directed related/unrelated living donors in our hospi-
tal. Mean values with standard deviation and the 
percentages of the variables were calculated using 
SPSS 25.

Results

A total of 22  patients were transplanted using the 
following modalities: 1 chain of 5 couples, 1 chain of 
4 couples, 3 chains of 3 couples, and 2 crossings of 
2 couples. Among these, 4 renal recipients were 
transplanted through chains that started with a 
deceased donor. In the 5-couple chain (the last one 
performed), an important milestone was achieved in 
Mexico with the first inter-center transplantation (donor 
exchange between 2 hospitals).

A total of 63.6% of the patients included in the study 
were women (Table 1). Preemptive transplantation was 
performed in 9.1% of the patients. Both the PRA (panel 
of reactive antibodies) level and type of induction immu-
nosuppression used are shown on table  2. The most 
common etiology of chronic kidney disease was not 
established in 31.8% of cases, followed by systemic arte-
rial hypertension in 27.3% of cases. In 18.1% of cases 
there was list exchange (the chain started with a deceased 
donor). The mean post-transplant proteinuria levels were 
150.38  mg/day. A  total of 90.1% of the patients were 
on the reference immunosuppression scheme (FK: tacro-
limus/MMF: mycophenolate mofetil/PDN: prednisone), 
and 9.1% on a minimized scheme. All grafts remain 

functional, including hypersensitized recipients, with a 
median post-transplant follow-up of 18.0  months. The 
mean GFR was 72.5 ± 17 mL/min/1.73 m2, and the mean 
waiting time since accessing the cross-matching program 
until transplantation, 4.8 months.

The study included a total of 2 sensitized patients 
(9.1%) with PRA levels ≥ 25% and 6 highly sensitized 
patients (27.27%) with PRA levels ≥ 80%.

Two surgical complications and 1 medical complica-
tion were reported, all of which resolved promptly, with 
fully functional grafts (Table 3).

In our hospital, during the study period, a total of 
66  patients underwent transplantation, 40 of whom 
were from directed living related/unrelated donors, 4 
from deceased donors, and 22 from the paired kidney 
exchange donation program, which represents a 
33.33% increase in the rate of transplantation with the 
use of this novel program (Fig. 5)16.

Discussion

According to CENATRA data from 2017 through 
2020 in Mexico, the mean waiting time to receive a 
kidney from a deceased and a living donor was 
30.217 and, 3.38 months, respectively18. In our cohort 
of patients transplanted under the paired kidney 
exchange donation program, the mean waiting time 
was 4.9 months, shorter than the waiting time for a 
deceased donor kidney.

Table  1. Clinical and biochemical characteristics of recipients 
and donors under the paired kidney exchange donation program

Variable Mean (± SD)

Receptor
Age (years) 35.27 (± 12.45)

Sex
Men
Women

8 (36.4%)
14 (63.6%)

Body mass index (kg/m2) 24.77 (± 3.30)

Panel of reactive antibodies
Class I
Class II

25.18%
28.68%

Donor
Age (years) 42.22 (± 10.52)

Post‑donation creatinine levels (mg/dL) 1.18 (± 0.29)

Post‑donation GFR ratio (mL/min/1.73 m2)* 75.04 (± 15.98)

GFR: glomerular filtration rate; SD: standard deviation.
*Estimated using the CKD‑EPI formula.
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Although our experience with the paired kidney 
exchange donation program is limited to only 22 renal 
transplant patients, according to Massie et al.19, our 
hospital qualifies as a center with very high utilization 
of the paired kidney exchange donation program.

In the Canadian registry, the mean number of days 
elapsed since a candidate participates in a compatibility 

cycle under the paired kidney exchange donation pro-
gram until transplantation was actually performed was 
182  days (range, 47-1741; mean ± SD, 275 ± 17)20, 
while, at the Mayo Clinic (United States), the median 
waiting time since program enrollment until transplan-
tation was 330 days (range, 178-539)21. Our hospital has 
an average of 147 days from admission to transplantation 

Table 2. Demographic characteristics of patients transplanted under the paired kidney exchange donation program

Receptor Sex Age 
(years)

Etiology 
CKD

Type of 
dialysis

BT and 
Rh D/R

 PRA 
class I/II

DSA  CMT  HLAmm CMV Induction

1 M 11 Valvas HD O+/O+ 98/100% No Negative FC 1A/1B/1DR D+/R+ ATG 
(4 mg/kg/d)

2 W 60 SAH PD O+/O+ 7/9% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

3 M 29 ND HD O+/O+ 5/8% No Negative FC 2A/1B/1DR D‑/R+ Basiliximab

4 W 46 ND PD O+/O+ 68/44% No Negative FC 1A/1B/1DR D+/R+ ATG 
(1 mg/kg/d)

5 W 44 ND Preemptive O+/O+ 6/0% No Negative FC 1A/1B/2DR D+/R+ Basiliximab

6 M 28 ND HD O+/O+ 10/5% No Negative FC 1A/1B/2DR D+/R+ Basiliximab

7 W 37 IgA HD O+/O+ 6/2% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

8 M 28 ND HD A+/A+ 8/14% No Negative FC 2A/1B/1DR D+/R+ ATG 
(3.5 mg/kg/d)

9 W 24 ND Preemptive O+/O+ 8/5% No Negative FC 1A/1B/1DR D+/R+ ATG 
(4 mg/kg/d)

10 W 41 SAH HD O+/O+ 45/84% No Negative FC 1A/1B/1DR D+/R+ ATG 
(4.5 mg/kg/d)

11 M 31 SAH HD O+/O+ 7/10% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

12 W 49 SAH HD O+/O+ 4/24% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

13 W 39 SAH HD A+/A+ 30/16% No Negative FC 1A/1B/0DR D+/R+ ATG 
(3 mg/kg/d)

14 W 46 SAH HD O+/O+ 100/99% No Negative FC 1A/0B/0DR D+/R+ ATG 
(5.5 mg/kg/d)

15 M 42 MN HD O+/O+ 68/82% No Negative FC 1A/2B/1DR D+/R+ ATG 
(4 mg/kg/d)

16 M 32 CGN PD O+/O+ 5/8% No Negative FC 2A/2B/1DR D+/R+ Basiliximab

17 W 40 CGN HD O+/O+ 52/88% No Negative FC 2A/B/1DR D+/R+ ATG 
(4.5 mg/kg/d)

18 W 46 DM2 PD O+/O+ 2/7% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

19 W 30 SLE PD O+/O+ 9/11% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

20 W 15 ND HD A+/A+ 7/5% No Negative FC 0A/1B/0DR D+/R+ Basiliximab

21 M 13 AHUS HD A+/A+ 4/7% No Negative FC 2A/2B/1DR D+/R+ Basiliximab

22 M 45 ADPKD HD O+/O+ 5/3% No Negative FC 1A/1B/1DR D+/R+ Basiliximab

ADPKD: autosomal dominant polycystic kidney disease; AHUS: atypical hemolytic uremic syndrome; ATG: anti‑thymocyte globulin; BT: blood type; CGN: chronic glomerulonephritis; 
CKD: chronic kidney disease; CMT: crossmatch testing; CMV: cytomegalovirus; D: donor; DM2: type 2 diabetes mellitus; DSA: donor specific antibodies; FC: flow cytometry; 
HD: hemodialysis; HLAmm: human leukocyte antigent mismatch; IgA: IgA‑induced nephropathy; M: man; MN: membranous nephropathy; ND: not determined; PD: peritoneal dialysis; 
PRA: panel of reactive antibodies; R: receptor; SAH: systemic arterial hypertension; SLE: systemic lupus erythematosus; W: woman.
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under this program, which is lower than the period 
reported in the medical literature.

We have already performed renal transplants with 
chains of 4 and 5 couples, although a Dutch study 

recommends that the maximum length of an optimal 
chain for all practical purposes is 3 couples, especially 
for newly initiated exchange programs, because sev-
eral simultaneous surgeries can limit the technical 

Table 3. Biochemical and histological evolution of patients after kidney transplant under paired kidney exchange donation

Receptor BMI Hb Proteinuria 
(mg/day)

Cr  
(mg/dL)

GFR 
(mL/min)

FK 
(ng/mL)

 IS Histological criteria 
Banff (2017)

Complications Graft 
status

1 21.3 12.9 122 1.12 75 5.3 FK/MMF/PDN g1, cg0, ci0, ta0, i1, t0, 
ptc0, ah1, v0

None Functional

2 23.3 16.6 100 1.40 40 3.9 FK/mTORi/PDN g1, cg0, ci2, ct2, i1, t0, 
ptc1, ah1, v0

VK Functional

3 27.4 19.8 199 1.2 93 6.4 FK/MMF/PDN g0, cg0, ci0, ta0, i0, t0, 
ptc0, ah0, v0

None Functional

4 19.4 17.8 177 1.1 59 2.7 FK/mTORi/PDN g2, cg0, if1, ta1, i1, t0, 
ptc3, ah1, v0

None Functional

5 24.7 13.6 150 1.0 61 5.6 FK/MMF/PDN g1, cg0, if1, ta1, i0, t0, 
ptc0, ah0, v0

None Functional

6 23.5 16.6 167 1.3 77 5.3 FK/MMF/PDN g1, cg0, if1, ta1, i1, t0, 
ptc1, ah2, v0

None Functional

7 25.8 14.7 248 1.1 60 4.5 FK/MMF/PDN g1, cg0, if1, ta1, i0, t0, 
ptc0, ah1, v0

None Functional

8 24.2 20.6 139 1.5 60 6.3 FK/MMF/PDN g2, cg0, if1, ta1, i1, t0, 
ptc3, ah0, v0

None Functional

9 29.6 16.6 136 0.9 91 8.2 FK/MMF/PDN g0, cg0, if1, ta1, i0, t0, 
ptc0, ah0, v0

None Functional

10 23.6 19.3 229 0.8 73 7.2 FK/MMF/PDN g1, cg0, ci0, ta0, i0, t0, 
ptc0, ah0, v0

None Functional

11 27 15 102 1.2 84 8 FK/MMF/PDN g1, cg0, ci2, ct2, i1, t0, 
ptc1, ah0, v0

None Functional

12 25.2 13.4 262 0.8 89 5.6 FK/MMF/PDN None Functional

13 25.4 10 116 1.3 50 4.1 FK/MMF/PDN Ureteral ischemia Functional

14 27.1 13.9 232 0.9 73 8.1 FK/MMF/PDN None Functional

15 26.4 15.4 186 1.7 54 12.6 FK/MMF/PDN g1, cg0, if1, ta1, i0, t0, 
ptc1, ah0, v0

None Functional

16 24.4 16 192 1.33 73 4.8 FK/MMF/PDN g0, cg0, if1, ta1, i0, t0, 
ptc0, ah1, v0

None Functional

17 32.4 15.6 77 1.28 56 5.3 FK/MMF/PDN g2, cg0, ci0, ta0, i0, t0, 
ptc3, ah0, v0

None Functional

18 20.4 12.3 134 0.7 102 9 FK/MMF/PDN None Functional

19 20.1 12.3 165 1 64 7.7 FK/MMF/PDN None Functional

20 23.3 11 120 1 65 5.3 FK/MMF/PDN None Functional

21 21 12.8 126 0.7 101 5.1 FK/MMF/PDN None Functional

22 29.5 13.2 200 1.2 95 9.5 FK/MMF/PDN Lymphocele Functional

Ah: arteriolar hyalinosis; BMI: body mass index; cg: chronic glomerulitis; Cr: creatinine; FK: tacrolimus; g: glomerulitis; GFR: glomerular filtration rate; Hb: hemoglobin; I: interstitial 
inflammation; if: interstitial fibrosis; IS: immunosuppression; MMF: micophelonate mofetil; mTORi: mTOR inhibitor; PDN: prednisone; ptc: peritubular capilaritis; t: tubulitis; ta: tubular 
atrophy; v: intimal arteritis; VK: poliomavirus.
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Type of kidney transplant 2018-2021
PKE
DDRT
LRT

Figure 5. Types of renal transplants performed at our hospital from 
December 2018 through July 2021. PKE: kidney paired exchange 
donation; DDRT: deceased donor renal transplant; LRT: directed living 
related/unrelated donor renal transplant (adapted from Bahena et al., 
202216).

capabilities and resource of multiple centers, as sig-
nificant coordination is required11.

When the GFR of patients transplanted under the 
donor exchange program was compared, we saw that 
such GFR was 72.5 mL/min/1.73 m2, higher than the 
GFR found in a cohort of 44 patients transplanted at 
our hospital throughout the same study period but 
from directed related/non-related living donors 
(66.56 mL/min/1.73 m2; p = 0.123).

When we analyzed the GFR and graft survival free 
from rejection of our pediatric recipients under the donor 
exchange program, we saw that both values are similar 
to those reported by Sypek et al.22 in the Australian reg-
istry of the pediatric paired renal exchange program.

The rate of graft survival in our center at follow-up 
was 100% in patients transplanted under the paired 
renal donation program, compared to 97.7% in directed 
living donors (p = 0.489). These data are similar to 
those reported by Kute et al.23 who demonstrated that 
graft survival is similar when using related donation 
compared to donation under the paired program. 
Additionally, in the Canadian registry of paired kidney 
donation of 135 renal recipients followed for 1  year, 
the patients’ and the allograft survival rates were 99% 
and 96%, respectively. In the same Canadian cohort, 
biopsy confirmed an acute rejection rate of 8%20, com-
pared to 9.1% in our patients from the paired program 
(all of these were subclinical rejections).

The 1-year adjusted graft survival after the transplant 
was 97.3%, 98.1%, and 97.7% for sensitized recipients 

with PRA levels of 0-79%, > 80%, and > 99.9% groups, 
respectively24. The overall graft survival rate in our 
cohort was 100% at 1-year follow-up.

The donors’ dropout rate in our cohort was 0% 
because only in 13.6% of cases bridge donors were 
used, and they were advised in advance on the maxi-
mum waiting time of 3 weeks to donate their organs, 
as recommended by Kher and Kumar25.

Conclusions

Renal transplantation under the paired kidney 
exchange donation program is an additional option to 
increase the rate of renal transplantation. However, it 
must be kept under strict in-hospital medical-ethical 
protocols and national legal regulations and consis-
tent with the Declaration of Istanbul26. Transplantation 
groups should be encouraged to promote this modal-
ity to integrate regional or national donor exchange 
programs to reduce the national waiting list for renal 
patients and, consequently, increase the rate of renal 
transplants in Mexico.

Funding

None whatsoever.

Conflicts of interest

None reported.

Ethical disclosures

Protection of human subjects and animals in 
research. The authors declare that no experiments 
were performed on humans or animals for this study.

Patients’ data protection. The authors declare 
that they have followed the protocols of their work 
center on the publication of patient data.

Right to privacy and informed consent. The authors 
have obtained the written informed consent of the 
patients or subjects mentioned in the article. The cor-
responding author is in possession of this document.

References

	 1.	 Axelrod DA, Schnitzler MA, Xiao H, Irish W, Tuttle-Newhall E, Chang SH, 
et al. An economic assessment of contemporary kidney transplant prac-
tice. Am J Transplant. 2018;18:1168-76.

	 2.	 GODT. Global Observatory on Donation and Transplantation Web 
site. (Cited 18-04-2018). Available from: http://www.transplant-obser-
vatory.org/.

	 3.	 Wallis CB, Samy KP, Roth AE, Rees MA. Kidney paired donation. 
Nephrol Dial Transplant. 2011;26:2091-9.



L. Bahena-Carrera et al. Kidney paired donation

55

	 4.	 Juárez F, Barrios Y, Cano L, Chávez E, Camacho R, Gómez A, et al. 
Domino (crossover) kidney transplantation using low doses of Neoral. 
Transplant Proc. 1998;30:2289-90.

	 5.	 Rees MA, Kopke JE, Pelletier RP, Segev DL, Rutter ME, Fabrega AJ, 
et al. A nonsimultaneous, extended, altruistic-donor chain. N Engl J Med. 
2009;360:1096-101.

	 6.	 Bahena CL. Trasplante cruzado y ABO incompatible. Cambio en el 
panorama tradicional de trasplante renal en Me?xico. Rev Sanid Milit 
Mex. 2018;72:133-40.

	 7.	 Glorie K, Haase-Kromwijk B, van de Klundert J, Wagelmans A, 
Weimar W. Allocation and matching in kidney exchange programs. 
Transpl Int. 2014;27:333-43.

	 8.	 Gentry SE, Segev DL, Simmerling M, Montgomery RA. Expanding kidney 
paired donation through participation by compatible pairs. Am J Trans-
plant. 2007;7:2361-70.

	 9.	 Gentry SE, Montgomery RA, Segev DL. Kidney paired donation: funda-
mentals, limitations, and expansions. Am J Kidney Dis. 2011;57:144-51.

	 10.	 Mierzejewska B, Durlik M, Lisik W, Baum C, Schroder P, Kopke J, et al. 
Current approaches in national kidney paired donation programs. Ann 
Transplant. 2013;18:112-24.

	 11.	 De Klerk M, Van der Deijl WM, Witvliet MD, Haase-Kromwijk BJ, 
Claas FH, Weimar W. The optimal chain length for kidney paired exchan-
ges: an analysis of the Dutch program. Transpl Int. 2010;23:1120-5.

	 12.	 Pham TA, Lee JI, Melcher ML. Kidney paired exchange and desensiti-
zation: strategies to transplant the difficult to match kidney patients with 
living donors. Transplantation. 2017;31:29-34.

	 13.	 Wall AE, Veale JL, Melcher ML. Advanced donation programs and 
deceased donor initiated chains  - 2 Innovations in kidney paired dona-
tion. Transplantation. 2017;101:2818-24.

	 14.	 Keize KM, De Klerk M, Haase-kromwijk BJ, Weimar W. The Dutch algo-
rithm for allocation in living donor kidney exchange. Transplant Proc. 
2005;37:589-91.

	 15.	 Roufosse C, Simmonds N, Clahsen-van GM, Haas M, Henriksen KJ, 
Horsfield C, et al. A 2018 reference guide to the Banff classification of 
renal allograft pathology. Transplantation. 2018;102:1795-814.

	 16.	 Bahena CL, Noyola VH, Ramos DE, Loera TM, Mendiola FR, Razo PM. 
Beneficio de la Donación Renal Pareada en la sobrevida del injerto 
trasplantado de pacientes hipersensibilizados. Revista Nefrología Mexi-
cana. 2022;43 (1):5-9.

	 17.	 CENATRA. Boletín Estadístico-Informativo del Centro Nacional de Tras-
plantes. BEI. 2020;vol. V, No. 2, enero-diciembre. 56.

	 18.	 CENATRA. Boletín Estadístico-Informativo del Centro Nacional de Tras-
plantes. BEI. 2017;vol. II, No. 2, enero-diciembre. 59.

	 19.	 Massie AB, Gentry SE, Montgomery RA, Bingaman AA, Segev DL. 
Center-level utilization of kidney paired donation. Am J Transplant. 
2013;13:1317-22.

	 20.	 Cole EH, Nickerson P, Campbell P, Yetzer K, Lahaie N, Zaltzman J, 
et al. The Canadian Kidney Paired Donation Program: a national program 
to increase living donor transplantation. Transplantation. 2015;99:985-90.

	 21.	 Basu A, Prieto M, Kosberg C, Mai ML, Khamash HA, Jadlowiec CC, et al. 
Ten years of kidney paired donation at Mayo Clinic:  the benefits of 
incorporating ABO/HLA compatible pairs. Transplantation. 2020; 
104:1229-38.

	 22.	 Sypek MP, Alexander SI, Cantwell L, Ierino FL, Ferrari P, Walker AM, 
et al. Optimising outcomes in pediatric renal transplantation through the 
Australian paired kidney exchange program. Am J Transplant. 2017; 
2:534-41.

	 23.	 Kute VB, Gumber MR, Vanikar AV, Shah PR, Patel HV, Engineer DP, 
et al. Comparison of kidney paired donation transplantations with living 
related donor kidney transplantation: implications for national kidney pai-
red donation program. Renal Fail. 2013;35:504-8.

	 24.	 Schinstock CA, Smith BH, Montgomery RA, Jordan SC, Bentall AJ, 
Mai M, et al. Managing highly sensitized renal transplant candidates in 
the era of kidney paired donation and the new kidney allocation sys-
tem:  is there still a role for desensitization?Clin Transplant. 2019; 
33:e13751.

	 25.	 Kher V, Kumar JP. Paired kidney exchange transplantation –pushing the 
boundaries. Transplant Int. 2020;33:975-84.

	 26.	 The Declaration of Istanbul on Organ Trafficking and Transplant Tourism 
(2018 Edition). Transplantation. 2019;103:218-9.


