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Introduction

Chronic renal failure, progressing to the irreversible
condition of ESKD, requires efficient RRT, typically
dialysis or kidney transplantation (1). Compared with
dialysis, kidney transplantation significantly benefits
the survival and quality of life of ESKD patients and
carries less of a burden. This minireview summarizes
the development of kidney transplantation in China in
recent years. In addition, we briefly introduce the
human organ sharing system in China, which helps
achieve justifiable, fair, and transparent organ allocation.

History of Kidney Transplantation in China

Organ transplantation is one of the most outstand-
ing medical achievements in the last century. In
China, the first kidney transplant was performed in
Beijing in 1960. In 1972, the first living-related donor
kidney transplant succeeded in Guangzhou. In recent
years, with the development of transplantation tech-
nology and immunosuppressive protocols, we have
continued to carry out complicated operations, such
as pancreas—kidney combined transplantation, ABO-
incompatible living-related donor kidney transplanta-
tion, and combined partial auxiliary liver and kidney
transplantation.

Organ Donation and Allocation

We have established an ethical organ donation and
transplantation system under the World Health Orga-
nization principles. Only deceased donors and living-
related kidney transplants are performed in China;
there have been no living-unrelated donors. For pre-
emptive transplantation, a small number of trials have
been carried out, but no protocols have been devel-
oped. Donation and allocation activities are firmly
monitored and regulated under national laws.
Informed voluntary organ donation by citizens is the
only source of organ transplantation in China. The
donated organs are allocated by a computer system
called the China Organ Transplant Response System
(COTRS) in an autonomous way (2,3). The quality of
every kidney transplant program across mainland
China is supervised and inspected by the kidney
transplantation quality control center, and outcomes

that are based on the original transplant recipient’s
clinical data are monitored.

Epidemiology of Kidney Transplantation

According to the China Kidney Disease Network
(CK-NET), there are approximately 132.3 million peo-
ple in China with chronic kidney disease and 2.8 mil-
lion people receiving RRT for ESKD (4,5).

Kidney transplantation is the most efficient RRT for
ESKD patients. The number of organ transplant oper-
ations and organ donations reached second place
globally in 2019. During the period 2015-2019, China
completed 2766 (2.01 per million people, [PMP]), 4080
(2.98 PMP), 5146 (23.72 PMP), 6302 (4.53 PMP), and
5818 (4.16 PMP) cases, respectively, of deceased organ
donation (Figure 1A). The national target exceeds
15,000 donors per year. Twelve provinces exceeded
the national level of PMP (Figure 1B). Cerebrovascular
accidents and trauma were the two top causes of
donor death, accounting for 45.30% and 41.52%,
respectively. We also performed 4931, 7224, 9040,
11,302, and 10,389 cases of deceased donor (DD) kid-
ney transplantation and 2109, 1795, 1753, 1727, and
1735 cases of living-related donor kidney transplanta-
tion in the past 5 years, respectively (Figure 1C). In
2019, there were 224 cases of kidney-related multiple-
organ transplantations in China. Sixty-eight underwent
combined liver—kidney transplantation, 149 were
combined pancreas-kidney transplantations, and seven
were combined heart-kidney transplantations, which
increased 45.5% compared with the number in
2018 (3).

The number of kidney transplantation candidates
has increased every year. By the end of 2019, 47,382
(33.89 PMP) patients were waiting for kidney trans-
plantation (Figure 1D). Factors contributing to the
small percentage of dialysis patients in China wai-
tlisted for transplant include patients disinterested in
a transplant due to a fear of surgery or a lack of ade-
quate financial resources. The prioritized receivers
include immediate family members of deceased
donors, volunteers who have been registered to
donate for more than 3 years, living-related organ
donors, children under 18 years old, and highly sensi-
tized patients (panel reactive antibodies [PRA] =80%).
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Figure 1. | The epidemiology of kidney transplantation in China. (A) The citizen deceased donations in China during the period
2015-2019. (B) The top five provinces in donations per million population. (C) The number of deceased donors and living-related donor kid-
ney transplantations during the period 2015- 2019. (D) The numbers of patients on the kidney waiting list during the period 2015-2019.

Quality and Safety of Kidney Transplantation

With improved kidney transplant surgery technology,
immunosuppressive programs, and perioperative manage-
ment, the kidney transplantation survival rate and 1-year
complications in China have reached advanced international
levels. The basic information on kidney transplantation in
2019 is shown in Table 1. From 2015 to 2019, there were
52,005 cases of kidney transplantation in China. A survival
analysis for DD kidney transplantation indicated that the
1-year survival rate after operation was 97.8% (recipient)/
95.7% (graft kidney) and that the 3-year survival rate was
96.9% (recipient)/93.3% (graft kidney). In addition, living-
related kidney donor transplantation had a better survival
rate, which was 99.4% (recipient)/98.8% (graft kidney) at 1
year and 98.9% (recipient)/97.0% (graft kidney) at 3 years
(Table 1) (3). Graft loss included primary nonfunction 3
months or more after surgery and resumed dialysis 1 month
or more after surgery. Among them, the 1- and 3-year sur-
vival rates of DD kidney transplantation were better than
the international average for the same period (less than 90%
and approximately 86%) (6). However, the long-term sur-
vival rate still needs more years of data accumulation.

Kidney transplantation surgery in China is mostly per-
formed by urologists or transplant surgeons. In some trans-
plant centers, surgery is performed by a nephrologist. To
obtain a more complete understanding of the patient's con-
dition, most transplant surgeons provide post-transplant
care, but in some centers, postoperative care is transferred
to a transplant nephrologist.

The main complications after kidney transplantation
include delayed graft function (DGF), acute rejection, and
severe infection. DGF was defined as the recipient receiv-
ing dialysis treatment within 1 week post transplantation
or failing to decline less than 400 pumol/L within 1 week
after surgery. Our retrospective analysis of complications
was conducted in 2019 and indicated that kidneys from
donors who suffered brain death or circulatory death have
a higher DGF rate than kidneys from living-related donors
(8.7% to 1.3%); there was no significant difference between
acute rejection or severe infection.

Ischemia-reperfusion injury is one of the main factors
affecting the allograft function and survival time of trans-
planted kidneys. The cold/warm ischemia time is an
important indicator of kidney transplantation success.
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Table 1. Quality and safety of kidney transplantation
Item Value
General information
Recipient age, yr 40.1=x12.1
Dialysis time, mo 25.7+29.2
Recipient blood type, proportion (%)
A 30.0
B 26.8
AB 9.0
@) 34.2
Gender, proportion (%)
Male 70.6
Female 294
1 Year 3 Years
Recipient, Allograft, Recipient, Allograft,
Survival Rate % % % %
Deceased donor 97.8 95.7 96.9 93.3
Living-related 99.4 98.8 98.9 97.0
donor
Deceased Living-Related
Donor Donor
Complications, 1 yr
DGF, % 8.7 1.3
Acute rejection, % 3.1 3.2
Infection, % 5.9 3.7
Graft loss, % 43 1.2
Ischemia time
Warm ischemia time, min 8.7+x74 3.7+33
Cold ischemia time, h 5.8+3.8 19+1.3
The information on the quality and safety of kidney
transplantation in China is listed in the table. The recipient
age, dialysis time, and the ischemia time are recorded by
mean *+ SD. The four most frequent complications are shown
in the following table. The survival rate data were analyzed
from 2015 to 2019, and the long-term survival rate still needs
more years of data accumulation.

Reducing the ischemic time of the living-related donor kid-
ney is relatively easy, and problems can be solved by opti-
mizing the surgical technique and the connection between
the donor and recipient surgeries. For the deceased donor,
the donation management center has established a “green
channel” for organ transport to prioritize allocated organs
and improve transport efficiency, successfully reducing the
cold ischemia time of organs. Briefly, the green channel is a
systemic coordination, including tests for human leukocyte
antigen phenotype, pairing local suitable patients (in the
order of the same hospital, the organ procurement organi-
zation, joint hospitals, province, and country). Also, the
vehicles and flights transporting organs have priority.

In 2019, the warm/cold ischemia times of deceased
donors were 8.7+7.4 minutes and 5.8+3.8 hours, respec-
tively, while the 98.5% cold ischemia time of the kidney
was less than 24 hours (3).

The Kidney Transplantation Quality Control Center of
the Chinese National Health Commission was set up to
monitor and promote national kidney transplantation-
associated medical quality. Through scientifically assessing

and monitoring the medical quality of each kidney trans-
plantation program and introducing evidence-based prac-
tice guidelines and norms, this program aimed to promote
kidney transplantation quality throughout China in a sus-
tained way.

Perioperative Care

Routine preoperative preparations and preoperative
examinations for kidney transplantation are the same as
general surgery, but additional immunosuppressants are
required. In most centers, widely used triple immunosup-
pression and induction protocols are followed. Commonly
used immune induction medications are anti-lymphocyte
immunoglobulin (for sensitized recipients) or CD25 mono-
clonal antibodies. Currently, we rarely perform kidney
transplantation without antibody induction for safety pur-
poses, except for some special patients, such as those who
received a splenectomy for other reasons. Postoperative
maintenance immunosuppressants typically involve the
use of calcineurin inhibitors combined with mycophenolic
acid and glucocorticoids (7). Some centers are trying new
immunosuppressive programs, such as rituximab (8). Some
experimental methods, such as gut microbiota, are also
undergoing preclinical research (9).

The hospital stay of kidney transplantation patients can
vary from 1 week to more than 1 month, mainly depending
on complications. Generally, patients with no complica-
tions can be discharged 10 days after surgery because the
risk of acute rejection has gradually decreased. Patients
with DGF may stay more than 1 month until the recovery
of kidney function without dialysis. A study involving 303
kidney transplant recipients showed that hospital stays of
7-14 days in the hospital accounted for 33%, with a median
of 16 days. In cases of complications such as DGF or acute
rejection, the stay date may increase to more than 1 month
until the recipient stops dialysis. Recently, enhanced recov-
ery after surgery has also shortened hospital stays by
approximately 2—4 days.

Financing and Medical Insurance Policies

RRT is a long-term and expensive treatment. Taking
Guangzhou as an example, the first-year cost of kidney
transplantation is approximately US$21,027 (95% confidence
interval [95% CI], US$17,427 to 23,519), including surgery,
medication, and other charges, while for the second year it
is approximately US$14,241 (95% CI, US$9344 to 15,592).
These costs still carry a considerable burden for some
patients. So, the Urban Employee-based Basic Medical
Insurance and Urban Resident-based Basic Medical Insur-
ance, the national social insurance programs that cover over
90% of citizens in some cities, can pay for part of the treat-
ment costs including the surgery and lifelong immunosup-
pressants (as in Guangzhou). In these cities, the out-of-
pocket expenses are approximately 20% of total costs (10).

Future Challenges
The shortage of donors is a global problem in transplan-
tation. Improving organ donation and the utilization of
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donated organs is a primary goal of transplantation. In
addition, transplant complications such as infection and
rejection have severely affected the long-term survival of
allografts and recipients. Therefore, attention should be
given to the research of hotspots for kidney transplantation
and the reinforcement of basic research into organ protec-
tion and immunology. Promoting kidney donation and
transplantation while focusing on expanding the quantity
of surgeries is necessary to achieve a high-quality, efficient
transplant program.
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