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Kidney transplantation (KTx) is the treatment of choice for end-stage renal diseases (ESRD). Multiple factors

influence graft rejection after KTx. Pre-operative factors affecting graft function and survival include donor and

recipient characteristics such as age, gender, race, and immunologic compatibility. In addition, several peri- and

post-operative parameters affect graft function and rejection, such as cold and warm ischemia times, and post-

operative immunosuppressive treatment. Exposure to non-self-human leucocyte antigens (HLAs) prior to

transplantation up-regulates the recipient’s immune system. A higher rate of acute rejection is observed in

transplant recipients with a history of pregnancies or significant exposure to blood products because these patients

have higher panel reactive antibody (PRA) levels. Identifying these risk factors will help physicians to reduce the

risk of allograft rejection, thereby promoting graft survival. 

kidney transplantation  rejection  recipient

1. Introduction

Kidney transplantation (KTx) improves the patients’ quality of life and life expectancy compared with other renal

replacement therapies such as dialysis. Furthermore, advances in immunosuppressive therapies have substantially

improved KTx outcomes . Although long-term graft outcomes have improved noticeably through recent decades,

survival of KTx recipients is fourfold lower than in individuals without end-stage renal diseases (ESRD). Graft

rejection is one of the main causes of graft loss after KTx, so understanding the factors affecting graft rejection is

important for promoting graft survival.

Multiple factors influence graft rejection after KTx . Pre-operative factors affecting graft function and survival

include donor and recipient characteristics such as age, gender, race, and immunologic compatibility . In

addition, several peri- and post-operative parameters affect graft function and rejection, such as cold and warm

ischemia times, and post-operative immunosuppressive treatment . Identifying these risk factors will help

physicians to reduce the risk of allograft rejection, thereby promoting graft survival.

2. Donor-Related Factors

2.1. Donor Gender
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Using the large Collaborative Transplant Study database, Zeier et al. showed that death-censored graft survival

and five-year graft survival were significantly lower in patients receiving grafts from female donors . The rate of

graft loss among patients receiving organs from female donors was noticeably higher during the first five years

after KTx . However, a retrospective survival analysis of 766 KTx patients showed comparable graft survival

rates between organs from male and female donors . In terms of short-term outcomes, some studies have

shown that grafts from female donors have fewer nephrons and are more susceptible to immunosuppressive-

induced nephrotoxicity than grafts from male donors . However, the protective and stimulatory effects of female

hormones, such as estradiol, improve graft function and reduce cellular infiltration, thereby providing better long-

term outcomes . These findings are supported by a prospective study, which suggested a higher risk of acute

rejection when grafts were transplanted from a female donor, and a higher risk of complete graft loss after five

years when grafts were transplanted from a male donor.

2.2. Donor Age

Donor age is a better predictor of KTx outcome than donor gender. Allografts from older donors have a higher risk

of post-transplant complications, delayed graft function, acute rejection, and graft failure . Transplantation from

both very young and very old donors is a risk factor for poor transplant outcome . The risk ratio was higher when

kidneys were donated by younger female donors (16 to 45 years) than by older female donors (>45 years) and

then transplanted into male recipients .

2.3. Living versus Deceased Donor

Organs procured from living donors provide several benefits by reducing warm and cold ischemia times and the

immunological characteristics can be precisely evaluated before transplantation . Living donor grafts reduced

the rate of short-term morbidity and mortality, and increased graft survival. Living donors with diabetes mellitus and

hypertension are disqualified from donating organs because of the increased risk for ESRD . Immunological

activation is also lower in living donors; 53% of deceased-donor renal allografts had increased neutrophil infiltration

compared with 0% of living-donor grafts. However, there are still reasons to consider deceased-donor

transplantation. The risk of mortality is 68% lower in deceased-donor kidney recipients than in similar patients who

do not receive a transplant .

2.4. Non-Marginal and Marginal Donors

Extended donor criteria were defined by Port et al. in 2002. However, the marginal kidney donor criteria remain

unclear, despite progressive expansion of transplant waiting lists . Physicians mostly might not follow the

defined or their own center’s criteria for organ procurement, particularly regarding circulatory death of the donor. In

the literature, different criteria have been suggested for definition of marginal kidney donors. Kidney donors with

brain dead were considered marginal, if were aged >60 years, or >50 years with any of the following conditions: (1)

hypertension, (2) cerebro-vascular cause of brain death or (3) pre-retrieval serum creatinine (SCr) level > 1.5

mg/dL, with a degree of glomerulosclerosis >15% and prolonged cold ischemia. Additionally, marginal living donors

are considered to be older (>70 years old), obese (>35 kg/m ), and have hypertension, diabetes, nephropathies,
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and kidney cysts . The one-year graft function was comparable between organs obtained from marginal and

non-marginal donors, but rates of interstitial fibrosis/tubular atrophy and acute rejection were higher in organs from

marginal donors. Dual-kidney transplant from marginal donors into a single recipient increases the available organs

and prevents disqualification of marginal organs. Recent studies have shown a diminished risk of adverse effects

after KTx from marginal donors when the CIT was short . 

3. Recipient-Dependent Factors

3.1. Recipient Race

African American populations are at a higher risk of suboptimal renal transplantation . According to several trials

and large transplant cohorts, African American patients have higher rates of acute rejection and early graft failure

compared with Caucasians .

3.2. Recipient Age

A younger age of recipients is associated with an elevated risk of suboptimal allograft outcomes. The absorption,

delivery, and excretion of immunosuppressive drugs is different in pediatric and adult patients, and pediatric

patients have a higher relative risk of acute rejection . Current immunosuppression and standardized

induction therapy have reduced the probability of acute graft rejection in pediatric patients and have increased the

long-term allograft survival . 

3.3. Concomitant Diseases

Concomitant diseases, such as infectious disease, coagulopathies, and malignancies can affect post-KTx

outcomes . The leading cause of death after KTx is cardiovascular disease, particularly in patients suffering from

autoimmune diseases such as lupus erythematous. Antiphospholipid antibodies and cardiovascular disease should

be evaluated before KTx, with due attention to the increased risk of intravascular thrombosis and the recurrence of

lupus nephritis.

3.4. Re-Transplantation

Acute rejection rates are high (from 33% to 69%) among renal re-transplant patients , and there are growing

numbers of patients awaiting re-transplantation. Managing these patients is challenging because the rate of

hyperimmunity increases with positive crossmatch KTx . In addition, human leucocyte antigens (HLA) mismatch

could lead to increase rate of acute rejection among this group of patients . Previously, presence of repeated

HLA antigen mismatched from the first transplant was associated with rapid and early alloimmune damage as well

as graft loss, by rechallenging the immune system of recipient. However, recent studies have showed that patients

with repeated HLA antigen mismatched class II, who are sensitized or nephrectomized have higher tendency to

develop rejection and graft loss after re-transplantation. Although re-transplantation recipients are at risk of delayed
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graft function due to early acute rejection (prior sensitization), re-transplantation still offers considerable benefits 

.

4. Donor-Recipient Compatibility

4.1. ABO Blood Types

The ABO blood typing system is based on a group of antigens located on the erythrocyte surface. These antigens

induce antibody development upon exposure to a foreign host immune system. Incompatibility with the main blood

group antigens (A, B, AB, and A1) is clinically important because of naturally circulating immunoglobulin (Ig)M and

IgG antibodies. Transplantation between individuals who are not blood-group-compatible results in hyperacute

rejection, and this incompatibility has traditionally been considered a contraindication to transplantation. Because of

the organ shortage, pre-transplant splenectomy, plasmapheresis, and immunosuppression have been performed to

overcome compatibility issues . 

4.2. Human Leucocyte Antigen Typing

Exposure to non-self HLAs increases the risk of graft rejection and early graft failure. Pre-transplantation sensitivity

to HLA antigens in the recipient stimulates clonal proliferation of lymphocytes and antibodies to donor tissue .

Graft survival in patients with peak or current panel reactive antibody (PRA) level ≥ 50% is half that of patients with

a PRA level <50% . This consequence is exacerbated in re-transplant recipients whose survival of the graft

declines by an estimated rate of 10% . Transplant patients with a history of abortions or extensive exposure to

blood products have a greater risk of acute rejection, which might be associated with peak or elevated PRA levels

. However, the current standardization of single antigen has diminished the popularity of the PRA. It has been

shown that a complement-dependent lymphocytotoxic crossmatch (CDC-XM) test can predict the possible

immunological risks in KTx. Therefore, this method has been established as the gold standard test for graft

allocation and could be utilized before renal transplantation. Nevertheless, this test could not detect specifically the

preexisting donor-specific HLA antibodies (HLA-DSA). In this regard, new methods with solid-phase assays helped

us to detect HLA antibodies more sensitive and specific . As a new method, the analysis of serum with the

beads covered by a single HLA antigen (single antigen bead-SAB) has been developed to improve the sensitivity of

HLA antibody detection to prevent graft rejection .

5. Perioperative Factors

Ischemia/Reperfusion Injury

Ischemia/reperfusion injury is one of the most common complications after renal transplantation. It is influenced by

the warm ischemia time (WIT) and CIT. Adenosine triphosphate production is decreased in tubular cells because of

oxygen deficiency after prolonged periods of ischemia, which alters enzyme activity. After reperfusion, free-oxygen

radical production induces local inflammation and stimulates the complement and coagulation cascade. While

[26]

[27]

[28]

[29]

[30][31]

[32]

[32]

[33]

[34]



Risk Factors of Rejection in Renal Transplant Recipients | Encyclopedia.pub

https://encyclopedia.pub/entry/20689 5/9

preservation solutions and cold temperature maintain electrolyte balance by diminishing the rate of metabolism in

the tubular cells, prolonged ischemia increases anaerobic respiration . Ischemia/reperfusion injury delays graft

activity, which is characterized by acute tubular necrosis.

Several studies have shown that prolonged CIT and WIT increases graft alloreactivity and acute graft rejection .

The CIT and WIT has the greatest impact on the survival of grafts from deceased donors and marginal donors, so

reducing the ischemia time will improve the longevity and utility of these marginal donor kidneys . Prolonged CIT

increases the humoral antibody response .

6. Post-Transplant Factors

6.1. Delayed Graft Function

The frequency of delayed graft function varies from 4 to 10% in living donor transplants and from 5 to 50% in

deceased-donor kidney transplants. Although the association between delayed graft function and rates of rejection

has not been yet clearly described by the studies, it has been suggested that early detection of patients at risk of

delayed graft function will allow early post-operative hemodynamic and immunosuppressive treatment to promote

graft function . T-cell-depletion (e.g., using calcineurin inhibitors) might improve perfusion and recovery of the

graft by delaying nephrotoxic immunosuppression .

6.2. Immunosuppressive Regimen

New immunosuppressive regimens are accompanied with better monitoring and desensitization strategies have

been utilized to extend the donor criteria . Currently, immunosuppressive agents can be classified into three

categories: “induction agents”, “maintenance therapy” and “treatment for rejection”. Induction agents are typically

polyclonal antibodies (anti-thymocyte globulins) and interleukin (IL)-2 receptor antagonists (basiliximab). New

induction agents include alemtuzumab, efalizumab and alefacept. The four drug classes that comprise

maintenance regimens include calcineurin inhibitors (cyclosporine and tacrolimus), mTOR inhibitors (sirolimus and

everolimus), antiproliferative agents (azathioprine and mycophenolic acid), and corticosteroid. Nowadays, the

current standard of care for kidney transplant immunosuppression is a calcineurin inhibitor–based

immunosuppressive regimen with tacrolimus and mycophenolate . 

7. Conclusions

Graft rejection and graft loss after KTx depend on multiple factors. These risk factors can be categorized into

donor-related, recipient-related, donor-recipient compatibility, and peri- and post-operative factors. Female gender,

early and advanced ages, deceased donors, and concomitant diseases such as hypertension and diabetes mellitus

are the main donor-related risk factors for graft rejection and graft loss. In addition, prolonged CIT might be

associated with a higher risk of ischemia/perfusion injury that influences long-term graft function and survival.

African American KTx recipients are vulnerable to acute rejection and graft loss. Furthermore, old age, obesity,
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underlying disease, prolonged dialysis, and re-transplantation are the main recipient-related risk factors that

increase the probability of graft loss after KTx. Identifying these risk factors helps clinicians to avoid sub-optimal

organ allocation and improves the short- and long-term outcomes of KTx. Development of new biomarkers,

meticulous surgical techniques, and intensive post-transplant care, together with due attention to these risk factors,

might help determine the risk of graft loss, optimize graft allocation, and improve KTx outcomes.
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