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Abstract Increasing the number of kidney transplantations
results in the trend toward the utilization of marginal but ac-
ceptable kidneys for deceased donor renal transplantations
(DDRT). At the same time, the acceptance of recipients with
high medical, surgical, immunological, or psychosocial risks
of poor transplant outcomes as we refer to here as “marginal
recipients” has been increasing. The combination of both a
low quality donor kidney and marginal kidney transplant re-
cipient leads to unfavorable outcomes during the peri- and
post-transplant periods. Since some of the risk factors are
non-modifiable, living donor renal transplantation (LDRT)
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with high-quality kidneys and a well-planned operation could
potentially mitigate unfavorable outcomes in high risk mar-
ginal recipients. In this article, we review common comorbid
conditions and risk factors in marginal recipients. We then
discuss the different outcomes between DDRT and LDRT in
marginal recipients during the perioperative period and sug-
gest potential strategies for utilizing living kidney organs to
mitigate the poor outcomes of DDRT.
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Abbreviations
ABMR Antibody-mediated rejection
AF Atrial fibrillation

ALERT Assessment of Lescol in renal transplantation
AMI Acute myocardial infarction

BMI Body mass index

CABG Coronary artery bypass grafting
CAD Coronary artery disease

CIT Cold ischemic time

CKD Chronic kidney disease

CNI Calcineurin inhibitor

COPD Obstructive pulmonary disease

CVD Cardiovascular disease

DBD Donation after brain death

DCD Donation after circulatory death
DDRT Deceased donor renal transplantation
DGF Delayed graft function

DM Diabetes mellitus

DSA Donor-specific antibody

DWFG Death with a functioning allograft
ECD Expanded criteria donor
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ESRD End-stage renal disease

FAVORIT  Folic acid for vascular outcome reduction in
transplantation

HKTP Hispanic kidney transplant program

HLA Human leukocyte antigen

KDPI Kidney donor profile index

KPD Kidney paired donation

KTA Kidney transplantation alone

LDL Low-density lipoprotein

LDRT Living donor renal transplantation

MoCA Montreal cognitive assessment

PAD Peripheral arterial disease

PAK Pancreas after kidney transplantation

OPO Organ procurement organization

SCD Standard criteria donor

SPK Simultaneous pancreas-kidney transplantation

SRTR Scientific registry of transplant recipients

TUG Timed up and go test

UNOS United network for organ sharing

USRDS United States renal data system

Introduction

Kidney transplantation is the treatment of choice for end-stage
renal disease (ESRD) [1, 2]. Since the introduction of calcine-
urin inhibitors (CNI) in the 1980s, transplant outcomes in the
early post-transplant period have improved; however, long-
term outcomes have varied depending on several factors in-
cluding quality of the donor kidneys and comorbidities of the
recipients. Since the shortage of donor organs has persisted,
the utilization of marginal deceased donor kidneys coupled
with an increase in the number of kidney transplant recipients
at high risk has resulted in suboptimal survival for both the
renal allograft and the kidney transplant recipient. These re-
cipients who carry medical, surgical, immunological, and psy-
chosocial risks are referred to as “marginal recipients” in this
article. The outcomes of living donor renal transplantation
(LDRT) are generally better than those of deceased donor
renal transplantation (DDRT). To improve kidney transplant
outcomes and mitigate against the potential for unfavorable
kidney transplant results, LDRT should be considered as one
of the strategies to improve outcomes in marginal recipients
whenever appropriate living kidney donors are available.

We will review the common comorbid conditions of
marginal recipients encountered in clinical practice partic-
ularly those carrying risks for perioperative complications.
Transplant outcomes of these marginal recipients will be
discussed. We will also review the advantage of LDRT
over DDRT. Some of the risks for poor long-term
transplant outcomes generally result from complications
of long-term immunosuppression. These include
cardiovascular diseases (CVD), diabetes mellitus (DM),

@ Springer

hypertension, cancer, and infection. We also suggest an
algorithm for selecting the appropriate donors during the
prekidney transplant evaluation period.

Marginal Recipient
Definition

Since advanced chronic kidney disease (CKD) and ESRD
patients generally have underlying medical comorbid condi-
tions, pretransplant evaluation becomes critical in identifying
them. It also provides an opportunity to correct or minimize
those conditions that adversely impact perioperative surgical-
related and post-transplant medical complications. In addition,
psychosocial factors need to be taken into consideration.
These comorbid conditions, which could be either modifiable
or non-modifiable, determine the candidacy of a patient for
kidney transplantation. After completion of the pretransplant
evaluation, patients are grouped into excellent, acceptable but
high-risk, or unsuitable candidates for kidney transplantation.
The latter group of patients has an absolute contraindications
for kidney transplantation [3+, 4-9].

In this review, the acceptable but high-risk candidate for
kidney transplantation is defined as a marginal recipient.
These recipients commonly have significant medical and/or
psychosocial conditions that potentially can cause perioperative
medical and/or surgical complications which subsequently lead
to poor short- and long-term transplant outcomes in both renal
allograft and patient survivals. Table 1 summarizes the com-
mon medical and psychological conditions encountered in ad-
vanced stage CKD and ESRD patients. A single comorbid
condition may not necessarily define the patient as a marginal
recipient; however, combined multiple comorbid conditions in
a borderline or low functional capacity patient such as an el-
derly candidate may make the patient a marginal recipient.

Common Conditions Leading the Patients to Become
Marginal Recipients

Major underlying medical conditions that commonly lead to
perioperative and post-transplant complications include CVD,
peripheral arterial disease (PAD), pulmonary disease, meta-
bolic diseases especially obesity, high sensitization, and ad-
vanced age.

CVD

CAD CKD and ESRD are major risk factors for CVD, the most
common cause of morbidity and mortality in kidney transplant
recipients [10]. Around 50 % of long-term renal allograft loss is
from death with a functioning allograft (DWFG), and the ma-
jority of DWFG is secondary to CVD [11].
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Table 1 The common comorbid conditions in marginal recipients

Organ system Common diseases/conditions

Cardiovascular - Coronary artery disease

- Cardiomyopathy

- Valvular heart disease

- Arrhythmia

- Peripheral arterial disease
- Hypertension

Pulmonary - Chronic obstructive pulmonary disease
- Pulmonary hypertension
- Interstitial lung disease

- Smoking

Gastrointestinal - Gastroparesis
- Shot gut syndrome

- Malabsorption

- Bladder dysfunction

- Recurrent nephrolithiasis

- Recurrent urinary tract infection

- Native kidney diseases with high recurrent
rate

Genitourinary

- Jehovah’s witness
- Underlying malignancy

Hematology/oncology

Infectious diseases - Tropical infectious disease
- Human immunodeficiency virus infection
- Hepatitis B viral infection

- Hepeatitis C viral infection

- Diabetes mellitus

- Hyperlipidemia

- Obesity

- Smoking

- Substance abuse

- Elderly

- Frailty

- Lack of social support

Endocrine and
metabolism

Psychosocial

A retrospective analysis using the United States Renal Data
System (USRDS) and the United Network for Organ Sharing
(UNOS) from 1995 to 2002, which included 105,181 kidney
transplant patients, showed that 20,371 patients were diag-
nosed with CVD. CVD was defined as the presence of at least
one of the following diagnoses: cardiac arrest, myocardial
infarction, dysrhythmia, congestive heart failure, ischemic
heart disease, peripheral vascular disease, or unstable angina.
CVD was associated with 1.12 and 1.41 times decrease in
allograft and recipient survival times, respectively.
Moreover, renal allograft failure was significantly higher in
the recipients with CVD at the time of onset of ESRD [12].

Severe Cardiomyopathy ESRD patients who have severe
ischemic cardiomyopathy may not be a candidate for kidney
transplantation but should be considered for a combined heart-
kidney transplantation if cardiac conditions are expected to
irreversibly decline soon after kidney transplantation [13].
Approximately 8 % of renal transplant recipients are allocated
from the combined heart-kidney transplant waiting list [14ee].

Even the prognosis for some patients with severe cardio-
myopathy can be improved with kidney transplantation. For
example, structural and functional abnormalities related to
ESRD, so-called uremic cardiomyopathy, are common among
ESRD patients who are on dialysis and include left ventricular
hypertrophy and systolic dysfunction [15¢¢, 16, 17-20].
Although perioperative cardiac complications are higher in
the recipients with severe ischemic cardiomyopathy, success-
ful kidney transplantation has been associated with increased
left ventricular ejection fraction. Improved post-transplant he-
moglobin has also been associated with improved cardiac
function and favorably predicts patient survival. Therefore,
candidates with severe ischemic cardiomyopathy (ejection
fraction <30 %), even though considered high risk, should
be carefully evaluated and not necessarily excluded from kid-
ney transplantation solely on the basis of poor cardiac function
[15¢ee, 19].

Valvular Heart Disease Calcification of cardiac valves, espe-
cially mitral and aortic valves, is common in ESRD patients
and is associated with abnormalities of calcium and phosphate
metabolism [21]. One retrospective observational study dem-
onstrated a decreased rate of kidney transplantation in ESRD
patients with valvular heart disease, whereas the rate did not
decrease in those undergoing pretransplant valve replacement
surgery [22]. Moreover, post-transplant valve replacement
was associated with a 20 % per year higher mortality. There
were no statistically significant differences in 2-year patient
survival between tissue and non-tissue valves (61.5 vs.
59.5 %) [23]. Therefore, uncorrected valvular heart disease
leads to poorer transplant outcomes.

Arrhythmia Atrial fibrillation (AF) is a very common arrhyth-
mia in both the general population and kidney patients and
leads to worse transplant outcomes. In a retrospective study
of 62,706 kidney transplant recipients, 3794 patients (6.4 %)
had preexisting (AF). There was a higher prevalence of death,
graft failure, death-censored graft failure, and ischemic stroke
in the patients with AF compared to those without AF. Since
preexisting AF is associated with poorer transplant outcomes,
the arrhythmia should be one of the main focuses for cardiac
risk stratification during the pretransplant evaluation [24¢].

Hypertension Hypertension is another well-known tradition-
al risk factor of CVD in both the pretransplant and post-
transplant periods. Pretransplant hypertension is associated
with post-transplant hypertension [25]. However, there is no
recommended optimal blood pressure for ESRD patients who
are on the transplant waiting list [4, 6, 26, 27]. Molner et al.
conducted a retrospective study by using data from the
Scientific Registry of Transplant Recipients (SRTR) which
included 13,881 kidney transplant patients followed for a 5-
year period. Predialysis diastolic blood pressure <50 mmHg
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and post-dialysis systolic blood pressure <110 was associated
with higher post-transplant survival. However, post-transplant
mortality was increased with increased post-dialysis diastolic
blood pressure of >100 mmHg. Low pretransplant blood pres-
sure and post-dialysis systolic blood pressure of <110 mmHg
were associated with a lower risk of death-censored graft loss
[28ee]. Other retrospective studies also demonstrated poor
transplant outcomes in pretransplant hypertensive patients
[6, 29, 30] especially in African-American who are at higher
risk of graft loss [30, 31].

PAD

PAD defined as peripheral arterial bypass or critical limb is-
chemia requiring amputation is commonly associated with
CKD and ESRD, particularly patients with DM [32-34].
One retrospective study demonstrated the incidence of de
novo PAD was 3.2 % and post-transplant PAD in the recipi-
ents with pretransplant PAD was up to 57 %. PAD was asso-
ciated with shorter 10-year renal allograft and patient survival
as well as increased DWFG [35]. Another larger retrospective
study of 43,427 adult transplant recipients also revealed an
almost twice greater incidence of de novo PAD post-
transplantation as well as an increased risk of mortality in
kidney transplant recipients with and without DM [36].

Pulmonary Diseases

The common underlying pulmonary diseases in ESRD pa-
tients are chronic obstructive pulmonary disease (COPD), ob-
structive sleep apnea, and smoking. Among these, smoking is
a modifiable risk factor and is associated with 30 % greater
risk of renal allograft failure in the patient with more than 25-
pack-year history of smoking. Reduction of renal allograft
failure was decreased to 34 % if the patient quit smoking
5 years before kidney transplantation. In addition, smoking
leads to increased mortality and DWFG [37]. Smoking is a
known risk factor for coronary artery diseases (CAD), cere-
brovascular disease, PAD, and malignancy especially lung
cancer. It is a relative contraindication for kidney transplanta-
tion in one guideline due to its potential psychosocial effect
that may jeopardize kidney transplantation [5]. Other guide-
lines agree that active smoking is not an absolute contraindi-
cation for kidney transplantation, but pretransplant smoking
cessation is recommended and should be offered for all active
smokers [3e, 4, 6-9].

Metabolic Diseases and Obesity
DM DM is one of the most common causes of ESRD in the
USA and the most common cause of renal disease leading to

kidney transplantation. Since DM patients generally have con-
comitant CAD and PAD as well as other traditional
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cardiovascular risks such as hyperlipidemia and obesity, eval-
uation and work-up for CVD in DM patients are warranted. In
the post-transplant period, glycemic control is critical and very
challenging since multiple immunosuppressive medications
potentially worsen glycemic control and cause postoperative
complications such as poor surgical wound healing or postop-
erative infections.

Simultaneous pancreas-kidney transplantation (SPK) is an-
other option for type 1 DM patients with ESRD, although
some transplant centers also perform SPK in type 2 DM.
Given the high-risk of the operation, SPK can potentiate poor
outcomes in the diabetic patient if an unsuccessful transplant
occurs. Survival benefit and quality of life are the major ad-
vantage of SPK compared with dialysis [38]; however, it is
unclear whether the survival advantage is from a well-
functioning renal allograft as there is a lack of well-
randomized control studies. During the first year after SPK
transplant, the patients may encounter complications related
to technical failure, post-transplant allograft thrombosis, post-
transplant gastrointestinal side effects, high immunosuppres-
sion, prolonged initial hospital stay, and readmission.

Hyperlipidemia Hyperlipidemia is a known traditional risk
factor of CVD in the general population. Since vascular le-
sions in experimental models of CAD were associated with
higher cholesterol levels [39], several studies have demon-
strated a correlation between pretransplant and post-
transplant lipid profile abnormalities and transplant outcomes
including chronic allograft dysfunction. A prospective study
of 151 kidney transplant recipients revealed that pretransplant
total cholesterol, low-density lipoprotein (LDL) cholesterol,
and LDL triglyceride were associated with renal allograft loss
at 6 months post-transplant. In addition, high pretransplant
serum cholesterol >6.9 mmol/l was associated with acute re-
jection, worse graft function, vascular intimal hyperplasia, and
glomerular mesangial changes detected by 6 months post-
transplant biopsies as well as elevated serum creatinine
>160 mmol/l at 6 months post-transplant [40]. Chronic allo-
graft dysfunction with transplant vasculopathy from protocol
biopsies at 3 months post-transplant could be strongly predict-
ed by pretransplant total cholesterol levels [41]. Another study
with longer follow-up showed high cholesterol level at
pretransplant and at 6 months post-transplant was associated
with poorer renal allograft function at 2 years [42]. Post-
transplant elevated lipid profiles are also associated with poor
renal allograft outcomes. In addition, post-transplant hypertri-
glyceridemia [43, 44] and fibrinogenemia [44] were indepen-
dent risk factors for chronic allograft dysfunction. A more
recent study showed pretransplant and post-transplant triglyc-
eride, and lipoprotein A levels were both associated with
chronic allograft dysfunction [45].

As the data shows, hyperlipidemia is a risk factor for not
only CVD during the perioperative period, but it also predicts
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long-term renal allograft outcomes. Therefore, hyperlipid-
emia, a commonly overlooked comorbid condition, should
be aggressively treated in both the pretransplant and post-
transplant periods.

Obesity Based on a meta-analysis of 21 studies involving
9296 patients, obesity was associated with delayed graft func-
tion (DGF). If only the studies conducted after year 2000 were
used, obesity did not increase the incidence of renal allograft
loss or mortality, but it was a risk factor for dying from CVD
[46°¢]. Obesity is also a risk factor of delayed surgical wound
healing, post-transplant hyperglycemia or DM, and other post-
operative complications. Obesity defined as body mass index
(BMI) >30 kg/m? is not a contraindication for kidney trans-
plantation, but obese patients should be carefully screened for
CVD risks and offered a weight reduction program [6, 7]. For
those patients whose BMI is greater than 40 kg/m?, kidney
transplantation is unlikely to provide benefit [8, 47].

Elderly, Frailty, and Cognitive Impairment

Since the number of elderly continues to increase, common
comorbid conditions as mentioned above are also more prev-
alent in this population. The phenotype of frailty was first
described in 2001 and is an important topic in Geriatric
Medicine with readily defined features. Among the transplant
community, frailty as well as functional status are subjectively
assessed during the pretransplant evaluation. Frailty is objec-
tively defined by containing at least three of the following
features: unintentional weight loss (10 Ibs in the past year),
self-reported exhaustion, weakness (grip strength), slow walk-
ing speed, and low physical activity [48]. One single-center,
prospective study reported a 1.94-fold risk of DGF in kidney
transplant recipients with pretransplant frailty [49].
Retrospective studies from the same group demonstrated a
61 % higher risk of hospital readmission within 30 days of
initial post-transplant discharge and 2.17-fold increased mor-
tality in frail kidney transplant recipients regardless of age
[50ee, S51e¢]. In addition to impaired functional status, which
was diagnosed on the basis of frailty, impaired cognitive func-
tion is another significant risk factor of poor kidney transplant
outcomes in the elderly. Although there is no standard objec-
tive method to assess frailty and cognitive impairment, our
kidney transplant center routinely screens for impaired func-
tional status and evaluates cognitive function by using the
“Timed up and go test” (TUG) and the Montreal cognitive
assessment (MoCA), for elderly patients >65 years old or
any patients who have evidence of limited functional status
or cognitive impairment. These screening tools guide our
transplant team to triage and refer the patients to a geriatrician
and/or neuropsychiatrist for further work-up.

The Highly Sensitized Patient

Acquired human leukocyte antigen (HLA) antibodies occur in
the following three settings: blood transfusion, pregnancy, or
prior transplantation. A large prospective multi-center trial
demonstrated that 1-year graft survival was significantly low-
er in kidney transplant recipients with HLA antibodies than
those without the antibodies (6.6 vs. 3.3 %). In recipients with
de novo HLA antibodies, graft survival was also shorter than
those without the antibodies (8.6 vs. 3.0 %) [52]. More details
about sensitization will be discussed below.

Psychosocial Situations Also Lead Patients to Become
Marginal Recipients

Three main psychological issues that are routinely assessed
during the pretransplant evaluation include behavioral, socio-
economic problems, and health disparity. Many kidney trans-
plant centers carefully identify these issues and refer the pa-
tients to a psychiatrist, psychologist, psychosocial rehabilita-
tion, or behavioral management if indicated. Although psy-
chosocial barriers are not a common reason to exclude some
patients for kidney transplantation, some kidney transplant
recipients who underwent successful kidney transplantations
reveal underlying behavioral or psychological problems that
are manifested by non-medication adherence, lack of treat-
ment motivation, failure to follow-up, or lack of social sup-
port. Often, these lead to loss of renal allograft from rejection,
immunosuppressive medications-related complications, or
high morbidity and mortality.

Transplant Disparity

Health disparity is defined as a particular type of difference in
health or in the most important influences on health that could
potentially be shaped by policies; it is a difference in which
disadvantaged social groups (such as the poor, racial/ethnic
minorities, women, or other groups that have persistently ex-
perienced social disadvantage or discrimination) systematical-
ly experience worse health or greater health risks than more
advantaged groups [53].

Transplant outcomes are affected by sociocultural (racial/
ethnic, gender, age, educational), socioeconomic (income, in-
surance), and geographic disparities [54]. In this current re-
view, racial and ethnic disparities are discussed.

Blacks and Hispanics Overall, renal allograft function and
graft survival are lower in black recipients than others
[55-60]. Chronic allograft nephropathy is also higher [61].
These poorer outcomes in black recipients are also seen in
terms of patient survival [2, 62, 63]. The reasons for these
differences are likely multifactorial [64] and involve the inter-
play between immunological and non-immunological factors.
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Compared to Hispanics and Asian populations, black re-
cipients have a greater variation of HLA polymorphisms, im-
mune responses, and immunosuppressive medication require-
ments [56, 65-69]. Drug absorption also differs among differ-
ent ethnicities, and Blacks may have lower drug absorption for
unknown reasons [70-72].

For non-immunological factors, comorbid conditions, time
on dialysis, donor characteristics, organ characteristics, socioeco-
nomic status, medication adherence, access to care, and health
policies contribute to transplant outcomes [31, 63, 73—75]. These
factors are worse in Blacks and Hispanics. In addition, they are
less likely to receive preemptive kidney transplantation and more
likely to stay longer on the waiting list [63, 76, 77].

Since there is an increase in transplantation in the elderly,
one large retrospective study focusing on racial disparity
showed that racial and ethnic disparities affect transplant out-
comes in the elderly which was similar to other age groups.
Graft failure was higher in elderly blacks than whites; howev-
er, patient survival was greater in the black population as
compared to white recipients. Moreover, the “Hispanic para-
dox” in which Hispanics have equal or lower mortality than
non-Hispanic whites despite having a lower economic status
persists in this elderly population [75, 78, 79]. In contrast,
Asians, a minority of this cohort, had the longest renal allo-
graft and patient survivals [78e].

Non-adherence

Adherence is a combination of compliance and persistence
[80]. Compliance in adhering to the prescribed medication
regimens requires consistency and accuracy [81]. Persistence
relates to the perseverance that the patients must maintain in
following a drug regimen until it is discontinued [§81]. Several
studies have demonstrated the significant impact of non-
adherence on renal allograft survival [82—86]. Compared with
adherent recipients, the non-adherent had 7-fold greater risk of
renal allograft failure. This is important because approximate-
ly 30 % of kidney transplant recipients do not adhere to taking
their medications [82, 87¢, 88]. One prospective study dem-
onstrated that acute antibody-mediated rejection (ABMR) was
correlated with non-adherence in up to half of the transplant
patients. This study examined the causes of renal allograft loss
from 315 recipients with “for cause” transplant renal biopsies.
Rejection accounted for the majority of the graft losses (64 %),
and ABMR occurred in every case of rejection loss. Forty-
seven percent of rejection losses were linked to non-adherence
[89]. A more recent study also demonstrated that non-
adherence was a predictor of de novo donor-specific antibody
(DSA) (OR 8.75), which leads to poor graft outcomes. This
study showed that 15 % of 315 recipients without
pretransplant DSA developed de novo DSA and recipients
with de novo DSA had a lower median 10-year graft survival
compared to those without de novo DSA [90].
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In addition to non-adherence, self-management is very im-
portant in successful health outcomes particularly for the man-
agement of a highly complex immunosuppressive medication
regimen. Self-management is undertaken by the patient in
order to live with a chronic condition(s). It requires having
the confidence to deal with medical management by under-
standing his or her role and being emotionally ready to man-
age his or her condition [91].

Recent meta-analysis of 50 studies including 1238 recipi-
ents aged 18 to 82 years showed the critical role of self-
sufficiency in optimizing transplant outcomes. Several inter-
ventions promoting the recipients’ self-management and ad-
herence include personalized care planning, education, psy-
chosocial support, decision aids, self-monitoring, and prag-
matic tools that may improve transplant outcomes [92¢].

Why Living Donor Renal Transplantation?

An increase in the demand of donor kidneys leads to several
strategies to enhance available organs. By utilizing marginal
kidneys for non-conventional DDRT, the discard rate for of-
fered organs has been decreasing. However, DDRT may not
always lead to acceptable outcomes, particularly from margin-
al donor organs. If DDRT is performed in marginal kidney
transplant recipients, transplant outcomes in terms of renal
allograft and patient survival will be even poorer.

LDRT is another way to overcome these barriers. It provides
a high-quality organ, while allowing adequate preparation for
surgery. The living donor kidney is culled from carefully and
thoroughly well-screened healthy individuals who are related or
unrelated to the recipient. Since the majority of ESRD patients
have several comorbidities and are more than likely to be mar-
ginal recipients, LDRT should strongly be considered as a strat-
egy to mitigate against poor transplant outcomes.

Although short-term, 1-year survivals are not different
for DDRT and LDRT, there is a greater long-term (3 years)
renal allograft and patient survival for LDRT as compared
to DDRT [93¢].

The source of a donor kidney is one of the most important
factors determining transplant outcomes. In this article, we re-
view data related to transplant outcomes of DDRT and LDRT in
marginal recipients with different comorbid conditions.

Uniformly Healthy Living Donor Kidneys Versus
Universally Injured Deceased Donor Kidneys

Terasaki reported a retrospective study comparing the 3-year
renal allograft survival between different types of donor kid-
neys. Kidney transplantation from an HLA-identical sibling
led to the highest graft survival [94]. Comparing LRRT and
LURT, there was similar allograft survival from parent-donor
grafts with one HLA-haplotype mismatch and LURT with two
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HLA-haplotype mismatches and higher survival than DDRT
with two HLA-haplotype mismatches [94-98]. Although the
average numbers of HLA-A, B, and DR mismatches in LURT
and DDRT were 4.1 and 3.6, respectively, LURT had greater
renal allograft survival. Therefore, it was not immunological
factors but a uniformly healthy kidney donor that was the
main factor for better renal allograft outcomes in LDRT [94].

As we know, every deceased donor kidneys has some de-
gree of acute kidney injury. In addition, the underlying condi-
tion of the deceased donor kidney varies. A combination of
these factors leads to classification of deceased donor kidneys
into standard criteria deceased donor (SCD), expanded criteria
donor (ECD), donation after brain death donor (DBD), and
donation after circulatory death donor (DCD). In general, re-
nal allograft survival for all of these types of donor kidneys is
less than from a donor from an LDRT.

There are several important factors contributing to transplant
outcomes from DDRT. Although there is a high possibility of an
HLA-haplotype mismatch from the donor kidney, donor kidney
function is always affected by physiological changes from brain
death, long cold ischemic time (CIT), and ischemic reperfusion
injury [61, 99]. Two main reasons for the poor outcomes of
DDRT are related to the donor kidney source and mechanism
of injuries from inflammatory process sustained during brain
and/or cardiac death leading to DGF.

As previously mentioned, renal allograft survival of DDRT
and LURT was similar if the DDRT was functioning on the first
day. Otherwise, DGF is the main unfavorable factor for poorer
renal allograft outcomes in DDRT [94]. Not only does the pres-
ence of DGF lead to unfavorable renal allograft function, but also
prolonged duration of DGF also worsens transplant outcomes. A
single-center retrospective study from Brazil demonstrated that
the longer the duration of DGF, the worse the 1-year renal allo-
graft function, allograft loss, and patient survival [100ee].

Apart from traditional risk factors for CVD, impaired renal
allograft function is also a CVD risk as a result of immunosup-
pressive medications, graft rejection, graft dysfunction, and ane-
mia [101]. DGF, which commonly occurs in DDRT, is an im-
portant risk factor for renal allograft rejection, dysfunction, and
CVD. Increased immunosuppression with corticosteroids for
acute rejection increases cardiovascular risk [102, 103]. In non-
transplant patients, declining renal function is associated with a
higher risk of death and cardiovascular events [104]. Similar
results were found in the Assessment of Lescol in the Renal
Transplantation (ALERT) trial. There was a higher independent
risk for all-cause, non-cardiovascular and cardiac mortality, ma-
jor adverse cardiac event, and graft loss in transplant recipients
with elevated baseline serum creatinine [105]. Post hoc analysis
of the Folic Acid for Vascular Outcome Reduction in
Transplantation (FAVORIT) trial also showed an increased risk
of post-transplant CVD and death in patients with a lower esti-
mated glomerular filtration rate (¢éGFR) [106]. Other biomarkers
related to renal dysfunction such as proteinuria, homocystinemia,

and vascular calcification are also associated with increased car-
diovascular risk and mortality [107—112]. Overall, renal allograft
rejection and dysfunction lead to renal allograft failure, returning
to dialysis, and significantly higher mortality [113]. A well-
functioning renal allograft from a high-quality living donor kid-
ney will avoid DGF and improve transplant outcomes.

Well-Prepared Operation of LDRT Versus An Elective
Surgery Performed Under Emergent Conditions

Timing is critical in determining transplant outcomes. One of
the most crucial factors contributing to DGF in DDRT is CIT.
Several reasons for CIT in DDRT evolve from the procure-
ment and surgical process.

Recipient Conditions

For DDRT, the potential kidney transplant recipients may not be
in optimal condition for receiving a transplant. Some unsuitable
acute conditions for surgery such hyperkalemia, volume over-
load, or other electrolyte disturbance require pretransplant dial-
ysis and potentially prolongs CIT. As such, the operation may
need to be performed under emergent conditions.

Although transplantation from any type of donor kidney
provides renal allograft survival benefit, DDRT leads to the
worst outcomes. In addition, long-term renal allograft survival
(5-years) is greater in the renal transplant recipients with pre-
emptive kidney transplantation or <1 year on dialysis [114].
Given the prolonged average waiting time in the USA, the
majority of recipients receiving a preemptive kidney trans-
plant or a transplant shortly after initiating dialysis most likely
undergo LDRT. Prior kidney donors and those patients
waiting on a combined organ transplant list also receive higher
priority on the kidney transplant list and may receive a kidney
transplant (DDRT) with less than 1 year on dialysis. In gener-
al, it is more likely that preemptive kidney transplantation will
occur almost exclusively in LDRT.

Donor and Organ Procurement Process

Similar to the recipient, donors need to be in acceptable health
in order to donate a kidney. With careful evaluation, living
kidney donors are universally healthy.

In contrast, time of organ procurement for DDRT is generally
unpredictable and deceased donor kidneys are always affected
by some degrees of inflammation and pathophysiological
changes from brain death. This causes prolonged CIT and DGF.

Surgical and Medical Staff
LDRT provides opportunities in determining an appropriate

time for not only donors and recipients but also surgical and
medical staff to arrange the most suitable time for operation.
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In addition to an unpredictable procurement process, an
unscheduled operation and lack of staff during non-working
hours can potentially lead to delay in kidney transplantation
and subsequently result in prolonged CIT and DGF for DDRT.

Improved Transplant Outcomes by LDRT in Marginal
Kidney Transplant Recipients With/Without Modifiable
Perioperative Risks

CAD

Timing is critical in the pretransplant evaluation process and
determines the onset of activation on the transplant waiting list
particularly in the patients having or at risk for cardiac disease

Not only increasing the posttransplant complications, cardiac
work-up and therapeutic interventions are one of the main rea-
sons that the patients with CVD require to be inactive on the
waiting list. Cardiac risk stratification during always involves in
extensive cardiovascular work-up [115]. Even though the ben-
efit of screening for CVD in asymptomatic patients is still un-
clear due to limited data from observational studies with incon-
sistent results, screening and eventual therapeutic interventions
are very common in practice [116+]. The work-up includes
echocardiography, exercise or pharmacological cardiac stress
tests, or cardiac catheterization. If the patients need further de-
finitive therapeutic intervention such as percutaneous translumi-
nal coronary angioplasty (PTCA) with stent placement or coro-
nary artery bypass grafting (CABG), after successfully treated,
they needs post-procedure recovery period particularly when
the patients require dual antiplatelet therapy which may take 1
or up to 12 months for bare metal or drug-eluting stent place-
ments, respectively [32, 117, 118].

The appropriate waiting time for kidney transplantation
following coronary stent placement may be challenging with
DDRT since the time of organ availability is unpredictable.
For instance, cardiac stent thrombosis is common in the first
2 weeks following the intervention and very rare after 4 weeks
after BMS placement [119, 120]. The optimal waiting time for
surgery is between 3 and 6 months after BMS placement in
order to allow endothelialization to occur and avoid restenosis
[115]. As a result, kidney transplantation is necessarily post-
poned, and the patients stay longer on the waiting list.
Increased cumulative cardiac and non-cardiac complications
occur from the longer stay on dialysis. Since organ availability
is unpredictable in DDRT, LDRT shortens the time on dialysis
and allows for a well-planned operation.

CVD impacts all renal transplant recipients irrespective of
their age. ESRD is a cardiovascular risk factor, and CVD com-
monly exists in the ESRD population. Successful kidney trans-
plantation does not correct non-modifiable cardiovascular risks;
on the other hand, it could potentially worsen the preexisting
risks or introduce new risks. Advancing age is a traditional risk
for CVD, and the elderly are more likely to have pretransplant
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CVD than younger recipients. However, increased utilization of
ECD kidneys may worsen outcomes especially from CVD mor-
tality in any age group particularly in young recipients. In a
recent study using data from the Australian and New Zealand
Dialysis and Transplant Registry from 1997 to 2009 showed
that young recipients age <60 years old who received ECD
kidneys had a higher risk of all-cause mortality and DWFG
compared with those received SCD kidneys. CVD was the ma-
jor cause of mortality. Interestingly, there was no significant
difference in mortality in the elderly (age >60 years old) with
ECD compared to those with SCD [121e¢].

Hypertension

Although there is no recommended pretransplant blood pres-
sure, there are some studies about post-transplant blood pres-
sure and its relationship to transplant outcomes. The results of
these studies provide us with guidance regarding optimal post-
transplant blood pressure control. There is a 17-18 % in-
creased risk of transplant failure and mortality for each
10 mmHg increase in post-transplant systolic blood pressure
[122]. Animal models and human studies have demonstrated
that the kidney plays a partial role in mediating genetic hyper-
tension [123]. Curtis et al. demonstrated that six kidney trans-
plantations (two LRRT and four DDRT) lead to normalization
of post-transplant blood pressure without the need for antihy-
pertensive medication in all six recipients who had ESRD
secondary to hypertensive nephrosclerosis [124]. In another
observational study, 85 kidney transplant recipients with per-
tinent family history of hypertension in both donors and re-
cipients were followed on average for 8 years. Recipients who
had no family history of hypertension and received a kidney
transplant from donors who had family history of hyperten-
sion required more antihypertensive medications as compared
with those recipients who had no family history of hyperten-
sion and received a kidney transplant from a donor without a
family history of hypertension. However, the difference did
not exist in the recipients with a family history of hyperten-
sion. Additionally, recipients without a family history of hy-
pertension who received a transplant from a donor with a
history of hypertension required ten times greater antihyper-
tensive medications as compared with those receiving normo-
tensive kidneys [125, 126]. These same patients also had
higher diastolic blood pressures and more severe renal damage
during acute rejection [127].

Since the increasing use of ECD kidney with a higher prev-
alence of history of hypertension in the donors, DDRT con-
veys the risk of hypertension in recipients. On the other hand,
LDRT, which is rarely performed from living donors with
hypertension, usually mitigates the risk of post-transplant hy-
pertension in the recipients.

Regardless, both recipients from LDRT and DDRT should
not have aggressive blood pressure control during the
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immediate pretransplant period. One retrospective study of
142 young kidney transplant recipients (mean age, 29.7
+9.43 years, 114 LRRT and 28 DDRT) showed that
pretransplant systolic blood pressure <120 mmHg was signif-
icantly associated with DGF particularly in LDRT [128].

Diabetes Mellitus

There are several transplant options for type 1 DM (and
some type 2 DM) patients with ESRD including kidney
transplantation alone (KTA), SPK, and pancreas after
kidney transplantation (PAK). Each of these modalities
has different patient and allograft survival benefits.
Overall, these transplant options lead to better patient
survival compared with dialysis.

Compared with KTA, patients undergoing SPK have lower
mortality only when compared with DDRT but not with
LDRT [129-131]. However, patients with SPK with a func-
tioning pancreatic allograft 1 year post-transplant have the
highest survival benefit than LDRT, followed by SPK without
functioning graft, and then DRRT [132]. PAK (after LDRT)
that occurs within the first year post-kidney transplantation
does not increase survival benefit but does increase initial
mortality compared with KTA (with LDRT) with a function-
ing renal allograft at 1 year [133].

For renal allograft survival, patients with SPK have the same
renal allograft survival compared with LDRT and it is higher
than DDRT [134]. This renal allograft benefit for the recipients
undergoing SPK with a functioning pancreatic graft at 1 year is
higher than the benefit in those undergoing DDRT and LDRT;
however, renal allograft failure and mortality are higher in SPK
with a failed pancreatic graft at 1 year [132]. With regard to the
long-term renal allograft outcomes of SPK, the renal allograft is
less likely to fail after 10 years post-transplant compared with
DDRT [135]. In the minority of type 1 diabetes patients who are
relatively young, preemptive SPK may occur and this can in-
crease renal allograft [136] and patient survival [137].

In summary, SPK for type 1 DM patients leads to the same
patient and renal allograft outcomes as compared with living
donor KTA, but SPK with a 1-year functioning pancreatic
graft will provide the higher benefit. Outcomes of SPK are
worse when the pancreatic graft fails within 1 year post-trans-
plant. Patient and renal allograft outcomes are better in LDRT
than DDRT, and preemptive transplantation of both SPK and
KTA improves transplant outcomes.

Preemptive KTA is more likely to occur in LDRT than in
DDRT, and LDRT has better transplant outcomes as compared
with DDRT. Consequently, LDRT definitely mitigates the poten-
tial unfavorable transplant outcomes of DDRT in DM patients.

However, given the survival benefit of ECD kidney compared
with dialysis, DM patients should be offered ECD kidneys if the
organs are allocated in the organ procurement organizations
(OPO) with short waiting times. Moreover, in OPOs with long

waiting times, ECD kidneys provide significant survival benefit
for patients older than 40 years of either sex and race, un-
sensitized patients, and those with diabetes or hypertension [138].

Elderly and Frailty

Utilizing ECD or high KDPI kidneys has been one of the strat-
egies to increase the number of kidney transplants in the elderly
in order to increase life expectancy and longevity. This dovetails
with previous data demonstrating that elderly kidney transplant
recipients older than 65 years old had survival benefit when they
received kidney transplants within 2 years of ESRD. This ben-
efit is comparable between ECD and SCD kidney transplanta-
tions (5.6 vs. 5.3 years of longer life expectancy). However, it is
a common scenario that these elderly patients will not receive a
kidney transplant within 2 years of dialysis initiation because of
underlying comorbid conditions that need to be corrected.
Elderly candidates may even be delisted because of death or
new conditions that prevent them from receiving a kidney trans-
plant. Since the average deceased donor kidney waiting time in
the USA is around 3-5 years, the majority of these elderly
patients are unlikely to receive DDRT within 2 years of dialysis
initiation. The poor outcomes from transplant waiting time are
eliminated by LDRT. The study revealed that life expectancy
increases by as much as 5.5 years if the elderly received LDRT
within 4 years of starting dialysis. Thus, LDRT provides surviv-
al benefits in older candidates [139].

LDRT in elderly recipients also dramatically decreases
perioperative and early post-transplant mortality. Compared
to dialysis patients on the waiting list, time to equal survival
was 521 and 130 days for ECD DDRT and LDRT, respective-
ly. Therefore, LDRT decreases early post-transplant mortality
in the elderly [140e°].

The prevalence of CVD is twice as high in elderly patients
with CKD and survival decreased with each rising stage of CKD.
The 2-year survival from acute myocardial infarction (AMI) was
only 30 % for patients with stage 4-5 CKD [141¢°]. CVD still is
the most common cause of mortality in kidney transplant recip-
ients, and this complication is highest during the early post-
transplant period [116e, 142, 143]. One large study of 50,000
Medicare beneficiaries demonstrated an overall benefit of trans-
plantation with a 17 % lower adjusted risk of AMI for those
receiving a kidney transplant versus those remaining on dialysis.
Compared to DDRT, LDRT had a lower relative risk (versus
those remaining on dialysis) for AMI both early (<3 months)
and late (>3 months) post-transplantation [142]. Another recent
cross-sectional study from Brazil also demonstrated a significant-
ly higher prevalence of CVD in terms of left ventricular hyper-
trophy, coronary vascular calcification, and arthythmia in the first
2 months post-transplant in DDRT as compared to LDRT; how-
ever, these differences did not exist when adjusted for age and
dialysis vintage [143]. Elderly recipients generally carry multiple
comorbid conditions and are at higher risk for perioperative
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mortality than younger recipients. The study also showed that
recipients who were older than 65 years old had a greater risk for
AMI and then the recipients age 1834 years old and the risk rose
2-fold during the early post-transplant period [142]. LDRT pro-
vides elderly transplant recipients cardiovascular and survival
benefits as compared to DDRT.

The Obese Transplant Recipient

In the general population, obesity (BMI >30 kg/m?) is a risk
factor for cardiovascular morbidity and mortality [144—147],
but paradoxically, it provides a survival benefit for ESRD pa-
tients [148]. The benefit of obesity in ESRD patient is lost upon
receipt of a renal transplant due to shortened renal allograft and
patient survivals following kidney transplantation. This change
in survival is called “reverse epidemiology” [149—151].

Obese patients have a survival advantage from LDRT as
compared to DDRT. DDRT by SCD kidneys does provide a
survival advantage 1 year post-transplant by reducing the risk
of death in patients with BMI >40 kg/m? by 48 %. The risk of
death is further reduced by 66 % for patient with BMI <40 kg/
m?. In LDRT, the risk of death is reduced by 66 % for any
degree of obesity [152¢¢].

LDRT Potentially Decreases Immunological Barriers
Desensitization

Although utilizing marginal deceased donor kidneys is one
way of overcoming the organ shortage, the numbers of pa-
tients who are on the kidney transplant waiting list are still far
more than the number of total kidney transplantations done
each year [14e¢]. In addition, highly sensitized patients have
less of an opportunity to receive a kidney transplant. With the
advancement of immunological technology for determining
and detecting unacceptable antigens and antibodies, novel
pretransplant and post-transplant therapeutic modalities such
as desensitization increase the possibility for kidney transplan-
tation in highly sensitized patients.

There are several desensitization strategies which include
plasmapheresis plus low-dose intravenous immunoglobulin
(IVIG) = rituximab, high-dose IVIG (2 g/kg), and different
induction therapies, e.g., daclizumab, basiliximab,
thymoglobulin, or alemtuzumab. As expected, acute cellular
rejection, ABMR, and long-term renal allograft outcomes are
worse in desensitized recipients compared to non-sensitized
patients. Because different desensitization protocols have
been used in different transplant centers, this heterogeneity
leads to difficulty in comparing outcomes between different
desensitization protocols. In a meta-analysis of 21 studies be-
tween 2000 and 2010 involving 725 patients with donor-
specific anti-HLA antibodies (DSA) who underwent desensi-
tization, the rate of acute rejection and ABMR in the
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desensitized patients was 36 and 28 %, respectively, which
was significantly higher than those of non-sensitized patients.
At the 2-year median follow-up, the renal allograft survival
was 86 % and patient survival was 95 % [153]. The long-term
allograft outcome of a positive crossmatch for LDRT is also
worse. A long-term single center retrospective study compar-
ing renal allograft outcomes between positive flow cytometry
crossmatch with plasmapharesis/IVIG conditioning and con-
trol groups during 9 years of follow-up revealed 1- and 5-year
graft survival rates of 89.9 and 69.4 % for the positive cross-
match group and 97.6 and 80.6 % for the controls, respective-
ly. Although the positive crossmatch increased the risk of graft
loss, 1-year serum creatinine and patient survival did not
change. Moreover, this study demonstrated that short-term
allograft outcomes were favorable despite a positive cross-
match for LDRT. The medium—long-term outcomes were
worse and even comparable to SCD DDRT [154]. However,
a study from the John Hopkins group showed a higher long-
term patient survival benefit of LDRT with a desensitization
protocol utilizing plasmapheresis and low-dose IVIG in HLA
sensitization patients as compared to a matched control group
of patients undergoing either dialysis or HLA-compatible
transplantation or on a waiting list for kidney transplantation
who continued on dialysis. Moreover, patient survival im-
proved 2-fold in LDRT after desensitization compared to pa-
tients that remained on the waiting list [155]. A more recent
study from the Mayo Clinic group showed that the 5-year
death-censored graft survival was inferior for a positive cross-
match, but allograft survival was higher in subgroup of recip-
ients with antibody against donor class I antigens as compared
with antibody against class II antigens [156¢¢]. As a novel
therapy, eculizumab demonstrated some promising results in
LDRT with a positive crossmatch. Twenty-six highly sensi-
tized recipients of LDRT were treated with post-transplant
eculizumab and plasma exchange and were compared to a
historical control group of sensitized patients treated with
plasma exchange alone. The incidence of ABMR was 7.7 %
(2/26) and 41.2 % (21/51) in the eculizumab and control
groups, respectively [157].

Despite the poorer renal allograft outcomes, potential seri-
ous complications such as infection, malignancy, and high
cost, successful kidney transplantation with desensitization
in sensitized patients still provides survival benefits as com-
pared to patients remaining on dialysis. In addition, the annual
cost for the former is lower than the latter [158, 159].

Because the waiting time for available deceased donor kid-
neys is unpredictable, a desensitization protocol for LDRT
appears to be advantageous. If there is an immunological bar-
rier for kidney transplantation between donors and recipients,
a desensitization protocol is another option to overcome that
barrier in the setting of LDRT or combined desensitization
with KPD. This is an important consideration in highly sensi-
tized patients with low-level DSA. Compared to DDRT,
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Fig. 1 Suggested algorithm for
prekidney transplant evaluation
process. CKD chronic kidney
disease, DCD donation after
circulatory death, DDRT
deceased donor renal
transplantation, DGF delayed
graft function, DWFG death with
a functioning allograft, ESRD
end-stage renal disease, KPD
kidney paired donation, LDRT
living donor renal transplantation,
SCD standard criteria donor

LDRT, KPD,
Desensitization

$

LDRT provides the better option and mitigates against a poor
outcome in DDRT for a high-risk sensitized patient.

KPD

Highly sensitized patients have fewer opportunities to receive
a kidney transplant. KPD can overcome this barrier by in-
creasing the number of compatible living donor transplants
and improve long-term outcomes of living donor transplants
through better matching of compatible pairs.

In a single-center prospective study, 22 LDRT in recipients
with ABO or highly sensitized HLD incompatibilities were
compared with their incompatible live donors by KPD. The
graft survival rates were comparable with directed, compatible
live donor transplants [160].

Psychosocial Issues by LDRT
Potential Elimination of Ethnic Disparity by LDRT

As mentioned above, Black and Hispanic recipients are the
main groups affected by racial disparities. LDRT is one of the
potential strategies to overcome this barrier and improve
transplant outcomes. As an example, the Hispanic
Kidney Transplant Program (HKTP) at Northwestern
Comprehensive Transplant Center was implemented in
2008. Rates of Hispanics on the kidney transplant waiting list
and LDKT have significantly increased. The Hispanic to non-
Hispanic white LDKT ratio also increased by 70 %, and the
waiting list among Hispanics increased by 91 % in contrast to
only 4 % for non-Hispanic whites [161e¢].
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Therefore, LDKT should be utilized whenever possible in
order to eliminate disparities of kidney transplantation and
improve transplant outcomes.

No Difference in Medication Non-adherence Between LDRT
and DDRT

Although several unfavorable transplant outcomes have been
reported for DDRT, non-adherence seems to be less problem-
atic in DDRT.

Donor type may influence the recipients’ attitudes and be-
liefs regarding self-management. Recipients with deceased
donor kidneys take more responsibility for taking care of the
donated kidneys as a result of guilt over the death of their
donors, but those with living donor kidneys feel responsible
for their health without obligation to their donors [92¢e, 162].

From one cross-sectional study in Europe, LDRT had two
to three times higher non-medication adherence compared to
DDRT. However, there was no difference in medication non-
adherence between LURT and DDRT as well as LRRT and
LURT. The authors of this study concluded that health belief
about the immunosuppressive medication requirement might
contribute to less medication non-adherence in LRRT [163¢].

Potentially Increased Available Living Kidney Donors
Versus Chronic, Persistent, and Ongoing Shortage
of Deceased Donor Kidneys

The number of candidates on the donor waiting list has in-
creased from 50,000 in 2002 to 96,000 in 2013, and the me-
dian waiting time has increased from 3 years in 2003 to
4.5 years in 2009 [14+¢]. However, the number of deceased
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donors has not increased. Utilizing ECD and DCD kidneys
expands the donor pool; however, the use of these organs is
compromised with high rate of DGF. As a result, around half
of ECD/DCD kidneys were discarded especially the kidneys
from older, diabetic, AB blood type, and hepatitis C-positive
donors [164¢].

Living donation has also decreased since 2002 mainly due
to decreased living related donation, but there has been an
increase in living unrelated donation KPD since 2007 [14e¢].

Longer waiting time increases the chances of having med-
ically unsuitable candidates for transplant. As almost 50 % of
these candidates are willing to accept ECD kidneys, this po-
tentially increases the risk for unfavorable transplant out-
comes. An increase in LDRT should improve overall trans-
plant outcomes from high-quality organs.

Although the renal allograft and kidney transplant recipient
outcomes of LDRT are generally superior to those of DDRT,
we should also consider the post-donation outcomes of the
living kidney donors. This aspect of LDRT is beyond the
scope of this review.

Table 2 summarizes the poor outcomes in DRRT and po-
tential benefit of LDRT in mitigating the outcomes.

Lastly, we create an algorithm suggesting how to choose
donors (LDRT vs. DDRT) in marginal recipients (Fig. 1).

During pretransplant evaluation, the patients who are ac-
ceptable candidate could be either an excellent/good or mar-
ginal candidate. Non-candidates may continue dialysis and
consider reevaluation of transplant candidacy when the bar-
riers of kidney transplantation are overcome. The excellent/
good candidate and marginal candidates whose risks of poor
transplant outcomes are corrected should undergo either
LDRT or DDRT depending on their conditions and available
donor kidneys. Meticulously selected donor kidneys should
be offered to all marginal candidates especially those with
uncorrectable risks to mitigate poor transplant outcomes in
such high-risk recipients. LDRT, KPD, and desensitization
should be offered for the marginal candidates when possible.
DDRT with SCD or non-DCD should be considered for mar-
ginal candidates without a living donor. However, marginal
candidates may become non-candidates if contraindications
later exist. They should continue on dialysis. Reevaluation
for candidacy for kidney transplantation should be initiated
when contraindications no longer exist.

Conclusions

Several factors contribute to the outcomes of kidney trans-
plantation. Among of these, both quality of donor kidneys
and underlying comorbidities of recipients play important
roles. By nature of DDRT, the quality of kidneys is always
compromised and transplant outcomes are never optimal par-
ticularly in marginal recipients. LDRT generally results in

better renal allograft and recipient outcomes even in marginal
recipients; however, appropriate selection of both living kid-
ney donors and marginal but acceptable kidney transplant re-
cipients is still one of the most crucial steps in maximizing
overall transplant outcomes and mitigating poor outcomes.
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