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SUMMARY

We evaluated the temporal trend of preemptive kidney transplantation
(KT) and the effect of pretransplant dialysis duration on post-transplant
outcomes. This was a nationwide cohort study of the first-time 3392 living
donor KT (LDKT) recipients (2014-2019). The annual changes in propor-
tion of preemptive KT, factors associated with preemptive KT, and post-
transplant outcomes were analyzed. Preemptive KT was performed in 816
(24.1%) patients. Annual trend analysis revealed gradual decrease in pre-
emptive KT over time (P = 0.042). Among the underlying causes of pre-
emptive KT, the proportion of diabetes increased and that of
glomerulonephritis decreased during the study period. Glomerulonephritis
as the primary renal disease was a predictor of preemptive KT. Patients
with pretransplant dialysis >6 months showed increased graft failure risk
than preemptive KT in the subdistribution of hazard model for competing
risk (adjusted hazard ratio [aHR], 2.53; 95% confidence interval [CI],
1.09-5.87; P = 0.031) and in propensity score-matched analysis (aHR,
2.45; 95% CI, 1.02-5.92; P = 0.034); however, pretransplant dialysis
<6 months showed comparable graft survival with preemptive KT in both
analyses. Preemptive KT declined over successive years, associated with an
increase in diabetes and a decrease in glomerulonephritis as underlying
causes of KT. Short period of dialysis less than 6 months does not affect
graft survival compared with preemptive KT; however, longer dialysis
decreases graft survival.
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Introduction

Kidney transplantation (KT) is the treatment of choice
for patients with end-stage kidney disease (ESKD) [1-
3]. Preemptive KT refers to KT performed before initi-
ation of dialysis. Preemptive KT has been shown to
offer advantages with respect to graft and patient sur-
vival, quality of life, medical expenses, and return-to-
work rates compared with KT after pretransplant dialy-
sis [4-8]. In addition to these advantages, avoiding
dialysis lowers the risk of dialysis-associated complica-
tions, such as catheter-related infection, sudden cardio-
vascular events, and progression of heart failure [9—
11].

Despite these advantages, there are some limitations
of preemptive KT. It requires sufficient time to prepare
for transplantation [12]. For example, recipients need to
be sufficiently stable to remain off dialysis during
undergoing evaluation of immunologic and infection
risks [13]. Government permission for transplantation
is also needed and takes time. Moreover, some patients
with chronic kidney disease may experience unexpected
sudden decline in renal function [14].

In the United States, the reported rates of preemp-
tive KT increased significantly from 17.9% in 1995 to
32.1% in 2009; these rates varied depending on the
underlying cause of kidney failure [15]. The mean pre-
transplant estimated glomerular filtration rate (eGFR)
in patients undergoing preemptive KT has shown a
steady increase, which is indicative of increasing trend
of early preemptive KT [15]. However, the changes in
the recent trend and outcomes of preemptive KT, espe-
cially in the rapidly aging Asian population, are not
well characterized. This study aimed to analyze the
temporal trend of preemptive KT and evaluate the
effects of pretransplant dialysis duration on the post-
transplant outcomes.

Materials and methods

Patient population

The Korean Organ Transplant Registry (KOTRY) data
were used in this study. The KOTRY collects data from
59 transplant centers. Since 2014, KOTRY prospectively
collects nationwide organ transplantation data pertain-
ing to five solid organs (kidney, liver, pancreas, heart,
and lung) [16]. Detailed information about the KOTRY
has been previously reported [17]. We analyzed data
pertaining to all kidney transplant recipients who
received living donor KT (LDKT) from 2014 to 2019 in
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the KOTRY database. The data do not contain personal
information and do not infringe on the privacy of
patients. This study was approved by the Institutional
Review Board of the Kyungpook National University
Hospital (2020-11-056). All patients provided written
informed consent before participation, and the study
was conducted in accordance with the 2000 Declaration
of Helsinki and the Declaration of Istanbul 2008.

Data collection

A total of 3458 patients underwent LDKT during the
study reference period. Sixty-six patients who had
received second kidney transplants were excluded from
the analysis; therefore, the remaining the first-time 3392
KT recipients were included in this study. These
patients were divided into three groups according to the
duration of pretransplant dialysis, that is preemptive
KT, early KT (pretransplant dialysis less than
6 months), and late KT (pretransplant dialysis longer
than 6 months). We set the cut-off duration of pre-
transplant dialysis between early KT and late KT as
6 months, referring to the previous studies that showed
poor outcome in KT recipients with dialysis for more
than 6 months [18,19]. Baseline demographic character-
istics of the recipients, primary renal diseases, comorbid
diseases, pretransplant desensitization, human leukocyte
antigen (HLA) mismatch number, laboratory data, last
follow-up date, graft loss, patient death, and occurrence
of rejection were collected. In addition, demographic
characteristics of donors and data of comorbidities were
also collected. eGFR was calculated using the Modifica-
tion of Diet in Renal Disease equation [20].

Objectives

The study objectives were to evaluate the temporal
changes in the trend of preemptive KT, predictors of
preemptive KT, and clinical outcomes according to the
duration of pretransplant dialysis. Clinical outcomes
were graft survival, patient survival, and early biopsy-
proven acute rejection (BPAR)-free survival. Early
BPAR was defined as the occurrence of BPAR within
3 months from KT. Subgroup analyses of graft survival
by dialysis duration were also performed. Graft survival
was defined as the time from KT to the initiation of
maintenance renal replacement therapy. For patients
who died with a functioning graft, the graft survival
was censored at the time of death. Patient survival was
defined as the time from KT to death from any cause.
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BPAR was diagnosed based on the Banff 07 classifica-
tion [21].

Statistical analysis

Continuous variables are presented as mean + stan-
dard deviation and categorical variables are presented
as frequency and percentage (%). The one-way analy-
sis of variance (ANOVA) was applied, and then, the
post hoc Bonferroni method was used to compare the
continuous baseline characteristics among the three
groups. Between-group differences were assessed using
Pearson’s chi-squared test or Fisher’s exact test for cat-
egorical variables. Linear regression analysis was used
to evaluate the change in the proportion of preemptive
KT and other risk factors (diabetes, hypertension,
glomerulonephritis, cardiovascular diseases, tumor,
hepatitis C, and desensitization) over time. Logistic
regression analysis was used to examine the predictors
of receiving preemptive KT. Variables that showed a
significant association in the univariable analysis were
entered in the multivariable logistic regression model.
Graft survival, patient survival, and early BPAR-free
survival were analyzed using Kaplan—Meier analysis,
and between-group differences with respect to survival
outcomes were assessed using the log-rank test. Cox
regression model was used to identify factors associ-
ated with graft failure. To account for patient death as
a competing risk, we applied Fine and Gray propor-
tional subdistribution hazard models for graft failure
[22]. Variables associated with graft survival in the
univariable analysis were entered in the multivariable
model, along with age and sex. In addition, to balance
the difference in baseline characteristics including age,
BMI, comorbid diabetes and cardiovascular disease,
and pretransplant desensitization between the preemp-
tive KT and nonpreemptive KT groups (either early
KT or late KT), a propensity score matching (PSM)
using nearest-neighbor 1:1 matching was performed.
Subgroup analyses by age, sex, desensitization, early
acute rejection, body mass index, HLA mismatch,
donor age, and donor type were performed. To inves-
tigate whether the adjusted hazard ratios (aHRs) for
mortality differed significantly by dialysis vintage for
each selected subgroup, statistical interaction was
tested by adding multiplicative term in the Cox regres-
sion model. SPSS version 22.0 (IBM Corp., Armonk,
NY) and R (R Foundation for Statistical Computing,
Vienna, Austria; www.r-project.org) were used for sta-
tistical analyses.
indicative of statistical significance.

P wvalues <0.05 were considered
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Results

Baseline characteristics

Among 3392 patients with LDKT, 816 patients (24.1%)
received preemptive KT; at the time of transplant, the
mean age was 47.6 £ 11.6 years and the mean eGFR
was 8.0 £ 2.9 mL/min/1.73 m? (Fig. 1a). The mean
eGFR at the time of preemptive KT was similar during
the study period (P = 0.414, Fig. 1b). A total of 1350
patients (39.8%) underwent pretransplant dialysis for
less than 6 months (early KT), and 1226 patients
(36.1%) were dialyzed for longer than 6 months (late
KT).

The characteristics of patients in the three groups of
LDKT recipients (preemptive, early, and late groups)
are shown in Table 1. In the preemptive KT group, the
proportion of patients with diabetes or hypertension as
the primary renal disease was lower, and that of
patients with glomerulonephritis and polycystic kidney
disease (PCKD) was higher than other groups
(P <0.001). A number of comorbid diseases, such as
diabetes, cardiovascular disease, malignancy, and hep-
atitis C, were also less frequent in the preemptive KT
group than nonpreemptive KT groups (P < 0.05 for
all). The proportion of desensitized patients in the pre-
emptive KT group was significantly lower than that in
the other groups (P < 0.001). The proportion of
patients who had pretransplant DSA was lower in the
preemptive KT group compared with the late KT group
(7.7% vs. 12.5%; P < 0.001). The induction and main-
tenance immunosuppressants were not different among
groups.

Predictors of preemptive KT

Predictors of preemptive KT are shown in Table 2. In
the univariable analysis, transplant year, specific primary
renal diseases (such as diabetes, hypertension, glomeru-
lonephritis, and PCKD), comorbid diseases (such as
cardiovascular disease, malignancy, and hepatitis C),
pretransplant desensitization, donor age, and donor
BMI showed a significant association with preemptive
KT (P <0.05 for all). In the multivariable analysis,
transplantation in recent year was associated with less
preemptive KT (adjusted odds ratio [aOR], 0.95; 95%
confidence interval [CI], 0.89-1.00; P = 0.046). Under-
lying glomerulonephritis or PCKD, comorbid cardiovas-
cular disease, malignancy, pretransplant desensitization,
donor age, and donor BMI were also independent pre-
dictors of preemptive KT (P < 0.05 for all).
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Table 1. Baseline characteristics.

The different superscripts (a, b, ¢) denote significant differences between groups not sharing the same superscript at 0.05
level.

HLA, human leukocyte antigen; KT, kidney transplantation; mo, months; y, years.
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Table 2. Results of logistic regression analysis showing predictors of preemptive kidney transplantation.

Cl, confidence interval; HLA, human leukocyte antigen; OR, odds ratio.

Changes in annual trend of preemptive KT

The temporal trend of change in preemptive KT is
shown in Fig. 2. Among the LDKT, the proportion of
preemptive KT showed a gradual decrease over time
(P = 0.042). Patients who had diabetes as the underly-
ing cause of renal failure increased, while patients with
glomerulonephritis decreased (P = 0.013 and P < 0.001,
respectively). Patients with cardiovascular disease also
showed a steady increase (P = 0.037). However, the
proportion of patients who received pretransplant
desensitization did not change significantly over the
entire period (P = 0.090).

Comparison of clinical outcomes according to the
duration of pretransplant dialysis

Development of delayed graft function, graft failure,
patient death, and BPAR was summarized in Table 3,
and there was no significant difference in the frequency
of outcomes among the three groups (all P > 0.05).
However, early BPAR was less frequent in preemptive
KT group (P = 0.020).

Comparison of clinical outcomes, such as graft sur-
vival, patient survival, and early BPAR-free survival, is
displayed in Fig. 3. Patients with preemptive KT showed
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the highest survival rate, whereas the late KT group
showed the lowest survival rate with borderline signifi-
cance (log-rank P = 0.049, Fig. 3a). Patient survival did
not differ significantly among the three groups (log-
rank P = 0.057), but the preemptive KT patients had
longer survival than the late KT patients (P = 0.032,
Fig. 3b). To mitigate the lead time bias on patient sur-
vival, we additionally performed survival analysis using
the initial diagnosis time of ESKD (transplantation day
for preemptive KT recipients and initiation of mainte-
nance dialysis day for nonpreemptive KT recipients).
There was no significant difference in patient survival
among groups (Fig. 4). On comparing early BPAR-free
survival, the preemptive KT group had the lowest rate
of BPAR, and the late KT group had the highest rate of
BPAR (log-rank P = 0.010) (Fig. 3c).

We investigated the predictors of graft failure in
LDKT using proportional hazards model for subdistri-
bution of a competing risk (Table 4). In multivariable
analysis, late KT was an independent predictor of graft
failure compared with preemptive KT (aHR, 2.53; 95%
CI 1.09-5.87; P = 0.031); however, the risk of graft fail-
ure in the early KT group was comparable to that in
the preemptive KT group (P > 0.05). The occurrence of
early BPAR was also identified as independent predic-
tors of graft survival (aHR, 4.22; 95% CI 2.14-8.33;
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Figure 2 Trend analysis of the proportion of factors associated with preemptive kidney transplantation. DM, diabetes; HTN, hypertension; GN,
glomerulonephritis; CVD, cardiovascular disease; HCV, hepatitis C virus.

Table 3. Incidences of clinical outcomes.

BPAR, biopsy-proven acute rejection.

P <0.001). To compensate for the confounding vari-  baseline characteristics for the PSM populations before
ables and sensitivity analysis, we created PSM groups and after matching. In the Cox proportional hazard
using baseline characteristics. Table S1 shows the  regression analysis using PSM groups, the late KT group
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Figure 3 Graft, patient, and BPAR-free survival after living donor
kidney transplantation according to preemptive status. BPAR, biopsy-
proven acute rejection.
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also had a higher risk of graft failure than the preemp-
tive KT group (aHR, 2.45; 95% CI, 1.02-5.92;
P =0.034), but the early KT group did not have
increased risk of graft failure (Table 5).

On subgroup analysis, the following subgroups in the
late KT were associated with a higher risk of graft fail-
ure compared to preemptive KT: older than mean age
of 49.0 years, pretransplant desensitization, BMI < 25.0
mz/kg, HLA mismatch number <4, and living-related
KT (P < 0.05 for all, Table 6).

Discussion

In this prospective nationwide study, we evaluated the
recent changes in trends related to preemptive KT.
Although the well-known advantages such as better graft
survival and improved quality of life, we observed a
steady decrease in the proportion of preemptive KT
among LDKT patients. Among the underlying causes of
renal failure in patients undergoing preemptive KT, the
proportion of diabetic kidney disease has increased,
whereas the proportion of glomerulonephritis has
decreased. Patients with preemptive KT had better graft
survival than patients who were dialyzed longer than
6 months. Still, graft survival was not different from
those with pretransplant dialysis for less than 6 months.
Therefore, even if dialysis has been initiated, clinicians
need to emphasize the benefits of early KT and encour-
age the patients on dialysis to identify the potential liv-
ing donors in order to receive KT within 6 months
after dialysis initiation.

In Korea, LDKT increased by 49.8% from 2014 to
2019 (1001 cases to 1499 cases) [23]. However, during
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Table 4. Fine and Gray competing risk regression analysis for graft failure in living donor kidney transplantation.

BPAR, biopsy-proven acute rejection; Cl, confidence interval; HLA, human leukocyte antigen; HR, hazards ratio; KT, kidney

transplantation.

Table 5. Cox regression analysis for graft failure in propensity-matched cohort groups.

BPAR, biopsy-proven acute rejection; Cl, confidence interval; HLA, human leukocyte antigen; HR, hazards ratio; KT, kidney

transplantation.
*Adjusted for sex, HLA mismatch numbers, and early BPAR.

this period, the proportion of preemptive KT declined
by 10% and showed a decreasing trend over successive
years. Owing to ethical constraints, it is difficult to con-
duct randomized trials to identify the advantages of pre-
emptive KT [24]. Instead, many observational studies
have reported various advantages of preemptive KT.
These studies emphasized that preemptive KT should be
a goal of ESKD care [12,24]. Our data show a steady
declining trend of preemptive KT, suggesting that
efforts are needed to identify the causes of the current
decline and promote preemptive KT.

On detailed analysis of the trend of preemptive KT,
the proportion of patients with diabetic kidney disease

2776

as the cause of renal failure increased by 10% among
preemptive KT patients. However, the overall propor-
tion of diabetic kidney disease among LDKT recipients
has remained almost unchanged (13.1% in 2014 to
13.8% in 2019) [23]. This increase in preemptive KT
among diabetics with ESKD is desirable and may have
helped reduce the cardiovascular complications and
improve clinical outcomes of preemptive KT demon-
strated in previous studies [25-27]. The increasing trend
in the proportion of patients who had cardiovascular
disease in the preemptive KT group supports this
hypothesis. Previous studies conducted in the United
States have also reported similar results wherein
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Table 6. Subgroup analysis of graft failure according to dialysis vintage.

aHR, adjusted hazards ratio; BPAR, biopsy-proven acute rejection; Cl, confidence interval; HLA, human leukocyte antigen; KT,

kidney transplantation; mo, months; y, years.

comorbid diabetes was found to be a factor that inhibits
preemptive KT [27,28]. Patients with diabetic kidney
disease usually have other systemic comorbid diseases
and are unlikely to regain renal function; therefore, the
advantage of preemptive KT is likely to be greater in
these patients [5,26,27]. It is still uncertain why comor-
bid diabetes hinders preemptive KT; however, preemp-
tive KT should be actively encouraged in these patients.

In contrast, the proportion of patients with
glomerulonephritis as the cause of renal failure
declined by approximately 10% during the study refer-
ence period. Patients with glomerulonephritis usually
experience gradual decrease in renal function and do
not have many comorbid diseases that impede trans-
plantation. This is consistent with our result and that
of a previous study in which glomerulonephritis was
found to be an independent predictor of preemptive
KT [28]. Nevertheless, the annual trend of the propor-
tion of glomerulonephritis has shown a steady decline.
Considering that a considerable proportion of patients
with glomerulonephritis (40%) among the LDKT

Transplant International 2021; 34: 2769-2780
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

recipients underwent early KT, nephrologists should
pay more attention to ensure that these early trans-
plant recipients receive preemptive KT. In addition,
we observed an increasing trend in the donor age; this
may be attributable to the increase in the number of
healthy older people and to the advances in desensiti-
zation treatment and surgical techniques. The increase
is a positive sign, which indicates that the living donor
pool can expand.

The present study also revealed the clinical advantages
of preemptive KT. Patients with preemptive KT showed
better graft survival and early BPAR-free survival than
the late transplant recipients. Furthermore, early BPAR-
free survival in preemptive KT was longer than that in
early KT and late KT. Pretransplant dialysis exposure
may affect the immune system to potentiate the risk of
BPAR [4,29], and the low incidence of early BPAR in
preemptive KT may be associated with improved graft
prognosis. In addition, our data showed that the patients
with longer dialysis duration prior to KT had greater
risk of sensitization, which might be associated with the
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increased rates of acute rejection. Previous studies con-
ducted in Western countries found a dose-response asso-
ciation between pretransplant dialysis duration and graft
survival in KT recipients; in these studies, longer pre-
transplant dialysis exposure was found to confer a higher
risk of graft failure [10,30]. Some studies have also
emphasized a safe threshold of dialysis exposure, such as
less than 6 or 12 months [12,18,28]. In the present
Asian cohort, graft survival rates in patients with pre-
transplant dialysis exposure less than 6 months were not
inferior to that in preemptive KT.

There is a possibility of lead time bias when estimat-
ing patient survival, so we analyzed patient survival
since the time of initiation of renal replacement therapy
to reduce the lead time bias. Our study did not show
the advantages of preemptive KT with respect to patient
survival. Contrary to our results, Meier-Kriesche et al.
reported the pretransplant dialysis up to 6 months
appeared safe with respect to post-transplant patient
survival, but 6 to 12 months of pretransplant dialysis
exposure was enough to increase the mortality risk by
21% [9]. This needs to be confirmed by future studies
controlling the lead time bias.

Interestingly, on subgroup analysis of graft survival
according to the pretransplant dialysis duration, pre-
emptive KT showed a better prognosis than late KT not
only in high-risk transplant groups such as older recipi-
ents and those receiving desensitization, but also in the
low-risk groups such as low BMI, lower HLA mismatch
number, and living-related donor. This suggests that the
advantages of preemptive KT are not limited to specific
high-risk patients. Therefore, if possible, preemptive KT
should be encouraged in all patients with impending
renal replacement therapy regardless of their risk profile.
In addition, graft survival was comparable between all
subgroups of patients with preemptive KT and early
KT. In that sense, early KT should be implemented as
soon as possible if preemptive KT is not feasible.

This prospective cohort study is the first study to
identify the trend changes and clinical outcomes of pre-
emptive KT in an Asian nationwide cohort. Although
the number of patients who require KT is liable to
increase, there is a limit to increasing deceased donors.
Therefore, there is a need for national policies and
strategies to increase LDKT, especially preemptive KT.
This requires characterization of the current trends and
advantages of preemptive KT. Based on this, systems for
patient and clinician education, early referral to trans-
plant centers, and incentive provision should be sup-
ported.
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Some limitations of this study should be acknowl-
edged. First, this was an observational study; therefore,
there is a possibility of lead time bias and selection
bias. Preemptive KT recipients receive transplants at a
time when the residual native kidney function is rela-
tively good, resulting in better graft survival. However,
previous studies have shown a rapid decline in residual
native kidney function after KT because of calcineurin
inhibitor toxicity [31,32]. A study found no correlation
between pretransplant eGFR and 6-month eGFR after
KT in preemptive transplant recipients [31]. In addi-
tion, the mortality rate has been reported to peak in
the second month after initiation of dialysis [28,33];
therefore, ESKD patients who died early after dialysis
would already have been excluded from the pretrans-
plant dialysis group. However, the present study
applied statistics considering lead time bias and used
national cohort data to minimize the selection bias.
Second, we did not consider the factor that there was a
possibility of nonpreemptive KT recipients who missed
opportunities for preemptive KT because of the length
or timing of the recipient and donor evaluation pro-
cess. Preemptive KT requires a suitable living kidney
donor and a recipient with chronic kidney disease suffi-
ciently stable to remain off dialysis during both recipi-
ent and donor go through a transplant evaluation
process. The third limitation is that this study did not
consider the possible disadvantages of preemptive KT.
Preemptive KT may cause waste of native kidney func-
tion and early exposure to immunosuppressive risk,
which increases the risk of complications such as new-
onset diabetes after transplant and infection, and lesser
adherence than patients with pretransplant dialysis
[5,31,34-36]. However, despite some probable disad-
vantages, several multicenter studies have consistently
demonstrated the beneficial effects of preemptive KT
with respect to graft survival and patient survival
[4,10,18,29].

In conclusion, among patients who underwent LDKT
during the study reference period, the proportion of
patients who underwent preemptive KT showed a
declining trend over successive years. The proportion of
diabetic kidney disease as the cause of renal failure
showed an increase, while that of glomerulonephritis
showed a decrease. Preemptive KT offers advantage over
pretransplant dialysis longer than 6 months with respect
to graft survival and patient survival; however, short
period of dialysis less than 6 months does not signifi-
cantly affect graft survival and patient survival com-
pared with preemptive KT.
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