
Review Article

Latest insights on ABO-incompatible living-donor renal
transplantation
Junji Uchida,1 Akihiro Kosoku,1 Toshihide Naganuma,1 Tomoaki Tanaka2 and Tatsuya Nakatani1

1Department of Urology, Osaka City University Graduate School of Medicine, Osaka, and 2Department of Urology, Suita Municipal
Hospital, Suita, Japan

Abbreviations & Acronyms
ABMR = antibody-mediated
rejection
CRT = compatible renal
transplantation
DFPP = double filtration
plasmapheresis
ESKD = end-stage kidney
disease
EVR = everolimus
HLA = human leukocyte
antigen
IA = immunoadsorption
IRT = incompatible renal
transplantation
IVIG = intravenous
immunoglobulin
KPD = kidney-paired
donation
MMF = mycophenolate
mofetil
PE = simple plasma
exchange
SePE = selective plasma
exchange

Correspondence: Junji Uchida
M.D., Ph.D., Department of
Urology, Osaka City University
Graduate School of Medicine,
1-4-3 Asahi-machi, Abeno-ku,
Osaka 545-8585, Japan. Email:
uchida@msic.med.osaka-cu.ac.jp

This is an open access article
under the terms of the Creative
Commons Attribution License,
which permits use, distribution
and reproduction in any
medium, provided the original
work is properly cited.

Received 1 July 2019; accepted
23 August 2019.
Online publication 14
September 2019

Abstract: This review summarizes the latest insights on ABO-incompatible living-donor

renal transplantation. Desensitization protocols and clinical outcomes were investigated,

and a comparison was made with kidney-paired donation, which is not permitted in

Japan for ethical reasons. Although renal transplantation is greatly beneficial for most

patients with end-stage kidney disease, many of these patients must remain on dialysis

therapy for extended periods due to the scarcity of organs from deceased donors. ABO

blood type incompatibility was once believed to be a contraindication to renal

transplantation due to the increased risk for antibody-mediated rejection and early graft

loss attributable to isoagglutinins. Recently, pretransplant desensitization strategies, such

as removal of isoagglutinins and antibody-producing cells, have achieved successful

outcomes, although it remains unclear whether graft survival and patient morbidity are

equivalent to those for ABO-compatible renal transplantation. The present review

suggested that ABO-incompatible living-donor renal transplantation might be a favorable

radical renal replacement therapy for patients with end-stage kidney disease.
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Introduction

Renal transplantation is the preferred renal replacement therapy, because recipients have
longer and healthier lives compared with dialysis therapy.1,2 Meanwhile, because of the scar-
city of deceased donors and constantly growing renal transplant waiting lists, approximately
30% and 90% of all renal transplants in the USA and Japan, respectively, are living-donor
transplants.3,4 Strategies have been devised to overcome this shortage in deceased donors, and
a patient seeking a renal transplant with only an ABO-incompatible living donor can now
either take part in a kidney exchange program or undergo an ABO-incompatible transplant.

Researchers who first engaged in the implementation of clinical renal transplantation
believed that donors and recipients should be compatible for ABO blood groups.5–7 ABO
blood type incompatibility was considered a contraindication to renal transplantation, because
the risk for hyperacute rejection is elevated due to isoagglutinins and early graft loss.5 How-
ever, desensitization strategies, such as removal of isoagglutinins and antibody-producing
cells, have led to successful ABO-IRT outcomes.8 Patient and graft survival rates have been
reported to be equivalent to those of ABO-CRT,8,9 and one-quarter of living-donor renal
transplantation in Germany and more than one-third in Japan are ABO-IRT.10,11

However, this type of renal transplantation is still globally uncommon, despite its excellent
patient and graft survivals. The potential risks of ABO-IRT have been studied using data from
registry and cohort studies. Although smaller studies on patient and graft outcomes after
ABO-IRT have been comparable to those for ABO-CRT, larger registry studies have shown
conflicting results.8,12–14

Currently, there are numerous desensitization regimens for ABO-IRT, but accepted baseline
and target isoagglutinin titers, the number of apheresis sessions, apheresis techniques, doses
of rituximab, and immunomodulatory strategies remain unestablished. In the present review,
we discuss the latest insights on ABO-IRT.
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Desensitization protocols

Isoagglutinins occur as natural antibodies and are serious
immunological obstacles in carrying out ABO-incompatible
organ transplants. If desensitization is not done appropriately,
isoagglutinins can cause severe ABMR, and hyperacute rejec-
tion can even lead to immediate allograft loss.15,16 Recent
reports have shown that after a limited period of desensitiza-
tion after ABO-IRT, most patients preserve a state of stable
long-term graft function without antigen–antibody interaction,
even if recurrence of isoagglutinins is detected. This situation
is defined as accommodation.8,17 In this respect, ABO-incom-
patible transplantation might differ from HLA-incompatible
transplantation, in which persistent or recurrent donor-specific
antibodies often bring about ongoing rejection and chronic
tissue injury.18

Desensitization protocols allowing for successful ABO
blood type-IRT had not been established until recently.19,20

Key elements of desensitization regimens for ABO-IRT are
the application of apheresis for isoagglutinin removal, pre-
emptive modulation of B-cell immunity and pharmacotherapy
as maintenance immunosuppression (Fig. 1). ABO-IRT is
immunologically high risk, and desensitization regimens
should be modified based on recipient age, rebound of isoag-
glutinins and baseline isoagglutinin titers.12 The standard

immunosuppressive therapy for ABO-IRT at the Department
of Urology, Osaka City University Graduate School of Medi-
cine, Osaka, Japan is shown in Figure 2, and modified desen-
sitization protocols might be important in preventing
infections and avoiding rejections.

B-cell immunomodulation

Initially, splenectomy was carried out for inhibiting isoagglu-
tinin production in ABO-IRT, because a large pool of anti-
body-secreting B cells and plasma cells are contained in the
spleen.21 However, in the past decade, due to the surgical
risk, as well as an increased risk of sepsis, splenectomy has
been replaced with the administration of rituximab, an anti-
CD20 antibody that induces B-cell depletion in the peripheral
blood, although the optimal dose and frequency of adminis-
tration remain unknown.20,22 A single dose or two doses of
rituximab are administered for B-cell immunomodulation at
major transplant centers. A single dose of rituximab effec-
tively removes peripheral B cells, but might not decrease B-
cell counts in secondary lymphoid organs.23

There have been few reports on ABO-IRT desensitization
protocols for patients with elevated isoagglutinin titers, and
the regimen for these patients has not yet been established.24

Meanwhile, baseline isoagglutinin titers can forecast early
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ABMR.25 We reported that using a desensitization protocol
consisting of both rituximab administration and splenectomy
in two highly HLA-sensitized patients and six patients with
elevated (>512-fold dilution) isoagglutinin titers, renal trans-
plantation was successfully carried out in seven of the eight
patients without grave complications.26 In another report,
three doses of rituximab administration and MMF administra-
tion for 210 days were successfully used in a patient with
elevated isoagglutinin titer (4096-fold dilution) and high
refractory isoagglutinins.27

There is controversy surrounding the effect of rituximab
on de novo formation of donor-specific antigen.28 A recent
randomized control study reported that transplant outcomes
of ABO-CRT did not benefit from rituximab induction.29 In
contrast, Clatworthy et al. reported that there was a relation-
ship between B-cell-related cytokine release due to rituximab
administration and a higher incidence of acute rejection in
patients treated with rituximab.30 However, another report
showed that recipients in whom rituximab was administered
as an ABO-IRT desensitization protocol did not appear to be
at an increased risk for acute cellular rejection.31 Any cyto-
kine storm would have been resolved before transplantation
by preoperative plasma exchange and corticosteroid therapy,
and no increase in the risk of rejection would be expected.30

The administration of IVIG is a widely used component of
immunomodulatory strategies that prevents isoagglutinin
rebound in the early stage after ABO-IRT. The interaction of
the constant fragments of IVIG with Fc receptors of phago-
cytes and B cells suppresses further differentiation and T-cell
stimulation, whereas the variable fragments of IVIG inhibit
autoantibodies from binding to their specific receptors.32 Fur-
thermore, IVIG can lead to the secretion of anti-inflammatory
cytokines and act as “blocking” antibodies in cross-match
tests in vitro, as well as in clinical observation of immedi-
ately decreased HLA antibodies after infusion.33 However, a
potential disadvantage of IVIG therapy is that ABO antibod-
ies are contained in the available preparations, which can
induce a temporary increase in titers.34

Anti-A/B antibody removal

Pretransplant apheresis for the removal of isoagglutinins
until the target titers are reached is fundamental for most

ABO-IRT desensitization protocols, although the optimal
target titers remain to be unestablished.9 Apheresis ses-
sions are scheduled based on baseline isoagglutinin titers.
Antibody removal might be imperative before transplanta-
tion to prevent ABMR, but might not be necessary after
transplantation, when isoagglutinins frequently recur without
causing detectable harm.8,17 However, some protocols
include post-transplant apheresis for cases with early anti-
body rebound.25,35

There are several available apheresis techniques for the
removal of isoagglutinins, including DFPP, PE and anti-
gen-specific IA. In DFPP, substantial amounts of macro-
molecular coagulation factors, in particular fibrinogen or
factor XIII, can be lost, increasing the risk of bleeding
complications.36 With PE, side-effects such as allergic reac-
tions to fresh frozen plasma have been reported to result
in suspension of treatment.37 IA is a selective strategy to
remove antibodies. Antigen-specific IA eliminates isoagglu-
tinins highly efficiently without major losses of essential
plasma components.38 However, it is an expensive treat-
ment, with columns costing approximately €3000 each, and
the application of this column for therapeutic apheresis is
not approved in Japan.39

In SePE, which is a new PE modality using a smaller pore
size membrane plasma separator compared with conventional
plasma separators, small and medium-sized molecules are
eliminated without removing larger substances, such as coag-
ulation factors.40 Recently, SePE is being applied to decrease
isoagglutinin titers in pretransplant desensitization for ABO-
IRT. Because SePE is less efficient in the removal of isoag-
glutinin titers compared with conventional methods, SePE
alone should be only used in patients with low titers, and a
combination of SePE with conventional methods should be
used in patients with high titers.41

Previous reports showed that patients with decreased isoag-
glutinin titers can undergo ABO-IRT based on standard
desensitization not only without B-cell depletion, such as
rituximab administration, but also without isoagglutinin
removal.9,42,43 Therefore, these desensitization protocols
could be simplified in the future. However, when ABO-IRT
was carried out in patients with decreased isoagglutinin titers
without removing isoagglutinins, they were reported to have
acute ABMR, resulting in graft loss.44
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Outcomes of ABO-incompatible living-
donor renal transplantation

Patient and graft survivals

The latest systematic reviews and meta-analyses based on
transplantation data for ABO-CRT and ABO-IRT in studies
from the USA, Europe, Asia and Australia showed that graft
loss and death within the first 3 years of transplantation were
more often observed in ABO-IRT compared with ABO-CRT.
Equivalent survival rates and organ functions were only seen
after 5 years post-transplant. Desensitization with rituximab
brought about a comparable death-censored graft survival
between the two groups within the first year, and excess mor-
tality was observed in ABO-IRT only within the first 3 years.
Death-censored graft survival was equivalent between the
ABO-IRT and ABO-CRT groups at 1 year if the initial
desensitization protocol included rituximab, and it was worse
in the ABO-IRT group compared with the ABO-CRT group
if the initial desensitization protocol did not include ritux-
imab. This was also true for death-censored graft survival at
3 years. Studies on graft survival after 5 years did not show
a significant difference between the two groups, when ana-
lyzed according to whether or not they had undergone ritux-
imab treatment.13 Another meta-analysis study showed that
graft survival was lower in ABO-incompatible recipients
compared with ABO-compatible recipients. The risk ratio for
1 year was lower in ABO-incompatible patients than in
ABO-compatible patients. Graft survival remained lower in
patients with ABO-IRT at 3 years (92% vs 94%, P = 0.04).
The 1-year survival was also lower in ABO-incompatible
recipients (98% vs 99%, P = 0.03).45

Since 1989, more than 2000 ABO-IRT have been carried
out in Japan. A 2006 Japanese registry analysis showed that
ABO-IRT survival rates were acceptable, but still lower than

those of ABO-CRT.21 A follow-up analysis of Japanese
recipients receiving a graft from 2001 to 2010 showed excel-
lent long-term ABO-IRT outcomes, possibly due to improve-
ments in MMF and/or rituximab.21 One single-center study in
Japan showed that graft survival was significantly lower for
ABO-IRT than for ABO-CRT, and that there were signifi-
cantly more frequent graft losses due to infection in ABO-
IRT than in ABO-CRT.46 In another Japanese single-center
study, graft survival for ABO-IRT was almost the same over
the past decade compared with that for ABO-CRT.11 Previ-
ously, we showed that both patient and death-censored graft
survival rates were not significantly different between the
ABO-IRT and ABO-CRT groups.12 Figure 3 provides the
updated results of our outcomes until March 2019. However,
the differences in transplant outcomes between these Japanese
single-center studies and meta-analysis studies might be due
to the small number of patients and/or the differences in
patients’ background, such as desensitization protocols, anti-
body titers and management system after transplantation.

A USA registry analysis comparing the outcomes of ABO-
IRT and ABO-CRT between 1995 and 2015 showed a high
rate of early graft loss after ABO-IRT, but no change in
long-term patient survival. That study also showed no signifi-
cant change between low-volume versus high-volume cen-
ters.14

Although these data clearly showed that ABO-IRT has
achieved excellent outcomes in recent years, it remains
unclear whether graft survival and patient morbidity for
ABO-IRT are comparable to those for ABO-CRT. Even with
advanced desensitization protocols that include rituximab,
patient mortality might be higher in the early stages after
ABO-IRT than after ABO-CRT.

Renal transplants from poor HLA matching or HLA-in-
compatible donors are considered to be immunologically
high-risk, as with ABO-IRT. Although graft survival rates in
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poor HLA-matched recipients used to be significantly lower
than those in fully HLA-matched recipients,47 currently, there
are no significant differences in graft survival rates according
to the number of HLA mismatches, owing to the develop-
ment in immunosuppressants.48,49 The presence of donor-
specific anti-HLA antibodies increases the risk for ABMR
and graft failure.50,51 However, a desensitization therapy for
highly HLA-sensitized patients has not been established yet.
HLA-IRT also has lower graft survival rates compared with
ABO-IRT.52 Nevertheless, it has been reported that patients
who receive HLA-incompatible kidney transplants have a
higher survival rate than those who remain on dialysis ther-
apy.53

Rejection

Systematic reviews and meta-analyses based on transplanta-
tion data for ABO-CRT and ABO-IRT in studies from the
USA, Europe, Asia and Australia showed no significant dif-
ference between ABO-CRT and ABO-IRT in overall, border-
line or TMR. In contrast, there was a higher percentage of
patients with ABMR after ABO-IRT than after ABO-CRT.13

However, the risk of ABMR after ABO-IRT was similar to
that after ABO-CRT at 5 years after transplantation, when a
rituximab desensitization protocol was initially used.13

Although rituximab does not seem to be effective in decreas-
ing the concentration of preformed HLA antibodies or pre-
venting the development of de novo HLA antibodies, the risk
of humoral rejection may be reduced. Another review showed
that biopsy-proven acute rejection, especially ABMR, was
more prevalent in ABO-IRT.45

In a Japanese single-center study, Okada et al. also showed
that the risk of acute ABMR was significantly higher in
ABO-IRT than in ABO-CRT, although the prevalence of
acute TMR and chronic ABMR was not significantly differ-
ent between the two groups.46 However, another single-center
study from Japan showed that the incidence of rejection epi-
sodes, such as acute cellular rejection, steroid-resistant acute
cellular rejection and ABMR, might be comparable between
the ABO-IRT group and the ABO-CRT group.12 Differences
in the rate of ABMR between these Japanese single-center
studies and meta-analysis studies might be due to the small
number of patients and/or the differences in patients’ back-
ground, such as desensitization protocols, antibody titers and
management system, after transplantation.

Complications

Infectious complications

Desensitization in combination with immunosuppressants can
lead to a state of over immunosuppression, causing infec-
tions. Previous articles have shown that there are conflicting
results about infectious complications after ABO-IRT. A
recent systematic review and meta-analysis showed a higher
proportion of patients with sepsis after ABO-IRT than after
ABO-CRT, although the risk of urinary tract infection, cyto-
megalovirus infection, BK polyomavirus infection and Pneu-
mocystis jirovecii pneumonia was not significantly different.13

Furthermore, there was a significantly higher risk of sepsis

and cytomegalovirus infection after ABO-IRT than after
ABO-CRT in patients who received non-rituximab-based
desensitization protocols, but there was no difference between
the treatment groups among those who received rituximab-
based desensitization protocols.13 Rituximab induction was
considered to be relatively safe and not associated with infec-
tions in a large, randomized trial of kidney transplant recipi-
ents.54 However, in the Collaborplant Transplant Study
registry, rituximab induction for ABO-IRT was associated
with infectious complications compared with no induction
therapy, although death-censored graft survival was better.22

A different meta-analysis study showed that there was a
higher frequency of severe non-viral infections in ABO-IRT
than in ABO-CRT. Cytomegalovirus viremia was slightly
more commonly observed in ABO-incompatible patients
compared with ABO-compatible patients.47 However, there is
no definitive evidence of high frequency of infection after
ABO-IRT compared with ABO-CRT.25,55

In a Japanese study, the frequency of infectious adverse
events was not significantly different between the ABO-in-
compatible and -compatible groups in the past decade (from
2005 to 2013).11 A single low-volume center study carried
out in Japan also showed no significant change in the preva-
lence of infectious adverse events between the ABO-incom-
patible and -compatible groups, and no critical infectious
complications were observed during the observation duration
(median 6.04 years) in the ABO-incompatible group.12 How-
ever, another Japanese study reported that there was a higher
cumulative incidence of infection in ABO-IRT than in ABO-
CRT, implying that desensitization can elevate infection risks
soon after transplantation.46

Bleeding

Apheresis to deplete isoagglutinins can cause bleeding com-
plications, which might be explained by coagulation factors,
including fibrinogen.56,57 A single PE reduces the amount of
coagulation factors by approximately 60%, and DFPP and IA
also significantly reduce the amount of coagulation fac-
tors.38,58,59 Fibrinogen has the maximum concentration
amongst all coagulation factors. A fibrinogen level of
100 mg/dL is required to maintain hemostasis, and replace-
ment of fibrinogen is recommended when <100 mg/dL at
transplantation.60 Higher bleeding rates have been shown
after ABO-IRT than after ABO-CRT, possibly because of
changes in the coagulation system after plasmapheresis, high
volume of exchange or IA.13 de Weerd et al. showed that
bleeding events occurred almost twice as often in ABO-in-
compatible patients versus ABO-compatible patients, both
with IA and with plasmapheresis.45

Late-onset neutropenia

Some reports have shown that rituximab administration leads
to late-onset neutropenia after ABO-IRT.31,61–63 A previous
report showed that late-onset neutropenia after rituximab
administration in ABO-IRT recipients was related to the
increase in serum B-cell activating factor.32 Our recent
reports showed that late-onset neutropenia was related to
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acute cellular rejection in ABO-IRT recipients undergoing
rituximab administration.61,62 Late-onset neutropenia after
rituximab administration might therefore be associated with
B-cell-related cytokine.

ABO-IRT in pediatrics

Contrary to ABO-IRT in adults, there are few reports regard-
ing pediatric ABO-IRT. A Japanese multicenter study of
pediatric kidney transplantation showed that outcomes, such
as death and graft loss rates, for ABO-IRT were similar to
those for ABO-CRT.64

ABO-incompatible transplantation of
other organs

Because there is the “safety net” of dialysis as rescue treatment
for patients whose renal grafts fail, renal transplant recipients
can take higher risks than other organ transplant recipients. In
addition, ABO-incompatible transplantation in other organs
has been addressed based on the success of ABO-IRT. Numer-
ous reports have been published on successful ABO-incompat-
ible transplantation of various organs, including the lung, liver
and heart, in both children and adults.65–70

In lung transplantation, there is no comparative data
between ABO-incompatible and -compatible transplants,
because there were few cases of ABO-incompatible lung
transplantation.65,66 In liver transplantation, there are no sig-
nificant differences in patient and graft survival rates between
ABO-incompatible (n = 235) and ABO-compatible (n = 470)
transplants in a propensity score-matched cohort. The 5-year
graft and patient survival rates of the ABO-incompatible
group were 89.9% and 92.3%, respectively, which were com-
parable to those of the ABO-compatible group (91.2% and
91.4%).67 In heart transplantation, patients and/or graft sur-
vival rates 7 years after ABO-incompatible (n = 35) and
ABO-compatible (n = 45) were both 74%, and not signifi-
cantly different.69 There were no significant differences in
medium-term outcomes between ABO-incompatible and
ABO-compatible transplantation, although serious concerns
persist about ABMR.67,69

Mammalian target of rapamycin
inhibitor for ABO-incompatible kidney
transplantation

Most immunosuppressive protocols for ABO-IRT consist of
rituximab induction, apheresis or immune absorption, and
maintenance immunosuppression based on tacrolimus, MMF
and steroids. Koch et al. reported the results of 25 patients
with ABO-IRT on a de novo mammalian target of rapamycin
inhibitor-based immunosuppression regimen to prevent allo-
graft rejection without increasing the risk of viral infection,
and showed that this regimen was feasible without severe sur-
gical or immunological complications and a low rate of viral
infection.71

Safe switch from MMF with standard-dose calcineurin
inhibitor to EVR with low-dose calcineurin inhibitor in 16

stable ABO-IRT recipients at maintenance duration was
reported.72 However, treatment with EVR was discontinued
due to adverse effects in 47.1% of the patients within 1 year
of conversion. In addition, the switch to EVR did not lead to
acute rejection or C4d deposition at 3 and 12 months after
conversion in ABO-IRT recipients in whom EVR was contin-
ued or discontinued within 1 year of conversion.73

In another study, seven stable ABO-IRT recipients who
were switched from MMF to EVR at a late post-transplant
stage due to BK virus replication were compared with a ref-
erence group of 14 ABO-IRT patients given standard tacroli-
mus and MMF.74 As a result, conversion from MMF to EVR
decreased BK replication in five patients. That study showed
that conversion to EVR was beneficial for ABO-IRT recipi-
ents with BK viral infection.

Kidney-paired donation

The concept of ABO-IRT is to overcome incompatibility by
removing the ABO-incompatibility barrier, whereas that of
KPD is to do so by avoiding the barrier. Many KPD pro-
grams have been developed and range from simple two-way
exchanges to long, so-called domino chains with bridging
donors requiring sophisticated matching algorithms and soft-
ware.75 The first KPD was carried out in Korea in 1991,76

and currently, it is being carried out in many other countries
including the Netherlands, the USA, Canada, Australia, the
UK, Turkey and India.

A previous report showed that the waiting period for all
registrants was >1 year at a mean of 747 � 322 days.77 Clin-
ical outcomes of KPD might be poorer than those of ABO-
IRT because of longer waiting periods of >6 months, but
large-scale clinical trials comparing ABO-IRT with KPD are
necessary.78 In addition, KPD has some limitations, such as
refusal of the intended donor to donate in exchange, blood
group imbalance (disadvantage for blood type O recipients),
disparity in quality of organs, geographical distance and legal
barrier.75,79

Compared with ABO-IRT, the advantages of KPD are
cost-effectiveness, low immunological risk and avoidance
of desensitization complications, including infection and
bleeding.11,12 Because ABO-IRT has overcome the ABO-
incompatibility barrier in Japan, where KPD is not allowed
due to ethical reasons, such a program might not be
necessary.

Pros of ABO-incompatible kidney
transplantation

In vitro experiments have shown that isoagglutinin ligation-
induced resistance to HLA antibody-mediated, complement-
dependent cytotoxicity through the upregulation of comple-
ment regulatory proteins and downregulation of HLA-DR
expression protects against antibody-mediated injury. A
recent clinical study showed that the incidence of DR-associ-
ated de novo donor-specific antigen and biopsy-proven
chronic ABMR was lower in ABO-IRT than in ABO-CRT.80

ABO-incompatibility might lower the production of DR-

© 2019 The Authors. International Journal of Urology published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Urological Association. 35

ABO-incompatible renal transplantation



associated de novo donor-specific antigen, possibly decreas-
ing the incidence of chronic ABMR.

Challenging cases of ABO-incompatible
living-donor renal transplantation

As mentioned above, ABO-IRT has become a favorable renal
replacement therapy for patients with ESKD. However, few
reports have been made on higher risk ABO-IRT, such as for
elderly patients, patients with diabetic kidney disease and sec-
ond transplants.

Elderly ABO-incompatible living-donor renal
transplantation

A recent study of 17 patients aged ≥60 years who underwent
ABO-IRT achieved both overall patient and graft survival
rates of 100%, 100% and 83.3% at 1, 3 and 5 years after
their transplants, respectively.81

ABO-IRT in patients with diabetic kidney
disease

Uchida et al. showed that among 14 patients with diabetic
kidney disease who received ABO-incompatible grafts, two
(14.3%) developed biopsy-proven acute cellular rejection dur-
ing the follow-up period.82 Patient survival rates were 100%,
89.9% and 89.9% at post-transplant 1, 3 and 5 years, respec-
tively, and the death-censored graft survival rate at 5 years
was 100%.

ABO-IRT as a second transplant

A recent study reported three successful cases of patients
who underwent ABO-incompatible living-donor kidney trans-
plantation as a second transplant.83

These results showed that ABO-IRT might now be an
acceptable treatment for challenging cases, such as elderly
ESKD patients, ESKD patients due to diabetic kidney disease
and patients who require a second renal replacement therapy
after their initial graft failure.

Conclusion

In conclusion, the present review of ABO-IRT has shown
very good outcomes, although it remains unclear whether
graft survival and patient morbidity for ABO-IRT are compa-
rable with those for ABO-CRT. ABO-IRT might be a favor-
able radical renal replacement therapy for ESKD patients.
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