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Abstract
Background Kidney transplantation is the treatment of choice
for end-stage renal disease. However, since pediatric patients
have long projected life-years, it is also optimal for them to get
well-matched transplants to minimize long-term sensitization.
In North America, pediatric kidney transplantation is largely
dependent upon the use of deceased donor organs, making it
challenging to identify timely, well-matched transplants. Pe-
diatric recipients may have willing living donors who are ei-
ther HLA- or ABO-incompatible (ABOi); therefore, one so-
lution is to utilize ABOi transplants and paired exchange pro-
grams to enhance HLA matching and living donation.

Case-diagnosis/treatment We adopted this approach for a
highly sensitized patient with cPRA 90 %, who received a
successful ABOi paired exchange transplant. The recipient
received pre-transplant immunomodulation until an accept-
able isohemagglutinin titer <1:8 was reached before transplan-
tation. The patient was induced with anti-thymocyte globulin
and maintained on steroid-based triple immunosuppression.
Eighteen-month allograft function is excellent with an
estimated glomerular filtration rate (eGFR) of 83.53 ml/min/
1.73 m2. The patient did not develop de novo donor-specific
HLA antibodies or have any episodes of acute rejection
Conclusions This case highlights the safety and efficacy of
using paired exchange in combination with ABOi transplants
in pediatric kidney transplantation to optimize HLAmatching,
minimize wait times, and enhance allograft survival.

Introduction

While expedited kidney transplantation is the treatment of
choice for pediatric end-stage renal disease (ESRD), it has
become increasingly evident that most pediatric renal trans-
plant recipients need more than one kidney in their lifetime.
Thus, it is also optimal for them to received well HLA-
matched transplants to minimize long-term sensitization. Such
sensitization has been reported to make second transplants
difficult in these patients [1].

In the USA, children and adolescents with ESRD have
become increasingly dependent upon the use of deceased do-
nor organs [2]. There are more than 900 children between the
ages of 0 and 18 waiting for a renal transplant and the median
wait time is approximately 500 days [3]. This makes it chal-
lenging to identify timely yet well-matched transplants.
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One potential solution that has not been widely discussed
in pediatrics is to utilize ABO-incompatible (ABOi) living-
donor transplants, which has been used actively for almost 2
decades in Japan [4]. However, it has not gained comparable
popularity in most other parts of the world, including the USA
[5]. Additionally, the combined approach of ABOi transplan-
tation and paired donation has not been described in pediatric
transplantation. The UCLA Kidney Transplant Program
adopted a protocol for ABOi kidney transplantation in adults
in 2010 [6] and in children in 2011 to complement its existing
paired exchange program, which was established in 2007.
This report describes the first pediatric experience using ABOi
renal transplantation in combination with the paired exchange
program to enhance HLA matching and decrease transplant
wait times.

Case report

The patient was an African–American boy who had been a
candidate for a re-transplant at age 12, as his first allograft had
been lost because of chronic rejection at 8 years post-trans-
plantation. His calculated panel reactive antibody (cPRA)
was>90 %. The patient’s serum contained high titers of
donor-specific HLA antibodies to many deceased donors.
He had multiple willing potential living donors, but his sera
similarly contained strong donor-specific antibody (DSA)
against all that were tested. The patient had been active on
the deceased donor list and receiving dialysis for 24 months
when it was elected to search the US-wide National Kidney
Registry (NKR) database for a HLA-compatible allograft
against which the patient did not have anti-HLA class I or II
DSAs. The patient’s blood type was O and a blood type A
donor was identified with a 7/8 HLA match. The recipients
HLA typing was A2, 3; B13, 35; DR7, 13; DQ 2, 6. The
donor’s HLA typing was A2, 3; B13, 65; DR7, 13; DQ 2, 6.

It was arranged for the patient’s father to be a donor to the
identified exchange recipient.

After providing informed consent, the patient was treated
with a standardized protocol. Extensive pre-transplantation
laboratory work was carried out. A combination of rituximab
375 mg/m2 (Genentech Pharmaceuticals) and 2 g of IVIG
(Privigen−10 % liquid IVIg; CSL Behring) was administered
once 1 month before transplantation. As shown in Fig. 1, the
patient’s pre-transplant anti-A isohemagglutinin titer was
1:128 for immunoglobulin M (IgM), and 1:16 for immuno-
globulin G (IgG). Plasmapheresis was performed, beginning
1 week before transplantation. Pre-transplantation
isohemagglutinin titers were assessed during therapy, and ad-
justments in the plasmapheresis schedule and number of treat-
ments was made to obtain an isohemagglutinin IgG titer of≤
1:8 on the day of transplantation. The patient received one
plasma volume exchangewith 50%/50% saline/5% albumin.
The patient received six sessions of pre-transplant plasmaphe-
resis to bring his titer up to 1:8 on the day of transplant. He
underwent successful transplantation.

Combination treatment with tacrolimus and mycopheno-
late mofetil was started 1 week before transplantation. While
on dialysis, the patient was given standard vaccines including
protection against the encapsulated organisms (Neisseria,
Streptococcus, and Hib) in the event that post-transplantation
splenectomy and/or anti-C5 monoclonal antibody
(eculizumab, Alexion Pharmaceuticals) were deemed neces-
sary to salvage potentially worsening renal function and re-
fractory antibody-mediated rejection (AMR).

Immediately before transplantation and after his final pre-
transplant plasmapheresis, the patient received a combination
of methylprednisolone (10 mg/kg) and anti-thymocyte globu-
lin (1.5 mg/kg) induction. Methylprednisolone (0.5 mg/kg)
was administered on postoperative day (POD) 1 and contin-
ued for at least a week before further weaning. Prednisolone
was tapered to a dose of 0.1 mg/kg/day during the first 8 to

Fig. 1 a, b Immunoglobulin G
(IgG) and immunoglobulin M
(IgM) isoagglutinin titers pre- and
post-transplantation respectively.
Tx day of renal transplant.
Plasmapheresis carried out on
pre-transplantation day 4, day 3,
and day 2
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12 weeks. Treatment with tacrolimus/mycophenolate was
restarted on POD 2. A tacrolimus level of 10 ng/ml was
targeted for the first 3 months, with levels of 6–8 ng/ml sub-
sequently. Mycophenolate mofetil dosing was 600 mg/m2 /
dose given twice daily and weaned to 450 mg/m2/dose twice
daily once therapeutic tacrolimus levels were achieved.

The graft functioned immediately without any immediate
episodes of antibody-mediated rejection (AMR).
Isohemagglutinin titers were determined by using the standard
tube method [7]. Post-transplant plasmapheresis was per-
formed to keep the titer at 1:8 or less in the first post-
transplant week and at 1:16 or less in the second week and
beyond. Measurement of titers was performed each morning,
daily during the post-transplantation period while hospital-
ized, and at each outpatient visit during the first month post-
transplantation, and monthly thereafter. As the patient’s titers
never increased above 1:8, he did not require post-
transplantation plasmapheresis, splenectomy, or eculizumab.
The patient was monitored for infection with monthly cyto-
megalovirus (CMV), Epstein–Barr virus (EBV) and BK viral
polymerase chain reactions, and there was no increase in the
incidence of infections or viremia.

The patient was seen twice weekly for the first 4 weeks,
once weekly for the next 8 weeks, and every 2 weeks there-
after up to 6 months. Anti-HLA class I and II DSAs were
monitored weekly for the 1st month and every month thereaf-
ter for the 1st year using the Luminex assay. Protocol biopsies
were performed at 6 months and 1 year. There were no epi-
sodes of biopsy-proven AMR or acute cellular rejection
(ACR) defined by the Banff criteria. Additionally, there was
no development of HLA DSAs and no elevation in
isohemagglutinin titers. The estimated glomerular filtration
rate (eGFR) as calculated using the Schwartz equation at
1 year post-transplantation was 83.53 ml/min/1.73 m2.

Discussion

Our patient with>90 % cPRA is particularly instructive. The
patient waited in the NKR for 10 months before receiving his
5/6 HLA-compatible cross-match-negative kidney, which was
blood type A, through the paired exchange program, whereas
he had beenwaiting on the deceased donor list for 2 years. The
resulting transplant course was very stable. The NKR has
facilitated over 1,000 exchanges so far [8]. The use of ABOi
transplantation to obviate the effect of HLA antibodies was
suggested by Montgomery et al., who utilized HLA-identical
ABOi sibling donors for ultra-highly sensitized recipients [9].
In addition, it has been shown recently that the use of ABOi-
matching significantly enhances the transplant rates in paired
kidney donation and the use of a non-related ABOi donor
identified through a paired donation algorithm to achieve
HLA compatibility has recently been reported in a highly

sensitized adult [10, 11]. To the best of our knowledge, our
case is the first case of ABOi and paired exchange being used
to overcome HLA incompatibility in pediatrics. It should be
noted that the patient was particularly well matched, especial-
ly for class II antigens (HLA DR and DQ). Multiple studies
have shown that class II DSAs, specifically against HLA-DQ
specificities, occur more commonly than HLA-DR antibodies
and are highly associated with AMR and allograft failure [1,
12, 13]. By contrast, late AMR from anti-A or -B
isohemagglutinin is unusual after post-transplant weeks 2–3.
Thus, ABOi, in addition to paired exchange, can minimize the
development of DSA and AMR.

Another interesting phenomenon is illustrated by the find-
ing of C4d positivity on the 6-month protocol biopsy in our
patient. As a general rule, AMR from preformed
isohemagglutinins is only seen in the first 2–3 weeks after
transplant and this is why plasmapheresis is employed when-
ever the titers rise. After this 2- to 3-week period, there exists a
phenomenon that has been referred to as Baccommodation,^
where circulating anti-donor antibody is present without evi-
dence of allograft injury [14, 15]. The presence of C4d depo-
sition in the peritubular capillaries without histological evi-
dence of inflammation in the 6-month protocol biopsy of our
patient, suggests that the endothelial cells of the graft might
have Baccommodated^ to the patient’s microenvironment.

Although ABOi transplantation may be associated with
increased perioperative bleeding and infections, the experi-
ence detailed in this report highlights that ABOi pediatric
kidney transplantation can be safe and efficacious with a sim-
plified pre-conditioning regimen. However, more experience
is needed to better delineate this. More importantly, ABOi
transplantation can yield options that both shorten waiting
times and provide a novel approach to transplanting the
ultra-highly sensitized patient, particularly when combined
with the use of paired kidney exchange programs. Currently,
there is a shortage of organs, with prolonged waiting times,
especially for sensitized adults and children. Although the
number of patients waiting for a kidney transplant continues
to increase, the number of deceased organ donors has
remained relatively static for the last 6 years [3]. It is in this
context that the consideration of ABOi transplantation with
the paired exchange program may provide increased benefits.

Funding Casey Lee Ball Foundation.
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