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�� INTRODUCTION

Kidney transplantation is the treatment modality of chronic kidney 
disease G5D of Kidney Disease Improving Global Outcomes most asso-
ciated with better survival rate and quality of life.1 The mean time on 
the waiting list for an available organ in Portugal is about five years 
and is growing every year. Given the shortage of deceased donors, 
efforts have been made to expand the living donor pool.2

The shortage of available organs for transplantation and the excel-
lent long -term results further establish ABOi as a safe and effective 
therapeutic strategy for the management of end -stage renal disease 
patients.3,4

ABOi kidney transplantation is complex as the non -removal of 
isoagglutinins in the recipient’s circulation can result in early acute 
rejection by ABO antibodies.2,4 In the literature, acute antibody-
-mediated rejection rates have been reported between 10% and 50%. 
With the introduction of new therapies, the ABO barrier for kidney 
transplantation has been breached.5 -7 Studies have also shown a high 
mortality rate in the incompatible ABO group mainly due to the 
increased risk of infections.8

Nevertheless, data from Japan demonstrating successful long -term 
results of ABOi kidney transplantation combined with subsequent 
successful results from ABOi desensitization protocols in the United 
States have restored interest in this procedure.9,10 Nowadays, graft 
survival of ABOi kidney transplantation recipients matches those of 
ABO compatible recipients.6

In 2014 Oporto Hospital University Center started the ABOi kidney 
transplantation, using the recipient preconditioning protocols that 
had been used successfully in other European centers. In Portugal, 
the Oporto Hospital University Center is a pioneer in this type of 
transplant and the results of mismatched ABO donor/ recipient kidney 
transplants have not yet been reported.

�� MATERIAL AND METHODS

The authors present a single center retrospective observational study 
that included descriptive analysis of all patients undergoing ABOi living 
donor kidney transplantation in Portugal between 1 November 2014 and 
31 July 2019. A total of 12 patients were transplanted. All these patients 
were admitted to the hospital 1 week before kidney transplant. 
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Desensitization protocol consisted of intravenous Rituximab 375mg/m2 
single dose administration 2 weeks pretransplant. Tacrolimus (0.15mg/
Kg/day) and Mycophenolate Mofetil (1g 12/12h) were started before 
transplantation one week and 48 hours respectively. The patients were 
admitted for isoagglutinin removal by plasmapheresis therapy. Before 
transplant, plasmapheresis was performed every other day (one plasma 
volume exchanged with 5% albumin) followed by 100mg/Kg of intravenous 
immunoglobulin. The final pretransplant and all post -transplant plasma-
pheresis sessions were performed with donor blood type fresh frozen 
plasma. The number of pretransplant plasmapheresis sessions was deter-
mined by the baseline of isoagglutinin IgG titer Isoagglutinin IgG titer was 
monitored on a daily basis and transplantation was performed once the 
titer reached ≤1:8. Intraoperatively, Methylprednisolone (500mg) and 
Basiliximab (20mg) were given as induction. Another dose of Basiliximab 
was repeated on the fourth postoperative day (POD). On the fifth POD, 
intravenous Methylprednisolone was slowly tapered to oral Prednisolone 
20mg/day. Target Tacrolimus trough level was 8 -10ng/mL.

Patient follow -up and the isoagglutinin titer measurement were 
performed twice weekly for the first month, weekly in the second and 
third month and monthly thereafter in the first year. During every 
visit, renal function tests including serum creatinine and hemogram 
were monitored. Human leukocyte antigen (HLA) antibodies and cross-
matches were determined in accordance with the guidelines of the 
European Federation for Immunogenetics. Tacrolimus trough level 
target was 8 -10ng/mL during first three months, 7 -8ng/mL from 3 to 
6 months, and 5 -7ng/mL thereafter. Prednisolone was tapered to 10mg 
by the end of 3 months and 5mg by the end of 6 months. Mycophe-
nolate Mofetil was tapered to 500mg twice daily by 3 months.

Statistical data analysis was performed with SPSS® software (ver-
sion 24). Continuous variables were described with median presenta-
tion (IQR 25 and IQR 75).

�� RESULTS

A total of 12 patients were included for the final analysis. The 
median follow -up period was 17 months (IQR 7 -36). The characteristics 
of the ABOi kidney transplantation recipients and donors are sum-
marized in Table 1 and 2, respectively. Short and long -terms outcomes 
are described in Table 3.

Median serum creatinine at this discharge, first month, first year 
and last evaluation was 1.48 (1.27 -1.64), 1.40 (1.22 -1.56), 1.58 (1.34-
-1.91), 1.59 (1.12 -1.91) mg/dL, respectively. Delayed graft function 
occurred in 2 patients who recovered with normalized serum creatinine 
at discharge.

There were 2 patients (17%) of biopsy -proven acute rejection (AR). 
One of the patients developed one episode of T cell mediated rejec-
tion (TCMR) Banff 2B that occurred in the immediate post -transplant 
period. It was successfully treatment with anti -thymocyte globulin 
(ATG) and Methylprednisolone. Within a month, the same patient 
was readmitted with acute graft disfunction, in the context of biopsy-
-proven Acute Antibody Mediated Rejection (AAMR). Isoagglutinin 
IgG titers were persistently <1:8 and there were no detectable donor 
specific antibodies. He was successfully treated with plasmapheresis, 

immunoglobulin intravenous, Rituximab and corticotherapy. At 12 
months after kidney transplantation, the patient underwent protocol 
biopsy. Histological findings were consistent with transplant glomeru-
lopathy. Serum creatinine at the time was 2.00mg/dL. The second 
patient evolved with delayed graft function 15th POD in the context 
of an AAMR. Isogglutinin IgG titer measurement was performed daily 
during the hospital stay and it was persistently <1:8 and there were 

Table 1

Baseline characteristics of ABO-incompatible recipients

Variable Value (n=12)
Recipient age (years) 43 (31 -50)
Donor age (years) 48 (41 -49)
Recipients gender, n (%)
 Male
 Female

9 (75%)
3 (25%)

Arterial hypertension, n (%)
Diabetes mellitus, n (%)

10 (83%)
2 (17%)

Causes of ESRD, n (%)
 Glomerulopathies
 Chronic interstitial nephritis
 Polycystic kidney disease
 Undetermined

6 (50%)
2 (17%)
1 (8%)

3 (25%)
Dialysis vintage (months) 19 (9 -37)
Preemptive transplant, n (%)
Hemodialysis, n (%)
Peritoneal dialysis, n (%)

2 (17%)
9 (75%)
1 (8%)

Blood group incompatibility, n (%)
 B -O
 A -O
 B -A
 AB -A

3 (25%)
4 (33%)
3 (25%)
2 (17%)

HLA mismatch (median [max -min]) 4 [1 -7]
Antibody IgG titer (median [max -min])
 Baseline
 D0 POD
 D14 POD

1:80 [512 -8]
1:4 [8 -2]

1:6 [32 -2]
Transplant vintage (months) 26 (15 -38)

ESRD – End Stage renal Disease; HLA – Human Leucocyte Antigen; D – day of transplant; POD – post-
operative day

Table 2

General donor characteristics

Variable Value (n=12)
Donor gender, n (%)
Male
Female

10 (83%)
2 (17%)

Age (years) 48 (41 -49)
Donor blood group, n (%)
A
B
AB
O

4 (33%)
6 (50%)
2 (17%)
0 (0%)

eGFR MDRD pre -donation (mL/min/1.73m2) 95 (89 -118)

eGFR – estimated Glomerular Filtration Rate; MDRD equation – Modification of Diet in Renal Disease
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no detectable donor specific antibodies. After treatment with plas-
mapheresis and corticoid he had a favorable outcome.

One patient with increasing levels of antibodies had stable renal 
function and protocol was maintained until the patient had a ratio 
less than 1:16 in the third week. This patient had no complications 
during follow -up.

Ten patients (83%) developed mild leucopenia (2900 -3000/uL) and 
8 (66%) moderate to severe anemia (6 -8g/dL). Six patients (50%) 
needed blood cell transfusion.

Five patients (42%) developed infectious complications during the 
follow -up. Two (17%) developed pneumonia and other 2 (17%) had 
graft pyelonephritis with acute kidney injury. One patient (8%) was 
diagnosed with gastroenteritis. None of the patients developed cyto-
megalovirus or BK polyomavirus infections.

At the end of follow -up time, graft and patient survival were 100%.

�� DISCUSSION AND CONCLUSION

Especially in countries with long waiting lists for patients on main-
tenance dialysis, ABOi kidney transplantation constitutes an attractive 
alternative therapeutic option.1,11 During the last decade, the expan-
sion of new, safe and potent immunosuppressors have enabled us to 
perform ABOi kidney transplantation in many centers worldwide.11

Patient survival was 100% in the current study. It was 98% in the 
study by Tyden et al. and 100% in the study by Flint et al. and Lipshutz 
et al.3,4,12 In a Korean study, Shin et al reported survival rates of 
patients at 1 and 3 years of 97% and 96% respectively.13

Death censored graft survival of ABOi transplant group in our study 
was comparable to that mentioned in other centers across the world. 
Tyden et al., Flint et al. and Pankhurst et al. reported a graft survival 
of 97%, 100% and 90%, respectively.3,12,14

Although the outcomes of ABOi kidney transplantation recipients 
are quite favorable, these patients are at increased risk of early 
antibody -mediated rejection and graft loss. In this study the authors 
report 3 episodes of AR (25%) in 2 patients. Two of these acute rejec-
tions were antibody mediated. Opelz et al. present a similar result of 
16%. 6 On the other hand, Lipshutz et al. and Uchida et al. reported 
biopsy -proven acute rejection of 11% and 32%, respectively.4,9 Most 
of the studies have reported 5% to 33% incidence of antibody-mediated 
rejection in ABOi recipients.5,7 In our study, two ABOi recipients devel-
oped one episode of antibody-mediated rejection each (17%). Only 
one developed TCMR (8%). A local available commercial kit for HLA 
antibodies and non -HLA antigens was employed in both patients and 
none tested positive. However, recent findings opened up a new pros-
pect in this field; the genomic collision may be a relevant underlying 
mechanism to consider in such cases.15

Infection rate was 42% in the present study. Hwang et al. also reported 
high rate of infection complications in ABOi kidney transplantation recipi-
ents (66%).5 Infection has been reported as the most common cause of 
death in previous studies. This appears to be because of the increased 
intensity of induction protocols and the subsequent immunosuppression 
needed for maintenance and to prevent graft rejection.8,11,16

Improved immunosuppression has significantly reduced the 
allograft rejection rate, although it can increase susceptibility to oppor-
tunistic infections. In this study of ABOi kidney transplantation recipi-
ents, the authors found low risks of infectious complications with 
excellent patient and renal graft survival. However, the small sample 
size and the short follow -up period are important limitations of this 
study and conclusions have to be drawn with precaution.

In conclusion, ABOi kidney transplantation has become a routine 
procedure. By this approach, about 30% of living donors who were 
refused in the past can now donate their kidneys and thereby signifi-
cantly expand the living donor pool.2 ABOi kidney transplantation 
provides an additional option for transplant with excellent results.

Disclosure of potential conflicts of interest: none declared

Table 3

Short and long -term outcomes

Patient
Before -KT Titer Ig

(IgG; IgM)
After -KT Ig Titer (IgG; IgM) Plasmapheresis (nº) Acute  

Rejection
Serum Creatinine (mg/dL)

D0 D7 D14 Before -KT After -KT Discharge 1 month 1 year Last evaluation
1 1/128; 1/16 1:8; <1:2 1:32; <1:2 1:8; <1:2 7 9 No 1.06 1.07 1.22 1.06
2 1/16; 1/4 1:2; <1:2 <1:2; <1:2 1:4; <1:2 1 0 No 1.27 1.31 1.32 1.12
3 1/32; 1/8 1:4; <1:2 1:8; <1:2 1:4; <1:2 3 3 No 1.67 1.24 1.95 2.01
4 1/8; 1/2 1:8; 1:2 1:8; <1:2 1:8; <1:2 0 0 Yes 1.14 1.16 1.15 1.11
5 1/128; 1/16 1:4; 1:2 1:32; 1:2 1:16; 1:2 4 8 No 1.63 1.48 1.41 1.55
6 1/8; 1/2 1:8; 1:2 <1:2; <1:2 1:2; 1:2 0 0 No 1.71 1.41 1.80 1.86
7 1/256; 1/16 1:4; 1:2 1/4; <1:2 1:4; <1:2 5 2 No 1.86 2.43 2.03 1.62
8 1/512; 1/16 1:4; 1:2 1/16; <1:2 1:8; 1:2 7 8 Yes 1.52 1.51 1.52 1.50
9 1/128; 1/8 1:8; 1:2 1/16; <1:2 1:32; <1:2 4 6 No 1.59 1.72 1.64 1.96

10 1/128; 1/32 1:8; 1:2 1/16; 1:2 1:8; <1:2 3 3 No 1.38 1.38 2.64 2.91
11 1/16; 1/4 1:2; <1:2 <1:2; <1:2 1:2; 1:2 1 0 No 0.72 0.79 0.99 0.79
12 1/32; 1/8 1:4; <1:2 1:8; <1:2 1:4; <1:2 2 0 No 1.43 1.88 0.99 1.90

KT – Kidney Transplant; D – day of transplant
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