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Introduction

In the past, adult ABO incompatible living donor liver transplan-

tation (ABO-I LDLT) had poor graft survival and low patient sur-

vival due to hyperacute rejection and a high risk of vascular biliary 

complication, and it was considered a contraindication.1-4 Suscep-

tibility to rejection, including severe hepatic necrosis and diffuse 

intravascular coagulation disorder within the graft, appears to be 

due to the blood group antigen expressed in the vascular endo-

thelium and bile ducts after transplantation.5,6 Various desensiti-

zation strategies have been introduced to overcome the barrier of 

ABO incompatibility.7-9 However, desensitization protocols differ 

at each center, and the necessity of local infusion, splenectomy, 

intravenous immunoglobulin (IVIG), and plasmapheresis is contro-

versial. After the rituximab era, the outcome of ABO-I LDLT has 

been reported in many studies to be comparable to ABO compati-

ble living donor liver transplantation (ABO-C LDLT).10-13 Many cen-

ters are now trying to simplify protocols.14-20 We review the past 

and current immune strategies for desensitization and to provide 

outcomes and ABO incompatibility-related complications in ABO-I 

LDLT.

History 

Thomas Starzl introduced liver transplantation (LT) for the ABO 

blood group in 1969. In addition, Thomas Starzl proposed the 

“liver is privileged organ” concept since the liver in contrast to 
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heart or kidney transplantations, resists acute rejection in animal 

experimental studies.9 Therefore, Starzl’s group only reported 11 

ABO-I pediatric LT cases in 1979 because of the difficulty of find-

ing compatible small grafts. However, they had shown no evi-

dence of acute rejection in those patients.21

In the 1980s and in the early 1990s, ABO incompatible liver 

transplantation (ABO-I LT) had extremely poor surgical outcomes; 

severe rejection, hepatic artery thrombosis and intrahepatic bile 

duct injury were common. Demetris et al. reported a pathological 

feature, ‘single organ disseminated intravascular coagulation 

(DIC)’ in a failed ABO-I liver graft.1 In a control matched study 

that included 15 ABO-I LT, Sanchez-Urdazpal et al. confirmed in-

creased incidence of cholangitis, bile leak, cellular rejection, and 

hepatic artery thrombosis in the ABO-I group.22 To overcome 

ABO-incompatibility complications, high dose immunosuppres-

sion, splenectomy and plasmapheresis were implemented, but 

these had little effect on the poor outcomes and increased the 

occurrence of complications, including infection and sepsis.2,3

Desensitization management

Plasmapheresis or total plasma exchange

Anti-ABO antibodies are thought to cause antibody mediated 

rejection (AMR) in ABO-I LT. It has been reported that hepatic ne-

crosis and intrahepatic biliary complications in ABO-I LDLT are 

closely related to high perioperative anti-A or anti-B antibody ti-

ters.6 Plasmapheresis has been reported as rapidly reducing anti-

blood type isoagglutinin titers for ABO-I LDLT.23 Therefore, plas-

mapheresis has been applied prior to LT in order to reduce anti-

blood antibodies to levels considered safe enough to improve the 

outcomes of ABO-I LDLT. However, it has also been reported that 

even if antibody titers are reduced by plasmapheresis prior to 

ABO-I LDLT, isoagglutinin titers can rise again within 3–7 days af-

ter operation. Although plasmapheresis is able to remove anti-

bodies from the peripheral blood prior to ABO-I LT, plasmaphere-

sis cannot suppress the production of new antibodies from the 

preexisting plasma cells. For this reason, repetitive plasmapheresis 

has been considered an efficient therapeutic method in patients 

with a rise in isoagglutinin titers after ABO-I LDLT.16 It has been 

previously reported that the target of pre-transplant antibody 

ABO-titer values following plasmapheresis were less than 1:8, 

1:16, 1:32 or 1:64 to prevent posttransplant AMR.14 The target ti-

ter differs markedly by center and a standard target titer has not 

yet been established.

Splenectomy

Splenectomy has been an important part of the protocol for 

ABO-I LDLT at many centers because the spleen is the body’s ma-

jor antibody producing organ, and contains large amounts of B 

cells and plasma cells. It also fulfils particular functions in blood 

filtration, phagocytosis, erythrocyte destruction, antigen uptake 

and potential hemopoiesis. Splenectomy in ABO-I LDLT carries 

risks for severe post-transplant infection and portal vein thrombo-

sis, pancreatic fistula, and sepsis.20 In addition, splenectomy is 

time-consuming and can cause massive bleeding as a result of 

splenomegaly in patients with severe liver cirrhosis.19 However, 

several studies have reported that splenectomy had not decreased 

the incidence of AMR.13,19 Raut et al. had found no statistically 

significant difference in anti-ABO immunoglobulin M (IgM) and 

immunoglobulin G (IgG) antibody titers between splenectomy and 

non-splenectomy groups.20 Therefore, the omission of splenecto-

my in ABO-I LDLT has recently emerged with the prophylactic use 

of rituximab. 

IVIG

The mechanism of action of IVIG is complex and not completely 

understood. It has been proposed to include the blocking of Fc 

receptors to non-nuclear cells, direct antibody neutralization, sup-

pression of CD19 presentation to activated B cells, suppression of 

complements, and suppression of all porous T cells.17-19 Several 

previous studies have reported on the effectiveness of additional 

IVIG for preventing AMR. Kim et al. had reported that the combi-

nation of rituximab, plasmapheresis, and IVIG had excellent re-

sults.15 However, a Japanese study had reported that AMR inci-

dence does not significantly differ between desensitization 

regimens with or without IVIG.24

Local graft infusion therapy

Local infusion therapy was reported in 1998, and involved 

methylprednisolone, prostaglandin E1, and gabexate mesilate ad-

ministered via a catheter through the portal vein.25 This regimen 

increased survival from 22% to 60%.26 The theoretical basis of 

these local infusion agents is that they inhibit different key reac-

tions in single-organ disseminated intravascular coagulation trig-

gered by preformed antibodies against the donor antigen. Prosta-
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glandin E1 improves microcirculation through vasodilatation and 

the prevention of platelet thrombi.27 Gabexate mesilate is a prote-

ase inhibitor that inhibits platelet aggregation and coagulation 

factors.26 Meanwhile, hepatic artery infusion therapy was intro-

duced to avoid portal vein thrombosis by portal vein infusion ther-

apy.28 However, catheter-related complications, including vascular 

thrombosis, infection, bleeding, and dislocation, have been re-

ported in 37% of patients undergoing portal vein infusion thera-

py, 22% of patients undergoing portal vein and hepatic artery in-

fusion therapy, and 16% of patients underoing hepatic artery 

infusion therapy.8 These complications can be life-threatening. 

Kim et al. showed no difference in liver function tests between 

patients undergoing local infusion therapy and systemic infusion, 

respectively.10 Song et al. also reported that there were no signifi-

cant differences in the incidence of AMR and patient survival be-

tween a “Local infusion group” and a “non-Local infusion group” 

after maintaining the pre-transplant ABO antibody titer within a 

limited range using plasmapheresis.13 

Rituximab

Rituximab is a monoclonal chimeric human-murine anti-CD20 

antibody that depletes B cells by complement-dependent cellular 

cytotoxicity.8,29 It depletes CD20-positive B cells from circulation 

and lymphoid tissues including the spleen.8,29 Thus, rituximab acts 

as a form of chemical splenectomy. Several previous studies have 

shown that rituximab’s effect on B cells in peripheral blood lasts 

for several months, removing cells within 48–72 hours.24,29,30 

Moreover, most data show that a single dose of rituximab is suffi-

cient for suppressing B cells in the peripheral blood. The number 

of B cells in peripheral blood decreased in three days after a single 

dose of rituximab (375 mg/m2), and the number of cells in the pe-

ripheral blood were completely eliminated after more than three 

weeks.31 Regular and multiple rituximab doses increased the inci-

dence of fungi and cytomegalovirus infections.13 Therefore, re-

peated administration of rituximab may be unnecessary and may 

increase the risk of serious infection due to long-term hypoglyce-

mia. Currently, most centers administer a single dose of rituximab 

(300 or 375 mg/m2), two weeks before surgery.

When the outcomes of ABO-I LDLT are divided into before and 

after the rituximab era, a Japanese nationwide survey revealed 

that the 3-year survival rates increased from 30% to 80% after 

the introduction of rituximab.8 In a study that included 381 adult 

patients in the Japanese registry of ABO-I LDLT, only the absence 

of rituximab prophylaxis was a significant risk factor for AMR. 

Thus, rituximab prophylaxis significantly decreased the incidence 

of AMR. In that study, the incidence of AMR decreased from 

23.5% to 6.2% after the introduction of rituximab.24 Since the 

rituximab era, many centers are now trying to simplify the proto-

col, and avoid splenectomy, local graft infusion, IVIG, and plas-

mapheresis.14-20

Desensitization trials without plasmapheresis

The role of preoperative ABO antibody titer in rejection of ABO-I 

LDLT has not yet been established. Several studies have shown no 

significant correlation between ABO antibody titer and AMR, in-

dicating that high preoperative antibody values have no signifi-

cant effect on AMR frequency.8,32 Another study suggested that 

sufficient desensitization could be achieved using rituximab 

alone.16 In addition, another study included a simplified protocol 

using rituximab and IVIG without plasmapheresis for ABO-I LDLT. 

The study reported that the protocol was safe and effective in 

achieving sufficient desensitization and showed comparable out-

comes in patients with titers no higher than 1:64.15 The incidence 

of diffuse intrahepatic biliary complications (DIHC) was 3–5%.11-13 

Considering intraoperative blood loss was much during ABO-I 

LDLT and very low incidence of DIHC, desensitization protocol 

without preoperative plasmapheresis required more search for 

validation.

Outcomes

Hyperacute rejection has not been reported in most studies 

since the use of rituximab. Kim et al. reported 100% patient and 

graft survivals and no AMR in 22 ABO-I LDLT patients with titers 

adjusted below 1:32 by total plasma exchange.10 They reported 

five biliary complication cases. Song et al. also reported that pa-

tient survival, graft survival, and biopsy proven acute rejection 

were not significantly different between ABO-I LDLT and ABO-C 

LDLT.11 They showed that diffuse intrahepatic bile duct complica-

tions were observed in 12 cases in the ABO-I LDLT group. A re-

cent study showed that 47 ABO-I LDLT patients who were com-

pared to a 1:2 matched 94 ABO-C LDLT group did not show 

significant differences in survival and acute rejection, as well as 

biliary complications.12 However, three DIHC cases occurred in the 

ABO-I LDLT patients and progressed to graft failure. 

It is not known whether rituximab prophylaxis for desensitiza-

tion affects hepatocellular carcinoma (HCC) recurrence in ABO-I 
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LDLT. Kim et al.33 reported that ABO incompatibility was not asso-

ciated with HCC recurrence. The 1-, 2-, and 3-year disease-free 

survival rates in ABO-I LDLT and ABO-C LDLT groups were 90.3%, 

79.7%, and 73.3% and 86.7%, 79.0%, and 75.3%, respectively 

(P=0.96).33 The overall patient survival rates for the same period 

in the ABO-I LDLT and ABO-C LDLT groups were 90.6%, 85.0%, 

and 81.9% and 88.0%, 83.5%, and 82.5%, respectively 

(P=0.77).33 They had shown that AFP, tumor size, encapsulation 

and microcirculation invasion were associated with HCC recur-

rence except in ABO-incompatibility. Propensity score match study 

had shown comparable recurrence-free survival rates and overall 

patient-survival outcomes between ABO-I LDLT and ABO-C LDLT 

groups.34

Complications

Egawa et al. reported two types of graft failure in ABO-I LDLT.6 

The first, ‘liver necrosis’ occurred acutely 1–2 weeks after trans-

plantation, leading to massive graft necrosis within a month. The 

second, ‘intrahepatic bile duct injury’ presented more slowly 2–3 

months after transplantation, with development of extensive ir-

regularities of the intrahepatic bile duct, resulting in graft failure. 

These reactions were not observed in children <1 year of age, 

whose ability to produce antibodies against blood group antigens 

had not yet been established. The 5-year survival rate of recipi-

ents younger than 1 year (infants) and 16 years or older (adults) 

was reported as 76% and 22%, respectively. Because of poor 

survival outcomes and high incidence of complications, ABO-I 

LDLT became unpopular and was reserved for emergency trans-

plant surgery only.35,36

Diffuse intrahepatic bile duct complications were significantly 

higher in ABO-I LDLT than in ABO-C LDLT. Because the targets of 

isoagglutinin are the bile duct’s epithelium and vascular endothe-

lium of the graft, microvascular thrombotic occlusion of graft bile 

duct can occur, which causes ischemic cholangiopathy. Although 

the fulminant hepatic necrosis caused by severe AMR in ABO-I 

LDLT has been overcome since the introduction of rituximab, the 

risk of attenuated AMR still remains.11 Attenuated AMR can cause 

DIHC. Unlike fulminant necrosis, DIHC is not always fatal. Howev-

er, DIHC eventually leads to refractory cholangitis, which leads to 

sepsis and graft failure. In most cases, DIHC cannot be treated by 

conventional biliary interventions. The only proven effective treat-

ment is re-transplantation. In addition, DIHC degrades the quality 

of patient life due to frequent recurrent episodes of cholangitis 

and the need for intervention and readmission.11

Conclusion

In conclusion, ABO-I LDLT is a very effective and safe method 

for extending a raw pool of liver donors. Survival outcomes are 

now comparable with rituximab prophylaxis and plasmapheresis. 

However, there is still concern about the high incidence of biliary 

complication especially DIHC, an intractable form of biliary steno-

sis that can occur regardless of the isoagglutinin titer. Therefore, 

we need to closely follow the patient course over several months 

after ABO-I LDLT even in patients with very low isoagglutinin ti-

ters after ABO-I LDLT. In the future, we need to identify certain 

risks and precautions through studies involving immunology and 

adaptive mechanisms in ABO-I LDLT.  
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