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Abstract ABO incompatibility is the commonest reason for
rejection of donors in living donor liver transplantation
(LDLT). The donor pool could be expanded by 25 % to
35 % if the ABO barrier is overcome. In the absence of pre-
conditioning, transplantation across the blood groups is
fraught with the almost universal risk of antibody-mediated
rejection (AMR) that rapidly leads to graft loss. However,
AMR can be prevented by removal of preformed antibodies
and reducing their production by B cells. We describe our
initial experience of three cases of ABO-incompatible (ABO-
i) LDLT: a 42-year-old male, an 8-month-old male and a 28-
month-old female, all of blood group O+ who received blood
group B + right lobe, B + left lateral segment, and A + left
lateral segment liver grafts, respectively. Pre-LDLT
conditioning included administration of anti-CD20 antibody
(Rituximab®) to the adult 4 weeks prior, and four to seven
sessions of double-filtration plasmapheresis to all, to remove
preformed antibodies and achieve anti-donor blood group
antibody (ADA) titers of ≤1:16 IgG and ≤1:8 IgM,
respectively. In addition, cases 1 and 3 received
mycophenolate mofetil for 7 days prior to LDLT. After
LDLT, all three patients achieved normal graft function over
8–17 days with no evidence of AMR and without the need for
further plasmapheresis. Postoperative complications included
portal vein thrombosis (one successfully re-explored), CMV
(one), Pseudomonas and Klebsiella sepsis (one each), and
abdominal collection (one treated with percutaneous drainage).

All are currently well with normal graft function and low
ADA titers at 8, 16, and 19 months after ABO-i LDLT.
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Introduction

While living donor liver transplantation (LDLT) is an
established alternative to deceased donor grafts, there are
inherent limitations to its universal applicability to all potential
recipients. Most centers including ours require donors to be
close relatives under 55 years [1]. The commonest reason for
screened potential donor rejection is ABO-incompatibility
(ABO-i) [2]. It is estimated that nearly 25% to 35% additional
transplants would be possible if the ABO barrier could be
overcome [3]. Swap transplantation and ABO-incompatible
liver transplantation (ABO-i LT) are two ways this can be
done.

ABO-i LT was first described by Starzl et al. in 1969 [4].
Antibody-mediated rejection—the bane of these transplants—
can be avoided by removal of preformed antibodies and
reducing their production by B cells. Depending on the center
and era, this has been done with various combinations of
plasma exchange [5], anti-CD 20 monoclonal antibody [6],
intravenous immunoglobulin before and after the transplant,
splenectomy [7], portal venous and/or hepatic arterial infusion
of prostaglandins, gammaxylae mescelte (a protease inhibitor
which inhibits platelet aggregation) [8], high dose post-
transplant immunosuppression, and post-transplant plasma
exchange. Most of the current protocols have been simplified
with plasma exchange (always) and preoperative anti-CD 20
antibody (usually) being a part of the protocol.

We launched our swap and ABO-i LT programs 4 and
1.5 years ago, respectively. Majority of those with group A/
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B mismatch was enrolled into our swap program whereas
those with non-O to O mismatch were offered ABO-i LT.
We describe our initial experience of the first three cases of
ABO-i LT.

Methods

During January 2012 to December 2012, 478 patients were
evaluated for liver transplantation. Of these, 213 were found
to have suitable donors and underwent LDLT with their own
blood group-matched donors. Fifty-six had willing but ABO-
incompatible donors. Based on experience of other centers
[9–13], an age-based protocol was evolved for ABO-i LT,
which is outlined in Table 1.

In addition to the standard counseling prior to LDLT [1], all
patients, donors, and their families were counseled in detail
about the nature and potential adverse of the pre- and post-
transplant treatments detailed in Table 1, as well as the higher
risk of antibody-mediated rejection, hepatic arterial
thrombosis, biliary complications and graft failure after
transplant. An informed consent was then obtained. Standard
piggyback LDLTs were performed [14]. The three patients
underwent a left lateral sector, a reduced left lateral sector, and
a modified right lobe graft, respectively, as per previously
described techniques [1].

Immunosuppression

Our standard immunosuppression included a triple drug
regimen with tacrolimus, mycophenolate mofetil (MMF),
and steroids. The latter were withdrawn at 3 months. Peri-
transplant treatment protocol for ABO-i LDLT included pre-
transplant rituximab, MMF and plasmapheresis (PP), and
post-transplant intravenous immunoglobulin (IVIG) (see
Table 1). The adult patient received 100 mg rituximab 28 days
prior to the provisional date of LDLT. We confirmed
elimination of B cells from circulation by demonstrating the
reduction of absolute CD-19+ lymphocyte count to 0–5 cells/
mm3 in blood. Oral MMF 500 mg/twice a day was started
7 days prior to LDLT. PP was performed with blood group AB

plasma depending upon anti-ABO antibody titers before
transplantation to reduce anti-donor blood group antibody
(ADA) IgG and IgM titers to 1:16 or 1:8 or less, respectively.
Tacrolimus trough level was maintained higher than usual,
between 10 and 15 ng/mL in the first 2 weeks, 7–10 ng/mL
between 2 and 12 weeks, and 5–7 ng/mL until 6 months.
Prednisolone was given at a dose of 2 mg/kg for 1 week, then
at 1 mg/kg for 2 weeks, then gradually tapered to 0.5 mg/kg by
the fourth week and stopped after 3 months (Table 2).

Summary of cases

Case-1: This patient was a 42-year-old male with blood group
O+. He was diagnosed with ethanol-related decompensated
chronic liver disease with ascites, subacute bacterial
peritonitis, hepatic encephalopathy, and upper gastrointestinal
bleeding. He was abstinent for 1 year. His only suitable donor
was his brother-in-law whose blood group was B+. Patient
received 100 mg rituximab IV under close monitoring. His
CD-19 cell counts (in cubic millimeters) on days −30
(baseline), −15, −7, 7, and 14 were 500, 100, 2, 1, and 1,
respectively. His ADA titer and infective parameters were
regularly monitored for 3 weeks. PP was done with AB blood
group fresh frozen plasma; his ADA IgG and IgM titers
gradually fell from 1:512 and 1:256 to 1:8 and 1:4,
respectively, immediately prior to transplant, as shown in
Fig. 1. During the preparation phase, he developed
Klebsiella infection which responded to culture-based
antibiotics. He underwent a modified right lobe LDLT with a
graft to recipient weight ratio (GRWR) of 1.05, 28 days after
administration of rituximab. His postoperative ADA titer
remained within the desired range as shown in Fig. 1, and
his liver functions normalizedwithin the first week. He did not
show any evidence of rejection. Postoperatively, he had
urinary tract infection due to Klebsiella on day 9 and
cytomegalovirus (CMV) infection on day 11, which
responded to culture-based antibiotic and ganciclovir,
respectively. He was discharged home on postoperative day
(POD) 15. He is now living normal life 8 months after ABO-i
LDLT.

Table 1 Protocol of ABO-
incompatible living donor liver
transplantation

ADA anti-donor blood group
antibody, MMF mycophenolate
mofetil, IVIG intravenous
immunoglobulin, PP
plasmapheresis

Pre-transplant Post-transplant

Monitoring targets CD-19 cell count Day −7, 0–5 Day 7, 0–5

ADA IgG titer Day −1, ≤1:16 ≤1:32 for 12 weeks

ADA IgM titer Day −1, ≤1:8 ≤1:16 for 12 weeks

Age-based treatment <1 year PP if needed IVIG

1–7 years PP, MMF Extra steroid and tacrolimus, IVIG

>7 years Rituximab, PP, and MMF Extra steroid and tacrolimus,
IVIG, and PP if needed
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Case-2: This 8-month-old male child had a history of jaundice
and clay-colored stools since day 5 of life. He developed
ascites since the age of 2 months. His blood group was O,
and both of his parents were B positive. He received his
mother’s left lateral section with a GRWR 2.01. His
preoperative ADA titer was 1:128 which was reduced to
1:16 at time of surgery after four sessions of PP (Fig. 2). He
received IVIG postoperatively for 4 days. His liver function
tests normalized within the first week after the transplant. His
anti-B titer on POD 7 rose to 1:32 for which he received IVIG
on POD 7 and 8. He developed abdominal sepsis with high
drain cell count and Pseudomonas aeruginosa on culture,
sensitive to colistin, which was treated accordingly.
Postoperatively, his ADA titers remained at 1:32 or less
between POD 1 and 14 (Fig. 2). He was discharged 21 days
after surgery and he is doing well now.
Case-3: This 28-month-old female child underwent a Kasai
portoenterostomy for extrahepatic biliary atresia at the age of
38 days. After a year of uneventful course, she developed

recurrent cholangitis, hematemesis, ascites, and hepatic
encephalopathy. Her blood group was O, and her grandmother
of blood group Awas the only otherwise suitable donor in the
family. The child received four PPs on alternate days starting
7 days prior to transplant. MMF was started as per protocol
(see above). The transplant was performed with the donor’s
left lateral section with a GRWR of 1.75. She received IVIG
intraoperatively and postoperatively for 5 days at dose of 10 g/
day. Her preoperative ADA titer was 1:256, which was
gradually reduced to 1:8 after four sessions of PP, as shown
in Fig. 2. She was re-explored on POD 6 for portal vein
thrombosis, which was treated with thrombectomy and
thrombolysis. She developed localized abdominal collection
which was treated with drainage and antibiotics as per
culture sensitivity. Postoperatively, her ADA titers
remained at 1:32 or less between POD 1 and 14
(Fig. 2). She is now well with normal liver function
and has achieved normal milestones of development
21 months after ABO-i LDLT.

Table 2 Summary of patient characteristics

Pre-transplant Post-transplant

Case Age/
sex

Donor–
recipient
blood group

Rituximab PP ADA titer
at LT IgG;
IgM

AMR PP Peak ADA
titer IgG;
IgM

Bacterial
infection

Vascular
complication

CMV
infection

IVIG ICU
Stay
(days)

HOSP
Stay
(days)

F/U
(mt)

1 42/M B to O 100 mg 7 1:8; 1:8 No No 1:4; 1:2 Yes No Yes No 5 15 8

2 0.8/M B to O No 4 1:8; 1:4 No No 1:32; 1:16 Yes No No POD
7–8

8 16 16

3 2.4/F A to O No 4 1:16 1:8 No No 1:32; 1:16 Yes PVT POD 7 No POD
1–7

12 22 19

ADA anti-donor blood group antibody, CMV cytomegalovirus, PP plasmapheresis, POD postoperative day, PVT portal vein thrombosis, F /U (m)
follow up in months

Fig. 1 Perioperative anti-blood
group antibody titers.
Preoperative rituximab and
plasmapheresis reduced the titers
to 1:16 level, postoperatively
rising titers in cases 2 and 3 were
treated with IVIG.(diamond
plasmapheresis; POD
postoperative day)
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Discussion

Initial animal experiments by Professor Starzl [4]
demonstrated that the liver is “a privileged organ” with much
greater resistance to acute rejection than the kidney or heart.
However, in 1987, Rego et al. [15] reported hyperacute
rejection after ABO-i LT despite the “privileged” status of
the liver. Later, Gugenheim et al. [16, 17] also confirmed
hyperacute rejection and lower graft survival of ABO-i LT.
In his series of 17 ABO-i transplants, Gugenheim postulated
immunological damage as the cause of low graft survival and
reported antibody-mediated rejection as a cause of graft failure
in six patients. He also acknowledged an increased incidence
of arterial thrombosis and progressive cholangitis in ABO-i
grafts. Similarly, Sanchez-Urdazpal [18] confirmed an
increased incidence of cholangitis, bile leak, cellular rejection,
and hepatic artery thrombosis in ABO-i LT.

In Asia, LDLT is predominant due to a scarcity of deceased
donors. In India, as in many other countries, the living donor
pool is restricted to the family members as emotionally
unrelated donation is prohibited by law, and friends are rarely

approved as donors. Thus, it is sometimes difficult to find
blood group-matched donors within the family. To overcome
the ABO barrier, we started swap liver transplantation
between two families with A to B and B to A type ABO
mismatch. However, for blood group O recipients, swap LT is
not an option. We therefore, selected such recipients to launch
our ABO-incompatible LDLT program.

Our immunosuppression protocol for ABO-i LDLT
included rituximab, plasmapheresis, MMFwithout portal vein
infusion, and splenectomy. Rituximab is a monoclonal
antibody against the CD-20 antigen, which is expressed on
the B cells of all developmental stage except plasma cells.
These cells also express the CD-19 antigen, which is widely
used as surrogate serum marker of extent of CD-20 positive
cell depletion. Although action of rituximab starts within
3 days; effective depletion of B cells is seen only after 3 weeks.
Therefore, we administered rituximab 3 weeks prior to LDLT
and monitored B cell depletion using CD-19 estimation. As
the plasma cells escape from rituximab action [19], MMF was
started 7 days prior to LDLT to remove plasma cells.
Preformed ADA were removed with double-filtration

Fig. 2 Perioperative liver function tests. In all three patients, serum bilirubin, SGOT, SGPT, and INR were stabilized by POD 9
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plasmapheresis involving the separation of plasma from
whole blood followed by further processing through a plasma
fractionator, where substances with molecular weight more
than 67,000were filtered out and rest of plasma returned to the
body. Splenectomy was not included in the protocol as other
series [20] have shown similar postoperative ADA titers after
rituximab irrespective of splenectomy. We avoided the local
infusion therapy due to the risks of bleeding and portal vein
infusion, and its doubtful role in other studies [21] in
preventing antibody-mediated rejection when rituximab and
efficient perioperative PP are employed.

There were two pediatric patients in this series. Egawa et al.
showed that patient’s age is an important factor in acceptance of
ABO-i grafts [22]. Infants have the almost similar outcomes
after compatible and ABO-i LDLT due to immaturity of the
immune system and failure to mount a significant ADA
response. The ADA response increases with age.
Preoperatively, in both children, four sessions of PP were
sufficient to bring down the ADA titer to <1:16. Rituximab
was therefore, omitted. Postoperatively, they were given IVIG.
In both patients, liver graft function gradually recovered, with
no rejection episode. Both had an episode of bacterial infection
which responded to appropriate antibiotics. A more aggressive
preoperative immunosuppression protocol was adopted for the
adult patient including rituximab, PP, andMMF, which resulted
in effective deletion of B cell population and preformed ADA
prior to transplant. In the post-transplant period, he did not
require any PP, and his peak ADA titer was 1:4. He developed
the bacterial and CMV infections which responded to
appropriate antimicrobials. All three patients had low ADA
titers at 8, 16, and 19 months after transplant.

This series describes our initial experience with ABO-i LT,
a procedure that helps to increase the donor pool in
predominantly live donor-based liver transplant programs.
While splenectomy and intravascular infusions may not be
necessary as part of the ABO-i protocol, these procedures
overcome the ABO barrier. This predisposes patients to a
higher incidence of perioperative infections, but in our
experience, they can be successfully managed. Once the
patient escapes antibody-mediated rejection for the first
4 weeks, further problems are uncommon.
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