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Case Report

Long-term outcomes of emergency ABO-incompatible
living donor liver transplantation using
a modified desensitization protocol for highly sensitized
patients with acute liver failure: A case report
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Although there is no established desensitization protocol for liver transplantation (LT), desensitization usually entails treatment with
rituximab, plasmapheresis, splenectomy, and intravenous immunoglobulin (IVIG) infusion together with a local graft. The desensitization protocol is usually initiated 2 to 3 weeks before transplantation. Therefore, patients with acute liver failure warranting urgent
LT are usually ineligible for ABO-incompatible (ABOi) LT. For these reasons, several attempts have been made to abridge the desensitization protocol and extend the indication for ABOi living donor LT (LDLT). Here we report a 40-year-old female diagnosed with
chronic hepatitis B and acute-on-chronic liver failure (model for end-stage liver disease score, 31). In the absence of a suitable compatible liver donor, emergency ABOi LT was planned using a modified desensitization protocol. The preoperative isoagglutinin (IA) titer
was 1 : 1,024 and the preoperative T- and B-cell cross-matches were positive. The patient received a single dose of rituximab (375 mg/
m2) and IVIG (0.8 g/kg) was administered from the anhepatic phase until three days after transplantation. Although the patient developed acute cellular rejection in the early stages after LT, she has maintained a stable graft function, even after 5 years. In summary, a
modified desensitization protocol consisting of rituximab and IVIG is a feasible strategy for highly sensitized patients with elevated IA
titers indicated for urgent LDLT.
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INTRODUCTION
Since the first-reported ABO-incompatible (ABOi) liver
transplantation (LT) by Gordon et al. [1] in the 1980s, liver has
been regarded as an immunologically privileged organ. However, the high incidence of early graft loss due to antibody-meReceived: December 24, 2020, Revised: July 21, 2021,
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diated rejection (AMR) was a major concern in ABOi LT [2].
Since the introduction of rituximab (an anti-CD20 monoclonal
antibody) in the 2000s, the incidence of AMR has decreased
dramatically and the indications for ABOi LT have increased
[2]. ABOi LT has been used routinely in recent years with acceptable outcomes to overcome the limited organ availability.
In the absence of an established desensitization protocol,
treatment usually entails administration of rituximab, plasmapheresis, splenectomy, and intravenous immunoglobulin
(IVIG) [3]. Because the desensitization protocol is usually
started 2 to 3 weeks before transplantation, ABOi LT is considered impossible in patients with acute liver failure (ALF).
For these reasons, several centers have attempted modified desensitization protocols. Shen et al. [4] reported that a protocol
comprising a single dose of rituximab and IVIG at the start of
LT, followed by ongoing IVIG for 10 consecutive days was effective in patients with ALF. Kim et al. [5] reported successful
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A 40-year-old female (blood type, Rh O+) undergoing
treatment for chronic hepatitis B presented at our emergency
department with a 1-week history of abdominal pain. On admission, her total bilirubin (T-bil) was 4.4 mg/dL, and her international normalized ratio was 2.17. The model for end-stage
liver disease (MELD) score was 31. She developed spontaneous
bacterial peritonitis during admission. Despite treatment,
she progressed to type 1 hepatorenal syndrome with grade 1
hepatic encephalopathy and a MELD score of 35. Following
a multidisciplinary team discussion, we planned to perform
emergency living donor LT (LDLT). However, in the absence of
suitable compatible liver donors, her 39-year-old husband with
blood type A+ was used as the living donor. Patient consent for
the use of retrospective hospital data was not necessary for this
study.
The patient’s initial immunoglobulin G (IgG) and immunoglobulin M (IgM) titers were 1 : 1,024 and 1 : 512, respectively.
The IA titer was measured by column agglutination method.
The preoperative T- and B-cell cross-matches were positive.
The panel reactive antibodies (PRA) were 100% for classes I
and II. Unfortunately, we could not validate the donor-specific
antibody (DSA) results before transplantation. The percentage

of cluster of differentiation 19 (CD19) was 14 before administering rituximab. The preoperative examination confirmed
that she was a sensitized patient. However, we decided to proceed with a modified desensitization protocol, because her
condition worsened rapidly (Fig. 1). Rituximab (375 mg/m 2)
was administered 3 days before LT and IVIG (0.8 g/kg) was
infused from the day of LT in the anhepatic phase until 3 days
after transplantation. Although her baseline IA titer was high,
plasmapheresis was omitted. The emergency ABOi LDLT was
completed without complications. The estimated blood loss
was 1,700 mL. The patient received about 6 pints of packed red
blood cells, 6 pints of fresh frozen plasma, and 1 pint of apheresis platelets. After transplantation, the percentage of CD19
was 1 and the IgG/IgM titers were 1 : 64 and 1 : 16 on postoperative day (POD) 7. Post-transplant immunosuppression was
achieved using tacrolimus, corticosteroid and mycophenolate

Antibody titer

outcomes with a modified protocol using rituximab and IVIG.
These protocols omitted plasmapheresis before transplantation,
and showed sufficient desensitization for ABOi LT using modified protocols. However, most of the patients included in those
studies had low initial isoagglutinin (IA) titers. Furthermore,
few reports have described the long-term outcomes of ABOi LT
based on a modified desensitization protocol.
In this case report, we describe a highly sensitized patient
with elevated IA titers who underwent ABOi LT using a modified desensitization protocol for ALF. We also report the longterm outcomes in this patient.
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Fig. 1. Modified perioperative ABO -incompatible protocol and
perioperative immunoglobulin and CD19 profile. CD19, cluster of dif
ferentiation 19; IVIG, intravenous immunoglobulin; IgG, immunoglobulin
G; IgM, immunoglobulin M; LT, liver transplantation.
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Fig. 2. Serum tacrolimus level within 1 year after liver transplantation. POD, postoperative day; RAI, rejection activity score; R/O, rule out.
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mofetil (Fig. 2). The dose of tacrolimus was usually adjusted to
maintain a level of 8 to 12 ng/mL during the first month after
transplantation, and 6 to 8 ng/mL during the months 1 to 6
after transplantation in our institution. Since the patient was
at high risk of rejection, the dose of tacrolimus was adjusted
higher than in other patients. However, the protocol biopsy on
POD 7 showed acute cellular rejection (ACR) (rejection activity score, 6) with elevated hepatic enzymes (T-bil, 10.0 mg/dL;
aspartate aminotransferase [AST], 65 IU/L; alanine aminotransferase [ALT], 111 IU/L). She received steroid pulse therapy
(500 mg hydrocortisone for 3 days, followed by tapering). The
follow-up biopsy on POD 14 showed improved ACR and hepatic enzyme levels. She was discharged on POD 22, at which time
her IgG and IgM titers were 1 : 32 and 1 : 8, respectively.
Five months after transplantation, the patient’s graft function
worsened. A follow-up biopsy showed ACR (rejection activity
score, 8) with mild elevation of hepatic enzyme (T-bil, 2.3 mg/
dL; AST, 440 IU/L; ALT, 500 IU/L). The titers of IgG and IgM
remained stable (1 : 8 and 1 : 2, respectively). She received steroid pulse therapy (100 mg hydrocortisone for 3 days, followed
by tapering). The treatment for ACR was followed by discharge
due to decreased hepatic enzymes. At that time, the patient
converted to negative crossmatch and negative DSA during a
6-months post-transplant test.
Eleven months after transplantation, she was hospitalized
due to abnormal hepatic enzymes (T-bil, 3.2 mg/dL; alkaline
phosphatase [ALP], 376 IU/L; AST, 96 IU/L; ALT, 108 IU/L;
γ-glutamyltransferase [γ GT], 607 IU/L) and underwent liver
biopsy. The pathologic reports suggested the possibility of early
chronic rejection. At this time, her IgG and IgM titers were 1 :
4 and 1 : 1, respectively. Although, the histopathological examination revealed minimal (< 10% portal tracts) C4d deposit, no
human leukocyte antigen (HLA) DSA was detected. Therefore,
the possibility of AMR was ruled out. Even though chronic
rejection was suspected, the patient manifested no abnormal
signs other than elevated hepatic enzymes, and was therefore
treated with an increasing dose of immunosuppressive agents
without steroid pulse therapy. Five days after treatment, her hepatic enzyme levels had decreased (T-bil, 1.4 mg/dL; ALP, 302
IU/L; AST, 62 IU/L; ALT, 89 IU/L; γGT, 500 IU/L).
A follow-up liver biopsy 1.5 years after transplantation revealed no evidence of graft rejection. Five years after LDLT, the
patient and the graft were stable.

DISCUSSION
The desensitization protocol for ABOi LDLT usually takes 2
to 3 weeks. Thus, patients with ALF warranting urgent LT are
generally considered ineligible for ABOi LDLT [6]. Therefore,
several attempts have been made to shorten the desensitization
period and extend the indications for ABOi LDLT in ALF. The
desensitization period is mainly attributed to plasmapheresis,
which reduces the IA titer before transplantation. It is thought
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that elevated IA titer before transplantation increases the risk
of AMR [7,8], and IA titers below 1 : 16 or 1 : 32 are considered
safe. However, recent studies reported no significant correlation between the IA titer and AMR [9,10]. Consequently, several centers have proposed modified desensitization protocols
[11-13]. The omission of plasmapheresis is a prominent change
in these protocols. Indeed, modified protocols based on rituximab monotherapy resulted in sufficient desensitization to
enable ABOi LDLT. However, the mean IA titers prior to LT
were relatively low (less than 1 : 64 and 1 : 96). In addition, the
MELD scores of patients in these studies were 10–16. Therefore, it is unclear whether rituximab monotherapy is sufficient
for patients with high MELD scores and elevated IA titers requiring urgent LT.
Shen et al. introduced a modified desensitization protocol
consisting of rituximab and IVIG for emergent ABOi LT in patients with ALF [4]. The mean MELD score and IA titers were
34.3 and 1 : 192, respectively. In contrast to previous studies,
Shen et al. reported favorable outcomes in patients with relatively high IA titers before urgent LT. They administered IVIG
(0.4 g/kg per day) from the start of LT as induction therapy to
reduce the IA titer. IVIG may induce direct effects on circulating immunoglobulin and attenuate immunomodulatory mechanisms by reducing helper CD4 T cell activity or suppress T
cell alloreactivity by inhibiting cytokine production [14]. IVIG
may also play a key role in reducing the IA titer after transplantation if plasmapheresis is not available. Therefore, in this
case, the IA titer was maintained at a low level for more than 1
year after transplantation, despite the increasing of B cells.
Our patient had an extremely high IA titer and was crossmatch-positive before transplantation, unlike those reported in
previous studies. In addition, plasmapheresis was omitted due
to the risk of wash-out effect [15]. Therefore, we used a higher
dose of IVIG (0.8 g/kg per day) to prevent hyperacute or acute
rejection and subsequent graft loss. Until now, few studies reported the optimal dose and timing of IVIG administration.
An appropriate dosage of IVIG was needed to prevent infection
and AMR. Although it is unclear whether a dose of 0.8 g/kg per
day was appropriate, our patient did not experience a rebound
increase in antibody titers after transplantation, and her IA
titer remained low.
In general, sustained B-cell depletion is observed up to 3–9
months post-transplantation in 100% of patients. B cell recovery occurs starting at approximately 5.3 ± 2.9 months following completion of treatment and median B-cell levels return to
normal by a mean time of ~12 months following completion of
treatment [16]. However, in this case, the CD 19 count was not
suppressed effectively. Actually, the mechanism of resistance to
rituximab in vivo is not clear. Several mechanisms have been
reported including inhibition of antibody-dependent cellular
cytotoxicity via deposition of C3 activating fragments, FcrRIIIa
polymorphism in cytotoxic cells, inhibition of CDC, and loss
of CD 20 expression on the surface of subclones [17-19]. Some
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of the mechanisms of resistance to rituximab may or may not
be applicable in vivo, and therefore need to be validated.
In conclusion, we have successfully performed emergency
ABOi LDLT in a highly sensitized patient with a high IA titer
using a modified desensitization protocol. Although the patient experienced ACR, her long-term outcomes, evaluated at
60 months after LT, were optimal and her graft function was
normal. Thus, a modified desensitization protocol consisting
of rituximab and IVIG is a feasible strategy for highly sensitized patients with a high IA titer warranting urgent LT.
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