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We report the first successful case of ABO-incompatible

auxiliary partial orthotopic liver transplantation

(APOLT), used as a bridge to definitive grafting in a 40-

year-old patient with hyperacute liver failure (HALF) fol-

lowing sure-fatal paracetamol intoxication. We show that

site-specific complement inhibition in addition to plas-

mapheresis and systemic immunosuppression is effective

in managing ABO-incompatible APOLT.

Unless the pool of donor organs can be increased, flex-

ible optimisation of scarce donor resources may be a

viable option for patients, otherwise facing an almost cer-

tainly fatal outcome in HALF, particularly, as such an

alternative places minimal burden on routine waiting

lists.

With higher numbers of patients on the waiting list for

a longer period of time, ABO-incompatible liver trans-

plantation may increase the size of the potential donor

pool and provide a treatment option for a selected group

of patients [1]. However, ABO-incompatibility, partic-

ularly in emergency transplantations, is associated with

lower graft survival rates and higher incidences of adverse

events [2]. Nonetheless, in critical clinical situations with

HALF and rapid deterioration of the patient’s vital func-

tions and uncontrollable intracranial pressure (ICP),

ABO-incompatible APOLT may be the only life-saving

bridging option available, if no compatible graft becomes

available.

Herein, we describe the case of a young woman who

was successfully bridged by ABO-incompatible APOLT

until definitive, ABO-compatible OLT was performed.

The supporting immunosuppressive/conditioning regime

included site-specific complement inhibition in addition

to plasmapheresis, methylprednisolone, anti-interleukin-2

receptor antibody and intravenous immunoglobulin.
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Summary

Uncontrollable intracranial pressure elevation in hyperacute liver failure often

proves fatal if no suitable liver for transplantation is found in due time. Both

ABO-compatible and auxiliary partial orthotopic liver transplantation have

been described to control such scenario. However, each method is associated

with downsides in terms of immunobiology, organ availability and effects on

the overall waiting list.
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Case study

A 40-year-old Caucasian woman of blood group (BG) O

(patient 1) presented with HALF following severe acet-

aminophen intoxication (15–25 g) 32 h prior to admis-

sion. At the time of presentation, widespread liver

damage and notably reduced synthetic capacity of the

liver was detected: aspartate aminotransferase (ASAT):

15 000 U/l; alanine aminotransferase (ALAT): 10 300 U/l;

total bilirubin: 63 lmol/l; international normalized ratio

(INR): 1.3; fibrinogen: 5.9 lmol/l; factor V: 4% of normal

values. Within 12 h of admission, the patient required

intubation and was listed for super urgent liver transplan-

tation due to the rapidly deteriorating synthetic activity

(INR: 3.8; fibrinogen: 2.3 lmol/l; factor V 1% of normal

values, bilirubin: 96 lmol/l), pronounced neurological

deterioration (grade III–IV hepatic encephalopathy) and

uncontrollable ICPs, peaking at 25 mmHg. MARS

(molecular absorbent recirculating system) liver support

therapy was initiated [3] but could not control ICP eleva-

tion. Furthermore acute renal failure developed and the

patient required veno-venous haemofiltration.

Thirty hours after admission, a routine BG A1+ liver

(Hep B core +) was offered to a 60-year-old patient

(patient 2) on the waiting list (BG A+, child C) by the

national organ-sharing organization. In view of the rapidly

deteriorating condition of patient 1, an emergency meeting

of the institutional review board (IRB) was held to assess

the risks for a subsequent ABO-incompatible liver trans-

plantation and ex vivo perfusion of the ABO-incompatible

graft with Mirococept. Mirococept is a soluble, recombin-

ant protein derived from of soluble complement receptor

1, modified with membrane-binding properties through a

myristoylated peptide sequence [4–6]. Its use has proven

safe in phase I (study ACT001/ME0579) and pilot IIa

(study ACT003) trials in humans. Formal IRB approval

was given and the Ethics Committee of the Canton of Berne

was informed about this decision. Informed, written con-

sent was obtained for the transplantations from the next of

kin for patient 1 and directly from patient 2. Additionally,

the use of Mirococept for the ex vivo for perfusion was

guided by Swiss regulations (federal law on the use of med-

ical substances, dating 15th December 2000, article 56).

This article regulates off-label use of substances in emer-

gency situations, such as is described in this report.

Patient 1 was preconditioned by plasmapheresis to

reduce preformed anti-A1 antibodies. The patient was

substituted with 10 units of fresh frozen plasma (FFP) of

BG AB and treated with methylprednisolone (solumedrol

500 mg; Pfizer, New York, NY, USA), anti-interleukin-2

receptor antibody (Simulect 20 mg; Novartis, Basel,

Switzerland) and intravenous immunoglobulin (Octagam;

Octapharma AG, Havant, UK).

Despite a reduction in anti-A (and anti-B) IgG and

IgM antibody titres of 40–60% following plasma

exchange, the levels remained high. In view of high titres,

the decision was taken to perfuse the left split liver

ex vivo immediately prior to transplantation with 60 mg

of Mirococept to additionally protect the graft endothe-

lium from possible (antibody-mediated) complement acti-

vation and damage.

Both patients were grafted in parallel. The BG A1+

donor liver was split ex situ into its left lateral (270 g)

and extended right segments (1530 g, Fig. 1). In patient

1, the left donor split liver was connected to the vessels of

the removed failing left lateral liver and bile drained

externally via a percutaneous tube. The APOLT weight

(270 g) was low and corresponded to 0.49% of the

patient’s body weight. In patient 2, OLT was performed

by standard piggy back technique described elsewhere [7].

Biopsies from the remnant right liver lobes (BG O

liver) at the time of ABO-incompatible APOLT (Fig. 2a

and b) confirmed severe, subtotal panlobular haemor-

rhagic necrosis with a florid infiltration of neutrophil gra-

nulocytes.

Postoperative recovery of patient 2 was uneventful. In

patient 1, ICP values stabilized and decreased in the first

phase after APOLT, and normalized after re-OLT with a

BG O graft, which became available 15 h after initial

ABO-incompatible APOLT. The hepatic function stabil-

ized, and in part improved, following ABO-incompatible

APOLT (ASAT: down to 2100 U/l, ALAT: down to

2530 U/l, total bilirubin: stable at 98 lmol/l; INR: down

to 1.7; fibrinogen: up to 4.1 lmol/l). However, complete

normalization of the hepatic function was only documen-

ted in the days following re-OLT. Despite an initially pro-

longed recovery, the patient was discharged without

neurological sequelae 30 days after OLT and continues to

do well 15 months after transplantation.

Histological analysis of the remaining segments of the

patient’s permanently explanted BG O liver at OLT

(Fig. 2c and d) revealed severe panacinar necrosis. Analy-

sis of the explanted BG A1+ liver (Fig. 2e and f) showed

zones of general parenchymal damage (zone 2 and prefer-

entially zone 3 of Rappaport’s lobulus), probably caused

by ischemia and subsequent reperfusion (either via small-

for-size or owing to endothelial cell damage) but main-

tained, vital parenchyma around the portal fields without

a substantial cellular inflammatory reaction or endothelia-

litis. IgG and IgM antibodies were found deposited to a

large extent in hepatic tissue, more extensively in the BG

O liver as compared to deposition in the BG A1+ liver at

the time of explantation (Fig. 3).

Immunochemical analysis of the explanted BG A1+

split liver showed a marked reduction of tissue deposition

of all complement components as compared to the
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explanted necrotic native BG O liver segments (Fig. 3),

without concomitant reduction in systemic complement

activity (not shown). These findings of partial protection

of the BG A1+ liver from immune-mediated damage cor-

related with the binding of Mirococept to blood vessels

and hepatocytes within the BG A1+ split liver (Fig. 3).

Although the extent to which Mirococept influenced the

outcome and contributed to protecting the graft remains

speculative, acute animal models suggest that Mirococept

– even in the acute phase – improves the function and

provides a certain degree of protection from injurious

stimuli, including the attenuation of ischaemia/reper-

fusion injury [5].

Discussion

Increased, uncontrollable ICP as a consequence of impaired

cerebral autoregulation [8] often proves fatal in HALF if no

suitable liver for transplantation can be found. Indeed also

in the presented patient, uncontrollably high ICP was the

main factor determining the urgency for transplantation.

MARS has been used effectively to treat patients with ful-

minant hepatic failure, however, reports concerning its

efficacy in positively influencing hepatic encephalopathy

focus on patients with acute on chronic hepatic failure [9].

Although we cannot exclude a beneficial effect of the

administered methylprednisolone on stabilizing ICP, we

attribute the positive outcome, at least in part, to the ABO-

incompatible APOLT, as this also resulted in the improve-

ment of parameters indicative of hepatic function.

However, these results must also be interpreted with cau-

tion, as the perioperative administration of fluids and FFP

may confound a true improvement in function.

Auxiliary partial orthotopic liver transplantation as well

as ABO-incompatible transplantation have previously

been employed successfully in fulminant liver failure

[1,10]. The outcome of ABO-incompatible liver trans-

plantation is largely governed by preformed anti-donor

ABO antibodies and activation of the innate immune

system, particularly of complement. These sequelae lead

to endothelial cell damage and parenchymal injury with

subsequent graft destruction, and increased incidence of

hepatic artery and biliary thrombosis [11]. Whilst cases of

ABO-incompatible liver transplantation have been repor-

ted, in which triple or quadruple immunosuppressive

protocols were used in addition to plasmapheresis/

antigen-specific immunoadsorption [12,13], hyperacute

rejection is not infrequent and acceptance of the

mismatched liver allograft is low, explaining why the

procedure is commonly only recommended in high-

urgency cases [1].

Tanabe et al. [14] supplemented the ‘standard’ systemic

immunosuppressive therapy with the intraportal infusion

of methylprednisolone, and Nakamura et al. [15] intro-

Figure 1 Schematic representation of surgical procedures. Split-liver transplantation from blood group A1+ donor 1: left lateral segments were

grafted into patient 1 (acetaminophen intoxication and hyperacute liver failure; ABO-incompatible auxiliary partial orthotopic liver transplantation,

ABOi / APOLT); extended right segments were transplanted into patient 2 (orthotopic split liver transplantation, Split-OLT) via piggy back tech-

nique. Re-transplantation 20 h later in patient 1 after hepatectomy using blood group O donor 2 (ABO compatible OLT).
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duced the hepatic artery infusion of prostaglandin E2 in

successful attempts to locally modulate inflammatory

phenomena in the target organ. The ‘basal’ immuno-

suppressive protocol including methylprednisolone,

anti-interleukin-2 receptor antibody and intravenous

immunoglobulin was chosen following previous experi-

ence with a case of ABO-incompatible transplantation at

our centre. Herein, we present a strategy of locally targeted

cytoprotection with a novel complement inhibitor in

addition to intensive immunosuppression and plasmaph-

eresis. Mirococept, derived from complement receptor

type 1, possesses a myristoylated tail sequence, guiding the

complement inhibitor to cell membranes – primarily

endothelial cells following intravascular administration.

Indeed, cell-targeted complement inhibition with Miroco-

cept has proven to be beneficial in an animal model of

ischaemia-reperfusion injury in renal transplantation [5].

Improving microcirculation and limiting thrombus forma-

tion in intra-hepatic blood vessels by directly protecting

the endothelium and maintaining an anti-coagulant, anti-

inflammatory intravascular environment may critically

determine the outcome of graft survival.

Although there was damage to the BG A1+ liver as

witnessed by histological analysis and minimal positive

(a) (b)

(c) (d)

(e) (f)

Figure 2 Haematoxylin and eosin (sections a, c, e) and immunostaining for proliferation (MIB1-Ki67, sections b, d, f) of the native blood group (BG)

O liver and transplanted BG A1+ donor liver. Native BG O liver (left lobe) at the time point of ABO-incompatible APOLT (a, b). The portal tract is in the

middle of the figure (a). The liver tissue shows massive hemorrhagic necrosis of lobular zones 2 and 3, a thin continuous rim of preserved hepatocyte

parenchyma in remnant zone 1 (portal tract), and marked proliferation in preserved zone 1 hepatocytes (labelled nuclei in red, b). Native BG O liver at

the time point of explantation/definitive OLT (c, d). Part of a portal tract is at the top, a terminal vein just below the middle of the figure (c). There is

progression of necrosis as compared to a, with anuclear hepatocytes (eosinophilic, pink fragments). Preserved nuclei belong to sinusoidal and infiltrate

cells. Small clusters of proliferating hepatocytes were found in the middle of the figure (d), but not as a circumferential rim as in b (labelled nuclei in

red). Donor BG A1+ liver at the time point of explantation/definitive OLT (e, f). Portal tract to the left, an area of the terminal vein at the bottom right

(e). A focal decay of hepatocytes (eosinophilic fragments) with nuclear condensation is mainly seen in lobular zone 3. Portal tract to the top left, ter-

minal vein right of the middle (f). Only a few proliferating hepatocytes, visualized as single cells can be detected (labelled nuclei in red).
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staining for complement and IgG/IgM deposition at

the time of explantation, this was much reduced as com-

pared to that observed in the patient’s native BG O liver.

In the light of the fact that the rapidly deteriorating clin-

ical situation and in particular the unmanageable, raised

ICP of the patient necessitated swift intervention and did

Figure 3 Immunofluorescence staining for binding of IgM and IgG, tissue complement deposition (rabbit anti-human C3b/c, goat anti-human C6

for detection of C5b-9), and binding of Mirococept (mouse anti-Mirococept antibody) in the patient’s native liver (BG O liver) and auxiliary trans-

planted BG A1+ liver, 20 h post-transplantation (ABO-incompatible APOLT). There is considerably less IgM and IgG binding as well as complement

deposition in the transplanted BG A1+ liver as compared to the patient’s native BG O liver 20 h post-ABOi APOLT. Mirococept mainly localizes to

the vasculature and hepatocytes. Scale bar represents 50 lm.

ABO-incompatible APOLT in hyperacute liver failure Banz et al.

ª 2007 The Authors

726 Journal compilation ª 2007 European Society for Organ Transplantation 20 (2007) 722–727



not allow for more extensive preparation for ABO-incom-

patible transplantation, the results achieved in stabilizing

the patient and minimizing damage to the transplanted

BG A1+ liver may be termed a success.

Conclusions

Currently, we cannot conclude with absolute certainty

what role Mirococept and the ABO-incompatible APOLT

rather than a combination of all other perioperative

intensive care measures played in stabilizing our patient’s

interim situation preceding the early re-grafting with an

ABO-compatible donor organ. However, the present case

study nevertheless highlights two important points:

1 Flexible optimisation of scarce donor resources may

prove to be a genuine option for patients otherwise facing

an almost certainly fatal outcome in (hyper-)acute liver

failure, as such an alternative places minimal burden on

the routine waiting list.

2 Treatment of ‘critical’ grafts using site-specific comple-

ment inhibition in addition to plasmapheresis and appro-

priate immunosuppression may be effective in managing

ABO-incompatible APOLT.

Still, the future concern is that such a medical chal-

lenge may possibly be matched by new allocation rules

being introduced in our country, potentially rendering

such flexible, novel options impossible.
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