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Abstract
Introduction: Acute liver failure is an uncommon condition 
associated with a high mortality. Most patients do not sur-
vive without liver transplantation. In the last decades, auxil-
iary liver transplantation has emerged as a therapeutic op-
tion. Clinical Case: The authors present two cases of acute 
liver failure that required liver transplantation. Given the pa-
tients’ young age and the preserved macroscopic liver pat-
tern evaluated in surgery, auxiliary liver transplantation was 
executed using different surgical approaches. Afterwards, 
following confirmed full native liver regeneration, the pa-
tients were submitted to auxiliary liver hepatectomy, which 
was accomplished without complications. Conclusion: Aux-
iliary liver transplantation can be regarded as an effective 
temporary treatment for acute liver failure in selected cases, 
allowing an immunosuppression-free life.
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Published by S. Karger AG, Basel
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Resumo
Introdução: A falência hepática aguda é uma entidade 
clínica pouco comum, mas associada a elevada mortali-
dade. A maioria dos doentes não sobreviverá sem trans-
plante hepático. Nas últimas décadas, o transplante he-
pático auxiliar tem sido utilizado como uma opção tera-
pêutica valorizável. Caso clínico: Apresentam-se dois 
casos de falência hepática aguda tratados com transplan-
te hepático. Tendo em conta a idade jovem dos doentes 
e a noção de preservação macroscópica do fígado, recor-
reu-se à opção de transplante hepático auxiliar utilizando 
técnicas diferentes. Posteriormente, após confirmação de 
regeneração hepática completa, procedeu-se à hepa-
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tectomia do fígado auxiliar. Conclusão: O transplante 
hepático auxiliar constitui uma terapêutica transitória efi-
caz em alguns casos de falência hepática aguda, permi- 
tindo um futuro isento de imunossupressão.

© 2018 Sociedade Portuguesa de Gastrenterologia 
Publicado por S. Karger AG, Basel

Introduction

Acute liver failure (ALF) is an uncommon condition 
associated with a high mortality rate, reaching 80–85% in 
the pre-transplantation era [1]. While liver transplanta-
tion is often the only curative treatment, it is only per-
formed in 18% of cases [2]. Auxiliary liver transplantation 
(ALT) has emerged as a valuable alternative to orthotop-
ic liver transplantation in the ALF setting [3, 4]. The graft 
allows liver function support during the period of native 
organ failure, giving the necessary time frame to the in-
jured liver to regenerate.

The process and specific potential for full native liver 
regeneration (NLR) are not entirely understood, but it is 
known that young age and non-drug aetiology may be 
predictive factors for native organ recovery [5]. Addition-
ally, the time between transplantation and NLR is very 
variable and can take weeks to months depending on the 
aetiology [6].

Initially, ALT was performed using the heterotopic 
ALT technique. While this procedure has the advantage 
of avoiding a hepatectomy in the recipient, issues such as 
graft congestion, caused by compromised graft hepatic 
outflow, may cause complications [7]. In the last 2–3 de-
cades, partial ALT has gained recognition [3]. However, 
there is no consensus regarding appropriate graft place-
ment. Recently, a new technique using advanced reno-
portal anastomosis, designated reno-portal ALT (RE-
PALT), was described [8].

Case 1

An 18-year-old man presented to the emergency department 
complaining of abdominal discomfort, fatigue, and dark urine 
present during the past week. Acute hepatitis manifested itself 
through the laboratory results: alanine transaminase at 3,271 U/L 
(normal [N] < 34); aspartate transaminase at 2,627 U/L (N < 31); 
and alkaline phosphatase at 288 U/L (N 40–150). There was associ-
ated hepatic insufficiency with bilirubin at 12.1 mg/dL (N 0.3–1.2) 
and prothrombinaemia of 55% (N 70–120). The patient had no 
known past diseases. A detailed medical history revealed no past or 
current medication, no drugs or alcohol intake, and no consump-
tion of other potential hepatotoxic components. A wide range of 

investigations including hepatitis virus A, B, C, and E, herpes sim-
plex virus (HSV), Epstein-Barr virus, and cytomegalovirus, as well 
as autoimmune and Wilson disease tests did not allow the identifi-
cation of a specific aetiology. Lastly, a liver biopsy showed acute 
hepatitis with multifocal necrosis and absence of other features.

Ten days after admission, the patient developed type A enceph-
alopathy progressing to ALF. While the Clichy-Villejuif criteria 
were not matched (factor V of 46%), the King’s College criteria 
were fulfilled: a prothrombin time of 53.5 s (INR 5.13), bilirubin at 
29.8 mg/dL, and the presence of jaundice for more than 7 days 
previous to encephalopathy development. Therefore, the patient 
required liver transplantation, which was done 3 days later.

During transplantation, the native liver showed a preserved as-
pect macroscopically. Considering the patient’s young age and this 
surgical finding, an ALT was executed with inclusion of a complete 
liver implant in the right flank (Fig. 1, 2). Due to the graft’s appar-
ently good quality, the entire liver was used for a heterotopic trans-
plant. The graft’s hepatic artery was anastomosed to the aorta, the 
portal vein was anastomosed to the inferior vena cava requiring a 
special band on the cava to modulate the venous blood flow, and a 
hepaticojejunostomy was done for the biliary anastomosis.

Induction immunosuppression consisted of steroids and basi-
liximab. Subsequently, the patient received tacrolimus in combi-
nation with prednisolone (8 months) and mycophenolate mofetil 
(MM) for 5 months. Afterwards, treatment was limited to tacroli-
mus.

The hepatic encephalopathy rapidly ceased in the following 
days, and the patient’s global status gradually improved. Four days 
after transplantation, biopsies were performed in both livers. The 
native liver biopsy showed the presence of intranuclear inclusions 
that aroused suspicion of HSV infection, while the auxiliary liver 
only showed slight macrovesicular steatosis, but no other relevant 
findings. The patient was subsequently discharged in an improved 
condition.

Sequential technetium-99m-labelled hepatobiliary iminodi-
acetic acid (99mTc-HIDA) scintigraphy was performed 3 days, 9 

Fig. 1. Heterotopic auxiliary liver transplantation with placement 
of a complete liver implant in the right flank.
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days, and 1 month after transplantation to evaluate both graft and 
native liver function. Both organs showed adequate function, elu-
cidated by a homogeneous distribution in the first minutes of each 
scan, but there was a progressive decline in the native liver’s role 
after a favourable early NLR. The evolution of the functional pro-
portion of native versus graft liver (35 vs. 65%, 25 vs. 75%, and 17 
vs. 83%) demonstrates the increasing preponderance of the graft’s 
role in global function (Fig. 3). Additionally, the 1-month biopsy 
of the native liver still displayed a mild portal hepatitis, with the 
presence of hepatocytes with intranuclear inclusions. Despite 
these pathological findings, there was a noticeable improvement in 
the native liver.

Six months later, a histologic study of the liver identified no 
pathologic findings in the auxiliary liver, whereas the native organ 
still had mild alterations, namely, slight multifocal hepatitis and 

mild fibrosis (F = 1). A CT scan done 6 months after the surgery 
confirmed NLR through liver volume measurement.

Because of the ongoing minor hepatitis, the decision to remove 
the graft was delayed. Due to pathologic improvement, 1 year after 
transplantation it was decided to withdraw the immunosuppres-
sion. At this time, tacrolimus was slowly and progressively re-
duced. Ten months after removing the immunosuppression, bi-
opsies showed a normal native liver, and the graft evidenced signs 
of an expected acute cellular rejection (Banff score of 9 [3 + 3 + 
3]). Twenty-eight months after transplantation, the patient was 
scheduled for an elective auxiliary liver hepatectomy, which oc-
curred with no associated issues. The patient had no later compli-
cations, and 6 months after the hepatectomy he is currently doing 
well.

a b

a b c

Fig. 2. Abdominal magnetic resonance im-
aging before (a) and after the heterotopic 
auxiliary liver transplantation (b).

Fig. 3. Native and auxiliary liver function assessed by 99mTc-labelled hepatobiliary iminodiacetic acid scintigraphy performed 3 days (a), 
9 days (b), and 1 month (c) after the heterotopic auxiliary liver transplantation.
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Case 2

A 30-year-old, otherwise healthy woman was admitted due to 
malaise, abdominal discomfort, and nausea. The laboratory tests 
showed acute hepatitis with alanine transaminase at 4,307 U/L and 
aspartate transaminase at 1,906 U/L. The complementary investi-
gation was notable for the presence of antimitochondrial antibod-
ies (1/320 titre), with the anti-pyruvate dehydrogenase complex 
(PDC-E2) subtype positive but antinuclear antibodies negative. All 
the other tests revealed no relevant findings. One day after admis-
sion, the patient developed encephalopathy. Later, her biochemi-
cal tests deteriorated, matching the Clichy-Villejuif criteria: stage 
3 encephalopathy and factor V of 28% (age ≥30 years). The King’s 
College criteria were also fulfilled, because the patient’s prothrom-
bin time was 50.3 s (INR 4.76), bilirubin was at 25.7 mg/dL, and 
the cause of the liver failure was hepatitis of indeterminate aetiol-
ogy. Afterwards, an urgent hepatic transplantation was done. Dur-
ing surgery, the liver showed a standard macroscopic pattern. An 
extemporaneous liver biopsy revealed severe centrilobular necro-
sis, with a preserved portal architecture and no other features. In 
this case, a more advanced and challenging technique, REPALT, 
was attempted, using a left liver implant after a segment I resection. 
The auxiliary liver was placed on the left flank according to the 
REPALT technique: the portal vein was anastomosed to the left 
renal vein, the left-medial hepatic vein branch to the inferior vena 
cava, and the hepatic artery directly to the aorta. The common 
biliary duct was anastomosed to the lesser curvature of the gastric 
body. Immunosuppression included basiliximab and steroids for 
induction, prednisolone (first 2 months), MM, and tacrolimus.

The patient experienced rapid clinical improvement after the 
transplantation. 99mTc-HIDA scintigraphy done 5 days after trans-
plantation demonstrated preserved function in both livers (homo-
geneous distribution), with a slightly inferior function in the native 
organ. The patient was discharged 14 days after the successful 
transplantation. The native and auxiliary organs were subsequent-
ly studied in sequential biopsies performed 1, 4, and 6 months after 
the procedure. The native liver first showed unspecific hepatitis 
and a complete absence of pathologic findings at the 4-month con-
trol. Additionally, a CT scan corroborated the NLR by confirming 

an adequate liver volume. Therefore, MM was stopped and tacro-
limus was progressively decreased. A planned successful auxiliary 
liver hepatectomy took place 7 months after transplantation 
(Fig. 4).

One month after the hepatectomy, the patient presented to the 
emergency department with jaundice and fatigue. A complemen-
tary investigation showed acute hepatitis and coagulopathy: pro-
thrombinaemia of 40% and factor V of 35%. During admission, the 
patient was submitted to a transjugular liver biopsy that revealed 
the presence of severe interface hepatitis and bridging necrosis. 
Following these findings, she was treated with endovenous corti-
cotherapy that allowed a fast clinical and laboratory improvement. 
One week later, the patient was discharged with oral corticothera-
py. Her clinical and laboratory status improved substantially after 
the introduction of treatment, and 5 months later, she is still in 
excellent condition.

Discussion

ALF is an uncommon but severe and usually life-
threatening condition. A high percentage of patients will 
not survive without liver transplantation. Nevertheless, if 
the vital liver functions are preserved during a given pe-
riod, NLR can occur in a particular number of patients. 
The growing rate of ALT adoption worldwide shows that 
this approach can be a good alternative treatment for ALF 
[3].

Herein, we report two cases of successful ALT apply-
ing different surgical procedures. Generally, immuno-
suppression can be gradually weaned off after confirma-
tion of NLR, resulting in progressive atrophy of the im-
plant [3, 9]. However, in these two cases, regardless of the 
hypothetic atrophy of the auxiliary liver, the decision to 
remove the graft was appropriate. In the first case, due to 

a b c

Fig. 4. Auxiliary liver transplantation (CT images) using the REPALT (reno-portal auxiliary liver transplantation) technique. a Before 
transplantation. b After transplantation. c After auxiliary liver hepatectomy.
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vascular competition, the graft assumed a predominant 
functional role that could have led to a certain degree of 
native liver atrophy. In addition, the patient required 
complementary surgery due to the non-standard abdom-
inal closure with a prosthesis in the ALT. In the second 
case, hepatectomy was regarded as the correct procedure 
because of the specific vascular anastomosis created, 
namely, a left kidney venous drainage through the auxil-
iary liver. Additionally, because the REPALT procedure 
potentially allows using the graft for future transplanta-
tion [10], auxiliary liver hepatectomy is considered con-
venient. Besides, the lifelong presence of an atrophic al-
logenic organ can lead to potential future complications 
that have not been entirely studied.

Notably, in these two cases, the aetiology of the ALF 
became clearer after ALT. In the first case, the presence 
of intranuclear inclusions in two liver biopsies after trans-
plantation allowed the diagnosis of probable HSV infec-
tion. In the second case, the patient presented with an 
autoimmune hepatitis (AIH) flare 1 month after the hep-
atectomy. At that time, the pathologic liver study revealed 
typical AIH features that were not present before. In the 
first biopsy during transplantation, the patient had only 
had centrilobular necrosis. These findings are consistent 

with the known idea that centrilobular necrosis can be the 
only pathologic feature in up to 2–3% of patients present-
ing with AIH flares [11–13]. Moreover, the patient had 
positive antimitochondrial antibodies, which, while be-
ing more specific for primary biliary cholangitis, might be 
associated with AIH [14]. In these ALF cases, liver sup-
port systems were not used, since they were unavailable.

In conclusion, ALT is a complex and challenging sur-
gical technique that has the significant advantage of pro-
viding life-saving treatment to patients with ALF with the 
perspective of an immunosuppression-free life. The RE-
PALT approach has the benefit of potentially making the 
graft available for future procedures.
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