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Abstract
Acute liver failure (ALF) is a reversible disorder that 
is associated with an abrupt loss of hepatic mass, 
rapidly progressive encephalopathy and devastating 
complications. Despite its high mortality, an emergency 
liver transplantation nowadays forms an integral part 
in ALF management and has substantially improved 
the outcomes of ALF. Here, we report the case of a 
32-year-old female patient who was admitted with 
grade Ⅳ hepatic encephalopathy (coma) following 
drug-induced ALF. We performed an emergency 
auxiliary partial orthotopic liver transplantation with 
a “high risk” graft (liver macrovesicular steatosis 
approximately 40%) from a living donor. The patient 
was discharged on postoperative day 57 with normal 
liver function. Weaning from immunosuppression was 
achieved 9 mo after transplantation. A follow-up using 
CT scan showed a remarkable increase in native liver 
volume and gradual loss of the graft. More than 6 
years after the transplantation, the female now has 
a 4-year-old child and has returned to work full-time 
without any neurological sequelae.
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Core tip: The use of a “high risk” organ (i.e. , steatosis 
graft) bears the risk of poor graft and patient survival. 
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It is commonly recommended to use marginal and 
steatotic grafts in recipients who are in a relatively 
good clinical condition (i.e. , MELD scores < 20) and 
avoid using them for fulminant or end-stage liver 
failure. In the presented case of a young female 
with acute liver failure, the use of a “high risk” graft 
(partial liver with approximately 40% macrovesicular 
steatosis) resulted in an excellent short and long term 
outcome. She survived immunosuppression weaning 
without any neurological sequelae after the auxiliary 
partial orthotopic liver transplantation.
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INTRODUCTION
Acute liver failure (ALF), or fulminant hepatic 
failure, was first described in 1970 as a potentially 
reversible disorder[1]. It can arise from many cau­
ses and in its most severe forms leads to hepatic 
encephalopathy (HE), coagulopathy and even 
progressive multiorgan failure. Although it is rare, 
this life-threatening disease occurs mostly in young 
adults and is associated with high mortality. ALF is 
the most frequent indication for emergency liver 
transplantation in many countries[2].

Auxiliary liver transplantation (ALT) is the 
implantation of a donor’s partial or whole liver graft 
in a heterotopic or orthotopic position with the 
retention of all or part of the native liver[3,4]. As an 
alternative to an emergency liver transplantation 
for acute liver failure, an auxiliary partial orthotopic 
liver transplantation (APOLT) has been reported 
to have similar patient survivals as an orthotopic 
liver transplantation (OLT)[5,6]. With the prospect 
of native liver regeneration and the eventual 
withdrawal of immunosuppression, an APOLT seems 
to be the preferred choice for treating ALF in some 
situations[7]. 

Because of the risk of primary nonfunction, 
delayed graft function, increased complications, or 
poor long-term outcomes following transplantation, 
steatotic grafts are used very cautiously and 
implanted mainly in well selected patients[8]. 
However, with the increasing incidence of obesity 
and diabetes in the general population, donor 
graft steatosis is encountered in many potential 
donors[9,10]. Here we report a case of a successful 
APOLT in a young female suffering from acute 
liver failure with a high Model for End Stage Liver 
Disease (MELD) score (MELD score = 36.6), using 
a marginal graft that was from a fatty liver living 

donor (liver macrovesicular steatosis approximately 
40%).

CASE REPORT
A 32-year-old female with grade Ⅳ HE (coma) was 
transferred to our hospital. Thrity-seven days prior 
to her current admission, a diagnosis of “suppurative 
tonsillitis” was made in another hospital. She 
received antibiotics without improvement. Later, she 
noted hyperpyrexia, jaundice, and a laboratory test 
revealed elevated hepatic enzymes. Five days prior 
to admission, she presented with signs of HE-i.e., the 
presence of a flapping tremor (hepatic encephalopathy 
grade Ⅱ)-and was diagnosed with “subacute liver 
failure”. She was subsequently treated conservatively 
without improvement. Her HE deteriorated to a 
constant coma (grade Ⅳ HE). She was then admitted 
to our hospital for consideration of an emergency 
living donor liver transplantation (LDLT) with the 
diagnosis “acute liver failure, suspicion of drug-induced 
liver injury”. On the day of admission, the laboratory 
test results showed the following: pH 7.46 (range, 
7.35-7.45), serum ALT 304.4 IU/L (range, 0-40 IU/
L), AST 222.7 IU/L (range, 0-40 IU/L), total bilirubin 
433.6 µmol/L (range, 0-21 µmol/L), platelet count 
96 × 109/L (range, 100-300 × 109/L), prothrombin 
time 62.0 s (range, 12-16 s), INR 6.9 (range, 
0.95-1.5), Cr 60.1 µmol/L (range, 30-110 µmol/L), 
and ammonia 82.7 µg/dL (range, 0-75 µg/dL). While 
serological markers of hepatitis virus, herpes simplex 
virus and Epstein-Barr virus infection were negative, 
that of cytomegalovirus showed positive. The patient 
remained in a hepatic coma. However, a computed 
tomography (CT) scan of her head revealed no signs 
of focal lesion or cerebral edema. Her only candidate 
for living donor was her 34-year-old sister, whose ABO 
blood type was identical to the recipient’s. The results 
of donor’s liver function tests were normal. According 
to the CT volumetric result, the graft-to-recipient 
weight ratio (GRWR) was 1.55% if a right lobe graft 
was to be used. The remnant liver volume in the donor 
was calculated as 35.4% to the standard liver volume. 
However, the donor’s height and body weight were 
170 cm and 95 kg. Her body mass index (BMI) was 
calculated to be 32.9 kg/m2. Given an anticipated high 
risk of donor steatosis, a laparoscopic liver biopsy was 
performed before proceeding with LDLT. This revealed 
approximately 40% macrovesicular steatosis (Figure 
1A). Thus, a right hepatectomy was considered 
too risky for the donor. A left graft was thought to 
be insufficient to support the recipient’s metabolic 
demand after the LDLT. Considering the report of 
recipient’s liver biopsy demonstrated only a 50% 
hepatocyte loss (Figure 1B), the GRWR was more than 
0.8% if the donor’s left lobe was used according to 
the CT volumetric results. Given absence of cerebral 
edema on CT and the recipient’s young age, we finally 
decided to perform the APOLT using the left lobe graft 

1920 February 7, 2016|Volume 22|Issue 5|WJG|www.wjgnet.com

Duan WD et al . Auxiliary liver transplantation using fatty graft



after receiving an informed consent of the family and 
the approval of our Ethics Committee. Therefore, the 
recipient’s left liver (segments 2-4 and the left part 
of segment 1 according to Couinaud’s segmentation) 
was resected with a gall bladder removal. The donor’s 
left lobe (segments 2-4 to Couinaud’s segmentation 
with middle hepatic vein; 440.0 g) was orthotopically 
implanted. The GRWR was calculated to be 0.85%.

The graft’s left hepatic vein (LHV) and middle 
hepatic vein (MHV) were reconstructed to be a com­
mon orifice by venoplasty, as were the recipient’s LHV 
and MHV. These two orifices were anastomosed in an 
end-to-end fashion. The portal vein and hepatic artery 
of the graft were anastomosed to the corresponding 
recipient’s structures in an end-to-end fashion. A biliary 
reconstruction was achieved with a retro-colic Roux-
en-Y hepaticojejunostomy. Two tubes for drainage 
and preventing biliary duct stricture were placed via 
the native liver’s right hepatic duct and the graft’s 
left hepatic duct, respectively. A portal flow diversion 
was not performed in the recipient because notably 
stiffness of the native liver was observed. We utilized 
Histidine-Triptopan-Ketoglutarate (HTK) solution to 
preserve the graft, and the cold ischemia time was less 
than 90 min. The total operative time was 775 min 
with a blood loss of 4000 ml. A blood transfusion of 
5855 ml, including 1250 ml from an autotransfusion, 
was performed. The patient was then transferred to 
the SICU. The immunosuppression regimen consisted 
of tacrolimus, mycophenolate mofetil and low-
dose steroids. Ganciclovir was administrated after 
transplantation.

On posttransplant day 7, the recipient regained 
consciousness. However, on posttransplant day 10, a 
repatching of the hepaticojejunostomy anastomosis was 
performed due to a bile leakage. On posttransplant day 
16, she was transferred out of the SICU. After a series 
of supportive and rehabilitative therapy, the patient 
discharged on foot from our hospital on posttransplant 
day 57 with normal liver function and without any 
neurological disorders. 

The changes in the native liver and the graft 

were followed using CT scans and ultrasound-
guided percutaneous liver biopsies. The follow-up 
showed hepatocyte regeneration and a remarkable 
size increase in the native liver, with a notable 
decrease in the graft size (Figure 2). Weaning from 
the immunosuppression was gradually started 
and eventually accomplished 9 mo after the trans­
plantation. Two years after the transplantation, the 
young female had a baby. The patient returned to 
work full-time without any neurological sequelae at 
review.

DISCUSSION
ALF, which was previously called fulminant he­
patitis or acute hepatic necrosis, is a severe 
clinical syndrome that is characterized by a rapid 
deterioration of liver function, subsequent cognitive 
disturbances and coagulopathy in patients with 
previously normal liver function[11]. ALF is a po­
tentially fatal condition in which spontaneous 
recovery is expected in only 10% to 40% of patients. 
In contrast the short-term survival rate after liver 
transplantation (LT) is 68% to 84%[12]. In the United 
States and Europe, patients with ALF are assigned to 
the highest priority category on the liver transplant 
waiting list because performing an emergency 
liver transplantation within 48 to 72 h is crucial for 
survival[13]. Emergency liver transplantation is now 
considered an integral part of the management 
of acute liver failure and the only curative therapy 
in patients fulfilling poor prognostic criteria[14]. In 
China, “Organ demand versus supply” is still the 
greatest obstacle to increasing the frequency of liver 
transplantation. Thus, it affects treatment decisions 
for acute liver failure[15]. LDLT is the preferred choice of 
transplant in ALF patients in counties with a limited 
cadaveric donor pool[16]. However, in our case, severe 
right lobe steatosis and a relatively small and fatty 
left lobe led to a potential therapeutic dilema. Thus, 
an APOLT with a living donor become an attractive 
and effective alternative because an APOLT not only 
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Figure 1  Histopathological finding of the donor and the recipient liver by Hematoxylin-Eosin staining. A: The preoperative specimen of biopsy from the donor 
showed approximately 40% macrovesicular steatosis; B: The preoperative specimen from the recipient showed 50% hepatocytes loss. 
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non-B hepatitis or drug induced hepatitis, age < 10 
years or > 40 years, serum bilirubin > 300 µmol/
L. Unfortunately, our young patient fulfilled the 
criteria (Table 1), which indicated a poor prognosis. 
In addition, the graft was from a fatty liver living 
donor with moderate steatosis (approximately 
40% macrovesicular steatosis). The use of a “high 
risk” organ (i.e., steatosis graft) is thought to bring 
inferior outcomes. The use of marginal and steatotic 
grafts is commonly recommended for recipients who 
are in a relatively good clinical condition (i.e., MELD 
score < 20) but should be avoided in fulminant or 
end-stage liver failure[20]. However, in our case, the 
young female survived immunosuppression weaning 
without any neurological sequelae after the APOLT. 
The following factors may have contributed to her 
fully recovery from acute liver failure.

Patient age is an important factor in predicting 
the regenerative capacity of the native liver. For 
ALF patients, a recipient’s age strongly affects 
the outcomes of an emergency transplantation. 
Although postoperative mortality has more than 
doubled in those over 50 years of age[21,22], children 
and recipients aged < 40 years (our patient was 
32 years old) appear to have a more favorable 
outcomes. The volume of viable hepatocytes by 
histologic examination is also considered to have 
prognostic value. The likelihood of a histological 
recovery appears to be minimal in livers with 
total hepatocyte loss at the time of ALT[23]. The 
critical mass associated with a good prognosis has 
been calculated to be between 25 and 40%(the 

solves the problems of donor safety and graft source 
but also allows immunosuppression to be withdrawn.

In our case, the situation was more challenging. 
The pretransplant MELD scores, which reflects the 
severity of liver impairment and has a positive 
correlation with liver regeneration-associated his­
topathological parameters (percentage of hepa­
tocyte loss, number of proliferating hepatocytes 
and numbers of HPCs)[17,18], was as high as 36.6. 
The King’s College Hospital (KCH) criteria are one of 
most widespread prognostic systems to identify ALF 
candidates for liver transplantation. According to the 
description given by O’Grady[19], the KCH criteria 
for non-acetaminophen ALF patients are as follows: 
prothrombin time > 100 s or the presence of any 3 
of the following: prothrombin time > 50 s, jaundice 
to encephalopathy time > 7 d, etiology non-A, 

Figure 2  Serial computed tomographic findings of the native liver and graft. The volume of the native right liver (on the left side of the black dotted line) in the 
recipient serially increased and the volume of the graft (on the right side of the black dotted line) notably decreased after transplantation (A-F). The CT scans were 
performed on posttransplant day 28 (A), 132 (B), 182 (C), 222 (D), 365 (E), and 567 (F), respectively. CT: Computed tomography.

A B C

D E F

Table 1  Appraisal of King‘s College Hospital criteria for non-
acetaminophen acute liver failure in our patient

KCH criteria Patient’s figures Positive or 
negative

Prothrombin time > 100 s 62.0 s Negative
Prothrombin time > 50 s 62.0 s Positive
Jaundice to encephalopathy time > 
7 d

13 d Positive

Etiology non-A, non-B hepatitis or 
drug induced hepatitis

Drug induced 
hepatitis

Positive

Age < 10 yr or > 40 yr 32 yr Negative
Serum bilirubin > 300 µmol/L 433.6 µmol/L Positive

KCH: King’s College Hospital.
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remaining mass of our patient’s liver was calculated 
to be 50%)[24]. In addition, patients with signs 
of cerebral edema are unlikely to be suitable for 
an APOLT (our patient had no signs of cerebral 
edema)[25]. There are significantly poorer outcomes 
in patients with cerebral edema. A report by Chan 
et al[13] demonstrated that moderate to severe 
cerebral edema (n = 4) and mild cerebral edema 
(n = 7) were associated with 1-year survival 
rates of 25% and 44%, respectively[13]. During 
the transplant procedure in our case, we avoided 
factors that may have magnified the effect of 
steatosis, such as a cold ischemic time longer than 
10 h, donors without a beating heart, and elderly 
donors[26]. In addition, the GRWR > 0.8%, portal 
vein inflow shunting to the native liver mass and 
delicate venous outflow reconstruction in our case 
contributed to the decreased risk of graft failure 
due to portal hyper perfusion[27]. We did not narrow 
or ligate the native liver’s portal vein because the 
native liver was markedly stiff. The portal flow was 
directed to the graft in the early stage because of a 
high portal pressure in the damaged and stiff native 
remnant liver due to ALF. Later, once the native 
liver has recovered and intrahepatic structure has 
normalized, an opposite effect may occur, which 
can lead to decreased portal blood supply to the 
graft[7,28].

The successful experiences from small-for-
size graft APOLTs[29-31] may reveal that a newly 
implanted graft can complement the function of 
the partially remaining native liver during the early 
posttransplant period. Then, the remnant native 
liver expands its function in proportion to its volume 
growth. The key for the successful treatment of 
ALF is to ensure that the patient has a sufficiently 
functioning liver mass to survive the acute illness 
and allow for native liver recovery. An APOLT is a 
feasible solution to achieve this goal for ALF under 
urgent conditions, even with a notably steatotic 
graft.

COMMENTS
Case characteristics
A 32-year-old female was diagnosed with “suppurative tonsillitis” one 
month prior to admission. Later, she noted hyperpyrexia and jaundice, 
and a laboratory test revealed evaluated hepatic enzymes. Five days prior 
to admission to our center, she presented with signs of encephalopathy 
- presence of a flapping tremor (hepatic encephalopathy grade Ⅱ). The 
hepatic encephalopathy then deteriorated to a constant coma (hepatic 
encephalopathy grade Ⅳ).

Clinical diagnosis
Acute liver failure, suspicion of drug-induced liver injury.

Differential diagnosis
Acetaminophen-induced acute liver failure, liver cirrhosis, virus liver 
hepatitis, non-virus liver hepatitis.

Laboratory diagnosis
pH 7.46 (range, 7.35-7.45), serum ALT 304.4 IU/L (range, 0-40 IU/L), AST 
222.7 IU/L (range, 0-40 IU/L), total bilirubin 433.6 µmol/L (range, 0-21 µmol/
L), platelet count 96 × 109/L (range, 100-300 × 109/L), prothrombin time 62.0 
s (range, 12-16 s), INR 6.9 (range, 0.95-1.5), Cr 60.1 µmol/L (range, 30-110 
µmol/L), and ammonia 82.7 µg/dL (range, 0-75 µg/dL).

Imaging diagnosis
A computed tomography scan of her head revealed no signs of a focal 
lesion or cerebral edema.

Pathological diagnosis
The report of the recipient’s liver biopsy demonstrated only a 50% 
hepatocyte loss.

Treatment
An auxiliary partial orthotopic living donor liver transplantation.

Related reports
Emergency liver transplantation has substantially improved the outcomes 
of acute liver failure and is an integral part of the management for this 
condition. Auxiliary partial orthotopic liver transplantation with a living donor 
is an attractive and effective option because auxiliary partial orthotopic 
liver transplantation not only solves the problems of donor safety and graft 
source but also allows immunosuppression to be withdrawn.

Term explanation
Acute liver failure is a reversible disorder associated with an abrupt loss 
of hepatic mass, rapidly progressive encephalopathy and devastating 
complications. Auxiliary partial orthotopic liver transplantation is an 
operation that can be performed with the use of a small-for-size graft 
because the graft can achieve sufficient regeneration with the support of 
remnant native liver.

Experiences and lessons
The key for successful treatment of acute liver failure is to ensure that 
the patient has a sufficient functioning liver mass to survive the acute 
illness to allow for native liver recovery, and auxiliary partial orthotopic liver 
transplantation is a feasible solution to achieve this goal for acute liver failure 
under urgent conditions even with a notably steatotic graft.

Peer-review 
This is a very interesting case report of emergency auxiliary living donor liver 
transplantation in a patient with acute liver failure.
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