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Abstract

Orthotopic liver transplantation (OLT) has been performed
for several benign hepatic tumors. Most of these diseases are
usually managed conservatively, or treated by liver resec-
tion. OLT might be required when the lesions are symptom-
atic, diffuse in hepatic parenchyma, causing life-threatening
complications or malignant transformation cannot be ruled
out. Polycystic liver disease is the most common indication
for OLT. We present a review of transplantable benign he-
patic lesions to evaluate the need of OLT for these diseases,
to summarize in which OLT is a good therapeutic option, and
to show the early and long-term survival which might be ex-
pected. Copyright © 2010 S. Karger AG, Basel

Introduction

Benign liver tumors affect up to approximately 20% of
the US population [1] and are the indication for hepatic
resections in about 6% of patients [2]. No randomized

clinical trials were found regarding elective surgery for
benign liver tumors; most reported studies are retrospec-
tive or include case series with less than 60 patients [3].
For these reasons, no definitive conclusions concerning
clinical practice can be drawn in the management of
these lesions [3].

Orthotopic liver transplantation (OLT) has been re-
ported in the treatment of several benign hepatic tumors;
they are listed in table 1. In these cases, reasons for OLT
were uncertain diagnosis or preneoplastic lesions with
high risk of malignant transformation, association with
metabolic diseases or Kasabach-Merritt syndrome, rup-
ture or increased risk of life-threatening complications,
abdominal encumbrance, or severe symptoms with dis-
comfort. Published reports are limited and based on
small case series; therefore, there is a lack of data regard-
ing optimal indications for OLT. Liver transplantation is
a definitive and curative therapy for benign hepatic tu-
mors; however, due to the high morbidity, the still sig-
nificant mortality and the shortage of donor grafts the
indication for OLT remains far from being standardized
in this population for whom conservative management
and, in a few cases, surgical resection are the gold stan-
dard.

We reviewed the recent literature, and the results
based on UNOS and ELTR data and tried to summarize
accepted indications and long-term results. From 1989 to
2008, 394 liver transplantations were performed in the
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Table 1. Benign liver tumors treated by liver transplantation from
areview of the literature

Table 2. Number of most common benign hepatic tumors treated
by liver transplantation in the USA [4] and Europe [5]

Polycystic liver disease

Hepatic adenoma

Hepatic adenomatosis

Hepatic hemangioma

Hepatic epithelioid hemangioendothelioma
Caroli’s disease and syndrome
Hepatic hydatid disease

Nodular regenerative hyperplasia
Lymphangiomatosis of the liver
Mesenchymal hamartoma

Focal nodular hyperplasia

UNOS ELTR

database database

(394 cases)® (902 cases)®
Polycystic liver disease 301 (76.4%) 626 (69.4%)
Hepatic adenoma and adenomatosis 42 (10.6%) 61 (6.8%)
Hepatic cavernous hemangioma 15 (3.8%) 77 (8.5%)
Nodular regenerative hyperplasia 3 (0.7%) 34 (3.8%)
Others 33(8.4%) 104 (11.5%)

2 From 1989 to 2008. ® From 1968 to 2008.

USA for benign liver tumors (about 0.9% of all liver trans-
plantations). The overall 1-, 3- and 5-year survival rates
were 84.9, 81.2 and 75.9%, respectively [4]. From the Eu-
ropean Liver Transplant registry during the period 1968-
2008, 902 liver transplantations were performed (1.25%
of all reported transplants) [5]. The numbers of most
common hepatic lesions treated by OLT are reported in
table 2.

Polycystic Liver Disease

Autosomal dominant polycystic disease is genetical-
ly heterogenous, with mutations in two distinct genes
(PKD1 and PKD2) predisposing to combined polycystic
liver and kidney disease, and mutation in a third gene,
protein kinase C substrate 80K-H (PRKCSH), account-
ing for a rare isolated polycystic liver disease without
renal involvement [6]. Hepatic cysts are rarely observed
before puberty, are more prevalent in women and in-
crease in number and size through the child-bearing
years [6]. The severity of polycystic liver disease often
correlates with the severity of renal cystic disease and
degree of renal dysfunction [7, 8]. Most patients are
asymptomatic; however, in a few patients massive and
large cysts (liver cysts/parenchymal involvement >1)
may cause abdominal pain, discomfort, and shortness
of breath [6]. The most common complications are in-
tracystic hemorrhage, infection, and posttraumatic rup-
ture. Rarely, a patient may experience hepatic decom-
pensation with ascites and encephalopathy. There are no
effective medical treatments for symptomatic hepatic
cysts. Radiologic cyst aspiration or sclerosis have been
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applied with various degrees of success and cyst recur-
rence [6]. Complete cyst fenestration by laparotomy or
surgical resection have led to a complete, sustained res-
olution of symptoms but are associated with prolonged
hospitalization and significant morbidity [9]. For this
reason, cyst fenestration by laparoscopic approach is the
preferred option with less morbidity and hospitalization
even though a significant recurrence of symptoms has
been reported [6].

Liver transplantation offers the best chance of defini-
tive treatment in patients where the presence of massive
and large cysts can cause life-threatening symptoms such
as malnutrition, weight loss, asthenia, and reduction of
oral intake. In cases of polycystic liver-kidney disease,
whenever the above-mentioned symptoms are associated
with renal failure requiring hemodialysis or with a glo-
merular filtration rate <30 ml/min, combined liver-kid-
ney transplantation represents the optimal treatment
giving distinct advantages [10-12]. In the USA, polycystic
liver disease has been the main indication for OLT in 76%
of transplanted patients with a benign tumor in the last
20 years, with 1-, 3- and 5-year survival rates of 82.5, 79
and 73.5%, respectively [4]. Similar results have been re-
ported in Europe [5].

Since liver function is preserved until a late stage, and
in a view of organ shortage, OLT remains controversial
and the question of when OLT is appropriate is difficult.
On the other hand, septic complications are frequent af-
ter transplantation in these patients and are the main
cause of death. Postoperative mortality up to 20-30% was
reported in earlier studies; except for a high postoperative
risk, long-term results have been reported as satisfactory
(1, 11, 13]. The increased risk of sepsis might have been
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due to bacterial reservoirs in cysts and/or prolonged poor
nutritional status, amplified by the immunosuppressive
agents; total hepatectomy can be technically demanding
with an increased amount of bleeding as a result of tight
scar formation between the diaphragm, stomach, colon,
spleen and cysts. Meticulous surgery, the application of
the piggyback technique to avoid the use of venovenous
bypass and the clamping of the portal vein at the very end
of the hepatectomy are the key points in reducing post-
operative morbidity and mortality [13].

A recent German study analyzed the quality of life af-
ter OLT and showed that most patients (91%) report an
improvement in social status and better quality of life
compared to before OLT; 78% of patients said they would
opt for transplantation again [12].

OLT and/or combined liver-kidney transplantation
are valid and curative therapies for polycystic liver and
kidney disease in patients with defined criteria as men-
tioned above. Due to the absence of signs of liver failure,
the model for end-stage liver disease (MELD) score is not
representative for these patients. In the Eurotransplant
area, the level of priority can be upgraded after a waiting
time of 12 months [12]. These patients must be managed
as a MELD exception or with additional points similar to
the patients with hepatocellular carcinoma on cirrhosis.
Anyway, the unreliable representation by the MELD
score, the increased perioperative risk in patients with
severe cachexia and malnutrition and the excellent long-
term results after transplantation suggest the need for
earlier referral to the waiting list for transplant.

Liver Cell Adenoma and Liver Cell Adenomatosis

Liver cell adenoma is increasingly seen due to the
widespread use of estrogen-based oral contraceptives
(incidence of 3 per 1,000,000 per year); it is often diag-
nosed as an incidental finding in asymptomatic patients
[14, 15]. It has been rarely reported in association with
anabolic steroid use, glycogen storage disease, or Kline-
felter’s syndrome [15]. Symptomatic patients usually
present with right upper quadrant pain and normal liv-
er function tests. Spontaneous bleeding is a well-recog-
nized complication which is often the cause of pain; it
appeared in 20-40% of patients, in particular when the
lesion was >5 cm, and is associated with an 8% risk of
death [15, 16]. Another serious complication is the risk of
malignant transformation in about 5% of patients [16,
17]. This risk does not disappear even in the case of re-
gression of the adenoma after oral contraceptive discon-
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tinuation, while there is no report of de novo adenoma
after primary resection of solitary cell adenoma [15, 17].
Liver transplantation has been reported in the treatment
of solitary giant adenoma [4, 5]. However, with the im-
provements of surgical techniques and perioperative
management, postoperative morbidity has been reduced
after liver resection and the mortality rate is around 1%
even after major hepatectomies [17, 18]. Surgical resec-
tion is therefore the treatment of choice for solitary liver
cell adenomas >5 cm or complicated by hemorrhage or
malignant transformation, and OLT should be aban-
doned.

Multiple adenomas occur in 10-24% of all patients
with liver cell adenomas, developing a new clinical entity
known as ‘liver cell adenomatosis” which was first de-
scribed in 1985 by Flejou et al. [19]. The typical findings
of liver adenomatosis are the presence of multiple adeno-
mas (arbitrarily more than 3 or 10), no association with
oral contraceptives, no history of glycogen storage dis-
ease, predominant in women and with unknown etiology
[15, 20]. The disease is related to a vascular liver problem
due to altered hepatic parenchyma associated with steato-
sis, but the etiopathogenetic mechanism remains un-
known [20, 21]. The largest review was published in 2008
reporting clinical characteristics, pathologic findings
and surgical management of 94 patients with liver adeno-
matosis [21]. Diagnosis has usually been based on symp-
tomatic hepatic nodules causing upper right quadrant
pain. Intratumoral or intraperitoneal hemorrhage can be
present in 46-63% of patients and is much more frequent
compared to patients with solitary liver adenoma [21];
malignant transformation is less frequent. The risk of
complications seems to be related more to the diameter
of the largest nodule than to the number of nodules [17].
CT scan or MRI is the most useful method for diagnosis
and for the strict follow-up that is required in these pa-
tients. The management of liver adenomatosis remains
problematic. OLT has been reported in 6% of published
series of liver adenomatosis and in more than 5% of liver
transplantations performed for benign liver tumors in
the USA and Europe [4, 5]. Indications for OLT were the
progressive, symptomatic growth of the remaining ade-
nomas after previous hepatectomy or when malignancy
could not be ruled out [15].

Observation and strict follow-up are the basic re-
quirements for management of liver adenomatosis; sur-
veillance programs should include regular (annual) CT
or MRI scanning and frequent serum a-protein mea-
surement. In most patients with tumors >5 cm or com-
plicated by bleeding, or when malignant transformation

Ercolani/Grazi/Pinna



cannot be excluded, liver resection is the treatment of
choice; it is associated with relief of symptoms and opti-
mal long-term results [17, 21]. All technical achievements
should be used, including portal vein embolization to
increase remnant hemi-liver and two-stage hepatectomy,
to allow even extensive resections and remove most nod-
ules, especially the larger ones. After the initial surgical
approach, around 25% patients need a second operation
and 43% of the remaining adenomas continue to grow
[21]. Thus, we believe that in rare progressive symptom-
atic forms with multiple growing adenomas and a his-
tory of repeated complications or partial resection of
larger lesions or increased serum a-fetoprotein level with
concern about malignant transformation, liver trans-
plantation should be considered the last therapeutic op-
tion.

Liver Hemangioma

Cavernous hepatic hemangioma is the most frequent
benign liver tumor with a prevalence in autopsy and im-
aging studies of up to 7% [22]. The majority of hepatic
hemangiomas should be managed conservatively.

When surgical resection is indicated, enucleation of-
fers greater preservation of functional liver parenchyma
with fewer complications and should be considered the
technique of choice [23, 24].

Liver transplantation has been reported in very rare
cases of huge hemangiomas [25]. According to a recent
review, only 12 cases have been reported in the English
literature and most of them were associated with the pres-
ence of Kasabach-Merritt syndrome characterized by co-
agulopathy, thrombocythemia, hypofibrinogenemia and
fibrinolysis [25, 26]. Only 3 patients received liver trans-
plantation for hepatic hemangiomas in the last 9 years in
the USA [4]. Thus, considering the high incidence of liver
hemangioma in the healthy population, OLT seems to be
a very rare indication and is required only in exceptional
cases. It is interesting to note that deceased donor liver
grafts even with giant hemangiomas have been used for
orthotopic transplantation, in two cases after enucleation
at the back-table and in another case with the hemangio-
ma left in place [27].

Infant hepatic hemangioma is a clinically different en-
tity which must be distinguished from hemangioma in
adults. According to the Infant Hepatic Hemangioma
Registry based in Boston, infants with the diffuse type
hemangioma are at greatest risk of death. Infants with
hemodynamically significant shunting are candidates for
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steroids. However, 10-20% of patients refractory to med-
ical therapy develop life-threatening complications, IVC
compression and respiratory distress; for these patients
OLT is the only suitable therapeutic option [28].

Hepatic Epithelioid Hemangioendothelioma

Primary hepatic epithelioid hemangioendothelioma
(HEH) is a rare soft tissue vascular tumor with an inter-
mediate clinical course between benign hemangioma
and malignant angiosarcoma, first described in 1984 by
Ishak et al. [29]. No definitive etiology has been con-
firmed as a causative factor, even if several factors have
been correlated to HEH such as vinyl chloride, asbestos,
thorotrast, etc. [30]. In 2006, a review of 434 patients re-
ported in the literature showed that HEHs have a hetero-
geneous presentation in young patients (mean age 41.7
years): multifocal in 81% of patients and unifocal in-
volvement of the liver in the other 19%; they are asymp-
tomatic in 25% of patients, with varying degrees of symp-
toms (pain, discomfort, weight loss) going up to portal
hypertension and liver failure in the remaining; in 36%
of patients, an extrahepatic involvement was document-
ed, lung, lymph nodes and bone were the most frequent
sites [30]. Definitive diagnosis can be made by associa-
tion of clinical and radiologic signs, such as multiple low-
density intrahepatic nodules at CT scan, a hypervascu-
larized central lesion, focal calcification in a young pa-
tient with good condition. As the tumor originates from
endothelial cells, it presents positive staining for factor
VIII as well as for CD31 and CD34 [22]. FDG-PET scan
can be useful in the staging of the disease, particularly
before OLT [31]. More than 50% of untreated patients
died, although a few patients have been reported to sur-
vive without any therapy; systemic or locoregional che-
motherapy as well as radiotherapy have been reported
without significant success [22, 30]. Liver resection was
the first treatment in 9.4% of patients; this is an accept-
able therapy whenever a curative resection can be per-
formed irrespective of extrahepatic disease. However,
palliative resection should be avoided since the remain-
ing nodules showed a very aggressive behavior after par-
tial hepatectomy, probably due to the hepatic regenera-
tion stimulated by the resection [30]. Liver transplanta-
tion has been the most frequent therapeutic option
(44.8% of patients) [30]. Long-term results were satisty-
ing with 5- and 10-year overall survival rates of 83 and
74%. This data was confirmed by a recent multicenter
study of the European Liver Transplant Registry [32]
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which analyzed 59 patients who underwent OLT for
HEH. About a quarter of the patients developed recur-
rence after a median time of 49 months, but aggressive
treatment using anti-angiogenetic therapies or rapamy-
cin-based immunosuppression significantly prolonged
survival [30, 32]. The role of retransplantation in the case
of allograft recurrent disease is questionable on the basis
of 1 patient who was retransplanted for recurrent disease
and died [33]. Except the two communications by Meh-
rabi and Lerut, there are only two old reviews with 36
and 13 OLT for HEH and a few case series [30, 32, 34, 35].
These studies confirm that lymph node invasion and
minimal extrahepatic disease are not a contraindication
to OLT. Only the presence of macrovascular invasion sig-
nificantly affected long-term outcome [32]. The role of
OLT is questioned on the basis that spontaneous long-
term survivors have been reported, and because of the
high percentage of extrahepatic disease and the risk of
recurrent disease [30, 34, 35]. However, most of the pub-
lished series reported satisfactory long-term results with
5-year survival close to 71% and 5-year disease-survival
free over 65% [30, 32, 36]. From the data available in the
literature, OLT should be proposed earlier in the disease
course of HEH and, due to the incidence of extrahepatic
disease and graft recurrence, anti-angiogenetic adjuvant
treatment using anti-vascular endothelial growth factor
should be introduced routinely; retransplantation could
also be re-evaluated.

Caroli’s Disease and Caroli’s Syndrome

Caroli’s disease is a rare congenital disease character-
ized by gross segmental dilatation of the intrahepatic
bile ducts causing a macroscopic appearance of intrahe-
patic multiple cysts; it is included in type IVa and V of
Todani’s classification for choledochal cysts and com-
bined with polycystic renal disease in a few cases [37, 38].
It can be associated with hepatic fibrosis which is a dif-
ferent entity, named Caroli’s syndrome [39]. Clinically,
it is dominated by episodes of cholangitis which might
become frequent with a dismal long-term outcome. Liv-
er resection is the treatment of choice in the case of
monolobar forms and absence of congenital hepatic fi-
brosis; conservative management with percutaneous or
endoscopic drainage and stent or hepaticojejunostomy
have failed in the definitive solution of symptoms and
are considered palliative treatments [40]. Liver trans-
plantation has been reported only in small case series
and no clear guidelines are available [39, 40]. In a recent
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review of 110 liver transplantation for Caroli’s disease or
syndrome, the 5-year patient and graft survival were 86
and 71%, respectively [40]. Early postoperative outcome
has been affected by a high incidence of septic and vas-
cular complications; however, the long-term outcome in
patients surviving more than 1 year after OLT was ex-
cellent [39, 40].

Since cholangitis is the principle cause of morbidity
and mortality, OLT should be advocated earlier during
the natural history of the ‘diffuse type” of Caroli’s dis-
ease with recurrent biliary infections and an aggressive
management to prevent and treat septic complications
both pre- and post-OLT is warranted to improve long-
term results [39, 40]. Usually, these patients do not pres-
ent symptoms of liver failure and are not represented by
MELD score. In cases of Caroli’s disease with recurrent
cholangitis, an exception to MELD score and the use of
an upgrade of priority after a few months on the waiting
list should be considered. Liver transplantation is the
treatment of choice even in patients with Caroli’s syn-
drome when the association with congenital hepatic fi-
brosis can lead to develop signs of portal hypertension
with ascites and esophageal varices. In patients with
concomitant end-stage renal disease due to the polycys-
tic kidney, combined liver-kidney transplantation is ad-
visable.

Chronic episodes of cholangitis with formation of liv-
er abscesses can be complicated by the occurrence of
cholangiocarcinoma in 7% up to 14% of patients [40, 41].
The diagnosis of cholangiocarcinoma in these cases is
quite difficult and no clear clinical or biochemical pa-
rameters seem to allow an early diagnosis; a precise time-
line in relation to malignant degeneration is not yet de-
fined. Liver transplantation as a preemptive therapy for
the risk of cholangiocarcinoma in asymptomatic patients
with Caroli’s disease might be considered, but at the mo-
ment it is still debated.

Other Rare Indications for Liver Transplantation

Liver transplantation has rarely been performed for
other benign hepatic tumors which are grouped together
since there are only case reports or small case series re-
ported in the literature.

Alveolar echinococcosis is an infectious disease caused
by Echinococcus multilocularis which grows primarily in
the liver of infected, generally young patients, developing
as a tumor-like lesion. Without appropriate treatment,
most patients die within 10 years [42]. Benzimidazole
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Fig. 1. Number/year of liver transplantation for benign hepatic
tumors in the last 20 years in the USA and Europe.

seems to be effective in prolonging survival. Liver resec-
tion is the treatment of choice, and can be useful in the
early phase of the disease. However, half the patients de-
velop severe complications such as liver abscesses, recur-
rent cholangitis, secondary biliary cirrhosis, or Budd-
Chiari syndrome [42, 43]. In these cases, liver transplan-
tation remains the only option. In 2003, a review
reported the results of 47 OLTs performed in Europe
(mainly in France in Besangon). In half the patients, ad-
ditional resective procedures were required, such as dia-
phragm resection and adrenalectomy; 10 patients re-
quired reoperation mainly for hemoperitoneum. Early
postoperative outcome was affected by severe septic com-
plications and 5-year survival was 58% [43]. Interestingly,
only 2 of the 47 OLTs were performed after 2000. It seems
that the introduction of benzimidazole therapy and a bet-
ter patient selection has dramatically reduced the need
for liver transplantation for this indication to only ex-
tremely selected cases.

Nodular regenerative hyperplasia (NRH) is an uncom-
mon disease characterized by the presence of multiple,
small non-fibrotic nodules (<1 cm) probably due to vas-
cular abnormalities which are the main cause of intrahe-
patic non-cirrhotic portal hypertension [44]. It has been
associated with several diseases including Budd-Chiari
syndrome, myeloproliferative disorders, and connective-
tissue disease. A few cases of liver transplantation have
been reported in the literature [26, 44]; in most patients,
successful long-term outcome was achieved. Recurrent
NRH has been reported in the graft, but only rarely was
retransplantation needed. NRH has also been described
as a complication of immunosuppression using azathio-
prine, living donor transplantation using small-for-size
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grafts, and recipients receiving OLT for biliary diseases
[26].

Despite the good long-term results, OLT should be
considered a reasonable indication only for patients with
end-stage disease when NRH is associated with severe
symptoms of portal hypertension.

Hepatic lymphangiomatosis is a rare disease character-
ized by abnormal lymphatic proliferation causing intra-
hepatic cystic or cavernous lesions in the liver, spleen, and
lungs which may cause organ dysfunction by compres-
sion or replacement of adjacent parenchyma. Four cases
of liver transplantation have been reported; all of them
were women and in 3 cases the long-term outcome was
successful [45].

Other rare indications for liver transplantation for be-
nign hepatic tumors massively involving the liver and
usually associated with other hepatic diseases were in-
flammatory pseudotumors, mesenchymal hamartoma,
and focal nodular hyperplasia [46-48].

Discussion

Liver transplantation is a rare indication for benign
hepatic tumors; ELTR and UNOS data show that only 1%
of transplants were performed for this indication with
satisfying long-term results [4, 5]. In 70% of cases, poly-
cystic liver disease with severe malnutrition and impair-
ment of quality of life was the most common indication
associated or not with renal transplantation for the pres-
ence of renal failure due to polycystic kidney disease. The
remaining 30% were performed for different types of be-
nign hepatic lesions (table 1).
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In the last few decades, the total number of OLTs per-
formed for benign liver tumors per year has been con-
stant, with a slight increase in Europe (fig. 1). In fact, most
benign lesions do not require any treatment and should
be managed conservatively. Nowadays, whenever these
tumors become symptomatic, or malignant transforma-
tion cannot be ruled out, liver resection is the gold stan-
dard since even extended hepatectomy can be performed
with acceptable risks thanks to the improvements in
technique and perioperative management in the tertiary
referral centers for hepatobiliary surgery.

However, when benign tumors present life-threaten-
ing complications and are not amenable to liver resection

due to their intrahepatic diffusion and extent or because
of functional impairment, liver transplantation may be
considered as a valid therapeutic option before patients
become too sick.
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