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Abstract: Liver transplantation represents the definitive intervention for various etiologies of liver
failure and encompasses a spectrum of rare indications crucial to understanding the diverse landscape
of end-stage liver disease, with significantly improved survival rates over the past three decades.
Apart from commonly encountered liver transplant indications such as decompensated cirrhosis and
liver cancer, several rare diseases can lead to transplantation. Recognition of these rare indications
is essential, providing a lifeline to individuals facing complex liver disorders where conventional
treatments fail. Collaborative efforts among healthcare experts lead not only to timely interventions
but also to the continuous refinement of transplant protocols. This continued evolution in transplant
medicine promises hope for those facing diverse and rare liver diseases, marking a paradigm shift in
the landscape of liver disease management.

Keywords: liver transplantation (LT); end-stage liver disease (ESLD); rare indications (RI); liver
disease management (LDM)

1. Introduction

Liver transplantation (LT) represents the elective treatment for all etiologies of liver
failure [1,2]. The survival rates after LT have improved considerably in the last 30 years,
achieving up to 94% one year after transplantation and 61% ten years after [3–6]. In
centers with experience, this surgical procedure is performed routinely with favorable
results and low mortality and morbidity rates [7]. Due to effective immunosuppression,
improvement of surgical technique, and early diagnosis and management of post-transplant
complications, the survival rate has increased significantly [2].

The most common indications for LT are decompensated cirrhosis and liver cancer,
followed by acute liver failure. Other indications of LT are represented by metabolic and
cholestatic diseases with liver involvement but with lower prevalence [8] (Table 1).

Diagnostics 2024, 14, 226. https://doi.org/10.3390/diagnostics14020226 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics14020226
https://doi.org/10.3390/diagnostics14020226
https://doi.org/10.3390/diagnostics14020226
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0009-0007-6263-7030
https://orcid.org/0000-0003-1179-219X
https://orcid.org/0000-0001-5730-9381
https://orcid.org/0000-0001-6206-6126
https://doi.org/10.3390/diagnostics14020226
https://www.mdpi.com/journal/diagnostics
http://www.mdpi.com/2075-4418/14/2/226?type=check_update&version=4


Diagnostics 2024, 14, 226 2 of 12

Table 1. Rare liver transplant indications.

Disease

Hepatic hemangiomatosis

Amyloidosis

Sarcoidosis

Severe hepatic trauma

Byler Disease

Caroli’s disease

HELLP syndrome

Graft-versus-host disease

Besides those common causes of LT, several rare diseases can lead to transplantation [9].
A rare disease is defined as when the incidence is below 1 per 10,000 [10]. Depending on
the nature of the disease, rare causes can be neoplastic and non-neoplastic. This analysis
focused on the non-neoplastic causes and opportunity of liver transplantation for these
infrequent diseases in the usual medical practice and their heartening therapeutic solutions.

2. Rare Liver Transplants Indications
2.1. Hepatic Hemangiomatosis

Hepatic hemangiomas are among the most prevalent primary liver tumors classified
as non-epithelial lesions [11]. Diffuse hepatic hemangiomatosis (DHH) is a rare, most
frequently benign condition in which there is widespread substitution of liver tissue by
hemangiomatous tumors and usually occurs in newborns [12].

The literature review by Shihua He et al. revealed that the most commonly reported
symptoms were upper abdominal pain, dyspeptic symptoms, early satiety followed by
dyspnea, and systemic symptoms such as high temperatures, excessive night sweats, and
fatigue [13,14]. Physical examination findings consist of hepatomegaly in the majority of
cases, together with jaundice, peripheral edema, and ascites [15–17].

The literature search revealed that DHH has an unclear prognosis due to its low
incidence [18].

Surgery is not usually recommended if the margins of the tumor are unclear and there
is a risk of bleeding [19]. Four people underwent right/left hepatectomy according to
the available studies [17,20–22]. During follow-up, only one patient who underwent left
hepatectomy was found to have tumor recurrence 6 years later after wedge biopsies [21].

Several research studies have described liver transplantation as a viable treatment
option for patients with hepatic hemangiomatosis complicated with painful hepatomegaly,
liver failure, portal hypertension, or heart failure due to hyperdynamic flow [23–29]. In a
recent systematic literature review by Bhardwaj et al. (September 2022), two patients with
DHH underwent living donor transplantation [29] and orthotopic liver transplantation [27],
respectively, with good status after a follow-up period of at least 6 months [18].

Trans-arterial embolization, radiofrequency ablation, and radiation have been studied
with various rates of effectiveness [28,30–33]. Studies found that radiotherapy was suc-
cessful in only one in two patients, with the tumor disappearing three years later [13,34].
Radiotherapy could represent a viable therapy for DHH, but further studies are needed [13].

In addition, a therapy with anti-VEGF (anti-vascular endothelial growth factor) has
been described, which was successful in liver tumors but had a negative effect on spleen
lesions and led to the death of the patient [35].

The most prevalent complication of DHH is liver failure [16,22,36,37]. In reported
cases, other complications such as Kasabach–Merritt syndrome, disseminated intravascular
coagulation, and cardiac or various organic dysfunctions have also been noted, invariably
leading to exitus [13,35].
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The literature search showed that radiation could be an alternative treatment, but the
last resort is liver transplantation [13].

2.2. Amyloidosis

Amyloidosis is a systemic disease that commonly affects a wide variety of organs
and can therefore lead to multiple organ failure and ultimately death. Amyloidosis can be
classified as primary or secondary due to other diseases such as rheumatoid arthritis or
multiple myeloma. Hepatic amyloidosis may be present in a wide variety of patients, but
signs and symptoms caused by liver damage may rarely be seen [38].

The gastrointestinal tract and the liver are often affected by systemic amyloidosis,
besides the most frequent localizations such as heart, kidney, and peripheral nervous
system. It is very important to correctly diagnose this systemic disease because it can mimic
other GI diseases, thus increasing the challenges for both the patient’s life and the diagnostic
process [39]. The clinical and paraclinical manifestations of liver amyloidosis can vary
drastically between patients with no symptoms at all or patients with very advanced liver
disease. However, severe liver disease manifesting as jaundice and elevated cholestasis are
rare, but with a high mortality rate [40]. Usually, the liver is involved in the later stages of
amyloidosis only after the involvement of the heart and kidney, and this can represent a
sign of poor prognosis for the patient [41].

The main goal of treatment in amyloidosis is to remove or decrease amyloid protein
fibrils while maintaining minimal systemic toxicity. Thus, since 1972, various cytoreductive
and immunosuppressive drugs have been introduced, as well as drugs and treatment
methods used in multiple myeloma. Liver transplantation remains the last resort in the fight
against amyloidosis for patients in advanced stages of the disease [42]. A study published
in 2009 shows liver response in 69 patients with primary amyloidosis treated with high-
dose melphalan chemotherapy and autologous peripheral blood stem cell transplantation.
Hepatic response was present in 57% of patients, while hematological response was present
in 53% of patients [43].

Hepatic amyloidosis is frequently associated with cardiac amyloidosis and can there-
fore lead to end stage heart and liver disease [44]. Nardo et al. published a study that
included four patients who underwent combined heart and liver transplantation for fa-
milial amyloidosis between 1999 and 2003. Therefore, this method, although very difficult
to perform, can be a solution for severely affected patients with both cardiac and hepatic
amyloidosis [45].

Primary amyloidosis can, in rare cases, present as acute liver failure, as we will further
detail through a case from the literature published by M Elnegouly et al. that presents a
patient with primary amyloidosis who had been treated with Bortezomib, Dexamethasone,
Melphalan, and autologous hematopoietic stem cell transplantation as a bridge to urgent
liver transplantation. Eventually, the patient underwent liver transplantation with a very
good outcome. Thirty-six months after the orthotopic liver transplantation, the patient is in
complete remission [42].

The role of liver transplant in amyloidosis is controversial. Some data in the literature
suggest that liver transplantation might be useful in patients with dominant hepatic in-
volvement as they are not suitable for chemoimmunotherapy [46]. The first documented
liver transplant for transthyretin amyloidosis was performed in 1990 with the purpose of
removing the organ that had been producing this abnormal protein. The most favorable
outcome from liver transplantation could be found in patients with the Val30Met mutation
in the TTR gene [47]. A published study described the experience of liver transplantation in
hepatic amyloidosis in a single center. Out of 11 transplanted patients, 6 had improvements
in clinical symptoms. The study concluded that liver transplantation is the only therapeutic
method for patients in which the liver is the primary site for amyloid protein synthesis [48].
In recent years, the criteria for liver transplantation have become more selective, and the
new potential drugs (gene silencers and kinetic stabilizers) have the potential to start a new
era in the treatment of transthyretin amyloidosis.
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The criteria for liver transplantation have become increasingly stringent in recent
years due to advancements in medical therapy such as genetic attenuators and kinetic
stabilizers. These advancements have significantly reduced the necessity of liver transplants
for amyloidosis. While a new treatment era is emerging to effectively manage this condition,
the possibility of transplant remains an alternative option. Future evidence will clarify
the benefits for patients and the necessity of liver transplantation in selected cases where
medical therapy alone cannot effectively halt the disease progression [49].

2.3. Sarcoidosis

Sarcoidosis is a multiorgan disease that can therefore affect the hepatic parenchyma.
Sarcoidosis is classified as an inflammatory disease. Microscopically, it is characterized by
the presence of non-caseating granulomas in the affected organs. The etiology is unknown
but a multifactorial etiology is thought to exist, involving genetic, environmental, and
immunological causes. Most patients with liver sarcoidosis are asymptomatic. Among
patients with systemic sarcoidosis, about 50–70% have specific changes for sarcoidosis in
the liver, while only 10–30% of them have altered liver tests [50].

Most frequently, patients present elevated liver cytolysis markers and alkaline phos-
phatase levels. The diagnosis of sarcoidosis is challenging, with a crucial role attributed to
liver biopsy as an indispensable step in confirming and distinguishing this condition [51].

The study by M Sedki et al. analyzed 286 patients with sarcoidosis, of whom only 9.4%
also had liver sarcoidosis and only 37% had clinical symptoms. In addition, a quarter of
patients with liver sarcoidosis also had cirrhosis at the time of identification of sarcoidosis.
The progression of liver sarcoidosis to cirrhosis is highly variable [52].

A study published in 2019 by S Ghoneim et al. included three patients with systemic
sarcoidosis and liver sarcoidosis, of whom two patients eventually developed liver cirrhosis.
Mortality in sarcoidosis is between 1–5%, not due to liver insufficiency but rather due to
cardiac and pulmonary insufficiency and also from the lesions in the central nervous
system [53].

Liver transplantation is the last-resort treatment for patients with end-stage liver dis-
ease. The most common type of surgery chosen is combined lung and liver transplantation
for patients with both pulmonary and liver sarcoidosis [54].

A study published in 2020 by AJ Thuluvath and al. compared patients with sarcoidosis
who underwent liver transplantation with patients with primary biliary cirrhosis and with
patients with primary sclerosing cholangitis who also underwent liver transplantation
between 1985–2016. The patients were compared according to the 5-year survival rate and
the graft viability rate. Thus, the study concluded that patients with sarcoidosis undergoing
liver transplantation have a lower survival rate, both of themselves and the graft, compared
to the other two groups of patients, but approximately 66% of liver-transplanted sarcoidosis
patients still had a good survival rate after 5 years of follow-up [55].

Between 1988 and 2004, EJ Lipson and al. assessed 2117 patients who underwent
liver transplantation, and hepatic sarcoidosis was an indication in only seven patients
(about 0.3%). The survival rate at 1 year for patients and grafts was 100%, and at 5 years,
the survival rate was 86%. These survival rates are good and comparable with those of
other patients who underwent liver transplantation with other indications. We must keep
in mind that end-stage liver disease due to advanced sarcoidosis is a rare indication for
liver transplantation when considering all other indications for this specific therapeutic
method [56].

The incidence of sarcoidosis tends to be higher in African Americans and white Amer-
icans. However, liver failure due to sarcoidosis as an indication for liver transplantation
is rare in the United States, accounting for only 0.12% of all liver transplants performed
between 1987 and 2007. Although liver failure in sarcoidosis is very rare, the outcome
of patients who have undergone liver transplantation is satisfactory. The differences in
survival rates between patients with sarcoidosis and other cholestatic diseases (primary
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biliary cirrhosis and primary sclerosing cholangitis) can be explained by the systemic nature
of sarcoidosis and the use of high-dose corticosteroids [57].

2.4. Severe Hepatic Trauma

The term hepatic trauma covers a broad spectrum of both blunt and penetrating
injuries involving the hepatic parenchyma, blood vessels, and biliary tract, with hepatic
trauma accounting for approximately 5% of all trauma [58]. Liver transplantation (LT)
completes the spectrum of surgical modalities available in extreme and rare cases of
massive lesions, when non-surgical procedures fail to control hemorrhage and complete
hepatectomy must be performed [59]. The indications for liver transplantation after liver
trauma are limited to uncontrollable bleeding after damage control surgery, extensive liver
lacerations that cannot be surgically corrected via hepatectomy, severe lesions of main
vascular structures or the main bile duct, and progressive liver failure secondary to trauma
with liver necrosis [60].

According to a Brazilian review conducted in 2015 by Ribeiro-Jr et al., of 46 liver
transplants in patients with severe liver injury, closed/blunt trauma had a high prevalence
with a total of 83%, as well as severe trauma (at least grade IV) with 81%; the main
indication in 52% of cases of was acute liver failure, followed by hemorrhage (19%), hepatic
necrosis (17%), and biliary fistula (5%) [60]. Another study by Krawczyk et al. in 2016,
which included 73 liver transplants after liver trauma, described a 90-day post-transplant
mortality rate of 42.5% [61].

The first case of liver transplantation after major liver trauma occurred in 1987, in a
patient with complex vascular and biliary injuries after a road accident. In this case, the liver
explant was used and the immediate replacement with the donor’s liver was performed in
a single step [60]. In 1988, liver transplantation after liver trauma was performed in two
stages, hepatectomy followed by termino-lateral porto-cavity and then implantation of the
donor’s liver, this technique being used to gain time until a compatible donor is found.
Most studies described 36 h of survival in the anhepatic phase, the longest duration being
reported at 66 h [62]. In the literature, there is very limited data on LT for liver trauma,
which describes a mortality of almost 50% in the first three months post-transplantation [63].

2.5. Byler Disease

Progressive familial intrahepatic cholestasis (PFIC) encompasses various types of
rare autosomal recessive pediatric liver diseases caused by alterations in genes that im-
pact the transport pathway in hepatocytes. It is characterized by the rapid development
of cholestasis accompanied by pruritus and malabsorption, ultimately leading to liver
failure [64,65].

PFIC type 1, also known as Byler disease, is caused by defects in the ATP8B1 gene
on chromosome 18 (18q21), which produces the FIC1 protein, a “flippase” that protects
the structural integrity of the membrane [64,66]. The disease develops in childhood,
with cholestasis episodes usually occurring around the third month of life and rapidly
progressing to end-stage liver disease, requiring liver transplantation as a last resort [64].

According to the statistical data, PFIC is thought to impact 1 in 50,000–100,000 infants
and to warrant 10–15% of pediatric liver transplants [67]. PFIC1 is a relatively rare condition
that, along with PFIC2, accounts for two-thirds of all cases of PFIC [68].

In the past, the disorder would typically progress, leading to end-stage liver disease
within the first ten years of life. This, along with severe itching and stunted growth, were
the primary reasons for undergoing liver transplantation [64,69]. Based on statistical data
from the Scientific Registry of Transplant Recipients (SRTR) in the United States, only
101 infants and 24 adults received liver transplants for PFIC1 between 1987 and 2017,
accounting for less than 1% of all pediatric liver transplants from 2007 to 2017 [69,70].
Progressive familial intrahepatic cholestasis ranks among the top five prevalent reasons for
orthotopic liver transplantation in infants [65].
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Due to the systemic nature of PFIC1, liver transplantation does not fully correct the
disorder [71]. After transplantation, patients with PFIC1 have reported persistent complica-
tions such as refractory diarrhea, pancreatitis, and growth retardation [70,72–74]. Addition-
ally, some patients develop progressive fatty liver disease leading to cirrhosis, although
the cause of this is still unknown [70–73,75]. The effectiveness of non-transplant surgical
treatments and the risk of graft damage have led to debates regarding the suitability of LT
for PFIC [70]. Despite its limitations, liver transplantation remains an effective treatment
for children with PFIC1, particularly for those who do not respond to diversion therapy
or develop end-stage liver disease with cirrhosis [69,72]. Available data suggests that
progressive steatohepatitis is not inevitable and long-term survival can be achieved [69,73].
The rarity of PFIC1 has contributed to a lack of comprehensive long-term outcome data,
leading to ongoing controversy regarding the overall benefits of liver transplantation in
managing PFIC1 patients [69,74].

2.6. Caroli’s Disease

Caroli’s disease (CD) is a rare congenital condition with predominantly multifocal
involvement of the biliary tree characterized by segmental dilatation of the medium and
large intrahepatic bile ducts [76–78]. This corresponds to congenital biliary cysts type V of
the Todani classification for cystic biliary disease [79]. Caroli’s disease is characterized by
dilatation of the bile ducts without other underlying liver diseases, in contrast to Caroli’s
syndrome (CS), which presents intrahepatic bile duct dilations with associated congenital
hepatic fibrosis (CHF) and/or polycystic kidney disease (PKD) [80].

Caroli’s disease is rare, with an estimated prevalence of 1 in 1,000,000 individuals [81].
Caroli’s syndrome is more common, affecting 1 in 100,000 people [82].

The surgical management remains the only curative treatment [83]. An extremely
important aspect of surgical management is determined by the localization of biliary
dilations [84]. Depending on this aspect, the involvement can be limited to a single lobe or
the entire liver, each of these two forms having a different surgical approach [85].

Liver transplantation is the only curative treatment for Caroli’s disease. LT is indicated
in forms where biliary dilatation affects both lobes, causing significant parenchymal damage
or recurring episodes of cholangitis [76,86]. In patients with Caroli’s disease with bilobar
involvement, liver transplantation is very rare, with the transplant being performed much
more frequently in patients with Caroli’s syndrome [87].

There are several case series in the literature that describe the experience of different
centers that have managed such cases, but no integrative approach has been described up to
this point. The reported survival rate is similar to that of those undergoing transplantation
for other liver diseases. According to the European Liver Transplant Registry, the survival
rate after liver transplantation for Caroli’s disease is 80.9% in a group of 110 patients with
Caroli’s disease [87].

In a study of 104 patients carried out in the United States of America in which both
patients with Caroli’s disease and Caroli’s syndrome were included, the survival rates at
1 year, 3 years, and 5 years, were 86.3%, 78.4%, and 77%, respectively [76]. This study shows
a higher survival rate than that reported in Europe, but without separately evaluating the
cases of Caroli’s disease from those with Caroli’s syndrome.

Mortality after liver transplantation is not evaluated uniformly in the literature, mak-
ing it difficult to compare the results. A series of cases from Pittsburgh shows a mortality
of 39%, analyzing the situation of 10 transplanted patients, while Millwala, in his study,
shows a mortality of 6.3% at 14 days and 8.3% at 30 days after liver transplantation [76,88].

Because liver transplantation is the only curative treatment, with a survival rate similar
to that of those who undergo liver transplantation for other diseases, the establishment of a
multicentric and multidisciplinary approach to the management of this condition should
be considered.
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2.7. HELLP Syndrome

HELLP syndrome is a severe pregnancy-related condition, occurring in 1 to 6 women
per 1000 pregnancies [89]. It is characterized by hemolysis, elevated liver enzymes, and
low platelet count, with a high mortality rate of up to 60% [90]. The primary management
approach for HELLP syndrome typically involves the prompt delivery of the baby and
supportive care for the mother, with a focus on complications such as liver dysfunction [91].

Individuals with HELLP syndrome face an increased risk of subcapsular hematoma
rupture [89]. While liver transplantation is a crucial intervention for various liver diseases,
its specific application for HELLP syndrome is not considered routine.

Within the existing literature, there have been limited instances of liver transplan-
tation for HELLP syndrome, totaling 36 cases [91]. The most common indications for
transplantation in these cases include acute liver failure and hemorrhagic shock [92–94].
Survival rates vary widely, ranging from 32 days to 12 years, depending on the transplant
center [93,95–97]. Despite the scarcity of prospective data on post-transplantation evolu-
tion and survival, available case series indicate outcomes similar to those observed after
transplantation for more common diseases [89].

Given the rarity of liver transplantation for HELLP syndrome, there is a pressing need
for new studies that offer a more uniform understanding of the progression and survival
outcomes associated with this specific condition.

2.8. Graft-versus-Host Disease

Graft-versus-host disease (GVHD) is a complication of transplantation with rare
incidence. There is an abnormal reaction of the lymphoid tissue of transplanted organ
against the receptor tissue [98]. GVHD can appear after any procedure that implies transfers
of viable allogeneic lymphocytes [99].

Three conditions are involved in the development of GVHD: transfer of immune-
competent lymphocytes into a host, the host inability to reject these cells, and an antigenic
difference between host and donor tissue [100]. Hepatic GVHD occurs frequently after bone
marrow transplant (BMT) and rarely after solid organ transplantation [101]. Incidence of
GVHD after liver transplant is estimated at 0.1–2%, with a high mortality rate ranging from
80% to 100%. The most frequent causes of death are infections, gastrointestinal bleeding,
bone marrow failure, and multiorgan failure [99]. Because there is currently no widely used
clinical or laboratory diagnostic test for GVHD, accurate diagnosis and treatment initiation
are frequently delayed [102].

The literature has suggested a number of therapy strategies. According to certain
research, immunosuppression can be reduced or even stopped in order to let the recipient’s
immune system recover [103]. Other researchers suggest boosting it with corticosteroid
medication, thus enhancing basal immunosuppression. However, the death rate is about
75%, and the results are very poor [98]. Unfortunately, GVHD after LT is less responsive to
corticosteroids than GVHD after stem cell transplantation (SCT) [99].

Corticosteroids represent the main therapy [102]. The literature discusses instances
where corticosteroids were used as a sole form of treatment for patients [99]. Anti-T
cell antibodies (Anti-thymocyte globulin, Alefacept) have demonstrated some efficacy
in treating corticosteroid-resistant GVHD, but are associated with a higher risk of post-
transplant lymphoproliferative illness and viral reactivation [104]. The administration of
cytokine inhibitors, most frequently directed against Interleukin 2 (IL2) and tumor necrosis
factor α (TNF-α), is the second most popular strategy. Another available treatment choice
is Etanercept, a soluble TNF receptor. It is advisable to use fungal prophylaxis alongside
this treatment as it often correlates with an increased risk of fungal infections [99,105].

LT is the last treatment option for hepatic GVHD after BMT or non-liver organ trans-
plant [101]. Between 1992 to 2012, the United Network for Organ Sharing (UNOS) reported
112 orthotopic liver transplantations for GVHD with long term survival [106,107]. It is
an underutilized modality of treatment and should be considered in steroid refractory
hepatic graft-versus-host disease [107]. In these cases, which obtained long-term survival,
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recurrence of hepatic GHVD has not been reported [101]. The survival rate after LT for
hepatic GVHD is inferior to other disease which have indications for LT [106,107].

3. Conclusions

Liver transplantation (LT) is the definitive treatment for various liver failures, showing
substantial improvements in survival rates over the past three decades. LT is emerging
as a routine procedure in experienced centers characterized by low mortality and morbid-
ity rates.

The primary indications for LT include decompensated cirrhosis, liver cancer (espe-
cially hepatocellular carcinoma), and acute liver failure, which collectively account for the
majority of cases. However, there is a spectrum of rare diseases that lead to the need for
transplantation. These rare causes underscore the expanding limits of LT in recent years for
uncommon liver diseases. In such exceptional cases, the recommendation for liver trans-
plantation should be brought forth and thoroughly discussed within a multidisciplinary
committee. This discussion is crucial not only for pinpointing the most opportune moment
for transplantation but also for devising a comprehensive management strategy tailored to
the unique circumstances of each individual case.

Liver transplantation is a highly successful intervention for a wide range of liver fail-
ures, both common and rare. There is demanding need for the exploration and application
of LT in rare non-neoplastic diseases, thus providing hope and viable treatment pathways
for patients facing uncommon conditions.
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