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Abstract

The term hepatolithiasis describes the presence of biliary stones within the
intrahepatic bile ducts, above the hilar confluence of the hepatic ducts. The
disease is more prevalent in Asia, mainly owing to socioeconomic and dietary
factors, as well as the prevalence of biliary parasites. In the last century, owing to
migration, its global incidence has increased. The main pathophysiological
mechanisms involve cholangitis, bile infection and biliary strictures, creating a
self-sustaining cycle that perpetuates the disease, frequently characterised by
recurrent episodes of bacterial infection referred to as syndrome of “recurrent
pyogenic cholangitis”. Furthermore, long-standing hepatolithiasis is a known risk
factor for development of intrahepatic cholangiocarcinoma. Various classifications
have aimed at providing useful insight of clinically relevant aspects and guidance
for treatment. The management of symptomatic patients and those with complic-
ations can be complex, and relies upon a multidisciplinary team of hepatologists,
endoscopists, interventional radiologists and hepatobiliary surgeons, with the
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main goal being to offer relief from the clinical presentations and prevent the development of more serious
complications. This comprehensive review provides insight on various aspects of hepatolithiasis, with a focus on
epidemiology, new evidence on pathophysiology, most important clinical aspects, different classification systems
and contemporary management.

Key Words: Cholelithiasis; Intrahepatic stones; Cholangiocarcinoma; Biliary parasites; Recurrent pyogenic cholangitis; Oriental
cholangiohepatitis; Hepatectomy; Cholangioscopy; Liver transplant; Paediatric
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Core Tip: Hepatolithiasis is a chronic disease, mostly prevalent in Asia, commonly characterised by recurrent episodes of
cholangitis and relevant clinicopathological syndromes, while it constitutes a risk factor for development of intrahepatic
cholangiocarcinoma. Its management in complex cases can be challenging and relies upon multidisciplinary input from
hepatologists, endoscopists, interventional radiologists and hepatobiliary surgeons. This comprehensive review provides
insight on various aspects of hepatolithiasis, with a main focus on the epidemiology, new evidence on pathophysiology, most
important clinical aspects, different classification systems and contemporary management.
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INTRODUCTION

Cholelithiasis is the general term describing the presence of gallstones at any point along the biliary tree. Cholecysto-
lithiasis is the precise term that describes the presence of gallstones within the gallbladder, even though in clinical
practice, very often the terms cholelithiasis and gallstones are used for the same purpose, owing to the gallbladder being
the predominant anatomical location of gallstones. The term choledocholithiasis refers to the presence of gallstones
within the extrahepatic bile ducts, while hepatolithiasis describes the presence of gallstones within the intrahepatic bile
ducts[1,2] (Figure 1).

More specifically, hepatolithiasis is characterised by the development of pigmented stones, mostly composed of
calcium bilirubinate and less of cholesterol, in the intrahepatic bile ducts before their confluence into the common hepatic
duct, irrespective of the coexistence of gallstones in the common bile duct (CBD) and/or gallbladder. The pathogenesis
involves several mechanisms, including bile infection, cholestasis, hyperplasia of the biliary epithelium and bile duct
strictures, all of which increase the risk of cholangiocarcinoma (CCA) in these patients[3,4]. In the case of primary hepato-
lithiasis, in the absence of extrahepatic biliary obstruction intrahepatic stones often cause chronic inflammation, mural
fibrosis, and proliferation of peribiliary glands[5]. Frequently, hepatolithiasis is characterised by recurrent episodes of
bacterial infections of the biliary system also referred to as “recurrent pyogenic cholangitis”[6]. The management of the
disease currently relies on interventional procedures, to relieve cholestasis and extract impacted stones, as well as liver
resection in cases of severe biliary strictures and hepatic parenchymal atrophy. This comprehensive review provides
insight on various aspects of hepatolithiasis, with a focus on epidemiology, new evidence on the pathophysiology of the
disease, most important clinical aspects, different classifications and contemporary management.

EPIDEMIOLOGY

The disease was described in Hong Kong in 1930[7], and is endemic to East and Southeast Asia, where its reported
prevalence has been as high as 30%[8]. For these reasons, it has also been described as “oriental cholangiohepatitis”,
“oriental cholangitis”, or “Hong Kong Disease”[9,10].

The incidence of hepatolithiasis varies greatly even within Asian countries, and Taiwan has the highest relative
prevalence historically. Parasitic infections may play an important role in the development of hepatolithiasis[11]. In 1961,
Fung[12] identified that among 262 patients treated with hepatolithiasis in Hong Kong, 30% also had liver fluke. More
recently, economic development, improvements in the overall hygiene and introduction of a western diet richer in
proteins and saturated fats, have led to a reduction in the incidence of the disease[13]. Nevertheless, a Taiwanese
retrospective nationwide study in the early 90’s confirmed a high prevalence of hepatolithiasis among the 17182 patients
included, with figures around 20%[14]. On the other hand, data available from Japan, showed a decrease in the incidence
of hepatolithiasis in the past century, from 4.1% between 1970 and 1977 to 1.7% in 1995[10].

Glenn and Moody[15] reported in 1961 that patients of Asian descent living in the United States had a similar incidence
of hepatolithiasis to the general American population, suggesting that the pathogenesis of the disease is mainly related to
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Figure 1 Topographic variations of cholelithiasis. The dashed line at the hilar ductal confluence delineates the level of differentiation between
hepatolithiasis and choledocholithiasis.

Cholecystolithiasis

environmental, rather than genetic and ethnic factors. This also reinforces the theory that improved living standards and
a change in the dietary habits play a major role in the decreased incidence.

Most systematic analyses of incidence and prevalence of hepatolithiasis come from Asia, although the disease is also
prevalent among Latin Americans, and has been associated with lower socioeconomic status and rural environments[13,
16]. A Brazilian group reported an incidence of 2.1% among patients referred to a tertiary centre for treatment of biliary
stones|[17].

In Western countries, the disease is rare and usually presents as secondary hepatolithiasis, i.e., associated with
underlying conditions causing strictures on the bile ducts and/or stasis of the bile in the biliary tree, such as primary
sclerosing cholangitis, malignancy, post-surgical complications, or choledochal cysts[16]. According to historical data, the
prevalence of hepatolithiasis in the West is < 2%, although in the last century, migration has increased its global incidence
overall[16]. A Swedish observational study on autopsies reported that among patients with gallstones, 1.9% had stones in
the hepatic duct and 0.6% had intrahepatic stones[18]. The disease appears to be more frequent in women, and an age >
50 years has been reported as a risk factor[19].

PATHOPHYSIOLOGY AND RISK FACTORS

The pathophysiology of hepatolithiasis is complex and still uncertain. Cholestasis, biliary infection, abnormal bile duct
anatomy, changes in bile metabolism, malnutrition and diet are factors that possibly drive and perpetuate the disease[3,
20,21]. Patients with anatomical and functional changes in the biliary system have a higher risk of hepatolithiasis. Among
these, congenital and/or acquired intrahepatic bile duct deformities (e.g., Caroli’s disease, primary sclerosing cholangitis,
anastomotic stricture) are major risk factors. The presence of strictures creates non-linear trajectories of bile flow, thus
facilitating the agglutination of crystals in the bile ducts and development of stones[22]. The left hepatic duct and the
right posteroinferior bile duct are areas prone to the development of cholestasis when their angulation hinders the bile
flow[23]. Moreover, a dysfunctional sphincter of Oddi has a negative effect on the homeostasis of the biliary tree. Once it
has lost its one-way valve function, duodenal fluid can reflux into the ampulla of Vater and reach the CBD. This fluid will
alter the biliary flora and cause inflammation on the bile ducts due to differences in the pH and the presence of pancreatic
enzymes[22].

Studies have shown a possible association between bacterial translocation, bile infection and biliary stones[24,25].
Commensal microorganisms normally found in bile ducts are E. coli, S. typhimurium, B. cereus and L. monocytogenes[26].
Continuous bile flow, the sphincter of Oddi and the presence of immune cells in the biliary tree are natural mechanisms
to keep these bacteria from triggering an infection. However, Xiao et al[27] observed that 40 Chinese patients with hepato-
lithiasis had a different bile flora when compared to the control group, with a larger population of Proteus and
Streptomyces. Furthermore, microbiological studies observed that the diversity of bacteria in the biliary tract of patients
with hepatolithiasis is smaller than the diversity in controls, thus suggesting an imbalance in the flora[27]. Biliary
dysbiosis, specifically the increased presence of anaerobic bacteria, is related to changes in the bile homeostasis[28]
leading to a higher risk of intrahepatic stones formation. Moreover, larger populations of lipopolysaccharide-producing
bacteria trigger signalling pathways that lead to an increased production of mucin 5AC by cholangiocytes[29]. The higher
concentration of mucin, in turn, promotes cholestasis and crystallisation of cholesterol[30,31]. In addition, bacteria
produce beta-glucuronidase, or induce its production, leading to deposition of calcium bilirubinate and stone formation
[22,32,33]. Finally, these microorganisms also produce phospholipases, responsible for breaking phosphatidylcholine into
free fatty acids, consequently accelerating the deposition of fatty acid calcium and promoting further production of mucin
by the cholangiocytes[27,34]. All of these mechanisms together create a self-sustaining cycle and promote stone
formation.
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Parasite infection, mainly by Ascaris, Clonorchis sinensis, Opisthorchis viverrini, and Schistosoma, is also associated with
hepatolithiasis. These organisms usually live in the intestines but are known for invading the biliary tree. Once parasites
pass the sphincter of Oddi and reach the bile ducts, they incite various mechanisms to fight helminths, such as increased
intestinal epithelial cell turnover[35], and a switch from production of Mucin 2 to Mucin 5AC in the gut[36]. Moreover,
parasites might cause mechanical obstruction of the bile drainage and promote further cholestasis. Finally, calcium biliru-
binate crystals attach to helminth eggs, which represent an ideal substrate for formation of biliary stones[37].

Metabolomic analyses observed that patients with hepatolithiasis have different serum levels of lipids and lipid-like
molecules from healthy controls[38]. This reinforces previous findings that a dysregulated lipid metabolism is directly
involved with the development of intrahepatic biliary stones[29,39,40]. Furthermore, mutations in ABCB4 and ABCB11,
genes associated with bile production and mucin secretion, also have a role in the development of intrahepatic stones[22,
41]. Cystic fibrosis (CF) is a common genetic disease caused by approximately 2000 mutations in the CFTR gene, the most
prevalent of which is AF508. Notably, patients with the disease have a high incidence of cholelithiasis of 15-30% as
opposed to an age-matched population incidence of 5%. CF is one of the very few diseases, which cause hepatolithiasis in
children. Patients with large duct disease in particular, develop strictures, cholangiectasis, hepatolithiasis and recurrent
infections[42].

The amount of protein and fat in the diet directly influences secretion of bile. East Asian populations tend to adopt low
protein and low-fat dietary patterns, thus negatively affecting bile excretion and favouring cholestasis[22]. Low-protein
diets also cause reduction of beta-glucuronidase inhibitors in the bile. Once cholestasis, biliary infection, anatomical
abnormalities, and bile metabolism changes are in place, they create a vicious cycle of biliary injury. Recurrent damage to
the bile ducts leads to activation of myofibroblasts, periductal lamellar fibrosis and hyperplastic epithelium, thus creating
biliary strictures[43]. The hepatic parenchyma adjacent to impacted stones is usually marked with different degrees of
atrophy and fibrosis according to the level of inflammation in that area. If biliary obstructions are left untreated, the
chronic cholestasis can lead to biliary cirrhosis although it is not a common finding[43].

CLINICAL FEATURES

Clinical presentation
The signs and symptoms of hepatolithiasis are associated with the degree of cholestasis and presence of biliary infection.
Patients will often complain about abdominal discomfort, nausea and vomiting, but may also present with cholangitis
and the classic Charcot’s triad of abdominal pain, fever and jaundice[44]. Complicated cases can present with Reynold’s
pentad (e.g., abdominal pain, fever, jaundice, confusion and hypotension), suggesting organ dysfunction, which is a
marker of poor prognosis[20]. On the other hand, some patients can be oligo- or asymptomatic and receive a diagnosis of
hepatolithiasis as an incidental finding during investigations for different conditions or due to non-specific abdominal
symptoms[20].

Changes in the physical examination will depend on the underlying activity of cholangitis and biliary obstruction.
Usual findings are epigastric discomfort on palpation and hepatomegaly[44].

Complications

Complex hepatolithiasis: One of the most common complications is the development of complex hepatolithiasis, when
the disease affects both lobes and/ or intrahepatic stones are associated with hilar stenosis/distortion[45]. If left untreated,
biliary stenosis will lead to upstream chronic cholestasis, predispose the sedimentation of bile salts and formation of
stones[22]. The treatment of hepatolithiasis, therefore, must involve the resolution of any bile duct strictures and promote
normal bile flow.

Persistent cholangitis: Laxity of the sphincter of Oddi and biliary strictures increase the risk of infections in the biliary
tree. The presence of bacteria also favours precipitation of bile salts and formation of stones[22], leading to a self-
sustaining cycle of cholangitis, hyperplasia of the biliary epithelium, subsequent strictures, and further stone formation
[43]. The biliary flora dysbiosis associated with a substrate that favours proliferation of pathogenic bacteria facilitates the
recurrence of cholangitis, thus explaining why this disease is also called “recurrent pyogenic cholangitis”.

Biliary cirrhosis: Up to 14.1% of patients develop secondary biliary cirrhosis[3,46,47] and its complications, including
portal hypertension and liver failure. Cirrhosis occurs as a consequence of the chronic inflammatory injury to the bile
ducts, where the recurrent biliary sepsis may lead to periductal inflammation, fibrosis and portal thrombophlebitis[46].
The treatment includes management of the complications (ascites, portal hypertensive bleedings, hepatic encephalopathy,
etc.) and, in the more advanced cases, orthotopic liver transplantation (OLT)[48,49].

CCA: Hepatolithiasis is a risk factor for intrahepatic CCA, which occurs in up to 21.2% of cases[3,50-52]. Intrahepatic
CCA is an aggressive cancer with poor prognosis, particularly as complete surgical resection is only possible in less than a
third of patients[53]. Patients with hepatolithiasis that develop intrahepatic CCA have higher levels of c-erbB2, epidermal
growth factor, COX-2 and nuclear factor-kB, which are biomarkers of chronic inflammation[54-56]. Furthermore, tumour
suppressor genes, namely pl6 and DPC4/Smand4, are commonly inactivated in these patients, thus reinforcing the role
of chronic inflammation in carcinogenesis, as seen in patients with primary sclerosing cholangitis.

The Japanese Hepatolithiasis Research Group followed 401 patients with hepatolithiasis for 18 years. This cohort had a
2.0% cumulative incidence of CCA at 5 years, 4.0% at 10 years and 6.2% at 15 years of follow-up[51]. Among these
patients, independent risk factors for intrahepatic CCA were age > 63 years (HR 3.334, 95%ClI: 1.316-8.499), residual
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stones after treatment (HR 2.445, 95%ClI: 1.047-5.711) and the occurrence/formation of biliary stricture during follow-up,
(HR 4.350, 95%CI: 1.821-10.391). The incidence of CCA was higher in patients with three risk factors than in those with
one or two risk factors[51]. Moreover, a Chinese retrospective study of 981 patients who underwent hepatectomy for
hepatolithiasis, identified 55 cases with intrahepatic CCA over a median follow-up of 65 months. The authors reported
that residual stones (HR 2.101, 95%CI: 1.150-3.839), formation of hepaticojejunostomy (HR 1.837, 95%ClI: 1.077-3.133), and
uniformity between extension of liver resection and stone-affected segments (i.e., whether all of the affected segments or
less were resected) (HR 2.442, 95%Cl: 1.205-4.948) are also independent factors for intrahepatic CCA[57]. In addition, a
case-control study from China reported that smoking (OR = 1.931, 95%ClI: 1.000-3.731), family history of cancer (OR=
5.175, 95%CI: 1.216-22.022) and symptoms for more than 10 years (OR= 2.348, 95%Cl: 1.394-3.952) were independent risk
factors for development of CCA in patients with hepatolithiasis[52].

Paediatric population

Data on aspects of hepatolithiasis in the paediatric population are extremely limited, particularly as primary hepato-
lithiasis is very rare in children. Yue[58] in 1974 was the first to publish a case series of 6 children with recurrent pyogenic
cholangitis, treated between 1952 and 1972 at a single centre in Hong Kong, China, “with the main object of introducing
this disease entity”. Four were males and 2 were females, with ages ranging from 7-14 years. In all cases soft pigment
stones were found while in one case non-viable Ascaris lumbricoides was also detected. All patients received emergency
surgical exploration, and 2 patients required re-operation. All patients were alive at a follow-up of 3-19 years. The author
highlighted that the treatment of this entity in children is based on experience with adult patients[58].

Saing et al[59] in 1988 published their experience with 10 children treated with “recurrent pyogenic cholangitis”, at
their hospital in Hong Kong, China, between 1973 and 1984. The presentation was uniformly acute with cholangitis,
including features of septicaemia. Initial management included intravenous fluids and electrolytes, antibiotics against
aerobic and anaerobic intestinal bacteria, and nasogastric suction, in all cases. While 4 of the 10 children responded well
to conservative treatment, 3 of them subsequently required elective transduodenal sphincteroplasty. The remaining 6
patients required emergency surgery owing to poor response to conservative management after 24-48 h, and/or
progression to septic shock. One patient required re-exploration. One death occurred following emergency sphinctero-
plasty owing to septicaemia, pulmonary complications, and pericardial effusion. At exploration, pigment stones and/or
mud were found in the bile ducts in all cases. On two occasions Ascaris lumbricoides was found in the CBD. During
follow-up over 3-12 years, the children remained well and continued to grow satisfactorily. Three patients required re-
admissions for mild abdominal pain, which resolved with conservative measures[59].

As mentioned earlier, hepatolithiasis in childhood may also develop in patients with CF, particularly those with large
duct disease[42].

A single-centre Spanish case-series from 1992 reported 7 paediatric patients with intrahepatic stones between 1981-
1989, and retrospectively evaluated their radiological features. There were 6 female and 1 male patient in this cohort with
a mean age of 3.6 years. Underlying causes were present, including CF in one case, immunodeficiency syndrome in a
further case, 4 cases of extrahepatic biliary atresia treated with portoenterostomies, and a case following partial liver
transplantation[60]. Of note, a recent retrospective study of 301 paediatric patients who underwent living donor liver
transplantation over a 20-year period at a single centre in Japan, reported development of biliary strictures in 18%.
During endoscopic treatment 23 patients (7%) were found to have developed hepatolithiasis and were managed with
endoscopic techniques. However, a high recurrence rate of 30% was observed[61].

Recently, a Chinese single-centre retrospective cohort study of 106 children with a discharge diagnosis of “lithiasis”,
hospitalized between 2010-2021, that were diagnosed with primary hepatolithiasis, reported male preponderance, mean
age at diagnosis of 9.3 + 3.6 years, and a preferential involvement of the right liver lobe (75.5%). The estimated incidence
of primary hepatolithiasis in children was approximately 1.7 per 10000 hospitalized patients. All patients were
asymptomatic and had hepatolithiasis discovered randomly on abdominal ultrasound during their treatment of other
diseases; however, 6 patients had undergone previous choledochal cyst excision. More than 25% of patients diagnosed
with primary hepatolithiasis had elevated y-GGT. The authors noted that most of the underlying diseases that resulted in
hospitalisation required treatment with antibiotics or hormones, suggesting that the formation of intrahepatic stones in
children might be related to the use of these drugs; however, the pathogenesis of hepatolithiasis in this age group remains
to be clarified. All patients were managed conservatively under observation. During follow-up of approximately 8 years,
none of the patients developed severe clinical symptoms or complications and no patient required surgical intervention in
childhood[62].

INVESTIGATIONS

Laboratory tests are not very informative for hepatolithiasis apart from showing the levels of systemic inflammation,
cholestasis and biliary/hepatic injury.

Imaging studies, however, are paramount to identify the location of stones, complications and determine the best
treatment. Ultrasound and magnetic resonance cholangiopancreatography (MRCP) are the preferred methods because
both can detect non-calcified stones. While ultrasound is usually the first investigation, MRCP offers a more accurate
evaluation of the biliary tree and is better at detecting biliary strictures and dilations[10,63,64]. Non-calcified stones
cannot be identified on computerised tomography, but the method is useful to locate abscesses and biliary dilations[10].

Biomarkers are not particularly useful for the diagnosis of hepatolithiasis. Recently, Wang et al[38] identified four
metabolites, namely 18-B-Glycyrrhetinic acid, FMH, Rifampicin and PC (4:0/16:2), that are over-expressed in hepato-
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lithiasis and had a good efficacy to discriminate patients with hepatolithiasis from healthy controls. However, the study
only included 30 Chinese patients, thus these biomarkers need validation in larger and more heterogeneous populations
before they are used in clinical practice.

CLASSIFICATION

Throughout the years, many classifications have been developed to distinguish between cases of hepatolithiasis. One of
the most used is Dong’s classification, that proposes a treatment approach depending on the location of intrahepatic
stones, hepatic atrophy, biliary changes, presence of extrahepatic stones and sphincter of Oddi function[65]. Both
Nakayama’s classification and the Tsunoda classification focus on describing the disease based on location of stones,
presence and location of biliary stricture and dilation[66,67]. Finally, the recently proposed LHO system[68] divides
patients according to their capacity to tolerate an anatomical hepatectomy, the presence of hilar strictures and changes at
the sphincter of Oddi. A summary of the criteria in each of these classifications are presented in Table 1.

Dong’s classification

Feng et al[65] reported results from a cohort of 2000 patients being treated for hepatolithiasis in 2012. They proposed a
classification method based on location of the stones, presence of hepatic atrophy, biliary stricture, cirrhosis, and the
function of the sphincter of Oddi.

Hepatolithiasis type I is characterised by localised stones and is subdivided into Ia, when stones are in one lobe, and Ib,
when stones are in both lobes. Type II is defined by diffuse disease and has three subtypes: type Ila has no hepatic
atrophy or bile duct stenosis, type IIb has segmental atrophy and/or biliary strictures, and type Ilc has biliary cirrhosis
and portal hypertension. Type E is used to characterise disease with extrahepatic stones and is divided into Ea, when the
sphincter of Oddi has normal function, Eb when there is relaxation of the sphincter, and Ec when there is stenosis of the
sphincter of Oddi.

Nakayama'’s classification
In 1982, Nakayama reported his classification criteria for hepatolithiasis[66]. This is solely based on a thorough and
objective description of the type of stones, location of stones, presence of biliary stenosis, its severity and site, and
presence of biliary dilation, its severity and location. This classification also includes whether the gallbladder contains
stones, whether there is dysfunction of sphincter of Oddi and whether the patient has undergone previous operations.
The severity of biliary stenosis is graded as SO when there is none, S1 when the related bile duct’s diameter is more
than 2 mm (mild stricture), and S2 when the bile duct’s diameter is less than 2 mm (marked stricture). Biliary dilation is
graded using DO for absence, D1 for dilation less than 20 mm, and D2 for dilation more than 20 mm.
Although being informative and profoundly descriptive, it has to be noted that this method may be difficult to
interpret to those that are not often exposed to patients with hepatolithiasis. Furthermore, the classification does not
suggest the preferred method of treatment which could guide surgeons with less expertise in hepatolithiasis.

Tsunoda classification

Tsunoda et al[67], in 1985, published a method to classify patients with hepatolithiasis. These criteria divided patients
based on primary and secondary hepatolithiasis, the location of stones, the presence of biliary strictures and/or dilations.
According to each classification, they recommended which operation would lend the best surgical outcomes.

Patients with type I have small stones and no dilation of bile ducts, while patients with type II have diffuse dilation of
intrahepatic ducts with or without an obstructive lesion on the CBD. Both types are associated with concomitant
choledocholithiasis. The Tsunoda classification suggests that these patients might develop hepatolithiasis due to an
extrahepatic factor and called both types as secondary intrahepatic stones. Type III is characterised by unilateral cystic
lesions with or without strictures, and type IV is represented by diffuse disease occupying both lobes.

LHO Classification System

The most recent classification method was published by Wang et al[68] in 2023. They named it LHO Classification System,
where each letter indicates one of the three key points assessed to formulate an effective surgical plan and standardize the
treatment of patients with hepatolithiasis. The first letter, L, assesses the distribution of the stones in the segmental bile
ducts, the presence of hepatic atrophy and patient’s tolerance to anatomical hepatectomy. H refers to the presence or
absence of stones at the hilum or hilar strictures, and O indicates whether or not there is dysfunction of the sphincter of
Oddi.

With regards to the subtypes of type L, LO refers to the absence of obvious stones in the segmental bile ducts or obvious
atrophy of the hepatic parenchyma, along with normal liver function. In subtype L1, there are stones in the segmental bile
ducts and/or parenchymal atrophy and the patient can tolerate hepatectomy. Type L2 is also defined as complex hepato-
lithiasis, as it indicates diffuse disease and atrophy, without feasibility for anatomical hepatectomy of all the affected
segments within the safe limits of resectability according to the criteria of the University of Zurich[69].

Type H refers to strictures and obstructive stones at the liver hilum. These need to be removed to prevent chronic
cholestasis and recurrent cholangitis/stone formation. HO indicates the absence of hilar stones or strictures. Subtype H1
means that there are stones but no strictures around the hepatic hilum, while H2, instead, refers to the presence of both
stones and hilar strictures and includes cases that are usually more difficult to manage.
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Table 1 Main classifications of hepatolithiasis and criteria accounted for

Classification Criteria Advises on treatment

Dong's classification[65] Location of stones Yes
Presence of hepatic atrophy
Presence of biliary strictures
Cirrhosis
Function of the sphincter of Oddi
Nakayama's classification[66] Type of stones No, entirely descriptive
Location of stones
Presence of biliary stenosis, severity, and location
Presence of biliary dilation, severity, and location
Presence of stones inside the gallbladder
Function of the sphincter of Oddi
Previous operations
Tsunoda classification[67] Primary or secondary lithiasis Yes
Location of stones
Presence of biliary strictures
Presence of biliary dilation
LHO classification system[68] Tolerance to anatomical hepatectomy Yes
Distribution of stones
Presence of parenchymal atrophy
Presence of hilar stricture

Function of the sphincter of Oddi

Type O varies according to the functionality of the sphincter of Oddj, as its insufficiency may lead to duodenal fluid
reflux into the biliary tree and recurrent cholangitis. Subtype OO0 indicates normally functioning sphincter, in subtype O1
there is relaxation of the sphincter and subtype O2 refers to patients with a stricture of the sphincter of Oddi.

MANAGEMENT

Treatment of hepatolithiasis follows a stepwise approach and depends on symptoms and extension of hepatic/biliary
involvement. Asymptomatic patients usually get diagnosed during investigations for other conditions. If there are no
signs of cholangitis, biliary stricture and hepatic atrophy, as well as no history of biliary reconstruction, these patients can
undergo active monitoring with regular follow-up using non-invasive imaging (e.g., ultrasound and magnetic resonance
imaging)[70].

Symptomatic patients and those with complications should be managed by a multidisciplinary team involving hepato-
logists, hepatobiliary endoscopists, interventional radiologists and hepatobiliary surgeons[64]. If there is evidence of
biliary strictures or history of biliary reconstruction, these patients require a more aggressive management, including
invasive methods to remove stones and dilate stenotic ducts. Cases where hepatic atrophy is present should ideally
undergo hepatectomy[71]. The most important goals during treatment of hepatolithiasis are removal of stones, resolution
of strictures and prevention of cholangitis to hinder progression of the disease and development of CCA[72].

A schematic summary of the main treatments of hepatolithiasis according to clinical presentation is shown in Figure 2.

Pharmacotherapy

Pharmacological treatment for hepatolithiasis lacks large controlled prospective studies, hence it is not recommended.
Ursodeoxycholic acid (UDCA) decreases the secretion of cholesterol in the bile and inhibits intestinal reabsorption of
cholesterol, while it facilitates bile flow via stimulation of hepatobiliary secretory function[73]. It has been used to prevent
gallstone formation in cases of cholelithiasis/choledocholithiasis, as well as in cases of hepatolithiasis due to Caroli’s
syndrome[74]. In primary hepatolithiasis, however, stones are commonly composed of calcium bilirubinate rather than
cholesterol[75]. Even though it addresses part of the mechanism of stone formation, UDCA does not tackle the
mechanisms leading to the deposition of bile crystals and formation of calcium bilirubinate stones.
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Figure 2 Schematic summary of the main treatments of hepatolithiasis according to clinical presentation. POCSL: Peroral cholangioscopy with lithotomy; PTCSL: Percutaneous transhepatic cholangioscopic lithotomy.

Interventional management
Interventional treatment for hepatolithiasis involves various techniques, such as peroral cholangioscopy (POCS)[76],

percutaneous transhepatic cholangioscopic lithotomy (PTCSL)[77], and percutaneous transhepatic balloon dilation[78].

v

Liver
transplant

POCS, associated or not with lithotomy has gained increased importance in the treatment of hepatolithiasis[79,80]. In a
recent study evaluating the efficacy and safety of POCS (SpyGlass), technical success was achieved in 71.4% and clinical
success in 57% of cases[81]. Similar results were previously reported in a larger retrospective study comparing the
outcomes of hepatectomy (n = 90), PTCSL (n = 97) and POCS (n = 49)[46]. Complete stone clearance was achieved in
83.3% of hepatectomies, 63.9% of PTCSL, and 57.1% of POCS patients. PTCSL has a higher success rate, achieving
complete stone removal in up to 85% of the cases, but with a recurrence rate reaching more than 50%[46,82-85]. Moreover,
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both POCS and PTCSL can also be used in association with extracorporeal shockwave lithotripsy to improve stone
clearance rates to 90%[86,87]. It is important to highlight, however, that the presence of hepatic atrophy and/or biliary
strictures hinders the success of these therapies, with complete stone removal rates of only 58%[88].

Surgical management

Hepatectomy reduces the risk of stone recurrence and progression to CCA[21,89]. Hence, in patients with bilateral
disease, hepatic atrophy and who can tolerate a more major operation, anatomical resection of all liver segments affected
by the disease is the ideal treatment. The surgical access (open vs minimally invasive) will depend mainly on whether the
patient can tolerate pneumoperitoneum, as well as the expertise of the surgeon. There is evidence supporting non-
inferiority of a laparoscopic approach on mortality, and superiority on acute endpoints like length of hospital stay and
blood loss[90-94].

In 2021, Kim et al[95] developed and validated a difficulty scoring system (DSS) for laparoscopic liver resection. This
considers location of the stone, atrophy of the hepatic parenchyma, extent of liver resection, ductal stricture within 1 cm
of the bifurcation and combined choledochoscopic examination for remnant intrahepatic ducts. The score ranges between
3 and 12 points, with highest scores indicating increased level of surgical difficulty. When patients were divided into
three subgroups according to DSS (DSS 3-5, DSS 6-8, and DSS 9-12), hospital stay (P = 0.05), operation time (P < 0.001)
and blood loss (P = 0.004) were significantly different between the three subgroups.

Complicated hepatolithiasis is commonly characterised by intrahepatic stones with hepatic atrophy and hilar stenosis/
distortion[45] It is essential that a multidisciplinary team gets involved in the treatment. Often patients will present with
persistent stones after hepatic resection and almost 70% will also present with extrahepatic stones[5,96]. Therefore, it is
important that hepatobiliary endoscopists, interventional radiologists and hepatobiliary surgeons define the best line of
action to achieve complete stone removal as well as resolution of biliary strictures and resection of atrophic segments.
These cases can be managed with a combination of peroral, or percutaneous lithotomy associated with hepatectomy of
the most affected segments. Jiang et al[97] used laser lithotripsy combined with or without hepatectomy, achieving a final
stone clearance rate of 93.3%. In very complex cases, patients might need to be considered for liver transplantation. Up to
15.6% of patients will require bile duct exploration after hepatectomy, due to incomplete stone clearance[98,99] and as
many as 38.5% can present with recurrent hepatolithiasis[100]. These patients are also at high risk of developing biliary
cancer, with as many as 9.7% been diagnosed with concomitant CCA[101], and up to 12.2% developing subsequent CCA
during follow-up[102-104].

Malnutrition, which is associated with the pathogenesis of hepatolithiasis[3], is also associated with sarcopenia and
obesity. Sarcopenia is a prognostic marker in chronic diseases, such as liver failure[105], as well as an independent risk
factor for poor prognosis in malignancies[106]. In a large Chinese multicentre cohort, sarcopenia and sarcopenic obesity
were associated with worse short-term outcomes after hepatectomy for hepatolithiasis. Patients with sarcopenia had a
more difficult perioperative recovery period and a longer hospital stay (P < 0.001), along with higher rates of pneumonia (
P =0.017), bile leakage (P = 0.03), and rate of intensive care unit requirement (P = 0.004). Sarcopenic and obese patients
had considerably worst intra- and post-operative outcomes, with a higher rate of blood loss (P < 0.001), longer operation
time (P < 0.001), longer hospital stay (P < 0.001) and a higher incidence of post-operative major complications (P = 0.024)
[107].

Dong, Tsunoda and LHO are the classification systems which also suggest the best treatment plan depending on the
characteristics of hepatic and biliary involvement. For patients with localised disease and those with diffuse disease with
parenchymal atrophy, the Dong and LHO criteria agree that the best outcomes are with hepatectomy. Nevertheless, it is
important to take into consideration the Zurich criteria[69] for safe limits of resectability, which highlight that in the
presence of normal liver function, the future liver remnant should be at least 30% of the total liver volume, while in
cirrhotic patients with Child-Pugh grade A but without portal hypertension, this should be at least 50% of the total liver
volume. Portal hypertension or Child-Pugh grade B/C are considered prohibitive for consideration of hepatectomy.
Patients that could not tolerate an extensive hepatic resection should be treated with palliative lithotomy and
hepatectomy of the smallest area possible. Some of these cases should be discussed with the transplant team to assess
feasibility of OLT.

For patients that have concurrent biliary strictures and/or features associated with recurrent cholangitis and bile stasis,
the classification systems have different recommendations. The Tsunoda classification argues that there is no difference in
outcomes between different biliary reconstruction approaches (i.e., papilloplasty, hepaticoduodenostomy or hepaticoje-
junostomy) in patients with localised disease. However, this system discourages the use of choledochoduodenostomy and
papilloplasty in cases with diffuse disease affecting both hepatic lobes due to the risk of ascending cholangitis. In these
cases, Dong’s classification advocates for a hepaticojejunostomy. The LHO classification system, on the other hand,
suggests that cases of intrahepatic strictures should be treated with hepatectomy of the affected segment. For hilar
strictures, it suggests cholangiolithotomy and strictureplasty, leaving hepaticojejunostomy or choledochojejunostomy
reserved to cases where the sphincter of Oddi is compromised.

In cases where hepatolithiasis has been complicated by development of intrahepatic CCA, curative-intent treatment
can be pursued in the absence of metastatic disease, in the form of radical hepatic resection with or without lymphaden-
ectomy, depending on individual circumstances[108-110]. Depending on the location and size of the tumour, the extend
of the required hepatectomy varies from minor to major and, of course the Zurich criteria[66] need to be taken into
account, with particular attention to the state of the future liver remnant, in the context of hepatolithiasis.

Liver transplantation

As long-standing hepatolithiasis may be characterised by repeated episodes of cholangitis, liver abscesses and liver
atrophy, it can consequentially lead to secondary biliary cirrhosis with portal hypertension and liver failure[49,111]. In
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this setting, OLT is an option, even though relevant experience is scarce, with no more than 30 cases reported[49,111-
113]. However, all patients transplanted for hepatolithiasis had favourable long-term outcomes, with the majority having
developed secondary biliary cirrhosis prior to OLT[49,111-113]. Postoperative complications were not uncommon, but no
mortality has been recorded[49,111-113]. In 2008, Chen et al[112] published their experience with 15 patients who
underwent OLT for hepatolithiasis. All recipients had at least one biliary operation prior to OLT. Hepaticojejunostomy
was used in all 15 cases for biliary reconstruction. All recipients had significantly improved health status, disability, and
psychological wellness at 1-year post-transplant, and improved quality of life overall. Based on their successful
experience, Chen et al[112] proposed two categories of patients with hepatolithiasis suitable for treatment with OLT: (1)
Those with decompensated secondary biliary cirrhosis with liver failure; and (2) those with compensated secondary
biliary cirrhosis or even absence of cirrhosis, with frequent episodes of cholangitis and diffuse bilateral intrahepatic
calculi that are not suitable for treatment with hepatectomy, hepaticojejunostomy, and choledochoscopic intervention.
Notably, it must be mentioned that even though OLT is largely considered contraindicated for the management of
intrahepatic CCA, in recent years, there has been a number of studies with excellent outcomes. Consequently, the
European Network for the study of CCA issued a consensus statement recommendation that OLT should be considered
especially in patients with very early stage unresectable intrahepatic CCA (< 2 cm) and underlying cirrhosis, as a
potentially curative option[109,114]. It appears plausible that such cases may indeed arise in the context of hepatolithiasis.

PROGNOSIS

Particularly when hepatolithiasis becomes a recurrently symptomatic disease, clinicians need appropriate strategies to
assess prognosis and choose the adequate treatment for these patients. Suzuki et al[115] used a Japanese cohort followed
up for 18 years, to develop a severity classification system for hepatolithiasis. The authors identified liver cirrhosis,
intrahepatic CCA, age 2 65 years and jaundice occurring for > 1 wk during follow-up as independent prognostic factors in
patients with hepatolithiasis. The group then divided these risk factors in major (including intrahepatic CCA and
cirrhosis), and minor (including age > 65 years and jaundice at > 1 wk during follow-up). Their system considers these
four criteria and divides patients into three groups according to the presence of these factors (i.e., Grade 1 - no factors,
Grade 2 - only minor factors, one or both, Grade 3 - one or both major factors). The 5-year survival for patients considered
Grade 1 is 97.6%, while it drops to 89.2% and 57.1% for Grade 2 and Grade 3, respectively. Pu et al[100] recently created a
nomogram with good accuracy to predict the prognosis of patients with recurrent hepatolithiasis after biliary surgery.
The variables used in this algorithm include previous surgery for hepatolithiasis, bilateral intrahepatic stones, lack of
immediate clearance after operation, neutrophil to lymphocyte ratio > 2.462 and albumin to globulin ratio < 1.5, as
independent risk factors for poor prognosis. This nomogram demonstrated superior accuracy than previous models used
for prognosis assessment.

Deng et al[116], in a prospective cohort study, divided 121 patients who underwent liver resection for intrahepatic CCA
into four groups, namely sarcopenia and hepatolithiasis (S-HL), sarcopenia without hepatolithiasis (S-NHL), non-
sarcopenia with hepatolithiasis (NS-HL) and non-sarcopenia without hepatolithiasis (NS-NHL). They observed that the
first group had the worse prognosis with overall survival 11.5 months (P < 0.001). The assessment of recurrence-free
survival detected significant differences between the S-HL group and the NS-HL group (P = 0.005), and between the S-HL
group and the NS-NHL group (P < 0.001), both in favour of the absence of sarcopenia, but no significant difference
between the S-HL group and the S-NHL group (P = 0.054). Authors also identified age, hepatolithiasis, psoas muscle
index, and diabetes as independent prognostic factors for overall survival, while age, hepatolithiasis and psoas muscle
index are independent prognostic factors for recurrence-free survival.

Nevertheless, these prognostic factors and risk-stratification system require validation in larger and international
cohorts.

CONCLUSION

Hepatolithiasis seems to be dependent on environmental, rather than genetic and ethnic factors. Its clinical manifestations
involve a wide spectrum and severity, and complex cases can be challenging to treat. Such cases require input from a
multidisciplinary team of hepatologists, endoscopists, interventional radiologists and hepatobiliary surgeons. Classi-
fication systems aim to provide useful insight of clinically relevant aspects and guidance for treatment but can be
occasionally complex and require further validation. Accumulating expertise with endoscopic and interventional
radiology techniques may further expand their application in treating a greater number and more challenging cases.
However, the most complex cases require surgical input, alone or in combination with interventional approaches.
Surgical or combined treatment should be aggressive and aim, where possible, to remove all affected segments and
intrahepatic stones, to reduce the risk of recurrence and development of CCA.
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