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Abstract
Cystic dilatations of the bile ducts may be found along the extrahepatic biliary tree, within the liver, or in both of these locations simultaneously. Presentation in adults is often associated with complications. The therapeutic possibilities have changed considerably over the last few decades. If possible, complete resection of the cyst(s) can cure the symptoms and avoid the risk of malignancy. According to the type of the bile duct cyst(s), surgical procedures include the Roux-en-Y hepaticojejunostomy and variable types of hepatic resection. However, the diffuse forms of Todani type V cysts (Caroli disease and Caroli syndrome) in particular remain a therapeutic problem, and liver transplantation has become an important option. The mainstay of interventional treatment for Todani type III bile duct cysts is via endoscopic retrograde cholangiopancreatography. The diagnostic term “bile duct cyst” comprises quite different pathological and clinical entities. Interventional therapy, hepatic resection, and liver transplantation all have their place in the treatment of this heterogeneous disease group. They should not be seen as competitive treatment modalities, but as complementary options. Each patient should receive individualized treatment after all of the clinical findings have been considered by an interdisciplinary team. 
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Core tip: This is an invited editorial on the role of different treatment options for patients with bile duct cysts. It is not meant to be a thorough review on the numerous aspects of this disease, but instead intends to provide critical insights into current developments in interventional and surgical therapies, defining their potential and indicating that they should not be seen as competitive but as complementary options. The diagnostic term “bile duct cyst” comprises quite different pathological and clinical entities. Interventional therapy, hepatic resection, and liver transplantation all have their place in the treatment of this heterogeneous disease group.
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INTRODUCTION

The modified Todani[1,2] classification that is widely used for bile duct cysts has several drawbacks. In particular, it combines different disease processes and does not account for the risk of malignant transformation or differences in epidemiology, pathogenesis, complications, and treatment. As a result, its clinical significance has been the subject of critical discussion and further modifications have been proposed. Moreover, there is uncertainty on the categorization of some variants.
Type I bile duct cysts comprise the subtypes IA (cystic dilatation of the common bile duct), IB (segmental dilatation of the common bile duct), and IC (fusiform dilatation extending to the common hepatic duct). Type II is a true diverticulum in the extrahepatic duct (supraduodenal). Type III is a choledochocele confined to the common bile duct within the duodenal wall. An important differential diagnosis for a type III cyst is a juxtapapillary duodenal diverticulum. Type IV is divided into type IVa (multiple intra- and extrahepatic bile duct cysts) and type IVb (multiple extrahepatic bile duct cysts, which are less common than type IVa). Finally, type V corresponds to Caroli disease (single or multiple intrahepatic bile duct cysts). When associated with congenital hepatic fibrosis, type V is termed Caroli syndrome and is inherited as an autosomal recessive trait[3-5]. 
Caroli disease (CD) and Caroli syndrome (CS) are part of a broader spectrum of diseases with ductal plate malformations. These diseases have a close relationship with congenital kidney disorders, notably autosomal recessive polycystic kidney disease[6]. Generally, Caroli syndrome is characterized by early onset, with rapid disease progression due to the combination of cholangitis and portal hypertension[7-9]. Ductal plate malformations affect different levels of the intrahepatic biliary tree, including the large and proximal ducts in CD, the smaller ducts in CS and congenital hepatic fibrosis, and the more peripheral interlobular ducts in polycystic liver disease and von Meyenburg complexes[10,11]. Type V cysts can be considered as a distinct disease entity from types I-IV, and type III might be an anatomical variation rather than a true dilatation of the common bile duct[12]. Indeed, Ziegler et al[13] suggested that the classification of bile duct cysts should not include choledochoceles (type III), as they differ from choledochal cysts with respect to age, gender, presentation, pancreatic duct anatomy, and their management.
Michaelides et al[14] described a dilatation of the central portion of the cystic duct apart from the dilatation of the common hepatic and the common bile duct, giving the cyst a bicornal configuration. They suggested classifying this finding as a further subtype of Todani I cysts, namely Todani ID. However, Calvo-Ponce et al[15] have already proposed Todani ID as a cyst above the junction of the common hepatic duct and the cystic duct.
Okada et al[16] described a “common channel syndrome” and Lilly et al[17] used the term “forme fruste choledochal cyst” for a long common channel secondary to a proximal junction of the common bile duct and the pancreatic duct with stenosis of the distal common bile duct, combined with cholecystitis and the classical pathological features of a choledochal cyst in the wall of the common bile duct. Forme fruste choledochal cysts are associated with only minimal or no dilatation of the extrahepatic bile duct, pancreaticobiliary maljunction, and protein plugs or debris in the common channel[18-20]. The cut-off diameter of the extrahepatic bile duct above which the diagnosis of a forme fruste is unacceptable has been arbitrarily described as 10 mm[20].
Kaneyama et al[21] reported variants with a type II diverticulum arising from a type IC bile duct cyst, resulting in “mixed type I and II” cysts. Visser et al[22] argued that all varieties of type I bile duct cysts have some element of intrahepatic dilatation. They concluded that type I and IVa cysts only differ in terms of the extent of intrahepatic dilation, which makes discriminating between these two types rather arbitrary. Furthermore, an additional category, termed type VI, has been used for cystic malformations of the cystic duct[23,24] However, these cysts could also be classified as a subtype of type II[25]. Loke et al[26] described diverticular cysts of the cystic duct, whereas Wang and Zhang[27] reported a patient with type I and type III choledochal cysts that occurred simultaneously.
Notwithstanding these drawbacks, the crucial advantages of the Todani classification are its widespread use and reproducibility, which allow comparisons among the various published studies that have been built upon it. Therefore, its further use is to be advocated, despite its shortcomings. For this reason, the Todani system is also used in this editorial as a background for the therapeutic considerations.
INTERVENTIONAL TREATMENT
For type III bile duct cysts, ERCP is an important diagnostic tool and interventional therapy via ERCP is the mainstay of treatment. For the diagnosis of the other types, the less-invasive magnetic resonance cholangiopancreatography (MRCP) has widely replaced ERCP and represents the “gold standard” approach. However, ERCP remains the imaging modality of choice for type III cysts because it also enables a simultaneous therapeutic sphincterotomy to be performed. Originally, type III cysts were treated by transduodenal excision and sphincteroplasty; however, endoscopic sphincterotomy is now considered to be sufficient. Ohtsuka et al[28] reported malignancies in three out of 11 patients with type III cysts. Therefore, endoscopic surveillance is recommended. Interventional therapy with ERC and shock-wave lithotripsy, in addition to antibiotics and bile acid treatment (ursodeoxycholic acid, UDCA)[29], is also used for type V cysts, but cannot be expected to be curative. Its success is usually only temporary, and recurrent episodes of cholangitis cannot be prevented[30]. Internal biliary stents have also been described as a therapeutic option in anecdotal case reports[31,32].
A crucial argument against long-term treatment with interventional techniques and for removal of the cyst is the increased risk of malignancy. About 2.5% to 17.5% of patients with bile duct cysts develop malignancies, and this incidence increases with age[33]. In a series of 38 adult patients published by Visser et al[22], 21% developed malignancies. The underlying mechanisms that cause carcinogenesis may be complex, as a consequence of chronic inflammation, cell regeneration, and DNA breaks leading to dyplasia. Pancreatic reflux might also play a role in causing K-ras mutations, cellular atypia, and the overexpression of p53[34]. Malignancy in Caroli disease has been reported to occur in 7-15% of patients[33], underlining the need for surgery and surveillance.

RESECTION
Complete resection of the cyst(s) and Roux-en-Y hepaticojejunostomy (RYHJ) is the procedure of choice for type I and IVb bile duct cysts. The success rate of this approach has been reported as 92%[35]. If adequate, the procedure may be performed laparoscopically. The benefits of the laparoscopic approach are also underlined in the reports by Gander et al[36] and by Palanivelu et al[37]. Potential complications of RYHJ include cholangitis, pancreatitis, biliary calculi, and, rarely, malignancy. Watanabe et al[38] reported that malignancy occurred in less than 1% of patients after a previous cyst excision, but higher incidences have been observed that may be due to incomplete cyst removal. Postoperative complications are usually seen in patients with inflammation and fibrosis at the time of surgery.
For forme fruste choledochal cysts, excision of the malformed ductal tissue with biliary reconstruction is required, as cholecystectomy alone is an inadequate treatment[39].

In all cases, complete removal of the cyst makes a decisive difference. With incomplete removal, Liu et al[40] reported a malignancy rate of 33.3%, compared to 6% after complete resection. Simple excision may be feasible for type II cysts, with ligation at the neck and without the need for biliary reconstruction. If possible, a laparoscopic approach may be advantageous[41].
For type IVa cysts, a tailored approach is necessary. Visser et al[22] suggested that excision of the extrahepatic component with hepaticojejunostomy should be performed; however, in cases with symptomatic intrahepatic affections (with stones, cholangitis, or biliary cirrhosis), treatment should correspond to that used for type V cysts, with hepatic resection for localized disease and transplantation for diffuse forms. 
Although reported numbers in the literature are low, there is broad consensus that hepatic resection is the therapy of choice in patients with localized forms of type V cysts. (Figure 1) If patients with monolobar disease remain asymptomatic, they will only require supportive dissolution therapy and surveillance; however, the risk of malignancy also has to be considered. For example, Kassahun et al[42] determined an incidence of cholangiocarcinoma of 9.7%, whereas Ulrich et al[30] reported 9.1% and Bockhorn et al[43] 25%. 
In symptomatic patients with acute cholangitis, a variable symptom-free interval may be achieved by using antibiotic treatment with or without endoscopic sphincterotomy and calculi removal or lithotripsy. However, most of these patients will develop recurrent cholangitis, chronic inflammation, and an increased risk of cholangiocarcinoma. These patients are best treated by liver resection if their hepatic function is preserved and there are no contraindications to liver surgery.
In earlier publications, a rather small proportion of monolobar disease (20%-25%) was described, with almost 90% of these cases located in the left hepatic lobe. Due to small patient numbers, the prevalence of localized CD may have been underestimated. Recent studies indicate higher percentages (80%) of patients with localized disease[30,42] and a more variable distribution of disease between the left and right lobes.

TRANSPLANTATION
Diffuse forms of type V cysts (Caroli disease and Caroli syndrome) remain a therapeutic problem. In patients with these cysts, combined procedures with partial hepatectomy and biliodigestive anastomoses[44,45] have been described, but transplantation offers the only curative option. The progression of congenital hepatic fibrosis in Caroli syndrome and the development of secondary biliary cirrhosis in patients with CD may also lead to portal hypertension that is not treatable by conservative means. De Kerckhove et al[46] reported congenital hepatic fibrosis in 27% of their patients and the primary indication for orthotopic liver transplantation was recurrent cholangitis (90%). 
An important argument for liver transplantation is avoidance of the development of cholangiocarcinoma[47]. Concerns include the choice of an appropriate time point for transplantation, procedural risks, and the use of immunosuppression in young and otherwise healthy individuals. Potential postoperative complications include rejection and vascular thrombosis[46]. Pretransplant workup of these patients for occult cholangiocarcinoma is crucial. In patients with associated polycystic kidneys and renal failure, immunosuppression after kidney transplantation may predispose to severe cholangitis, and therefore, combined liver/kidney transplantation should be considered. The results of liver transplantation for diffuse forms of type V cysts compare favorably with those of transplantations for other indications. In the review carried out by Millwala et al[48], the overall graft and patient survival rates at 1, 3, and 5 years were 79.9%, 72.4%, and 72.4%, and 86.3%, 78.4%, and 77%, respectively; living donor transplantation was performed in 3.8% of cases. In the single-center study by Habib et al[49], overall graft and patient survival rates at 1, 5, and 10 years were reported as 73%, 62%, and 53%, and 76%, 65%, and 56%, respectively.
In conclusion, the diagnostic term “bile duct cyst” comprises quite different pathological and clinical entities. Interventional therapy, hepatic resection, and transplantation all have their place in the treatment of this heterogeneous disease group. They should not be seen as competitive but as complementary options. In spite of several shortcomings, the modified Todani classification offers a basis for treatment planning and for comparing results reported in the literature. Each patient, however, should receive tailored individual treatment after all findings have been discussed by an interdisciplinary team.
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Figure 1 Intraoperative picture (A) and a detailed view (B) of the operative specimen (left hepatic lobe) in a patient with Todani type V bile duct cysts.

