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Abstract
AIM: To investigate clinical features, treatment stra​tegies and outcomes of patients with hepatolithiasis (HL) undergoing surgical treatment, using a new clinical classification.

METHODS: Sixty-eight HL patients were hospitalized and treated surgically from August 2011 to December 2012 and they were classified into four HL types according to pathological evolution of the disease. These four HL types included type Ⅰ primary type (defined as no previous biliary tract surgery), type Ⅱ inflammatory type (with previous biliary tract surgery and cholangitis), type Ⅲ mass-forming type (HL complicated by hepatic mass-forming lesion), and type Ⅳ terminal type (with secondary biliary cirrhosis and resultant portal hypertension). The perioperative data including general information, imaging data, postoperative complications, and immediate and final stone clearance rate were obtained and analyzed.

RESULTS: In all 68 patients, the proportion of HL type Ⅰ-Ⅳ was 50% (34/68), 36.8% (25/68), 10.3% (7/68) and 2.8% (2/68), respectively. Abdominal pain was the main clinical manifestation in type Ⅰ (88.2%), fever was predominant in type Ⅱ (52.0%), the malignancy rate in type Ⅲ was high (71.4%), and portal hypertension and spleen enlargement were common in type Ⅳ (2/2, 100.0%). Liver resection rate for types Ⅰ-Ⅲ was 79.4%, 72.0% and 71.4%, respectively. The overall incidence of postoperative complications was 23.5% (16/68). There were no perioperative deaths. The average length of hospital stay was 12.7 ± 7.3 d. Immediate and final stone clearance rate was 73.5% (50/68) and 89.7% (61/68), respectively. Fifty-nine of 68 patients (86.8%) were followed- up for > 1 year after surgery, and 96.6% of these patients (57/59) had a good quality of life according to a criterion recommended for postoperative evaluation of quality of life.

CONCLUSION: The pathological evolution-based clinical classification of HL has a role in optimizing treatment strategy, and patients can benefit from this classification when it is used properly.
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INTRODUCTION
Hepatolithiasis (HL) refers to calculi formed in the proximal part of the junction of the left and right hepatic duct within the liver. Following the formation of calculi in the biliary tract of the liver, they can obstruct the biliary tract, resulting in infection and associated liver parenchymal damage[1]. In the early stage of the disease, biliary dilation and expansion of liver parenchyma can occur; in the following stages, the wall of the bile duct becomes thickened, due to surrounding abnormally proliferated fibrous tissue and accompanying infiltrated chronic inflammatory cells[2-4]. Eventually, atrophy and failure of corresponding liver segments occur, with concurrent liver abscess and malignancy in some patients due to these accu​mulated changes, and secondary biliary cirrhosis and portal hypertension syndrome also occur in a few cases[5-8]. Specific clinical symptoms of HL can present in patients with respective clinicopathological changes, and patients at different pathological stages can present to doctors for treatment, therefore, we classified patients with HL into four different types based on clinical manifestations at specific pathological stages: type Ⅰ primary type, type Ⅱ inflammatory type, type Ⅲ mass-forming type, and type Ⅳ terminal type[9]. 

The current study applied this clinical classification to 68 patients with HL, and their clinical features and treatment strategies were analyzed to establish an optimal treatment strategy for each type to reduce residual stones and relapse, and improve therapeutic efficacy.

MATERIALS AND METHODS
General information
According to the classification, 68 cases of HL were sorted into four types: type Ⅰ primary type, type Ⅱ inflammatory type, type Ⅲ mass-forming type and type Ⅳ terminal type. The same team of surgeons from the Hepato-Pancreato-Biliary Surgery Department of the 1st and 2nd Affiliated Hospital of Anhui Medical University performed surgery on these patients from August 2011 to December 2012. Basic information, preoperative laboratory test results, imaging data, distribution of stones, type of surgery, immediate and final stone clearance rate, postoperative complications, and therapeutic efficacy in the short-term were obtained.

Precise assessment of distribution of stones and liver function before operation
Doppler ultrasound (US), computed tomography (CT) and magnetic resonance imaging were jointly used to assess the distribution and range of stones, expansion or stricture of bile ducts, condition of the bile duct tree, atrophy of liver lobes/segments, fibrosis, mass-forming property of the lesions, and complications of cirrhosis. For patients with cirrhosis, barium meal examination of the esophagus was performed to establish the degree of esophageal varicose veins and secondary portal hypertension. Nutritional risk assessment and evaluation of liver function grade and reserve were carried out routinely for each patient.

Accurate surgical planning and precise operation
A detailed surgical plan was formed based on pre​operative evaluation and the main considerations included how to remove as many stones as possible, whether liver lobe resection was needed, and how to select the method of biliary drainage. Indications for liver lobe resection included: bile duct stones located within one liver lobe and the presence of atrophy or fibrosis; multiple liver abscesses secondary to bile duct infection; and mass-forming lesions with suspicion of malignancy. Precise surgery was performed with the assistance of BiClamp forceps, titanium clamps and a high-frequency electric knife, with or without occlusion of the first hepatic hilar region[10]. Choledochoscopy was performed in all patients to help determine the distribution of bile duct stones, directly extract them, with the assistance of a stone basket when needed, and evaluate the function of the sphincter of Oddi (SO) in the lower part of the common bile duct. Grading criteria for the SO function were as follows: normal: SO radiates through the center or looks bean-shaped with normal rhythmic contractions and the choledochoscope cannot enter the duodenum; SO laxity (SOL): the choledochoscope directly enters the duodenum and the duodenal mucosa can be seen from the common bile duct[11]. Based on SO grading and whether stones were removed completely, the method of biliary drainage was chosen individually: external T tube drainage was chosen for normal SO without residual stones, and cholangioenterostomy was chosen for SOL without residual stones. If residual stones could not be prevented, cholangioenterostomy and T tube drainage were performed at the same time[12]. Choledochoscopy was performed again after hepatic lobe resection to check whether there were residual stones and to assess the immediate stone clearance rate. Bile acid was collected and sent for bacterial culture and drug sensitivity testing in all patients.

Meticulous postoperative patient management 
Fast-track postoperative rehabilitation: Patients were given gastric acid secretion inhibitors and broad-spectrum antibiotics immediately after and a liquid diet 48 h after surgery; the antibiotics were adjusted if necessary according to the bile acid culture results; liver function tests were monitored at 1, 3 and 7 d after surgery; and short-term surgical complications were treated in a timely manner.

Follow-up: All patients were followed-up by re​gular visits from 4 to 6 wk after discharge, clinical symptoms and signs were checked, liver function was monitored, and anatomical structure of the liver was examined using US, CT or magnetic resonance cholangiopancreatography (MRCP). Immediate stone clearance was defined as complete depletion of stones during the operation. Final stone clearance was defined as removal of residual stones after the operation using a stone basket under choledochoscopy or holmium laser. Postoperative residual stones were defined as remaining stones that could not be removed by any method, and were confirmed by US, CT or MRCP 3 mo postoperatively[7,13,14]. Postoperative quality of life was divided into three types based on the criteria used in our hospitals: patients are asymptomatic and can return to normal work after surgery, graded as excellent; patients have occasional abdominal pain and discomfort, but they can continue normal work and life, graded as good; patients with recurrent cholangitis, residual intrahepatic bile duct stones or relapse, or cancer forming, graded as poor. All the information mentioned above was kept in the Hengkang medical follow-up system to ensure integrity of the follow-up information.

Statistical analysis

All clinical data were entered into SPSS version 10.01 statistical software. The student’s t-test was used for measurement data and the 2 test was used for categorical data. P < 0.05 was defined as statistically significant.

RESULTS

General conditions
We studied 68 patients (48 female and 20 male, with a male to female ratio of 0.42:1) and an average age of 50.5 ± 10.8 years. Forty-nine patients (72.1%) had Child class A liver function and 19 (27.9%) had Child class B function. The four types of HL based on our new classification were 34 type Ⅰ (50.0%), 25 type Ⅱ (36.8%), seven type Ⅲ (10.3%) and two type Ⅳ (2.9%).

Operative methods
According to whether the liver lobes were removed jointly, operations were divided into simple cholan​giotomy (16 cases: 7 type Ⅰ, 7 type Ⅱ, 1 type Ⅲ, and 1 type Ⅳ) and cholangiotomy combined with partial hepatectomy (52 cases: 27 type Ⅰ, 18 type Ⅱ, 6 type Ⅲ, 1 type Ⅳ). Biliary drainage was divided into external T-tube drainage (48 cases: 29 type Ⅰ, 12 type Ⅱ, 6 type Ⅲ, 1 type Ⅳ) and cholangioenterostomy (20 cases: 5 type Ⅰ, 13 type Ⅱ, 1 type Ⅲ, and 1 type Ⅳ) (Table 1).

Choledochoscopy examination
Fiberoptic choledochoscopy was performed in all patients. Five patients had past cholangioenterostomy; two of them received end-to-end anastomosis (SO not retained), and three received end-to-side anastomosis (SO retained). The SO function in 66 cases was assessed by choledochoscopy and SOL was found in 18 cases (27.3%). Complete stone clearance was confirmed in 50 cases by choledochoscopy during the operation and total immediate stone clearance rate was 73.5%, including 26 (76.5%) type Ⅰ cases, 19 (76%) type Ⅱ cases, four (57.1%) type Ⅲ cases, and one (50%) type Ⅳ case (Table 2). The difference between the immediate stone clearance rates in the four types was not significant (P = 0.623). In 18 cases, residual stones were completely removed by repeated stone removal (1-4 times) by choledochoscopy in 11 cases, and the final stone clearance rate was 89.7% (61/68). The final stone clearance rate for types I-Ⅳ was 91.2% (31 cases), 92.0% (23 cases), 71.4% (5 cases), and 100% (2 cases), respectively, which did not differ significantly among the four types (P = 0.104) (Table 1). There were 40 cases of immediate stone removal among 52 patients with cholangiotomy combined with partial hepatectomy, with an immediate stone clearance rate of 76.9%. There were 10 cases of immediate stone removal in 16 patients with simple cholangiotomy, with an immediate stone clearance rate of 62.5%. Immediate stone clearance rate between the two groups did not differ significantly (P = 0.332) (Table 3).

Relative perioperative conditions
The average operating time was 236.8 ± 65.24 min. Bacterial culture of bile was performed in 58 cases and 45 (77.6%) were positive; 35 (60.3%) for Gram-negative bacteria and 12 (20.7%) for Gram-positive bacteria. The three most common bacteria cultured in bile were Escherichia coli (19 cases), Enterococcus faecium (5 cases) and Enterococcus faecalis (5 cases). Postoperative complications occurred in 16 cases (23.5%), including seven cases of bile leakage (10.3%, cured by puncture drainage), six cases (8.8%) of pulmonary infection, four cases (5.9%) of incisional wound infection, two cases (2.9%) of postoperative intraperitoneal hemorrhage, and one case (1.5%) of bleeding complicated by adhesive intestinal obstruction (cured by enterodialysis), in which all post-operative complications were eventually cured and no perioperative deaths occurred. The average length of hospital stay after surgery was 12.7 ± 7.3 d.

Follow-up
Fifty-nine of 68 patients (86.8%) were followed up for an average 16.4 ± 4.3 mo. In five cholangiocarcinoma cases (type Ⅲ), three patients died and two survived, but did not relapse during follow-up. Satisfactory postoperative quality of life was reported in 54/59 patients (91.5%), including 95.6% for type Ⅰ, 96.6% for type Ⅱ, 57.1% for type Ⅲ, and 100% for type Ⅳ.

DISCUSSION

Surgery remains the main treatment option for HL and the principle is to remove lesions, extract stones, remedy strictures, free drainage, relieve cholestasis, restore the biliary tract to normal physiological function, and cure disease[15-19]. HL is complicated, therefore, an appropriate and personalized treatment strategy should be devised for each specific case, with considerations including number and distribution of stones, location and degree of stricture, expansion of biliary tract, pathological change, and functional status of the liver, as well as the overall condition of the patients. For each specific case, evaluation of the distribution of stones and liver function and a definite surgical plan are preferred preoperatively. Accurate surgery, complete removal of the diseased liver lobe including atrophy and stones, and selecting the appropriate method of bile tract drainage based on SO function are favored during the operation. Good patient management, reduction of complications, close follow-up, and dietary advice to reduce relapse and improve therapeutic efficacy are encouraged postoperatively[15].

HL can be divided into cholesterol and pigment type according to the chemical composition of the stones, and the latter can be further divided into black and brown pigment types. Due to differences in stone composition caused by diet between eastern and western patients, HL is also divided into western type (cholesterol and black pigment type) and Asian type (brown pigment type)[20]. Other classifications of HL have a greater focus on stone distribution or biliary stricture and expansion[18,21-23]. The Biliary Study Group of the Chinese Medical Association proposed one HL classification scheme in 2007 based on location of stones and lesion extent, which resulted in type Ⅰ (focal type): stones limited to one lobe or segment; and type Ⅱ (diffuse type): stones distributed within both liver lobes. Type Ⅱ was further divided into four subtypes: type Ⅱa without fibrosis and atrophy; type Ⅱb with regional fibrosis and atrophy; type Ⅱc with widespread fibrosis, secondary biliary cirrhosis, and portal hypertension; and type Ⅱd with stones outside the biliary tract[15]. This classification is considered to be comprehensive and widely accepted by hepatobiliary surgeons, but it is too complicated to implement when it is used to guide clinical treatment and compare therapeutic efficacy.

We propose our HL classification which combines biliary tract surgery history and clinical and patho​logical changes at the onset of disease, including: type Ⅰ (primary type): (1) no previous surgery; (2) type Ⅱ (inflammatory type): one or more previous biliary tract operations and recurrent cholangitis; (3) type Ⅲ (mass-forming type): multiple intrahepatic stones accompanied by a mass-forming lesion, regardless of whether benign or malignant; and (4) and type Ⅳ (terminal type): multiple intrahepatic stones accompanied by secondary biliary cirrhosis, portal hypertension, splenomegaly, hypersplenism, portal vein spongiform degeneration or schistosomiasis hepatic cirrhosis[9]. We summarized the clinical data of 68 patients with HL based on our classification scheme and found the following: Type Ⅰ (primary type): 34 of 68 cases (52.9%). The main clinical manifestation was abdominal pain (30 cases), Child class A liver function was found in 27 cases (79.4%). Liver lobectomy combined with external T tube drainage was performed in 27 cases (79.4%) including 18 cases of left lateral hepatectomy (66.7%). Lung infections were commonly seen postoperatively (3/5). Type Ⅱ (inflammatory type): 25 cases. The main clinical manifestation was fever in 13 cases (52.0%), liver resection was performed in 18 cases (72%), and cholangioenterostomy was performed in 13 cases (52%). Bile leakage was the main postoperative complication in four of eight cases, and 22 of 23 cases (95.7%) were bile culture positive. Type Ⅲ (mass-forming type): seven cases. There were five cases of cholangiocarcinoma. Laboratory tests showed increased CA19-9 and predominantly Child class B liver function in three of seven cases. Treatment included liver resection (5/7) and external T-tube drainage (6/7). Postoperative hospital stay and duration of drainage tube use were longer. The bile culture positive rate was high (85.7%, 6/7 cases). Type Ⅳ (terminal type): only two cases. Imaging data indicated cirrhosis, portal hypertension, and spleen enlargement. Laboratory tests showed poor liver function, prothrombin time extension and surgical treatment options were limited.

Each type of HL based on our classification was found to have specific clinical features. Primary type (type Ⅰ) exhibited multiple intrahepatic stones with or without gallstones, with no previous biliary tract surgery. Primary intrahepatic biliary tract stones occurred in most cases due to biliary tract roundworm or abnormal metabolism and secretion of bile and its abnormal composition. A few cases showed abnormal biliary tract anatomy. Patients with this type of HL often exhibited no typical symptoms and no severe biliary infection. A large number of intrahepatic biliary tract stones were often found at first diagnosis with fewer extrahepatic biliary tract and gallbladder stones. Therefore, these patients normally had reasonable liver function and partial hepatectomy combined with cholecystectomy was the main surgical procedure (Figure 1). There were 27 cases of partial hepatectomy and 29 cases of external T tube drainage among 34 cases of primary type HL. 

Inflammation type (type Ⅱ) patients often had previous biliary tract surgery to remove stones from outside the liver. However, prior surgery often caused injury to the OS or biliary tract, or was performed incorrectly with cholangioenterostomy, followed by the formation of multiple intrahepatic stones with recurrent cholangitis. Imaging data often showed different degrees of intrahepatic biliary tract expansion and gas formation. Some patients had frequent and severe cholangioenterostomy reflux due to previous cholangioenterostomy and primary or secondary SOL. Patients with this type of HL can undergo partial liver resection combined with cholangioenterostomy. However, attention needs to be paid to the different degree of stricture or short bridge loop due to previous cholangioenterostomy, or abandoned improper cholangioenterostomy such as choledochoduodenostomy, bile-duct and jejunal side-to-side anastomosis or bile-duct and jejunal end-to-side anastomosis. In such cases, the stricture or anastomotic stoma may need to be removed to regenerate functional cholangioenterostomy. PTCD (percutaneous transhepatic cholangio drainage) or ENBD (endoscopic nasobiliary drainage) can be used to control cholangitis until the disease is stabilized for further surgical stone removal (in accordance with the principles of injury control). Emergency laparotomy should be avoided when severe cholangitis occurs (Figure 2). In 25 patients with type Ⅱ HL, partial hepatectomy was performed in 17 cases (68%) and cholangioenterostomy was performed in 13 (52%).

Mass-forming type of HL (type Ⅲ) was confirmed by imaging showing intrahepatic biliary stones with single or multiple lesions, and lesions in the liver including inflammatory lesions, abscesses and tumors. Abscesses in HL should be cut or punctured for dra​inage. Inflammatory masses, especially those deep in the liver, can also be cured by drainage and anti-infective therapy. If the lesion is confirmed to be a malignant tumor, surgery can only be performed when the tumor is contained in the resected liver segments. In seven patients with type Ⅲ HL, there were five cases of cholangiocarcinoma (Figure 3) and these patients received partial hepatectomy. There were two cases of inflammatory masses; one received partial hepatectomy and the other mass incision and abscess drainage. 

Terminal type (type Ⅳ) HL exhibited multiple intrahepatic stones complicated by liver cirrhosis, portal hypertension, hypersplenism and portal vein spongy degeneration or schistosomiasis cirrhosis. Patients often had a history of repeated biliary tract surgery both inside and outside the liver, stone recurrence, residual stones, upper digestive tract bleeding, and biliary cirrhosis in the late stage. Imaging indicated cirrhosis, reduced liver volume, liver deformation, and spleen enlargement. Laboratory tests showed liver dysfunction, prothrombin time extension, and elevated bilirubin level. Some patients were complicated by portal vein spongy degeneration or schistosomiasis cirrhosis, repeated ascites, lower limb edema, and malnutrition. Such patients had poor prognosis and treatment was difficult, with liver transplantation being the last option. Due to the limited number of cases in this study, only two cases belonged to this type; one of which received splenectomy, followed by selective secondary surgery to improve liver function, and the other received splenectomy plus biliary tract incision to remove stones (Figure 4).

Appropriate treatment for HL is complex and the patients are often from poor families and have undergone repeated surgery, with high expectation for complete removal of stones and elimination of relapse. Thus, careful planning is needed based on comprehensive preoperative evaluation and precise liver surgery rather than an exploratory operation. Precise liver surgery for HL is different from that for liver cancer. It involves limited liver resection to excise as much as possible of the fibrotic or atrophic liver parenchyma and as little as possible of normal liver tissue, with margins close to the lesions, to ensure better residual liver function. In precise liver surgery, the first hepatic hilum can be blocked repeatedly for removal of lesions and stones. Choledochoscopy can be performed before and after liver resection to distinguish and confirm stone distribution, remove stones with the assistance of a stone basket, and to assess OS function to choose the appropriate biliary drainage method. The choledochoscope can enter level Ⅱ of the biliary tract or level Ⅲ or above when it is dilated, and it can directly visualize mucosal lesions of the biliary tract, and the size, number and shape of the stones, biliary tract stricture and its location. It can also remove stones repeatedly, assess immediate stone clearance rate, and help reduce surgical compli​cations. A high immediate stone clearance rate in the liver resection and non-liver resection groups indicated precise judgment of the indication for partial liver resection. In the non-liver resection group, the stones were located within level Ⅱ of the biliary tract and were removed using choledochoscopy only, and there was no indication for partial liver resection. A high immediate stone clearance rate and final stone clearance rate in the four types of HL based on our classification indicated that our current surgical strategy was rational and a similar therapeutic effect could be achieved despite the different clinical features.

In summary, we proposed a clinical classification method for HL that took account surgical history, clinical and imaging features, and the pathological evolutionary process of HL. Each type of HL within our classification scheme has a preferential treatment option, but the therapeutic effect was similar, indicating that the classification is scientific, reasonable, clinically applicable, and useful for optimal treatment selection. However, the number of cases in this study was limited, and long-term follow-up was lacking. This classification needs to be improved to guide clinical therapy and improve the therapeutic effect, in combination with other classification schemes such as that proposed by The Biliary Study Group of the Chinese Medical Association. In addition to classification, clinical practice requires careful evaluation of stone distribution, liver function and preoperative planning. Meticulous handling is desired to ensure complete removal of stones and lesions and free drainage. Good management is required after the operation to reduce complications and prevent stone recurrence. Precise liver resection requires a combination of surgical effectiveness and safety to benefit patients as much as possible[24,25].

COMMENTS
Background

Hepatolithiasis (HL) can cause many problems in patients including biliary tract dilation, biliary tract infection, and associated liver parenchymal damage including chronic inflammation and cirrhosis. The current management strategies are to remove lesions, extract stones, remedy strictures, free drainage, relieve cholestasis, restore the biliary tract to normal physiological function, and cure disease when possible, based on an appropriate classification, however, the outcomes of HL patients are still unsatisfactory.

Research frontiers

Many HL classifications are currently used in clinical practice, however, not many are useful. The current research hotspot is to improve therapeutic efficacy by proposing new classifications.

Innovations and breakthroughs

In order to develop an HL classification, we introduced a novel classification for HL based on pathological changes, which included type Ⅰ primary type (defined as no previous biliary tract surgery), type Ⅱ inflammatory type (previous biliary tract surgery and cholangitis), type Ⅲ mass-forming type (HL complicated by hepatic mass-forming lesion), and type Ⅳ terminal type (with secondary biliary cirrhosis and resultant portal hypertension).

Applications

The initial study results suggest that the pathological evolution-based classification for HL could be a potentially useful clinical classification in the future.

Terminology

HL is a disease in which calculi form in the biliary tract within the liver, and can cause many problems, including biliary tract dilation, biliary tract infection, chronic inflammation, and liver cirrhosis.

Peer-review

Hepatolithiasis is a very complex and difficult disease to treat. This paper introduced a new clinical classification based on pathological evolution in order to get a useful guideline to different hepatolithiasis. It is valuable for hepatolithiasis research and treatment.
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Figure 1  Primary type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed that calculi were located within the right posterior lobe of the liver and dilation of the biliary tract within the liver; B: Magnetic resonance cholangiopancreatography showed dilation of the biliary tract and a negative calculi signal within the dilated tract; C: Operative imaging showed that a large amount of hepatolithiasis was removed surgically; D: Postoperative imaging showed calculi (in kidney basin) and specimens including gallbladder and posterior hepatic lobe, which were removed surgically. 
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Figure 2  Inflammatory type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography (CT) showed postoperative changes in the liver after three operations on the biliary tract; B: CT showed dilation of the biliary tract and calculi within the dilated tract in the same patient; C: Operative imaging showed intraoperative choledochoscopy aided intraoperative stone extraction; D: Postoperative imaging showed left lateral lobe of the liver with calculi inside, which were removed during the operation.
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Figure 3  Mass-forming type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed mass that formed in the left lobe of the liver with positive calculi signal inside the mass; B: Magnetic resonance cholangiopancreatography showed that the same lesion was reflected in the same area in the liver; C: Operative imaging showed that the left lobe was removed intraoperatively; D: Postoperative imaging showed that the resected left lobe contained the mass (postoperative pathology report: mucinous adenocarcinoma).
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Figure 4  Terminal type of pathological evolution-based classification for hepatolithiasis. A: Computed tomography showed liver cirrhosis and splenomegaly; B: Magnetic resonance cholangiopancreatography showed liver cirrhosis (schistosomiasis cirrhosis) and splenomegaly; C: Operative imaging showed liver cirrhosis and removal of cholecyst; D: Postoperative imaging showed cholecyst removal, enlarged spleen and extracted calculi (in kidney basin).
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Table 3  Comparison of stone clearance rate in liver resection and non-liver resection groups


�
Total cases


�
Clearance cases


�
Clearance rate


�
P value


�
�
Liver resection


�
52


�
40


�
76.9%


�
0.332


�
�
Non-liver resection


�
16


�
10


�
62.5%


�
�
�






Table 2  Comparison of immediate and final stone clearance rate in each type of hepatolithiasis  n (%)


�
Primary


�
Inflammatory


�
Mass-forming


�
Terminal


�
Total


�
�
Immediate case


�
26 (76.5)


�
19 (76.0)


�
4 (57.1)


�
 1 (50.0)


�
50 (73.5)


�
�
Final case


�
31 (91.2)


�
23 (92.0)


�
5 (71.4)


�
2 (100)


�
61 (89.7)


�
�






Table 1  Comparison of surgery options in the four types of hepatolithiasis


�
Primary


�
Inflammatory


�
Mass-forming


�
Terminal


�
Total


�
Percentage


�
�
Biliary tract exploration + external T tube drainage


�
7


�
4


�
1


�
1


�
13


�
19.1%


�
�
Biliary tract exploration + cholangioenterostomy


�
0


�
3


�
0


�
0


�
3


�
4.4%


�
�
Partial liver resection + external T tube drainage


�
22


�
8


�
5


�
0


�
35


�
51.5%


�
�
Partial liver resection + cholangioenterostomy


�
5


�
10


�
1


�
1


�
17


�
25.0%


�
�
Total


�
34


�
25


�
7


�
2


�
68


�
�
�









