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Abstract 

AIM: To investigate the use of fully covered metal stents in benign biliary strictures (BBS) and bile leaks. 
METHODS: We studied 17 patients, at Harbor-UCLA Medical center (Los Angeles), with BBS (n = 12) and bile leaks (n = 5) from July 2007 to February 2012 that had received placement of fully covered self-expanding metal stents (FCSEMs). Fourteen patients had endoscopic placement of VIABIL® (Conmed, Utica, New York, United States) stents and three had Wallflex® (Boston Scientific, Mass) stents. FCSEMS were 8 mm or 10 mm in diameter and 4 cm to 10 cm in length. Patients were followed at regular intervals to evaluate for symptoms and liver function tests. FCSEMS were removed after 4 or more weeks. Resolution of BBS and leak was documented cholangiographically following stent removal. Stent patency can be defined as adequate bile and contrast flow from the stent and into the ampulla during endoscopic retrograde cholangiopancreatography (ERCP) without clinical signs and/or symptoms of biliary obstruction. Criterion for bile leak resolution at ERCP is defined as absence of contrast extravasation from the common bile duct, cystic duct remanent, or gall bladder fossa. Rate of complications such as migration, and in-stent occlusion were recorded. Failure of endoscopic therapy was defined as persistent biliary stenosis or continuous biliary leakage after 12 mo of stent placement. 

RESULTS: All 17 patients underwent successful FCSEMS placement and removal.  Etiologies of BBS included: cholecystectomies (n = 8), cholelithiasis (n = 2), hepatic artery compression (n = 1), pancreatitis (n = 2), and Whipple procedure (n = 1). All bile leaks occurred following cholecystectomy. The anatomic location of BBS varied: distal common bile duct (n = 7), common hepatic duct (n = 1), hepaticojejunal anastomosis (n = 2), right intrahepatic duct (n = 1), and choledochoduodenal anastomatic junction (n = 1).  All bile leaks were found to be at the cystic duct. Twelve of 17 patients had failed prior stent placement or exchange. Resolution of the biliary strictures and bile leaks was achieved in 16 of 17 patients (94%). The overall median stent time was 63 d (range 27-251 d). The median stent time for the BBS group and bile leak group was 62 ± 58 d (range 27-199 d) and 92 ± 81 d (range 48-251 d), respectively. All 17 patients underwent successful FCSEMS removal. Long term follow-up was obtained for a median of 575 d (range 28-1435 d). Complications occurred in 5 of 17 patients (29%) and included: migration (n = 2), stent clogging (n = 1), cholangitis (n = 1), and sepsis with hepatic abscess (n = 1).
CONCLUSION: Placement of fully covered self-expanding metal stents may be used in the management of benign biliary strictures and bile leaks with a low rate of complications.  

© 2013 Baishideng. All rights reserved.  
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Core tip: We studied 17 patients with Benign Biliary Strictures (BBS) (n = 12) and bile leaks (n = 5) from July 2007 to February 2012 that had fully covered self-expanding metal stents (FCSEMs) placed. Twelve of 17 patients had failed prior stent placement or exchange. After a median stent time of 63 d, we found 16 of 17 patients (94%) had complete resolution of biliary strictures and bile leaks. We reported complications in 5 of 17 patients (29%) which included: migration (n = 2), stent clogging (n = 1), cholangitis (n = 1), and sepsis with hepatic abscess (n = 1). 
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INTRODUCTION
Benign biliary diseases, including benign biliary strictures (BBS) and bile duct leaks, are common and management can be potentially challenging. BBS may occur as a result of chronic pancreatitis, postoperative anastomic strictures following cholecystectomy and liver transplantation, choledocholithiasis, sclerosing cholangitis and other cholangiopathies[1-3]. Complications of biliary strictures include cholangitis, secondary biliary cirrhosis and end stage liver disease (ESLD). Because of the severity of these complications urgent decompression of strictures is required. 

Bile leaks occur after abdominal surgery classically following cholecystectomy, traumatic injury[4], liver transplantation or hepatic resection[5,6]. The most common location of bile leaks is the cystic duct stump followed by the duct of Luschka[6]. Many of these patients require external biliary drainage or develop an internal biliary leak resulting in a biloma, peritonitis or abscess formation[6]. The first-line intervention in treatment of bile leaks involves placement of transpapillary biliary plastic stents and/or sphincterotomy[7,8]. Stent placement has been effective in the closure of 70%-100% of postcholecystectomy bile leaks[8]. 

Complex leaks are defined as those that are refractory to endoscopic intervention with biliary sphincterotomy or plastic stent placement, bile leaks following orthotopic liver transplantation or complicated cholecystectomy with large leaks. Previous studies have shown single large diameter or multiple stents across the site of the leak are superior in complex leaks[6,8]. Bile leaks can further be classified by endoscopic retrograde cholangiography (ERC) into low grade (leak identified only after intrahepatic opacification) or high grade (leak observed before intrahepatic opacification)[8]. In a study by Sandha et al[8] of 204 patients with bile leaks, transpapillary biliary stenting was found to be more effective than sphincterotomy alone in patients with high grade leaks.
Management of BBS includes decompression by endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy and stent placement, and ultimately choledochojejunostomy. Recent studies have shown that therapeutic ERC with stent placement in BBS is a potential, although not equivalent, alternative to surgery. Compared with surgery, stent placement has lower rates of stricture recurrence, lower cost, and lower overall morbidity and mortality[9]. The standard of care for repairing bile leaks involves placement of transpapillary biliary stents with or without sphincterotomy.
Currently, plastic stents are the only Food and Drug Administration (FDA) approved therapy used in benign biliary conditions to treat biliary strictures and bile leaks. Plastic stent patency, usually 3-4 mo in malignant strictures, has been limited secondary to occlusion due to deposition of a bacterial biofilm within the stent lumen[10,11]. Self-expanding metal stents (SEMS) provide prolonged stent patency of up to 9 mo and can be deployed from a small diameter delivery system that can expand to a large diameter (10 mm) permitting improved biliary drainage. Initially, SEMS were bare metal (uncovered) meaning they had no coating material covering the metal stent. A major challenge with uncovered SEMS was in-stent epithelial hyperplasia accounting for the difficult removability of the stents and poor long term patency[2]. Partially covered self-expanding metal stents (PCSEMS) have had some success in BBS and bile leaks but were limited by the susceptibility to in-stent hyperplasia, migration, and difficultly in extraction due to mucosal hyperplasia at the uncovered proximal ends[1,2]. Advances in the development of endoprosthesis led to Fully Covered SEMS (FCSEMS) which are coated circumferentially with a material that prevents stent occlusion and imbedding due to bacterial colonization, tissue hyperplasia, and tumor ingrowth thereby increasing the duration of stent patency and permitting easier stent retrieval. Moreover, FCSEMS use in BBS and bile leaks may result in fewer endoscopic sessions and not require placement of multiple plastic stents[12]. Previous studies have shown successful outcomes of FCSEMS used in malignant biliary strictures however the data for use in benign biliary disease remains limited and conflicting (Table 1). Our studies primary aim was to evaluate the efficacy, patency and rate of complications with placement of FCSEMS for BBS and bile leaks.

MATERIALS AND METHODS 
From July 2007 and February 2012, seventeen patients diagnosed at Harbor-UCLA Medical center with BBS and bile leaks who had undergone endoscopic placement of a FCSEMS were included in this study. Twelve patients were females and five patients were males; the mean age was 50.5 ± 16.5 years (range 27-77 years). Patient records were reviewed retrospectively. The most common presenting symptom among patients was abdominal pain. All strictures had brushings and biopsies to rule out malignancy. Fourteen patients had endoscopic placement of VIABIL® (Conmed, Utica, New York, United States) stents and three had Wallflex® (Boston Scientific, Mass) stents. An 8 mm or 10 mm diameter FCSEM Viabil® (Conmed, Utica, New York, United States) or Wallflex® (Boston Scientific, Mass) was deployed over a guidewire under endoscopic and fluoroscopic visualization across the biliary stricture or bile leak. The length of the stents varied ranging from: 4 cm to 10 cm. When the gallbladder was present FCSEMS were placed below the cystic duct to avoid cholecystitis.  All patients had undergone a biliary sphincterotomy prior to placement of FCSEMS. 
  Stent patency can be defined as adequate bile and contrast flow from the stent and into the ampulla during ERCP without clinical signs and/or symptoms of biliary obstruction (e.g., RUQ pain/tenderness, elevated alkaline phosphatase ± bilirubin, ect.). Stent placement was confirmed fluoroscopically and endoscopically. Repeat cholangiogram after stent deployment revealed the absence of a leak. Criterion for bile leak resolution at ERCP is defined as absence of contrast extravasation from the CBD, cystic duct remanent, or gall bladder fossa.

Stents were removed after at least a month, only after liver function test (LFT) normalization and resolution of symptoms, using rat-tooth forceps or a snare. After stent removal, a cholangiogram was performed to document resolution of BBS and sealed leaks. In time of follow-up, LFTs were reviewed after stent extraction and routinely during follow up course. Stent duration was expressed as median ± SD. All patients were contacted by a physician after stent removal, as a follow-up to evaluate for biliary pain and jaundice. Any patients who developed signs of biliary obstruction underwent follow-up ERCP to re-evaluate for stricture re-occurrence. Failure of endoscopic therapy was defined as persistent biliary stenosis or continuous biliary leakage after 12 mo of stent placement. Patients who failed stent therapy were referred for surgical intervention. 

RESULTS
From July 2007 to February 2012, seventeen patients with BBS (12 patients) or bile leaks (5 patients) underwent successful placement of FCSEMS.  Etiologies of BBS included: cholecystectomies (n = 8), cholelithiasis (n = 2), hepatic artery compression (n = 1), pancreatitis (n = 2), and Whipple procedure (n = 1). All bile leaks occurred following cholecystectomy. Etiologies of BBS and bile leaks are shown in Table 2.  The anatomic location of BBS varied: distal common bile duct (n = 7), common hepatic duct (n = 1), hepaticojejunal anastomosis (n = 2), right intrahepatic duct (n = 1), and choledochoduodenal anastomatic junction (n = 1).  All bile leaks were found to be at the cystic duct. One patient was had a previous ERCP with intraductal ultrasonography (IDUS) showing possible hepatic artery compression leading to the common hepatic duct stricture. A repeat ERCP with IDUS for stent placement demonstrated a normal hepatic artery. Twelve of 17 patients had failed prior stent placement or exchange with plastic and/or metal stents (seven having multiple stents). Because several of our subjects were referred to us who had stents placed at other facilities we were unable to determine the length of previous stenting.  In patients with hepaticojejunal anastomotic strictures stents were placed percutaneously. 
The median stent time was for all subjects was 63 d (mean 90.7 ± 65 d; range 27-199 d).  The median stent time for the BBS group and bile leak group was 62 ± 58 d (range 27-199 d) and 92 ± 81 d (range 48-251 d), respectively. All 17 patients underwent successful FCSEMS removal. Resolution of biliary strictures and bile leaks was achieved in 16 of 17 patients (94%) (Figure 1). One patient with a bile leak did not have her stent removed until eight and a half months after placement due to loss of follow-up. An ERCP showed a sealed bile leak but an occluded stent which was extracted. One patient who failed stent therapy for BBS was referred to surgery. Long term follow-up, which included labs and symptom assessment, was obtained for a median of 575 d (range 28-1435 d). Follow-up was longer than one year in 10 cases (58%). No patients reported recurrent biliary pain or jaundice on follow-up. All patients liver function tests normalized. Figure 2 demonstrate stent placement for BBS and bile leaks. 
FCSEMS related complications

Complications occurred in 5 of 17 patients (29%). Two patients were found to have proximal stent migration. The first was a Viabil metal stent seen to have migrated proximally. The time elapsed from stent placement to migration of FCSEMS was 27 d. Using rat-toothed forcepts the migrated stent was grasped at the distal end and removed. Prior to removal of the stent because the stent had migrated inwards, dilation of the sphincterotomy site was performed after which the distal end of the stent could be seen. The CBD stricture had resolved at the time of extraction. The second migration involved a Wallstent that migrated proximally. The time elapsed from the stent placement to migration was 66 d. A second Wallstent was placed into a migrated Wallstent. Both Wallstents were removed after 133 d.  

Two additional patients had stent occlusion caused by intraluminal debris and bile duct stones. The time elapsed from stent placement to occlusion caused by intraluminal debris and bile duct stones were 160 and 251 d, respectively.

One patient developed recurrent cholangitis due to stent occlusion. One patient was found to have a hepatic abscess of the right liver lobe after stent placement for a bile leak. He later developed sepsis and was transferred to the intensive care unit (ICU). Overall, two patients had de novo choledocholithiasis and/or lumen debris that required multiple balloon sweeps and irrigation of the bile duct. 
DISCUSSION
Placement of plastic stents with or without sphincterotomy is the most popular and accepted therapy for treatment of BBS and bile leaks in most centers. Short-term patency rates, limited stent diameter and requirement of multiple endoscopic sessions with stenting have led to the development of SEMS[13-15]. 
The overall success rate in our study for BBS and bile leaks was 94% (16/17). In the subset of patients with only BBS the success rate was 92% (11/12) (Figure 1A). Our results compare favorably to past results including a case series by Mahajan et al[3] of 44 patients with BBS who were treated with FCSEMS (Viabil, Conmed) and demonstrated a success rate of 83% (34/41) after median stent time of 3.3 mo (Table 1). 

In our study, FCSEMS were removed only when all criteria described earlier in methods were met. All stents were able to be removed without any difficulty with median duration of 89 d (range 29-428 d). Although there is no consensus on the optimal duration of biliary stenting some advocate for no longer than 6 mo[2]. Several randomized trials have shown that FCSEMS remained patent for up to a median of 9 mo[16,17]. Our stricture recurrence rate was 0% after a median follow-up of 575 d. Dumonceau et al[5] reported a stricture recurrence was 19% on 36 patients who underwent plastic stent placement for BBS during a mean follow-up period of 44 months. 

Patients presenting with bile leaks had placement of Viabil FCSEMS. Viabil stents (Conmed, Utica, NY) are entirely covered with polytetrafluoroethylene and fluorinated ethylene propylene (ePTFE/FEP) liner that acts as a barrier to tissue ingrowth permitting long stent duration and easier extraction. Moreover, the anchoring fins placed on each tail end aid in prevent stent migration. Although our results are limited by the small sample size we were able to achieve 100% success rate in resolution of biliary leaks with temporary placement of FCSEMS for a mean of 110 ± 81 d (range, 48-251 d) (Figure 1B).  The overall success rate for the subset of patients with bile leaks was 100%. Our results again compare favorably to past studies (Table 1). Three of 5 patients had high grade leaks and two of 5 patients had complex bile leaks refractory to previous stenting (Table 2). One patient had a biloma secondary to bile leak in the cystic duct and required percutaneous drain. She was lost to follow-up after eight and a half months and returned with abdominal pain. An ERCP revealed an occluded stent and intrahepatic ductal dilation. The stent was removed and a follow-up ERCP revealed a sealed bile leak. 
Twelve patients had failed prior plastic stent placement and were referred to Harbor UCLA for refractory strictures (seven having had ≥ 2 stents). These subjects had fully covered metal stents placed for recurrent strictures. Because several of our subjects had stents placed at outside hospitals we are unable to determine the length of stenting, diameter or type of stent placed for all of these twelve patients. We did not encounter technical difficulties of FCSEMS placement in patients who had failed prior plastic stent therapy. There was no significant difference in total stenting time for patients that had failed prior plastic stenting and new onset strictures or bile leaks.

Upon stent removal, three patients were found to have biliary sludge and/or luminal debris requiring multiple balloon sweeps and irrigation. The incidence of sludge/luminal debris was noted to be proportional to the duration of stenting. One patient was found to have a hepatic abscess of the right liver lobe on computed tomography scan after stent placement for a bile leak proximal to the cystic duct. The patient was transferred to the ICU for sepsis. It is unclear whether the abscess developed as a result of ERCP or secondary to an underlying infection.  One patient had developed cholangitis due to an occluded stent. This patient was treated successfully with placement of another stent within the original stent, multiple balloon sweeps to remove sludge, and a course of antibiotics. This compares favorably to rates of cholangitis observed with plastic stent placement for BBS of 18%[5]. The patient with stenting of a BBS localized to the right hepatic duct had an additional anastomosis done by surgery between the other hepatic duct and the duodenum. It is important to mention that unilateral placement of FCSEMS beyond the hepatic hilum harbors the risk of occluding the contralateral hepatic duct and side branches of the right or left hepatic ducts (depending on Bismuth stage of stricture). All complications in our study were treated conservatively. 

Overall, our study showed that temporary placement of FCSEMS successfully treated BBS and bile leaks with excellent long-term patency rates and relatively few complications. FCSEMS may provide an effective method in management of BBS and bile leaks while allowing easy endoscopic removability. FCSEMS can be easily removed after insertion and remain in place for several months although there is insufficient data as to what the optimal duration of placement is. The high cost of FCSEMS may be offset by a reduction in ERCP sessions and recurrent stenting for recurrent strictures[14,15]. 

COMMENTS

Background

Management of bile leaks and benign biliary strictures (BBS) involves placement of plastic and uncovered metal stents which have been associated with limited long term stent patency secondary to stent lumen occlusion and epithelial hyperplasia, respectively. 

Research frontiers

Recent advances in development of endoprosthesis have led to the development of fully covered self-expanding metal stents (FCSEMs) which are coated circumferentially with a material that prevents stent occlusion due to bacterial colonization, tissue hyperplasia, and tumor in growth thereby increasing the duration of stent patency in BBS and bile leaks.

Innovations and breakthroughs
In this retrospective review of patients with BBS and Bile leaks treated with FCSEMS, stricture and bile leak resolution was achieved in 16 of 17 patients after a median follow-up time of 575 d after stent extraction. 

Applications 

This study demonstrated that temporary placement of FCSEMS successfully treated BBS and bile leaks with excellent long-term patency rates and relatively few complications.

Peer review

The manuscript entitled “An evaluation of fully covered self-expanding metal stents in benign biliary strictures and complex bile leaks” provided valuable data about the safety and efficacy of FCSEMS for endoscopic treatment of benign biliary strictures and bile leaks.
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Figure 1A
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Figure 1B

Figure 1 Stent patency rate (%) in patients with benign biliary strictures after insertion of fully covered self-expanding metal stents plotted against stent duration (d). A: Stent patency rate (%) in 12 patients with benign biliary strictures after insertion of fully covered self-expanding metal stents plotted against stent duration; B: Bile leak resolution rate (%) in 5 patients with bile leaks after insertion of fully covered self-expanding metal stents plotted against stent duration (d). 
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Figure 2I
Figure 2 Stent placement for benign biliary strictures and bile leaks. A: A Left intrahepatic duct stricture after cholecystectomy and repair; B: Placement of biliary plastic stent for intrahepatic duct stricture; C: Placement of 2 plastic stents for persistent intrahepatic duct stricture; D: Persistent intrahepatic stricture after placement of 2 plastic biliary stents every 3 mo for 2 years. This  stricture did not resolve therefore plastic stents were extracted and a Viabil fully covered metal stent was later placed; E: Intrahepatic stricture resolution following Viabil stent removal after 5 mo; F: Bile leak in a patient with a cystic stump and gangreneous gallbladder; G: Placement of plastic biliary stent in patient with bile leak; H: Placement of viabil stent since bile leak did not resolve with plastic stents; I: Resolution of bile leak following Viabil stent removal after 1 mo.
Table 1 Studies reporting placement of covered metal stent in benign biliary strictures and bile leaks
	Benign Biliary Strictures

	Study
	No. of patients/ No. stents
	BBS or Bile leaks
	Etiology
	Stent Type
	Time to removal 
	Results

(Success rate )
	Complications

	Deviere[18]

	20/20
	BBS
	CP
	Wallstent FCSEMS
	NA1
	90%
	Epithelial hyperplasia  (2)

	Cantu et al[19]
	14/14
	BBS
	CP
	pCSEMS 
	21 mo (median)
	37.5% at

30-mo fu


	Cholestasis (7),

cholangitis (5),

duodenal migration (2),

cholecystitis (1)

	Kuo et al[20]
	3/4 
	BBS
	OLT
	FCSEMS
	32 d (median)
	100%
	Septicemia (1),

misplacement (1)

	Kahaleh et al[2]
	79/79
	BBS
	CP, OLT, BC, INF, Surgical
	pCSEMS
	4 mo (median)
	90%

ITT 75%
	Migrations (11)

	Cahen et al[21]
	6/6
	BBS
	CP
	FCSEMS
	3-6 mo (median)
	66% 
	Migration (2),

recurrent stricture (1)

	Mahajan[3]
	44/44
	BBS
	CP, gallstone related, OLT, AP, PSC
	FCSEMS
	3.3 mo (median)s 
	83%

77% ITT (3 patients died)
	Post ERCP pancreatitis (1), mucousal ulceration and bleeding (1)

	Garcia-Cano[22]
	20/20
	BBS
	Biliary fistula,  perforation of papilla, to remove uncovered stents, benign strictures, CBD stones
	Wallstent FCSEMS
	132 d (median)
	70%
	Pancreatitis (3)

	Sauer[23]
	19/19
	BBS & Bile leaks
	Liver transplant
	Wallflex
	11.7 wk (mean)
	79%
	Proximal migration (1), distal migration (5), occlusion (1), De-novo stricture (2) 

	Bile leaks

	Wang[24]
	13
	Complex Bile leaks
	Chole and OLT
	Viabil FCSEMS 
	103 d
	85% ITT
	Mucousal ulcerations (4), de novo choledocholithiasis/ luminal debris (10), strictures (2)

	Sandha[8]
	97 
	high grade leaks
	Chole
	FCSEMS
	42 d
	100%
	Post ERCP pancreatitis (2), duodenal perforation (1)

	Kahaleh[1]
	16/16
	Bile leaks
	Chole, OLT
	Wallstent FCSEMS


	3 mo
	93% 
	Stent migration (2)

	Sauer[23]
	19/19
	BBS and Bile leaks
	Liver transplant
	Wallflex
	11.7 wk (mean)
	79%
	Proximal migration (1), distal migration (5), occlusion (1), De novo stricture (2) 


1Stents not extracted in the study. OLT: Orthotopic liver transplant; Chole: Cholecystectomy; AP: Autoimmune pancreatitis; PSC: Primary sclerosing cholangitis; ITT: Intent to treat; pCSEMS: Partially covered self-expanding metal stent; FCSEMS: Fully covered self-expanding metal stent.
Table 2 Patient characteristics and demographics 
	Benign biliary strictures

	Case no.
	Age, yr
	Sex
	Etiology 
	Location
	CSEMS (mm), type 
	Complications
	Duration of stenting (d)
	follow-up after removal (d)
	Results

	1
	47
	M
	biliary anastomosis/  Whipple
	Choledocho-duodenal anastomosis
	10 mm × 0 mm 

Viabil
	none
	89
	1435
	patent

	2
	77
	F
	cholecystectomy
	Distal CBD
	10 mm × 10 cm 

Wallstent
	none
	92
	1210
	patent

	3
	36
	F
	cholelithiasis
	Distal CBD
	10 mm × 6 cm 

Viabil
	none
	37
	1138
	patent

	4
	51
	F
	cholelithiasis
	Distal CBD
	10 mm × 6 cm

Viabil
	none
	161
	1131
	patent

	5
	73
	M
	cholecystectomy
	Right intrahepatic duct
	10 mm × 10 cm

Viabil
	solid debris in lumen
	160
	1112
	patent

	6
	76
	F
	cholecystectomy
	H-J anastomosis 
	8 mm × 6 cm 

Viabil
	none
	29
	55
	patent

	7
	27
	F
	cholecystectomy
	H-J anastomosis
	10 mm × 4 cm 

Viabil
	none
	42
	176
	patent

	8
	47
	F
	compression by hepatic artery 
	CHD 
	80 mm × 8 cm 

Wallstent
	none
	35
	302
	patent

	9
	36
	F
	cholecystectomy
	CBD 
	10 mm × 80 mm

Viabil
	migration 
	27
	463
	not patent

	10
	45
	F
	chronic pancreatitis/ cholecystectomy
	Distal CBD
	10 mm × 10 cm

Viabil
	none
	63
	36
	patent

	11
	42
	F
	 pancretitis and pancreatic head necrosis 
	Distal CBD 
	10 mm × 6 cm

Wallstent 
	recurrent cholangitis (n = 2), migration 

	199
	122
	patent

	12
	35
	M
	cholecystectomy
	Distal CBD 
	10 mm × 8 cm 

Viabil
	abd pain following day of stent placement; repeat ERCP showed residual bile duct stones
	57
	41
	patent

	Bile leaks

	Case no. 
	Age 
	Sex
	Etiology 
	Type, high/low grade; complex
	CSEMS (mm), type 
	Complications
	Duration of stenting (d)
	follow-up after removal (d)
	Results

	13
	75
	F
	cholecystectomy
	Bile leak (high grade); complex
	10 mm × 80 mm

Viabil
	none
	99
	1364
	sealed

	14
	49
	F
	cholecystectomy
	Bile Leak (high grade)
	10 mm × 10 cm 

Viabil
	none
	92
	1294
	sealed

	15
	30
	F
	cholecystectomy
	Bile leak (low grade); complex
	10 mm × 80 mm

Viabil
	occluded stent after lost to follow-up (eight and a half months)
	251
	1007
	sealed

	16
	64
	M
	cholecystectomy
	Bile leak (high grade)
	8 mm × 8 cm

Viabil
	none
	62
	575
	sealed

	17
	50
	M
	cholecystectomy
	Bile leak (low grade)
	10 mm × 80 mm

Viabil
	hepatic abscess and Sepsis
	48
	28
	sealed


Female; FCSEMS: Fully covered self-expandible metallic stents; Chole: Cholecystectomy; CBD: Common bile duct; H-J: Hepaticojejunostomy; CHD: Common hepatic duct. 
