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Abstract
BACKGROUND
Endoscopic sphincterotomy (EST) is widely regarded as the first choice in the management of common bile duct (CBD) stones. However, for some patients, this treatment is not possible. The percutaneous transhepatic balloon dilation (PTBD) technique has been suggested as an alternative but has yet to gain wide acceptance.

AIM
To review cases of PTBD for removing CBD stones and explore the safety and efficacy of this treatment.

METHODS
We conducted a systematic review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. We searched EMBASE, PubMed, and Web of Science for cases of PTBD that underwent CBD stone removal from 1981 to January 2019. We analyzed all relevant articles available in full text. We extracted data on patient’s age, gender, overall technique success rate, reasons for technique failure, and the presence and type of major and minor complications. We analyzed the data and reported the results in a table and text. Altogether, we retrieved 12 case series and 6 case reports, for a total of 1347 patients. Thirty cases were excluded due to a lack of patient data.

RESULTS
The overall technique success rate for removing a CBD stone was 98.5% (1327/1347) and 98.1% (109/111) for removing concurrent CBD and gallbladder stones. Based on available data (n = 1312), mean age of all patients (687 males and 625 females) was 68.9 years. The total number of procedures in the remaining 1317 patients (after exclusion) was 3237 (average 2.4 procedures per patient). The total number of failures for eliminating a CBD stone was 20, and the reasons for failure included: stone impaction (n = 10), intrahepatic bile duct stricture (n = 5), large stone (n = 2), severe CBD dilation (n = 1), multiple stones (n = 1), and duodenal perforation (n = 1). Various major complications related to the procedure were reported, but the incidence rate was low (1.4%). No pancreatitis or procedure related mortality was reported. Minor complications including transient hyperamylasemia, nausea, vomiting, abdominal pain, fever, and mild hemobilia were reported. For 218 patients (88 patients with unsuccessful endoscopic removal due to anatomical change and large or impacted stone and 130 cases who refused endoscopic procedure due to poor general condition or other additional disease), the CBD stones were successfully pushed into the duodenum by performing the PTBD procedure.

CONCLUSION
PTBD is a safe and effective approach in the nonoperative management of CBD stones. PTBD provides an alternative treatment when endoscopic procedures fail or are unsuitable for the patient.
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Core tip: Endoscopic treatment for common bile duct (CBD) stones has been widely accepted. However, for specific patients, such as those with gastrointestinal anatomical changes, duodenal diverticulum, esophageal varices, or other conditions, endoscopic treatment is unsuitable and difficult to perform. Under these circumstances, it has been shown that percutaneous transhepatic balloon dilation (PTBD) can remove CBD stones via a percutaneous transhepatic route after papilla dilation. However, no review on this technique has been published. Therefore, we performed a systematic review to confirm the safety and efficacy of PTBD in removing CBD stones in terms of the key outcomes, success rate, reasons for failure, and procedure-related complications. 
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INTRODUCTION
Since 1974 when Kawai first described endoscopic sphincterotomy (EST), this treatment has been widely accepted and regarded as the first choice in the management of common bile duct (CBD) stones[1]. Indeed, endoscopic therapies have initiated a great revolution in the treatment of choledocholithiasis[2-4]. However, for specific patients, such as those with gastrointestinal anatomical changes, duodenal diverticulum, esophageal varices, or poor general condition, endoscopic treatment can be difficult to perform, and it has been deemed unsuitable in these particular cases[5-7].
In cases that preclude EST, percutaneous transhepatic stone removal through the papilla into the duodenum without balloon dilation was first reported as an alternative in 1979 by Dotter et al[8] and Perez et al[9]. Further, in 1981 Centola et al[10] first introduced transpapillary elimination of a stone by dilating the papilla with a 6-mm balloon, and since then, this technique has been implemented as a standard percutaneous stone removal procedure. This technique has increased efficacy, with a high success rate and low incidence of complications. Despite these reports, the percutaneous transhepatic balloon dilation (PTBD) technique has still not gained wide acceptance. This is mainly due to a lack of awareness and evaluation of the safety, efficacy, and risk of complications associated with this procedure.
Individual studies alone may not provide strong and sufficient evidence to help PTBD gain greater acceptance, and to the best of our knowledge, no review on the use of PTBD in removing CBD stones has previously been published. In the current review, we aim to objectively evaluate the potential role of PTBD in the management of CBD stones, as an alternative to EST. We performed a systematic review of the currently available literature for success rate, reasons for failure, and procedure-related complications associated with the implementation of the PTBD procedure. This review was conducted in an effort to clarify the safety and efficacy of the procedure.

MATERIALS AND METHODS
This systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines[11]. We searched Embase, PubMed, and Web of Science for relevant studies involving the use of PTBD for removal of CBD stones. Our search covered studies conducted during the period from 1981 to January 2019. We used the following Medical Subject Headings (MeSH): “gallstone” and “dilation” and “percutaneous” and “transhepatic” and “balloon”. The complete terms used for the PubMed search were: (dilation[Title/Abstract]) OR dilations[Title/Abstract] OR dilatations[Title/Abstract] OR dilatation[Title/Abstract]) AND (transhepatic[Title/Abstract] OR interventional radiography[Title/Abstract]) AND (percutaneous[Title/Abstract] OR radiography, interventional[Title/Abstract]) AND (balloon[Title/Abstract]) AND (gallstones[Mesh] OR gallstone[Title/Abstract] OR gall Stones[Title/Abstract] OR biliary calculi[Title/Abstract] OR calculi, biliary[Title/Abstract] OR gall Stone[Title/Abstract] OR common bile duct calculi[Title/Abstract] OR gallstones, common bile duct[Title/Abstract] OR common bile duct gallstones[Title/Abstract] OR gall Stones, common bile duct[Title/Abstract] OR biliary calculi, common bile duct[Title/Abstract] OR common bile duct gall stones[Title/Abstract]).
We regarded studies as available for inclusion if they applied a percutaneous transhepatic route, applied a balloon dilation technique, and involved treatment of CBD stones or concurrent CBD stones in addition to gallbladder stones. Case reports and case series were both included. We excluded non-English published studies and studies for which the full text article was unavailable. The studies were reviewed by two individual researchers (DL and BL) and data analysis and extraction were done by the same two researchers (DL and BL). After screening the full text, we extracted the following data from each study for inclusion in our review: Age, gender, number of procedures, overall technique success rate, reasons for failure, and various major and minor complications. Using descriptive statistical analysis, the variables were described as number, proportion, and mean (Table 1). 

RESULTS
The search results and flow diagram are shown in Figure 1. We retrieved 12 case series and 6 case reports, for a total of 1347 cases treated by percutaneous transhepatic papilla balloon dilation[10,12-28].
According to our findings, 7 studies were published before the year 2000 and 11 studies were published after the year 2000. Centola et al[10] from England was the first to report a case in which a balloon was used to dilate the papilla and remove a stone in the duodenum in 1981. Among those case series which applied PPBD, the largest included 916 cases and was reported by Shin et al[14] in South Korea in 2017. In our review, 1050 cases were published from Asia, with 297 cases published from Europe and North America. 
As for the patient characteristics, not all the studies reported age and sex (n = 35)[16,20,27]. Based on the available data (n = 1312), the average age of patients was 66.89 years and there were 687 males and 625 females. All patients were treated by PTBD for CBD stone removal, and 111 patients who had CBD stones and gallbladder stones concurrently were treated by the combination of PTBD and an additional procedure. Indications cited in these studies for the use of the PTBD procedure to remove stones were: unsuitable for endoscopic procedure due to the poor condition or other additional disease (n = 130), which included coronary artery disease, emphysema, pulmonary insufficiency, cardiac insufficiency, multiple sclerosis, and other diseases, unsuccessful endoscopic removal due to the anatomical change and large or impacted stone (n = 88), and unsuccessful basket extraction (n = 2). Determination of the number of patients treated by an unsuccessful endoscopic procedure or who were unsuitable for an endoscopic procedure was low (16.1%), as the largest case series (n = 916) did not mention the other forms of treatment or the patients’ additional diseases. 
The overall PTBD technique success rate for removing a CBD stone was 98.5% (1327/1347), and 98.1% (109/111) for removing concurrent CBD and gallbladder stones. The largest diameter of CBD stone was 25 mm reported by Chang et al[13] in 2018, and the CBD stone was successfully removed through dilated papilla by using a 24 mm balloon. Before stone removal, percutaneous transhepatic biliary drainage was conducted on 1024 patients, which is performed to relieve clinical symptoms and build the approach for the stone removal procedure that follows. Based on the available data, the total number of procedures in 1317 patients was 3237, with an average of 2.4 procedures per patient (30 cases did not have this information). The total number of failures in eliminating a CBD stone was 20, and there were multiple reasons for failure, including severe CBD dilation (n = 1), large stone (n = 2), multiple stones (n = 1), stone impaction (n = 10), bile duct stricture (n = 5), and duodenal perforation (n = 1). 
Major complications related to the procedure were reported, but the incidence rate for these complications was low (1.4%). Among the included studies, the incidence rate of major complications varied from 0%-6.8%. Major complications included cholangitis (n = 11), bile duct hemorrhage (n = 1), subcapsular biloma (n = 1), subcapsular hematoma (n = 1), subcapsular abscess (n = 1), bile peritonitis (n = 1), duodenal perforation (n = 1), CBD perforation (n = 1), gastroduodenal artery pseudoaneurysm (n = 1), and right hepatic artery transection (n = 1). No pancreatitis or procedure related mortality was reported. Minor complications, such as hyperamylasemia, nausea, vomiting, abdominal pain, fever, and mild hemobilia, were reported. The complete data for these complications were not provided in many case series as most of the minor complications had transient adverse effects and did not require any treatment.

DISCUSSION
The results of this review show that the use of the PTBD technique in removing CBD stones can yield a high success rate and a low incidence of complications. Furthermore, our findings suggest that PTBD offers a safe and effective choice for removing CBD stones in those patients with a prior failed endoscopic treatment or who are unsuitable for an endoscopic procedure. These data demonstrate and support the PTBD technique as an effective and safe therapeutic management tool, which can be implemented as an alternative, and supplement, to endoscopic therapies.
The overall technique success rate for removing a CBD stone by performing PTBD was 98.5%. The success rate of endoscopic treatment of CBD stones is compromised by several limitations, including gastrointestinal anatomical changes (e.g., Billroth II surgery and duodenal diverticulum) and a limited application in those with a poor general condition. Under these circumstances, endoscopic treatment is unsuitable and difficult to perform. In the current study, the results show that among 218 patients, 88 had unsuccessful endoscopic removal and 130 were unfit for an endoscopic procedure, and the CBD stone was successfully pushed into the duodenum by performing the PTBD procedure. Compared to endoscopic procedures, PTBD uses percutaneous transhepatic and transpapillary routes which could avoid the effects of anatomical changes and is easier to complete the procedure through the papilla. The overall technique success rate for removing concurrent CBD and gallbladder stones was 98.1% (109/111) when performing a combination of the PTBD procedure and another treatment such as laparoscopic choledochotomy (LC) and percutaneous transcystic procedure. Interestingly, in the studies included in our review, there is data suggesting that PTBD + LC is more effective and safe in patients with both CBD and gallbladder stones when compared to the endoscopic papillary balloon dilatation + LC technique. Based on these findings, we postulate that PTBD is an alternative technique that can potentially mitigate the limitations of endoscopic treatment.
Although the success rate of PTBD was quite high, there were a few failed cases. Our results show that the reasons some cases failed were related to the presence of a large stone and duodenal perforation. The large stone is difficult to push through the papilla, which needs use of stone basket or other lithotripsy. And a larger balloon may be used to dilate the papilla, which could cause more abdominal pain and overexpansion of the papilla. For patients with a history of gastrointestinal surgery, it should be performed gently when the guide wire pass through the papilla and the stones were pushed into the duodenum with a balloon. In our systematic review, we conclude several procedure details or key points, which could help surgeons improve their performance with this technique. We suggest the following: (1) In the supine position, puncturing the bile duct in the right anterior lobe under the guidance of B-type ultrasound to make the angle between the bile duct and the CBD as large as possible; (2) After passing through the Oddi sphincter, the stiff guide wire is introduced for greater support; (3) When dilating the Oddi sphincter, the balloon catheter should be accurately positioned and fully dilated. The preferred diameter of the balloon is 8 mm. If the expansion is unsatisfactory, it can be increased by 2 mm successively, with a maximum of 20 mm; (4) Intermittent expansion should be used to avoid tearing of sphincter fibers. We found that the duodenal papilla can be expanded at multiple angles for a duration of 15 s; (5) When the diameter of the stone is > 10 mm, transpapillary stone removal can be achieved by performing lithotripsy first, and then pushing the stone into the duodenum with a balloon; (6) Multiple stones should be rolled out one by one to avoid pancreatitis caused by stone debris reflux to the pancreatic duct. Alternatively, the clinician can leave an external drainage tube for the second stage of stone removal; and (7) Routine placement of internal and external biliary drainage tubes can effectively reduce the incidence of pancreatitis by reducing the intrabiliary pressure. We believe that these suggestions will result in increased efficacy and a further reduction in complications due to the PTBD procedure. 
For the 1347 cases we retrieved in this study, major complications related to the PTBD procedure were reported, but the incidence rate was low (1.4%). The most common major complication was cholangitis, at a rate of less than 1% of all cases included in our review. The incidence of other major complications was even lower. Further, we found no reported procedure related mortality. Importantly, the minor complications noted in the results from the included studies were easily controlled by conservative treatment. Several case series (n = 4, 26 patients) reported transient hyperamylasemia after the procedure; however, the level of amylase was decreased to normal after a few days of recovery. These data suggest that PTBD is a safe procedure with a low incidence of complications.
[bookmark: _GoBack]To the best of our knowledge, no review on the effectiveness of the PTBD procedure in removing CBD stones has previously been published. Therefore, we performed this systematic review to confirm the safety and efficacy of PTBD procedure in removing CBD stones by analyzing key outcomes such as success rate, reasons for failure, and procedure-related complications. However, our study had several limitations. First, there are no randomized clinical trials currently published that compare endoscopic treatment and the PTBD procedure. These trials would provide stronger evidence in proving the safety and efficacy of the PTBD procedure as an alternative to endoscopic treatment. However, even given this lack of data, we believe our review fills in some of the blanks that currently exist pertaining to the safety and efficacy of PTBD. Second, long-term effectiveness of this procedure is unknown. There are no long-term follow-up studies published currently, and as such there is no data on any long-term complications, such as stone recurrence and reflux cholangitis. Moreover, there remain no high quality, rigorous manuscripts published on the PTBD procedure. This has resulted in a lack of patient characteristics and incomplete procedure details, which may cause bias. Although further research is required to investigate better application of this treatment, our limited evidence clearly demonstrates that PTBD is a safe and effective approach in the nonoperative management of the CBD stones. This technique provides an alternative treatment when endoscopic procedures fail or are unsuitable for specific patients.

ARTICLE HIGHLIGHTS
Research background
Endoscopic sphincterotomy (EST) is widely regarded as the first choice in the management of common bile duct (CBD) stones. However, for some patients, this treatment is not possible. 

Research motivation
The percutaneous transhepatic balloon dilation (PTBD) technique has been suggested as an alternative but has yet to gain wide acceptance.

Research objectives 
This review was conducted in an effort to clarify the safety and efficacy of the procedure via reviewing cases of PTBD for removing CBD stones. We conducted a systematic review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 

Research methods
We searched EMBASE, PubMed, and Web of Science for cases of PTBD that underwent CBD stone removal from 1981 to January 2019. We analyzed all relevant articles available in full text. We extracted data on patient’s age, gender, overall technique success rate, reasons for technique failure, and the presence and type of major and minor complications. 

Research results
The overall technique success rate for removing a CBD stone was 98.5% (1327/1347) and 98.1% (109/111) for removing concurrent CBD and gallbladder stones. The total number of failures for eliminating a CBD stone was 20, and the reasons for failure included: Stone impaction (n = 10), intrahepatic bile duct stricture (n = 5), large stone (n = 2), severe CBD dilation (n = 1), multiple stones (n = 1), and duodenal perforation (n = 1). 

Research conclusions
Various major complications related to the procedure were reported, but the incidence rate was low (1.4%). No pancreatitis or procedure related mortality was reported. Minor complications including transient hyperamylasemia, nausea, vomiting, abdominal pain, fever, and mild hemobilia were reported. For 218 patients (88 patients with unsuccessful endoscopic removal due to anatomical change and large or impacted stone and 130 cases who refused endoscopic procedure due to poor general condition or other additional disease), the CBD stones were successfully pushed into the duodenum by performing the PTBD procedure. 

Research perspectives
PTBD is a safe and effective approach in the nonoperative management of CBD stones. PTBD provides an alternative treatment when endoscopic procedures fail or are unsuitable for the patient.
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Figure 1 Flow diagram of study selection.



Table 1 Characteristics of the patients and procedure
	Characteristic
	Value

	No. of patients
	1347

	Gender
	1312

	Female
	625 (47.64)

	Male
	687 (52.36)

	Average age
	66.89

	Overall technique success rate
	98.51

	Average number of procedure
	2.46

	Reasons of failure
	

	Severe CBD dilation
	1 (0.07)

	Multiple stones
	1 (0.07)

	Large stone
	2 (0.15)

	Stone impaction
	10 (0.74)

	Intrahepatic bile duct stricture
	5 (0.37)

	Duodenal perforation
	1 (0.07)

	Major complications
	

	Cholangitis
	11 (0.82)

	Bile duct hemorrhage
	1 (0.07)

	Subcapsular biloma 
	1 (0.07)

	Subcapsular hematoma
	1 (0.07)

	Subcapsular abscess
	1 (0.07)

	Bile peritonitis
	1 (0.07)

	Duodenal perforation
	1 (0.07)

	CBD perforation
	1 (0.07)

	Gastroduodenal artery pseudoaneurysm
	1 (0.07)

	Right hepatic artery transection 
	1 (0.07)































CBD: Common bile duct.




