[image: image1.jpg]8226 Regency Drive, Pleasanton, CA 94588, USA
% i ® Telephone: +1-925-223-8242 Fax: +1-925-223-8243
3“‘5h'd°“9 E-mail: bpgoffice@wjgnet.com  http:/ /www.wjgnet.com

K BAISHIDENG PUBLISHING GROUP INC





Copyright Information of the Article Published Online
	TITLE
	Diagnostic and therapeutic single-operator cholangiopancreatoscopy in biliopancreatic diseases: Prospective multicenter study in Japan

	AUTHOR(s)
	Toshio Kurihara, Ichiro Yasuda, Hiroyuki Isayama, Toshio Tsuyuguchi, Taketo Yamaguchi, Ken Kawabe, Yoshinobu Okabe, Keiji Hanada, Tsuyoshi Hayashi, Takao Ohtsuka, Syuhei Oana, Hiroshi Kawakami, Yoshinori Igarashi, Kazuya Matsumoto, Kiichi Tamada, Shomei Ryozawa, Hiroki Kawashima, Yutaka Okamoto, Iruru Maetani, Hiroyuki Inoue, Takao Itoi

	CITATION
	Kurihara T, Yasuda I, Isayama H, Tsuyuguchi T, Yamaguchi T, Kawabe K, Okabe Y, Hanada K, Hayashi T, Ohtsuka T, Oana S, Kawakami H, Igarashi Y, Matsumoto K, Tamada K, Ryozawa S, Kawashima H, Okamoto Y, Maetani I, Inoue H, Itoi T. Diagnostic and therapeutic single-operator cholangiopancreatoscopy in biliopancreatic diseases: Prospective multicenter study in Japan. World J Gastroenterol 2016; 22(5): 1891-1901

	URL
	http://www.wjgnet.com/1007-9327/full/v22/i5/1891.htm

	DOI
	http://dx.doi.org/10.3748/wjg.v22.i5.1891

	OPEN ACCESS
	Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	This investigation was a prospective, mul-ticenter study in Japan involving 148 enrolled patients in whom the utility and safety of single-operator cholangiopancreatoscopy (SOCPS) with the SpyGlass system in pancreatobiliary disorders were analyzed. SOCPS with direct visualization and biopsy for diagnosis, and SOCPS-directed therapy for biliary and pancreatic diseases can be safely performed with a high success rate.

	KEY WORDS
	Cholangioscopy; Endoscopic retrograde cholangiopancreatography; Pancreatoscopy; Single-operator; SpyGlass

	COPYRIGHT 
	© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) and 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


                            Prospective Study

Diagnostic and therapeutic single-operator cholangiopancreatoscopy in biliopancreatic diseases: Prospective multicenter study in Japan

Toshio Kurihara, Ichiro Yasuda, Hiroyuki Isayama, Toshio Tsuyuguchi, Taketo Yamaguchi, Ken Kawabe, Yoshinobu Okabe, Keiji Hanada, Tsuyoshi Hayashi, Takao Ohtsuka, Syuhei Oana, Hiroshi Kawakami, Yoshinori Igarashi, Kazuya Matsumoto, Kiichi Tamada, Shomei Ryozawa, Hiroki Kawashima, Yutaka Okamoto, Iruru Maetani, Hiroyuki Inoue, Takao Itoi

Toshio Kurihara, Takao Itoi, Department of Gastroenterology and Hepatology, Tokyo Medical University, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023, Japan

Ichiro Yasuda, First Department of Internal Medicine, Gifu University Hospital, Gifu 501-1194, Japan

Hiroyuki Isayama, Department of Gastroenterology, Graduate School of Medicine, The University of Tokyo, Tokyo 113-8655, Japan

Toshio Tsuyuguchi, Department of Gastroenterology and Nephrology, Chiba University Graduate School of Medicine, Chiba 260-8677, Japan

Taketo Yamaguchi, Department of Gastroenterology, Chiba Cancer Center, Funabashi Municipal Hospital, Chiba 260-8717, Japan

Ken Kawabe, Department of Gastroenterology, Clinical Research Institute, National Hospital Organization, Kyushu Medical Center, Fukuoka 810-8563, Japan

Yoshinobu Okabe, Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine, Kurume 830-0011, Japan

Keiji Hanada, Department of Gastroenterology, Onomichi General Hospital, Onomichi 722-8508, Japan

Tsuyoshi Hayashi, Department of Medical Oncology and Hematology, Sapporo Medical University School of Medicine, Sapporo 060-8543, Japan

Takao Ohtsuka, Department of Surgery and Oncology, Graduate School of Medical Sciences, Kyushu University, Fukuoka 812-8582, Japan

Syuhei Oana, Department of Gastroenterology, Iwate Medical University, Morioka 020-0023, Japan

Hiroshi Kawakami, Department of Gastroenterology and Hepatology, Graduate School of Medicine, Hokkaido University, Sapporo 060-8648, Japan

Yoshinori Igarashi, Division of Gastroenterology and Hepatology, Omori Medical Center, Toho University, Tokyo 143-0015, Japan

Kazuya Matsumoto, Department of Gastroenterology, Tottori University Hospital, Yonago 683-8504, Japan

Kiichi Tamada, Department of Internal Medicine, Division of Gastroenterology, Jichi Medical University, Shimotsuke 329-0498, Japan

Shomei Ryozawa, Department of Gastroenterology, Digestive Disease Center, Showa University, Northern Yokohama Hospital, Yokohama 224-0032, Japan

Hiroki Kawashima, Department of Gastroenterology and Hepatology, Graduate School of Medicine, Nagoya University, Nagoya 466-8550, Japan

Yutaka Okamoto, Department of Gastroenterology, Mutsu General Hospital, Mutsu 035-0071, Japan

Iruru Maetani, Division of Gastroenterology, Department of Internal Medicine, Ohashi Medical Center, Toho University, Tokyo 153-0044, Japan

Hiroyuki Inoue, Department of Gastroenterology, Mie University, Tsu 514-8507, Japan

Author contributions: Kurihara T designed the research study and wrote the paper; Yasuda I participated in designing and overseeing the study, data collection, and data analysis; Isayama H participated in designing the study; Tsuyuguchi T participated in overseeing the study and data collection; Yamaguchi T was involved with data collection; Kawabe K participated in data collection; Okabe Y assisted with data analysis and was involved with data collection; Hanada K, Hayashi T, Ohtsuka T, Oana S, Igarashi Y, Matsumoto K, Tamada K, Ryozawa S, Kawashima H, Okamoto Y, Maetani I and Inoue H were involved with data collection; Kawakami H participated in designing the study and assisted with data analysis; Itoi T designed the research study and wrote the paper; all authors read and approved the final manuscript.

Correspondence to: Toshio Kurihara, MD, Department of Gastroenterology and Hepatology, Tokyo Medical University, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023, Japan. kurihara618@gmail.com
Telephone: +81-3-33426111  Fax: +81-3-53816654
Received: May 1, 2015  Revised: July 14, 2015  Accepted: September 30, 2015 

Published online: February 7, 2016

Abstract
AIM: To assess the utility and safety of single-operator cholangiopancreatoscopy (SOCPS) using the SpyGlass system in widespread clinical application for biliary and pancreatic diseases.

METHODS: This study was a prospective case series conducted in 20 referral centers in Japan. There were 148 patients who underwent SOCPS; 124 for biliary diseases and 24 for pancreatic diseases. The attempted interventions were SOCPS examination, SOCPS-directed tissue sampling, and therapy for stone removal, among others. The main outcomes were related to the procedure success rate in terms of visualizing the target lesions, SOCPS-directed adequate tissue sampling, and complete stone removal. 

RESULTS: A total of 148 patients were enrolled for the diagnosis of indeterminate biliary and pancreatic lesions or treatment of biliary and pancreatic disease. The overall procedure success rate of visualizing the target lesions was 91.2% (135/148). The overall procedural success rates of visualizing the target lesions of diagnostic SOCPS in the bile duct and pancreatic duct were 95.5% (84/89) and 88.2% (15/17), respectively. Diagnosis: the overall adequate tissue for histologic examination was secured in 81.4% of the 86 patients who underwent biopsy under SOCPS (bile duct, 60/75, 80.0%; pancreatic duct, 10/11, 90.9%). The accuracy of histologic diagnosis using SOCPS-directed biopsies in indeterminate bile duct lesions was 70.7% (53/75). In the pancreatic duct, the accuracy of SOCPS visual impression of intraductal papillary mucinous neoplasm was 87.5% (14/16). Stone therapy: complete biliary and pancreatic stone clearance combined with SOCPS-directed stone therapy using electrohydraulic lithotripsy or laser lithotripsy was achieved in 74.2% (23/31) and 42.9% (3/7) of the patients, respectively. Others: SOCPS using the SpyGlass system was used in cannulation of the cystic duct in two patients and for passing across the obstructed self-expandable metallic stent for a malignant biliary stricture in two patients. All procedures were successful in both SOCPS-guided therapies. The incidence of procedure-related adverse events was 5.4% (8/148). 

CONCLUSION: SOCPS with direct visualization and biopsy for diagnosis and SOCPS-directed therapy for biliary and pancreatic diseases can be safely performed with a high success rate.
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Core tip: This investigation was a prospective, mul​ticenter study in Japan involving 148 enrolled patients in whom the utility and safety of single-operator cholangiopancreatoscopy (SOCPS) with the SpyGlass system in pancreatobiliary disorders were analyzed. SOCPS with direct visualization and biopsy for diagnosis, and SOCPS-directed therapy for biliary and pancreatic diseases can be safely performed with a high success rate. 

INTRODUCTION
The usefulness of peroral cholangiopancreatoscopy (POCPS) in the direct endoscopic diagnosis and treatment of biliary and pancreatic diseases has been reported[1-6]. Direct visualization of the bile and pancreatic ducts by POCPS is valuable in the diagnosis of biliary and pancreatic abnormalities that may not be detectable by cholangiography. Distinct advantages of POCPS are that it enables more precisely targeted biopsy in direct visualization and difficult stone therapy by electrohydraulic lithotripsy (EHL) or laser lithotripsy. However, POCPS has several technical limitations involving the POCP scope. For example, the restricted cholangioscope tip deflection hampers observation of the entire biliary and pancreatic ducts. Suboptimal irrigation capabilities have also rendered POCPS examination and therapy more difficult. Moreover, the POCPS system is fragile, and its repair cost is high. In addition, POCPS requires two endoscopists, one to operate the duodenoscope, the other to operate the cholangioscope. These disadvantages prevent POCPS from being widely used for the diagnosis and treatment of pancreatobiliary diseases. 

The SpyGlass Direct Visualization system (Microvasive Endoscopy; Boston Scientific Corp., Natick, MA, United States) was, therefore, developed to overcome these disadvantages. The SpyGlass system is a single-operator POCPS technique. This system consists of a reusable optical probe and a disposable access catheter. In addition, the SpyGlass system has distinct characteristics, such as two separate, dedicated irrigation channels and four-way tip deflection for complete observation. To date, there have been numerous studies on the usefulness of the SpyGlass system[7-20]. However, there is presently only one multicenter, prospective study involving a large case series[9]. 

The aim of this study was to prospectively assess the efficacy of single-operator cholangiopancreatoscopy (SOCPS) using the SpyGlass system in a widespread clinical application for biliopancreatic diseases. 

MATERIALS AND METHODS

Patients

This prospective case series was conducted at 20 referral centers in Japan. Patients with biliopancreatic diseases who underwent SOCPS using the SpyGlass system were prospectively evaluated between October 2011 and September 2012. A total of 154 patients were prospectively enrolled and retrospectively analyzed. Eligibility for study entry was based on an age of 20 years or older and the existence of an indication for cholangiopancreatography. In the diagnostic procedure, the main patient inclusion criteria were indeterminate biliary and pancreatic duct stricture and filling defect. In the therapeutic procedure, the main inclusion criteria were biliary and pancreatic stones that were treatable by conventional lithotripsy. The exclusion criteria included age younger than 20 years, pregnancy, bleeding diatheses, distorted anatomy, severe jaundice or cholangitis, critically ill patients, and inability to provide informed consent.

The protocol was approved by the institutional review boards or ethics committees of each participating institution. The study was performed at 20 Japanese referral centers according to the guidelines described in the Declaration of Helsinki for biomedical research involving human subjects. The protocol appears on UMIN CTR (UMIN000015155). 

SOCPS system 

The SpyGlass Direct Visualization system consists of capital equipment, including an irrigation pump, light source, monitor, access and delivery catheter (SpyScope), and an optical probe (SpyGlass). The part used as the observation scope is composed of two modularized components. One component is a disposable SpyScope 10 Fr access and delivery catheter with a 1.2-mm-diameter working channel and dedicated irrigation channels. This catheter is introduced through a therapeutic duodenoscope with a working channel diameter of 4.2 mm. The catheter is capable of tip deflection of at least 30 degrees in four directions, thus facilitating visualization of the entire circumference of the biliary tree. The other component is a reusable SpyGlass Fiber Optic Probe that provides 6000 pixel images and a 70-degree field of view. This probe is available as a multiple-use device that may be reprocessed after each use. The SpyBite biopsy forceps is a single-use device with jaws at the tip that open to 4.1 mm, obtaining adequate tissue for histology. 

SOCPS procedure

This study was designed to document the performance of the SOCPS system in the setting of routine clinical practice. The procedure was performed with patients under sedation using intravenous midazolam or flunitrazepam, with continuous monitoring of the pulse rate, oxygen saturation, and blood pressure. The procedure using the SpyGlass system was performed by a single operator. The decision whether to attempt SOCPS during the initial endoscopic retrograde cholangiopancreatography (ERCP) procedure was at the discretion of the endoscopist. The endoscopist could elect to defer performing SOCPS, for instance, to limit the length of the session. Endoscopic sphincterotomy (EST) or endoscopic papillary balloon dilation (EPBD) was performed before SOCPS without a dilated papillary orifice for mucin, which is produced from intraductal papillary mucinous neoplasms (IPMNs). For the SOCPS, the SpyScope was advanced through the 4.2-mm working channel of the therapeutic duodenoscopes (TJF-240 or TJF-260V; Olympus Medical Systems, Tokyo, Japan) into the bile duct or pancreatic duct. The SpyScope was inserted through the papilla under direct endoscopic and fluoroscopic imaging and advanced toward the target lesion with or without the use of a guidewire. Before observation using the SpyGlass, the contrast agent and bile were aspirated, then the bile duct was irrigated through the dedicated irrigation channel with sterile saline. 

In the diagnostic procedure, we initially examined the image of the biliary or pancreatic duct stricture and filling defect using the SpyGlass system. During the procedure, the quality of target lesion visualization using SOCPS was rated as able or unable to visualize. SOCPS findings were classified as benign or malignant impression. The definition of SOCPS findings was evaluated according to a previous report[8]. In the bile duct, a lesion was defined as malignant on the basis of the presence or absence of a mass, an irregular granular stricture with a thin to thick tortuous vessel, or papillary or villous projections. Benign lesions were defined by a smooth surface without neovascularization or scar. If the target lesion could be observed by SOCPS, biopsies from the target lesion were attempted under cholangioscopic or pancreatoscopic guidance using the SpyBite (Figure 1). Adequate tissue was defined as sufficient quantity of tissue enabling a pathologist to make a histologic diagnosis. If necessary, fluoroscopy-guided transpapillary biopsy using conventional biopsy forceps was also performed. In biopsy patients without tissue evidence of malignancy, follow-up was scheduled every 2 mo using imaging examinations until 6 mo. 

In the stone therapy, after EST or EPBD, a conventional stone extraction procedure was initially attempted using a basket, a balloon, and a mechanical lithotriptor. In some cases, sphincteroplasty via a small sphincterotomy and using a 12-mm to 18-mm controlled radial expansion balloon (Boston Scientific Corp.) was attempted. SOCPS-guided lithotripsy was then considered when these stone removal techniques failed. We used the YAG-laser or EHL technology for SOCPS-guided stone therapy. We confirmed under SOCPS view whether the stone and YAG-laser or EHL probe came in contact with each other (Figure 2). YAG-laser and EHL bursts were delivered under continuous saline irrigation via the SpyScope’s irrigation channels for the bile duct stone. On the other hand, intermittent irrigation at the minimal setting was delivered for the pancreatic stone. Stone fragmentation was confirmed on SOCPS and cholangiography. When sufficient stone fragmentation was achieved, a stone fragment was extracted using a conventional basket and balloon catheter. Complete stone clearance was determined by SOCPS and cholangiography.

Outcome measurement

The main outcomes were related to the procedure success rate in terms of the following: (1) visualization of the target lesions; (2) SOCPS-directed adequate tissue sampling; (3) complete stone removal; and (4) others. The secondary outcomes were the sensitivity and specificity of SOCPS impression in accordance with the histologic diagnosis of SOCPS-directed biopsies, and the occurrence of adverse events. Adverse events were assessed according to established criteria[21]. 

Statistical analysis

Summary statistics consisted of the mean, standard deviation, and median. The diagnostic accuracy, sensitivity, and specificity of the SOCPS examination, and the histologic diagnosis of SOCPS-directed biopsy were determined together with those in the final diagnosis. The final diagnoses were made on the basis of the surgical specimen and clinical follow-up for more than 6 mo. The success rate of complete stone removal in the therapeutic procedure was calculated.

RESULTS

A total of 154 patients were enrolled during the study period, with 148 completing the study. The evaluation of six patients was discontinued prematurely because of loss to follow-up. Among the 148 patients, 106 patients were classified for diagnostic purposes and 42 for therapeutic purposes. The detailed breakdown of the particular conditions and numbers of patients was as follows: indeterminate bile duct lesion (n = 89), indeterminate pancreatic lesions (n = 17), stone therapy by YAG-laser or EHL (n = 38), assistance of cystic duct cannulation (n = 2), and passing across the obstructed self-expandable metal stent (SEMS) (n = 2) (Figure 3). The characteristics of all the patients in this study are shown in Table 1. The overall success rate of visualizing the target lesions was 91.2% (135/148). 

Diagnostic SOCPS

A total of 106 patients underwent diagnostic SOCPS. These patients were grouped into 89 patients with bile duct lesions and 17 with pancreatic lesions. 

Bile duct access: Of the 89 patients with bile duct abnormalities, the success rate of visualizing the target lesions was 95.5% (84/89). The hilar and superior common bile ducts were the most frequent target sites. 
In the 89 patients with indeterminate bile duct lesions, the final diagnoses are shown in Table 2. Among the 89 patients suspected with bile duct cancer, 56 cases (62.9%) showed an irregular granular mucosal surface with thin to thick tortuous vessels in the bile duct lumen. The sensitivity and specificity of SOCPS impression were 94.7% and 92.6%, respectively, with an accuracy of 94.0% (Table 3). The SOCPS-guided targeted biopsy was attempted in 75 patients with indeterminate bile duct lesions. Adequate tissue for histologic examination was se​cured in 80.0% (60/75) of these patients (Table 4). A final diagnosis of a malignant or benign tumor was established on the basis of surgical findings in 27 patients and of pathologic findings and clinical follow-up for more than 6 mo in 48 patients. The accuracy of histologic diagnosis using SOCPS-directed biopsies in indeterminate bile duct lesions was 70.7% (53/75) (Table 5). 

Pancreatic duct access: Pancreatoscopy using SOCPS for diagnostic purposes was attempted in 17 patients. Fifteen patients underwent SOCPS for further evaluation of the dilated main pancreatic duct and a suspected IPMN, and the remaining two patients for indeterminate main pancreatic duct stricture. Among these patients, IPMN was finally diagnosed in 16 cases and pancreatic carcinoma in one case. Before SOCPS, endoscopic imaging showed an enlarged orifice of the papilla in 15 patients, and a dilated main pancreatic duct (> 5 mm) in the same 15 patients. Therefore, the number of patients who required EST or EPBD before SOCPS was only two patients. The most frequent target site was the head of the pancreas in 14 patients. Pancreatic lesions were located in the main pancreatic duct in all of the 17 patients (Table 6). The procedural success rate of visualizing target lesions was 88.2% (15/17) (Table 7). Pancreatoscopy using SOCPS failed in two patients because of the inability to advance the SpyScope to the target site. In patients with IPMN in the main pancreatic duct, the lesion could be seen as a papillary stricture or fish-egg-like lesion in 87.5% (14/16) of the patients (Figure 4). The SOCPS-guided targeted biopsy was attempted in 11 patients, and adequate tissue sampling for histologic examination was secured in 90.9% (10/11). Of the 15 patients in whom visualization of the target lesion was successfully achieved, SOCPS-directed biopsy was not attempted in four patients because SOCPS direct visualization enabled an obvious diagnosis of IPMN. 
Therapeutic SOCPS

SOCPS-guided stone therapy: SOCPS-guided stone therapy using EHL or laser lithotripsy was attempted in 38 patients. Bile duct stone and pancreatic duct stone therapies were carried out in 31 and seven patients, respectively. Stone extraction previously failed in all patients using conventional stone the​rapies such as EST, EPBD, use of a basket catheter, mechanical lithotripsy, and occasionally large balloon sphincteroplasty. The mean sizes of the bile duct stone and pancreatic duct stone were 20.6 mm and 13.7 mm, respectively. EST or EPBD had been performed before SOCPS in 97.4% (37/38) or 2.6% (1/38) of the patients, respectively (Table 8).

The stone locations were the common bile duct in 28 patients and the intrahepatic bile duct in three patients. The bile duct stones that were difficult to retrieve were: a large common bile duct stone that was impacted (n = 14 patients), a confluence stone (n = 14), and an intrahepatic impacted stone (n = 3). The procedure success rate of visualizing a target bile duct stone was 96.8% (30/31). The success rate of complete stone removal was 74.2% (23/31). Of the 23 patients with successful stone removal, complete stone clearance was achieved in one session in three patients and in two sessions in 18 patients. Of the remaining two patients, one needed two sessions and the other needed eight sessions. Of the 20 patients who required more than one SOCPS session, ten had an impacted stone, six had a hard and/or multiple large stones, and four had a confluence stone. After SOCPS-guided stone therapy, five patients had additional mechanical lithotripsy to further aid in the fragmentation and extraction of the remaining stones. SOCPS-guided stone therapy in the bile duct failed in eight patients. One patient had an intrahepatic stone that could not be visualized, and four had a confluence stone. In the remaining patient, stone therapy could not be carried out successfully because of the inability to sufficiently target the stone using EHL and a laser probe. In the failed bile duct stone therapy using SOCPS, 5/8 patients were treated by permanent stenting with a regular stent exchange and the remaining three patients were treated by surgery. 

SOCPS-guided pancreatic duct stone therapy was attempted in seven patients; the procedure success rate of visualizing the target stone was 71.4% (5/7). In the two patients for whom visualizing the target stone failed, the SpyScope could not be advanced to the area of interest because the downstream pancreatic duct was tightly bent and had a small duct diameter. SOCPS-guided stone therapy for complete stone clearance was successfully achieved in 42.9% (3/7) of the patients. Despite the successful visualization of the target stone, complete stone clearance failed in two patients, because of a huge stone (> 30 mm) in one patient, and a hard impacted stone in the other. However, permanent stent insertion with a regular stent exchange was achieved in these two patients as aided by pancreatoscopy-directed stone fragmentation.

Others: SOCPS with the SpyGlass system used in cannulation of the cystic duct was attempted in two patients. Cystic duct cannulation was intended to enable gallbladder cytology for the diagnosis of a suspected gallbladder carcinoma. SOCPS-guided cystic duct cannulation was performed because conventional cystic duct cannulation failed. SOCPS enabled direct visualization of a branch of the cystic duct and a guidewire was inserted into the cystic duct from the SpyScope working channel. The guidewire was then advanced to the gallbladder under fluoroscopic guidance. Finally, a 5 Fr endoscopic naso-gallbladder drainage tube of the appropriate length was retro​gradely inserted into the gallbladder. 
Passing across the obstructed SEMS for a malignant biliary stricture under SOCPS guidance was performed in two patients who had unresectable hilar bile duct carcinomas. They underwent bilateral biliary drainage using uncovered SEMS deployment, which formed a partial stent-in-stent. In these patients, stent occlusion due to tumor ingrowth resulted in obstructive jaundice and acute cholangitis. Necessitating reintervention for cholangitis, bilateral inner plastic stent placement was attempted. However, a guidewire could not be passed through the mesh space of the uncovered SEMS, thus SOCPS-guided reintervention was considered. In these two patients, a guidewire was successfully passed across the hilar bile duct stricture under direct visualization of SOCPS, which revealed the mesh space of the SEMS. Finally, inner plastic stent placement was achieved in both patients.  

Adverse events

The incidence of procedure-related adverse events among the patients was 5.4% (8/148). All adverse events occurred in the bile duct access. Cholangitis developed in four of these patients, mild pancreatitis in two patients, post-EST bleeding in one patient, and aspiration pneumonia in one patient. All adverse events resolved without sequelae. 

DISCUSSION

Pancreatocholangioscopy has some advantages for pancreatobiliary disorders, as reported previously[1-6]. However, pancreatocholangioscopy has not been widely performed for clinical use because of its technical and practical limitations. SOCPS using the SpyGlass system was developed to overcome those limitations. In this prospective multicenter case series conducted in Japan, SOCPS using the SpyGlass system with direct visualization and biopsy for the diagnosis and therapy of biliary and pancreatic diseases was safely performed with a high success rate. One of the advantages of cholangioscopy is its ability to precisely identify the location of the lesion for subsequent biopsy sampling under direct visualization. In the present study, adequate tissue sampling and accurate SOCPS-directed biopsy sampling was achieved in 80.0% and 70.7%, respectively, of the patients in whom previous ERC impression and ERC-guided biopsies and cytology had yielded indeterminate diagnoses. 

Tissue sampling of malignant and benign bile duct lesions remains a challenging procedure. Generally, the accuracy of standard biopsy under fluoroscopic guidance was previously reported to be approximately 50% of all the patients[8-10]. The diagnostic accuracy of cytology is as low as 20% to 30%. On the other hand, SOCPS-guided direct tissue sampling was reported to have a high success rate and a high accuracy[8-10]. In view of these results, SOCPS-guided direct tissue sampling was considered technically feasible and clinically useful. Generally, the intrahepatic and inferior bile ducts were considered difficult sites to visualize by cholangiography. In this study, the success rates of visualizing the target lesion in the intrahepatic bile duct and inferior bile duct were 83.3% and 70.0%, respectively. The SpysScope features of four-way tip deflection and smaller diameter (10 Fr) provide the possibility to achieve a high success rate of visualizing any site. These potential abilities have not been particularly reported to date. 

The present study reveals the potential value of SOCPS for biliary disorders. However, one big issue is that the quality of visualization by the SpyGlass is less than the quality of visualization by videocho​langiography. Particularly in the bile duct, the presence of many fragments and concentrated bile juice prevent good visualization because the focus distance of the SpyGlass is short and the volume of light and resolution are limited. Therefore, sufficient irrigation by the dedicated irrigation channel and absorption of the bile using a 1.2-mm-diameter working channel are needed to achieve optimum SpyGlass visualization. 

Despite the technical difficultly in observing the pancreatic duct by pancreatoscopy (because of the narrow and curved duct), the success rate of visualizing the target lesion in this area was 88.2% among the patients in the present study, which was equivalent to the success rate of visualization of the target lesion in the bile duct. However, there are some limitations in the present study, such as the small number of patents (n = 17) examined. Moreover, in the case of IPMN, the occasional presence of a large amount of mucin in the pancreatic duct prevents good visualization. In such cases, sufficient irrigation and mucin absorption are needed. In IPMN cases, a papillary stricture or fish-egg-like lesion in the main pancreatic duct could be seen with a high success rate of 93% (14/15) among the patients in this study (Figure 3). Taken together, the present study provides evidence of the feasibility and usefulness of SOCPS using the SpyGlass system for the diagnosis of IPMN in the main pancreatic duct.

Stone clearance in the bile duct can be achieved using a conventional endoscopic procedure in up to 90% of patients with stone disease[22-24]. To improve the outcome and ease of lithotripsy by ERCP, mechanical lithotripsy and endoscopic papillary large-balloon dilation after sphincterotomy were developed[25,26]. Bile duct stones that are huge, impacted, and located behind a stricture or the intrahepatic bile duct and confluence stones are difficult to extract conventionally. To achieve further improvement of the success rate of stone clearance, several therapies for difficult bile duct stones have been introduced such as extracorporeal shockwave lithotripsy (ESWL) and EHL or laser lithotripsy under direct visual control with a cholangioscope. The success rate of complete stone removal using ESWL has been reported to be about 80% with complications of up to 35%[27]. Patients also need to undergo endoscopic treatment repeatedly. Therefore, ESWL has not been authorized as a first-line treatment for difficult bile duct stones. EHL and laser lithotripsy via a peroral cholangioscope for difficult bile duct stones have been reported, and their success rate of complete stone removal ranges from 88% to 90%[28-30]. In the present series, the success rate of complete stone removal under SOCPS with EHL and laser lithotripsy was 74.2% (23/31). This success rate is lower than that previously reported mainly because of the substantial proportion of confluence stones (14/31). In some cases, it is beyond the capability of cholangioscopy-directed stone therapy to extract confluence stones. However, the confluence stones in 71.4% (10/14) of the patients were successfully and completely extracted in this series. This result suggests that SOCPS-guided lithotripsy with EHL or YAG-laser is an alternative for difficult-to-extract confluence stones. In the present study, complete stone clearance in the pancreatic duct was successfully achieved in 42.9% (3/7) of the patients. This success rate is lower than that previously reported[20]. After SOCPS-guided lithotripsy fragmentation, there is limited success using mechanical lithotripsy and a conventional basket catheter for clearance of large and hard pan​creatic stones because stone capture and extraction are difficult and the risk of adverse events increases. In the present series, despite the successful visualization of the target stone, complete stone clearance failed in two patients. However, permanent stenting with a regular stent exchange was achieved in these pati​ents as facilitated by pancreatoscopy-directed stone fragmentation. 

In the present series, SOCPS using the SpyGlass system had wide clinical applications, such as in the cannulation of the cystic duct and for passing across an obstructed SEMS. In patients with an unresectable malignant hilar biliary stricture, SEMS is expected to show long-term stent patency. However, complications of SEMS placement in the hilar bile duct, such as stent occlusion, are still encountered at an unacceptably high frequency. Reintervention is thus required in cases of stent dysfunction. If a guidewire cannot be passed through a mesh space of an uncovered SEMS by conventional ERCP, SOCPS-directed visualization can be used to reveal the mesh space of the SEMS and a guidewire can subsequently be passed into the SEMS mesh via the working channel. We believe that the SOCPS-directed procedure is very useful for enabling passage through the narrow stricture and hole.

In conclusion, SOCPS-guided SpyBite biopsies have a high accuracy in patients with indeterminate biliary and pancreatic lesions, as well as a high success rate for the complete clearance of bile duct stones. Our study further demonstrates the efficacy, safety, and possible wide clinical application of the SOCPS-guided procedure for the diagnosis and therapy of pancreatobiliary disorders. However, there are also several limitations in this study. Although this was a prospective study, randomization was not carried out and there was a lack of controls. All participating institutions were also tertiary-care and high-volume referral centers. 
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Background

Direct visualization of the bile and pancreatic ducts is valuable in the diagnosis and therapy of biliary and pancreatic abnormalities. However, operator pancreatocholangioscopy (POCPS) has several technical limitations involving the POCP scope. The SpyGlass Direct Visualization system was therefore developed to overcome these technical limitations. This study was conducted to assess the utility and safety of single-operator cholangiopancreatoscopy (SOCPS) using the SpyGlass system for biliary and pancreatic diseases.

Research frontiers

Peroral cholangiopancreatoscopy became familiar to endoscopists with the invention of the SpyGlass system. This study suggests the efficacy, safety, and possible wide clinical application of the SpyGlass system for the diagnosis and therapy of pancreatobiliary disorders.

Innovations and breakthroughs

Reports in the literature suggest high success rates of visualizing target lesions in the intrahepatic and inferior bile ducts. The SpyScope features four-way tip deflection and a smaller diameter (10 Fr) than the previously used cholangioscopes. This potentially achieves a high success rate of visualizing any site.

Applications

This study provides additional evidence supporting the investigation of the SpyGlass system’s potential role in the diagnosis and therapy of pancreatobiliary diseases. 

Terminology 

Conventional POCPS requires two experienced endoscopists. The Spyglass system is a single-operator POCPS technique. 

Peer-review

The authors have performed a good study; the manuscript is interesting.
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Figure Legends
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Figure 1  Single-operator cholangiopancreatoscopy procedure. A: Computed tomography revealed a hilar and inferior bile duct stricture and wall thickening; B: Endoscopic retrograde cholangiogram showed a nonconsecutive bile duct stricture in the hilar and inferior bile ducts; C: SpyGlass view revealed an irregular granular stricture with a thin to thick tortuous vessel; D: Cholangioscope-guided biopsy using the SpyBite was performed in this case.
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Figure 2  Single-operator cholangiopancreatoscopy view. A: Obstructive impacted stone targeted by the electrohydraulic lithotripsy probe; B: Obstructive impacted stone targeted by green laser spot.
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Figure 3  Flow chart of this study. Overall characteristics of 148 patients who underwent single-operator cholangiopancreatoscopy. SEMS: Self-expandable metal stent.
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Figure 4  Pancreatoscopy using single-operator cholangiopancreatoscopy for diagnostic purposes. A: SpyGlass view revealed a papillary and fish-egg-like lesion in the main pancreatic duct; B: Pancreatoscopy-guided biopsy using the SpyBite was performed in this case.
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Table 2  Characteristic of 89 patients with indeterminate bile duct lesions


Bile duct target site


�
n


�
�
   Intrahepatic


�
10


�
�
   Hilar


�
26


�
�
   Superior


�
19


�
�
   Mid


�
17


�
�
   Inferior


�
15


�
�
   Mobile filling defect


�
  2


�
�
Suspected disease 


�
�
�
   Bile duct cancer


�
58


�
�
   Cystic duct cancer


�
  2


�
�
   IPNB


�
  2


�
�
   IgG4-related cholangitis


�
  3


�
�
   PSC


�
  3


�
�
   Inflammatory change


�
19


�
�
   Bile duct stone


�
  2


�
�
IPNB: Intraductal papillary neoplasm in the bile duct; PSC: Primary sclerosing cholangitis.








Table 1  Overall characteristics of 148 patients who underwent single-operator cholangiopancreatoscopy


Characteristic


�
Value


�
�
Male/female, n


�
98/50


�
�
Mean age (yr), (range)


�
 68.4 (38-93)


�
�
Previous examination, n (%)


�
�
�
   CT 


�
146 (98.6)


�
�
   MRCP


�
  96 (64.9)


�
�
   ERCP


�
148 (100)


�
�
Preparation of the papilla, n (%)


�
�
�
   EST


�
130 (87.8)


�
�
   EPBD


�
  3 (2.1)


�
�
CT: Computed tomography; MRCP: Magnetic resonance cholangiopancrea�tography; ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.





Table 3  Accuracy of single-operator cholangiopancreatoscopy impression in indeterminate bile duct lesion, n


Diagnosis by SOCPS impression


�
Final diagnosis


�
�
�
Malignant


�
Benign


�
�
Malignant


�
54


�
  2


�
�
Benign


�
  3


�
25


�
�
Sensitivity, 94.7%; Specificity, 92.6%; Accuracy, 94.0%. SOCPS: Single-operator cholangiopancreatoscopy.








Table 4  Procedure success rate of diagnostic single-operator cholangiopancreatoscopy for indeterminate bile duct lesions


Bile duct target 


site�
n


�
Success rate of visualizing target site, n (%)


�
Biopsy attempted


(n)�
Adequate tissue for


histologic examination, n (%)�
�
Intrahepatic


�
10


�
   8 (80.0)


�
  6


�
  5 (83.3)


�
�
Hilar


�
26


�
26 (100)


�
26


�
21 (80.8)


�
�
Superior 


�
19


�
19 (100)


�
19


�
15 (78.9)


�
�
Mid


�
17


�
 16 (94.1)


�
14


�
12 (85.7)


�
�
Inferior


�
15


�
 13 (86.7)


�
10


�
  7 (70.0)


�
�
Mobile filing defect


�
  2


�
  2 (100)


�
  0


�
�
�
Overall


�
89


�
 84 (95.5)


�
75


�
60 (80.0)


�
�






Table 5  Accuracy of histologic diagnosis using single-operator cholangiopancreatoscopy-directed biopsies in indeterminate bile duct lesions (n = 75)


Diagnosis by SOCPS-biopsy


�
Final diagnosis (n)


�
�
�
Malignant


�
Benign


�
�
Malignant


�
37


�
  0


�
�
Benign


�
20


�
16


�
�
Inadequate


�
  0


�
  2


�
�
Sensitivity, 64.9%; Specificity, 88.9%; Accuracy, 70.7%. SOCPS: Single-operator cholangiopancreatoscopy.








Table 6  Characteristic of 17 patients who underwent single-operator cholangiopancreatoscopy with pancreatic duct lesion


Location of main lesion of pancreatic duct


�
n


�
�
   Head of pancreas


�
14


�
�
   Body


�
  2


�
�
   Tail


�
  1


�
�
Suspected disease


�
�
�
   Pancreatic cancer


�
  1


�
�
   IPMN


�
16


�
�
Preparation of the papilla


�
�
�
   EST


�
  1


�
�
   EPBD


�
  1


�
�
IPMN: Intraductal papillary mucinous neoplasm; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.





Table 7  Procedure success rate of diagnostic single-operator cholangiopancreatoscopy for pancreatic duct lesions  n (%)


Pancreatic duct target site


�
n


�
Success 


rate of visualizing target site�
Biopsy performed, 


n�
Adequate 


tissue for histologic examination�
�
Head


�
15


�
   14 (93.3)


�
10


�
  9 (90.0)


�
�
Body


�
  1


�
0 (0)


�
  0


�
0 (0.0)


�
�
Tail


�
  1


�
       1 (100.0)


�
  1


�
 1 (100)


�
�
Overall


�
17


�
   15 (88.2)


�
11


�
10 (90.9)


�
�






Table 8  Characteristics of 38 patients with single-operator cholangiopancreatoscopy-guided stone therapy


Characteristic


�
Value


�
�
Male/female, n


�
23/15


�
�
Mean age (yr), (range)


�
65.8 (38-93)


�
�
Bile duct stones, n


�
31


�
�
   Mean size of stone (mm), (range)


�
20.6 (5-48)


�
�
   Cause of difficulty of conventional treatment, n


�
�
�
      Confluence stone


�
14


�
�
      Large impact stone > 20 mm


�
14


�
�
      Intrahepatic stone 


�
  3


�
�
Pancreatic stone, n


�
  7


�
�
   Mean size of stone (mm), (range)


�
13.9 (7-30)


�
�
   Cause of difficulty of conventional treatment, n


�
�
�
      Impact stone


�
  6


�
�
      Large stone > 20 mm


�
  1


�
�
Pretreatment of the papilla, n


�
�
�
   EST


�
37


�
�
   EPBD


�
  1


�
�
Devices used during stone therapy 


�
�
�
   EHL


�
15


�
�
   YAG laser 


�
20


�
�
EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EHL: Electrohydraulic lithotripsy.
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