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Abstract 
Peroral cholangioscopy (POC) is an important tool for the management of a selected group of biliary diseases. Because of its direct visualization, POC allows targeted diagnostic and therapeutic procedures. POC can be performed using a dedicated cholangioscope that is advanced through the accessory channel of a duodenoscope or via the insertion of a small-diameter endoscope directly into the bile duct. POC was first described in the 1970s, but the use of earlier generation devices was substantially limited by the cumbersome equipment setup and high repair costs. For nearly ten years, several technical improvements, including the single-operator system, high-quality images, the development of dedicated accessories and the increased size of the working channel, have led to increased diagnostic accuracy, thus assisting in the differentiation of benign and malignant intraductal lesions, targeting biopsies and the precise delineation of intraductal tumor spread before surgery. Furthermore, lithotripsy of difficult bile duct stones, ablative therapies for biliary malignancies and direct biliary drainage can be performed under POC control. Recent developments of new types of conventional POCs allow feasible, safe and effective procedures at reasonable costs. In the current review, we provide an updated overview of POC, focusing our attention on the main current clinical applications and on areas for future research.
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Core tip: Peroral cholangioscopy is a rapidly developing endoscopic technique that provides the possibility to directly explore the bile duct, thereby increasing diagnostic accuracy in selected cases. Less expensive and safer than in the past, the field of applications of peroral cholangioscopy, through the development of new dedicated accessories, has been recently expanded and includes several therapeutic options such as the lithotripsy of difficult bile duct stones, ablative therapies for biliary malignancies and direct biliary drainage.
Ghersi S, Fuccio L, Bassi M, Fabbri C, Cennamo V. Current status of peroral cholangioscopy in biliary tract diseases. World J Gastrointest Endosc 2015; In press
INTRODUCTION
Since the 1970s, the dream of all biliopancreatic endoscopists was the ability to directly explore the bilio-pancreatic tree. The first cholangioscopic mother-baby scope system appeared to realize this ambition; however, the technique was too rudimentary, cumbersome, labor intensive and time-consuming because the scopes were very fragile, and two highly skilled endoscopists were required to perform the procedure. Therefore, the effect on clinical practice was marginal and was strictly confined to the research field[1]. 

In 2005, the advent of new types of peroral cholangioscopes led to renewed interest in endoscopic visualization of the biliary tree. Several technical improvements were introduced, and the leading one was the single-operator system. Furthermore, the endoscopic image quality was progressively improved, and the size of the working channel increased. All these technical improvements have led to an increased diagnostic accuracy. 

The aim of the current review is to provide an updated overview on peroral cholangioscopy, focusing our attention on the main current clinical applications and on areas for future research. 

TECHNICAL ASPECTS

Currently, two different systems for the direct visualization of the biliary tree are available. The first one, the so-called indirect peroral cholangioscopy, is based on a catheter with an optical probe inside that is inserted within the duodenoscope. SpyGlass® (Boston Scientific, Natick, MA, United States) is the most frequently used and widely diffused probe; the second system is based on an ultraslim upper endoscope (direct peroral cholangioscopy). 

Indirect peroral cholangioscopy
The SpyGlass® system is inserted through the instrument channel of the duodenoscope, and the previous placement of a guidewire into the biliary tree is generally recommended. The insertion of the cholangioscope into the bile duct is one of the most challenging aspects of the technique because it can damage the cholangioscope. Once inside, the SpyScope has two dials that allow for four-way tip deflection. The SpyScope has a 10 French outer diameter, is 230 cm in length, and houses four channels: a 1.2-mm instrument channel, two 0.6-mm independent air and irrigation channels, and the 0.9-mm channel used for the fiberoptic probe. This latter channel is a 6000 pixel, reusable probe with a camera in its distal portion that conducts light and acquires and transmits images. The quality of the endoscopic images can be adjusted by moving the probe forward and backward throughout the procedure. The working channel allows the passage of biopsy forceps (SpyBite®) and dedicated accessories, such as the Holmium laser, for the intraductal fragmentation of non-removable stones (Figure 1). 

Similar to the SpyGlass scope is the Polyscope® (Polyscope system; Polydiagnost, Pfaffenhofen, Germany), which consists of a detachable flexible endoscope system available in 8 Fr (185 cm length) with separate optical, working/irrigation (1.2 mm), illumination, and steering channels (Figure 2). There are few differences between the two systems, as summarized in Table 1, but potentially the most important one lies in the image quality because the optical fiber has 10000 pixels of definition; however, the angle of view (70°) is the same as in the SpyGlass scope. 

Direct peroral cholangioscopy
Ultraslim endoscopes present larger outer diameters, generally 5-6 mm; therefore, they can be used only after a large endoscopic sphincterotomy and/or sphinteroplasty. The use of this system is definitely more challenging because of the significant difficulties that can be encountered in the initial insertion into the biliary tree as a result of the looping and in remaining anchored inside the duct. Therefore, a 0.025-0.035 inch diameter super-stiff guidewire previously placed within the intrahepatic duct is mandatory to introduce the scope into the acute angle of the biliary system from the second part of the duodenum. Once the duodenoscope is removed, the ultraslim endoscope is then advanced over the guidewire. Large loop development is common, particularly within the gastric fundus and the deep portion of the second part of the duodenal lumen. Hence, several accessories may be useful to successfully advance the ultraslim scope into the biliary tree. Recently, two techniques for an ultraslim endoscopic peroral cholangioscopy (POC) have been reported. The implementation of an intraductal 5 French balloon catheter that is inserted and fixed within a branch of the intrahepatic duct or proximally to a stricture has been proposed[2]. This technique facilitates the advancement of the ultraslim scope and the cannulation of the bile duct; however, it presents several drawbacks: the balloon must be withdrawn from the working channel of the scope for interventional procedures, and this maneuver can provide technical difficulties in maintaining the desired position; in addition, the balloon placement within the intraductal branches is not always easily reached. The implementation of the balloon doubles the success rate of direct peroral cholangioscopy from 45.5% with only the guide-wire in place to greater than 95% using a 5 F balloon catheter. 

Notably, an anchoring balloon produced by Cook Medical (Winston-Salem, NC, United States) was removed from the market after a fatal complication because of an air embolus[3]. This development represents the most worrisome complication that can develop during a cholangioscopy; therefore, the use of CO2 rather than room air is mandatory. 

An overtube balloon-assisted cholangioscopy has also been proposed with successful results[4-9]. This device is generally adapted from the overtube of either a single or double-balloon enteroscope; however, these overtubes are too large in diameter for an ultraslim scope, making the manipulation cumbersome[4,10]. 

An overtube allows the right position to be obtained by securing the endoscope and preventing loop formation during advancement; it also provides an easier access to the papilla. Several techniques have been described to achieve easier cannulation of CBD, including the inflation of the overtube balloon in the distal gastric antrum rather than in the duodenal bulb, which may or may not make a J-turn maneuver right in front of the papilla[11]. 

CLINICAL APPLICATIONS

Twenty-five years ago, endoscopic retrograde cholangiopancreatography (ERCP) was the gold standard for the diagnosis of biliary diseases. Currently, that role has been almost completely replaced by other imaging modalities, including endoscopic ultrasound, magnetic resonance (MRI) and computed tomography (CT). However, the accuracy of these methodologies does not always allow for a definitive diagnosis. Therefore, the necessity of direct viewing and tissue sampling has always been claimed as a demanding goal in selected cases. Both direct and indirect cholangioscopy offer great advantages in terms of diagnostic and therapeutic options, as reported in the details in Table 2. Nevertheless, the main field of application of cholangioscopy is the work-up of indeterminate biliary strictures and, less frequently, the treatment of difficult bile duct stones. 
Indeterminate biliary strictures

Direct visualization of biliary strictures is one of the most interesting applications of cholangioscopy, and it allows the physician to improve the diagnosis to plan the most suitable treatment. Indeterminate biliary strictures, in which a diagnosis has not been reached after standard procedures have been performed (i.e., CT, RMN, or ERCP with brushing), is the initial and natural field of application of cholangioscopy. Currently, the visual criteria for malignancy are not fully standardized, and clinical experience interpreting cholangioscopic visual findings is still limited[12]. 

Criteria highly suggestive for malignancy include dilated and tortuous “tumor vessels” (also known as “capillary signs”), intraductal nodular or papillary masses, and oozing and irregular vascular patterns with an irregular surface. A benign condition should be considered when a smooth or fine granular surface structure without neovascularization or intraductal mass is observed[13,14]. The diagnostic accuracy of the “tumor vessel” sign for malignancy has been evaluated in 63 patients with indeterminate strictures, reporting a sensitivity of 61% and a specificity of 100% with excellent interobserver agreement (100%)[15]. 

A definitive diagnosis requires histological assessment. Several prospective trials have shown enthusiastic diagnostic accuracy results achieved with cholangioscopic-direct tissue sampling. Draganov et al[16] compared three sampling techniques during the ERCP: standard cytology brushing vs standard forceps biopsies vs SpyBite miniforceps biopsies. The authors enrolled 26 patients with biliary strictures, and the sample quality was adequate in 25 of 26 of the cytology brushings (96%), in 26 of 26 of the standard forceps biopsies (100%) and in 25 of 26 of the SpyBite miniforceps biopsies (96%). Three high-quality prospective trials showed a diagnostic accuracy of SpyBite forceps biopsy for indeterminate biliary lesions ranging from 72% to 85%, with a sensitivity of 49% to 82%, a specificity of 82% to 100%, a positive predictive value of 100% and a negative predictive value of 69% to 100% (Table 3) [12,16,17]. 

Although the high values of both the positive predictive value and specificity did not differ from those observed with traditional sampling techniques (i.e., brushing and standard forceps biopsies), the interesting finding was the high sensitivity and negative predictive value, likely because of the possibility of directly targeting the altered mucosa. Although the SpyBite miniforceps biopsy showed expected disappointing results for extrinsic lesions, with a sensitivity of only 8%, the sensitivity of the SpyGlass visual impression alone was less severely compromised (62%)[12]. 

Concerning extrinsic compression, the specificity is unavoidably reduced when direct visualization is solely used because it can be secondary to benign conditions, and in the case of several benign intraductal diseases, such as primary sclerosing cholangitis (PSC), it can present irregular biliary mucosa without harboring malignancy[18]. 

Nevertheless, it should be noted that in a prospective trial enrolling 53 patients with PSC and dominant stenosis, cholangioscopy, which was performed using a 9 Fr cholangioscope, was found to be significantly superior to ERCP for detecting malignancy in terms of its sensitivity (92% vs 66%), specificity (93% vs 51%), PPV (79% vs 29%) and NPV (97% vs 84%), respectively[19]. In patients with PSC, the main limitation is that the small diameter of their ducts frequently does not allow endoscope passage[19,20]. 

Image-enhanced cholangioscopy techniques have been proposed to improve diagnostic accuracy, particularly through new techniques that are currently being investigated, including chromocholangioscopy and narrow band imaging. Only limited experiences with chromocholangioscopy have been reported[21,22]. Hoffman et al[22] prospectively enrolled 55 patients who underwent chromoendoscopic cholangioscopy for biliary strictures or filling defects as a result of various etiologies (orthotopic liver transplantation, PSC, idiopathic). After the initial inspection of the bile duct, 15 mL of methylene blue (0.1%) was administered via the working channel of a Pentax “baby” cholangioscope, and the lesions were judged according to the macroscopic type and staining features. The authors identified characteristic surface and staining patterns in chronic inflammation, dysplasia and ischemic-type biliary lesions; in particular, they found that homogeneous staining predicted the presence of normal mucosa, the absence of staining predicted circumscribed lesions, and the diffused staining of such lesions represented neoplastic changes or inflammation. Unfortunately, these findings have not been confirmed by other studies, and their clinical usefulness remains limited.

Narrow band imaging (NBI) was developed by the Olympus medical system and is based on narrowing the bandwidth of spectral transmittance, resulting in optical color separation. In particular, the shorter band (415 nm) is thought to provide information regarding the capillary and pit patterns of the superficial mucosa, whereas the longer band (540 nm) provides more information regarding thicker capillaries in slightly deeper tissues. NBI is available on a few models of cholangioscopes. The literature concerning NBI application in cholangioscopy is limited to case reports and small case series[23-25]. 

Based on these preliminary experiences, it appears that the addition of NBI to the usual inspection with conventional white light cholangioscopies increases the ability to identify unknown strictures and might be helpful in differentiating benign from malignant strictures. Azeem et al[26] recently published the results of a prospective study conducted on a total of 30 patients with PSC using NBI and high-resolution peroral video cholangioscopy with NBI-directed biopsies of suspicious lesions. The goal was the early detection of cholangiocarcinoma and high-grade dysplasia and the identification of candidates for liver transplantation. Even if there was a 48% increase in suspicious lesions biopsied with NBI compared to white-light imaging, the NBI-directed biopsies did not improve the dysplasia detection rate. Additional experience is required to assess the exact role of NBI in detecting dysplasia.
Theoretically, systems with a higher image quality definition should allow a better identification of such alterations; however, comparative studies focusing on this issue have not been conducted. In 2012, we published a case-series describing the clinical usefulness of peroral cholangioscopy that implements a new type of cholangioscope, the Polyscope®, which enhances image quality as a result of the 10000 pixel definition[27]. Peroral cholangioscopy was performed in 12 patients with different indications: 4 patients with strictures that developed after orthotopic liver transplantation and were suspected of being ischemic biliary lesions; three patients in which the indication was indeterminate biliary strictures, three patients in which retained bile duct stones were suspected, and finally two cases in which a cholangioscopy was performed for evaluating the intraductal spread of adenomatous tissue after ampullectomy. All the peroral cholangioscopies were successful, no procedure-related morbidity was reported and a correct diagnosis was reached in all the patients.

Missed stones and difficult bile duct stone treatment 

The diagnosis of biliary stones is easily obtained using imaging techniques that are routinely available. However, these techniques are often insufficient because small stones can be missed and larger stones can block a duct, thus preventing the passage of contrast and avoiding detection during an ERCP. Indeed, it has been shown that previous ERCPs failed to correctly identify choledocholithiasis in 8%–16% of cases that were referred for a SpyGlass choledochoscopy[17,28]. In a study conducted in patients with primary sclerosing cholangitis, stones were not detectable in a cholangiography in approximately 30% of cases (7 out of 23 patients)[20]. In a multicenter study, stones were missed in 29% of cases that underwent an ERCP for different indications[12]. 

The most interesting feature of cholangioscopy is the possibility of fragmenting difficult-to-remove stones for which conventional techniques have failed. The “difficult stones” may result from several factors related to size, shape, texture or position. In these cases, intraductal electro-hydraulic (EHL) or laser lithotripsy (LL) under direct vision may be performed. Probes that pass through the accessory channels of cholangioscopies for EHL or LL are commercially available. These probes must be positioned close to the stones to increase effectiveness and reduce possible complications, thereby avoiding potentially dangerous shock waves delivered to the bile duct wall. Several studies have reported high success rates in clearing the bile ducts of stones after a cholangioscopic EHL or LL, ranging from 80% to 100%; these results are frequently achieved in only one session[12,29]. In the case of intrahepatic stones, the thinner LL probe is generally preferred to the EHL probe, whereas the EHL is the most widely used technique, particularly with the SpyGlass system, because of the dedicated irrigation channel providing the flowing water that is required to perform the EHL. 
Uncommon Applications of Cholangioscopy 

Several infrequent applications of cholangioscopy have been described, such as the study of cystic lesions of the biliary tree[30], the evaluation of ductal involvement in ampullary neoplasms[27], the diagnosis and treatment of cases of hemobilia as a result of rare causes[31,32], the identification of biliary varices in patients suffering from portal hypertension[33] and the use of different ablative therapies for intraductal tumor lesions, such as Nd-YAG laser photo-ablation, argon plasma coagulation or brachiotherapy for mucin-producing bile duct tumors[24]. Anecdotal cases of the cholangioscopy-assisted removal of stents that migrated proximally, targeted placements of guide-wires, transpapillary gallbladder drainage in cholecystitis and foreign body extractions have also been reported.

One interesting field of application of cholangioscopy is the evaluation of the biliary tract lesions in liver transplant patients or the treatment of liver complications after surgical resection or anti-tumoral therapies (i.e., transarterial chemoembolization, TACE). In a study of 20 liver transplant patients, direct cholangioscopy helped identify the biliary stricture etiologies, such as ischemia, scar tissue, intraductal clots and retained suture material, that were otherwise missed by the ERCP[34]. 

The usefulness of cholangioscopy in the management of complications after the anti-tumoral treatment of hepatocarcinoma has also been reported by our group. In 2011, we described a choledochoscope-assisted percutaneous fibrin glue sealing of a bile leak complicating a TACE of a nodule of hepatocellular carcinoma after conventional ERCP treatments had failed[35]. An inverse rendezvous procedure was successfully performed, allowing the insertion of the percutaneous wire-guided choledochoscope (Polyscope system) into the biloma and the injection of fibrin glue around the distal opening of the bile leak, allowing the direct closure of a fistula. 

SAFETY

Peroral cholangioscopy is generally considered a safe procedure; however, cases of cholangitis, pancreatitis, bleeding and infection have been reported[15,36,37]. In particular, the most commonly reported complication is cholangitis, which is reported in up to 14% of cases[36]; hence, prophylactic antibiotics are mandatory. Chen et al[12] conducted a large, prospective, international, multicenter study using the SpyGlass system and reported an overall complication rate of 7.5% (17/226); the most frequent adverse event was early onset cholangitis. All the episodes were resolved without sequelae. Aspiration pneumonia is theoretically possible because of the large amount of normal saline generally used. Air embolism is a rare but fatal complication associated with direct peroral cholangioscopy[3]; therefore, CO2 insufflation is strongly recommended rather than room air. 

FUTURE APPLICATIONS

Cholangiocarcinoma has one of the worst prognoses of virtually all tumors, with a 5-year survival rate lower than 5%[38]. The early diagnosis of biliary preneoplastic lesions could reasonably identify patients who are at an increased risk of developing cholangiocarcinoma. Biliary duct pathology may be evaluated by intraductal endoscopy, but feasibility studies are required to test the diagnostic accuracy of cholangioscopy in the identification of preneoplastic lesions of the extrahepatic biliary tree. The improvement of image quality and the development of dedicated accessories will further promote the diffusion of peroral cholangioscopy. 

Endoscopic drainage can be performed by direct cholangioscopy using a 5-Fr catheter or stent inserted in the 2.0-mm working channel, particularly in patients who require “ultra” selective guidewire access, such as for the orifice of the cystic duct or major intrahepatic branches[39]. Additionally, proximally migrated biliary stents, which cannot be removed via conventional ERCP, can be removed using 5-F baskets or other accessories under direct visual cholangioscopic control[40]. 
Cholangioscopy have been reported for the evaluation of recurrent pancreatitis because of T-tube remnants in the cystic duct stump that were previously not detected via ERCP, CT or MRI[41]. Although there are no published data on the therapeutic applications of cholangioscopy for the resection of a biliary lesion, a biliary polypoid lesion could be removed using a 5-F snare.

CONCLUSION
The introduction of peroral cholangioscopy has constituted a turning point for biliary endoscopy. In particular, the single-operator systems are able to address a new, enthusiastic approach to biliary tract diseases, with great advantages in everyday practice. The greatest interest has centered on the evaluation of indeterminate stenosis, in which a diagnosis has not been reached after standard procedures; this is the main field of application of POC. The development of standardized criteria for the differential diagnosis between benign and malignant strictures is the main goal for the future. Prospective multicenter studies are required to define criteria with high intra- and inter-observer agreements and adequate diagnostic accuracy. Peroral cholangioscopy currently remains a challenging and expensive technique in expert hands. However, the renewed interest of researchers, clinicians and the medical device industries, and the substantial technological improvements in image quality and dedicated accessories, might contribute in the near future to the dissemination of this technique.
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Figure 1 SpyGlass® (Boston Scientific, Natick, MA, United States).
[image: image2.emf]
Figure 2 Polyscope system (Polydiagnost, Pfaffenhofen, Germany).
Table 1 Comparison of different equipment for indirect peroral cholangioscopy  

	Characteristics
	Spyglass
	Polyscope

	Optics resolution
	6000 Pixel
	10000 Pixel

	Working channel
	1.2 mm
	1.2 mm

	Viewing angle
	70°
	70°

	Outer diameter
	10 Fr
	8 Fr

	Re-useable
	Yes
	Yes

	Optical channel hermetically close
	No
	Yes 

(The optical fiber doesn´t need to be sterilized; this prolongs its life cycle)

	Steerability
	4 way
	1 way 

(With locking of the bending and rotating of the tip)

	Compatibility with existing endoscopy tower
	No 

(You have to buy a complete endoscopy tower system)
	Yes 

(You can use, through adapters an existing endoscopy tower in the Hospital)


Table 2 Diagnostic and therapeutic applications for cholangioscopy  

	Diagnostic applications
	Therapeutic applications

	Common
	Uncommon
	Common


	Uncommon

	Indeterminate biliary strictures
	Biliary cyst evaluation
	Lithotripsy for choledocholithiasis
	Biliary guidewire placement

	Verification of bile duct stone

clearance
	Bile duct ischemia evaluation

(post-liver-transplant)
	
	Transpapillary gallbladder drainage



	Staging of cholangiocarcinoma
	Ductal involvement in ampullary adenoma
	
	Foreign body removal (e.g., stent)



	
	Hemobilia
	
	


Table 3 Results of cholangioscopic-guided biopsies in indeterminate lesions 

	
	Sensitivity
	Specificity
	Negative predictive value
	Accuracy 

	Ramchandani et al[17]
	82%
	82%
	100%
	82%

	Chen et al[18]
	49%
	98%
	72%
	75%

	Draganov et al[16]
	76.5%
	100%
	69.2%
	84.6%
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