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Residual common bile duct stones on direct peroral cholangioscopy using ultraslim endoscope
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Abstract
AIM: To detect and manage residual common bile duct (CBD) stones using ultraslim endoscopic peroral cholangioscopy (POC) after a negative balloon-occluded cholangiography. 

METHODS: From March 2011 to December 2011, a cohort of 22 patients with CBD stones who underwent both endoscopic retrograde cholangiography (ERC) and direct POC were prospectively enrolled in this study. Those patients who were younger than 20 years of age, pregnant, critically ill, or unable to provide informed consent for direct POC, as well as those with concomitant gallbladder stones or CBD with diameters less than 10 mm were excluded. Direct POC using an ultraslim endoscope with an overtube balloon-assisted technique was carried out immediately after a negative balloon-occluded cholangiography was obtained. 

RESULTS: The ultraslim endoscope was able to be advanced to the hepatic hilum or the intrahepatic bile duct (IHD) in 8 patients (36.4%), to the extrahepatic bile duct where the hilum could be visualized in 10 patients (45.5%), and to the distal CBD where the hilum could not be visualized in 4 patients (18.2%). The procedure time of the diagnostic POC was 8.2 ± 2.9 min (range, 5–18 min). Residual CBD stones were found in 5 (22.7%) of the patients. There was one residual stone each in 3 of the patients, three in 1 patient, and more than five in 1 patient. The diameter of the residual stones ranged from 2–5 mm. In 2 of the patients, the residual stones were successfully extracted using either a retrieval balloon catheter (n = 1) or a basket catheter (n = 1) under direct endoscopic control. In the remaining 3 patients, the residual stones were removed using an irrigation and suction method under direct endoscopic visualization. There were no serious procedure-related complications, such as bleeding, pancreatitis, biliary tract infection, or perforation, in this study.

CONCLUSION: Direct POC using an ultraslim endoscope appears to be a useful tool for both detecting and treating residual CBD stones after conventional ERC.
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Core tip: Balloon-occluded cholangiography is generally performed to confirm bile duct clearance after performing endoscopic retrograde cholangiography for stone retrieval. However, balloon-occluded cholangiography may be an imperfect tool for this diagnostic purpose. In this case series, we demonstrated that 22.7% of patients still had residual stones detected on peroral cholangioscopy after a negative balloon-occluded cholangiography was obtained. All of the residual stones were retracted on the cholangioscopy. Our results reveal that peroral cholangioscopy appears to be a useful tool for both detecting and treating residual common bile duct stones after conventional endoscopic retrograde cholangiography.


INTRODUCTION
Endoscopic sphincterotomy (ES) has become the cornerstone of therapeutic endoscopic retrograde cholangiography (ERC). It is most commonly performed to remove common bile duct (CBD) stones[1-3]. Endoscopic papillary balloon dilatation (EPBD) has been used as an alternative approach to ES[4,5]. After ES/EPBD for stone retrieval, balloon-occluded cholangiography is generally performed to confirm bile duct clearance. However, small stones may be left undetected by the balloon-occluded cholangiography[6-8]. These small stone fragments run the risk of acting as nidi for future stone formation, leading to the recurrence of CBD stones[9-11]. Therefore, it is crucial to achieve a level of stone clearance that is as complete as possible to prevent stone recurrence. Intraductal ultrasound (IDUS) has been applied to confirm the clearance of CBD stones after stone retrieval by ES[6,9,12]. Tsuchiya et al. reported that performing IDUS after stone extraction decreased the recurrence rate of CBD stones to 3.4% from the 13.2% recurrence rate of the control group[9]. However, IDUS poses problems, such as probe fragility and a high cost. In addition, it is a highly operator-dependent technology. Poor images and the consequent oversight of residual stones are possible, especially in patients with extensive pneumobilia[9]. Ohashi et al. reported that IDUS examination failed to detect residual stones after bile duct clearance in 14.6% (6/41) of the patients[6]. 
Cholangioscopy offers a crucial advantage over IDUS in that it permits direct visualization of the bile duct and further management of any bile duct stones[13-15]. Direct peroral cholangioscopy (POC) may play a role in the detection of bile duct stones, but there is a lack of studies on this subject[16]. Although conventional POC using a mother-baby endoscopic system has been available for more than three decades, its role remains limited because of its many disadvantages[17,18]. Recently, direct POC using an ultraslim endoscope has been reported to be feasible and superior to the conventional mother-baby endoscopic system because it provides superior endoscopic images and a larger working channel[19-22]. Furthermore, it can be performed by a single endoscopist. The aim of this study is to evaluate the utility of ultraslim endoscopic POC in the diagnosis and management of residual CBD stones after performing bile duct clearance and confirming the procedure using balloon-occluded cholangiography.

MATERIALS AND METHODS
Patients
From March, 2011 to December, 2011, the patients who underwent ERC performed by the two endoscopists (Tsou YK and Lin CH) in Chang Gung Memorial Hospital who met the following criteria were prospectively enrolled in this study: CBD stones were diagnosed based on imaging studies, such as abdominal ultrasonography, computed tomography scans, and/or magnetic resonance cholangiopancreatography before the index ERC (n = 92); The exclusion criteria were as follows: (1) patients who were younger than 20 years of age, pregnant, or critically ill (n = 5); (2) patients with concomitant gallbladder stones (n = 42); (3) patients with CBD diameters of less than 10 mm (n = 9); and (4) patients who were unable to provide informed consent for POC (n = 14).

Endoscopic retrograde cholangiography
ERC was performed using a duodenoscope (JF or TJF 260-V, Olympus, Tokyo, Japan) under conscious sedation with the patients in a prone position. ES was performed using a standard pull-type sphincterotome (Ultratome; Boston Scientific Co., Spencer, IN). EPBD was carried out using a controlled radial expansion (CRE) balloon. During the index ERC, EPBD was carried out in 13 patients (including the 8 patients who had previously undergone ES or EPBD); ES then EPBD were performed in 6 patients (including 1 patient who had received a previous ES); and extended ES was performed in 1 patient to facilitate the stone extraction and/or the performance of the POC. Two other patients did not undergo ES or EPBD during the index ERC because the papillary orifice created by EPBD during the previous procedure(s) was large enough to permit stone extraction and performing the POC. 
A contrast medium at a 1:1 dilution was used for the cholangiography. The instruments used to extract the CBD stones included a retrieval balloon catheter alone (n = 16) and a combination of a balloon and a basket catheter (n = 6). Two patients underwent lithotripsy because the CBD stones were difficult to extract using a balloon catheter. After the stone extraction, balloon-occluded cholangiography was performed to confirm the complete clearance of the CBD stones. If any residual stones were observed during the balloon-occluded cholangiography, additional endoscopic treatments were performed until the balloon-occluded cholangiography was negative (Figure 1).

Direct peroral cholangioscopy
An ultraslim endoscope (GIF-N260, Olympus) and an overtube (ST-SB1, Olympus) were used for the POC procedures. All of the POC procedures were performed by two endoscopists (Tsou YK and Lin CH) who are experienced in this endoscopy and were carried out immediately after a negative balloon-occluded cholangiography was obtained during a single endoscopic session. The details of the POC procedures are described in our previous study[20]. Briefly, the overtube containing the endoscope is advanced into the distal gastric antrum (or into the afferent loop for patients with a post-operative stomach); the overtube balloon is then inflated to anchor the overtube. The endoscope is further advanced into the orifice of the major papilla either directly or after performing a J-turn of the endoscopic tip. Then, the endoscope is advanced into the bile duct as far as possible. The POC time is defined as the interval between the ultraslim endoscope entering the mouth of the patient and reaching the farthest site of the biliary tree. 
In the text and tables, the continuous variables are expressed in the form mean ± SD. The study protocol was approved by the ethical committee at Chang Gung Memorial Hospital (IRB No: 99-2585C).

RESULTS
A cohort of 22 patients with CBD stones undergoing both ERC and direct POC were prospectively enrolled in this study (Table 1). The patient age was 73.4 ± 11.8 years (range, 40–89 years), and 15 (68%) of the patients were men. The patients were categorized into the following gallbladder status groups: intact without stones (n = 3), post laparoscopic cholecystectomy (n = 2), and post open cholecystectomy (n = 17). Eight patients (36.4%) had juxtapapillary diverticulum. Three patients (13.6%) had a medical history of subtotal gastrectomy with Billroth-II anastomosis (n = 2) or total gastrectomy with Roux-en-Y anastomosis (n = 1). 
The ERC results are listed in Table 2. The maximum diameter of the CBD was 17.9 ± 5.1 mm (range, 10–30 mm). Twelve of the patients (54.5%) had recurrent CBD stones. The number of CBD stones was one each in 10 patients, two in 2 patients, three in 4 patients, and more than three in 6 patients. The maximum stone diameter was 13.4 ± 5.6 mm (range, 5–25.4 mm). Sixteen patients had brown stones, 2 patients had black stones, and 4 patients had mixed brown and black stones. During the index ERC, the CBD stones were removed intact in 11 patients (50%). 
The results of POC are given in Table 3. The POC time was 8.2 ± 2.9 min (range, 5–18 min). The ultraslim endoscope was able to be advanced to the hepatic hilum or the intrahepatic bile duct (IHD) in 8 patients (36.4%) (Figure 2); to the extrahepatic bile duct where the hilum could be visualized in 10 patients (45.5%); and to the distal CBD where the hilum could not be visualized in 4 patients (18.2%). During POC, residual CBD stones were found in 5 patients (22.7%) (Figure 3). One residual stone was found in each of 3 patients, three in 1 patient, and multiple (more than five) in 1 patient. The diameter of the residual stones ranged from 2–5 mm. In 2 patients, the residual stones were extracted successfully using a retrieval balloon catheter (n = 1) or a basket catheter (n = 1) under direct endoscopic visualization (Figure 4). In the remaining 3 patients, the residual stones were removed using direct endoscopic suction after normal saline irrigation. For the patient with multiple residual stones, a balloon catheter was inserted proximally to the stones through the endoscope and the endoscopic tip was placed distally to the stones. Using synchronic normal saline irrigation via the balloon catheter and endoscopic suction, the stones and the endoscope were slowly pulled down to the distal bile duct and finally to the duodenum. No serious procedure-related complications, such as bleeding, pancreatitis, biliary tract infection, or perforation, were observed in this study. The ultraslim endoscope used as the cholangioscope did not sustain any obvious damage during the study period.
The clinical data on the patients with (n = 5) and without (n = 17) residual stones on POC are listed in Table 4. Because the patient sample size was small, we did not perform any statistical analysis. However, recurrent CBD stones and prior choledocholithotomy were more frequently observed in the patients with residual stones than in the patients without (80% vs 41.2% and 60% vs 35.3%, respectively). Intact stone extraction during the index ERC was less common in patients with residual stones than in patients without (20% vs 58.9%, respectively). These patients were followed up for 17.5 ± 4.9 mo (range, 12–24 mo) after the POC. Four patients (18.2%) had recurrent CBD stones documented on ERC during a follow-up; two of these four had residual stones on POC.

DISCUSSION
Balloon-occluded cholangiography is an imperfect tool to confirm complete bile duct clearance after ES/EPBD for stone retrieval. In this study, we observed that balloon-occluded cholangiography failed to detect residual CBD stones in 22.7% of the patients. Tsuchiya et al. used IDUS and reported that balloon-occluded cholangiography did not detect any residual CBD stones in 23.7% (14/59) of the patients[9]. Itoi et al[7] performed POC using a mother-baby system 0–20 days (median, 6.2 d) after ERC with CBD stone retrieval. In all of these patients, the bile duct was confirmed to be free of stones using balloon-occluded cholangiography. It was later found that 24% (26/108) of these patients had residual CBD stones on the POC, although in some of the patients, the CBD stones might have migrated from the gallbladder after the stone retrieval. Our results are consistent with those of other studies, revealing that balloon-occluded cholangiography fails to detect residual CBD stones in nearly one quarter of patients. 
The residual CBD stones not detected by balloon-occluded cholangiography in the previous reports using IDUS were usually small[23-25]. The present study confirmed (using POC) that the undetected residual CBD stones are small and no more than 5 mm in diameter. It is unclear whether these small residual stones have clinical significance[26]. Because the orifice of the major papilla after ES/EPBD is large enough, spontaneous passage of the stones is possible. However, Itoi et al. performed POC an average of 6 days after stone retrieval by ERC and found that 24% of the patients still had residual stones[7]. Their result suggests that residual stones might not be excreted for a long time and may eventually cause stone recurrence. Several studies that have aimed to analyze the risk factors for recurrent CBD stones suggest that residual stones are a possible cause of recurrent CBD stones[9,10,27]. Therefore, it may be important to detect and remove residual CBD stones after ES/EPBD for stone retrieval. Further studies are needed to clarify whether the residual stones have clinical significance and whether the removal of residual stones minimizes the risk of stone recurrence. 
The ultraslim endoscopic POC has several advantages over the mother-baby endoscopic system[20,21]. One is that it enables the extraction of residual CBD stones under direct endoscopic visualization, as demonstrated in the present study. In contrast, the residual stones in the 26 patients reported by Itoi et al. were not directly removable using the mother-baby system. A 5-Fr balloon or basket catheter can pass through the 2-mm working channel of the ultraslim endoscope to grasp the residual stones. However, to remove the grasped stones, the ultraslim endoscope with the balloon/basket must be withdrawn to the duodenum. This maneuver can be complicated when there are multiple residual stones. In this case, the irrigation and suction method described above offers an effective way to remove the stones, especially for small soft stones. Placing the tip of a balloon catheter proximally to the stones can avoid flushing them upstream.
There are two major limitations to this study. One is that the hilum or IHD could be reached by the POC in only 36.4% of the patients. For the purpose of this study, seeing the hilum may be enough to verify bile duct clearance, and in 71.8% of the patients, the hilum could be seen. However, in 18.2% of the patients, the hilum could not be seen by the POC. One possible reason for this limitation was that many (41%) of our patients had undergone choledocholithotomy with T-tube drainage, resulting in a tortuous CBD. Direct POC using an intraductal anchoring balloon method may be able to improve the rate of seeing the hilum, but the anchoring device was withdrawn from the market due to an increased risk of air embolism[28]. Therefore, the rate of residual CBD stones may be higher if some of the residual stones were not visualized during the POC in our patients. 
The other limitation is that we enrolled only patients without GB stones or without GB to avoid the risk of “migrated GB stones” being confused with the residual stones. As a result, 19 of the 22 patients (86.4%) had a previous cholecystectomy. Therefore, the study results may be only applied to this subgroup of patients. In this study, we found that recurrent CBD stones as an indication for index ERC, prior choledocholithotomy, and fragmented stones during stones retrieval on the index ERC were more frequently observed in patients with residual stones. It might be worthwhile to perform POC for patients with these characteristics.
In conclusion, conventional ERC with balloon-occluded cholangiography is not a reliable method for confirming the complete extraction of CBD stones. Direct POC using an ultraslim endoscope appears to be a useful tool to confirm the clearance of CBD stones and to extract the residual CBD stones in selected patients.

COMMENTS
Background
Balloon-occluded cholangiography is generally performed to confirm bile duct clearance after bile duct stone retrieval. However, small stones may remain undetected on the balloon-occluded cholangiography.

Research frontiers
Cholangiography is a direct image which is at least theoretically better than the indirect image of balloon-occluded cholangiography. Therefore, we perform direct peroral cholangiography (POC) to examine if there are residual bile duct stones after obtaining a negative balloon-occluded cholangiography. The method of POC is using an ultraslim endoscope with overtube balloon-assisted technique.

Innovations and breakthroughs
The authors demonstrate that 22.7% of the patients still have residual stones detected on the direct POC after a negative balloon-occluded cholangiography is obtained. All of the residual stones are small (range 2–5 mm) and extracted successfully during the POC.

Applications
The results indicate that direct POC using an ultraslim endoscope appears to be a useful tool for both detecting and treating residual bile duct stones after conventional endoscopic retrograde cholangiography.

Terminology
Direct POC is to insert an endoscope perorally into the bile ducts. Direct POC using a mother-baby endoscope system is not widely used because of its many disadvantages. Recently, direct POC using an ultraslim endoscope has been reported to be feasible and superior to the conventional mother-baby endoscopic system because it provides superior endoscopic images and a larger working channel. Furthermore, it can be performed by a single endoscopist.

Peer review
In this study, the value of peroral cholangioscopy for detecting remaining bile duct stones after balloon-occluded cholangiography was evaluated in 22 patients. Despite a negative balloon-occluded cholangiography, additional bile duct stones were detected in 5 patients (23%). The stone diameter was generally small (2-5 mm). Unfortunately the authors did not perform intraductal ultrasound in their 22 patients simultaneously, that would have allowed comparison of the two methods.
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Figure 1 Balloon-occluded cholangiography failed to reveal any filling defects of stones in the biliary tree after endoscopic retrograde cholangiography with bile duct clearance. 

Figure 2 Ultraslim endoscope was advanced to the common bile duct (small arrowhead) and up to the left intrahepatic duct (arrow) using an overtube balloon (arrowhead)-assisted technique. 

Figure 3 Residual stones in the bile duct visualized using direct peroral cholangioscopy. 

Figure 4 A basket catheter (arrowhead) was used to retrieve the residual bile duct stones (arrow) under direct endoscopic control.

Table 1 Patient characteristics (n = 22) n (%)
	Age (yr)
Gender (male)
Prior cholecystectomies1
Acalculous gallbladder
Juxtapapillary diverticulum 
Subtotal gastrectomy with Billroth-II anastomosis
Total gastrectomy with Roux-en-Y anastomosis
Patients with recurrent CBD stones
	73.4 ± 11.8 (range, 40–89)
15 (68)
19 (86.4)
3 (13.6)
8 (36.4)
2 (9.1)
1 (4.5)
12 (54.5)


1Including 17 cases of open cholecystectomy and 2 cases of laparoscopic cholecystectomy.
CBD: Common bile duct.

Table 2 Results of endoscopic retrograde cholangiography (n = 22) n (%)
	CBD stones
No. of stones (one/two/three/more than three)
Mean maximum diameter (mm)
Mean maximum diameter of CBD (mm) 
ES and/or EPBD
ES 
EPBD
ES + EPBD
None1 
Mean maximum inflated diameter during EPBD2 (mm)
Stone extraction methods
  Balloon and/or basket
  Mechanical lithotripter
Intact stone extraction
	
10/2/4/6
13.4 ± 5.6 (range, 5–25.4)
17.9 (range, 10–30)

1 (4.5)
13 (59.1)
6 (27.3)
2 (9.1)
13.6 (range, 12–15)

20 (90.9)
2 (9.1)
11 (50)


1endoscopic papillary balloon dilatation (EPBD) was performed during the previous endoscopic session, and the papillary orifice was adequate; 2a total of 15 cases underwent EPBD. CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography; ES: Endoscopic sphincterotomy.

Table 3 Results of peroral cholangioscopy (n = 22) n (%)
	Mean procedure time (min)
The endoscope reached
 Hilum or IHD
 CBD and the hilum was seen
 Distal CBD and the hilum was not seen
Residual stones on the POC
 No. of patients
 No. of residual stones (one/three/multiple)
 Maximum diameter of stones (range, mm)
	8.2 (range, 5–18)

8 (36.4)
10 (45.5)
4 (18.2)

5 (22.7)
3/1/1 
2–5


IHD: Intrahepatic duct; CBD: Common bile duct; POC: Peroral cholangioscopy

Table 4 Clinical features between the patients with and without residual bile duct stones n (%)
	
	With residual stones 
(n = 5) 
	Without residual stones (n=17) 

	Age (years)
Sex (male)
Recurrent CBD stones
Prior choledocholithotomy
Mean maximum CBD diameter (mm)
Stones number (single)
Mean maximum stone diameter (mm)
Lithotripsy
Intact stone extraction
Diameter of EPBD1 (mm)
	69 ± 18.6
4 (80)
4 (80)
3 (60)
19 ± 7.6
2 (40)
14.1 ± 7.2
0 (0)
1 (20)
13.5 ± 1.7 (n = 4)
	74.7 ± 9.5
11 (64.7)
7 (41.2)
6 (35.3)
17.6 ± 4.5
8 (47)
13.2 ± 5.2
2 (11.8)
10 (58.9)
13.5 ± 1.4


1Mean maximum inflated diameter of the balloon during endoscopic papillary balloon dilatation(EPBD). CBD: Common bile duct. 



