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Abstract 

Up to 18% of patients submitted to cholecystectomy had concomitant common bile duct stones. To avoid serious complications, these stones should be removed. There is no consensus about the ideal management strategy for such patients. Traditionally, open surgery was offered but with the advent of endoscopic retrograde cholangiopancreatography (ERCP) and laparoscopic cholecystectomy (LC) minimally invasive approach had nearly replaced laparotomy because of its well-known advantages. Minimally invasive approach could be done in either two-session (preoperative ERCP followed by LC or LC followed by postoperative ERCP) or single-session (laparoscopic common bile duct exploration or LC with intraoperative ERCP). Most recent studies have found that both options are equivalent regarding safety and efficacy but the single-session approach is associated with shorter hospital stay, fewer procedures per patient, and less cost. Consequently, single-session option should be offered to patients with cholecysto-choledocholithiaisis provided that local resources and expertise do exist. However, the management strategy should be tailored according to many variables, such as available resources, experience, patient characteristics, clinical presentations, and surgical pathology. 
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Core tip: This paper discusses minimally invasive options for management of patients with concomitant gallbladder stones and common bile duct stones with special focus on the technique, benefits, controversial issues, and difficulties of single session approach. Additionally, we investigate recent comparative studies between single-session and two-session approach.
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INTRODUCTION
Between 10% to 18% of people undergoing cholecystectomy for gallstones have common bile duct (CBD) stones[1,2]. The natural history of CBD stones is not well known but it was found that up to one third of patients with CBD stones identified by intraoperative cholangiogram at the time of cholecystectomy pass their stones spontaneously within 6 wk of surgery[3]. However complications of CBD stones, including pain, partial or complete biliary obstruction, cholangitis, hepatic abscesses or pancreatitis are unpredictable, well recognized, and often serious. Therefore, it is generally recommended to treat CBD stones whenever detected even when asymptomatic[1,4].

For many years, open cholecystectomy with CBD exploration was the gold standard to treat both pathologies. In spite of the fact that open cholecystectomy with CBD exploration had the lowest incidence of retained stones there was a considerable morbidity (11%-14%) and even mortality (0.6%-1%) particularly in elderly patients[5]. In the past few decades two revolutions paved the way for the introduction of minimally invasive techniques in management of such patients; these are the development of endoscopic retrograde cholangiopancreatography (ERCP) and LC. ERCP has become a widely available and routine procedure, whilst open cholecystectomy has largely been replaced by a laparoscopic approach, which is considered the treatment of choice for gallbladder removal since NIH Consensus on 1993[6]. 

In modern surgical practice, surgeons have a number of potentially valid options for managing patients with cholecysto-choledocholithiasis with no consensus regarding the ideal one. Due to its well know advantages (less wound complications, less abdominal adhesions, faster recovery with rapid return to work, less postoperative pain and need for analgesia, less wound complications, and better cosmetic outcome), minimally invasive approach had almost replaced open surgery for management of patients with cholecysto-choledocholithiasis. In general, minimally invasive approaches to management of preoperatively suspected cholecysto-choledocholithiasis may be either two-session or single-session (Figure 1). 
TWO-SESSION MINIMALLY INVASIVE MANAGEMENT

Preoperative ERCP followed by LC is the most commonly used treatment policy worldwide[7]. Most studies have showed that this two-session strategy is efficient and safe[8-10]. However, this approach has many drawbacks; (1) high negative results (40%-70%) exposing patients to unnecessary risky endoscopic intervention[11-13]. New imaging techniques such as magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultrasound (EUS) offer the opportunity to accurately visualize the biliary system without instrumentation of the ducts increasing the sensitivity and specificity of preoperative detection of CBD stones[14,15] but CBD stones may spontaneously pass before ERCP. Lefemine et al[16] demonstrated that more than 50% of patients with CBD stones have spontaneous passage of the stones; (2) during LC, 12.9% of patients who had preoperative endoscopic clearance of CBD still had CBD stones[17]. These stones may be either retained stones (due to false-negative ERCP or incomplete stone extraction) or new stones (due to passage of stones from gallbladder into CBD during the interval before LC); (3) previous ERCP may have adverse effects on the course of following surgery in the form of more conversion to open cholecystectomy, longer operating time, higher morbidity, especially postoperative infection, and longer hospital stay[18-20]; (4) this option needs two anesthesia and sometimes two hospital admissions, which definitely increase the hospital stay and cost; and (5) when there is time delay between preoperative ERCP and LC, some patients may escape LC being satisfied by the results of preoperative ERCP[21-23]. In many centers, LC is scheduled within 6-8 wk after ERCP, for recovering from acute illness. But it was found that recurrent biliary events occurred more in delayed group patients than in early group (36.2% vs 2.1%)[24]. At the same time early surgery was not found to be associated with increased risk of conversion and difficulties, or prolonged hospital stay[25]. Therefore, current evidence tends to support that early LC (within the same hospital admission) is superior to the delaying surgery (6-8 wk afterward).

The second minimally invasive option is LC followed later on by postoperative ERCP. Generally, postoperative ERCP is not considered as first-line treatment option for CBD stones. This is because failed postoperative ERCP, which may occur in 3%-10% of patients depending on endoscopist experience, means reoperation. Therefore, it is usually indicated when intraoperative laparoscopic common bile duct exploration (LCBDE) failed or for accidentally discovered stones during LC with no facilities for LCBDE or intraoperative ERCP[26,27].

SINGLE-SESSION MINIMALLY INVASIVE OPTIONS

LCBDE
The logical extension of LC was the introduction of LCBDE for suspected or proven CBD stones. LC and exploration of the CBD as a single procedure has proven to be efficient, safe, cost effective, and well accepted by patients as the two different pathologic conditions are solved in a single surgical procedure[28,29]. LCBDE is associated with successful stone clearance rates ranging from 94% to 98%, a morbidity rate of 8.8%-19% and a mortality rate of 0%[30,31]. Tai et al[32] reported that the clearance rate was 100%, and no recurrence was discovered during a mean follow-up period of 16 mo. More importantly, LCBDE avoids the adverse effects of endoscopic sphincterotomy which may be short-term (pancreatitis, bleeding and perforation), medium-term (cholangitis and recurrent stone formation), or long-term (bile duct malignancy). However, LCBDE is not devoid of drawbacks. It needs experience and specialized instruments which may not be widely available. It is also time consuming, particularly for large or impacted stones and it requires a longer learning curve because of the skill required for laparoscopic suturing in case of T-tube placement[33].

LCBDE could be performed via either the cystic duct (transcystic approach) or directly through the CBD (choledochotomy approach). The transcystic approach is favored by most biliary surgeons because of its less invasiveness but laparoscopic choledochotomy is generally indicated in patients with a wide CBD (> 9 mm in diameter) to avoid bile duct stricture[34-36], large (> 10 mm) stones, or multiple, impacted, and intrahepatic stones[37,38], and also in cases of unfavorable cystic duct anatomy (e.g., too small, tortuous cystic duct, low cystic-CBD junction) or when the transcystic approach has failed[39,40].

There are two guiding methods for removal of stones at LCBDE, which are either fluoroscopic or choledochoscopic guidance. Most surgeons prefer the use of flexible choledochoscopy at LCBDE due to the greatest sense of safety and accuracy by capturing stones under direct vision and at the same time avoiding some of the disadvantages encountered with fluoroscopic guidance (radiation exposure, time consumed and the presence of C-arm which may hamper the movement of instruments). However, flexible choledochoscope, particularly 3-mm one, is a fragile and delicate instrument that could be broken easily. Moreover, for better use of choledochoscopy simultaneous projection of laparoscopic and choledochoscopic images is needed. This usually requires a second camera, a second monitor and a video switcher which definitely increase the cost. Our search in literature yielded only one prospective nonrandomized study comparing the use of flexible choledochoscopy (in 79 patients) and fluoroscopy (in 34 patients) for LCBDE[41]. The success rate and the reported complication were not significantly different between the two groups. The only significant difference was in the surgical time which was shorter for flexible choledochoscopy group (107.5 min for fluoroscopically-guided group vs 75 min for the choledochoscopy-guided group with P value < 0.0001). We conducted a study (not published yet but under current revision) on 203 patients with concomitant gallbladder stones and CBD stones. The guiding technique for CBD stone retrieval was fluoroscopy. Compared to published studies that used choledochoscope at LCBDE[42-45], we found similar success rate (91.4%), morbidity and mortality, operative time and length of hospital stay. The complications rate in our series (4.9%) compare favorably with those reported in the literature[43,46-48]. 

Traditionally, the CBD is closed with T-tube drainage after choledochotomy and removal of CBD stones. This is because instrumentation of the CBD and maneuvers for stone extraction may cause edema to the papilla, leading to an increase in pressure inside the biliary tree. The advocates of the use of a T-tube argue that it allows spasm or edema of sphincter to settle after the trauma of the exploration[49,50]. A T-tube has also provided an easy percutaneous access for cholangiography and extraction of retained stones[51]. Despite these potential advantages, morbidity rates related to T-tube presence have been reported to be at a rate of 4%-16.4% in the laparoscopic era[44,52]. The T-tube-related complications include accidental T-tube displacement leading to CBD obstruction[53], bile leakage[54], persistent biliary fistulas and excoriation of the skin[55], cholangitis from exogenous sources through the T-tube, and dehydration and saline depletion[56]. Additionally, CBD stenosis has been reported as a long-term complication after T-tube removal. After discharge, indwelling T-tubes become uncomfortable, requiring continuous management, thus restricting patient activity because of the risk of dislodgement[57]. For the above-mentioned disadvantages of T-tube use, a second option for choledochotomy closure, which is primary closure of choledochotomy with placement of biliary endoprosthesis, was proposed[58,59]. Biliary endoprosthesis, as with a T-tube, achieves biliary decompression, and published results have suggested that this leads to lower morbidity, shorter postoperative hospital stay, less postoperative discomfort, and earlier return to full activities, compared to T-tube placement[60,61]. Moreover, the presence of the endoprosthesis in the duodenal lumen makes postoperative ERCP easier, in the presence of residual CBD stones[40,57]. However, the use of biliary endoprosthesis is not devoid of complications such as duodenal erosion[62], stent occlusion[63], ampullary stenosis[64], and distant stent migration, causing intestinal[65] or colonic perforation[66]. Moreover, removal of biliary endoprosthesis requires second-session endoscopic extraction.

A third option for choledochotomy closure is primary closure without the use of T-tube or biliary endoprosthesis. In a prospective randomized trial, El-Geidie[67] compared the use of T-tube and primary closure after laparoscopic choledochotomy in 122 consecutive patients and found that the operative time and postoperative stay were significantly shorter and the incidence of complications was statistically and significantly lower in the primary closure group. Gurusamy et al[68] in a meta-analysis which included three trials with 295 patients randomized (147 to T-tube and 148 to primary closure) found that there was no mortality in either group. There was no significant difference in the serious morbidity rates (17/147 in T-tube group versus 9/148 in primary closure group). The operating time was significantly longer in the T-tube group than primary closure group. The hospital stay was also significantly longer in the T-tube group than the primary closure group. The patients in the T-tube drainage group returned to work significantly later (approximately 8 d later) than the primary closure group (P < 0.005). They concluded that there is no justification for the routine use of T-tube drain compared with primary closure after laparoscopic CBD exploration. T-tube drainage results in significantly longer operating time and hospital stay as compared to primary closure. 

Intraoperative ERCP 
Another method of single-session minimally invasive treatment of cholecysto-choledocholithiasis has been described; that is the use of intraoperative ERCP to extract CBD stones, identified by intraoperative cholangiography in patients who are undergoing LC[69-72]. This option was found by many experts to be safe, effective, and less expensive single-session management[11,32,69,70,72-75]. Table 1 shows the theoretical benefits of this approach. In spite of its benefits, intraoperative ERCP had not gained widespread acceptance. This is mostly because the availability of intra-operative ERCP in many centers is limited, and the requirement to have an endoscopist experienced in ERCP available for all cases would be prohibitive, unless the surgeon had this skill, this would mean a limited applicability.

There are many described techniques for performing IO-ERCP during LC. The first described one was standard ERCP during LC. During LC, catheterization of the cystic duct and intraoperative cholangiography is performed. If intraoperative cholangiogram yielded positive result, intraoperative ERCP is performed in the operating room. After verification of clearance of CBD, LC was continued[73,76]. A variation of this technique is postponing ERCP till after completion of LC and closure of the ports. This is to avoid the problems of supine position (making papillary cannulation somewhat difficult) and bowel distension (making LC more demanding)[77]. Another technique of intraoperative ERCP, which differs from standard one, had been described by Cavina et al[71] to facilitate cannulation with the patient in supine position. This is called the combined laparo-endoscopic or “Rendez-vous (RV)” procedure. A dormia basket is passed into the duodenum through the cystic duct; with a RV procedure, it retrieves the sphincterotome from the duodenoscope and guided it into the bile duct. A slightly modified RV technique was described by other investigators and became more commonly practiced due to its simplicity[12,69,70]. A guidewire is introduced through the intraoperative cholangiography catheter into the cystic duct and out the ampulla of Vater into the duodenum. Using side-viewing duodenoscope the protruding guidewire is grasped by a snare or basket and a standard sphincterotome is threaded over it to facilitate endoscopic sphincterotomy and/or stone removal (Figure 2). DePaula et al[78] have devised a technique that combines intraoperative cholangiography with ES. This variation again involves laparoscopic passage of a wire through the cystic duct and out the ampulla into the duodenum. An endoscopic sphincterotome is passed over the wire anterograde through the papilla. An ES is then performed under the direct vision of a simultaneously positioned duodenoscope. Stones can then be pushed or pulled out of the CBD. Curet et al[79] also reported the use of antegrade technique in the management of multiple CBD stones and 6 patients were successfully treated. In one nonrandomized comparative study comparing the combined rendezvous procedure and antegrade technique, duct stones clearance and morbidity are equivalent in these 2 groups, whereas the group of rendezvous procedure had a longer operative time of 117 min due partly to more maneuvers and decreased working space related to bowel distension[80].

Ponsky et al[81] also described the use of a laparoscopically placed wire that is passed through the cystic duct and transverses the ampulla. An endoscopic biliary stent is passed over this wire laparoscopically. The stent serves to drain the CBD and facilitates a precut ES, ensuring the success of postoperative ERCP and removal of any retained stones. Fitzgibbons et al[82] treated 52 patients with guidewire assisted endoscopic retrograde spincterotomy. Percutaneous double-lumen catheters were placed through the cystic duct into the duodenum at LC. Repeat cholangiograms through the catheter was done at 10-14 d. Patients who had negative studies saved any further unnecessary procedures whereas patients with positive findings on cholangiography underwent ERCP using a guidewire placed through the catheter. 

Beside higher success rate of cannulation with the patient in supine position, the postprocedural hyperamylasemia and acute pancreatitis are strongly reduced or absent after RV if compared with standard ERCP[70,83,84]. This is because inadvertent pancreatic duct injection and cannulation at standard ERCP, which is the most important risk factor for the development of post-ERCP pancreatitis, is avoided in the RV technique[12,85-87]. 

RV technique has the problem of failure of passage of the guidewire through the spiral valves of the cystic duct. The cystic duct may be torn during manipulations adding more difficulties. The guidewire, even inside the CBD, may fail to pass across the sphincter in the presence of impacted stones. Another technical problem that could be encountered with RV technique is bowel distention induced by endoscopic insufflation that can decrease the working space for cholecystectomy. Several technical solutions have been proposed to overcome the problem, including the use of an atraumatic laparoscopic clamp positioned on the first jejunal loop[83] and a bowel desufflator[87]. Another way of minimizing the difficulty of LC is to completely dissect the Calot triangle and the attachment between liver and gallbladder or even remove the gallbladder from the liver bed until the last centimeters is left at the fundus before the starting of endoscopic phase[83,88].

El-Geidie[77] compared the two techniques of intraoperative ERCP (standard vs RV) in a prospective randomized study including 98 patients with gallbladder stones and CBDS and we found no differences in success/failure rate or post-ERCP pancreatitis. There was a significant difference in operative time which was shorter for standard ERCP. This operative time difference is due to difficulties at cholecystectomy related to bowel distension. Another important factor is the time wasted till arrival of endoscopy in case of accidentally discovered CBD stones.

TWO-SESSION VS SINGLE-SESSION MANAGEMENT

The first trial to compare the two approaches was the EAES ductal stone trial[28]. The study consists of a prospective randomized controlled clinical trial included 207 patients and compared preoperative ERCP followed by LC and LCBDE in patients undergoing LC and suspected of harboring CBD stones. The findings indicated equivalent success rates and patient morbidity between the two management options but a shorter hospital stay (cost benefit) with the single session laparoscopic treatment. 

A recent prospective randomized trial compared the success and cost effectiveness of single- and two-session management of patients with concomitant gallbladder and CBD stones[9]. 168 patients were randomized: 84 to the single-session procedure (LCBDE) and 84 to the two-session procedure (preoperative ERCP followed by LC). The success rates of LCBDE and ERCP for clearance of CBD were similar (91.7% vs 88.1%). The mean operative time was significantly longer in LCBDE group, but the overall hospital stay was significantly shorter. ERCP group had a significantly greater number of procedures per patient (P < 0.001) and a higher cost (P = 0.002). The two groups did not differ significantly in terms of postoperative wound infection rates or major complications. Authors concluded that single- and two-session management for uncomplicated concomitant gallbladder and CBD stones had similar success and complication rates, but the single-session strategy was better in terms of shorter hospital stay, need for fewer procedures, and cost effectiveness.

In 2011, Li et al[10] carried a meta-analysis on eleven randomized comparative trials (RCTs); five randomized comparative trials comparing preoperative ERCP and LC to LCBDE, two RCTs comparing LCBDE to LC and postoperative ERCP, three RCTs comparing preoperative ERCP and LC against LC with intraoperative ERCP, and one RCT comparing preoperative ERCP and LC against LC and postoperative ERCP. They concluded that different management approaches of concomitant gallbladder stones and CBD stones were equivalent in efficacy. However, one-session management had the advantage of providing a shorter hospital stay.

In a meta-analysis comparing one-session (LCBDE or intraoperative ERCP) vs two-session (LC preceded or followed by ERCP) management of CBD stones, nine randomized trials with 933 patients were studied[89]. Outcomes after one-session laparoscopic/endoscopic management of bile duct stones were not different to the outcomes after two-session management with no significant differences between the two groups with regard to bile duct clearance, total morbidity, major morbidity and the need for additional procedures.

Lu et al[90] evaluated the safety and effectiveness of two-session vs single-session management for concomitant gallstones and common bile duct stones in a meta-analysis. Seven eligible RCTs [five trials (n = 621) comparing preoperative (ERCP + LC) with (LC + LCBDE); two trials (n = 166) comparing postoperative (ERCP + LC) with (LC + LCBDE), composed of 787 patients in total, were included. The meta-analysis detected no statistically significant difference between the two groups in stone clearance, postoperative morbidity, mortality, conversion to other procedures, length of hospital stay, total operative time. Two-session (LC + ERCP) management clearly required more procedures per patient than single-session (LC + LCBDE) management.

In a recent systematic review, Dasari et al[91] reviewed the benefits and harms of different approaches to the management of common bile duct stones and they found that there is no significant difference in the mortality and morbidity between laparoscopic bile duct clearance and the endoscopic options. There is no significant reduction in the number of retained stones and failure rates in the laparoscopy groups compared with the pre-operative and intra-operative ERCP groups. There is no significant difference in the mortality, morbidity, retained stones, and failure rates between the single-session laparoscopic bile duct clearance and two-session endoscopic management. More randomized clinical trials without risks of systematic and random errors are necessary to confirm these findings.

LCBDS VS INTRAOPERATIVE ERCP

Hong et al[92] compared laparoscopic cholecystectomy combined with intraoperative endoscopic sphincterotomy with laparoscopic CBD exploration. For this study, 234 patients with cholelithiasis and choledocholithiasis diagnosed by preoperative B-ultrasonography and intraoperative cholangiogram were divided at random into LC-LCBDE group (141cases) and LC with intraoperative ERCP group (93 cases). There was no difference between the two groups in terms of surgical time, surgical success rate, number of stone extractions, postoperative complications, retained common bile duct stones, postoperative length of stay, and hospital charge. It was concluded that both approaches were shown to be safe, effective, minimally invasive treatments for concomitant gallbladder and CBD stones.

ElGeidie et al[93] compared these two procedures in 211 patients (110 LCBDE vs 101 intraoperative ERCP) and found nearly similar results. The diagnosis was based on preoperative MRCP. It was found that there were no significant differences between LCBDE and intraoperative ERCP in terms of success/failure rate, surgical time, and postoperative length of stay. The complication rates were also comparable. The only significant difference was in the rate of retained stones which was more in LCBDE group. 

CONCLUSION

Single-session approach (in the form of LCBDE or intraoperative ERCP) for managing patients with concomitant gallbladder stones and CBD stones is equally effective and safe to the commonly practiced two-session approach but at the same time is associated with shorter hospital stay, fewer procedures and less cost. Consequently, when local resources and expertise are available it should be offered to fit patients. However, there are several factors that can affect the choice of the technique including the patient fitness, the clinical presentation, the timing of CBD stones diagnosis (established pre-operative diagnosis or incidental intraoperative diagnosis), the surgical pathology and the local expertise. It is worth mentioning that some patients are not candidate for single-session option such as patients with acute biliary pancreatitis and patients with septic shock from cholangitis. Those patients need a different approach.
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Figure 1  Minimally invasive options for management of cholecysto-choledocholithiasis. LCBDE: Laparoscopic common bile duct exploration; ERCP: Endoscopic retrograde cholangiopancreatography; LC: Laparoscopic cholecystectomy; CBD: Common bile duct.
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Figure 2  Technique of combined laparo-endoscopic (Rendez-vous) technique of intraoperative endoscopic retrograde cholangiopancreatography. A: Guidewire passed through the cystic duct opening into common bile duct (CBD) (laparoscopic view); B: Verification of passage of guidewire through the sphincter into the duodenum (fluoroscopic view); C: Guidewire protruding from the papilla and caught with a polypectomy snare (endoscopic view); D: Sphincterotome threaded over the guidewire for sphincterotomy prior to CBD stone extraction.
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Table 1  Benefits of intraoperative endoscopic retrograde cholangiopancreatography


Single hospital stay with single anesthesia


�
�
CBD stones may be removed without open CBD exploration when LCBDE is not feasible


�
�
The patient is not subjected to the possibility of failure of postoperative ERCP


�
�
If intraoperative ERCP is unsuccessful, then open/laparoscopic CBD exploration is performed under the same anesthetic


�
�
Endoscopic sphincterotomy performed during intraoperative ERCP facilitates postoperative ERCP if needed for removal of recurrent or residual CBD stones 


�
�
ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct; LCBDE: Laparoscopic common bile duct exploration.











