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Introduction: The minimally invasive approach of endoscopic ultrasound (EUS)-guided procedures for cholecystocholedocholithiasis, such as EUS-guided gallbladder drainage (EUS-GBD), EUS-guided rendezvous (EUS-RV), and EUS-guided biliary drainage (EUS-BD), is affirmed as an effective treatment for patients with acute cholecystitis (AC) who are unfit for surgery and for patients with common bile duct stones (CBDSs) who have experienced a previous ERCP failure. Furthermore, in cases of difficult CBDS extraction during endoscopic retrograde cholangiopancreatography (ERCP), cholangioscopy-guided electrohydraulic lithotripsy (CS-EHL) has showed optimal results. The main objective of our study was to evaluate the effectiveness of EUS-GBD and percutaneous gallbladder drainage (PT-GBD) in patients with AC who are unfit for surgery. We also aimed to evaluate the efficacy of EUS-GBD, EUS-BD, and EUS-RV following ERCP failure and the effectiveness of CS-EHL for difficult CBDS extraction in our hospital. The secondary aim was to examine the safety of these procedures.

Materials and methods: We conducted a retrospective evaluation of all the EUS-GBD, PT-GBD, EUS-BD, EUS-RV, and CS-EHL procedures, which were prospectively collected in the gastroenterology and digestive endoscopy unit and the general surgery unit from January 2020 to June 2023. The efficacy was expressed in terms of technical and clinical success rates, while safety was assessed based on the rate of adverse events (AEs).

Results: We enrolled 83 patients with AC and high surgical risk. Among them, 57 patients (68.7%, 24/57 male, median age 85 ± 11 years) underwent EUS-GBD, and 26 (31.3%, 19/26 male, median age 83 ± 7 years) underwent PT-GBD. The technical and clinical success rates were 96.5 and 100% for EUS-GBD, and 96.1 and 92% for PT-GBD. The AEs for EUS-GBD were 1.7%, and for PT-GBD, it was 12%. ERCP for CBDS extraction failed in 77 patients. Among them, 73 patients (94.8%) underwent EUS-RV with technical and clinical success rates of 72.6% (53/73) and 100%, respectively. No AEs were reported. Four out of 77 patients were directly treated with EUS-BD for pyloric inflammatory stenosis. In 12 patients (16.4%), following unsuccessful EUS-RV with a CBD diameter ≥ 12 mm, an EUS-BD was performed. Both technical and clinical success rates for EUS-BD were 100%, and no AEs were reported. EUS-GBD was the treatment of choice for the remaining 8 (10.9%) patients after failure of both ERCP and EUS-RV. The procedure had high technical and clinical success rates (both at 100%), and no AEs were reported. The 12 difficult CBDS extraction treated with CS-EHL also showed high technical and clinical success rates (both at 100%), with no reported AEs.

Conclusion: The minimally invasive approach for cholecystocholedocholithiasis, especially EUS-guided procedures, had high efficacy and safety in treating AC in high-risk surgical patients and CBDS extraction after a previously unsuccessful ERCP.
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1 Introduction

Cholecystocholedocholithiasis refers to the presence of stones in both the gallbladder (GB) and the common bile duct (CBD).

Gallstones are common, particularly in Western countries (1–3), and it was estimated that 1–15% of patients with cholelithiasis also had CBD stones (CBDSs) (4–6).

The majority of patients with GB stones remain asymptomatic throughout their lifetime (7), and their annual risk of developing symptomatic disease (acute calculous cholecystitis (AC)) is approximately 2–3% (8). The occurrence of symptomatic disease and complications is mostly related to the migration of stones into the CBD.

According to guidelines, the gold standard treatment for CBDSs, whether symptomatic or not, is the extraction of stones through endoscopic retrograde cholangiopancreatography (ERCP) (9), and the gold standard treatment for AC is cholecystectomy (10, 11).

However, the treatment of cholecystocholedocholithiasis should be chosen based on the patient’s characteristics and the degree of severity of the disease.

In the case of patients not suitable for surgery, defined as “high surgical risk” (12, 13) [based on their comorbidities evaluated with the Charlson comorbidity index (12) and their health status before surgery estimated by the American Society of Anaesthesiologists’ Physical Status (ASA-PS) classification (13)], and not responsive to medical treatment, the guidelines recommend urgent or early GB drainage (10, 11).

Various types of GB drainage include percutaneous gallbladder drainage (PT-GBD), endoscopic transpapillary gallbladder drainage (ET-GBD), and endoscopic ultrasound (EUS)-guided gallbladder drainage (EUS-GBD).

While the majority of ERCP procedures are successful, selective biliary cannulation fails in 5–15% of cases, even in expert high-volume centers (14).

Despite advancements and new developments in endoscopic accessories, such as catheters, guidewires, stents, and sphincterotomes, ERCP failure can result from patients’ altered anatomy or difficult CBDS extraction.

In the event of ERCP failure, we have a variety of alternatives. Specifically, the EUS-guided approach is established as a viable alternative to ERCP.

EUS-guided rendezvous (EUS-RV) or EUS-guided biliary drainage (EUS-BD) is widely performed when conventional ERCP is not successful or not feasible due to various constraints (15).

Other alternatives for cases of ERCP failure are percutaneous transhepatic cholangiography and laparoscopic-endoscopic rendezvous, which combine a minimally invasive endoscopic approach with surgery in a single-stage operation.

Furthermore, the recent introduction of peroral cholangioscopy (CS)-guided electohydraulic lithotripsy (CS-EHL) has facilitated the management of difficult CBDS extraction.

So the minimally invasive approach for cholecystocholedocholithiasis is increasingly gaining recognition and validation in daily clinical practice. It not only supports surgery but also serves as a viable alternative to surgery itself in selected cases (13–16).

The primary aim of our study was to evaluate the efficacy, in terms of technical and clinical success rates, of EUS-GBD and PT-GBD in patients with AC who are unfit for surgery. We also aimed to evaluate the effectiveness of EUS-GBD, EUS-BD, and EUS-RV after ERCP failure, along with the efficacy of CS-EHL for difficult CBDS extraction in our gastroenterology and general surgery units.

The secondary aim was to evaluate the safety of all these minimally invasive treatments for cholecystocholedocholithiasis.



2 Materials and methods

We retrospectively evaluated all the EUS-GBD, PT-GBD, EUS-BD, EUS-RV, and CS-EHL procedures prospectively collected in the gastroenterology and digestive endoscopy unit and general surgery unit from January 2020 to June 2023.

All the included patients were ≥ 18 years old. Patients who underwent EUS-GBD or PT-GBD had a diagnosis of AC according to Tokyo Guidelines (17) and were classified as “high surgical risk” based on their comorbidities, evaluated with the Charlson comorbidity index (12), and their health status before surgery, estimated by the American Society of Anaesthesiologists’ Physical Status (ASA-PS) classification (13).

We performed EUS-GBD, EUS-BD, and EUS-RV for CBDS treatment following ERCP failure (18). The presence of CBDSs was confirmed before the endoscopic procedure using abdominal computed tomography, magnetic resonance cholangiopancreatography, or EUS.

ERCP failure was defined as unsuccessful CBD cannulation (the inability to gain deep and unobstructed access to the CBD) despite employing the double guidewire technique, precut papillotomy, fistulotomy, or transpancreatic sphincterotomy.

After experiencing at least two ERCP failures for benign biliary obstruction, we usually attempted EUS-RV first. If EUS-RV was unsuccessful and the CBD diameter was ≥12 mm, we performed EUS-BD, and if the CBD was <12 mm, and the patients had not undergone a previous cholecystectomy, EUS-GBD was done. In the event of EUS-RV failure in patients with a CBD < 12 mm and a history of cholecystectomy, there was an indication for percutaneous transhepatic cholangiography.

EHL during CS was performed for difficult CBDSs. “Difficult” biliary stones were defined based on their diameter (>1.5 cm), number, unusual shape (barrel shaped), or location (intrahepatic, cystic duct), or due to anatomical factors (narrowing of the bile duct distal to the stone, sigmoid-shaped CBD, stone impaction, shorter length of the distal CBD, or acute distal CBD angulation <135°) (9).

Patients who had previously failed biliary stone clearance were enrolled after a standard ERCP procedure with attempted stone removal using conventional techniques, such as stone extraction baskets or balloons, mechanical lithotripsy baskets, or endoscopic papillary large balloon dilation.

Before the procedure, patients received antibiotic prophylaxis based on local standards of care or the discretion of the endoscopist.

Patients under 18 years old with malignant biliary obstruction were not included in our study.

The efficacy of the minimally invasive approach for AC in patients unfit for surgery, those who had ERCP failure, and those who experienced difficult CBDS extraction was evaluated in terms of technical and clinical success rates.

Technical success was defined as the successful deployment of the lumen-apposing metal stent (LAMS) or the pigtail into the GB in patients with AC who are unfit for surgery. In cases of failed ERCP or complex CBDSs, the technical success was defined as CBDS extraction.

Clinical success was defined as the resolution of clinical symptoms of AC (e.g., fever, abdominal pain, and leukocytosis) and the resolution of cholestasis within 3 days after the procedure.

Safety was characterized by the occurrence of adverse events (AEs) (e.g., bleeding, malemployment, and death). The monitoring of the occurrence of AEs continued throughout the procedure and for the 72 h afterward. We defined “early AEs” as those occurring within the first 24 h after the procedure, while we defined “late AEs” as those that encompassed all AEs that occurred after 24 h after the procedure.

Baseline characteristics of patients, types of procedure, and procedural outcomes were summarized using means (SD) or medians (with interquartile range [IQR] and range) for continuous data, and frequencies and proportions for categorical data.

Datasets were compiled using Microsoft Excel, and all statistical analyses were performed using SPSS version 21 (IBM Corp., Armonk, New York, USA).


2.1 EUS-GBD

We used a slim, linear ultrasound endoscope (EG38-J10EGU, Pentax Medical, Germany) and the Arietta 70 ultrasound system. The transmural EUS-GBD approach involves placing a LAMS from the duodenum or stomach into the GB under EUS guidance (Figure 1), allowing, by the adherence of the GB to the gastrointestinal wall, the creation of a permanent fistulous tract (Figure 2).

[image: Figure 1]

FIGURE 1
 Deployment of the distal flange of the LAMS in the GB under EUS guidance.
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FIGURE 2
 Abdominal computed tomography of EUS-GBD.


The types of LAMS used were the Hot AXIOS stent (Boston Scientific, USA) or the Hot SPAXUS stent (Taewoong Medical, South Korea). The AXIOS stent sizes used were 15 mm × 10 mm and 10 mm × 10 mm, while the SPAXUS stent size was 16 mm × 20 mm.



2.2 PT-GBD

After visualizing the GB under ultrasound (US) guidance and administering the anesthetic infiltration into the peritoneum at the puncture site, the GB was punctured using a disposable pigtail drainage catheter under US guidance. The puncture needle was directed into the gallbladder cavity, and the outflow of bile was observed. Then, a guidewire was inserted into the GB, and the drainage tube was placed into the GB lumen over the guidewire. A drainage bag was then fixed at the drainage tube. Finally, after fixing the drainage tube, the body surface was sutured. Following the procedure, routine anti-infection, semiliquid, low-fat food, and other symptomatic and supportive treatments were given.



2.3 EUS-RV

We used a duodenoscope (TJF-Q190V, Olympus), a slim, linear ultrasound endoscope (EG38-J10EGU, Pentax Medical, Germany), and the Arietta 70 ultrasound system.

Under EUS guidance, the CBD was punctured with a 19-gauge EUS-guided FNA needle from either the stomach or the duodenal bulb. Following contrast injection in the CBD to confirm the correct position, a guidewire was passed into the CBD through the EUS needle and then manipulated through the papilla into the descending duodenum. The guidewire was then left in place, and a duodenoscope was maneuvered to the second portion of the duodenum; the wire was used to facilitate ampullary cannulation, and a conventional ERCP could then be performed.



2.4 EUS-BD

We used a slim, linear ultrasound endoscope (EG38-J10EGU, Pentax Medical, Germany) and the Arietta 70 ultrasound system. Under EUS guidance, a LAMS was deployed between the CBD lumen and the gastric or duodenal lumen. At the end of the procedure, the correct LAMS deployment was confirmed by contrast injection through the LAMS lumen into CBD (Figure 3).

[image: Figure 3]

FIGURE 3
 Abdominal computed tomography of EUS-GBD. In the left image, the LAMS was deployed between the duodenum and CBD. In the right image, the contrast flowed thorough the LAMS into the CBD.


We utilized AXIOS stent sizes of 8 mm × 8 mm and 6 mm × 8 mm.



2.5 CS-EHL

CS was performed using the SpyGlass Direct Visualization System (Boston Scientific, Marlborough, Massachusetts, USA), and EHL was conducted using the Autolith Touch EHL System (Boston Scientific, Marlborough, Massachusetts, USA). CS was performed following sphincterotomy or balloon sphincteroplasty.

EHL systems worked through a bipolar probe and a charge generator; transmitting a charge across the electrodes at the tip of the probe generated a spark. This determined the expansion of the surrounding fluid and finally resulted in an oscillating shock wave of pressure that fragmented the stones. Under direct visualization, the EHL probe was directed at the stone positioned at least 5 mm from the tip of the cholangioscope and 1–2 mm from the stone (19)

Thus, shock wave technology under CS guidance allowed the fragmentation of large and challenging biliary stones.




3 Results

We retrospectively collected data from a total of 172 patients over a span of 42 months from the gastroenterology and digestive endoscopy unit and the general surgery unit of our hospital.

Among all the patients, 83 (48.3%) had a diagnosis of AC and were considered unfit for surgery due to their high surgical risk resulting from comorbidities; 77 (44.8%) patients had a previous failed ERCP, and 12 (6.9%) had difficult CBDS extraction.


3.1 AC in patients unfit for surgery

A total of 83 patients had a diagnosis of AC, and they could not undergo cholecystectomy due to their high surgical risk. Among them, 43 (51.8%) patients were male with a median age of 84 ± 9 years.

EUS-GBD was performed in 57 out of 83 (68.7%) patients unfit for surgery, while the remaining 26 out of 83 (31.3%) underwent PT-GBD.

Among the 57 out of 83 (68.7%) patients with AC deemed unfit for surgery and treated with EUS-GB, 24 (42.1%) patients were male with a median age of 85 ± 11 years.

In 47 (82.5%) EUS-GBD procedures, a 10 mm × 10 mm LAMS was deployed; in 8 (14%) cases, a 15 × 10 mm LAMS was used, and in two (3.5%) patients, a 16 × 20 mm LAMS was utilized.

The transduodenal approach was performed in 43 out of 57 (75.4%) cases, while in 14 out of 57 (24.6%), LAMS was deployed through the stomach.

Technical success was achieved in 55 (96.5%) patients, and clinical success was attained in all 55 (100%) cases with the correct deployment of the LAMS in the GB. In two (3.5%) patients, the EUS-GBD was not correctly performed: in one patient, the distal flange of the LAMS was accidentally deployed in the bladder lumen, and in the other patients, the EUS-GBD was not feasible due to the inability to identify a correct and secure position for LAMS deployment.

The patients with the LAMS positioned between the stomach and the bladder underwent emergency surgery. The LAMS was removed, and the walls of the stomach and bladder were sutured.

Only in one (1.7%) case of EUS-GBD, an AE was registered: there was intraprocedural bleeding, which was self-limited after LAMS deployment.

A total of 26 out of 83 patients underwent PT-GBD [19 (73%) being male, and the median age was 83 ± 7 years]. The double pigtail used had a size of 9 Fr.

The technical success was achieved in 96.1% (n = 25/26), and the clinical success was observed in 92% (n = 23/25).

In two patients (8%), there was no improvement in their clinical conditions. So one patient was referred for surgery to undergo cholecystectomy, and the other patient underwent EUS-GBD, resulting in subsequent clinical improvement in both cases.

The early AE rate was 4% (1/25): in one patient, peritonitis was registered after PT-GBD, leading to subsequent GB rupture. Late AEs were reported in two cases (8%) since there was double pigtail dislodgement. The total PT-GBD AE rate was 12%.

The characteristics of patients who underwent EUS-GBD or PT-GBD are summarized in Table 1.



TABLE 1 Characteristics of patients unfit for surgery undergone to EUS-GBD and PT-GBD for acute cholecystitis.
[image: Table1]



3.2 Failed ERCP

We collected data from a total of 77 patients with CBDSs and ERCP failure. Among them, 73 (94.8%) underwent an EUS-RV after ERCP failure, and in only four (5.2%) cases, immediate EUS-BD was performed due to inflammatory pyloric stenosis, which made the descending duodenum inaccessible.

The 73 patients who underwent EUS-RV after ERCP failure had a median age of 81 ± 11 years, and 56.2% (N = 41/73) were male. CBDS extraction was achieved in 53 out of 73 (72.6%) patients with EUS-RV. In these patients, the clinical success rate was 100%, and no AE was reported.

The main cause of EUS-RV failure was the fact that the guidewire did not pass through the papilla of Vater or that the guidewire was not correctly oriented toward distal CBD.

Following unsuccessful EUS-RV, in 12 (16.4%) patients with a CBD diameter ≥ 12 mm, an EUS-BD was performed. Thus, a total of 16 patients (12/16 after EUS-RV failure and 4/16 for inflammatory pyloric stenosis) underwent EUS-BD. Among them, nine (56.2%) patients were male, and the median age was 78.5 ± 13.7 years. Both the technical and clinical success rates were 100%, and no AE was reported.

In 8 out of 73 (10.9%) patients, an EUS-GBD was performed after EUS-RV failure. These patients had a CBD size <12 mm, with a median age of 84 ± 28 years, and 6 out of 8 (75%) were male.

Both the technical and clinical success rates were 100%, and no AE was reported.

All the characteristics of the patients with ERCP failure are documented in Table 2.



TABLE 2 Characteristics of patients undergone EUS-RV, EUS-BD, and EUS-GBD after ERCP failure.
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3.3 Difficult CBDS extraction

A total of 12 cases with difficult CBDS extraction were treated with CS-EHL. In 11 (91.6%) cases, a single session of CS-EHL was sufficient to achieve the complete CBDS extraction; only in one case, a double session was necessary to obtain complete stone extraction.

The mean age of the patients was 77 ± 8 years, and in 8 out of 12 (66.7%) cases, the patients were male.

Both the technical and clinical success rates were 100%, and no AE was reported.




4 Discussion

The minimally invasive treatment of cholecystocholedocholithiasis had become increasingly integrated into daily clinical practice to the extent that the major guidelines (10, 11) recommended GB drainage for patients with AC who were unfit for surgery and non-responsive to medical therapy.

While Tokyo Guidelines (10) suggested PT-GBD, WSES guidelines (11) recommended endoscopic transpapillary gallbladder drainage (ETGBD) and EUS-GBD as safe and effective alternatives to PT-GBD.

Furthermore, WSES guidelines (11) suggested that EUS-GBD with LAMSs should be preferred to ETGBD when performed by a skilled endoscopist.

Although PT-GBD had been the most common non-surgical treatment for GB decompression for years, it showed significant morbidity (50–75%) (20) and a recurrent cholecystitis rate of up to 15.4% (21). Moreover, when compared to EUS-GBD, PT-GBD exhibited comparable technical and clinical success rates (22–25) but was associated with a longer hospital stay, longer time for clinical resolution, and higher rates of reintervention and recurrent AC (18–20).

Multicentre studies also showed that PT-GBD was associated with higher post-procedural pain and more AEs at both 30 days (18, 26) and 1 year (19) compared to EUS-GBD.

In the literature, EUS-GBD was reported to have very high technical and clinical success rates, ranging from 90 to 98.7% and 89 to 98.4%, respectively (18, 20, 27–31).

Our data, in terms of EUS-GBD efficacy, were similar to those reported in the literature, with technical and success rates of 96.5 and 100%, respectively, in our units.

Considering AE rate, EUS-GBD, when compared to PT-GBD and ETGBD, showed a significantly lower AE rate (14.6% versus 30% for PT-GBD) (24) and had the lowest risk of recurrent AC (32).

In our single-center case series, the AE rate for EUS-GBD was 1.7%, while that for PT-GBD was 12% (4% early AEs and 8% late AEs).

Although ERCP had been the gold standard treatment for CBDSs and numerous improvements were made to ERCP devices over the years, unsuccessful biliary cannulation could always happen. According to the literature, biliary cannulation failed in 5–15% of cases (12) and, in our unit, we reported an ERCP failure rate of 4.7%. In such cases, performing EUS-RV could be a viable option to allow biliary cannulation.

A literature review showed that EUS-RV had an overall success rate of 82% (33) and the main reason for EUS-RV failure was the inability to guide the wire in the direction of the CBD.

In our unit, the technical success of EUS-RV was 72.6%, which is lower than the data reported in the literature, as our protocol included the execution of a few attempts to overcome the papilla with the guidewire. Subsequently, the guidewire was quickly employed to guide the deployment of the LAMS for EUS-BD.

Over time, with development and technical improvement, EUS-BD became more effective and safer. A systematic review published in 2016 by Wang et al. (34) showed higher technical success rates of EUS-BD in studies conducted from 2013 onward.

While, in cases of malignant distal CBD obstruction, EUS-BD showed a technical success rate of up to 95% (35, 36) its performance for benign pathology has been less extensively studied.

EUS-BD was usually performed after failed ERCP in patients with surgically altered anatomy.

Although, in such cases, the traditional salvage therapy was percutaneous biliary drainage, a recent survey demonstrated that many patients would prefer internal biliary drainage to an external drain (37).

The initial studies published about EUS-BD (both choledochoduodenostomy and hepaticogastrostomy) for CBDS treatment showed a cumulative success rate ranging from 60 to 72% (38–40) whereas three recent studies demonstrated notable improvement in procedural and clinical success rates ranging from 91.9 to 100% (41–43).

In our unit, the technical and clinical success rates for EUS-BD in benign pathology were high (both at 100%), and they overlapped, if not surpassed, the outcomes showed in these three recent studies.

Moreover, no AEs were reported in our case series.

When CBDS extraction or biliary stricture access was difficult due to limited biliary ductal dilation or long distances for the guidewire to traverse, a two-step EUS-guided drainage approach was recently proposed.

In this method, the first step involved stent placement (typically with EUS-guided hepaticogastrostomy), followed by antegrade stone extraction once the fistula matures (44). One of the initial pilot studies using this approach in seven patients with anastomotic strictures reported clinical and technical success rates of 100 and 57%, respectively (45).

However, at this point in time, although EUS-BD was becoming a reliable alternative to ERCP and percutaneous biliary drainage (46), there were currently no head-to-head studies comparing ERCP to EUS-BD for the treatment of benign biliary pathology. As more studies are conducted, the clinical success and safety profile of the two-step approach will likely catapult EUS-guided intervention as a potential first-line tool in cases of surgically altered anatomy (47). However, standardization of the procedure with dedicated devices was still needed.

Possibly, EUS-BD may soon be established as an effective therapeutic option in the initial approach or indicated in cases where there were predictors of difficult ERCP (i.e., difficult biliary cannulation, tumor invasion of the papilla, and duodenal obstruction) (48).

In cases of large CBDSs that were challenging to grasp due to breakup using a mechanical lithotripter or in those with bile duct strictures, CS-EHL was particularly effective. We reported a technical and clinical success rate of 100% without registering any AEs. These data were similar to those showed in the literature (49), although a higher AE rate was reported (up to 24.2% in patients ≥80 years and up to 17.5% in non-elderly) (50).

The limitations of our study were attributed to its retrospective nature and the relatively small number of cases.

In conclusion, ERCP retained its status as the treatment of choice for CBDS extraction. However, the EUS-guided approach (EUS-RV, EUS-BD, and EUS-GBD) was a possible and effective alternative in cases of failed ERCP. They became attractive due to their technical simplicity, preservation of hepatic parenchyma, potential performing ability in ascitic patients, and lower complication rate (51, 52). However, further studies were needed to evaluate the EUS-guided approach for the treatment of CBDSs.

However, the EUS-guided approach for the treatment of AC was demonstrated to be a safe and effective procedure in patients at high surgical risk.



5 Conclusion

The minimally invasive approach for cholecystocholedocholithiasis, especially EUS-guided procedures, had high efficacy and safety in treating AC in high-risk surgical patients and CBDS extraction following a previous failed ERCP.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical approval was not required for the studies involving humans because it is a retrospective analysis, and informed consent is not required. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements because it is a retrospective analysis.



Author contributions

AC: Conceptualization, Methodology, Project administration, Writing – original draft. GioA: Writing – review & editing. GC: Writing – review & editing. GiaA: Writing – review & editing. PC: Writing – review & editing. FB: Conceptualization, Methodology, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Everhart, JE, Khare, M, Hill, M, and Maurer, KR. Prevalence and ethnic differences in gallbladder disease in the United States. Gastroenterology. (1999) 117:632–9. doi: 10.1016/S0016-5085(99)70456-7

 2. Shaffer, EA. Gallstone disease: epidemiology of gallbladder stone dis- ease. Best Pract Res Clin Gastroenteroly. (2006) 20:981–96. doi: 10.1016/j.bpg.2006.05.004

 3. Tazuma, S. Gallstone disease: epidemiology, pathogenesis, and classification of biliary stones (common bile duct and intrahepatic). Best Pract Res Clin Gastroenterol. (2006) 20:1075–83. doi: 10.1016/j.bpg.2006.05.009 

 4. vanSonnenberg, E, and Panchanathan, R. Percutaneous transcholecystic management of choledocholithiasis: a next horizon for interventional radiologists? Radiology. (2019) 290:244–5. doi: 10.1148/radiol.2018181942

 5. Xiao, LK, Xiang, JF, Wu, K, Fu, X, Zheng, MY, Song, XX , et al. The reasonable drainage option after laparoscopic common bile duct exploration for the treatment of choledocholithiasis. Clin Res Hepatol Gastroenterol. (2018) 42:564–9. doi: 10.1016/j.clinre.2018.07.005 

 6. Chen, H, Jorissen, R, Walcott, J, and Nikfarjam, M. Incidence and predictors of common bile duct stones in patients with acute cholecystitis: a systematic literature review and meta-analysis. ANZ J Surg. (2020) 90:1598–603. doi: 10.1111/ans.15565

 7. Halldestam, I, Enell, EL, Kullman, E, and Borch, K. Development of symptoms and complications in individuals with asymptomatic gallstones. Br J Surg. (2004) 91:734–8. doi: 10.1002/bjs.4547

 8. Ransohoff, DF, Gracie, WA, Wolfenson, LB, and Neuhauser, D. Prophylactic cholecystectomy or expectant management for silent gallstones. A decision analysis to assess survival. Ann Intern Med. (1983) 99:199–204. doi: 10.7326/0003-4819-99-2-199

 9. Manes, G, Paspatis, G, Aabakken, L, Anderloni, A, Arvanitakis, M, Ah-Soune, P , et al. Endoscopic management of common bile duct stones: European Society of Gastrointestinal Endoscopy (ESGE) guideline. Endoscopy. (2019) 51:472–91. doi: 10.1055/a-0862-0346 

 10. Okamoto, K, Suzuki, K, Takada, T, Strasberg, SM, Asbun, HJ, Endo, I , et al. Tokyo guidelines 2018: flowchart for the management of acute cholecystitis. J Hepatobiliary Pancreat Sci. (2018) 25:55–72. doi: 10.1002/jhbp.516 

 11. Pisano, M, Allievi, N, Gurusamy, K, Borzellino, G, Cimbanassi, S, Boerna, D , et al. 2020 world Society of Emergency Surgery updated guidelines for the diagnosis and treatment of acute calculus cholecystitis. World J Emerg Surg. (2020) 15:61. doi: 10.1186/s13017-020-00336-x 

 12. Charlson, ME, Pompei, P, Ales, KL, and MacKenzie, CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8 

 13. Sankar, A, Johnson, SR, Beattie, WS, Tait, G, and Wijeysundera, DN. Reliability of the American Society of Anesthesiologists physical status scale in clinical practice. Br J Anaesth. (2014) 113:424–32. doi: 10.1093/bja/aeu100 

 14. Chen, Q, Jin, P, Ji, X, Du, H, and Lu, J. Management of difficult or failed biliary access in initial ERCP: a review of current literature. Clin Res Hepatol Gastroenterol. (2019) 43:365–72. doi: 10.1016/j.clinre.2018.09.004

 15. Mishra, A, and Tyberg, A. Endoscopic ultrasound guided biliary drainage: a comprehensive review. Transl Gastroenterol Hepatol. (2019) 4:10. doi: 10.21037/tgh.2019.01.03 

 16. Nagaraja, V, Eslick, GD, and Cox, MR. Systematic review and meta-analysis of minimally invasive techniques for the management of cholecysto-choledocholithiasis. J Hepatobiliary Pancreat Sci. (2014) 21:896–901. doi: 10.1002/jhbp.152 

 17. Yokoe, M, Hata, J, Takada, T, Strasberg, SM, Asbun, HJ, Wakabayashi, G , et al. Tokyo guidelines 2018: diagnostic criteria and severity grading of acute cholecystitis (with videos). J Hepatobiliary Pancreat Sci. (2018) 25:41–54. doi: 10.1002/jhbp.515 

 18. van Wanrooij, RLJ, Bronswijk, M, Kunda, R, Everett, SM, Lakhtakia, S, Rimbas, M , et al. Therapeutic endoscopic ultrasound: European Society of Gastrointestinal Endoscopy (ESGE) Technical Review. Endoscopy. (2022) 54:310–32. doi: 10.1055/a-1738-6780 

 19. Amaral, AC, Hussain, WK, and Han, S. Cholangioscopy-guided electrohydraulic lithotripsy versus laser lithotripsy for the treatment of choledocholithiasis: a systematic review. Scand J Gastroenterol. (2023) 58:1213–20. doi: 10.1080/00365521.2023.2214657 

 20. Anderloni, A, Buda, A, Vieceli, F, Khashab, MA, Hassan, C, and Repici, A. Endoscopic ultrasound-guided transmural stenting for gallbladder drainage in high-risk patients with acute cholecystitis: a systematic review and pooled analysis. Surg Endosc. (2016) 30:5200–8. doi: 10.1007/s00464-016-4894-x 

 21. McKay, A, Abulfaraj, M, and Lipschitz, J. Short- and long-term outcomes following percutaneous cholecystostomy for acute cholecystitis in high-risk patients. Surg Endosc. (2012) 26:1343–51. doi: 10.1007/s00464-011-2035-0

 22. Tyberg, A, Saumoy, M, Sequeiros, EV, Giovannini, M, Artifon, E, Teoh, A , et al. EUS-guided versus percutaneous gallbladder drainage: Isn't it time to convert? J Clin Gastroenterol. (2018) 52:79–84. doi: 10.1097/MCG.0000000000000786

 23. Irani, S, Ngamruengphong, S, Teoh, A, Will, U, Nieto, J, Abu Dayyeh, BK , et al. Similar efficacies of endoscopic ultrasound gallbladder drainage with a lumen-apposing metal stent versus percutaneous transhepatic gallbladder drainage for acute cholecystitis. Clin Gastroenterol Hepatol. (2017) 15:738–45. doi: 10.1016/j.cgh.2016.12.021 

 24. Teoh, AYB, Kitano, M, Itoi, T, Pérez-Miranda, M, Ogura, T, Chan, SM , et al. Endosonography-guided gallbladder drainage versus percutaneous cholecystostomy in very high-risk surgical patients with acute cholecystitis: an international randomised multicentre controlled superiority trial (DRAC 1). Gut. (2020) 69:1085–91. doi: 10.1136/gutjnl-2019-319996 

 25. Teoh, AYB, Serna, C, Penas, I, Chong, CCN, Perez-Miranda, M, Ng, EKW , et al. Endoscopic ultrasound-guided gallbladder drainage reduces adverse events compared with percutaneous cholecystostomy in patients who are unfit for cholecystectomy. Endoscopy. (2017) 49:130–8. doi: 10.1055/s-0042-119036 

 26. Jang, JW, Lee, SS, Song, TJ, Hyun, YS, Park, DY, Seo, DW , et al. Endoscopic ultrasound-guided transmural and percutaneous transhepatic gallbladder drainage are comparable for acute cholecystitis. Gastroenterology. (2012) 142:805–11. doi: 10.1053/j.gastro.2011.12.051 

 27. Choi, JH, Lee, SS, Choi, JH, Park, DH, Seo, DW, Lee, SK , et al. Long-term outcomes after endoscopic ultrasonography-guided gallbladder drainage for acute cholecystitis. Endoscopy. (2014) 46:656–61. doi: 10.1055/s-0034-1365720 

 28. Law, R, Grimm, IS, Stavas, JM, and Baron, TH. Conversion of percutaneous Cholecystostomy to internal transmural gallbladder drainage using an endoscopic ultrasound-guided. Lumen-Apposing Metal Stent Clin Gastroenterol Hepatol. (2016) 14:476–80. doi: 10.1016/j.cgh.2015.10.026 

 29. Boregowda, U, Chen, M, and Saligram, S. Endoscopic ultrasound-guided gallbladder drainage versus percutaneous gallbladder drainage for acute cholecystitis: a systematic review and meta-analysis. Diagnostics (Basel). (2023) 13:657. doi: 10.3390/diagnostics13040657 

 30. Hemerly, MC, de Moura, DTH, Do Monte Junior, ES, Proença, IM, Ribeiro, IB, Yvamoto, EY , et al. Endoscopic ultrasound (EUS)-guided cholecystostomy versus percutaneous cholecystostomy (PTC) in the management of acute cholecystitis in patients unfit for surgery: a systematic review and meta-analysis. Surg Endosc. (2023) 37:2421–38. doi: 10.1007/s00464-022-09712-x 

 31. Fabbri, C, Binda, C, Sbrancia, M, Dajti, E, Coluccio, C, Ercolani, G , et al. Determinants of outcomes of transmural EUS-guided gallbladder drainage: systematic review with proportion meta-analysis and meta-regression. Surg Endosc. (2022) 36:7974–85. doi: 10.1007/s00464-022-09339-y 

 32. Podboy, A, Yuan, J, Stave, CD, Chan, SM, Hwang, JH, and Teoh, AYB. Comparison of EUS-guided endoscopic transpapillary and percutaneous gallbladder drainage for acute cholecystitis: a systematic review with network meta-analysis. Gastrointest Endosc. (2021) 93:797–804.e1. doi: 10.1016/j.gie.2020.09.040 

 33. Tsuchiya, T, Itoi, T, Sofuni, A, Tonozuka, R, and Mukai, S. Endoscopic ultrasonography-guided rendezvous technique. Dig Endosc. (2016) 28:96–101. doi: 10.1111/den.12611

 34. Wang, K, Zhu, J, Xing, L, Wang, Y, Jin, Z, and Li, Z. Assessment of efficacy and safety of EUS-guided biliary drainage: a systematic review. Gastrointest Endosc. (2016) 83:1218–27. doi: 10.1016/j.gie.2015.10.033 

 35. Giovannini, M, Moutardier, V, Pesenti, C, Bories, E, Lelong, B, and Delpero, J. Endoscopic ultrasound-guided bilioduodenal anastomosis: a new technique for biliary drainage. Endoscopy. (2001) 33:898–900. doi: 10.1055/s-2001-17324 

 36. Teoh, AYB, Dhir, V, Kida, M, Yasuda, I, Jin, ZD, Seo, DW , et al. Consensus guidelines on the optimal management in interventional EUS procedures: results from the Asian EUS group RAND/UCLA expert panel. Gut. (2018) 67:1209–28. doi: 10.1136/gutjnl-2017-314341

 37. Nam, K, Kim, DU, Lee, TH, Iwashita, T, Nakai, Y, Bolkhir, A , et al. Patient perception and preference of EUS-guided drainage over percutaneous drainage when endoscopic transpapillary biliary drainage fails: an international multicenter survey. Endosc Ultrasound. (2018) 7:48–55. doi: 10.4103/eus.eus_100_17 

 38. Iwashita, T, Doi, S, and Yasuda, I. Endoscopic ultrasound-guided biliary drainage: a review. Clin J Gastroenterol. (2014) 7:94–102. doi: 10.1007/s12328-014-0467-5 

 39. Iwashita, T, Nakai, Y, Hara, K, Isayama, H, Itoi, T, and Park, DH. Endoscopic ultrasound-guided antegrade treatment of bile duct stone in patients with surgically altered anatomy: a multicenter retrospective cohort study. J Hepatobiliary Pancreat Sci. (2016) 23:227–33. doi: 10.1002/jhbp.329 

 40. Itoi, T, Sofuni, A, Tsuchiya, T, Ijima, M, and Iwashita, T. Endoscopic ultrasonography-guided transhepatic antegrade stone removal in patients with surgically altered anatomy: case series and technical review (with videos). J Hepatobiliary Pancreat Sci. (2014) 21:E86–93. doi: 10.1002/jhbp.165 

 41. James, TW, Fan, YC, and Baron, TH. EUS-guided hepaticoenterostomy as a portal to allow definitive antegrade treatment of benign biliary diseases in patients with surgically altered anatomy. Gastrointest Endosc. (2018) 88:547–54. doi: 10.1016/j.gie.2018.04.2353 

 42. Pizzicannella, M, Caillol, F, Pesenti, C, Bories, E, Ratone, JP, and Giovannini, M. EUS-guided biliary drainage for the management of benign biliary strictures in patients with altered anatomy: a single-center experience. Endosc Ultrasound. (2020) 9:45–52. doi: 10.4103/eus.eus_55_19 

 43. Mukai, S, Itoi, T, Sofuni, A, Tsuchiya, T, Tanaka, R, Tonozuka, R , et al. EUS-guided antegrade intervention for benign biliary diseases in patients with surgically altered anatomy (with videos). Gastrointest Endosc. (2019) 89:399–407. doi: 10.1016/j.gie.2018.07.030 

 44. Nakai, Y, Isayama, H, and Koike, K. Two-step endoscopic ultrasonography-guided antegrade treatment of a difficult bile duct stone in a surgically altered anatomy patient. Dig Endosc. (2018) 30:125–7. doi: 10.1111/den.12965 

 45. Miranda-García, P, Gonzalez, JM, Tellechea, JI, Culetto, A, and Barthet, M. EUS hepaticogastrostomy for bilioenteric anastomotic strictures: a permanent access for repeated ambulatory dilations? Results from a pilot study. Endosc Int Open. (2016) 4:E461–5. doi: 10.1055/s-0042-103241

 46. Füldner, F, Meyer, F, and Will, U. EUS-guided biliary interventions for benign diseases and unsuccessful ERCP – a prospective unicenter feasibility study on a large consecutive patient cohort. Z Gastroenterol. (2021) 59:933–43. doi: 10.1055/a-1540-7975 

 47. Canakis, A, and Baron, TH. Relief of biliary obstruction: choosing between endoscopic ultrasound and endoscopic retrograde cholangiopancreatography. BMJ open Gastroenterology. (2020) 7:e000428. doi: 10.1136/bmjgast-2020-000428 

 48. Rrr, D-S, Lga, M, Vo, B, Lf, A, and Ela, A. Endoscopic ultrasound-guided biliary drainage: a literature review. Rev Col Bras Cir. (2023) 50:e20233414. doi: 10.1590/0100-6991e-20233414-en 

 49. Murabayashi, T, Ogawa, T, Koshita, S, Kanno, Y, Kusunose, H, Sakai, T , et al. Peroral cholangioscopy-guided electrohydraulic lithotripsy with a SpyGlass DS versus a conventional digital cholangioscope for difficult bile duct stones. Intern Med. (2020) 59:1925. doi: 10.2169/internalmedicine.4463-20

 50. Takahashi, K, Ohyama, H, Takiguchi, Y, Sekine, Y, Toyama, S, Yamada, N , et al. Efficacy and safety of electrohydraulic lithotripsy using peroral cholangioscopy under endoscopic retrograde cholangiopancreatography guidance in older adults: a single-center retrospective study. Medicina. (2023) 59:795. doi: 10.3390/medicina59040795 

 51. Khashab, MA, Levy, MJ, Itoi, T, and Artifon, EL. EUS-guided biliary drainage. Gastrointest Endosc. (2015) 82:993–1001. doi: 10.1016/j.gie.2015.06.043

 52. Salerno, R, Davies, SEC, Mezzina, N, and Ardizzone, S. Comprehensive review on EUS-guided biliary drainage. World J Gastrointest Endosc. (2019) 11:354–64. doi: 10.4253/wjge.v11.i5.354 



OPS/images/fmed-10-1277410-t002.jpg
EUS-RV 73/77 (94.8%)
Gender (male) 41(56.2%)
Age (median) 81¢11years
Technical success 53(726%)

cal success 53 (100%)
Adverse events 0(0%)
EUS-BD after ERCP failure 4177 (5.2%)
EUS-BD afier EUS-RV failure 12120 (60%)
Gender (male) 9(56.2%)
Age (median) 7852137 years
Technical success 16 (100%)
Clinical success 16 (100%)
Adverse events 0(0%)
EUS-GBD after EUS-RV failure 8/20 (40%)
Gender (male) 6(75%)
Age (median) 84228 years old
“Technical success. 8(100%)
Clinical success 8(100%)
Adverse events 0(0%)

EUS-RV: endoscopic ultrasound-guided rendezvous,

EUS-BD: endoscopic ultrasound-guided biliary drainage.
EUS-GBD: endoscopic ultrasound-guided gallbladder drainage.





OPS/images/fmed-10-1277410-g003.jpg





OPS/images/fmed-10-1277410-t001.jpg
EUS-GBD 57/83 (68.7%)
Gender (male) 24 (42.1%)
Age (median) 85211 years
LAMS 16x20 2(3.5%)
LAMS 15x 10 8(14%)
LAMS 10x10 47 (82.5%)
Trans-gastric 14(24.6%)
‘Transduodenal 43 (75.4%)
“Technical success. 55 (96.5%)

1 success 55 (100%)
Adverse events 10.7%)
PT-GBD 26/83 (21.3%)
Gender (male) 19.(73%)
Age (median) 8347 years
“Technical success. 25(96.1%)
Clinical success 23 (92%)
Adverse events 3(12%)

EUS-GBD: endoscopic ultrasound-guided gallbladder drainage.
PT-GBD: percutaneous gallbladder drainage.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Current trends of minimally invasive therapy for cholecystocholedocholithiasis



		1 Introduction



		2 Materials and methods



		2.1 EUS-GBD



		2.2 PT-GBD



		2.3 EUS-RV



		2.4 EUS-BD



		2.5 CS-EHL









		3 Results



		3.1 AC in patients unfit for surgery



		3.2 Failed ERCP



		3.3 Difficult CBDS extraction









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-10-1277410-g001.jpg





OPS/images/fmed-10-1277410-g002.jpg





OPS/images/cover.jpg
, frontiers | Frontiers in Medicine

Current trends of minimally
invasive therapy for
cholecystocholedocholithiasis












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






