
© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons. 
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

REVIEW ARTICLE

$2505 or 100%, with costs increasing significantly with the class of 
obesity, from 68.4% for class I to 233.6% for class III.5

Mirroring these trends, there has been a significant raise in 
the number of bariatric operations that have been performed 
annually. Current estimates for the number of total bariatric 
operations approach nearly 200,0006 in the United States, which 
vastly overshadows estimates of 13,365 cases from nearly 25 years 
ago.7 The Roux-en-Y Gastric Bypass (RYGB) had long been the 
more commonly performed operation for the achievement 
of weight loss in previous decades, however, the sleeve 

Introduction

Alterations in the alimentary tract can pose challenges to patients 
presenting with biliary disease. The focus of this discussion will be the 
access to the biliary tree in those with Roux-en-Y anatomy following 
metabolic surgery, however, the indications for surgically altered 
anatomy also include those with Billroth reconstruction for oncologic 
or peptic ulcer disease, pancreaticoduodenectomy for pancreatic 
and biliary disease, and Roux reconstructions for other indications, 
oncologic or traumatic. Historically, oncologic indications were more 
common for Roux alterations in anatomy.1 Cesar Roux (1857–1934) first 
described the procedure to bypass the obstructed gastric outlet due 
to the sequelae of severe peptic ulcer disease.2 The more common 
indication in the current era, however, is for bariatric purposes.

The obesity epidemic continues to grow worldwide. In the 
United States, over 41.7% of Americans are noted to be obese [body 
mass index (BMI) > 30 mg/kg2], and rates of severe obesity (BMI > 
40) have nearly doubled in the last 20 years (4.7% in 2000–9.2% 
in 2020).3 This incurs a significant amount of morbidity for those 
affected individuals, as obesity account for 400,000 deaths in the 
United States4 and leads to a significant increase in healthcare costs. 
Adults with obesity in the United States compared with those with 
normal weight experienced higher annual medical care costs by 
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Abstract
Objectives: Describe the indications, technique, and success rates for Laparoscopic-assisted Endoscopic Retrograde Cholangiopancreatogram (ERCP).
Methods: A review of the literature was performed to describe the common indications for imaging of the biliary system in surgically-altered 
anatomy. A majority of the data is drawn from experiences in patients with choledocholithiasis following bariatric surgery.
Results: Laparoscopic-assisted endoscopic retrograde cholangiopancreatogram (ERCP) has a high technical and therapeutic success rate 
(98.5–100% and 97.5–99%, respectively). It requires the coordination of both the surgical and endoscopy teams and is associated with long 
procedural time (134–180 minutes). Complication rate ranges from 0–30% but most of them minor and self-limiting.
Conclusion: Laparoscopic-assisted Endoscopic Retrograde Cholangiopancreatogram (ERCP) can be technically and logistically challenging but 
has a high technical success rate. Complications occur but are seldom of significant clinical consequence.
Keywords: Altered anatomy, LA-ERCP, Y de Roux.

Abstracto
Objetivos: Describir las indicaciones, la técnica y las tasas de éxito para La Colangiopancreatografía Retrógrada Endoscópica laparoscópicamente 
asistida.
Métodos: Se realizó una revisión de la literatura para describir las indicaciones comunes para obtener imágenes del sistema biliar en la anatomía 
alterada quirúrgicamente. La mayoría de los datos provienen de experiencias en pacientes con coledocolitiasis después de una cirugía bariátrica.
Resultados: La Colangiopancreatografía Retrógrada Endoscópica laparoscópicamente asistida tiene una alta tasa de éxito técnico y terapéutico 
(98.5–100% and 97.5–99%, respectivamente). Requiere la coordinación de los equipos quirúrgico y de endoscopia y se asocia con un tiempo de 
procedimiento prolongado (134–180 minutos). La tasa de complicaciones varía de 0 a 30%, pero la mayoría de ellas son menores y autolimitadas.
Conclusión: La Colangiopancreatografía Retrógrada Endoscópica laparoscópicamente asistida puede ser un desafío técnico y logístico, pero 
tiene una alta tasa de éxito técnico. Ocurren complicaciones, pero rara vez tienen consecuencias clínicas significativas.
Palabras clave: Anatomía alterada, LA-CPRE, Y de Roux.
Panamerican Journal of Trauma, Critical Care & Emergency Surgery (2022): 10.5005/jp-journals-10030-1400
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divisum, iatrogenic clipping of the bile duct, investigation for 
malignancy,17 and hepatic duct injury from trauma.20

Endoscopic-assisted ERCP and Operative Options
Initial endoscopic evaluation of the biliary tree in post-RYGB 
patients was first described in 1988 via the use of a pediatric 
colonoscope.21 One of the first series describing the technique 
achieved an impressive rate of the overall success of 84%,22 however 
these accomplishments were performed using a forward viewing 
scope and lacked the technical capabilities of a side-viewing 
duodenoscope, precluding the use of conventional stents and other 
accessories, such as an elevator that assists with the orientation of 
the scope during cannulation.23

Other options are to use balloon-assisted ERCP, however, 
both single-balloon and double-balloon techniques have 
somewhat poor success rates, ranging from 70.7 to 96% and 
73 to 92.9%, respectively. Thus, an endoscopy—first approach 
would result in about two-thirds of patients needing an 
additional procedure.19 Operative exploration of the biliary 
tree, such as common bile duct exploration, has previously 
documented mortality rates of 1.3–4% and high morbidity rates 
that approach 50%. Minimally invasive operative techniques, such 
as laparoscopic common bile duct exploration, can be technically 
challenging unless CBD > 9 mm and still has a failure rate of 5–14% 
and complication rate of 5–18%.24

Thus, additional options to evaluate and clear the biliary tree 
became necessary. The first description of laparoscopic-assisted 
endoscopic retrograde cholangiopancreatogram was in 1992, 
in a patient with biliary colic and a history of gastrostomy tube 
placement for severe esophageal obstruction.25 This technique 
was later adopted by Barron and Vickers years later, however in this 
case the gastrostomy tube tract was created for the sole purpose 
of ERCP.26

LA-ERCP Logistical and Technical Considerations
The procedure involves coordination with operating room staff, 
the endoscopist, and their associated staff, as well as the surgeon. 
As previously mentioned, the creation of the gastrostomy tract can 
be performed at the time of the ERCP or in advance, with some 
waiting up to 6 weeks for the tract to mature prior to endoscopy 
attempts.17 There have been several descriptions of the procedure 
itself, however, many of which follow a consistent pattern. The 
patient lay on the operating room table in lithotomy positioning, 
legs abducted and secured so that one may achieve appropriate 
tilt of the operating room table to help facilitate visualization of 
structures during laparoscopy and endoscopic maneuvering.

The surgeon positions themselves between the patient’s legs, 
and the endoscopist is to the patient’s left side. Laparoscopic 
video monitors are placed at the patient’s head, and endoscopic 
monitors are placed on the patient’s right side. As few as three 
surgical ports can be utilized for the laparoscopic-assisted ERCP 
(two workings and one for the passage of the endoscope),17 but 
others describe the use of four (up to five if performing concomitant 
cholecystectomy).23 Access into the abdominal cavity can be 
left to the surgeon’s preference, and the abdomen is insufflated 
to 15 mm Hg. Ports are placed peri-umbilically (5 mm), right 
mid-clavicular line (5 mm), and left mid-clavicular line at or below 
the umbilicus (10 mm). A right anterior axillary line port may be 
placed for gallbladder retraction if performing cholecystectomy. 
Any adhesions encountered are lysed and then gastric remnant 
is identified. An energy-sealing device, such as a LigaSure or 

gastrectomy has become the predominant operation performed 
since 2012.6 Nevertheless, there is an estimated over 490,000 RYGB 
operations that have been performed in the United States this 
past decade, from 2011 to 2020.

RYGB and Risk for Biliary Disease
Laparoscopic RYGB for bariatric purposes was first described in 
1994 by Wittgrove et al.8 and remains one of the most performed 
bariatric operations.6 The RYGB operation achieves weight loss 
in being both restrictive (creation of a small gastric pouch) 
and malabsorptive (gastric pouch anastomosed to a Roux limb 
of small bowel that varies from 75 to 150 cm in length). This 
proves to be a very effective means of weight loss and has the 
longest-lasting effects to combat the effects of obesity and 
obesity-related complications, such as diabetes, hypertension, 
and dyslipidemia.9

The rapid weight loss achieved after RYGB is, unfortunately, 
a risk factor for the development of cholelithiasis and biliary tree 
disease. The presence of diabetes, hyperlipidemia, or class III or 
higher obesity does not appear to play a role,10 but an excessive 
weight loss of either greater than 30 kg over a 6-month period,11 or 
postoperative weight loss of >25% of the patient’s preoperative 
weight,10 appears to be the most consistent risk factor.

Nevertheless, the risk of developing cholelithiasis is relatively 
low when followed longitudinally, and the need for cholecystectomy 
tends to remain under 15%, with most of the cholecystectomy 
postbariatric surgery occurring within the first six months 
postoperative.12 Mishra et al. followed a cohort of 418 RYGB patients 
for a period of 18–88 months (average of approximately 3 years) 
and found the rate of cholelithiasis required to be 13.4%.13 Li 
et al. demonstrated that 9.5% of post-RYGB patients (total cohort 
496 patients) followed for a period of 12–42 months required 
cholecystectomy.10 Routine cholecystectomy at the time of 
bariatric surgery is commonly not generally recommended. There 
is a significantly increased operative time greater than 30 minutes 
when performing concomitant cholecystectomy at the time of 
bariatric surgery when compared to bariatric surgery alone, and 
there is a small increase in complications as well when reviewed 
in the meta-analysis.14

While noncomplicated cholelithiasis can be managed 
with simple cholecystectomy, especially with the benefit of 
improved visualization following weight loss, there is a small 
rate of these patients that develop choledocholithiasis as well. 
Mishra et al. had a rate of 0.96% in their cohort of 418 patients to 
have choledocholithiasis,13 while Li et  al. had a rate of 1.01% of 
“complicated cholelithiasis,” marked by deranged liver function 
test, acute cholangitis, or biliary pancreatitis.10

Given the long length of the bypass limb of 100–200 cm, access 
to the biliary tree is challenging for the endoscopist and surgeon, 
as cannulation of the biliary tree with traditional duodenoscopes 
transorally is low.

Other Indications for ERCP
Similar challenges in a patient with altered surgical anatomy 
are found in those with other biliary pathology. Sphincter 
of Oddi dysfunction (SOD) is another indication for access 
to the biliary tree following RYBG in those with non-specific 
abdominal pain. SOD is estimated to affect approximately 1.5% 
of the population,15 and it can be responsible for up to half of 
the indications for LA-ERCP.16–19 Other indications for access to 
the biliary tree include bile leak, pancreatic duct leak pancreas 
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Challenges and Drawbacks
Despite the near-perfect success rate of the LA-ERCP, it is not 
without its drawbacks. Firstly, this procedure involves the 
coordination of multiple individuals and teams, specifically the 
operating surgeon and endoscopist, as well as the anesthesia 
team and the ancillary staff that help these individuals to perform 
their portions of the case. Secondly, differences in the positioning 
of the patient and the equipment involved pose challenges for 
the endoscopy portion. In the operating room, the patient lay in a 
supine position, compared to the prone positioning in traditional 
ERCP. This affects the orientation of the scope and the quality of 
the X-ray imaging. One often obtains suboptimal imaging on C-arm 
during laparoscopic-assisted procedures.27

As such, there is a learning curve to performing these 
procedures, for each surgeon (five procedures estimated); 
the endoscopist (nine procedures);  and the institution 
(27 procedures).16 This experience can be difficult to achieve, as 
the relative risk of developing choledocholithiasis in this patient 
population is only approximately 1% of nearly 500 patients studied 
over 3.5 years.10

Once the procedure is coordinated amongst the teams, 
however, there remains a significant time commitment. Some 
studies have demonstrated a procedural duration time of 
80 minutes (mean, range of 35–210 minutes),27 however most 
series have procedural time averages closer to the 2–3 hour 
range: 134 minutes (range 66–200), 180 minutes (range not given), 
158.4 minutes (range not given), and 3.1 hours (standard deviation 
of 1.3 hours).16,18,19,23 Additional time is required if needing to 
perform cholecystectomy at the time of surgery, as well, which 
is indicated in approximately one-third of cases.27 Commonly 
attributed reasons for additional time needed in the operating room 
have been due to the need to repair an internal hernia (8% of cases), 
control perioperative bleeding (7% of cases), and management of 
adhesions (6% of cases). Efficiency through experience appears to 
hold true for LA-ERCP, as the 80-minute average time published by 
Koggel et al. reviews 100 patients treated at a single nonacademic 
bariatric surgical center over a 10-year period.27

Adverse Events
Laparoscopic-assisted ERCP is not without its complications, although 
most are classified as minor. The morbidity can be categorized 
between those related to the laparoscopic/surgical portion and 
those relegated to the endoscopic portion. Fairly ubiquitously, most 
complications are self-limiting. The rate of complications ranges 
from 0 to 30%, dependent on the series.16–18,23,27 No deaths are 
reported in patients related to the procedure. Interestingly, when 
concurrent cholecystectomy is performed, the rates of adverse 
events increase from 25 to 33.5% in one case series.27

Of the endoscopic complications described, the most common 
include post-ERCP pancreatitis (PEP), ERCP-related hemorrhage, and 
ERCP-related perforation.23,27 Both Tzedakis and Koggel describe 
the hemorrhage and perforation related to ERCP as limited and 
not requiring further intervention. PEP rates ranged from 0%19 to 
1.4%,17 to 3.8%,16 to 6%,27 and as high as 6.2%.18 Most of these cases 
are listed as mild pancreatitis without significant sequelae. Some 
authors have suggested that their use of peri-procedural rectal 
NSAIDs prevented PEP.19

Complications related to the laparoscopic portion of the case 
largely relate to the gastrostomy and are infectious in nature. 
Perhaps not an adverse event per se, conversion to open occurs in 
approximately 11% of cases16 and largely present in patients with 

Harmonic device, is used to divide the greater omentum to get to 
the lesser sac. Division of the hepatogastric ligament may assist in 
the ability to mobilize the remnant stomach, whose mobilization 
to the left upper quadrant abdominal wall for a left hypogastric 
trocar placement may be helpful. Tzedakis et  al. recommend 
gastrotomy near the gastric antrum, as they found this to help 
facilitate passage of the duodenoscope and minimize the need 
for additional assistance to maintain torque on the scope when 
performing ERCP.23

Securing the remnant wall to the anterior abdominal wall is 
suggested, either via stay sutures23 or purse string sutures.16 This 
may reduce leakage of carbon dioxide insufflation and enteric 
contents, as failure to do so may result in technical challenges or 
postoperative infection, respectively. Balloon trocars can help 
provide an adequate seal and securement of the remnant to the 
abdominal wall, but these trocars are typically <15 mm and cannot 
facilitate the passage of a standard duodenoscope.16 Draping the 
gastrotomy/ERCP port can maintain sterility during the case and 
prevent surgical site infection.27

Following cannulation of the remnant stomach with the 
endoscope, the intra-abdominal pressure is decreased to 5 mm 
Hg. A bowel clamp proximal to the jejunojejunostomy can help 
prevent distension of the small bowel, which is particularly 
helpful in performing concurrent cholecystectomy. Alternatively, 
cholecystectomy can be performed prior to gastric cannulation, 
so one need not worry about intestinal dilation obscuring one’s 
view. The placement of a trans-cystic duct wire can help identify 
the ampulla of Vater endoscopically via a rendezvous approach. 
If cholecystectomy is performed first and ERCP is unsuccessful, 
however, there is a small risk of cystic duct stump leak until the 
biliary tree is cleared. After completion of the endoscopy portion, 
partial gastrectomy, and gastrostomy closure are achieved using 
an endo-GIA stapler device.16 Transfascial sutures are used to close 
any defects greater than 5 mm, and the abdomen is desufflated.23

Patients are monitored in an inpatient setting postoperatively 
to ensure no major complications have occurred from either the 
laparoscopic portion or the endoscopic portion of the case. Most 
tend to discharge two days after the procedure is completed.16,23,27

Outcomes
High rates of success are observed in those patients having 
undergone laparoscopic-assisted ERCP, in nearly all classes of 
indications. The review of the literature defines success as two-fold: 
technical success is a visualization of the ampulla of Vater, while 
therapeutic success is the completion of the treatment itself 
(commonly sphincterotomy, stone extraction, or both).

Consistently throughout the literature, both in small case series 
and larger meta-analyses, there is high success rates of LA-ERCP. 
The technical success rate for LA-ERCP has been described as 
high as 100%16,19,23,27 and otherwise approaching 100% (98.9% in 
Banerjee’s review,17 98.5% in Ayoub’s review18). Therapeutic success 
rates have been listed as 97.5%,18 98.5%,17 and 99%16 when dealing 
primarily with the management of stones. SOD was found to have 
complete resolution of symptoms in 72% of patients, with a 100% 
likelihood of success in Milwaukee Type I SOD patients.19

A small portion of patients requires to repeat LA-ERCP in order 
to complete 100% technical success.27 While a technical failure of 
the laparoscopic-assisted portion of the procedure, AlMasri et al. 
demonstrated a 100% technical success rate but with the need 
for 11% of patients to need conversion to open surgery in order to 
facilitate completion of the case.16
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has a favorable profile with the logistical concerns discussed 
regarding LA-ERCP and may be an attractive option for those 
patients that may need repeated procedures or are at higher risk 
of laparoscopic-associated adverse events.19

Conclusion

In patients with surgically altered anatomy, traditional transoral 
ERCP can be difficult and nonfeasible given the technical 
challenges in attempting to traverse the long alimentary limb. 
Forward-facing scopes have low success given the challenges of 
reaching the ampulla and then being able to cannulate the biliary 
tree. Laparoscopic-assisted ERCP is a highly successful technique 
in diagnosing and treating biliary disease in those patients with 
altered anatomy. It is, however, with its own logistical challenges, 
long operating room times, and risk of complications. EUS-Directed 
Transgastric ERCP is a novel technique that involves the creation 
of an internal fistula to access the remnant stomach to access the 
biliary tree with similar rates of success and adverse events. EDGE 
may be an attractive option for patients based on local expertise 
and coordination of services.
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