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Abstract
Introduction Rapid weight loss following Roux-en-Y gastric bypass surgery (RYGB) translates to an increased need for 
endoscopic retrograde cholangiopancreatography (ERCP) intervention. Laparoscopically Assisted Transgastric ERCP (LA-
ERCP) has emerged to address the issue of accessing the excluded stomach. This study aims to evaluate the safety and efficacy 
of LA-ERCP procedure following RYGB.
Methods The Cochrane, EMBASE, SCOPUS, MEDLINE, Daily and Epub databases were searched from inception to May 
2022 using the PRISMA guidelines. Eligible studies reported participants older than 18 years who underwent the LA-ERCP 
procedure, following RYGB, and outcomes of patients.
Results 27 unique studies met the inclusion criteria with 1283 patients undergoing 1303 LA-ERCP procedures. 81.9% of the 
patients were female and the mean age was 52.18 ± 13.38 years. The rate of concurrent cholecystectomy was 33.6%. 90.9% of 
procedures were undertaken for a biliary indication. The mean time between RYGB and LA-ERCP was 89.19 months. The 
most common intervention performed during the LA-ERCP was a sphincterotomy (94.3%). Mean total operative time was 
130.48 min. Mean hospital length of stay was 2.697 days. Technical success was 95.3%, while clinical success was 93.8%. 
294 complications were recorded with a 20.6% complication rate. The most frequent complications encountered were pan-
creatitis (6.8%), infection (6.1%), bleeding (3.4%), and perforation (2.5%). Rate of conversion to open laparotomy was 7%.
Conclusion This meta-analysis presents preliminary evidence to suggest the safety and efficacy of LA-ERCP procedure fol-
lowing RYGB. Further investigations are warranted to evaluate the long-term efficacy of this procedure using studies with 
long-term patient follow-up.

Keywords RYGB · LA-ERCP · Laparoscopically assisted transgastric ERCP · Gastric bypass · Meta-analysis

Obesity continues to be one of the most prominent contem-
porary medical problems with an increase in bariatric sur-
gery as the most effective treatment for morbid cases [1, 2]. 
One of the most common bariatric surgeries is Roux-en-Y 
gastric bypass (RYGB) with more than 150,000 yearly pro-
cedures performed worldwide [2].

RYGB alters the normal gastrointestinal anatomy as 
to exclude most of the stomach, duodenum, and proximal 
jejunum. This leads to rapid weight loss over the period of 
12–18 months, predisposing to complications such as chole-
lithiasis, choledocholithiasis and gallstone pancreatitis [3–5]. 
This translates to an increased need for investigation and/or 
treatment with endoscopic retrograde cholangiopancreatog-
raphy (ERCP) in RYGB patients [6]. However, the altered 
anatomy of RYGB patients renders conventional access to 
the pancreaticobiliary tract more difficult, leading to the rise 
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of alternative ERCP approaches such as rotational and single 
or double-balloon enteroscope [3, 7]. These approaches are 
hindered by some major limitations such as the inability to 
reach the papilla or to cannulate the desired ducts, so novel 
techniques were implemented [7–10].

Laparoscopic-assisted ERCP (LA-ERCP), the focus of 
our study, was first described in 2002 [13] and continues to 
be widely used [14]. It is a single-stage laparoscopic tech-
nique that includes a trocar being placed in the remaining 
stomach followed by insertion of the conventional duodeno-
scope through the trocar to reach the ampulla of Vater [15]. 
LA-ERCP is distinguished by its high technical success rate 
of reaching the major papilla as well as a high clinical suc-
cess rates, determined by the completion of intended treat-
ment [14, 16, 17]. However, regarding complication and 
adverse event rates, some studies report low rates [15, 18, 
19], whereas other studies report high ones [20–22]. These 
complications include bleeding, perforation, pancreatitis, 
and wound infection. These conflicting results raises uncer-
tainties on whether the benefits of LA-ERCP truly outweigh 
its risks.

Thus, the aim of this systematic review and meta-analysis 
is to evaluate the efficacy and safety of LA-ERCP in function 
of its success and complication rates. Types of intervention, 
total operative time and hospital stay were also valuated. To 
our knowledge, this is the largest and most comprehensive 
systematic review and meta-analysis of the aforementioned 
outcomes.

Methods

Search strategy and data sources

A comprehensive search of several databases from incep-
tion to May 6, 2022, was conducted and limited to English 
language only. The databases included Ovid MEDLINE(R) 
and Epub Ahead of Print, In-Process & Other Non-Indexed 
Citations, Daily, Ovid EMBASE, Ovid Cochrane Central 
Register of Controlled Trials, Ovid Cochrane Database of 
Systematic Reviews, and Scopus. The search strategy was 
designed and conducted by a medical reference librarian. 
Controlled vocabulary supplemented with keywords was 
used to search for studies describing Laparoscopic-assisted 
ERCP (LA-ERCP) and RYGB.

Eligibility criteria and quality assessment

Eligible studies must have met all the following inclusion 
criteria: (1) participants must be older than 18 years who 
underwent gastric bypass; (2) participants underwent LA-
ERCP procedure, (3) Reported primary outcomes of techni-
cal or clinical success of procedure or complications/adverse 

events following the procedure. Technical success of the LA-
ERCP procedure was defined as either access to the excluded 
stomach or the successful cannulation of the intended duct. 
Clinical success of the EDGE procedure was defined as suc-
cessful performance of EUS or ERCP. The methodological 
quality of each study was independently evaluated by two 
authors (BS and MS) using the ROBINS – I tool [23].

Statistical analysis

Means of continuous variables and rates of binary variables 
were pooled using the random-effects model, generic inverse 
variance method of DerSimonian and Laird [24]. Propor-
tions underwent logit transformation prior to meta-analysis. 
The heterogeneity of effect size estimates across the studies 
was quantified using the Q statistic and the I2 index (P < 0.10 
was considered significant). A value of I2 of 0–25% indicates 
minimal heterogeneity, 26–50% moderate heterogeneity, and 
51–100% substantial heterogeneity. Data analysis was per-
formed using Open Meta analyst software (CEBM, Brown 
University, Providence, Rhode Island, USA). If mean and 
standard deviation (SD) were unavailable, the median was 
converted to mean using the formulas from the Cochrane 
Handbook for Systematic Reviews of Interventions [25].

Results

Study selection and characteristics

The initial search yielded 606 potentially relevant articles 
from which 27 unique studies involving 1283 patients met 
eligibility criteria [15, 16, 18–22, 26–45]. The details of 
the study selection process and PRISMA flow diagram are 
depicted in Supplementary Fig. 1.

Risk of bias

Results of the quality assessment of all included studies are 
shown in Supplementary Fig. 2. Overall risk of bias was low 
in 75% of included studies, while 25% of included studies 
had a moderate risk of bias.

Baseline and clinical characteristics

The baseline characteristics of the included studies are com-
prehensively described in Table 1. 1283 included patients 
underwent a total of 1303 LA-ERCP procedures. 1051 
patients (81.9%) were female. The mean age of the partici-
pants was 52.18 ± 13.38 years. 56.8% of patients (n = 686) 
had a cholecystectomy prior to LA-ERCP (95% CI 0.474, 
0.657; I2 = 78.85%) [16, 18, 20–22, 26, 28, 30–32, 34, 36–39, 
41–44]. 33.6% had a concurrent cholecystectomy with 
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LA-ERCP (n = 326)_(95% CI 0.251, 0.432; I2 = 81.17%) [15, 
16, 19–22, 26–28, 30, 32, 34, 36–39, 41–44]. Of 1247 LA-
ERCP procedures, 1149 procedures were undertaken for a 
biliary indication (90.9%, 95% CI 0.867, 0.938; I2 = 47.16%) 
while 80 procedures were undertaken for a pancreatic indi-
cation (8.6%, 95% CI 0.058, 0.124; I2 = 42%), while the rest 
of the procedures were undertaken for other indications not 
stated in the papers included. The clinical characteristics of 
the patients undergoing the LA-ERCP procedure are shown 
in Table 2. The mean time between RYGB and LA-ERCP 
was 89.19 months (95% CI 61.03, 117.35; I2 = 99.68%) [21, 
22, 26, 28, 30, 31, 36–38, 44, 45]. The most common inter-
vention performed during the LA-ERCP was a sphincter-
otomy, being performed 94.3% of the time (95% CI 0.926, 
0.956; I2 = 0%), followed by stone/sludge/cast extraction 
at 65.9% (95% CI 0.537, 0.764; I2 = 82.99%), followed by 
biliary/pancreatic stent placement at 9.7% (95% CI 0.049, 
0.184; I2 = 66.38%), followed by ampulla/papilla/stricture 

dilation at 5.1% (95% CI 0.02, 0.122; I2 = 61.4%), and lastly 
by biliary/pancreatic stent extraction at 5.0% (95% CI 0.036, 
0.068; I2 = 0%). Figure 1 shows the forest plot of total opera-
tive time and length of hospital stay of the LA-ERCP proce-
dure. The mean total operative time was 130.48 min (95% CI 
100.04, 160.92; I2 = 98.42%) [16, 18, 20, 26, 28, 33–35, 37, 
38, 43, 44]. In addition, the mean hospital length of stay was 
2.697 days (95% CI 2.336, 3.058; I2 = 89.63%) [16, 18–22, 
26, 28, 30, 31, 33–35, 38, 41–44].

Outcomes of LA‑ERCP procedure

The outcomes of the LA-ERCP procedure are depicted in 
Table 3. The pooled technical success of LA-ERCP was 
95.3% (95% CI 0.931, 0.968; I2 = 0%) [15, 16, 18, 19, 21, 
22, 26–45], while the clinical success of the LA-ERCP pro-
cedure was 93.8% (95% CI 0.909, 0.958; I2 = 0%) [15, 16, 
18, 19, 22, 26, 28, 30–32, 34, 36–45]. Figure 2 demonstrates 

Table 1  Baseline characteristics of included studies and patients

NR not reported

Study Author No. of 
partici-
pants

No. of 
proce-
dures

Gender 
(female)

Mean age ± SD Cholecystectomy 
status

Indication for 
procedure

Previous Concurrent Biliary Pancreatic

Abbas et al., USA, Brazil, Canada 579 579 488 51 ± 13.33 423 114 518 45
AlMasri et al., 2021 USA 131 131 106 60 ± 12.59 66 62 128 NR
Bowman et al., 2016 USA 11 11 8 48.8 ± 13.7 NR 3 6 4
Ceppa et al., 2006 USA 5 5 NR NR NR 2 5 0
Clapp et al., 2021 USA 12 12 10 44.8 ± 10.6 12 NR 11 1
Falcão et al., 2012 Brazil 23 23 19 35.3 ± 6.7 13 10 23 0
Frederiksen et al., 2017 Denmark 29 31 25 46 ± 10 15 12 31 0
Grimes et al., 2014 USA 38 38 36 47.8 NR NR NR NR
Habenicht et al., 2018 USA 16 17 NR 55.8 ± 9.5 11 5 17 0
Ivano et al., 2019 Brazil 7 7 4 43.5 ± 14.6 3 NR 7 0
Kedia et al., 2018 USA 43 44 36 55 ± 11.75 16 23 36 7
Kochhar et al., 2020 USA 18 18 12 60.78 ± 12.67 NR NR 19 2
Koggel et al., 2021 Netherlands 86 100 70 53.5 ± 11.25 46 36 100 0
Kroll et al., 2020 Switzerland 14 14 11 45.5 ± 11 6 8 14 0
May et al., 2018 USA 51 51 45 55.4 ± 10.9 NR NR 51 0
Mohammad et al., 2020 USA 32 32 26 54 ± 13 17 6 30 2
Paranandi et al., 2016 UK 7 7 7 50.28 ± 14.4 5 0 7 0
Patel et al., 2008 USA 8 8 7 44 ± 10.7 7 1 6 2
Richardson et al., 2012 USA 11 11 9 54.27 ± 12.55 NR 1 8 3
Roberts et al., 2008 USA 5 5 5 44.6 ± 9.5 5 0 5 0
Saleem et al., 2012 USA 15 15 12 50.9 ± 12.6 8 3 14 1
Schreiner et al., 2012 USA 24 24 19 52 NR NR 23 1
Snauwaert et al., 2015 Belgium 23 23 18 54 ± 13.25 10 13 19 4
Telfah et al., 2020 UK 12 12 9 64 ± 9.75 10 1 12 0
Tonnesen et al., 2020 Norway 37 39 27 48.8 ± 13 10 25 38 1
Tzedakis et al., 2019 France 4 4 4 41.25 ± 10.66 3 1 3 1
Wang et al., 2021 USA 42 42 38 50.6 ± 15.9 NR NR 37 5
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Table 2  Clinical characteristics of LA-ERCP procedure

Study No. of 
proce-
dures

Mean time 
between RYGB 
and LAERCP 
(months) ± SD

Mean total 
opera-
tive time 
(min) ± SD

Mean 
hospital stay 
(days) ± SD

Interventions performed during LAERCP

Sphincter-
otomy

Extraction 
of stone/
sludge/cast

Dilation 
(ampulla/
papilla/stric-
ture)

Stent 
placement 
(biliary/pan-
creatic)

Stent extrac-
tion (biliary/
pancreatic

Abbas et al., 
2017

579 NR 152 ± 74.81 2 ± 1.48 550 253 147 126 30

AlMasri 
et al., 2021

131 81.6 ± 63.1 180 ± 67.4 3 ± 1.48 128 102 0 7 0

Bowman 
et al., 2016

11 NR NR NR 9 5 0 2 0

Ceppa et al., 
2006

5 NR NR NR 4 1 0 0 0

Clapp et al., 
2021

12 56.4 ± NR 65.6 ± 15.8 2.8 ± 3.1 12 NR NR NR NR

Falcão et al., 
2012

23 16.34 ± 5.22 92.7 ± 25.76 2.13 ± 0.69 23 17 0 0 0

Frederiksen 
et al., 2017

31 36 ± 21 NR 2 ± 5.25 NR 31 NR NR NR

Grimes 
et al., 2014

38 NR 264.8 ± NR 4.2 ± NR NR NR NR NR NR

Habenicht 
et al., 2018

17 82.8 ± 3.25 NR 3.69 ± 3 15 15 0 1 1

Ivano et al., 
2019

7 516 ± 54.7 NR 2.4 ± 0.98 7 7 0 7 0

Kedia et al., 
2018

44 NR 184 ± 84.5 2.65 ± NR 43 NR NR NR NR

Kochhar 
et al., 2020

18 NR 158 ± 50 2.44 ± 1.82 NR NR NR NR NR

Koggel 
et al., 2021

100 27 ± 44.25 80 ± 43.75 2 ± 3.25 92 54 NR NR NR

Kroll et al., 
2020

14 NR 165 ± 91.25 6.5 ± 2 14 14 NR NR NR

May et al., 
2018

51 NR 186 ± 78 1.9 ± 3 NR NR NR NR NR

Mohammad 
et al., 2020

32 64.2 ± 88.2 NR NR 32 31 0 1 0

Paranandi 
et al., 2016

7 43.14 ± 37.89 96.3 ± 20.8 NR 6 5 0 0 1

Patel et al., 
2008

8 38.26 ± 16.07 123.9 ± 35.4 3.13 ± 2.17 8 2 0 0 0

Richardson 
et al., 2012

11 NR NR 1.7 ± 0.82 11 6 0 0 0

Roberts 
et al., 2008

5 NR NR NR 5 1 0 0 0

Saleem 
et al., 2012

15 NR 45 ± 19.4 3.73 ± 2.05 15 3 0 1 0

Schreiner 
et al., 2012

24 NR 172 1.67 ± NR NR NR NR NR NR

Snauwaert 
et al., 2015

23 NR NR 2.8 ± 0.5 23 17 NR NR NR

Telfah et al., 
2020

12 NR NR 2 ± 1.25 10 9 1 1 0

Tonnesen 
et al., 2020

39 NR 179.1 ± 63.2 NR NR NR NR NR NR
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the forest plots of success rates of the LA-ERCP procedure. 
Out of 1303 procedures, 294 complications were recorded 
(20.6%, 95% CI 0.156, 0.267; I2 = 66.83%). Moreover, the 
four most frequent complications encountered were pan-
creatitis with 73 incidents at 6.8% (95% CI 0.055, 0.084; 
I2 = 0%), followed by infection with 66 incidents at 6.1% 
(95% CI 0.049, 0.076; I2 = 0%), followed by bleeding (Intra-
operative ERCP and Laparoscopic bleeding and post-op 
bleeding) with 28 incidents at 3.4% (95% CI 0.025, 0.047; 
I2 = 0%), and perforation with 16 incidents at 2.5% (95% 
CI 0.017, 0.037; I2 = 0%). Figure 3 shows the forest plots 
of complication rates of the LA-ERCP procedure. Other 
complications with lower rates include cholangitis, gas-
tric site leak, ileus, cardiovascular and respiratory adverse 
events, wound dehiscence, bowel obstruction, nerve entrap-
ment and abdominal pain. Table 4 shows the pooled rates 
of other complications of the LA-ERCP procedure. Out of 
275 complications, 226 were classified as minor or moder-
ate or Clavien–Dindo Grade I or II (73.7%, 95% CI 0.604, 
0.837; I2 = 60.27%), while 49/275 were classified as severe, 
or life-threatening or Clavien-Dindo Grade III or IV (26.3%, 
95% CI 0.163, 0.396; I2 = 60.27%) [16, 20–22, 26, 30, 32, 
34, 35, 37, 40, 43, 45]. The pooled rate of conversion to 
open laparotomy was 7% (95% CI 0.056, 0.088; I2 = 0%) 
with 67/1213 procedures undergoing this conversion [15, 
16, 18–22, 26–32, 34–42, 44, 45].

Discussion

The search for an optimal procedure allowing for ERCP to 
be performed in patients with RYGB anatomy is ongoing. 
Thus, the primary aim of this systematic review and meta-
analysis was to investigate the efficacy and safety of the lap-
aroscopic-assisted ERCP (LA-ERCP) following RYGB. To 
our knowledge, this is the most comprehensive systematic 
review and meta-analysis to evaluate the efficacy and safety 
of LA-ERCP as a function of its success and complication 
rates. Types of intervention, total operative time and hospital 
stay were also comprehensively evaluated.

A total of 27 studies including 1283 patients and 1303 
LA-ERCP procedures were included. Our study demon-
strated that the LA-ERCP procedure is feasible, efficient, 
and has high technical and clinical success rates.

The pooled overall technical success in our study was 
considerably high and similar to the rate of success of ERCP 
in normal GI anatomy [46]. This translates to a high rate of 
successful cannulation of the desired duct in LA-ERCP and 
thus correlates to the high clinical success rate.

It is important to view LAERCP outcomes in the con-
text of results obtained from other techniques currently 
used in RYGB patient management as this can influence 
the choice of procedure and healthcare provided to patients. 
EUS-guided transgastric ERCP (EDGE) is a novel technique 
introduced by Kedia et al. in 2014 [11]. Another recently 
popular approach is laparoscopic trans-cystic common bile 
duct exploration (LTCBDE) [47].

In patients with RYGB anatomy, balloon enteroscopy 
ERCP (BE-ERCP) had a lower technical success rate of 
71.4%, while EDGE and LTCBDE had a similar rate of 
95.5% and 90,9% respectively [12, 48]. However, LTCBDE 
can be limited by the size of the bile duct stone more com-
monly being used with stones < 4 mm and less frequently in 
stones > 8 mm [49]. Da Ponte-Neto postulates that the high 
success rates of LA-ERCP are due to firstly, the use of stand-
ard duodenoscopes allowing for better tangential visualiza-
tion of the papilla and use of other appropriate ERCP acces-
sories, and secondly due to the use of an elevator allowing 
for better access to the papilla, both of which are not used in 
balloon enteroscopy-based techniques [14].

However, despite the high success rates, the pooled rate 
of overall complications was shown to be relatively high. 
Similar results are found in a previous meta-analysis with an 
overall complication rate of 18% and a similar distribution 
of complications [12].

LA-ERCP post ERCP pancreatitis (PEP) rates are 
comparable to conventional ERCP [46]. Risk factors for 
increased rates of PEP are prolonged or difficult cannula-
tion and mechanical trauma to the pancreatic sphincter caus-
ing subsequent edema [46]. The use of wire guided biliary 

NR not reported

Table 2  (continued)

Study No. of 
proce-
dures

Mean time 
between RYGB 
and LAERCP 
(months) ± SD

Mean total 
opera-
tive time 
(min) ± SD

Mean 
hospital stay 
(days) ± SD

Interventions performed during LAERCP

Sphincter-
otomy

Extraction 
of stone/
sludge/cast

Dilation 
(ampulla/
papilla/stric-
ture)

Stent 
placement 
(biliary/pan-
creatic)

Stent extrac-
tion (biliary/
pancreatic

Tzedakis 
et al., 2019

4 31.75 ± 31.7 132 ± 54.7 3.75 ± 1.5 NR 4 NR NR NR

Wang et al., 
2021

42 100.8 ± 62.4 NR 3 ± 8.5 NR NR NR NR NR
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cannulation as well as the use of pancreatic stents can reduce 
the risk of PEP, however placing stents can be difficult and 
carries its own risks [46].

Our overall rate of complications is higher than the rate 
of complications in ERCPs performed in normal GI anat-
omy [46]. The complication rate is comparable with EDGE 
and LTCDBE but is higher than BE-ERCP (9.9%) [12, 14, 
49]. However, procedures like EDGE have further limita-
tions such as the need for a 2-stage procedure as well as the 
possibility of permanently forming a gastro-gastric fistula 

that affects the integrity of the RYGB, and a relatively high 
complication rate including formation of gastro-gastric fis-
tulas [3, 12]. Importantly, the majority of complications in 
our study (73.7%) were classified as mild or moderate or 
Clavien-Dindo I or II. This carries important clinical sig-
nificance as the incidence of severe or life-threatening com-
plications is relatively low. The higher complication rate in 
LA-ERCP can possibly be explained due to the laparoscopic 
procedure itself carrying certain risks not present in endo-
scopic procedures, such as wound and tube site infections, 

Fig. 1  Forest plots of total operative time and length of hospital stay of the LA-ERCP procedure
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Fig. 2  Forest plots of success rates of the LA-ERCP procedure
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laparoscopic-related bleeding, and laparoscopy-related per-
forations [29]. Additionally, Abbas et al. demonstrated that 
procedures converted to open laparotomy had an increased 
risk of complications [20]. In our study, the rate of con-
version of LA-ERCP procedures to open laparotomies was 

comparable with current literature [14]. The most common 
predictors to conversion to open surgery is the presence of 
adhesions in the setting of multiple prior abdominal opera-
tions and a large decrease in BMI between RYGB and LA-
ERCP with odds ratios of 10.4 and 1.1 respectively [26]. 

Fig. 3  Forest plots of complication rates of the LA-ERCP procedure
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Furthermore, if a patient had a concurrent cholecystectomy 
during LA-ERCP, this could certainly influence the adverse 
event rate, which our analyses showed to be higher. Moreo-
ver, factors like the placing of an indwelling G-tube and 
the use of periprocedural antibiotics could have a impact on 
the rate of complications [20]. This warrants further large, 
two-arm controlled research assessing the factors contribut-
ing to the complication rate, with clear distinctions between 
ERCP related and laparoscopic related adverse events. On 
the other hand, certain studies have shown a reduced rate of 
complications and higher rate of papilla access by perform-
ing a rendezvous procedure using trans-cystic guided can-
nulation [50]. Although the potential benefits of this novel 
technique are promising, there have been limited studies in 
the literature to support its effectiveness. A well-designed, 
large prospective, two-arm study or randomized control trial 
is necessary to further our understanding and determine the 
clinical benefits for patient outcomes.

In our study, the pooled total operative time for LA-
ERCP was similar to that of LTCDBE but longer than that 
of BE-ERCP, and EDGE (55–80 min) [11, 48, 51, 52]. The 
shorter procedure duration of endoscopic methods achieved 
in BE-ERCP come at the expense of a lower success rates 
[14]. The heterogeneity for our pooled operative time is high 
(98.42%) and this could present an explanation for the dis-
crepancy between our findings and other ERCP modalities. 
Some studies report median operative time as low as 45 min, 
and others as high as 180 min. This suggests that the opera-
tive time may depend on factors external to the procedure 
itself such as the expertise of the surgeons, equipment used, 
patient characteristics, and coordination between the sur-
geons and the endoscopists. In addition, longer procedure 
times may be explained by concurrent cholecystectomies, 
which cannot be performed with different modalities like 
EDGE and BE-ERCP. This has the advantage of reducing 
the total number of procedures that a patient has to undergo, 

however, in certain institutions, the ERCP and the cholecys-
tectomy are conducted by different disciplines which may 
add logistical challenges, further increasing the procedure 
time [51]. Additionally, LA-ERCP allows for the diagno-
sis and concomitant management of adhesions (reported in 
20%) and internal hernias [16, 17, 20].

Hospital stay length similarly follows the same trend, 
being slightly higher than both EDGE and BE-ERCP, with 
a reported mean hospital stay of respectively 0.8 days and 
1.67 days [11, 40]. This is because EDGE is performed 
in the endoscopy suite as an outpatient procedure [32]. 
Although one less day spent in the hospital on average has 
a fiscal and resource benefit, the benefit of LA-ERCP is it 
allows for concomitant management of conditions stated 
above while simultaneously having relatively short and a 
similar length of stay to EDGE.

Previous studies comparing LA-ERCP and EDGE have 
been published [12], however, the existing evidence is not 
sufficient to make a clear determination of their relative 
effectiveness. A randomized control trial is needed to have 
a direct comparison and establish a definitive conclusion.

Our systematic review and meta-analysis has some 
important limitations of note most of which are inherent to 
any meta-analysis. Firstly, our analysis included retrospec-
tive studies, and this contributes to selection bias. Secondly, 
our study was unable to analyze and validate the long-term 
outcomes of LA-ERCP due to the lack of data in included 
studies. As such, it is necessary to follow-up and maintain 
contact with these patients to evaluate this procedure in 
the long-term. Additionally, the definition of technical and 
clinical success rates varied in each study with some stud-
ies defining technical success as reaching the papilla, while 
other cannulating the papilla. Thus, it is important to adopt 
a unified definition as well as standardized reporting meth-
ods to allow for less heterogeneity. Finally, this procedure is 
relatively novel procedure and requires expertise from both 
the surgeon and the endoscopist. This study does not assess 
the learning curve for LA-ERCP and does not account for 
the skill of the surgeon and/or endoscopist, thus possibly 
introducing heterogeneity and bias to the results. Neverthe-
less, this study is the largest and most comprehensive avail-
able in literature for the LA-ERCP procedure. More studies 
are warranted to better evaluate the clinical performance of 
LA-ERCP procedure, especially with respect to its adverse 
events and the factors that influence them. We also believe 
that a large randomized controlled trial comparing LA-
ERCP, and EDGE is warranted and should be the next step 
in order to reduce the limitations stated above.

In summary, this meta-analysis presents preliminary evi-
dence evaluating the safety and efficacy of the LA-ERCP 
procedure in RYGB patients. Despite limited data in this 
meta-analysis, there appears to be a high technical and clini-
cal success rate. Moreover, there appears to be a promising 

Table 4  Summarized complication rates

Complication Estimate (%) 95% CI I2 (%)

Pancreatitis 6.8 0.055–0.084 0
Infection 6.1 0.049–0.076 0
Bleeding 3.4 0.025–0.047 0
Perforation 2.5 0.017–0.037 0
Cardio-respiratory events 2.5 0.017–0.036 0
Abdominal pain 4.1 0.027–0.061 0
Cholangitis 2.1 0.013–0.032 0
Gastric site leak 1.9 0.012–0.029 0
Bowel obstruction 2.3 0.014–0.038 0
Wound dehiscence 2.5 0.015–0.041 0
Ileus 2.4 0.015–0.041 0
Nerve entrapment 2.3 0.014–0.037 0
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trend suggesting an acceptable complication rate, length of 
hospital stay, and efficient operative time. As such, based on 
the aforementioned results, further studies are required to 
elucidate the safety and efficacy of the LA-ERCP procedure 
in a larger number of patients for a longer follow-up period.
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