
Perez-Cuadrado-Robles Enrique (Orcid ID: 0000-0001-8254-7453) 
Bronswijk Michiel J.H. (Orcid ID: 0000-0003-2039-5022) 
Donatelli Gianfranco (Orcid ID: 0000-0003-0645-1710) 
Gonzalez Jean-Michel (Orcid ID: 0000-0001-5772-8236) 
Deprez Pierre H (Orcid ID: 0000-0001-8926-8967) 
 
 
Endoscopic ultrasound-guided drainage using LAMS of malignant afferent limb syndrome in 

patients with previous Whipple surgery: A multicenter study (with video). 

Short running title: EUS drainage of afferent limb syndrome. 

Enrique Pérez-Cuadrado-Robles (1), Michiel Bronswijk (2,3), Fréderic Prat (4), Marc Barthet (5), 

Maxime Palazzo (4), Paolo Arcidiacono (6), Marion Schaefer (7), Jacques Devière (8), Roy L J van 

Wanrooij (9), Ilaria Tarantino (10), Gianfranco Donatelli (11), Marine Camus (12), Andres 

Sanchez-Yague (13), Khanh Do-Cong Pham (14), Jean-Michel Gonzalez (5), Andrea Anderloni 

(15) , Juan J. Vila (16), Julien Jezequel (17), Alberto Larghi (18), Bénédicte Jaïs (4), Enrique 

Vazquez-Sequeiros (19), Pierre H Deprez (20), Schalk Van der Merwe (2), Christophe Cellier (1), 

Gabriel Rahmi (1) 

(1) Department of Gastroenterology. University of Paris. Georges-Pompidou European 

Hospital, Assistance Publique des Hôpitaux de Paris, Paris, France. 

(2) Department of Gastroenterology and Hepatology, University Hospitals Gasthuisberg, 

University of Leuven, Herestraat 49, 3000, Leuven, Belgium 

(3) Department of Gastroenterology and Hepatology, Imelda General Hospital, Bonheiden, 

Belgium.  

(4) Department of Endoscopy. Hopital Beaujon, Assistance Publique des Hôpitaux de Paris, 

Clichy, France. 

(5) Department of Gastroenterology and Endoscopy, Assistance Publique des Hôpitaux de 

Marseille, Hôpital Nord, Marseille, France. 

(6) Division of Pancreato-Biliary Endoscopy and Endosonography, Pancreas Translational 

and Clinical Research Center, San Raffaele Scientific Institute IRCCS, Vita-Salute San 

Raffaele University, Milan, Italy. 

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process which
may lead to differences between this version and the Version of Record. Please cite this
article as doi: 10.1111/den.14330

This article is protected by copyright. All rights reserved.

http://orcid.org/0000-0001-8254-7453
http://orcid.org/0000-0003-2039-5022
http://orcid.org/0000-0003-0645-1710
http://orcid.org/0000-0001-5772-8236
http://orcid.org/0000-0001-8926-8967
http://dx.doi.org/10.1111/den.14330
http://dx.doi.org/10.1111/den.14330
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fden.14330&domain=pdf&date_stamp=2022-04-16


 
 

(7) Department of Endoscopy and Hepatogastroenterology, Regional University Hospital of 

Nancy, Nancy, France. 

(8) Department of Gastroenterology, Hepatopancreatology, and Digestive Oncology, 

Erasme University Hospital - Université Libre de Bruxelles, Brussels, Belgium. 

(9) Department of Gastroenterology and Hepatology, AG&M Research Institute, Vrije 

Universiteit Amsterdam, Amsterdam UMC, Amsterdam, The Netherlands. 

(10)Endoscopy Service, Mediterranean Institute for Transplantation and Advanced 

Specialized Therapies (IRCCS - ISMETT), Palermo, Italy. 

(11)Department of Surgical, Interventional Endoscopy Unit, Private Hospital Peupliers-

Ramsay Santé, Paris, France. 

(12)Sorbonne University, Endoscopic Unit, Saint Antoine Hospital, Assistance Publique 

Hopitaux de Paris, Paris, France. 

(13)Endoscopy Unit, Hospital Costa del Sol, Marbella, Spain. 

(14)Section of Gastroenterology, Department of Medicine, Haukeland University Hospital, 

Bergen, Norway. 

(15)Digestive Endoscopy Unit, Division of Gastroenterology, Humanitas Clinical and 

Research Center - IRCCS, Rozzano, Milan, Italy 

(16)Endoscopy Unit, Gastroenterology Department, Hospital Universitario de Navarra, 

Pamplona, Spain. 

(17) Department of Gastroenterology. University Hospital of Brest, Brest, France. 

(18)Digestive Endoscopy Unit, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, 

Italy 

(19)Department of Gastroenterology and Hepatology, Hospital Universitario Ramón y Cajal, 

Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS), Universidad de Alcalá. 

Madrid, Spain. 

(20) Department of Gastroenterology. Cliniques universitaires Saint-Luc, Brussels, Belgium 



 
 

 

Correspondence author: Enrique Pérez-Cuadrado-Robles, 20 Rue Leblanc, Department of 

Gastroenterology, Georges-Pompidou European Hospital, 75015 Paris, France. 

kikemurcia@gmail.com. Phone number: +33 1 56 09 20 00. Fax: +33 1 56 09 20 00. 

 

 

Enrique Pérez-Cuadrado-Robles, Michiel Bronswijk and Fréderic Prat contributed to the design 

of the manuscript and writing. Marc Barthet, Maxime Palazzo, Paolo Arcidiacono, Marion 

Schaefer, Jacques Devière, Roy L J van Wanrooij, Ilaria Tarantino, Gianfranco Donatelli, Marine 

Camus, Andres Sanchez-Yague, Khanh Do-Cong Pham, Jean-Michel Gonzalez, Andrea Anderloni , 

Juan J. Vila, Julien Jezequel. Alberto Larghi and Bénédicte Jaïs contributed with data collection 

and analysis.  Enrique Vazquez-Sequeiros, Pierre H Deprez, Schalk Van der Merwe, Christophe 

Cellier and Gabriel Rahmi contributed with a critical review.   

 

 

 

 

 

 

 

 

 

mailto:kikemurcia@gmail.com


 
 

 

ABSTRACT 

OBJECTIVES 

Endoscopic ultrasound-guided digestive anastomosis (EUS-A) is a new alternative under 

evaluation in patients presenting with afferent limb syndrome (ALS) after Whipple surgery. The 

aim of the present study is to analyze the safety and effectiveness of EUS-A in ALS.  

METHODS 

This is an observational multicenter study. All patients ≥18 years-old with previous Whipple 

surgery presenting with ALS who underwent an EUS-A using a lumen apposing metal stent 

between 2015 and 2021 were included. The primary outcome was clinical success, defined as 

resolution of the ALS or ALS-related cholangitis. Furthermore, technical success, adverse event 

rate and mortality were evaluated.  

RESULTS 

Forty-five patients (mean age: 65.5±10.2 years, 44.4% male) were included. The most common 

underlying disease was pancreatic cancer (68.9%). EUS-A was performed at a median of 6 weeks 

after local tumor recurrence. The most common approach used was the direct/freehand 

technique (66.7%). Technical success was achieved in 95.6%, with no differences between large 

(≥15mm) and small LAMS (97.4% vs. 100%, p=0.664). Clinical success was retained in and 91.1% 

of patients. A complementary treatment by dilation of the stent followed by ERCP through the 

LAMS was performed in three cases (6.7%). There were six recurrent episodes of cholangitis 

(14.6%) and two procedure-related adverse events (4.4%) after a median follow-up of 4 months. 

Twenty-six patients (57.8%) died during the follow-up due to disease progression. 

CONCLUSIONS 



 
 

EUS-A is a safe and effective technique in the treatment of malignant ALS, achieving high clinical 

success with an acceptable recurrence rate.  

Key-words: Endoscopic ultrasound, LAMS, stent, anastomosis, gastrojejunostomy. 

INTRODUCTION 

The endoscopic ultrasound (EUS)-guided creation of a gastrointestinal anastomosis is a new 

minimally invasive alternative under evaluation for an increasing number of indications. Most 

data have been collected in the setting of gastric outlet obstruction. In this particular context, 

EUS has shown a high technical and clinical success rate when performed in expert centers1, 

with lower adverse events compared to laparoscopic gastrojejunostomy2-4.  

Indications for EUS-guided gastrointestinal anastomosis have expanded and may also be used 

for patients with malignant afferent limb syndrome (ALS).  In a subgroup of patients with 

previous Whipple surgery, some patients will develop malignant ALS where increased 

intraluminal pressure through the bilioenteric anastomosis may lead to subsequent reflux 

cholangitis. In these cases, therapeutic options have been limited and included percutaneous 

drainage, enteral stenting, and surgery in the past. To date, some case series with EUS-guided 

digestive anastomosis (EUS-A) have been published, with favorable outcomes5. Especially in this 

specific clinical setting, minimally invasive therapy by EUS-A may carry significant theoretical 

advantages, such as the higher clinical success6 and lower need for reintervention compared to 

enteral stents 7, 8, and lower morbidity compared to surgery. Despite these potential advantages, 

EUS-A procedures can be challenging, data on effectiveness are limited to case series, and 

procedure-related adverse events can be severe, such as bleeding and peritonitis9.  

The present multicenter study aims to analyze the safety and effectiveness of EUS-A in patients 

with malignant ALS following Whipple surgery.  

 



 
 

METHODS 

Patients 

This is an observational, international retrospective multi-center study. All patients ≥18 years 

old with previous Whipple surgery presenting with a local tumoral recurrence and ALS who 

underwent an EUS-A by gastro-jejunostomy or jejuno-jejunostomy using a lumen apposing 

metal stent (LAMS) between October 2015 and May 2021 were included. The protocol was 

submitted to the Local Ethical Committee (CERUPHO). 

Patients with previous surgical treatment for the palliation of malignant ALS and those with 

surgically modified anatomies other than Whipple’s resection were excluded.  

Age, sex, and demographic variables were collected. Baseline characteristics such as underlying 

cancer primary site, tumor recurrence size, metastatic status, and presence of peritoneal 

carcinomatosis were noted. Time elapsed between the Whipple surgery and oncological 

recurrence, or EUS-A were also considered. Previous percutaneous treatment was also noted.  

Procedure 

A linear-array echoendoscope was used to create the anastomosis with an electrocautery 

enhanced LAMS. The EUS-A technique was chosen by the endoscopist based on the patient’s 

characteristics and local experience. All procedures were performed under general anesthesia 

and CO2 insufflation. All patients received antibiotics periprocedural.  

The EUS characteristics (diameter of the afferent limb) and EUS-technique (direct access, wire-

guided LAMS placement, previous perforation with a cystotome) were assessed. Procedure time 

was assessed from the insertion to endoscope removal. The use of radiological guidance, 

complementary treatment by endoscopic retrograde cholangiopancreatography (ERCP) through 

the LAMS, and device characteristics (type of needle, type/diameter of the LAMS) were also 

collected.  



 
 

Outcomes 

The primary outcome was clinical success, defined as the resolution of the ALS or ALS-related 

cholangitis (using a combination of clinical parameters, C-reactive protein and bilirubin levels) 

without the need of further endoscopic, radiological or surgical biliary procedures within one 

week of follow-up.  

The secondary outcomes were technical success, adverse event rate, and mortality.  

Technical success was defined as the successful placement of the LAMS with the creation of an 

anastomosis between the jejunal lumen above the hepaticojejunal anastomosis of the afferent 

limb and the stomach or the proximal jejunum near to the surgical gastrojejunal anastomosis.  

Procedure-related adverse events were graded using the ASGE lexicon for adverse events10. In 

this study, the LAMS misdeployment was considered as a technical failure and an adverse event 

if a perforation was done. 

Clinical follow-up, as well as delayed adverse events, were evaluated using medical records. 

Delayed bleeding was defined as the need for transfusion with or without the need for re-

intervention (either surgical, endoscopy or interventional radiology). Procedure-related and 

unrelated mortality was also assessed.  

Statistical Analysis 

Categorical variables were compared using χ² or Fisher-exact tests. Non-normally distributed 

continuous variables were analyzed by Mann-Whitney U-test or Kruskal-Wallis test. Normal and 

non-normal variables were presented as mean (SD) and median (range). A survival analysis by 

Kaplan Meier curves and log-rank test was performed to assess the time to recurrent cholangitis. 

A two-sided p-value<0.05 was considered statistically significant. The SPSS software v.24 was used 

(IBM, SPSS Inc, IL, USA). 

RESULTS 



 
 

Patients 

Forty-five patients (mean age: 65.5±10.2 years, 44.4% male) from 20 institutions were included. 

Baseline characteristics are shown in Table 1. The most common underlying disease leading to 

a Whipple resection was pancreatic cancer (68.9%). The median time from Whipple surgery to 

local recurrence was 13 months (range: 4-39), and metastatic disease was present in half of the 

patients (53.3%). All of them presented with reflux cholangitis or cholestasis.  

EUS-guided anastomosis 

The procedure was performed at a median of 6 weeks (range: 1 day – 24 months) after local 

recurrence diagnosis. Most of the patients (n=30, 66.7%) underwent EUS-guided gastro-

jejunostomy (n=40) or jejuno-jejunostomy (n=5) during the nine months following the 

recurrence. The median time of EUS-A was 25 minutes (range: 5-87) and fluoroscopy was used 

in most cases (n=33, 73.3%).  

The afferent limb measured a median of 35 mm (range: 20-70) by EUS. The different approaches 

for performing the EUS-guided anastomosis were direct/freehand technique (n=30, 66.7%) 

(Video), wire-guided technique (n=14, 31.1%), and wire-guided technique using a cystostome 

(n=1, 2.2%). In two patients who underwent the direct approach, EUS-guided needle puncture 

was performed before LAMS placement, aimed at both filling the afferent limb and fluoroscopic 

confirmation. Considering patients who underwent the wire-guided LAMS placement, a 19-

gauge needle with a 0.025/0.035-inch guidewire was used. There were numerical differences in 

the procedure times between the direct access and wire-guided techniques (20 min [range: 5-

70] vs. 30 min [range: 15-60]), but they were not statistically significant (p=0.078) 

Considering LAMS type, the HotAxios (Boston Scientific, MA, USA) was used in 44 cases and 

Spaxus (Taewoong, Gyeonggi-do, South Korea) in one case. Different LAMS sizes were used: 

15x10mm (n=32, 71.1%), 20x10mm (n=5, 11.1%), 10x10mm (n=4, 8.9%), 8x6mm (n=3, 6.7%), 



 
 

and 16x20mm (n=1, 2.2%). Previous percutaneous drainage of the afferent limb had been 

performed in two cases prior to EUS-A.  

Technical success was achieved in 43 cases (95.6%) with no differences between large (≥15mm) 

and small LAMS (97.4% vs. 100%, p=0.664). A complementary treatment by dilation of the stent 

followed by ERCP through the LAMS was performed in three patients (6.7%) due to suspicion of 

local recurrence in hepatico-jejunal anastomosis. There were two adverse events (4.4%). Indeed, 

two patients confirmed LAMS misdeployment during the procedure This was treated by LAMS 

extraction and closure of the gastric perforation by an over-the-scope clip in the first case, 

leading to an unplanned prolongation of hospital stay (mild adverse event). A rescue therapy by 

stabilization of the LAMS using the technique “stent-in-stent” with the deployment of three 

10mm fully covered biliary metal stents was performed in the second case because of the partial 

opening of the distal flange of the LAMS leading to a higher migration risk. There was no 

peritonitis in both cases. In addition, no EUS-A related mortality was described.  

Clinical success was retained in 41 cases (91.1%), as shown in the flow-chart of Figure 1. There 

were no statistically significant differences in clinical success depending on the EUS-A technique 

(p=0.907) or the size of LAMS (p=0.775). Regarding the 4 cases with clinical failure: one of them 

was the patient previously described with a technical failure and perforation closure. In the 

other case, the LAMS was placed above the malignant stricture. Thus, it was ineffective either, 

and a new EUS-A was required the day after. There was a persistent cholangitis in the two 

remaining cases in whom plastic stents through the LAMS were placed in a second procedure.  

Follow-up 

Overall, the median follow-up was four months (range: 1 week-14 months). Of 41 patients with 

clinical success, six (14,6%, 5 with a ≥15mm LAMS diameter) developed recurrent cholangitis at 

a median of 5 months after the procedure (range:1-12) (Figure 2). The reasons of recurrent 

cholangitis were a buried LAMS with stent occlusion (n=3), local recurrence on the 



 
 

hepaticojejunal anastomosis (n=2), and malignant jejunal stricture distal to the EUS-A due to a 

peritoneal carcinomatosis nodule. Of note, the buried LAMS leading to recurrent cholangitis 

were detected at 1,4 and 7 months after EUS-A. These six patients required a new endoscopic 

intervention as follows: double pigtail plastic stenting through the LAMS (n=3) in case of buried 

stent, EUS-guided hepatico-gastrostomy/jejunostomy (n=2) in hepaticojejunal recurrence, and 

coaxial duodenal stent placement (n=1) covering the new jejunal stricture in the last case.  

No delayed bleeding or peritonitis was described after initial technical success. Twenty-six 

patients (57.8%) died during the follow-up due to disease progression. 

DISCUSSION 

The present multicentre study of 45 patients analyses the role of EUS-A in malignant ALS, 

revealing high technical and clinical success rates (>90%), with a low rate of procedure-related 

adverse events during a median follow-up of 4 months. To our knowledge, this study represents 

the largest series of patients presenting with this condition to date.  

EUS-guided digestive anastomoses are a very heterogeneous group of procedures with a wide 

range of technical difficulty and probably different outcomes depending on several features 

such as surgical anatomy, clinical presentation, EUS-guided technique, and stent type or 

diameter.  In ALS, EUS-A is gaining ground, although previous studies are limited to case series 

including heterogeneous groups of patients with different surgical anatomy and baseline 

conditions. A recent case series11 reported  a technical success of 100% with no related adverse 

events in 5 patients with ALS and a previous surgery of Roux-en-Y or pancreatoduodenectomy 

treated by EUS-A using a 15mm stent. Percutaneously assisted EUS-guided gastrojejunostomy12 

and EUS-guided jejuno-jejunostomy5, 13 have also been described. In our study, we only included 

patients with previous Whipple surgery without previous surgical or endoscopic treatment of 

ALS, which seems mandatory to analyze the outcomes of this technique accurately. Furthermore, 



 
 

the indication for EUS-A was cholangitis or cholestasis in all cases, and most patients underwent 

EUS-A using freehand 15mm LAMS placement. 

In 2018, Brewer Gutierrez et al.8 reported their multicenter experience with EUS-A in 18 patients 

with different previous surgical procedures, for a variety of indications and with various LAMS 

placement techniques. The authors reported a clinical resolution of symptoms in 89% of cases, 

and a reduced need for re-intervention compared to enteroscopy-assisted luminal stenting. 

Herein, we describe similar outcomes with a 91% clinical success in a more homogeneous 

population. Furthermore, all patients with recurrent cholangitis underwent a new successful 

endoscopic procedure. However, only two adverse events were described in our study (4.4%) 

compared to the 16.7 % adverse event rate (abdominal pain) described by the beforementioned 

authors8. A potential explanation for this could be that post-procedural abdominal pain has been 

underestimated in our series due to the study’s retrospective nature.  

The LAMS size is another important point to consider. Given that the ALS presents with a fluid 

content, small stents could be enough to achieve clinical success avoiding gastro-jejunal flow of 

gastric liquids and food to the ALS. Large LAMS could be necessary if an ERCP through the 

anastomosis is needed, but this scenario is less common as described in the present series.  

 

It’s important to highlight that EUS-A may not be possible in situations where the afferent loop 

is not accessible or local invasion makes EUS-A unfeasible as described by De Bie C et al. 14.  In 

this setting, EUS-guided hepaticogastrostomy can be an effective alternative, as also illustrated 

by two patients in the current study suffering recurrent cholangitis following EUS-A.  This 

technique is often easier than a gastrojejunostomy performed for gastric outlet obstruction 

since the targeted afferent limb is most often distended. However, EUS-A is probably preferable 

and intrahepatic bile duct is not usually very dilated in this scenario. In addition, more proximal 

or distal small bowel strictures secondary to carcinomatosis disease may prevent from clinical 

improvement or EUS-A and lead to a new recurrence of obstructive symptoms.  



 
 

 

 

Long-term outcomes in patients undergoing EUS-guided therapy with limited oncological 

disease load and longer subsequent survival can be an issue15. In total, nine patients required 

reintervention due to either clinical failure or recurrent cholangitis over time, resulting in an 

overall reintervention rate of 20%. Notably, a median follow-up of 4 months was achieved, and 

no procedure-related mortality was described. Indeed, most of reflux cholangitis (66.7%) 

occurred in patients with >4 months follow-up.  

 

Long-term LAMS placement after EUS-A may be feasible and safe for direct access to the 

excluded limb, but these patients can require multiple endoscopic sessions across the 

endoscopic anastomosis16. There are several limitations to this study. This is a retrospective 

study with inherent limitations due to its design. Related to this, the evaluation of post-

procedural abdominal pain has probably been underestimated. Furthermore, there are many 

participating centers with different local protocols, the degrees of severity of cholangitis and 

bilirubin levels were not assessed, and extrapolation of the current outcomes to the non-expert 

setting may be difficult. The major strengths of our study are the large sample size, our attempts 

to limit the heterogeneity by wielding strict inclusion criteria, and the relatively long-term 

follow-up period.  

In conclusion, EUS-A seems safe and effective in treating malignant ALS presenting with 

cholangitis, achieving high clinical success with an acceptable recurrent rate. The 

standardization of the EUS-guided technique, type of stent, and timing from cholangitis 

presentation to EUS-A seems mandatory in the near future.  
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FIGURE LEGENDS 

Figure 1: Flow-chart of patients presenting with afferent limb syndrome who underwent 

endoscopic ultrasound-guided entero-enterostomy. Of 6 patients presenting with recurrent 

cholangitis during the follow-up, four underwent “stent in stent technique” through the LAMS, 

and two underwent EUS-guided hepatico-gastrotomy. LAMS, lumen-apposing metal stent. 

Figure 2: (a) This Kaplan Meier curve represents the time to recurrent cholangitis (months). (b) 

Late recurrences were probably due to new malignant stenosis, but no statistically significant 

differences were found between patients presenting with carcinomatosis (p=0.125).  

SUPPLEMENTARY MATERIAL - VIDEO LEGEND 

Endoscopic ultrasound-guided gastro-jejunostomy using the direct technique in a patient with 

afferent limb syndrome and cholangitis. Placement of a 15x10mm lumen apposing metal stent.  

  



 
 

 

 

 

TABLES  

Table 1: Baseline characteristics of patients presenting with a 
malignant afferent limb syndrome due to a local recurrence. 
Male, sex, n (%) 20 (44.4%) 
Age, mean (SD), years 65.5 (10.2) 
Underlying disease, n (%)  

     Pancreatic cancer 31 (68.9%) 
     Distal cholangiocarcinoma 7 (15.6%) 
     Ampullary cancer 5 (11.1%) 
     Gastric cancer 1 (2.2%) 
     Pancreatic neuroendocrine tumor 1 (2.2%) 
Tobacco use, n (%) 11 (24.4%) 
Diabetes, n (%) 11 (24.4%) 
Size of local recurrence, median (range), mm 25 (20-60) 
Metastatic disease, n (%) 24 (53.3%) 
Peritoneal carcinomatosis, n (%) 21 (46.7%) 
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