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General introduction

In part adapted from: 
van Halsema EE, Fockens P, van Hooft JE. Chapter 33: Palliation 

of Gastric Outlet Obstruction, Chandrasekhara: Clinical 
Gastrointestinal Endoscopy 3rd ed. Elsevier; in production

van Halsema EE, van Hooft JE. Does short-term morbidity and 
stoma reduction outweigh a potential long-term risk of colonic 

stent placement? Gastrointest Endosc 2017;86:427-428.
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GENERAL INTRODUCTION
PART I – BENIGN ESOPHAGEAL STRICTURES AND LEAKS
Benign esophageal strictures (BES) cause dysphagia and are the result of fibrosis and 
collagen deposition after an ulcerative or inflammatory condition of the esophagus.1 Before 
the introduction of the proton pump inhibitors in the early ‘90s, more than two thirds of strictures 
were caused by reflux esophagitis.1-3 Nowadays the main causes for stricture development are 
surgical anastomosis, radiation esophagitis, endoscopic resection and ablation therapy, and 
ingestion of corrosives.4-6 BES can be categorized in simple (short, concentric, allow passage of 
a diagnostic endoscope) and complex (asymmetric, >2 cm long, or severely narrowed diameter) 
strictures.1 Complex strictures usually require repeated endoscopic dilation procedures.4, 7-9 
These strictures heavily impact on the patient’s quality of life and healthcare utilization. It has 
been demonstrated that patients who developed anastomotic strictures after esophagectomy 
reported significantly poorer global quality-of-life and social functioning scores than patients 
who did not develop postsurgical strictures.10 

Endoscopic bougie or balloon dilation is currently the standard treatment to resolve 
dysphagia caused by BES.3 The concept of esophageal dilation was already described in the 17th 
century by Sir Thomas Willis who reported the use a sponge tipped whale bone dilator to push 
down the food after each meal in a patient with achalasia.11 The first report of esophageal bougie 
dilation originates from the beginning of the 19th century.12 Although dilation instruments 
and techniques have evolved, today dilation therapy remains the treatment of first choice in  
patients with BES. Dysphagia can be successfully relieved by endoscopic dilation in 66-90% of 
patients.4, 7, 13-15 Randomized controlled trials (RCTs) showed no difference in efficacy and safety 
between the use of bougie dilators and through-the-scope balloons.2, 16, 17 Chapter 1 of this thesis 
provides insight in the clinical outcomes of endoscopic dilation during the period from 2010 
to 2017. We retrospectively studied the differences in stricture recurrence rates and need for 
multiple (> 5) dilation procedures between strictures of different origin.

To prevent dilation-related adverse events, the ‘rule of three’ is usually applied with the use 
of bougie dilators, meaning that the stricture is dilated no more than three millimeters per 
endoscopic procedure.18 Repeated endoscopic procedures are generally required in patients 
with BES to achieve a satisfactory luminal diameter. However, the optimal target diameter 
of endoscopic dilation is unknown. An esophageal luminal diameter of ≤ 13 mm results in 
dysphagia and at a diameter of 15 mm adults will be able to tolerate a modified diet with minor 
dysphagia for some solid foods.3 It is current practice at the Academic Medical Center to dilate 
up to a target diameter of 16 mm in patients with benign esophageal anastomotic strictures. In 
chapter 2 we retrospectively studied whether increasing the target diameter over 16 mm was 
safe and could improve the dilation-free period in patients with anastomotic strictures.

A subgroup of patients suffer from therapy-resistant benign esophageal strictures (TRBES). 
Kochman et al. proposed a definition to distinguish two types of resistant strictures: the refractory 
stricture, that cannot be remediated to a diameter of 14 mm over 5 endoscopic sessions at 2-week 
intervals, and the recurrent stricture, in which case a satisfactory luminal diameter cannot be 
maintained for 4 weeks once the target diameter of 14 mm has been achieved.19 This definition 
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is only applicable in the absence of active inflammation and neuromuscular dysfunction. 
When dysphagia cannot be successfully alleviated by repeated sessions of endoscopic dilation, 
additional interventions may be indicated, including the addition of steroid or mitomycin-C 
injections, incisional therapy and/or temporary self-expandable stent placement.5

Self-expandable metal stents (SEMSs) were introduced in the early ‘90s for the treatment 
of malignant obstructions of the gastrointestinal tract.20, 21 As they proved their efficacy in 
comparison with laser therapy and rigid tube placement for the palliation of malignant 
dysphagia,22-24 their indication expanded to the treatment of benign refractory esophageal 
strictures. Ever since stent models have evolved from stainless steel metal stents that were placed 
by the over-the-wire (OTW) technique under fluoroscopy to metal stents with a woven wire 
mesh of nitinol that are nowadays inserted through-the-scope (TTS) with or without the aid 
of fluoroscopy. The currently used stents are mostly made of nitinol which is a metal alloy 
of nickel and titanium that has the properties of a shape memory effect and elasticity when 
heated up to body temperature. Esophageal SEMSs are either fully or partially covered with 
a polytetrafluoroethylene, polyurethane or silicone membrane to prevent reobstruction by 
tumor growth or granulation tissue invading through the bare meshes of the stent. Stent models 
also have anti-migration features such as a flare at one or both ends of the stent. Beside metal 
stents, fully covered self-expandable plastic stents (SEPSs) and biodegradable (BD) stent models 
have been developed for the treatment of BES.25 With the introduction of covered stent models, 
self-expandable stents are nowadays also being used to seal off postoperative anastomotic 
leaks, perforations and fistulas of the esophagus.26 The role of temporary self-expandable stent 
placement in the treatment of benign esophageal diseases is studied in chapter 3 and 4 of this 
thesis. Chapter 3 is a pooled literature analysis of the clinical outcomes of esophageal stent 
placement for benign strictures and leaks, perforations and fistulas. As demonstrated in chapter 
3, the clinical success rates of stent placement for benign esophageal leaks, perforations and 
fistulas varied widely in the literature. These differences in outcome may be explained by several 
factors influencing the efficacy of stent placement, such as etiology of the leak, size of the defect 
and septic state.27-29 In chapter 4 we therefore developed a clinical prediction rule that was also 
validated in an external sample to predict the probability of successful stent therapy for benign 
esophageal leaks, perforations and fistulas. This prediction rule allows us to select patients who 
are likely to benefit from or fail on stent therapy, so we can further improve the treatment of 
benign esophageal leaks by a patient-tailored approach. In chapter 5 we addressed the safety 
of stent removal from the esophagus, as temporary stents placed for the treatment of benign 
esophageal diseases should also be safely removed.

In a subgroup of patients with therapy-resistant strictures who have chronic dysphagia and 
do not respond to the conventional techniques, esophageal self-dilation with the use of bougie 
dilators may also be an alternative treatment option. The literature on this topic is limited to 
a few case series.30, 31 In the Academic Medical Center we offer self-dilation to patients with 
TRBES since 2012. In chapter 6 we retrospectively analyzed the clinical outcomes of self-
dilation, including the number of endoscopic dilation procedures before and after the initiation 
of self-bougienage in 17 patients  with TRBES.
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PART II – MALIGNANT GASTRIC OUTLET AND BILIARY OBSTRUCTION
Malignant gastric outlet obstruction (MGOO) is a syndrome caused by intestinal obstruction due 
to tumor growth in the pyloric region or duodenum. Because of this mechanical obstruction, food 
and fluids accumulate in the stomach which results in gastric distention. Patients with MGOO 
usually present with symptoms of nausea and vomiting (85%), regurgitation (70%), abdominal 
pain (65%) and complaints of early satiety.32, 33 Western series mainly report pancreatic cancer 
(51-73%) as underlying disease,32, 34, 35 while gastric cancer (31-69%) is the main cause of MGOO 
in Asian series.36-38 Other causes for MGOO are bile duct cancer, metastatic disease, duodenal 
cancer, gallbladder cancer, ampullary cancer and lymphoma.32, 38, 39 Patients with MGOO usually 
have advanced, irresectable disease with a poor prognosis. RCTs involving patients with MGOO 
reported a median survival varying from 56 to 182 days.40-42 Palliative measures should therefore 
aim for comfort and resolution of obstructive symptoms. Traditionally, patients underwent 
surgical gastrojejunostomy to bypass the malignant obstruction. By now, three RCTs have been 
published including a total of only 82 patients randomized between surgical gastrojejunostomy 
and endoscopic SEMS placement, revealing that a subgroup of patients may benefit from 
stent placement.40, 43, 44 To provide further evidence for the use of duodenal SEMSs, we have 
pooled the prospective literature in chapter 7 and analyzed the efficacy and safety of uncovered 
(UCSEMS) and  partially covered SEMS (PCSEMS) placement in almost 1300 patients  
with MGOO.

Malignant biliary obstruction causes jaundice, intense pruritis and anorexia. Biliary 
stent placement via endoscopic retrograde cholangio-pancreatography (ERCP) is currently 
the standard treatment to palliate symptoms and resolve cholestasis. In addition to relief of 
cholestatic symptoms, patients who underwent biliary stenting for the palliation of malignant 
bile duct obstruction also reported a significant improvement in quality of life scores up 
to 180 days after stenting.45-47 During the past decade there has been a shift from the use of 
small caliber plastic stents (7 – 11.5 Fr) to the use of large diameter (10 mm) self-expandable 
metal stents. RCTs have shown that SEMS placement is associated with longer stent patency 
and fewer reinterventions in comparison with plastic stent placement for both distal and hilar 
biliary obstruction.48, 49 Patients with malignant distal biliary obstruction treated with SEMSs 
also reported improved health-related quality of life scores in comparison with patients treated 
with plastic stents.50 A cost-efficacy analysis showed that there was no difference in medical 
expenses between the use of plastic stents and SEMSs for the palliation of malignant distal 
biliary obstruction.51 The shift towards the use of SEMSs resulted in an increase of post-ERCP 
pancreatitis (PEP).52, 53 It is thought that the increased risk of PEP is caused by occlusion of 
the pancreatic duct orifice by the SEMS at the level of the major duodenal papilla resulting 
in a pancreatic outflow obstruction and thereby inducing pancreatitis. In chapter 8 we 
retrospectively studied the hypothesis whether decompression of the pancreatic duct orifice by 
an endoscopic biliary sphincterotomy (ES) prior to SEMS placement could reduce the risk of 
PEP. We performed a propensity score matched analysis to create a well-balanced comparison 
of patients with and without ES prior to biliary SEMS placement.
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PART III – MALIGNANT COLONIC OBSTRUCTION
Acute large bowel obstruction is the first manifestation of colorectal cancer in approximately 
5-13% of patients diagnosed with colorectal cancer.54-59 Colorectal cancer is worldwide one of 
the most common cancers with the highest incidence rates.60 In the Netherlands, more than 
15,000 new cases of colorectal cancer were diagnosed annually in the past years and between 
2009 and 2012 a total of 1,816 patients underwent surgical resection because of obstructing 
left-sided colonic cancer.54, 61 These numbers reflect that malignant colonic obstruction is 
a significant problem. Patients usually come to the emergency department because of nausea, 
vomiting, bloating, constipation, and abdominal distention, often combined with poor intake 
of food for several days. Emergency resection of the obstructed colonic segment has resulted in 
high rates of postoperative morbidity (54%) and mortality (12%),62 which could be attributed to 
the poor clinical condition and nutritional status of the patient, the invasiveness of the surgical 
intervention, and the surgical team available in the emergency setting. Laparoscopic surgery is 
often considered infeasible in this setting, and a primary anastomosis is made in only 55% of 
patients.62 By endoscopic stent placement, emergency surgery can be converted into elective 
surgery. This is referred to as “stent as bridge to surgery” and allows improvement in the patient’s 
clinical condition, accurate preoperative tumor staging, multidisciplinary team discussion, and 
elective resection by the optimal colorectal surgical team.

In a meta-analysis of eight RCTs involving a total of 497 patients with malignant left-sided 
colonic obstruction, stent placement as bridge to surgery did not reduce the postoperative 
mortality rate in comparison with emergency resection.63 Preoperative stent placement did 
result in a significant reduction of the overall postoperative morbidity rate and the temporary 
and permanent stoma rates.63 The primary anastomosis rate was also significantly higher 
after stent placement as bridge to surgery.63 So stent placement did facilitate the resection and 
improve postoperative outcomes. However, the main drawback of colonic stent placement is 
the high risk of perforation which occurred in 8.9% and 12.8% of patients in the largest RCTs 
on stent placement as bridge to surgery.64, 65 In chapter 9 we performed a literature study to 
search for risk factors for the occurrence of stent-related perforation. The long-term outcomes 
of the Stent-In 2 trial showed that perforation may increase the risk of tumor recurrence, as 
five out of the six patients with a stent- or guidewire-related perforation developed tumor 
recurrence.66 Also the data from a Danish nationwide cohort study suggested an increased risk 
of tumor recurrence after preoperative stent placement.67 However, results on the long-term 
oncological outcomes of stent placement as bridge to surgery are still conflicting, and therefore 
the role of colonic stent placement in clinical practice needs to be elucidated.  In chapter 10 we 
developed an evidence-based clinical guideline as an official statement of the European Society 
of Gastrointestinal Endoscopy with recommendations for the use of self-expandable metal 
stents in colonic and extracolonic cancer.



15

REFERENCES
1. Lew RJ, Kochman ML. A review of 

endoscopic methods of esophageal dilation. J 
Clin Gastroenterol 2002;35:117-26.

2. Cox JG, Winter RK, Maslin SC, et al. Balloon 
or bougie for dilatation of benign esophageal 
stricture? Dig Dis Sci 1994;39:776-81.

3. Committee ASoP, Pasha SF, Acosta RD, et 
al. The role of endoscopy in the evaluation 
and management of dysphagia. Gastrointest 
Endosc 2014;79:191-201.

4. Rodrigues-Pinto E, Pereira P, Ribeiro A, et al. 
Risk factors associated with refractoriness to 
esophageal dilatation for benign dysphagia. 
Eur J Gastroenterol Hepatol 2016;28:684-8.

5. Poincloux L, Rouquette O, Abergel A. 
Endoscopic treatment of benign esophageal 
strictures: a literature review. Expert Rev 
Gastroenterol Hepatol 2017;11:53-64.

6. Grooteman KV, Wong Kee Song LM, 
Vleggaar FP, et al. Non-adherence to the rule 
of 3 does not increase the risk of adverse 
events in esophageal dilation. Gastrointest 
Endosc 2017;85:332-337 e1.

7. Pereira-Lima JC, Ramires RP, Zamin I, Jr., et 
al. Endoscopic dilation of benign esophageal 
strictures: report on 1043 procedures. Am J 
Gastroenterol 1999;94:1497-501.

8. Said A, Brust DJ, Gaumnitz EA, et 
al. Predictors of early recurrence of 
benign esophageal strictures. Am J  
Gastroenterol 2003;98:1252-6.

9. Piotet E, Escher A, Monnier P. Esophageal 
and pharyngeal strictures: report on 
1,862 endoscopic dilatations using 
the Savary-Gilliard technique. Eur Arch 
Otorhinolaryngol 2008;265:357-64.

10. Huang Q, Zhong J, Yang T, et al. Impacts of 
anastomotic complications on the health-
related quality of life after esophagectomy. J 
Surg Oncol 2015;111:365-70.

11. Willis T. Pharmaceutice rationalis sive 
diatriba de medicamentorum operationibus 
in humano corpore. London, England: Hagae 
Comitis 1674.

12. Hildreth CT. Stricture of the esophagus. N 
Engl J Med Surg 1821;10:235-40.

13. Chiu YC, Hsu CC, Chiu KW, et al. Factors 
influencing clinical applications of endoscopic 
balloon dilation for benign esophageal 
strictures. Endoscopy 2004;36:595-600.

14. Polese L, Angriman I, Bonello E, et al. 
Endoscopic dilation of benign esophageal 
strictures in a surgical unit: a report on 
95 cases. Surg Laparosc Endosc Percutan  
Tech 2007;17:477-81.

15. Yoda Y, Yano T, Kaneko K, et al. Endoscopic 
balloon dilatation for benign fibrotic strictures 
after curative nonsurgical treatment for esophageal 
cancer. Surg Endosc 2012;26:2877-83.

16. Scolapio JS, Pasha TM, Gostout CJ, et al. 
A randomized prospective study comparing 
rigid to balloon dilators for benign 
esophageal strictures and rings. Gastrointest  
Endosc 1999;50:13-7.

17. Saeed ZA, Winchester CB, Ferro PS, et al. 
Prospective randomized comparison of polyvinyl 
bougies and through-the-scope balloons for 
dilation of peptic strictures of the esophagus. 
Gastrointest Endosc 1995;41:189-95.

18. Richter JE. Rule of three for esophageal 
dilation: like the tortoise versus the rabbit, 
low and slow is our friend and our patients’ 
win. Gastrointest Endosc 2017;85:338-339.

19. Kochman ML, McClave SA, Boyce HW. 
The refractory and the recurrent esophageal 
stricture: a definition. Gastrointest  
Endosc 2005;62:474-5.

20. Song HY, Choi KC, Cho BH, et al. 
Esophagogastric neoplasms: palliation 
with a modified gianturco stent.  
Radiology 1991;180:349-54.

21. Spinelli P, Dal Fante M, Mancini A. Self-
expanding mesh stent for endoscopic palliation 
of rectal obstructing tumors: a preliminary 
report. Surg Endosc 1992;6:72-4.

22. Adam A, Ellul J, Watkinson AF, et al. Palliation of 
inoperable esophageal carcinoma: a prospective 



16

randomized trial of laser therapy and stent 
placement. Radiology 1997;202:344-8.

23. Knyrim K, Wagner HJ, Bethge N, et al. 
A controlled trial of an expansile metal stent 
for palliation of esophageal obstruction 
due to inoperable cancer. N Engl J  
Med 1993;329:1302-7.

24. Siersema PD, Hop WC, Dees J, et al. Coated 
self-expanding metal stents versus latex 
prostheses for esophagogastric cancer with 
special reference to prior radiation and 
chemotherapy: a controlled, prospective 
study. Gastrointest Endosc 1998;47:113-20.

25. Fuccio L, Hassan C, Frazzoni L, et al. 
Clinical outcomes following stent placement 
in refractory benign esophageal stricture: 
a systematic review and meta-analysis. 
Endoscopy 2016;48:141-8.

26. Dasari BV, Neely D, Kennedy A, et al. The role 
of esophageal stents in the management 
of esophageal anastomotic leaks and 
benign esophageal perforations. Ann  
Surg 2014;259:852-60.

27. El H, II, Imperiale TF, Rex DK, et al. Treatment 
of esophageal leaks, fistulae, and perforations 
with temporary stents: evaluation of efficacy, 
adverse events, and factors associated 
with successful outcomes. Gastrointest  
Endosc 2014;79:589-98.

28. Orive-Calzada A, Calderon-Garcia A, 
Bernal-Martinez A, et al. Closure of benign 
leaks, perforations, and fistulas with 
temporary placement of fully covered metal 
stents: a retrospective analysis. Surg Laparosc 
Endosc Percutan Tech 2014;24:528-36.

29. Swinnen J, Eisendrath P, Rigaux J, et al. Self-
expandable metal stents for the treatment 
of benign upper GI leaks and perforations. 
Gastrointest Endosc 2011;73:890-9.

30. Dzeletovic I, Fleischer DE, Crowell MD, et 
al. Self-dilation as a treatment for resistant, 
benign esophageal strictures. Dig Dis  
Sci 2013;58:3218-23.

31. Davis SJ, Zhao L, Chang AC, et al. Refractory 
cervical esophagogastric anastomotic 
strictures: management and outcomes. J 
Thorac Cardiovasc Surg 2011;141:444-8.

32. Tringali A, Didden P, Repici A, et al. 
Endoscopic treatment of malignant gastric and 
duodenal strictures: a prospective, multicenter 
study. Gastrointest Endosc 2014;79:66-75.

33. Lee H, Min BH, Lee JH, et al. Covered 
metallic stents with an anti-migration 
design vs. uncovered stents for the palliation 
of malignant gastric outlet obstruction: 
a multicenter, randomized trial. Am J 
Gastroenterol 2015;110:1440-9.

34. Costamagna G, Tringali A, Spicak J, et al. 
Treatment of malignant gastroduodenal 
obstruction with a nitinol self-
expanding metal stent: an international 
prospective multicentre registry. Dig Liver  
Dis 2012;44:37-43.

35. Oh SY, Edwards A, Mandelson M, et al. 
Survival and clinical outcome after endoscopic 
duodenal stent placement for malignant 
gastric outlet obstruction: comparison of 
pancreatic cancer and nonpancreatic cancer. 
Gastrointest Endosc 2015;82:460-8 e2.

36. Hori Y, Naitoh I, Ban T, et al. Stent under-
expansion on the procedure day, a predictive 
factor for poor oral intake after metallic 
stenting for gastric outlet obstruction. J 
Gastroenterol Hepatol 2015;30:1246-51.

37. Lee JE, Lee K, Hong YS, et al. Impact of 
Carcinomatosis on Clinical Outcomes after 
Self-Expandable Metallic Stent Placement for 
Malignant Gastric Outlet Obstruction. PLoS 
One 2015;10:e0140648.

38. Yamao K, Kitano M, Kayahara T, et al. Factors 
predicting through-the-scope gastroduodenal 
stenting outcomes in patients with gastric 
outlet obstruction: a large multicenter 
retrospective study in West Japan. Gastrointest 
Endosc 2016;84:757-763 e6.

39. Jung K, Ahn JY, Jung HY, et al. Outcomes 
of endoscopically inserted self-expandable 
metal stents in malignancy according to 
the type of stent and the site of obstruction. 
Surg Endosc 2016;30:4001-10.

40. Jeurnink SM, Steyerberg EW, van Hooft JE, et 
al. Surgical gastrojejunostomy or endoscopic 
stent placement for the palliation of malignant 
gastric outlet obstruction (SUSTENT study): 



17

a multicenter randomized trial. Gastrointest 
Endosc 2010;71:490-9.

41. Maetani I, Mizumoto Y, Shigoka H, et al. 
Placement of a triple-layered covered versus 
uncovered metallic stent for palliation 
of malignant gastric outlet obstruction: 
a multicenter randomized trial. Dig  
Endosc 2014;26:192-9.

42. Kim CG, Choi IJ, Lee JY, et al. Covered 
versus uncovered self-expandable metallic 
stents for palliation of malignant pyloric 
obstruction in gastric cancer patients: 
a randomized, prospective study. Gastrointest  
Endosc 2010;72:25-32.

43. Mehta S, Hindmarsh A, Cheong E, et al. 
Prospective randomized trial of laparoscopic 
gastrojejunostomy versus duodenal stenting 
for malignant gastric outflow obstruction. 
Surg Endosc 2006;20:239-42.

44. Fiori E, Lamazza A, Volpino P, et al. Palliative 
management of malignant antro-pyloric 
strictures. Gastroenterostomy vs. endoscopic 
stenting. A randomized prospective trial. 
Anticancer Res 2004;24:269-71.

45. Barkay O, Mosler P, Schmitt CM, et al. Effect 
of endoscopic stenting of malignant bile 
duct obstruction on quality of life. J Clin 
Gastroenterol 2013;47:526-31.

46. Abraham NS, Barkun JS, Barkun AN. Palliation 
of malignant biliary obstruction: a prospective 
trial examining impact on quality of life. 
Gastrointest Endosc 2002;56:835-41.

47. Luman W, Cull A, Palmer KR. Quality 
of life in patients stented for malignant 
biliary obstructions. Eur J Gastroenterol  
Hepatol 1997;9:481-4.

48. Sawas T, Al Halabi S, Parsi MA, et al. Self-
expandable metal stents versus plastic stents for 
malignant biliary obstruction: a meta-analysis. 
Gastrointest Endosc 2015;82:256-267 e7.

49. Hong WD, Chen XW, Wu WZ, et al. Metal 
versus plastic stents for malignant biliary 
obstruction: an update meta-analysis. Clin 
Res Hepatol Gastroenterol 2013;37:496-500.

50. Walter D, van Boeckel PG, Groenen MJ, et 
al. Higher quality of life after metal stent 
placement compared with plastic stent 

placement for malignant extrahepatic bile duct 
obstruction: a randomized controlled trial. 
Eur J Gastroenterol Hepatol 2017;29:231-237.

51. Walter D, van Boeckel PG, Groenen MJ, et 
al. Cost Efficacy of Metal Stents for Palliation 
of Extrahepatic Bile Duct Obstruction 
in a Randomized Controlled Trial. 
Gastroenterology 2015;149:130-8.

52. Tol JA, van Hooft JE, Timmer R, et al. Metal 
or plastic stents for preoperative biliary 
drainage in resectable pancreatic cancer.  
Gut 2016;65:1981-1987.

53. Cote GA, Kumar N, Ansstas M, et al. Risk of 
post-ERCP pancreatitis with placement of 
self-expandable metallic stents. Gastrointest 
Endosc 2010;72:748-54.

54. Tanis PJ, Paulino Pereira NR, van Hooft JE, et 
al. Resection of Obstructive Left-Sided Colon 
Cancer at a National Level: A Prospective 
Analysis of Short-Term Outcomes in 1,816 
Patients. Dig Surg 2015;32:317-24.

55. Winner M, Mooney SJ, Hershman DL, et al. 
Incidence and predictors of bowel obstruction 
in elderly patients with stage IV colon cancer: 
a population-based cohort study. JAMA  
Surg 2013;148:715-22.

56. Tan KK, Sim R. Surgery for obstructed 
colorectal malignancy in an Asian population: 
predictors of morbidity and comparison 
between left- and right-sided cancers. J 
Gastrointest Surg 2010;14:295-302.

57. Jullumstro E, Wibe A, Lydersen S, et al. Colon 
cancer incidence, presentation, treatment 
and outcomes over 25 years. Colorectal  
Dis 2011;13:512-8.

58. Cheynel N, Cortet M, Lepage C, et al. Trends 
in frequency and management of obstructing 
colorectal cancers in a well-defined population. 
Dis Colon Rectum 2007;50:1568-75.

59. Alves A, Panis Y, Mathieu P, et al. Postoperative 
mortality and morbidity in French patients 
undergoing colorectal surgery: results 
of a prospective multicenter study. Arch  
Surg 2005;140:278-83, discussion 284.

60. Torre LA, Bray F, Siegel RL, et al. Global 
cancer statistics, 2012. CA Cancer J  
Clin 2015;65:87-108.



18

61. The Netherlands Comprehensive Cancer 
Organisation (IKNL). The Netherlands Cancer 
Registry. http://www.cijfersoverkanker.nl/.

62. Huang X, Lv B, Zhang S, et al. Preoperative 
Colonic Stents Versus Emergency Surgery 
for Acute Left-Sided Malignant Colonic 
Obstruction: A Meta-analysis. J Gastrointest 
Surg 2014;18:584-91.

63. Arezzo A, Passera R, Lo Secco G, et al. Stent 
as bridge to surgery for left-sided malignant 
colonic obstruction reduces adverse events 
and stoma rate compared with emergency 
surgery: results of a systematic review and 
meta-analysis of randomized controlled 
trials. Gastrointest Endosc 2017;86:416-426.

64. Arezzo A, Balague C, Targarona E, et al. 
Colonic stenting as a bridge to surgery 
versus emergency surgery for malignant 

colonic obstruction: results of a multicentre 
randomised controlled trial (ESCO trial). 
Surg Endosc 2017;31:3297-3305.

65. van Hooft JE, Bemelman WA, Oldenburg 
B, et al. Colonic stenting versus emergency 
surgery for acute left-sided malignant colonic 
obstruction: a multicentre randomised trial. 
Lancet Oncol 2011;12:344-52.

66. Sloothaak DA, van den Berg MW, Dijkgraaf 
MG, et al. Oncological outcome of malignant 
colonic obstruction in the Dutch Stent-In 2 
trial. Br J Surg 2014;101:1751-7.

67. Erichsen R, Horvath-Puho E, Jacobsen JB, et 
al. Long-term mortality and recurrence after 
colorectal cancer surgery with preoperative 
stenting: a Danish nationwide cohort study. 
Endoscopy 2015;47:517-24.







IBENIGN ESOPHAGEAL  
STRICTURES AND LEAKS





1
Endoscopic dilation of benign 

esophageal strictures: differences in 
clinical outcomes between strictures of 

different origin

E.E. van Halsema, P. Fockens, M.I. van Berge Henegouwen,  
M.C. Hulshof,  J.J. Bergman, J.E. van Hooft

Submitted



24

ABSTRACT
Background. Benign esophageal strictures (BES) heavily impact on the patient’s well-being 
and healthcare utilization. Evidence on the outcomes of endoscopic dilation is often old and 
incomplete.

Objective. To provide insight in the clinical outcomes of endoscopic bougie/balloon dilation.

Methods. We retrospectively analyzed adult patients with BES (luminal diameter ≤13 mm) 
treated between 2010-2017. Primary outcomes were stricture recurrence and number of 
endoscopic dilations procedures. Risk factors for stricture recurrence and >5 dilation procedures 
were analyzed by Cox and logistic regression analysis, adjusting for stricture origin.

Results. 298 patients with anastomotic (n=201), radiation (n=37), post endotherapy (n=27), 
peptic (n=19), and caustic (n=14) strictures were analyzed. Stricture recurrence rates varied 
from 64.0% in post endotherapy to 84.6% in caustic strictures. In case of stricture recurrence, 
the median dilation-free period varied from 42 days in anastomotic to 93 days in peptic 
strictures. Stricture origin and length were significantly associated with the risk of recurrence. 
Significant risk factors for >5 dilation procedures were stricture origin, proximal location, 
length >2 cm and baseline diameter ≤10 mm. Per-procedure perforation rates varied from 0% 
in peptic to 1.7% in post endotherapy strictures.

Conclusion. The clinical course varied significantly between BES of different origin. 
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INTRODUCTION
Benign esophageal strictures (BES) cause dysphagia and usually require repeated endoscopic 
dilation procedures to achieve a satisfactory luminal diameter. Eating problems, difficulties 
with swallowing and the need for endoscopic dilation adversely impact on global quality-of-
life and social functioning scores.1 BES are thought to be the result of fibrosis and collagen 
deposition after an ulcerative or inflammatory condition of the esophagus.2 Before the era of 
the proton pump inhibitors (PPIs), more than two thirds of strictures were caused by reflux 
esophagitis.2-4 Nowadays the main causes for stricture development are surgical anastomosis, 
radiation esophagitis, endoscopic resection and ablation therapy, and ingestion of corrosives.5-7 
Dysphagia can be successfully treated by endoscopic dilation in 66-90% of patients.6, 8-11 
Randomized controlled trials (RCTs) showed no difference in efficacy and safety between the use 
of bougie dilators and through-the-scope (TTS) balloons for endoscopic dilation therapy.3, 12, 13 
BES can be categorized in simple (short, concentric, allow passage of a diagnostic endoscope) 
and complex (asymmetric, >2 cm long, or severely narrowed diameter) strictures.2 Repeated 
endoscopic dilation procedures are generally required in patients with complex and non-
peptic strictures.6, 8, 14, 15 When dysphagia cannot be successfully alleviated by repeated sessions 
of endoscopic dilation, additional interventions may be indicated, including the addition of 
steroid injections, incisional therapy and/or temporary stent placement.7 Self-dilation with 
the use of bougie dilators may also be an alternative treatment option in selected patients with 
therapy-resistant strictures.16, 17 However, before other treatment modalities are considered, one 
should have knowledge on the efficacy of endoscopic dilation therapy. Evidence on the clinical 
outcomes of endoscopic dilation is often old and incomplete. We therefore aimed to provide 
insight in the clinical outcomes of endoscopic dilation by analyzing the recurrence patterns of 
the different kinds of BES, and identifying risk factors for strictures that require >5 endoscopic 
dilation procedures.

METHODS
In this retrospective cohort study we analyzed all patients with BES who were treated at our 
endoscopy ward. A total of 111 patients had also been analyzed in a previous publication.18 
Patients were identified by searching our electronic endoscopic database ENDOBASE (Olympus 
Medical Systems, Hamburg, Germany) between January 2010 and March 2017, see also figure 1. 
Exclusion criteria were active esophageal or gastric malignancy, dysphagia related to achalasia, 
stricture diameter >13 mm, endoscopic dilation performed elsewhere or before the year 2001, 
and age <18 years. We defined a stricture as complaints of dysphagia caused by a narrowing of 
the esophagus with a luminal diameter ≤13 mm at endoscopy or when the stricture could not be 
passed with a diagnostic or therapeutic endoscope. The diameter of the stricture was determined 
by the size of the first bougie dilator that was inserted with resistance. The primary outcome 
measures were the number of endoscopic dilation procedures and the stricture recurrence 
patterns for the different kind of BES. Secondary outcomes were serious adverse events related 
to endoscopic treatment including perforation and bleeding. We defined stricture recurrence as 
recurrence of dysphagia symptoms for which endoscopic dilation was performed. Perforation 
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was defined as clinically (i.e. subcutaneous emphysema), endoscopic and/or radiologic evidence 
of a transmural esophageal lesion. Bleeding was defined as hematemesis or melena requiring 
admission, blood transfusion or reinterventions. The study was reviewed by the Medical Ethics 
Review Committee of the Academic Medical Center and did not apply to the Dutch Act “Medical 
Research Involving Human Subjects” (date of review: 12 April, 2017).

Data collection
We collected data from the electronic medical records using endoscopy reports, discharge letters, 
radiology reports and reports from outpatient clinic visits. In addition to the variables presented 
in table 1 we further collected the time to first and second stricture recurrence, treatment details 
of first stricture recurrence, number of endoscopic dilation procedures, method of dilation, 
additional endoscopic interventions, initiation of self-dilation, adverse events, recurrence of 
malignancy, and date of last follow-up. The length of the stricture, categorized into short (≤2 cm) 

Figure 1. Patient selection.
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and long (>2 cm), was based on the description of the endoscopist, report of the esophagogram, 
or estimated from the endoscopic images.

Procedures
Because of the retrospective study design, procedures were not standardized. Informed consent 
for endoscopic dilation was documented in the medical record before the procedure in all 
patients. According to local protocol, patients fasted at least 6 hours before the procedure. 
The use of vitamin K antagonists was interrupted 3 days before the procedure, direct oral 
anticoagulants (DOACs) 48 hours before the procedure and dual antiplatelet therapy 5-7 
days before the procedure. Antiplatelet monotherapy was continued. Patients did not receive 
prophylactic antibiotics. Anesthesia during the procedure consisted of monitored anesthesia 
care using propofol or conscious sedation using midazolam and/or fentanyl. In case the stricture 
could not be passed with the endoscope, fluoroscopic guidance was used to confirm proper 
position of the guidewire. When a standard diagnostic gastroscope (10 mm in diameter) could 
not pass the stricture, dilation was started using an 8 mm bougie. Otherwise we started with an 
11 mm bougie. Strictures were dilated no more than 3 mm per endoscopic session according 
to the ‘rule of three’.19 Consecutive dilation sessions were scheduled within 1-2 weeks until 
a satisfactory maximum diameter was reached, as determined by the endoscopist in dialogue 
with the patient. Because of the increased perforation risk in complex strictures,4 we dilate 
radiation and caustic strictures not further than a maximum of 14 mm. After the procedure, 
patients were instructed to contact the hospital in case of recurrence of dysphagia.

Statistical analysis
Stricture recurrence was analyzed as time to event analysis using Cox proportional hazards 
regression. The total number of endoscopic dilations, dichotomized into ≤5 and >5 procedures, 
was analyzed by binary logistic regression. In both analyses we adjusted for stricture origin 
in multivariable analysis. For the comparison of categorical data we used Fisher’s exact test. 
Continuous variables with a normal distribution were described as mean with standard deviation 
(SD) and otherwise as median with interquartile range (IQR). We used the Mann-Whitney U 
test for the comparison of data with a skewed distribution and considered two-sided p-values < 
0.05 statistically significant. We performed complete case analyses using the statistical software 
SPSS Statistics, version 24 (IBM corp., Armonk, New York, USA).

RESULTS
Stricture characteristics 
A total of 327 patients fulfilled the inclusion criteria (see figure 1). The majority of patients 
had postsurgical anastomotic strictures (n=201; 61.5%), followed by radiation-induced (n=37; 
11.3%), post endotherapy (n=27; 8.3%), peptic (n=19; 5.8%), and caustic (n=14; 4.3%) strictures. 
Sixteen (4.9%) patients had other kinds of strictures and in 13 (4.0%) patients the stricture 
origin was unknown. The latter 29 patients involved heterogeneous strictures and they were 
therefore excluded, leaving 298 patients for comparative analyses. Baseline characteristics are 
presented in table 1.
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Figure 2a,b. Dilation-free period in (a) all patients and in (b) only the patients who developed  
stricture recurrence*.
* Only patients with a follow-up period of at least 6 months without locoregional tumor recurrence.

a)

b)

Anastomotic strictures
A total of 201 patients were endoscopically treated for anastomotic strictures of which 80.6% 
were cervical esophagogastric strictures. Postoperative anastomotic leakage had occurred in 
58 (28.9%) patients of whom 9 (4.5%) had been treated with stent placement. Twenty-nine 
(14.4%) patients had been admitted to the Intensive Care Unit (ICU) because of sepsis during 
the postoperative period. The median duration between surgery and the first endoscopic 
dilation was 75 days (IQR 53-113 days).
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Radiation-induced strictures
Radiation strictures (n=37) had developed after (chemo)radiotherapy for esophageal carcinoma 
(n=32; 86.5%), including 29 patients with squamous cell carcinoma, non-small cell lung 
carcinoma (n=3; 8.1%) and breast cancer (n=2; 5.4%). The majority of patients (n=28; 75.7%) 
had received a total dose of 50.4 Gy in 28 fractions combined with carboplatin/paclitaxel. 
The remaining 6 patients in whom the (chemo)radiation schedule was known received a median 
dose of 58.3 Gy (range 48.6-66.0 Gy) combined with carboplatin/paclitaxel (n=3) or cisplatin 
(n=2). The median duration between the last dose of (chemo)radiation and the first endoscopic 
dilation was 103 days (IQR 82-167 days).

Post endotherapy strictures
Post endotherapy strictures (n=27) were caused by endoscopic mucosal resection (EMR) (n=12; 
44.4%), EMR combined with radiofrequency ablation (RFA) (n=9; 33.3%), ablation therapy 
alone (n=5; 18.5%) and endoscopic submucosal dissection (ESD) in one (3.7%) patient. More 
than 75% of the esophageal circumference was involved in 12 (44.4%) patients undergoing 
resection and circumferential extension was unknown in one (3.7%) patient. In 5 (18.5%) 
patients who underwent circumferential EMR preventive measures were taken against stricture 
formation including steroid injections (n=3; 11.1%) and stent placement (n=2; 7.4%). Post 
endotherapy strictures were first dilated after a median period of 37 days (IQR 19-53 days) after 
the last endoscopic resection or ablation.

Caustic strictures
Nine out of 14 patients (64.3%) with dysphagia due to chemical burns had their injuries before 
2001 and at least 6 of these patients had been treated with repeated dilations before referral 
to our endoscopy ward. Ingestion of corrosives had been unintentional in 8 (57.1%) patients, 
intentional in 2 (14.3%) and the intention was unknown in 4 (28.6%) patients. The corrosive 
substance was known in 7 (50.0%) patients, including acetic acid (n=3), caustic soda (n=3) and 
ammonia solution (n=1). The time between ingestion and first dilation was known in 5 patients 
and had a median of 35 (range 25-51) days.

Stricture recurrence patterns
The stricture diameter of anastomotic strictures at the start of endoscopic dilation (median 10 
mm) was significantly larger than the diameter of caustic strictures (median 8 mm; p=0.02) 
and smaller than that of post endotherapy strictures (median 11.5 mm; p<0.01). Anastomotic 
strictures required significantly more endoscopic procedures to achieve the maximum diameter 
(median 3) in comparison with post endotherapy strictures (median 2; p=0.02) and peptic 
strictures (median 2; p=0.01). The overall stricture recurrence rate in patients with at least 6 
months of follow-up without locoregional tumor recurrence was 80.3% (204/254) and varied 
from 64.0% for post endotherapy strictures to 84.6% for caustic strictures. In the patients 
who developed stricture recurrence the median dilation-free period varied from 42 days in 
anastomotic strictures to 93 days in peptic strictures (figure 2a,b). Details are presented in 
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table 2. The risk of stricture recurrence was significantly lower for post endotherapy strictures 
compared with anastomotic strictures (HR 0.58; 95% CI 0.35-0.98). Adjusted for stricture origin, 
stricture length >2 cm was associated with an increased risk of stricture recurrence (HR 1.88; 
95% CI 1.16-3.05). Stricture diameter >10 mm at baseline almost reached statistical significance 
(HR 0.74; 95% CI 0.54-1.01), see also table 3. Stricture recurrence patterns after reintervention 
dilation for a recurrent stricture are presented in table 4.

Endoscopic dilation procedures
In the patients with at least 6 months of follow-up without locoregional tumor recurrence, 58.7% 
(149/254) underwent >5 endoscopic dilation procedures. In these patients, the total number of 
endoscopic dilation procedures had a median of 8 (IQR 4-13) for anastomotic, 6 (IQR 3-9) 
for radiation, 4 (IQR 3-10) for post endotherapy, 8.5 (IQR 3-13) for peptic, and 29 (IQR 4-56) 
for caustic strictures (figure 3). The total follow-up period had a median of 31.0 (IQR 16.6-

Table 3. Risk factors for stricture recurrence1

Stricture recurrence HR (95% CI)2 P-value

Stricture origin
 Anastomotic 83.2% (149/179) ref ref
 Radiation-induced 72.0% (18/25) 0.64 (0.39-1.05) 0.08
 Post endotherapy 64.0% (16/25) 0.58 (0.35-0.98) 0.04
 Peptic 83.3% (10/12) 0.62 (0.32-1.22) 0.17
 Caustic 84.6% (11/13) 0.93 (0.50-1.72) 0.82
Severe artery disease3

 No 79.3% (180/227) ref ref
 Yes 88.9% (24/27) 1.34 (0.87-2.07) 0.19
Location of most dominant stricture
 Proximal esophagus (< 25 cm from incisors) 84.7% (144/170) ref ref
 Mid esophagus (25-30 cm from incisors) 73.5% (25/34) 0.81 (0.53-1.26) 0.36
 Distal esophagus (> 30 cm from incisors) 70.0% (35/50) 0.66 (0.36-1.21) 0.18
Length of most dominant stricture
 Short (≤ 2 cm) 79.8% (170/213) ref ref
 Long (> 2 cm) 82.1% (32/39) 1.88 (1.16-3.05) 0.01
Strictures at multiple levels in the esophagus
 No 80.1% (193/241) ref ref
 Yes 84.6% (11/13) 6.57 (0.10-426.79) 0.38
Stricture diameter at baseline
 ≤ 10 mm 83.7% (118/141) ref ref
 > 10 mm 74.7% (62/83) 0.74 (0.54-1.01) 0.06
Maximum diameter reached
 ≤ 16 mm 81.2% (121/149) ref ref
 > 16 mm 77.8% (70/90) 0.81 (0.59-1.10) 0.18

1 Only patients with a follow-up period of at least 6 months without locoregional tumor recurrence.
2 Cox regression analysis adjusted for stricture origin.
3 Percutaneous or surgical interventions for coronary, aortic or peripheral artery disease.
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50.4) months for anastomotic, 23.6 (IQR 14.5-33.6) months for radiation, 26.8 (IQR 21.6-72.7) 
months for post endotherapy, 52.0 (IQR 14.5-93.0) months for peptic, and 58.6 (IQR 32.0-133.7) 
months for caustic strictures. Significant risk factors for >5 endoscopic dilation procedures 
were strictures located in the proximal esophagus, long (>2 cm) strictures, and baseline 
diameter ≤10 mm (table 5). Post endotherapy strictures had a reduced risk of >5 endoscopic 
procedures in comparison with anastomotic strictures: 40.0% vs. 60.9%, respectively (OR 0.43,  
95% CI 0.18-1.01).

Safety outcomes
In 6.7% (20/298) of patients and 0.7% (21/3,038) of dilation procedures a total of 21 perforations 
had occurred that were related to bougie/balloon dilation (61.9%; 13/21), incision therapy 
(19.0%; 4/21), stent placement (9.5%; 2/21), or trauma by the scope (9.5%; 2/21). The median 
duration of hospitalization was 6 days (IQR 3-15 days). Perforations healed after conservative 

Table 5. Risk factors for > 5 endoscopic dilation procedures1

> 5 dilation procedures OR (95% CI)2 P-value

Stricture origin
 Anastomotic 60.9% (109/179) ref ref
 Radiation-induced 56.0% (14/25) 0.82 (0.35-1.90) 0.64
 Post endotherapy 40.0% (10/25) 0.43 (0.18-1.01) 0.05
 Peptic 58.3% (7/12) 0.90 (0.28-2.94) 0.86
 Caustic 69.2% (9/13) 1.45 (0.43-4.87) 0.55
Severe artery disease3

 No 58.6% (133/227) ref ref
 Yes 59.3% (16/27) 1.04 (0.46-2.38) 0.93
Location of most dominant stricture
 Proximal esophagus (< 25 cm from incisors) 65.3% (111/170) ref ref
 Mid esophagus (25-30 cm from incisors) 50.0% (17/34) 0.43 (0.19-0.95) 0.04
 Distal esophagus (> 30 cm from incisors) 42.0% (21/50) 0.21 (0.06-0.69) 0.01
Length of most dominant stricture
 Short (≤ 2 cm) 54.0% (115/213) ref ref
 Long (> 2 cm) 84.6% (33/39) 10.56 (3.49-31.94) < 0.001
Strictures at multiple levels in the esophagus
 No 58.1% (140/241) ref ref
 Yes 69.2% (9/13) 1.21 (0.06-23.81) 0.90
Stricture diameter at baseline
 ≤ 10 mm 70.2% (99/141) ref ref
 > 10 mm 33.7% (28/83) 0.23 (0.13-0.41) < 0.001
Maximum diameter reached at first treatment
 ≤ 16 mm 55.0% (82/149) ref ref
 > 16 mm 63.3% (57/90) 1.69 (0.94-3.04) 0.08

1 Only patients with a follow-up period of at least 6 months without locoregional tumor recurrence.
2 Logistic regression analysis adjusted for stricture origin.
3 Percutaneous or surgical interventions for coronary, aortic or peripheral artery disease.
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treatment in 76.2% (16/21) of cases. The outcome of remaining cases was surgical closure (9.5%; 
2/21), stent dependence (9.5%; 2/21), or persisting asymptomatic leak (4.8%; 1/21). Death as 
a consequence of esophageal perforation occurred in two (9.5%) cases.

The perforation rate in patients with caustic strictures was significantly higher than that of 
patients with anastomotic strictures (50.0% vs. 3.5%, p<0.001), see table 6. The per procedure 
perforation rates were 0.4% (8/1,981) for anastomotic, 1.1% (3/270) for radiation, 1.7% (3/175) 
for post endotherapy, 0% (0/116) for peptic, and 1.4% (7/496) for caustic strictures. The total 
number of endoscopic dilation procedures in patients with and without a perforation had 
a median of 14.5 (IQR 8-30) and 6 (IQR 4-11), respectively (p=0.001). 

DISCUSSION
Our results demonstrate that the outcomes of endoscopic dilation varied widely between BES 
of different origin. Stricture recurrence rates varied from 64% to 85% and the median dilation-
free period ranged from 42 to 93 days between the different strictures. We also identified risk 
factors for the need of >5 endoscopic dilation procedures, including stricture origin, length 
>2 cm, proximal location and narrow (≤10 mm) baseline diameter. These data provide insight 
for the endoscopist performing esophageal dilation nowadays, support early recognition 
of strictures that poorly respond to dilation, and may be useful in informing patients on 
the anticipated efficacy of dilation therapy.

The vast majority (61.5%) of strictures at our dilation program involved postsurgical 
anastomotic strictures. Cervical esophagogastric strictures after esophagectomy accounted 
for 80.6% of anastomotic strictures. Post hoc analyses showed that the recurrence rate of 

Figure 3. Total number of endoscopic dilation proceduresa

a Only patients with a follow-up period of at least 6 months without locoregional tumor recurrence.
* p < 0.05; comparison with anastomotic strictures by Mann-Whitney U test.
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cervical strictures was significantly higher than intrathoracic esophagogastric strictures (86.4% 
vs. 66.7%; p=0.03) and they required significantly more dilation procedures (median 8 vs. 5; 
p=0.01). A recently published study also showed better functional outcomes of intrathoracic 
anastomosis in comparison with cervical anastomosis after minimally invasive esophagectomy, 
including less need for dilation (6.2% vs. 43.8%) and fewer dilations (median 4 vs. 1).20 So 
the incidence and burden of postesophagectomy strictures may be reduced by standard 
intrathoracic anastomosis.21

Few data exist on the incidence and treatment outcomes of radiation-induced strictures 
after definitive chemoradiation for esophageal cancer. Retrospective comparison of low-dose 
(≤50.4 Gy) and high-dose (>50.4 Gy) definitive chemoradiation for esophageal squamous cell 
carcinoma showed that the incidence of esophageal strictures (grade 3 toxicity) was significantly 
higher in the high-dose group (32.1% vs. 18.2%).22 A prospective study from the early ‘90s 
reported adequate relief of dysphagia after endoscopic dilation in 66% of patients with 
radiation strictures.23 Repeated dilation was required in 43% of patients on long-term follow-
up.23 More recent data showed that radiation strictures were refractory to dilation therapy in 
43% of patients.24 These patients had received radiation therapy for various cancers, mainly 
including head and neck cancer (51%) and distal esophageal cancer (19%).24 Proximal location 
with non-esophageal malignancy was found to be an independent risk factor for refractory 
strictures.24 We also identified proximal location as risk factor for >5 dilation procedures. It is 
therefore likely that proximal strictures secondary to radiation for head and neck cancer have 

Table 6. Endoscopic treatment and safety outcomes

No.( %)
Anastomotic
N=201

Radiation
N=37

Post endotherapy
N=27

Peptic
N=19

Caustic
N=14

Method of dilation
 Bougie dilation 146 (72.6) 22 (59.5) 18 (66.7) 13 (68.4) 8 (57.1)
 Balloon dilation 3 (1.5) 5 (13.5)** 4 (14.8)** 3 (15.8)** 0 (0)
 Both 50 (24.9) 10 (27.0) 5 (18.5) 3 (15.8) 6 (42.9)
 Unknown 2 (1.0) 0 (0) 0 (0) 0 (0) 0 (0)
Steroid injections; (yes) 41 (20.4) 1 (2.7)** 5 (18.5) 1 (5.3) 3 (21.4)
Incision therapy; (yes) 38 (18.9) 0 (0)** 3 (11.1) 0 (0)* 2 (14.3)
Stent placement; (yes) 28 (13.9) 3 (8.1) 5 (18.5) 2 (10.5) 1 (7.1)
Self-dilation; (yes) 9 (4.5) 2 (5.4) 0 (0) 1 (5.3) 9 (64.3)***
Serious adverse events; per patient
 Perforation 7 (3.5)1 3 (8.1)2 3 (11.1) 0 (0) 7 (50.0)***
 Clinically relevant bleeding 1 (0.5) 2 (5.4) 1 (3.7) 0 (0) 1 (7.1)
 Aspiration 2 (1.0) 1 (2.7) 0 (0) 0 (0) 0 (0)
 Unknown 3 (1.5) 0 (0) 0 (0) 0 (0) 0 (0)

1 Esophago-respiratory fistula in 4 patients, including 1 patient who both had a perforation and an esophago-respiratory 
fistula 7 months later during the dilation sessions.
2 Esophago-respiratory fistula in 1 patient.
* p < 0.05; ** p < 0.01; *** p < 0.001; comparison with anastomotic strictures by Fisher’s exact test.
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a poorer response to dilation therapy than radiation strictures after definitive chemoradiation 
for esophageal cancer.

Post endotherapy strictures represent a heterogeneous group of strictures. The current 
literature predominantly consists of studies on the prevention and treatment of post-ESD 
strictures. The incidence of strictures is considered higher after ESD (11.6-16.9%) than 
after EMR (6%).25-28 Mucosal resection involving >75% of the esophageal circumference and 
resection length >30 mm have been identified as important predictors of stricture formation 
and severity.28, 29 In our study, post endotherapy strictures had the lowest risk of recurrence 
(64%) and required the fewest number of dilation procedures (median 4). This relatively 
favorable response to endoscopic dilation may be explained by the superficial mucosal injury 
after EMR/RFA and the circumferential extension of the resection involved >75% in less than 
50% of patients with post endotherapy strictures. Oral administration and local injection of 
steroids have been shown to be effective in preventing post-ESD strictures,30 and may therefore 
be useful in reducing the burden of post endotherapy strictures.

The most challenging and therapy-resistant strictures were the strictures secondary to 
chemical burns, as demonstrated by the median number of 29 dilation procedures required in 
these patients. This is even an underestimating of the actual number of dilations, since we also 
analyzed the patients that had already been treated before 2001 and data from that period were 
not available. Nine out of the 14 patients (64%) eventually started self-bougienage, because 
of the poor response to endoscopic dilation therapy. A study comparing the outcomes of acid 
(n=85) and alkali (n=94) ingestion showed that strictures developed in 15% of patients after acid 
and in 17% after alkali ingestion.31 Strictures were managed by primary surgery in 24% (7/29), 
endoscopic dilation alone in 34% (10/29), secondary surgery because of unsuccessful dilation in 
38% (11/29), and one patient with a stricture died due to systemic complications.31 Other series 
also reported poor response to endoscopic dilation in patients with corrosive strictures.32, 33

The latter group of patients showed the highest perforation risk (50%), followed by post 
endotherapy (11%) and radiation (8%) strictures. This risk was much lower in anastomotic 
and peptic strictures. That caustic and radiation strictures have a higher risk of perforation 
than postsurgical strictures has also been demonstrated in previous studies.34, 35 Takahashi 
et al. reported perforations in 9.0% (7/78) of patients who underwent dilation of post-EMR/
ESD strictures, and identified the need for multiple dilation procedures as an independent risk 
factor for perforation.29 Our data also showed that the patients who developed perforation 
underwent significantly more dilation procedures than patients without perforation, reflecting 
the complexity of these strictures.

The most important limitations of our study were the retrospective data collection and 
the heterogeneity within and between the subgroups of patients with different kinds of strictures. 
For the analyses of stricture recurrence and number of dilation procedures we included only 
the patients with at least 6 months of follow-up without locoregional tumor recurrence. This may 
have introduced an overestimation of the recurrence rates and number of dilation procedures, 
since the reason for lost to follow-up may have been that patients never developed recurrent 
symptoms of dysphagia. Because of the observational and heterogeneous data, our study results 
may be generalized to clinical settings outside our institution.
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In conclusion, our results provide insight in the outcomes of esophageal dilation and may 
support early recognition of strictures that poorly respond to dilation, and may be useful in 
informing patients on the anticipated efficacy of dilation therapy. Risk factors for stricture 
recurrence and multiple dilations should be taken into account before other endoscopic 
interventions are considered.
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ABSTRACT
Background. The optimal target of endoscopic dilation of postsurgical esophageal strictures is 
unknown. Our aim was to compare the dilation-free period of patients who underwent dilation 
up to 16 mm with patients who were dilated up to 17 mm or 18 mm.

Methods. We retrospectively analyzed adult patients who received bougie/balloon dilation for 
a benign anastomotic stricture after esophagectomy. An anastomotic stricture was defined as 
dysphagia in combination with a luminal diameter of ≤ 13 mm at endoscopy. We analyzed 
the dilation-free period using Kaplan-Meier and multivariable Cox regression analysis.

Results. Eighty-eight patients were dilated up to a maximum diameter of 16 mm and 91 patients 
to a diameter > 16 mm. The stricture recurrence rate was 79.5% in the 16 mm group and 68.1% 
in the > 16 mm group (p=0.083). The overall dilation-free period had a median of 41.5 (range 
8-3233) days and 92 (range 17-1745) days, respectively (p<0.001). For patients who developed 
a stricture recurrence, the median dilation-free period was 28 (range 8-487) days and 63 (range 
17-1013) days, respectively (p=0.001). Cox regression analysis showed a reduced risk of stricture 
recurrence for patients who were dilated up to > 16 mm: crude hazard ratio (HR) 0.57 (95% 
confidence interval (CI) 0.41-0.81) and adjusted HR 0.48 (95% CI 0.33-0.70).

Conclusions. Endoscopic dilation over 16 mm resulted in a significant prolongation of 
the dilation-free period in comparison with dilation up to 16 mm in patients with benign 
anastomotic strictures after esophagectomy.
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INTRODUCTION
Esophageal cancer is globally among the top ten of cancers with the highest incidence and death 
rates.1 It was estimated that in the US in the year 2015 almost 17.000 new cases of esophageal 
cancer would be diagnosed and almost 15.600 deaths attributable to esophageal cancer 
would occur.2 Potentially curable esophageal cancer is generally treated with a multimodal 
approach that includes surgery.3 After esophagectomy a cervical or intrathoracic anastomosis 
is constructed using a gastric tube, or in rare cases a colonic or jejunal interposition, for  
esophageal replacement.

One of the major complications after esophagectomy is the development of benign anastomotic 
strictures, which occurs in 10-43% of patients.4-8 Esophageal strictures cause complaints of 
dysphagia and weight loss, are associated with a decreased quality of life and lead to additional 
health care costs.9 Endoscopic bougie or balloon dilation is currently the standard treatment to 
resolve dysphagia caused by benign esophageal strictures.10 To prevent dilation-related adverse 
events, the ‘rule of three’ is usually applied with the use of bougie dilators. This means that 
the stricture is dilated no more than three millimeters using three consecutive bougies once 
moderate resistance is encountered.11 Patients hereby require repeated endoscopies to reach 
a satisfactory luminal diameter. When a luminal diameter of 13 to 15 mm has been reached, 
patients are able to tolerate a normal diet.11, 12 However, approximately 50% of patients with 
benign esophageal anastomotic strictures develop recurrent complaints of dysphagia, requiring 
again repeated dilation procedures.13, 14 Besides this major burden for patients, the repeated 
endoscopic dilations consequently impact on the costs of healthcare and contribute to sickness 
absence of patients as well.

The optimal target diameter of endoscopic dilation of benign esophageal strictures is 
unknown and therefore an arbitrary measure. To ensure luminal patency, patients are usually 
dilated to 16-20 mm.13-16 It is unknown whether a larger target diameter increases the risk 
of perforation. So far, no studies have found a correlation between the size of the balloon or 
bougie dilator and the occurrence of perforation.17, 18 Increasing the target diameter will result 
in additional endoscopic procedures, especially when the ‘rule of three’ is applied with the use 
of bougie dilators. The question is whether those last additional millimeters past the 16 mm are 
effective. Therefore, our aim was to compare the dilation-free period for patients who underwent 
endoscopic dilation up to 16 mm with patients who were dilated to more than 16 mm.

MATERIALS & METHODS
This study was designed as a retrospective, single center, cohort study and was approved by 
the Medical Ethics Committee of the Academic Medical Center, Amsterdam, the Netherlands. 
We performed an electronic search through our endoscopic database ENDOBASE 
(Olympus Medical Systems, Hamburg, Germany) to identify patients who underwent upper 
gastrointestinal endoscopy and dilation therapy between January 2005 and June 2015. In 
attempt to select a large and homogeneous population, we included adult patients who received 
bougie or balloon dilation for a benign anastomotic stricture after esophagectomy with either 
gastric tube reconstruction or colonic interposition for esophageal replacement. Patients 
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Figure 1. Flow chart of the study.
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were excluded if they had active esophageal malignancy, strictures other than anastomotic 
strictures, esophagectomy before January 2000, esophagectomy or endoscopic dilation outside 
our institution, other endoscopic therapies including stent placement or incision therapy, 
persisting postsurgical esophageal fistula at time of first dilation, or dilation-related perforation 
or fistula. We applied the following definition for a benign anastomotic stricture: dysphagia in 
combination with a luminal diameter ≤ 13 mm at the site of the anastomotic stricture diagnosed 
at endoscopy. The luminal diameter was based on the report of resistance during the passage 
of a ≤ 13 mm bougie or the inability to pass the stricture with a diagnostic or therapeutic 
gastroscope. We divided patients into two groups based on the maximum luminal diameter that 
was reached with endoscopic dilation during the last endoscopy of the initial treatment: (1) 16 
mm and (2) > 16 mm. The primary outcome of the study was the dilation-free period, defined 
as the period between the date of reaching the maximum diameter at endoscopic dilation and 
the date of endoscopic re-intervention for stricture recurrence or end of follow-up without 
the need for additional endoscopic dilation. Secondary outcomes were the stricture recurrence 
rate and serious dilation-related adverse events. We defined stricture recurrence as dysphagia 
requiring endoscopic dilation in the absence of locoregional tumor recurrence. Follow-up ended 
when patients developed a recurrent stricture, metastatic disease or local tumor recurrence, or 
at last contact. The patients who developed a recurrent stricture and underwent endoscopic 
re-intervention with bougie or balloon dilation were analyzed as well for the dilation-free 
period after endoscopic re-intervention. For this purpose, we also divided these patients into 
the groups (1) 16 mm reached after endoscopic re-intervention and (2) > 16 mm reached after 
endoscopic re-intervention.

Data collection
We retrospectively collected the baseline variables from the medical records that are presented 
in table 1. The following variables were also included in the data collection: the number of 
endoscopies needed to reach the target diameter; maximum luminal diameter reached; date 
of reaching the target diameter; endoscopic re-intervention for stricture recurrence; date of 
endoscopic re-intervention; date of last dilation-free follow-up; and serious dilation-related 
adverse events. We also collected the equivalent variables when patients underwent endoscopic 
re-intervention dilation for a recurrent stricture. The stricture diameter was based on the size 
of the first bougie that was passed with resistance. In the few cases that these data were not 
available, the stricture diameter was estimated by EvH, IN and JvH in a consensus meeting using 
the endoscopic images of the untreated stricture. To determine the location of the stricture, 
the esophagus was divided into three segments: proximal (< 25 cm from the incisors), mid 
(25-30 cm from the incisors) and distal (> 30 cm from the incisors).

Procedures
Although the procedures in this study were not standardized because of the retrospective nature 
of this study, we give a description of how endoscopic dilation was usually performed according 
to our local protocol. Endoscopic dilation was performed as an outpatient procedure. Patients 
were asked to fast for at least 6 hours before the procedure. Anticoagulants were stopped 4-6 



48

Table 1. Baseline characteristics

16 mm
N=88

> 16 mm
N=91 p

Gender 0.606
 Male 64 (72.7) 63 (69.2)
 Female 24 (27.3) 28 (30.8)
Age (years); mean ± SD 64.3 ± 8.2 63.3 ± 10.6 0.487
Esophageal replacement 0.240
 Gastric tube reconstruction 86 (97.7) 91 (100)
 Colonic interposition 2 (2.3) 0 (0)
Location of esophageal anastomosis 0.182
 Cervical 77 (87.5) 86 (94.5)
 Intrathoracic 10 (11.4) 5 (5.5)
 Missing 1 (1.1) 0 (0)
Esophageal anastomosis 0.193
 Hand-sewn 60 (68.2) 58 (63.7)
 Stapled 12 (13.6) 5 (5.5)
 Missing 16 (18.2) 28 (30.8)
Esophageal anastomosisa 0.024
 End-to-end 40 (45.5) 53 (58.2)
 End-to-side 37 (42.0) 23 (25.3)
 Missing 11 (12.5) 15 (16.5)
Postsurgical esophageal leakage 0.083
 Yes 18 (20.5) 29 (31.9)
 No 70 (79.5) 62 (68.1)
Stent for postsurgical leakage 1.000
 Yes 1 (1.1) 1 (1.1)
 No 87 (98.9) 90 (98.9)
Days between surgery and first dilation; median (range) 66 (31-399) 77 (28-680) 0.255
Stricture diameter (mm); mean ± SD 9.8 ± 1.9 9.5 ± 1.9 0.305
Esophageal segment 0.013
 Proximal (< 25 cm from incisors) 74 (84.1) 87 (95.6)
 Mid (25-30 cm from incisors) 14 (15.9) 4 (4.4)
 Distal (> 30 cm from incisors) 0 (0) 0 (0)
Method of endoscopic dilation 1.000
 Bougie 85 (96.6) 87 (95.6)
 Balloon 0 (0) 1 (1.1)
 Combination 3 (3.4) 3 (3.3)
Kenacort injected during dilationb 0.001
 Yes 9 (10.2) 0 (0)
 No 79 (89.8) 91 (100)

a One patient with a side-to-side anastomosis was added to the end-to-side group.
b Patients who received Kenacort participated in the trial by Hirdes et al.
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days before the procedure. Monotherapy of a prophylactic dose of an antiplatelet drug could 
be continued. No prophylactic antibiotics were administered. Patients received either ‘deep 
sedation’ using propofol under the supervision of an anesthesia team or ‘conscious sedation’ 
using midazolam and/or fentanyl administered by the endoscopist. Because bougie dilators 
are equally effective in comparison with balloons,19-21 but less expensive because of their re-
usability, we preferred dilation with the use of Savary-Gilliard bougies and fluoroscopic 
guidance. Depending whether a diagnostic gastroscope (diameter < 10 mm) could pass or 
not pass the stricture, we started with an 11 mm or 8 mm bougie, respectively. Patients were 
dilated up to a satisfactory luminal diameter based on the discretion of the endoscopist using 
the ‘rule of three’, which means that the stricture was dilated no more than three millimeters 
per procedure once resistance had been encountered. Patients were discharged 1-2 hours 
after the intervention after drinking a glass of water under the supervision of the endoscopist. 
Consecutive dilation procedures were scheduled within 1-2 weeks until a target diameter of at 
least 16 mm was reached. The vast majority of procedures were performed or supervised by six 
endoscopists dedicated to interventional endoscopy. The final target diameter was an arbitrary 
measure, that mainly depended on the preference of the endoscopist performing the procedure. 
The patient was then discharged and instructed to contact the outpatient clinic in case of 
recurrent dysphagia.

Statistical analysis
We described continuous variables as mean with standard deviation (SD) and median with 
lowest and highest value (range) when they had a normal and skewed distribution, respectively. 
For the comparison of variables with a normal and skewed distribution, the independent sample 
T-test and the Mann-Whitney U test were used, respectively. We used Pearson’s chi square or 
Fisher’s exact test, depending on the number of cases, to compare categorical variables. Besides 
the Mann-Whitney U test, a Kaplan-Meier analysis with log-rank test was performed for 
the comparison of the dilation-free period between dilation up to 16 mm and > 16 mm. We 
analyzed time to stricture recurrence using a multivariable Cox proportional hazards regression 
model, including the variables with p < 0.1 in univariable analysis. No critical violations of 
the proportional hazards assumption were found using the log minus log plot of each variable 
included in the multivariable model. We handled missing data as ‘missing completely at random’ 
and therefore performed a complete case analysis (n=153; missing n=26). Two-sided p-values 
< 0.05 were considered statistically significant. We used the statistical software SPSS Statistics 
version 22 (IBM corp., Armonk, New York, USA) for the analyses.

RESULTS
Between January 2005 and June 2015 we identified 457 patients who underwent endoscopic 
dilation at the Academic Medical Center after esophageal surgery, of whom 225 patients fulfilled 
the inclusion criteria (figure 1). The patients who developed a dilation-related perforation or 
fistula during the initial treatment (3.1%; 7/225) and who had no follow-up data available (0.9%; 
2/225) were additionally excluded. Of the remaining 216 patients, 179 reached a maximum 
target diameter of at least 16 mm after endoscopic dilation and were included in the final analysis 
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(figure 1). Eighty-eight patients were dilated up to 16 mm and 91 patients up to a diameter of > 16 
mm, including 16.5 mm (n=2), 17 mm (n=45) and 18 mm (n=44). The baseline characteristics 
of the two groups are presented in table 1. The median number of endoscopies needed to reach 
the maximum target diameter was 3 (range 1-10) and 4 (range 1-10) in the 16 mm and > 16 mm, 
respectively (p < 0.001; figure 2). The period from the first dilation to reaching the maximum 
diameter had a median of 15 (range 0-82) days in the 16 mm group and 25 (range 0-85) days in 
the > 16 mm group (p < 0.001).

The stricture recurrence rate was 79.5% in the 16 mm group and 68.1% in the > 16 mm 
group (p=0.083). The overall dilation-free period had a median of 41.5 (range 8-3233) days in 
the 16 mm group and 92 (range 17-1745) days in the > 16 mm group (p < 0.001). For patients 
who developed a stricture recurrence, the median dilation-free period was 28 (range 8-487) 
days and 63 (range 17-1013) days, respectively (p=0.001). Kaplan-Meier analyses with log-rank 
test are presented in figure 3a,b. Cox regression analysis showed a reduced risk of stricture 
recurrence for patients who were dilated to > 16 mm in comparison with the 16 mm group: 
crude hazard ratio (HR) 0.57 (95% confidence interval (CI) 0.41-0.81) and adjusted HR 0.48 
(95% CI 0.33-0.70). Details are presented in table 2.

Subgroup analysis
To study the effect of each millimeter increase in maximum diameter in comparison with the 16 
mm group, we divided the patients into three groups based on the maximum diameter reached 
after endoscopic dilation: 16 mm (n=88), 17 mm (n=45) and 18 mm (n=44). The stricture 

Figure 2. Number of endoscopies needed to reach the maximum target diameter.
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Figure 3a,b. Dilation-free period.
(A) Dilation-free period in all patients undergoing endoscopic dilation to a maximum diameter of 16 
mm (N=88) and >16 mm (N=91). (B) Dilation-free period for those patients who developed a recurrent 
stricture after endoscopic dilation to a maximum diameter of 16 mm (N=70) and >16 mm (N=62)

a)

b)

recurrence rates were 79.5%, 66.7% and 70.5%, respectively (p=0.228). Analyzed separately, 
dilation up to 17 mm and dilation up to 18 mm significantly (p < 0.01) increased the dilation-
free period in comparison with the 16 mm group (table 3 and figure 4a,b).
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Endoscopic re-intervention for stricture recurrence
After the initial treatment 132 patients (73.7%; 132/179) developed a recurrent stricture, of 
whom 116 patients fulfilled the inclusion criteria again (figure 1). The patients who developed 
a dilation-related perforation or fistula during re-intervention (0.9%; 1/116) and who had 
no follow-up data available (3.4%; 4/116) were additionally excluded. Of the remaining 111 
patients, 101 reached a maximum target diameter of at least 16 mm after endoscopic dilation 
and were included in the re-intervention analysis (figure 1). Forty-one patients were dilated up 
to 16 mm and 60 patients up to a diameter of > 16 mm, including 16.5 mm (n=3), 17 mm (n=18) 
and 18 mm (n=39). The mean diameter of the untreated recurrent stricture was similar between 
the 16 mm and > 16 mm group: 12.4 (SD 1.7) mm and 12.7 (SD 2.9) mm (p=0.501). After re-
intervention, the stricture recurrence rate was 73.2% in the 16 mm group and 63.3% in the > 
16 mm group (p=0.301). The overall dilation-free period had a median of 51 (range 11-1277) 
days in the 16 mm group and 93 (range 17-1596) days in the > 16 mm group (p=0.024). For 
patients who developed a second stricture recurrence, the median dilation-free period after re-
intervention was 34.5 (range 11-494) days and 67.5 (range 17-554) days, respectively (p=0.025). 
Kaplan-Meier analyses with log-rank test are presented in figure 5a,b.

Table 2. Cox regression analysis of factors associated with time until stricture recurrence

HR (95% CI) p

Crude Adjusted Crude Adj.

Anastomosis (end-to-end); missing n=26 1.16 (0.80-1.70) 1.42 (0.95-2.13) 0.434 0.087
Postsurgical leakage (yes) 1.07 (0.73-1.57) 1.01 (0.67-1.51) 0.731 0.983
Esophageal segment (proximal) 0.83 (0.48-1.45) 0.52 (0.24-1.16) 0.512 0.110
Kenacort injected (yes) 1.32 (0.61-2.82) 0.96 (0.41-2.28) 0.481 0.928
Maximum diameter reached (> 16 mm) 0.57 (0.41-0.81) 0.48 (0.33-0.70) 0.001 0.000

NB. Complete case analysis includes 153 patients (26 missings)

Table 3. Time to stricture recurrence

16 mm 17 mm 18 mm

Overall dilation-free perioda

 Median (days) 41.5 106 91
 Range (days) 8-3233 17-1745 20-1718
 p-value reference 0.003 0.001
Time to stricture recurrenceb

 Median (days) 28 58 63
 Range (days) 8-487 17-1013 20-546
 p-value reference 0.018 0.003

a Until stricture recurrence or end of follow-up
b Includes only the patients who developed a recurrent stricture
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Figure 4a,b. Dilation-free period.
(A) Dilation-free period in all patients undergoing endoscopic dilation to a maximum diameter of 16 mm 
(N=88), 17 mm (N=45) and 18 mm (N=44). (B) Dilation-free period for those patients who developed 
a recurrent stricture after endoscopic dilation to a maximum diameter of 16 mm (N=70), 17 mm (N=30) 
and 18 mm (N=31).

Adverse events
Out of the 225 patients and the 1,309 endoscopic dilation procedures that we analyzed, 13  
dilation-related adverse events were reported in 12 patients, making the adverse event rate 5.3% 
per patient and 1.0% per procedure. Two patients developed three episodes of postprocedural 
bleeding, that required endoscopic treatment with adrenaline in one case and endoscopic 
inspection without intervention in the remaining two cases. Two patients had a large ulcer at 

a)

b)
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the anastomosis, discovered during the next scheduled dilation procedure, which resulted in 
postponement of further dilation. Eight patients (3.6% per patient and 0.6% per procedure) 
developed a perforation or fistula following endoscopic bougie dilation. The details of these 
cases are described in table 4. One patient, of whom no follow-up data were available, died 

Figure 5a,b. Dilation-free period after re-intervention dilation.
(A) Dilation-free period in all patients undergoing endoscopic re-intervention dilation for a recurrent 
stricture to a maximum diameter of 16 mm (N=41) and >16 mm (N=60). B Dilation-free period for 
those patients who developed a second stricture recurrence after endoscopic re-intervention dilation to 
a maximum diameter of 16 mm (N=30) and >16 mm (N=38).

a)

b)
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of an unknown cause three days after an endoscopic dilation procedure. Two adverse events, 
a large ulcer and a perforation, developed after dilation up to 17 mm and 18 mm, respectively. 
The remaining adverse events all occurred after dilation up to 16 mm or less.

DISCUSSION
In this study we demonstrated that endoscopic dilation of benign esophageal anastomotic 
strictures to a target diameter of more than 16 mm was associated with a statistically significant 
prolongation of the dilation-free period in comparison with dilation to a target diameter of 16 
mm. This finding was valid for the initial treatment of newly diagnosed anastomotic strictures, as 
well as for the re-intervention dilation of recurrent strictures. Dilation to > 16 mm also resulted 
in an 11.4% decrease of the stricture recurrence rate after the initial treatment. Although this 
decrease was not statistically significant, it showed a trend towards significance (p=0.083). These 
results have led to a change in our management and benign esophageal anastomotic strictures 
are now always dilated to a target diameter of 18 mm at our institution.

To our knowledge there are no studies that investigated the optimal target diameter of 
endoscopic dilation. To relieve dysphagia, guidelines recommend to dilate up to 13-15 mm.11, 22  
However, since benign esophageal strictures tend to recur frequently, it is much more common to 
dilate to at least 16 mm and even up to 18 or 20 mm, especially in patients with anastomotic and 
peptic strictures.13-15, 17, 19, 21, 23-25 A retrospective study that included patients with esophagojejunal 
anastomotic strictures after total gastrectomy, compared three groups of patients based on 
the maximum diameter of balloon dilation and number of endoscopic sessions.26 Unfortunately, 
the sample size and number of events were insufficient to draw valid conclusions. Another 
retrospective study, including 155 patients who underwent balloon dilation for anastomotic 
strictures after esophagectomy, found no correlation between a balloon size of less than 20 mm 
and the risk of stricture recurrence (odds ratio 1.74; 95% CI 0.89–3.39).13 In 89% of patients 
a maximum balloon size of 20 mm was used, resulting in a stricture recurrence rate of 50%.13 This 
was much lower than the recurrence rate of 74% (132/179) in our cohort, in which almost 50% 
of patients were dilated to a maximum target diameter of only 16 mm. Although the definition 
of an anastomotic stricture was not clearly defined in the aforementioned study,13 these results 
also suggest that dilation to > 16 mm is more effective.

Although we found a clinically relevant prolongation of the dilation-free period after 
dilation to > 16 mm, one might question the cost-effectiveness of increasing the target diameter 
to 17 or 18 mm. In our study, patients had a 1.1-1.6 months prolongation of their dilation-free 
period with a median increase of one endoscopy and a mean increase of 1.41 endoscopies. We 
think that the benefits of dilation to > 16 mm are worth the extra effort. The costs of the extra 
endoscopy may finally even out, because patients who are dilated to 16 mm return sooner 
with recurrent dysphagia and their strictures tend to recur more frequently. Since patients are 
treated more effectively with dilation to > 16 mm, the extra endoscopy may even reduce sickness 
absence and contribute to labor participation.

Besides a potential benefit in cost-effectiveness, more effective treatment of benign 
esophageal  anastomotic strictures may also affect the quality of life. A prospective cohort study 
demonstrated that patients who developed an anastomotic stricture after esophageal resection 
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had significantly poorer scores of global quality of life and social function at six months after 
discharge in comparison with patients without anastomotic strictures.9 So dilation up to > 16 
mm may result in a more rapid recovery of the quality of life to a level that is comparable with 
patients without anastomotic strictures.

Another important question is whether dilation to > 16 mm is safe and does not increase 
the risk of esophageal perforation. In our study one out of the eight perforations occurred 
after dilation to > 16 mm, which demonstrates that the target diameter of endoscopic dilation 
for benign esophageal anastomotic strictures can be safely increased up to 17 or 18 mm. 
The overall perforation rate of 0.6% per procedure in our series is comparable to the perforation 
rates reported in the literature after endoscopic dilation of benign esophageal anastomotic 
strictures, which varied from 0-1.8%.12, 13, 16-18, 23, 24, 27, 28 A retrospective series that focused on 
the incidence and management of esophageal ruptures after endoscopic balloon dilation of 
benign esophageal strictures, reported a perforation rate of 1.8% (13/736) per procedure in 
patients with postoperative strictures.17 However, these perforations mainly included type 
two ruptures (12/13) with contrast leakage restricted to the immediately adjacent area that 
could be managed conservatively.17 In this study and another large series on balloon dilation 
for postesophagectomy strictures no correlation was found between a larger balloon size and 
the occurrence of esophageal ruptures.13, 17

One might also question whether the ‘rule of three’ with the use of bougies is really necessary 
and whether strictures can also safely be dilated four or five millimeters per session. This 
would result in a reduction of the number of endoscopies needed to reach the maximum target 
diameter. In a retrospective study on the incidence and outcomes of bougienage for anastomotic 
strictures, the authors suggested that “the extent of the first bougienage should not depend 
on a rigid rule but on careful evaluation consistent with the anastomotic stricture”.15 Several 
studies using balloon dilation already showed that dilation over 3 mm per session was safe 
and feasible. For instance Park et al. reported that 89% of patients with anastomotic strictures 
were dilated with a maximum balloon size of 20 mm during the initial dilation session with 
no major complications after the first session.13  In another retrospective study balloon sizes 
of 12-15 mm and 15-18 mm diameter were used in patients with severe (< 5 mm diameter) 
and moderate (5-10 mm diameter) strictures, respectively.24 Patients were asked to ring a bell 
if they experienced discomfort during the balloon dilation. Using this strategy, the authors 
reported a perforation rate of 0.3% per procedure.24 A retrospective study that included patients 
with esophagojejunal anastomotic strictures of a median diameter of 5 or 6 mm, also reported 
that 66% (38/58) of patients could be dilated up to 16.5-20 mm in one or two sessions, which 
resulted in a single perforation.26 However, the cost-effectiveness of dilation to > 16 mm and 
the maximum increase in diameter during a single session of endoscopic dilation might be 
the subject of future research.

The main limitation of our study is the nonrandomized, retrospective design. To achieve 
a valid comparison between dilation to > 16 mm with dilation up to 16 mm, we collected 
the variables that have been identified in the literature to correlate with stricture development or 
stricture severity and adjusted for the variables that were unequally distributed in a multivariable 
Cox regression analysis. Because we are dealing with selected populations, one might question 
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whether the patients who only reached 16 mm after endoscopic dilation did not have severer and 
tighter strictures than the patients who reached > 16 mm. However, the equal stricture diameter 
at baseline and the significantly fewer endoscopic sessions in the 16 mm group (figure 2)  
plead against this assumption. Furthermore, because of the retrospective design the adverse 
event rate is most likely underestimated due to underreporting.

In conclusion, increasing the target diameter of endoscopic dilation up to 17 or 18 mm is 
safe and feasible in benign anastomotic strictures after esophagectomy. Dilation over 16 mm 
resulted in a significant prolongation of the dilation-free period in comparison with dilation up 
to 16 mm. Therefore, increasing the target diameter of endoscopic dilation up to 17 or 18 mm 
is more effective.
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ABSTRACT
Aim: To analyze the outcomes of self-expandable stent placement for benign esophageal 
strictures and benign esophageal leaks in the literature.

Methods: The PubMed, Embase and Cochrane databases were searched for relevant articles 
published between January 2000 and July 2014. Eight prospective studies were identified 
that analyzed the outcomes of stent placement for refractory benign esophageal strictures. 
The outcomes of stent placement for benign esophageal leaks, perforations and fistulae were 
extracted from 20 retrospective studies that were published after the inclusion period of a recent 
systematic review. Data were pooled and analyzed using descriptive statistics.

Results: Fully covered self-expandable metal stents (FC SEMS) (n = 85), biodegradable (BD) 
stents (n = 77) and self-expandable plastic stents (SEPS) (n = 70) were inserted in 232 patients 
with refractory benign esophageal strictures. The overall clinical success rate was 24.2% and 
according to stent type 14.1% for FC SEMS, 32.9% for BD stents and 27.1% for SEPS. Stent 
migration occurred in 24.6% of cases. The overall complication rate was 31.0%, including 
major (17.7%) and minor (13.4%) complications. A total of 643 patients were treated with 
self-expandable stents mainly for postsurgical leaks (64.5%), iatrogenic perforations (19.6%), 
Boerhaave’s syndrome (7.8%) and fistulae (3.7%). FC SEMS and partially covered SEMS were 
used in the majority of patients. Successful closure of the defect was achieved in 76.8% of patients 
and according to etiology in 81.4% for postsurgical leaks, 86.0% for perforations and 64.7% for 
fistulae. The pooled stent migration rate was 16.5%. Stent-related complications occurred in 
13.4% of patients, including major (7.8%) and minor (5.5%) complications.

Conclusion: The outcomes of stent placement for refractory benign esophageal strictures were 
poor. However, randomized trials are needed to put this into perspective. The evidence on 
successful stent placement for benign esophageal leaks, perforations and fistulae is promising.
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INTRODUCTION
Esophageal self-expandable stent placement is a well-established, evidence-based treatment 
for the palliation of malignant dysphagia. By the end of the 90’s self-expandable metal stents 
have replaced the traditional rigid plastic tubes, because of their superiority in safety and cost-
effectiveness[2-6]. Ever since the stent designs have evolved in order to improve their efficacy, 
durability and safety, and to expand their use for different clinical indications.

Besides malignant indications, esophageal self-expandable stents are nowadays used for 
refractory benign strictures, benign perforations, postoperative anastomotic leaks and benign 
fistulae[1, 7]. To define the heterogeneous group of patients with refractory benign esophageal 
strictures Kochman et al[8] have proposed a uniform definition that has been widely accepted. 
According to Kochman’s criteria an esophageal stricture is refractory or recurrent when it 
cannot be remediated to a diameter of 14 mm over 5 dilatation sessions at 2-wk intervals, or 
when a satisfactory luminal diameter cannot be maintained for 4 weeks once the target diameter 
of 14 mm has been achieved[8]. The definition only applies in the absence of active inflammation 
and neuromuscular dysfunction. In this subgroup of patients with refractory strictures self-
expandable stent placement is performed to extend the dysphagia-free period and to reduce 
the number of dilatations (Figure 1a,b).

There is a varied offer of esophageal self-expandable stents, that can be divided into four main 
groups: (1) removable fully covered metal stents (FC SEMS); (2) removable partially covered 
metal stents (PC SEMS); (3) removable covered plastic stents (SEPS); and (4) biodegradable 
stents (BD stents). In this literature review we aim to provide an overview of the clinical 
outcomes of self-expandable stent placement for benign esophageal diseases including a by 
clinical indication and by stent design breakdown.

Figure 1a,b. FC SEMS placement for a refractory benign esophageal anastomotic stricture

a) b)
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MATERIALS AND METHODS
The PubMed, Embase and Cochrane databases were searched for publications from January 
2000 to July 2014. Key words that were used included esophagus, stent and benign. Articles 
were screened by title and abstract for their relevance. Studies were considered for inclusion 
when they reported on the clinical outcomes of esophageal self-expandable stent placement for 
benign strictures, benign perforations, anastomotic leaks and/or benign fistulae. The exclusion 
criteria and search results are shown in Figure 2. The primary endpoint was clinical success, 
which was defined as the absence of dysphagia at end of follow-up after single stent placement 
in case of esophageal strictures and successful closure of the defect after single or multiple stent 

 
 

(Esophagus OR esophag*) AND benign AND (stents OR self-
expandable stent OR esophageal stent) 

 PubMed: 222 hits 
 Embase: 366 hits 
 Cochrane: 7 hits 

Limitations 
 Period: January 2000 - July 2014 
 Language: English 

Exclusion criteria 
 Irrelevant title/abstract 
 Reviews and guidelines 
 Conference abstracts 
 Case reports 
 No access to full article 
 Analyses including malignant 

indications 

Articles identified: 
 Strictures: 27 
 Leaks, fistulae or perforations: 26 
 Both strictures and leaks: 26 

Leaks, fistulae and/or perforations: 20 
articles included 
Excluded articles: 

 Published during inclusion period 
of systematic review by Dasari et 
al[1] 

 Duplicate publications 
 No subgroup analyses for patients 

with benign leaks, fistulae or 
perforations 

 Patients analyzed with active 
malignancy 

 Airway stenting performed 

Strictures: 8 articles included 
Excluded articles: 

 Retrospective study design 
 Strictures not fulfilling Kochman’s 

criteria 
 Duplicate publications 

Figure 2. Literature search
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placements in case of an esophageal leak, perforation or fistula. Clinical failures were defined 
as recurrent dysphagia in case of esophageal strictures and persistent leak or death during 
stent therapy in case of esophageal leaks, perforations and fistulae. Secondary endpoints were 
the technical success rates of esophageal stent placement, morbidity rates, mortality rates and 
stent removal outcome. Technical success was defined as stent placement across the lesion at 
the end of the procedure, including successful stent repositioning after immediate migration. 
Successful stent removal was defined as uneventful endoscopic stent extraction without the need 
for additional interventions or procedures. So stent removal by the stent-in-stent procedure, 
which is used to induce pressure-necrosis of granulation tissue to facilitate the removal of an 
embedded stent, was considered an adverse event.

Statistical analysis
This manuscript contains descriptive statistics. Data were pooled and presented as frequency 
and percentage, so no biostatistical tests were used.

RESULTS
Refractory benign esophageal strictures
After searching the literature no randomized controlled trials (RCTs) were found that studied 
the outcomes of stent placement for refractory benign esophageal strictures. Twelve prospective, 
nonrandomized studies were identified that reported on the outcomes of esophageal stent 
placement for benign strictures (Table 1)[9-20]. One was excluded because of a duplicate 
publication[20]. To create a homogeneous population only the studies were analyzed that included 
patients with refractory benign esophageal strictures according to Kochman’s criteria[8]. A total 
of eight prospective cohort series were included that reported on 232 patients with refractory 
benign esophageal strictures[9-16]. In 85 patients a FC SEMS was placed, 77 patients received 
a BD stent and a SEPS was inserted in 70 patients. No PC SEMS were used in any of the included 
articles. The overall pooled technical success rate of esophageal stent placement was 98.7%. 
Details on stricture etiology, stent type and clinical outcomes are summarized in Table 2. 
Analyses by stricture etiology were not possible due to lacking data.

Clinical success: The overall clinical success rate after single stent placement was 24.2%. 
The clinical success rates per type of stent are presented in Table 2. The time to recurrence 
of dysphagia after failed stent therapy varied widely. Stricture recurrence after FC SEMS 
removal was reported by three studies after median periods ranging from 15 d to 1.7 mo[9, 10, 12]. 
Recurrence of dysphagia after SEPS removal was reported by one study after a mean of 4 (range 
2-9) weeks[10]. After BD stent placement dysphagia recurred after mean periods ranging from 4 
weeks to 19 wk[10, 15].

Stent migration, reactive tissue formation and food impaction: The overall pooled stent 
migration rate was 24.6% (57/232). By stent type migration rates were 31.8% (27/85) for FC 
SEMS, 14.3% (11/77) for BD stents and 27.1% (19/70) for SEPS.

Tissue hyperplasia was reported in 4.3% (10/232) of patients, causing recurrent dysphagia 
in 5 patients (2.2%) who all had received a BD stent. Hyperplastic tissue growth according to 
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Table 1. Literature on self-expandable stent placement for refractory benign esophageal strictures

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Prospective cohort studies including patients with RBES according to Kochman’s criteria
Chaput et al[9]

2013
Prospect Patients with recurrent benign strictures 

after more than 3 dilatations to more 
than 15 mm during the previous 12 mo: 
n = 41
1 Anastomotic stricture: 29% (12/41)
2 Peptic stricture: 39% (16/41)
3 Caustic stricture: 7% (3/41)
4 Radiation stricture: 20% (8/41)
5 Others: 5% (2/41)

Standard FC SEMS: 
100% (24/24)
- 4 wk 
 
Multilayer silicone 
FC SEMS: 100% 
(17/17)
- 3 mo

24 mo Overall complications:
Stent migration: 29.3% (12/41)
Chest pain requiring stent removal or repositioning: 9.8% (4/41)
Chest pain resolved with conservative management: 2.4% (1/41)
Vomiting: 2.4% (1/41)
Pneumonia: 2.4% (1/41)

FC SEMS: 100% 
(41/41)

Overall clinical success: 
9.8% (4/41)

Canena et al[10]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 30
1 Anastomotic stricture: 43% (13/30)
2 Peptic stricture: 23% (7/30)
3 Caustic stricture: 10% (3/10)
4 Radiation stricture: 7% (2/30)
5 Idiopathic stricture: 17% (5/30)

BD stent: 100% 
(10/10)
SEPS: 100% (10/10)
- 12 wk

FC SEMS: 100% 
(10/10)
- 12 wk

23.4 (8-66) mo Patients with complications (P = 0.38): BD stent 50%, SEPS 70%, 
FC SEMS 60%
Stent migration (P = 0.16): BD stent 20%, SEPS 60%, FC SEMS 30%
Tissue hyperplasia (P = 0.09): BD stent 30%, SEPS 0%, FC SEMS 0%
1 Associated with one major bleeding and recurrent dysphagia in 
two patients
Minor complications in 17% (5/30) of patients:
2 Globus sensation: BD stent 0%, SEPS 0%, FC SEMS 10%
3 Moderate chest pain: BD stent 0%, SEPS 20%, FC SEMS 10%
4 Reflux: BD stent 0%, SEPS 10%, FC SEMS 10%
Major complications in 7% (2/30) of patients:
1 Major bleeding: BD stent 10%, SEPS 0%, FC SEMS 0%
2 Severe chest pain: BD stent 10%, SEPS 0%, FC SEMS 0%

SEPS: 100% (10/10)

FC SEMS: 100% 
(10/10)

Overall: 27% (8/30)

Stent type (P = 0.27):
1 BD stent: 30% (3/10)
2 SEPS: 10% (1/10)
3 FC SEMS: 40% (4/10)

Hirdes et al[11]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 28
1 Peptic stricture: 32% (9/28)
2 Anastomotic stricture: 25% (7/28)
3 Radiation stricture: 11% (3/28)
4 Caustic stricture: 7% (2/28)
5 Others: 11% (3/28)
6 Unknown origin: 14% (4/28)

Single BD stent: n 
= 15
Sequential BD stent: 
n = 13
Technical success: 
100% (28/28)

In total 59 BD stent 
placed

630 (21-1121) d Stent migration: 10.7% (3/28)
Food impaction: 10.7% (3/28)
Major complications after 59 stent placements in 28 patients: 29% 
(8/28) of patients
1 Retrosternal pain and vomiting: 7.1% (2/28)
2 Retrosternal pain: 7.1% (2/28)
3 Bleeding: 7.1% (2/28)
4 Fever and vomiting: 3.6% (1/28)
5 Aspiration pneumonia: 3.6% (1/28)
Minor complications of 59 stent placements in 28 patients: 14% 
(4/28) of patients
1 Retrosternal pain: 7.1% (2/28)
2 Reflux: 3.6% (1/28)
3 Vomiting: 3.6% (1/28)
One patient (3.6%) died of aspiration pneumonia, relation to 
stent unclear

Not applicable At 6 mo after:
First stent: 25% (7/28) 
Second stent: 15% (2/13)
Third stent: 0% (0/7)
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Table 1. Literature on self-expandable stent placement for refractory benign esophageal strictures

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Prospective cohort studies including patients with RBES according to Kochman’s criteria
Chaput et al[9]

2013
Prospect Patients with recurrent benign strictures 

after more than 3 dilatations to more 
than 15 mm during the previous 12 mo: 
n = 41
1 Anastomotic stricture: 29% (12/41)
2 Peptic stricture: 39% (16/41)
3 Caustic stricture: 7% (3/41)
4 Radiation stricture: 20% (8/41)
5 Others: 5% (2/41)

Standard FC SEMS: 
100% (24/24)
- 4 wk 
 
Multilayer silicone 
FC SEMS: 100% 
(17/17)
- 3 mo

24 mo Overall complications:
Stent migration: 29.3% (12/41)
Chest pain requiring stent removal or repositioning: 9.8% (4/41)
Chest pain resolved with conservative management: 2.4% (1/41)
Vomiting: 2.4% (1/41)
Pneumonia: 2.4% (1/41)

FC SEMS: 100% 
(41/41)

Overall clinical success: 
9.8% (4/41)

Canena et al[10]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 30
1 Anastomotic stricture: 43% (13/30)
2 Peptic stricture: 23% (7/30)
3 Caustic stricture: 10% (3/10)
4 Radiation stricture: 7% (2/30)
5 Idiopathic stricture: 17% (5/30)

BD stent: 100% 
(10/10)
SEPS: 100% (10/10)
- 12 wk

FC SEMS: 100% 
(10/10)
- 12 wk

23.4 (8-66) mo Patients with complications (P = 0.38): BD stent 50%, SEPS 70%, 
FC SEMS 60%
Stent migration (P = 0.16): BD stent 20%, SEPS 60%, FC SEMS 30%
Tissue hyperplasia (P = 0.09): BD stent 30%, SEPS 0%, FC SEMS 0%
1 Associated with one major bleeding and recurrent dysphagia in 
two patients
Minor complications in 17% (5/30) of patients:
2 Globus sensation: BD stent 0%, SEPS 0%, FC SEMS 10%
3 Moderate chest pain: BD stent 0%, SEPS 20%, FC SEMS 10%
4 Reflux: BD stent 0%, SEPS 10%, FC SEMS 10%
Major complications in 7% (2/30) of patients:
1 Major bleeding: BD stent 10%, SEPS 0%, FC SEMS 0%
2 Severe chest pain: BD stent 10%, SEPS 0%, FC SEMS 0%

SEPS: 100% (10/10)

FC SEMS: 100% 
(10/10)

Overall: 27% (8/30)

Stent type (P = 0.27):
1 BD stent: 30% (3/10)
2 SEPS: 10% (1/10)
3 FC SEMS: 40% (4/10)

Hirdes et al[11]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 28
1 Peptic stricture: 32% (9/28)
2 Anastomotic stricture: 25% (7/28)
3 Radiation stricture: 11% (3/28)
4 Caustic stricture: 7% (2/28)
5 Others: 11% (3/28)
6 Unknown origin: 14% (4/28)

Single BD stent: n 
= 15
Sequential BD stent: 
n = 13
Technical success: 
100% (28/28)

In total 59 BD stent 
placed

630 (21-1121) d Stent migration: 10.7% (3/28)
Food impaction: 10.7% (3/28)
Major complications after 59 stent placements in 28 patients: 29% 
(8/28) of patients
1 Retrosternal pain and vomiting: 7.1% (2/28)
2 Retrosternal pain: 7.1% (2/28)
3 Bleeding: 7.1% (2/28)
4 Fever and vomiting: 3.6% (1/28)
5 Aspiration pneumonia: 3.6% (1/28)
Minor complications of 59 stent placements in 28 patients: 14% 
(4/28) of patients
1 Retrosternal pain: 7.1% (2/28)
2 Reflux: 3.6% (1/28)
3 Vomiting: 3.6% (1/28)
One patient (3.6%) died of aspiration pneumonia, relation to 
stent unclear

Not applicable At 6 mo after:
First stent: 25% (7/28) 
Second stent: 15% (2/13)
Third stent: 0% (0/7)
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Table 1. (continued)

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Hirdes et al[12]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 15
1 Peptic stricture: 40% (6/15)
2 Caustic stricture: 20% (3/15)
3 Radiation stricture: 13% (2/15)
4 Other: 7% (1/15)
5 Unknown cause: 20% (3/15)

FC SEMS: 100% 
(15/15)

109 d (87-222)

After stent 
removal: 86 
(14-330) d

Stent migration: 33% (5/15)
Tissue overgrowth: 20% (3/15)
Major complications in 20% (3/15) of patients:
1 Severe pain requiring stent removal: 7% (1/15)
2 Severe persistent odynophagia: 7% (1/15)
3 Nausea/vomiting: 13% (2/15)
4 Aspiration pneumonia: 7% (1/15)
Minor complications:
1 Pain: 20% (3/15)

93% (14/15)
Stent-in-stent: 7%

0% (0/15)

Eloubeidi et 
al[13]

2011

Pro- and 
retrospect

Patients with benign esophageal lesions 
treated with Alimaxx-E stent: n = 35
Leaks/fistulae: n = 12
Perforations: n = 4
RBES: n = 19
1 Anastomotic stricture: 37% (7/19)
2 Peptic stricture: 21% (4/19)
3 Caustic stricture: 11% (2/19)
4 Radiation stricture: 11% (2/19)
5 Others: 21% (4/19)

FC SEMS: 100% 
(19/19)
In situ for: 64 ± 74 d 
(range 6-300)

161 ± 111 
(range 24-360) 
d

Stent migration: 36.8% (7/19)
Minor complications in patients with RBES:
1 Stent infolding/invagination: 16% (3/19)
2 Chest pain: 5% (1/19)
3 Abdominal pain: 11% (2/19)
4 Globus sensation: 5% (1/19)
5 Fever: 5% (1/19)
Major complications in patients with RBES:
1 Arrhythmia: 5% (1/19)

97% (34/35)
Stent fracture: 3%

21% (4/19)

Van Boeckel et 
al[14]

2011

Prospect Patients with RBES according to 
Kochman criteria: n = 38
1 Anastomotic stricture: 34% (13/38)
2 Peptic stricture: 18% (7/38)
3 Radiation stricture: 18% (7/38)
4 Caustic stricture: 16% (6/38)
5 Others: 11% (4/38)
6 Unknown etiology: 3% (1/38)

BD stent: 100% 
(18/18)
SEPS: 95% (19/20)
- 6 wk

BD stent: 166 
(21-559) d
SEPS: 385 
(77-924) d

Major complications: 15.8% (6/38)
1 Hemorrhage: SEPS 5%, BD stent 11%
2 Perforation: SEPS 5%, BD stent 0%
3 Severe pain requiring opiates: SEPS 0%, BD stent 11%
Minor complications: 10.5% (4/38)
4 Reflux: SEPS 0%, BD stent 6%
5 Nausea/vomiting: SEPS 5%, BD stent 11%
Stent migration: SEPS 25% (5/20), BD stent 22% (4/18)
Food impaction: SEPS 0%, BD stent 11% (2/18)
Tissue in-/overgrowth: SEPS 0%, BD stent 11% (2/18)
1 A FC SEMS was placed in both patients

SEPS: 100% (16/16) Stent type (P = 0.83):
- SEPS: 30% (6/20)
- BD stent: 33% (6/18)

Repici et al[15]

2010
Prospect Patients with RBES according to 

Kochman criteria: n = 21
1 Peptic stricture: 33% (7/21)
2 Anastomotic stricture: 24% (5/21)
3 Radiation stricture: 24% (5/21)
4 Caustic stricture: 10% (2/21)
5 Other: 5% (1/21)
6 Idiopathic stricture: 5% (1/21)

BD stent: 100% 
(21/21)

53 (25-88) wk Stent migration: 9.5% (2/21)
Severe thoracic pain requiring analgesics: 14.3% (3/21)
Minor bleeding: 4.8% (1/21)
Dysphagia caused by hyperplastic tissue: 4.8% (1/21)

Not applicable 45% (9/20)
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Table 1. (continued)

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Hirdes et al[12]

2012
Prospect Patients with RBES according to 

Kochman criteria: n = 15
1 Peptic stricture: 40% (6/15)
2 Caustic stricture: 20% (3/15)
3 Radiation stricture: 13% (2/15)
4 Other: 7% (1/15)
5 Unknown cause: 20% (3/15)

FC SEMS: 100% 
(15/15)

109 d (87-222)

After stent 
removal: 86 
(14-330) d

Stent migration: 33% (5/15)
Tissue overgrowth: 20% (3/15)
Major complications in 20% (3/15) of patients:
1 Severe pain requiring stent removal: 7% (1/15)
2 Severe persistent odynophagia: 7% (1/15)
3 Nausea/vomiting: 13% (2/15)
4 Aspiration pneumonia: 7% (1/15)
Minor complications:
1 Pain: 20% (3/15)

93% (14/15)
Stent-in-stent: 7%

0% (0/15)

Eloubeidi et 
al[13]

2011

Pro- and 
retrospect

Patients with benign esophageal lesions 
treated with Alimaxx-E stent: n = 35
Leaks/fistulae: n = 12
Perforations: n = 4
RBES: n = 19
1 Anastomotic stricture: 37% (7/19)
2 Peptic stricture: 21% (4/19)
3 Caustic stricture: 11% (2/19)
4 Radiation stricture: 11% (2/19)
5 Others: 21% (4/19)

FC SEMS: 100% 
(19/19)
In situ for: 64 ± 74 d 
(range 6-300)

161 ± 111 
(range 24-360) 
d

Stent migration: 36.8% (7/19)
Minor complications in patients with RBES:
1 Stent infolding/invagination: 16% (3/19)
2 Chest pain: 5% (1/19)
3 Abdominal pain: 11% (2/19)
4 Globus sensation: 5% (1/19)
5 Fever: 5% (1/19)
Major complications in patients with RBES:
1 Arrhythmia: 5% (1/19)

97% (34/35)
Stent fracture: 3%

21% (4/19)

Van Boeckel et 
al[14]

2011

Prospect Patients with RBES according to 
Kochman criteria: n = 38
1 Anastomotic stricture: 34% (13/38)
2 Peptic stricture: 18% (7/38)
3 Radiation stricture: 18% (7/38)
4 Caustic stricture: 16% (6/38)
5 Others: 11% (4/38)
6 Unknown etiology: 3% (1/38)

BD stent: 100% 
(18/18)
SEPS: 95% (19/20)
- 6 wk

BD stent: 166 
(21-559) d
SEPS: 385 
(77-924) d

Major complications: 15.8% (6/38)
1 Hemorrhage: SEPS 5%, BD stent 11%
2 Perforation: SEPS 5%, BD stent 0%
3 Severe pain requiring opiates: SEPS 0%, BD stent 11%
Minor complications: 10.5% (4/38)
4 Reflux: SEPS 0%, BD stent 6%
5 Nausea/vomiting: SEPS 5%, BD stent 11%
Stent migration: SEPS 25% (5/20), BD stent 22% (4/18)
Food impaction: SEPS 0%, BD stent 11% (2/18)
Tissue in-/overgrowth: SEPS 0%, BD stent 11% (2/18)
1 A FC SEMS was placed in both patients

SEPS: 100% (16/16) Stent type (P = 0.83):
- SEPS: 30% (6/20)
- BD stent: 33% (6/18)

Repici et al[15]

2010
Prospect Patients with RBES according to 

Kochman criteria: n = 21
1 Peptic stricture: 33% (7/21)
2 Anastomotic stricture: 24% (5/21)
3 Radiation stricture: 24% (5/21)
4 Caustic stricture: 10% (2/21)
5 Other: 5% (1/21)
6 Idiopathic stricture: 5% (1/21)

BD stent: 100% 
(21/21)

53 (25-88) wk Stent migration: 9.5% (2/21)
Severe thoracic pain requiring analgesics: 14.3% (3/21)
Minor bleeding: 4.8% (1/21)
Dysphagia caused by hyperplastic tissue: 4.8% (1/21)

Not applicable 45% (9/20)
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Table 1. (continued)

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Dua et al[16]

2008
Prospect Patients with RBES according to 

Kochman criteria: n = 40
1 Anastomotic stricture: 30% (12/40)
2 Caustic stricture: 20% (8/40)
3 Radiation stricture: 18% (7/40)
4 Peptic stricture: 5% (2/40)
5 Others: 28% (11/40)

SEPS: 95% (38/40)
4 wk

53 (11-156) wk Stent migration: 22.2% (8/36)
Severe chest pain requiring medication: 11.1% (4/36)
Fistula: 2.8% (1/36)
Perforation: 5.6% (2/36)
Gastroesophageal reflux: 5.6% (2/36)
Bleeding: 8.3% (3/36)
Stent-related mortality: 2.8% (1/36)
1 Massive bleeding probably due to stent eroding into major 
vessel

94% (31/33) 
Inability to remove 
stent: 6% (2/33)

30% (12/40)

Remaining prospective cohort studies
Van Hooft et 
al[17]

2011

Prospect Patients with an esophagogastric 
anastomotic stricture who did not have 
had any endoscopic treatment: n = 10

BD stent: 100% 
(10/10)

6 mo Food impaction: 10% (1/10)
Hyperplasia-induced obstruction: 20% (2/10)

Not applicable 60% (6/10)

Evrard et al[18]

2004
Prospect SEMS-induced stricture: n = 5

Esophagocolonic anastomotic stricture: 
n = 4
Refractory benign strictures after 
a median of 6 (range 1-12) dilation 
sessions per year: n = 8
Anastomotic leak: n = 4

SEPS: 100% (21/21)
Range 2 d–18 mo

After stent 
removal: 21 
(8-39) mo

Stent migration: 57.1% (12/21)
Stridor due to tracheal compression: 4.8% (1/21)
Inflammatory epiglottic stenosis: 4.8% (1/21)

100% (21/21) 76% (13/17)

Repici et al[19]

2004
Prospect Patients with persisting benign 

esophageal strictures after at least 6 
dilation sessions: n = 15
1 Caustic stricture: 33%
2 Anastomotic stricture: 27%
3 Radiation stricture: 27%

SEPS: 100% (15/15)
6 wk

Mean: 22.7 
(19-27) mo

Severe chest pain requiring analgesics: 33% (5/15)
Mild/moderate mucosal hyperproliferation: 27% (4/15)
Stent migration: 7% (1/15)

100% (15/15) 80% (12/15)

RBES: Refractory benign esophageal strictures; SEPS: Self-expandable plastic stent; BD stent: Biodegradable stent; FC SEMS: Fully covered self-expandable metal stent.

stent type was 3.5% (3/85) for FC SEMS, 7.8% (6/77) for BD stents and 1.4% (1/70) for SEPS. 
Food impaction was reported in 2.2% (5/232) of patients and occurred only in patients with 
a BD stent (6.5%, 5/77).

Adverse events: Excluding stent migration, reactive tissue formation and food impaction 
which were analyzed separately, 72 (31.0%) patients suffered a total of 77 complications 
due to stent placement. Major complications were reported in 17.7% of patients and minor 
complications in 13.4%. Major and minor complication rates per stent design are presented in 
Table 3. There was one (0.4%) stent-related death from a massive bleeding probably due to SEPS 
erosion into a major vessel[16]. Another patient with a BD stent died of aspiration pneumonia, 
which may have been caused by stricture recurrence[11].
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Table 1. (continued)

Ref. Study design Patients, indications

Stent type, technical 
success rate, 
scheduled removal

Follow-up 
Median (range) Complications

Successful  
stent removal

Clinical success 
(dysphagia-free)

Dua et al[16]

2008
Prospect Patients with RBES according to 

Kochman criteria: n = 40
1 Anastomotic stricture: 30% (12/40)
2 Caustic stricture: 20% (8/40)
3 Radiation stricture: 18% (7/40)
4 Peptic stricture: 5% (2/40)
5 Others: 28% (11/40)

SEPS: 95% (38/40)
4 wk

53 (11-156) wk Stent migration: 22.2% (8/36)
Severe chest pain requiring medication: 11.1% (4/36)
Fistula: 2.8% (1/36)
Perforation: 5.6% (2/36)
Gastroesophageal reflux: 5.6% (2/36)
Bleeding: 8.3% (3/36)
Stent-related mortality: 2.8% (1/36)
1 Massive bleeding probably due to stent eroding into major 
vessel

94% (31/33) 
Inability to remove 
stent: 6% (2/33)

30% (12/40)

Remaining prospective cohort studies
Van Hooft et 
al[17]

2011

Prospect Patients with an esophagogastric 
anastomotic stricture who did not have 
had any endoscopic treatment: n = 10

BD stent: 100% 
(10/10)

6 mo Food impaction: 10% (1/10)
Hyperplasia-induced obstruction: 20% (2/10)

Not applicable 60% (6/10)

Evrard et al[18]

2004
Prospect SEMS-induced stricture: n = 5

Esophagocolonic anastomotic stricture: 
n = 4
Refractory benign strictures after 
a median of 6 (range 1-12) dilation 
sessions per year: n = 8
Anastomotic leak: n = 4

SEPS: 100% (21/21)
Range 2 d–18 mo

After stent 
removal: 21 
(8-39) mo

Stent migration: 57.1% (12/21)
Stridor due to tracheal compression: 4.8% (1/21)
Inflammatory epiglottic stenosis: 4.8% (1/21)

100% (21/21) 76% (13/17)

Repici et al[19]

2004
Prospect Patients with persisting benign 

esophageal strictures after at least 6 
dilation sessions: n = 15
1 Caustic stricture: 33%
2 Anastomotic stricture: 27%
3 Radiation stricture: 27%

SEPS: 100% (15/15)
6 wk

Mean: 22.7 
(19-27) mo

Severe chest pain requiring analgesics: 33% (5/15)
Mild/moderate mucosal hyperproliferation: 27% (4/15)
Stent migration: 7% (1/15)

100% (15/15) 80% (12/15)

RBES: Refractory benign esophageal strictures; SEPS: Self-expandable plastic stent; BD stent: Biodegradable stent; FC SEMS: Fully covered self-expandable metal stent.

Stent removal: Removal of SEPS or FC SEMS was scheduled after 4 to 12 wk and BD stents 
were left in place to dissolve. Stent removal was attempted in 92.9% (144/155) of patients with 
a SEPS or FC SEMS. Successful stent removal was achieved in 97.2% (140/144) of patients; FC 
SEMS (97.6%, 83/85) and SEPS (96.6%, 57/59). Two SEPS were removed during surgery, because 
one migrated SEPS could not be pulled through the ileocecal valve in a patient with a colon – 
ileocecal valve – terminal ileum interposition, and one was partially embedded by granulation 
tissue above the stent[16]. One FC SEMS had to be removed by a stent-in-stent procedure due 
to severe reactive tissue growth through the disrupted cover of the stent[12]. Another FC SEMS 
fractured during removal and was retrieved in two pieces[13].
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Benign esophageal leaks, perforations and fistulae
The literature search revealed a recently published systematic review that analyzed the clinical 
outcomes of self-expandable stent placement for benign esophageal leaks and perforations in 
the literature published from 1990 to 2012[1]. Therefore, the studies published after the systematic 
review of Dasari et al[1] were considered for analysis. No RCTs that focused on the outcomes of 
stent placement for benign esophageal leaks, perforations or fistulae were identified. A total 
of 28 studies were selected from the literature, but after more careful reading of the articles 
eight more studies were excluded because they analyzed patients with active malignancy[21], 
performed a double stent strategy including airway stenting[22-24], included only postsurgical 
foregut leaks[25], did not perform subgroup analyses for patients with benign esophageal leaks, 
perforations or fistulae[26, 27], or because of duplicate publication[28]. Ultimately, 20 studies were 
included for analysis, all with a retrospective study design (Table 4)[13, 29-47]. A total of 643 
patients with benign esophageal leaks, perforations and fistulae were considered for analysis. 
A total of 852 stents were inserted in 573 patients. In the remaining 70 patients the number of 
stents used was not reported. The main indications for self-expandable stent placement were 
postsurgical leaks (64.5%), iatrogenic perforations (19.6%), Boerhaave’s syndrome (7.8%) and 
fistulae (3.7%). The majority of inserted stents were FC SEMS (41.0%) and PC SEMS (37.7%). 

Table 2. Pooled analysis of 232 patients with refractory benign esophageal strictures according to Kochman’s 
criteria treated with self-expandable stent placement

Stricture etiology No. of patients (%)

 Anastomotic strictures 69 (29.7)
 Peptic strictures 58 (25.0)
 Radiation strictures 36 (15.5)
 Caustic strictures 29 (12.5)
 Others 26 (11.2)
 Unknown 14 (6.0)
Stent type
 FC SEMS 85 (36.6)
 BD stent 77 (33.2)
 SEPS 70 (30.2)
 PC SEMS 0 (0)
Technical success
 Overall 229 (98.7)
 FC SEMS 85 (100)
 BD stent 77 (100)
 SEPS 67 (95.7)
Clinical success
 Overall (n = 231) 56 (24.2)
 FC SEMS (n = 85) 12 (14.1)
 BD stent (n = 76) 25 (32.9)
 SEPS (n = 70) 19 (27.1)
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Table 3. Pooled analysis of adverse events in patients with refractory benign esophageal strictures

No. of 
patients (%)

Overall complications 72 (31.0)
Overall major complications 41 (17.7)
FC SEMS (n = 85) 9 (10.6) 1

 Severe retrosternal pain 5 (5.9)
 Severe nausea and vomiting 2 (2.4)
 Aspiration pneumonia 2 (2.4)
 Arrhythmia 1 (1.2)
 Percutaneous endoscopic gastrostomy because of impaired intake caused by severe,  
 persistent odynophagia

1 (1.2)

BD stents (n = 77) 22 (28.6)1

 Severe retrosternal pain 10 (13.0)
 Hyperplasia-induced stenosis 5 (6.5)
 Bleeding, hematemesis 5 (6.5)
 Severe nausea and vomiting 3 (3.9)
 Aspiration pneumonia 1 (1.3)
SEPS (n = 70) 10 (14.3)
 Severe retrosternal pain 4 (5.7)
 Perforation 3 (4.3)
 Bleeding, hematemesis2 2 (2.9)
 Stent-induced fistula 1 (1.4)
Overall minor complications 31 (13.4)
FC SEMS (n = 85) 15 (17.6)1

 Retrosternal pain 6 (7.1)
 Stent infolding/invagination 3 (3.5)
 Abdominal pain 2 (2.4)
 Globus sensation 2 (2.4)
 Reflux symptoms 1 (1.2)
 Vomiting 1 (1.2)
 Fever 1 (1.2)
BD stents (n = 77) 8 (10.4)
 Nausea and vomiting 3 (3.9)
 Retrosternal pain 2 (2.6)
 Reflux symptoms 2 (2.6)
 Minor bleeding 1 (1.3)
SEPS (n = 70) 8 (11.4)
 Reflux symptoms 3 (4.3)
 Retrosternal pain 2 (2.9)
 Minor bleeding 2 (2.9)
 Nausea and vomiting 1 (1.4)

1 Patients can have more than one complication
2 Including one stent-related death from massive bleeding
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Stent placement was technically successful in 99.9% of cases. Further details are summarized 
in Table 5. Data on concurrent drainage of fluid collections were available for 425 patients, of 
whom 57.4% (244/425) underwent drainage procedures.

Clinical success: The overall clinical success rate of esophageal stent placement for benign 
leaks, perforations and fistulae was 76.8% (480/625). Subgroup analysis according to etiology 
was possible for 358 patients. The highest clinical success rate was achieved in patients with 
perforations (86.0%), followed by postsurgical leaks (81.4%) and fistulae (64.7%) (Table 5). 
When solely FC SEMS were used, clinical success was achieved in 73.0% (135/185) of patients. 
Solely PC SEMS were used in two studies with a pooled clinical success rate of 78.2% (68/87). 
Only one study focused on the outcomes of SEPS placement and reported clinical success in 
90% (27/30) of patients with anastomotic leaks.

Stent migration, reactive tissue formation and food impaction: Stent migration could be 
analyzed in 320 patients who received a total of 468 self-expandable stents. The overall pooled 
stent migration rate was 16.5% (77/468). By stent type migration rates were 21.8% (53/243) 
for FC SEMS and 10.6% (23/218) for PC SEMS. Data were insufficient to analyze the stent 
migration rate of SEPS.

Pooled analysis of tissue hyperplasia was possible for 384 patients in whom 530 stents were 
inserted. Tissue hyperplasia was directly reported or deduced out of context (e.g., stent-in-stent 
procedure for removal) in 111 cases (28.9% of patients and 20.9% of stents). The rate of reactive 
tissue formation according to stent type was 0.4% (1/267) for FC SEMS, 50.5% (110/218) for PC 
SEMS and 0% (0/45) for SEPS.

Of the 812 stents that were inserted in 540 patients, food impaction was reported in 6 cases 
(1.1% of patients and 0.7% of stents). Data were insufficient to analyze food impaction according 
to type of stent.

Adverse events and mortality: Two studies including 44 patients and 88 stent placements 
could not be analyzed because of missing subgroup analyses for patients with benign esophageal 
leaks[30, 41]. So adverse events were evaluated for 599 patients. Excluding stent migration, reactive 
tissue formation and food impaction, which were analyzed separately, 80 (13.4%) patients 
suffered a total of 82 complications due to stent placement. The overall pooled major and minor 
complication rate were 7.8% and 5.5%, respectively. Complication rates according to stent type 
are presented in Table 6.

Mortality during the course of stent therapy was reported in 10.0% of all patients with 
benign leaks, perforations and fistulae. Stent-related mortality was reported in three cases 
(0.5%). One was caused by severe bleeding in a patient treated with a FC SEMS who refused 
further interventions[40]. In another case esophageal necrosis at the proximal end of a FC SEMS 
resulted in a fatal outcome[37]. The third stent-related death was due to massive hemorrhage 
caused by erosion of a PC SEMS into the aorta[46]. Other non-stent-related causes for mortality 
are summarized in Table 7.

Stent removal: The outcome of stent removal could be analyzed in 13 studies in which 
555 of the 615 inserted stents were subsequently removed. The overall pooled successful 
removal rate was 78.7% (437/555). Causes of failure were stent embedding by granulation tissue 
requiring stent-in-stent procedures for removal (n = 104, 18.7%), surgical removal (n = 5, 0.9%), 
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esophageal ruptures (n = 2, 0.4%), irremovable stent (n = 2, 0.4%), self-limiting bleedings (n 
= 2, 0.4%), traumatic removal due to tissue ingrowth (n = 2, 0.4%) and additional endoscopic 
procedures (n = 1, 0.2%). When uneventful stent-in-stent procedures were considered as 
successful removals, the overall successful stent removal rate increased up to 97.5% (541/555). 
Stent removal outcome could be analyzed for 187 FC SEMS of which 84% (158/187) were 
removed after a median period of 5 to 7 weeks. FC SEMS removal was successful in 98.4% 
(184/187) of procedures, including one fractured stent that was retrieved in two pieces. There 
were two cases of a self-limiting bleeding and one migrated FC SEMS required surgical removal. 
The majority of PC SEMS (73%, 109/149) were removed after a median period of 7 to 10 weeks. 
One study accounted for 91% (135/149) of the PC SEMS removals[47]. Successful endoscopic 
removal of PC SEMS was achieved in 29.5% (44/149) of cases and in 96.6% (144/149) after 
stent-in-stent procedures. Three PC SEMS were removed during surgery and two removals were 
traumatic due to tissue ingrowth. The two cases of esophageal rupture also occurred during 
the removal of PC SEMS, but could not be included in the pooled analysis because the overall 
number of removed PC SEMS was not reported[40]. The ruptures were successfully treated 
with another stent. The outcome of SEPS removal could be extracted from one study and was 
successful in 100% (14/14) of cases after a mean stent time of 17 d[44].

DISCUSSION
This pooled analysis of the literature showed that the overall clinical success rate of self-
expandable stent placement was 24.2% for refractory benign esophageal strictures and 76.8% for 
benign esophageal leaks, perforations and fistulae. With regard to refractory benign strictures, 
the meta-analysis by Thomas et al[7] found sustained improvement of dysphagia in 46.2% 
of patients treated with self-expandable stents, which is almost twice as high as the clinical 
success rate (24.2%) in this pooled analysis. Also the systematic review by Repici et al[48] 
reported a much higher clinical success rate of 52% after SEPS placement for benign esophageal 
strictures. The difference in clinical success between our pooled analysis and the aforementioned 
systematic reviews may be explained by the etiology and the severity of the strictures. The study 
population of Thomas et al[7] mainly included corrosive (43%), postsurgical (25%) and radiation 
(11%) strictures. The etiologies of the patients in the systematic review on SEPS treatment 
mainly included postsurgical (38%), corrosive (25%) and radiation (15%) strictures[48]. In our 
analysis, peptic strictures accounted for 25.0% of patients, while corrosive strictures represented 
only 12.5%. However, the literature data were insufficient to analyze the clinical outcomes of 
stent placement according to stricture etiology. With regard to the severity of the strictures, 
Thomas et al[7] included three studies, that accounted for 50% of weight in the meta-analysis, 
in which patients had a history of two or less dilatations before stent placement. The review by 
Repici et al[48] did not provide details on the number of previous dilatations, but included mainly 
retrospective studies with heterogeneous definitions of refractory or recurrent strictures. We 
think that the more homogeneous population included in this analysis of prospective studies, 
that fulfilled Kochman’s criteria[8], had more severe strictures and therefore a poorer outcome 
of stent therapy. Thomas et al[7] reported a significantly higher clinical success rate for Polyflex 
stents (55.3%) compared with nitinol stents (36.7%). Our results also showed a lower clinical 
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Table 4. Literature on self-expandable stent placement for benign esophageal leaks, perforations and fistulae

Ref.
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Dua et al[29]

2014
Pro- and 
retrospect

Patients treated with a non-
foreshortening FC SEMS for benign 
esophageal leaks: n = 6
Postsurgical leaks: n = 5
Esophagopericardial fistula: n = 1

Single stent: 83% (5/6)
Multiple stents: 17% (1/6)

FC SEMS: 100% 
(7/7)
 
Median time 
to removal: 50 
(49-56) d

Unknown

FU: unknown

Minor complications:
Pneumoperitoneum during endoscopy secondary to air 
insufflation: 17% (1/6)
Stent migration: 17% (1/7)
Mortality rate: 33.3% (2/6)
Cerebral embolism: 16.7% (1/6)
Sepsis-related: 16.7% (1/6)

FC SEMS: 100% (4/4) Overall: 67% (4/6)
-Postsurgical leaks: 
80% (4/5)
-Fistula: 0% (0/1)

El Hajj  
et al[30]

2014

Retrospect Patients with attempted stent 
placement for esophageal leaks, 
fistulae and perforations:
1 Postsurgical leaks: n = 29

Single stent: 72% (21/29)
Multiple stents: 28% (8/29)

Excluded from analysis because 
patients were included with active 
malignancy:
1 Perforations: n = 10
2 Fistulae: n = 15

PC SEMS: 100% 
(19/19)
- 4 to 6 wk

FC SEMS: 100% 
(30/30)
- 6 to 8 wk

SEPS: 100% 
(15/15)
- 6 to 8 wk

Not analyzed for subgroup 
of patients with anastomotic 
leaks

≥ 3 mo FU: 100%

No subgroup analysis for patients with esophageal leaks
1 Chest pain
2 GI Bleed
3 Pneumothorax
4 Increase size of leak during deployment
5 Breakage of stent
6 Dysphagia
7 Aspiration pneumonia
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Mortality rate: 0% (0/29)

No subgroup analysis for 
patients with postsurgical 
leaks
-Stent-in-stent procedure: 2
-Breakage of stent: 1

Overall: 82.8% (24/29)
-Primary closure rate: 
72% (21/29)
-Secondary closure 
rate: 38% (3/8)

Freeman  
et al[31]

2014

Retrospect Patients with intrathoracic leak after 
surgical repair of an acute iatrogenic 
esophageal perforation: n = 29

Single stent: 100% (29/29)

SEPS: 100% 
(24/24)
FC SEMS: 100% 
(5/5)
Mean time to 
removal: 22 
(13-41) d

PEG: 10.3% (3/29)
Thoracoscopic decortication: 
10.3% (3/29)
Jejunostomy: 3.4% (1/29)

Median FU: 6 weeks

No stent-related complications.
Stent migration: 17.2% (5/29)
Not analyzed according to stent type
Mortality rate: 0% (0/29)

100% (25/25)

Not analyzed according to 
stent type

86.2% (25/29)

success rate with the use of FC SEMS (14.1%) compared with SEPS (27.1%) and BD stents 
(32.9%). We do not have a good explanation for this finding. Complication, stent migration and 
tissue response rates were not significantly higher with the use of FC SEMS.

Safety analyses in patients treated with self-expandable stents for refractory benign strictures 
showed an overall complication rate of 31.0%, including a major complication rate of 17.7%. That 
complications are frequent during the course of stent therapy has also been demonstrated by 
several retrospective studies that were not included in our analyses[49-53]. The major complication 
rate of BD stents (28.6%) was twice as high as those of SEPS (14.3%) and FC SEMS (10.6%), 
because they caused more retrosternal pain, hyperplasia-induced stenoses and bleedings. 
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Table 4. Literature on self-expandable stent placement for benign esophageal leaks, perforations and fistulae

Ref.
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Dua et al[29]

2014
Pro- and 
retrospect

Patients treated with a non-
foreshortening FC SEMS for benign 
esophageal leaks: n = 6
Postsurgical leaks: n = 5
Esophagopericardial fistula: n = 1

Single stent: 83% (5/6)
Multiple stents: 17% (1/6)

FC SEMS: 100% 
(7/7)
 
Median time 
to removal: 50 
(49-56) d

Unknown

FU: unknown

Minor complications:
Pneumoperitoneum during endoscopy secondary to air 
insufflation: 17% (1/6)
Stent migration: 17% (1/7)
Mortality rate: 33.3% (2/6)
Cerebral embolism: 16.7% (1/6)
Sepsis-related: 16.7% (1/6)

FC SEMS: 100% (4/4) Overall: 67% (4/6)
-Postsurgical leaks: 
80% (4/5)
-Fistula: 0% (0/1)

El Hajj  
et al[30]

2014

Retrospect Patients with attempted stent 
placement for esophageal leaks, 
fistulae and perforations:
1 Postsurgical leaks: n = 29

Single stent: 72% (21/29)
Multiple stents: 28% (8/29)

Excluded from analysis because 
patients were included with active 
malignancy:
1 Perforations: n = 10
2 Fistulae: n = 15

PC SEMS: 100% 
(19/19)
- 4 to 6 wk

FC SEMS: 100% 
(30/30)
- 6 to 8 wk

SEPS: 100% 
(15/15)
- 6 to 8 wk

Not analyzed for subgroup 
of patients with anastomotic 
leaks

≥ 3 mo FU: 100%

No subgroup analysis for patients with esophageal leaks
1 Chest pain
2 GI Bleed
3 Pneumothorax
4 Increase size of leak during deployment
5 Breakage of stent
6 Dysphagia
7 Aspiration pneumonia
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Mortality rate: 0% (0/29)

No subgroup analysis for 
patients with postsurgical 
leaks
-Stent-in-stent procedure: 2
-Breakage of stent: 1

Overall: 82.8% (24/29)
-Primary closure rate: 
72% (21/29)
-Secondary closure 
rate: 38% (3/8)

Freeman  
et al[31]

2014

Retrospect Patients with intrathoracic leak after 
surgical repair of an acute iatrogenic 
esophageal perforation: n = 29

Single stent: 100% (29/29)

SEPS: 100% 
(24/24)
FC SEMS: 100% 
(5/5)
Mean time to 
removal: 22 
(13-41) d

PEG: 10.3% (3/29)
Thoracoscopic decortication: 
10.3% (3/29)
Jejunostomy: 3.4% (1/29)

Median FU: 6 weeks

No stent-related complications.
Stent migration: 17.2% (5/29)
Not analyzed according to stent type
Mortality rate: 0% (0/29)

100% (25/25)

Not analyzed according to 
stent type

86.2% (25/29)

Severe retrosternal pain occurred in 13.0% of patients who received a BD stent. Pain after stent 
placement has been postulated to be caused by the radial force of the stent against the tight 
stricture and is mainly reported within the first week after stent placement[9, 11, 15, 49, 53]. However, 
in vitro analysis of the radial and axial forces of 23 esophageal stent models showed that BD 
stents had a relatively low radial force and high axial force[54]. Therefore, it is more likely that 
because of the rigid stent design BD stents interact less well with the peristalsis of the esophagus 
causing more spasm and pain. In this analysis clinically relevant hyperplastic tissue growth 
was reported in 7.8% of BD stents. Two case series not included in this review also showed that 
reactive tissue formation is common after BD stent placement (Figure 3)[17, 55]. The occurrence 
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Gubler  
et al[32]

2014

Retrospect Patients with benign (gastro)
esophageal leaks, fistulae or 
perforations: n = 85
Iatrogenic perforations: n = 32
Anastomotic leaks: n = 31
Fistulae: n = 7
Boerhaave: n = 7
Other perforations: n = 8
 
Single stent: 78% (66/85)
Multiple stents: 22% (19/85)

Total SEMS: n 
= 113
PC SEMS: n = 72
FC SEMS: n = 28
Unknown: n = 13

Technical 
success: 100%
 
Average time 
to removal: 15 
(1-111) d

Percutaneous / thoracoscopic 
drainage: 55.3% (47/85)
OTSC: 2.4% (2/85)
Vacuum-therapy: 2.4% (2/85)
FU: at least 4 weeks after stent 
removal

Stent migration: 8.8% (10/113)
1 Not analyzed according to stent type
Food bolus obstruction: 0.9% (1/113)
1 Not analyzed according to stent type
Mortality rate: 9.4% (8/85) 
1 Unrelated to in situ stent: 3.5% (3/85)
2 Multi-organ failure: 2.4% (2/85)
3 Acute respiratory distress syndrome: 1.2% (1/85)
4 Heart insufficiency: 1.2% (1/85)
5 Aortic dissection: 1.2% (1/85)

98.2% (107/109)
- Irremovable: 2
- Spontaneous passage 
after migration: 1

Not analyzed according to 
stent type

Overall: 79% (67/85)
-Postsurgical leaks: 
74% (23/31)
-Fistulae: 43% (3/7)
-Iatrogenic: 94% 
(30/32)
-Boerhaave: 71% (5/7)
-Others: 75% (6/8)
PC SEMS: 68% (49/72)
FC SEMS: 54% (15/28)

Orive-
Calzada  
et al[33]

2014

Pro- and 
retrospect

Patients treated with FC SEMS for 
benign upper gastrointestinal fistulae 
and perforations: n = 56
Postsurgical leaks: n = 44 
Iatrogenic perforations: n = 6
Boerhaave syndrome: n = 4
Other perforations: n = 2

Single stent: 59% (33/56)
Multiple stents: 41% (23/56)

FC SEMS: 100% 
(87/87)
PC SEMS: 100% 
(1/1)
 
Median time 
to removal: 42 
(9-1460) d

Surgical drainage: 30% 
(17/56)
Percutaneous drainage: 41% 
(23/56)
FU: unknown

Minor complications:
Atrial fibrillation: 1.8% (1/56)
Major complications:
Stent-related perforation: 5.4% (3/56)
Stent migration: 20.5% (18/88)
FC SEMS: 20.7 (18/87)
PC SEMS: 0% (0/1)
Mortality rate: 16% (9/56)
Cerebrovascular accident: 1.8% (1/56)
Nosocomial pneumonia: 1.8% (1/56)
Neoplasia: 1.8% (1/56)
Secondary to sepsis: 10.7% (6/56)

FC SEMS: 100% (87/87)

PC SEMS: 0/1
-Stent-in-stent procedure: 1

Overall: 79% (44/56)
-Postsurgical leaks: 
78% (36/46)
-Perforations: 80% 
(8/10)

Persson  
et al[34]

2014

Retrospect Patients with benign spontaneous, 
iatrogenic or traumatic esophageal 
perforations: n = 40
-Iatrogenic perforation: n = 16
Boerhaave syndrome: n = 23
Other perforations: n = 1

Single stent: missing
Multiple stents: missing

Total No. of 
stents missing

Stent type 
missing

Time to 
removal: 4-6 wk

Unknown

FU: unknown 

No stent-related complications
Stent migration not analyzed according to stent type
Mortality rate: 7.5% (3/40)
1 Multi-organ failure: 5% (2/40)
2 Respiratory insufficiency without sepsis: 2.5% (1/40)

Stent type and no. of stents 
removed missing
-Removal during second 
procedure: 1

82.5% (33/40)

No subgroup analysis 
according to etiology



81

1

2

3

4

5

6

7

8

9

10

11

&

Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Gubler  
et al[32]

2014

Retrospect Patients with benign (gastro)
esophageal leaks, fistulae or 
perforations: n = 85
Iatrogenic perforations: n = 32
Anastomotic leaks: n = 31
Fistulae: n = 7
Boerhaave: n = 7
Other perforations: n = 8
 
Single stent: 78% (66/85)
Multiple stents: 22% (19/85)

Total SEMS: n 
= 113
PC SEMS: n = 72
FC SEMS: n = 28
Unknown: n = 13

Technical 
success: 100%
 
Average time 
to removal: 15 
(1-111) d

Percutaneous / thoracoscopic 
drainage: 55.3% (47/85)
OTSC: 2.4% (2/85)
Vacuum-therapy: 2.4% (2/85)
FU: at least 4 weeks after stent 
removal

Stent migration: 8.8% (10/113)
1 Not analyzed according to stent type
Food bolus obstruction: 0.9% (1/113)
1 Not analyzed according to stent type
Mortality rate: 9.4% (8/85) 
1 Unrelated to in situ stent: 3.5% (3/85)
2 Multi-organ failure: 2.4% (2/85)
3 Acute respiratory distress syndrome: 1.2% (1/85)
4 Heart insufficiency: 1.2% (1/85)
5 Aortic dissection: 1.2% (1/85)

98.2% (107/109)
- Irremovable: 2
- Spontaneous passage 
after migration: 1

Not analyzed according to 
stent type

Overall: 79% (67/85)
-Postsurgical leaks: 
74% (23/31)
-Fistulae: 43% (3/7)
-Iatrogenic: 94% 
(30/32)
-Boerhaave: 71% (5/7)
-Others: 75% (6/8)
PC SEMS: 68% (49/72)
FC SEMS: 54% (15/28)

Orive-
Calzada  
et al[33]

2014

Pro- and 
retrospect

Patients treated with FC SEMS for 
benign upper gastrointestinal fistulae 
and perforations: n = 56
Postsurgical leaks: n = 44 
Iatrogenic perforations: n = 6
Boerhaave syndrome: n = 4
Other perforations: n = 2

Single stent: 59% (33/56)
Multiple stents: 41% (23/56)

FC SEMS: 100% 
(87/87)
PC SEMS: 100% 
(1/1)
 
Median time 
to removal: 42 
(9-1460) d

Surgical drainage: 30% 
(17/56)
Percutaneous drainage: 41% 
(23/56)
FU: unknown

Minor complications:
Atrial fibrillation: 1.8% (1/56)
Major complications:
Stent-related perforation: 5.4% (3/56)
Stent migration: 20.5% (18/88)
FC SEMS: 20.7 (18/87)
PC SEMS: 0% (0/1)
Mortality rate: 16% (9/56)
Cerebrovascular accident: 1.8% (1/56)
Nosocomial pneumonia: 1.8% (1/56)
Neoplasia: 1.8% (1/56)
Secondary to sepsis: 10.7% (6/56)

FC SEMS: 100% (87/87)

PC SEMS: 0/1
-Stent-in-stent procedure: 1

Overall: 79% (44/56)
-Postsurgical leaks: 
78% (36/46)
-Perforations: 80% 
(8/10)

Persson  
et al[34]

2014

Retrospect Patients with benign spontaneous, 
iatrogenic or traumatic esophageal 
perforations: n = 40
-Iatrogenic perforation: n = 16
Boerhaave syndrome: n = 23
Other perforations: n = 1

Single stent: missing
Multiple stents: missing

Total No. of 
stents missing

Stent type 
missing

Time to 
removal: 4-6 wk

Unknown

FU: unknown 

No stent-related complications
Stent migration not analyzed according to stent type
Mortality rate: 7.5% (3/40)
1 Multi-organ failure: 5% (2/40)
2 Respiratory insufficiency without sepsis: 2.5% (1/40)

Stent type and no. of stents 
removed missing
-Removal during second 
procedure: 1

82.5% (33/40)

No subgroup analysis 
according to etiology
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Sharaiha  
et al[35]

2014

Retrospect Patients treated with stent placement 
for benign upper GI leaks: n = 18
Postsurgical leaks: n = 12
Iatrogenic perforation: n = 1
Other fistulae: n = 5

Single stent: 28% (5/18)
Multiple stents: 72% (13/18)

Total stents: n 
= 47
1 FC SEMS
2 PC SEMS
3 SEPS
4 Uncovered
Technical 
success: 100%
Mean time to 
removal: 54 
(18-118) d

Clip/endoloop: 27.8% (5/18)
Dilation: 33.3% (6/18)
Surgery: 16.7% (3/18)
 
FU: median 283 days (IQR 
38-762)

Overall 9 complications in 5 patients
5 minor complications in 4 patients:
1 Reflux / esophagitis: 16.7% (3/18)
2 Abdominal pain: 5.6% (1/18)
3 Collapsed stent: 5.6% (1/18)
4 major complications in 3 patients:
1 Aspiration pneumonia: 11.1% (2/18)
2 Perforation: 5.6% (1/18)
3 Stricture: 5.6% (1/18)
Tissue hyperplasia: 5.6% (1/47)
4 Stent type unknown
Food impaction / bezoar: 11.1% (2/47)
1 Stent type unknown
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Overall mortality rate: 5.6% (1/18)
1 Not specified

No subgroup analysis for 
patients with benign leaks
-Stent-in-stent procedure: 7
-Irremovable uncovered 
stent: 1

Overall: 47% (7/15)
-Postsurgical leaks: 
(5/11) 
-Fistula: 67% (2/3)
-Iatrogenic: 0% (0/1)

Shim  
et al[36]

2014

Retrospect Patients who underwent endoscopic 
treatment for anastomotic leakage 
after total gastrectomy: n = 27
FC SEMS: n = 13
Non stent therapy: n = 14

Single stent: 85% (11/13)
Multiple stents: 15% (2/13)

FC SEMS: 100% 
(15/15)
PC SEMS: 100% 
(1/1)
Median time 
to removal: 38 
(0-69) d

Concurrent fluid drainage: 
61.5% (8/13)

FU: unknown

Minor complication:
Stent malposition: 6.3% (1/13)
Stent migration: 25% (4/16)
1 FC SEMS: 26.7% (4/15)
2 PC SEMS: 0% (0/1)
Tissue in- or overgrowth: 6.3% (1/16)
3 FC SEMS: 6.7% (1/15)
Mortality rate: 15.4% (2/13)
4 Sepsis related: 7.7% (1/13)
5 Non-stent related bleeding: 7.7% (1/13)

FC SEMS: 100% (11/11)
PC SEMS: 100% (1/1)

Overall: 67% (8/12)
-Primary closure rate: 
67% (8/12)
-Secondary closure 
rate: 0% (0/4)

Brangewitz 
et al[37]

2013

Retrospect Patients with esophageal defects 
treated with stent placement: n = 39
1 Postsurgical leaks: n = 31
2 Iatrogenic perforations: n = 6
3 Boerhaave syndrome: n = 2

Single stent: 100% (39/39)

FC SEMS: 100% 
(39/39)
Median time 
to removal: 33 
(9-132) d

Unknown
FU: unknown

Minor complications:
1 Stent-related ulcers: 12.8% (5/39)
Major complications:
2 Severe bleed at upper end of stent: 2.6% (1/39)
3 Death due to esophageal necrosis at proximal end of stent: 
2.6% (1/39)
Stent migration: 15.4% (6/39)
Mortality rate: 25.6% (10/39)
1 Esophageal necrosis at proximal stent end: 2.6% (1/39)
2 Not specified: 23.1% (9/39)

FC SEMS: 90.3% (28/31)
-Self-limiting bleed: 2
-Migrated stent requiring 
surgical removal: 1

53.8% (21/39)
No subgroup analysis 
according to etiology
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Sharaiha  
et al[35]

2014

Retrospect Patients treated with stent placement 
for benign upper GI leaks: n = 18
Postsurgical leaks: n = 12
Iatrogenic perforation: n = 1
Other fistulae: n = 5

Single stent: 28% (5/18)
Multiple stents: 72% (13/18)

Total stents: n 
= 47
1 FC SEMS
2 PC SEMS
3 SEPS
4 Uncovered
Technical 
success: 100%
Mean time to 
removal: 54 
(18-118) d

Clip/endoloop: 27.8% (5/18)
Dilation: 33.3% (6/18)
Surgery: 16.7% (3/18)
 
FU: median 283 days (IQR 
38-762)

Overall 9 complications in 5 patients
5 minor complications in 4 patients:
1 Reflux / esophagitis: 16.7% (3/18)
2 Abdominal pain: 5.6% (1/18)
3 Collapsed stent: 5.6% (1/18)
4 major complications in 3 patients:
1 Aspiration pneumonia: 11.1% (2/18)
2 Perforation: 5.6% (1/18)
3 Stricture: 5.6% (1/18)
Tissue hyperplasia: 5.6% (1/47)
4 Stent type unknown
Food impaction / bezoar: 11.1% (2/47)
1 Stent type unknown
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Overall mortality rate: 5.6% (1/18)
1 Not specified

No subgroup analysis for 
patients with benign leaks
-Stent-in-stent procedure: 7
-Irremovable uncovered 
stent: 1

Overall: 47% (7/15)
-Postsurgical leaks: 
(5/11) 
-Fistula: 67% (2/3)
-Iatrogenic: 0% (0/1)

Shim  
et al[36]

2014

Retrospect Patients who underwent endoscopic 
treatment for anastomotic leakage 
after total gastrectomy: n = 27
FC SEMS: n = 13
Non stent therapy: n = 14

Single stent: 85% (11/13)
Multiple stents: 15% (2/13)

FC SEMS: 100% 
(15/15)
PC SEMS: 100% 
(1/1)
Median time 
to removal: 38 
(0-69) d

Concurrent fluid drainage: 
61.5% (8/13)

FU: unknown

Minor complication:
Stent malposition: 6.3% (1/13)
Stent migration: 25% (4/16)
1 FC SEMS: 26.7% (4/15)
2 PC SEMS: 0% (0/1)
Tissue in- or overgrowth: 6.3% (1/16)
3 FC SEMS: 6.7% (1/15)
Mortality rate: 15.4% (2/13)
4 Sepsis related: 7.7% (1/13)
5 Non-stent related bleeding: 7.7% (1/13)

FC SEMS: 100% (11/11)
PC SEMS: 100% (1/1)

Overall: 67% (8/12)
-Primary closure rate: 
67% (8/12)
-Secondary closure 
rate: 0% (0/4)

Brangewitz 
et al[37]

2013

Retrospect Patients with esophageal defects 
treated with stent placement: n = 39
1 Postsurgical leaks: n = 31
2 Iatrogenic perforations: n = 6
3 Boerhaave syndrome: n = 2

Single stent: 100% (39/39)

FC SEMS: 100% 
(39/39)
Median time 
to removal: 33 
(9-132) d

Unknown
FU: unknown

Minor complications:
1 Stent-related ulcers: 12.8% (5/39)
Major complications:
2 Severe bleed at upper end of stent: 2.6% (1/39)
3 Death due to esophageal necrosis at proximal end of stent: 
2.6% (1/39)
Stent migration: 15.4% (6/39)
Mortality rate: 25.6% (10/39)
1 Esophageal necrosis at proximal stent end: 2.6% (1/39)
2 Not specified: 23.1% (9/39)

FC SEMS: 90.3% (28/31)
-Self-limiting bleed: 2
-Migrated stent requiring 
surgical removal: 1

53.8% (21/39)
No subgroup analysis 
according to etiology
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Leenders  
et al[38]

2013

Retrospect Patients with anastomotic leakage 
after esophageal resection or 
bariatric surgery: n = 26

Single stent: 81% (21/26)
Multiple stents: 19% (5/26)

FC SEMS: 100% 
(31/31)
PC SEMS: 100% 
(2/2)
Mean time to 
removal: 11 
(1-63) wk

Unknown

FU: range 2-144 weeks

Minor complications:
1 Stent disintegration all with FC SEMS: 11.5% (3/26)
Major complications:
2 Stent-related perforation with FC SEMS: 3.8% (1/26)
Stent migration: 24.2% (8/33)
3 FC SEMS: 25.8% (8/31)
Tissue ingrowth: 6.1% (2/33)
4 PC SEMS: 100% (2/2)
Mortality rate: 19.2% (5/26)
5 Sepsis-related: 19.2% (5/26)

FC SEMS: 100% (26/26)
PC SEMS: 0% (0/2)
-Traumatic removal due to 
tissue ingrowth: 2

80.8% (21/26)

Wilson  
et al[39]

2013

Retrospect Patients treated with FC 
SEMS placement for benign 
esophagogastric diseases: n = 33
Perforation: n = 7
Anastomotic leak: n = 14
Sleeve gastrectomy leak: n = 6
Fistula: n = 6
Single stent: missing
Multiple stents: missing

FC SEMS: 100% 
(40/40)
 
Average time to 
removal: 47 d

Drainage procedure: 66.7% 
(22/33)
VATS/open: 36.4% (12/33)
Tube thoracostomy: 21.2% 
(7/33)
Percutaneous: 9.1% (3/33)

FU: unknown

Major complications:
1 Severe hemorrhage from aorta-esophageal fistula: 3.0% 
(1/33)
No subgroup analysis for patients with esophageal leaks, 
fistulae and perforations:
1 Stent migration
2 Food impaction
Mortality rate: 0% (0/33)

No subgroup analysis for 
patients with esophageal 
leaks, fistulae and 
perforations
-Stent fracture: 2

94% (31/33) avoided 
open repair
-Postsurgical leaks: 
95% (19/20)
-Perforations: 86% 
(6/7)
-Fistulae: 100% (6/6)

Van Boeckel  
et al[40]

2012

Retrospect Patients treated with a SEMS or 
SEPS for sealing a benign esophageal 
rupture or anastomotic leak: n = 52
Anastomotic leak: n = 32
Iatrogenic perforation: n = 13
Boerhaave syndrome: n = 4
Others: n = 3

Single stent: missing
Multiple stents: missing

PC SEMS: 98% 
(60/61)
FC SEMS: 100% 
(15/15)
SEPS: 100% 
(7/7)
Median time 
to removal: 25 
(1-197) d

Concurrent fluid drainage: 
46.2% (24/52)

Median FU: 470 (25-1200) 
days

Major complications:
Severe retrosternal pain: 3.8% (2/52)
1 All PC SEMS
Hemorrhage: 3.8% (2/52)
1 FC SEMS: stent-related death 1.9% (1/52)
2 PC SEMS: required adrenaline injections: 1.9% (1/52)
Ruptured stent cover: 7.2% (6/83)
1 PC SEMS: 9.8% (6/61)
Tissue in-/overgrowth: 9.6% (8/83)
2 PC SEMS: 13.1% (8/61)
Stent migration: 12.0% (10/83)
1 FC SEMS: 20% (3/15)
2 PC SEMS: 10% (6/61)
3 SEPS: 14% (1/7)
Food obstruction: 3.6% (3/83)
1 PC SEMS: 4.9% (3/61)
Mortality rate: 13.5% (7/52)
1 Severe stent-related hemorrhage: 1.9% (1/52)
2 Sepsis related: 7.7% (4/52)
3 Malignancy: 1.9% (1/52)
4 Active euthanasia: 1.9% (1/52)

88.7% (63/71)
Tissue in- and/or 
overgrowth at removal of 8 
PC SEMS
-Stent-in-stent procedure: 4
-Esophageal rupture: 2
-Second endoscopic 
procedure: 1
-Esophagectomy: 1

Not analyzed according to 
stent type

65.4% (34/52)

No subgroup analysis 
according to etiology
PC SEMS: 69%
FC SEMS: 56%
SEPS: 71%
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Leenders  
et al[38]

2013

Retrospect Patients with anastomotic leakage 
after esophageal resection or 
bariatric surgery: n = 26

Single stent: 81% (21/26)
Multiple stents: 19% (5/26)

FC SEMS: 100% 
(31/31)
PC SEMS: 100% 
(2/2)
Mean time to 
removal: 11 
(1-63) wk

Unknown

FU: range 2-144 weeks

Minor complications:
1 Stent disintegration all with FC SEMS: 11.5% (3/26)
Major complications:
2 Stent-related perforation with FC SEMS: 3.8% (1/26)
Stent migration: 24.2% (8/33)
3 FC SEMS: 25.8% (8/31)
Tissue ingrowth: 6.1% (2/33)
4 PC SEMS: 100% (2/2)
Mortality rate: 19.2% (5/26)
5 Sepsis-related: 19.2% (5/26)

FC SEMS: 100% (26/26)
PC SEMS: 0% (0/2)
-Traumatic removal due to 
tissue ingrowth: 2

80.8% (21/26)

Wilson  
et al[39]

2013

Retrospect Patients treated with FC 
SEMS placement for benign 
esophagogastric diseases: n = 33
Perforation: n = 7
Anastomotic leak: n = 14
Sleeve gastrectomy leak: n = 6
Fistula: n = 6
Single stent: missing
Multiple stents: missing

FC SEMS: 100% 
(40/40)
 
Average time to 
removal: 47 d

Drainage procedure: 66.7% 
(22/33)
VATS/open: 36.4% (12/33)
Tube thoracostomy: 21.2% 
(7/33)
Percutaneous: 9.1% (3/33)

FU: unknown

Major complications:
1 Severe hemorrhage from aorta-esophageal fistula: 3.0% 
(1/33)
No subgroup analysis for patients with esophageal leaks, 
fistulae and perforations:
1 Stent migration
2 Food impaction
Mortality rate: 0% (0/33)

No subgroup analysis for 
patients with esophageal 
leaks, fistulae and 
perforations
-Stent fracture: 2

94% (31/33) avoided 
open repair
-Postsurgical leaks: 
95% (19/20)
-Perforations: 86% 
(6/7)
-Fistulae: 100% (6/6)

Van Boeckel  
et al[40]

2012

Retrospect Patients treated with a SEMS or 
SEPS for sealing a benign esophageal 
rupture or anastomotic leak: n = 52
Anastomotic leak: n = 32
Iatrogenic perforation: n = 13
Boerhaave syndrome: n = 4
Others: n = 3

Single stent: missing
Multiple stents: missing

PC SEMS: 98% 
(60/61)
FC SEMS: 100% 
(15/15)
SEPS: 100% 
(7/7)
Median time 
to removal: 25 
(1-197) d

Concurrent fluid drainage: 
46.2% (24/52)

Median FU: 470 (25-1200) 
days

Major complications:
Severe retrosternal pain: 3.8% (2/52)
1 All PC SEMS
Hemorrhage: 3.8% (2/52)
1 FC SEMS: stent-related death 1.9% (1/52)
2 PC SEMS: required adrenaline injections: 1.9% (1/52)
Ruptured stent cover: 7.2% (6/83)
1 PC SEMS: 9.8% (6/61)
Tissue in-/overgrowth: 9.6% (8/83)
2 PC SEMS: 13.1% (8/61)
Stent migration: 12.0% (10/83)
1 FC SEMS: 20% (3/15)
2 PC SEMS: 10% (6/61)
3 SEPS: 14% (1/7)
Food obstruction: 3.6% (3/83)
1 PC SEMS: 4.9% (3/61)
Mortality rate: 13.5% (7/52)
1 Severe stent-related hemorrhage: 1.9% (1/52)
2 Sepsis related: 7.7% (4/52)
3 Malignancy: 1.9% (1/52)
4 Active euthanasia: 1.9% (1/52)

88.7% (63/71)
Tissue in- and/or 
overgrowth at removal of 8 
PC SEMS
-Stent-in-stent procedure: 4
-Esophageal rupture: 2
-Second endoscopic 
procedure: 1
-Esophagectomy: 1

Not analyzed according to 
stent type

65.4% (34/52)

No subgroup analysis 
according to etiology
PC SEMS: 69%
FC SEMS: 56%
SEPS: 71%



86

Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Buscaglia  
et al[41]

2011

Retrospect Patients treated for benign 
esophageal conditions by FC SEMS 
placement:
1 Fistula or leak: n = 15

Single stent: 67% (10/15)
Multiple stents: 33% (5/15)

FC SEMS: 100% 
(24/24)
 
Median time to 
removal: 42.5 
(3-122) d

Unknown

FU: unknown

Stent migration: 33.3% (8/24)
Further complications not analyzed for subgroup of 
patients with fistulae and leaks
1 Chest pain
2 Globus sensation
Mortality rate: 6.7% (1/15)
1 Paraspinal abscess related to persistent fistula

No subgroup analysis for 
patients with esophageal 
leaks and fistulae
-Removal during surgery: 1
-Stent-in-stent procedure: 1

79% (11/14)
No subgroup analysis 
according to etiology

Dai et al[42]

2011
Retrospect Patients treated with SEPS for:

1 Postoperative esophageal 
anastomotic leaks: n = 30

Single stent: missing
Multiple stents: missing

Excluded from analysis because 
patients were included with active 
malignancy:
1 Esophageal perforations: n = 6
2 Fistulae: n = 5

Total no. of 
SEPS missing

Technical 
success: 100%

Mean time to 
stent removal: 
30 (7-62) d 

Interventional drainage: 40% 
(12/30)
Tracheotomy: 43% (13/30)

Mean FU: 12.8 (1-61) months

Major complications:
1 Stent dislocation and inability to place new stent 
requiring rethoracotomy: 3.3% (1/30)
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Mortality rate: (2/30)
1 Persistent sepsis and multi-organ failure: 6.7% (2/30)

No. of removed stents 
missing

One migrated stent 
in a patient with an 
esophago-colonic 
anastomotic leak could not 
be removed

90% (27/30)

David  
et al[43]

2011

Pro- and 
retrospect

Patients treated with SEMS for 
esophageal or gastric perforation and 
intrathoracic contamination: n = 30
Postsurgical leak: n = 13
Boerhaave syndrome: n = 6
Iatrogenic perforation: n = 6
Fistulae: n = 4
Other perforation: n = 1

Single stent: 50% (15/30)
Multiple stents: 50% (15/30)

At least 62 stents
1 FC SEMS
2 PC SEMS

Technical 
success: 100%

Average 
duration of 
stenting: 29 d

Chest tube thoracostomy:
- Alone: 23.3% (7/30)
- Additional intervention: 
76.7% (23/30)
Pleural decortication: 56.7% 
(17/30)
Muscle-flap reinforcement: 
36.7% (11/30) 

Average FU: 8.1 months

Minor complications:
Pain: 6.7% (2/30)
Hiccups: 3.3% (1/30)
Nausea: 3.3% (1/30)
Major complications:
Bowel obstruction: 6.7% (2/30)
Erosion: 3.3% (1/30)
Left atrial compression: 3.3% (1/30)
Stent migration: 6.7% (2/30)
1 Not analyzed according to stent type
Mortality rate: 10% (3/30)
2 Multi-organ failure: 3.3% (1/30)
3 Multiple emboli caused by esophago-atrial fistula: 3.3% 
(1/30)
4 Aspiration during contrast study: 3.3% (1/30)

No. of removed stents 
missing

Not analyzed according to 
stent type

76.7% (23/30)

No subgroup analysis 
according to etiology
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Buscaglia  
et al[41]

2011

Retrospect Patients treated for benign 
esophageal conditions by FC SEMS 
placement:
1 Fistula or leak: n = 15

Single stent: 67% (10/15)
Multiple stents: 33% (5/15)

FC SEMS: 100% 
(24/24)
 
Median time to 
removal: 42.5 
(3-122) d

Unknown

FU: unknown

Stent migration: 33.3% (8/24)
Further complications not analyzed for subgroup of 
patients with fistulae and leaks
1 Chest pain
2 Globus sensation
Mortality rate: 6.7% (1/15)
1 Paraspinal abscess related to persistent fistula

No subgroup analysis for 
patients with esophageal 
leaks and fistulae
-Removal during surgery: 1
-Stent-in-stent procedure: 1

79% (11/14)
No subgroup analysis 
according to etiology

Dai et al[42]

2011
Retrospect Patients treated with SEPS for:

1 Postoperative esophageal 
anastomotic leaks: n = 30

Single stent: missing
Multiple stents: missing

Excluded from analysis because 
patients were included with active 
malignancy:
1 Esophageal perforations: n = 6
2 Fistulae: n = 5

Total no. of 
SEPS missing

Technical 
success: 100%

Mean time to 
stent removal: 
30 (7-62) d 

Interventional drainage: 40% 
(12/30)
Tracheotomy: 43% (13/30)

Mean FU: 12.8 (1-61) months

Major complications:
1 Stent dislocation and inability to place new stent 
requiring rethoracotomy: 3.3% (1/30)
Stent migration not analyzed for subgroup of patients with 
esophageal leaks
Mortality rate: (2/30)
1 Persistent sepsis and multi-organ failure: 6.7% (2/30)

No. of removed stents 
missing

One migrated stent 
in a patient with an 
esophago-colonic 
anastomotic leak could not 
be removed

90% (27/30)

David  
et al[43]

2011

Pro- and 
retrospect

Patients treated with SEMS for 
esophageal or gastric perforation and 
intrathoracic contamination: n = 30
Postsurgical leak: n = 13
Boerhaave syndrome: n = 6
Iatrogenic perforation: n = 6
Fistulae: n = 4
Other perforation: n = 1

Single stent: 50% (15/30)
Multiple stents: 50% (15/30)

At least 62 stents
1 FC SEMS
2 PC SEMS

Technical 
success: 100%

Average 
duration of 
stenting: 29 d

Chest tube thoracostomy:
- Alone: 23.3% (7/30)
- Additional intervention: 
76.7% (23/30)
Pleural decortication: 56.7% 
(17/30)
Muscle-flap reinforcement: 
36.7% (11/30) 

Average FU: 8.1 months

Minor complications:
Pain: 6.7% (2/30)
Hiccups: 3.3% (1/30)
Nausea: 3.3% (1/30)
Major complications:
Bowel obstruction: 6.7% (2/30)
Erosion: 3.3% (1/30)
Left atrial compression: 3.3% (1/30)
Stent migration: 6.7% (2/30)
1 Not analyzed according to stent type
Mortality rate: 10% (3/30)
2 Multi-organ failure: 3.3% (1/30)
3 Multiple emboli caused by esophago-atrial fistula: 3.3% 
(1/30)
4 Aspiration during contrast study: 3.3% (1/30)

No. of removed stents 
missing

Not analyzed according to 
stent type

76.7% (23/30)

No subgroup analysis 
according to etiology
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Eloubeidi 
et al[13]

2011

Pro- and 
retrospect

Patients with benign esophageal 
lesions treated with Alimaxx-E stent: 
n = 16
Postsurgical leaks: n = 11
Fistula: n = 1
Iatrogenic perforations: n = 3
Other: n = 1

Single stent: 81% (13/16)
Multiple stents: 19% (3/16)

FC SEMS: 100% 
(16/16)

In situ for: 51 
± 45 d (range 
9-163)

Dilation: 6.3% (1/16)
PEG placement: 6.3% (1/16)

FU: unknown

Minor complications:
1 Stent infolding/invagination: 6.3% (1/16)
2 Chest pain: 6.3% (1/16)
3 Dysphagia: 6.3% (1/16)
4 Globus sensation: 6.3% (1/16)
Major complications:
1 Respiratory compromise: 6.3% (1/16)
2 Aspiration pneumonia: 12.5% (2/16)
Stent migration: 31.3% (5/16)
Mortality rate: 0% (0/16)

FC SEMS: 100% (16/16)
One stent was retrieved in 
two pieces

43.8% (7/16)

No subgroup analysis 
according to etiology

Freeman  
et al[44]

2011

Unknown Hospitalized patients with 
an anastomotic leak after 
esophagectomy: n = 17

Single stent: 100% (17/17)

SEPS: 100% 
(14/14)
FC SEMS: 100% 
(3/3)

Mean time to 
removal: 17 
(12-27) d

VATS pleural drainage: 29.4% 
(5/17)
Pharyngostomy: 5.9% (1/17)
Tube jenunostomy: 5.9% 
(1/17)

FU: at least 3 months after 
stent removal

No complications associated with stent placement or removal
Stent migration: 17.6% (3/17)
1 Not analyzed according to stent type 
Mortality rate: 0% (0/17)

SEPS: 100% (14/14)
FC SEMS: 100% (3/3)

94% (16/17)

Nguyen  
et al[45]

2011

Retrospect Patients who developed 
postoperative leaks after minimally 
invasive esophagectomy: n = 18
Conventional treatment: n = 9
FC SEMS placement: n = 9

Single stent: 100% (9/9)

FC SEMS: 100% 
(9/9)

Removal after 
6 wk

Percutaneous drainage: 22% 
(2/9)
Tracheostomy: 11% (1/9)

FU: unknown

No stent-related complications
Mortality rate: 0% (0/9)

FC SEMS: 100% (9/9) 100% (9/9)

Schweigert 
et al[46]

2011

Retrospect Patients treated with stent placement 
for intrathoracic leak after 
esophagectomy: n = 12

Single stent: 100% (12/12)

PC SEMS: 100% 
(12/12)

Median time 
to removal: 48 
(16-99) d

Tube thoracostomy: 100% 
(12/12)

FU: unknown

Major complications:
1 Death by hemorrhage from stent-related erosion into 
the aorta: 8.3% (1/12)
2 Stent-related fistula after removal: 8.3% (1/12)
Stent migration: n = missing
Mucosal hyperproliferation: n = missing
Mortality rate: 16.7% (2/12)
1 Stent-related death by hemorrhage: 8.3% (1/12)
2 Pulmonary aspiration after stent removal and successful 
healing of the leak: 8.3% (1/12)

PC SEMS: 100% (10/10) 81.8% (9/11)
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Eloubeidi 
et al[13]

2011

Pro- and 
retrospect

Patients with benign esophageal 
lesions treated with Alimaxx-E stent: 
n = 16
Postsurgical leaks: n = 11
Fistula: n = 1
Iatrogenic perforations: n = 3
Other: n = 1

Single stent: 81% (13/16)
Multiple stents: 19% (3/16)

FC SEMS: 100% 
(16/16)

In situ for: 51 
± 45 d (range 
9-163)

Dilation: 6.3% (1/16)
PEG placement: 6.3% (1/16)

FU: unknown

Minor complications:
1 Stent infolding/invagination: 6.3% (1/16)
2 Chest pain: 6.3% (1/16)
3 Dysphagia: 6.3% (1/16)
4 Globus sensation: 6.3% (1/16)
Major complications:
1 Respiratory compromise: 6.3% (1/16)
2 Aspiration pneumonia: 12.5% (2/16)
Stent migration: 31.3% (5/16)
Mortality rate: 0% (0/16)

FC SEMS: 100% (16/16)
One stent was retrieved in 
two pieces

43.8% (7/16)

No subgroup analysis 
according to etiology

Freeman  
et al[44]

2011

Unknown Hospitalized patients with 
an anastomotic leak after 
esophagectomy: n = 17

Single stent: 100% (17/17)

SEPS: 100% 
(14/14)
FC SEMS: 100% 
(3/3)

Mean time to 
removal: 17 
(12-27) d

VATS pleural drainage: 29.4% 
(5/17)
Pharyngostomy: 5.9% (1/17)
Tube jenunostomy: 5.9% 
(1/17)

FU: at least 3 months after 
stent removal

No complications associated with stent placement or removal
Stent migration: 17.6% (3/17)
1 Not analyzed according to stent type 
Mortality rate: 0% (0/17)

SEPS: 100% (14/14)
FC SEMS: 100% (3/3)

94% (16/17)

Nguyen  
et al[45]

2011

Retrospect Patients who developed 
postoperative leaks after minimally 
invasive esophagectomy: n = 18
Conventional treatment: n = 9
FC SEMS placement: n = 9

Single stent: 100% (9/9)

FC SEMS: 100% 
(9/9)

Removal after 
6 wk

Percutaneous drainage: 22% 
(2/9)
Tracheostomy: 11% (1/9)

FU: unknown

No stent-related complications
Mortality rate: 0% (0/9)

FC SEMS: 100% (9/9) 100% (9/9)

Schweigert 
et al[46]

2011

Retrospect Patients treated with stent placement 
for intrathoracic leak after 
esophagectomy: n = 12

Single stent: 100% (12/12)

PC SEMS: 100% 
(12/12)

Median time 
to removal: 48 
(16-99) d

Tube thoracostomy: 100% 
(12/12)

FU: unknown

Major complications:
1 Death by hemorrhage from stent-related erosion into 
the aorta: 8.3% (1/12)
2 Stent-related fistula after removal: 8.3% (1/12)
Stent migration: n = missing
Mucosal hyperproliferation: n = missing
Mortality rate: 16.7% (2/12)
1 Stent-related death by hemorrhage: 8.3% (1/12)
2 Pulmonary aspiration after stent removal and successful 
healing of the leak: 8.3% (1/12)

PC SEMS: 100% (10/10) 81.8% (9/11)
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of tissue growth may be explained as a reaction to the chemical processes of degradation, which 
may also trigger bleedings from the affected esophageal mucosa. So one should be aware that 
the higher efficacy of BD stent placement is attended by an increased risk of complications.

The clinical success rate (76.8%) of self-expandable stent placement for benign esophageal 
leaks, perforations and fistulae found in this pooled analysis is comparable with the 81% of 
the systematic review by Dasari et al[1] (Figure 4a,b). In contrast to our analysis, the latter 
review excluded patients with leaks from the gastric staple line after sleeve gastrectomy and 
did not analyze patients with fistulae. In our study clinical success according to etiology was 
81.4% for postsurgical leaks, 86.0% for perforations and 64.7% for fistulae. Though derived from 
retrospective series, these results seem promising. Patients with esophageal leaks or ruptures are 
usually in poor condition with elevated septic parameters and require invasive management, 
like drainage procedures, surgery and ICU care. This is reflected by the increased mortality 
rate of 7.2%-25.8% after postsurgical esophageal leakage[56-58]. Several treatment strategies have 
been described for the management of esophageal leaks, such as endoscopic vacuum therapy, 
nose fistula tube drainage, surgical repair and conservative management[59-61]. Retrospective 

Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Swinnen et 
al[47]

2011

Retrospect Patient treated with PC SEMS 
placement for benign upper GI leaks 
or perforations: n = 88
Postsurgical leaks: n = 65
Boerhaave syndrome: n = 4
Iatrogenic perforation: n = 14
Other perforations: n = 5

Single stent: 58% (51/88)
Multiple stents: 42% (37/88)

PC SEMS: 100% 
(153/153)

Median time to 
removal for 33 
PC SEMS: 23 
days

Median time to 
removal for 99 
PC SEMS: 69 d

Drainage of collections: 47.7% 
(42/88)
- Surgical: 26.1% (23/88)
- Percutaneous: 15.9% (14/88)
- Endoscopic: 5.7% (5/88)

Follow-up after removal:
3 mo: 83%
mo: 81%
1 yr: 72%

Minor complications:
1 Transient stent-related dysphagia: 11.4% (10/88)
Major complications:
1 Bleeding requiring intervention: 5.7% (5/88)
2 Stent-related perforation: 1.1% (1/88)
3 Tracheal compression: 1.1% (1/88)
4 Dysphagia due to tissue hyperplasia: 18.2% (16/88); PC 
SEMS: 10.5% (16/153)
Stent migration: 11.1% (17/153) of PC SEMS
Mortality rate: 10.2% (9/88)
1 Sepsis related: 3.4% (3/88)
2 Pulmonary embolism: 1.1% (1/88)
3 Full-blown AIDS: 1.1% (1/88)
4 Cardiac disease: 1.1% (1/88)
Three additional deaths during first 3 months after 
treatment:
1 Sepsis after surgery: 1.1% (1/88)
2 Tension pneumothorax: 1.1% (1/88)
3 Pneumonia: 1.1% (1/88)

PC SEMS: 24.4% (33/135)
Stent-in-stent procedure: 
73.3% (99/135)
Removal during surgery: 
2.2% (3/135)

77.6% (59/76)

No subgroup analysis 
according to etiology

FC SEMS: Fully covered self-expandable metal stent; FU: Follow-up; PC SEMS: Partially covered self-expandable metal stent; SEPS: Self-expandable plastic stent; VATS: Video-assisted thoracic surgery; PEG: Percutaneous endoscopic gastrostomy; OTSC: Over-the-scope-clips; 
IQR: Interquartile range.
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Table 4. (continued)

Ref
Study 
design Patients

Stent type, 
technical success 
(%) and time to 
removal

Additional sepsis-related 
procedures, follow-up Complications and mortality

Successful
stent removal Clinical success

Swinnen et 
al[47]

2011

Retrospect Patient treated with PC SEMS 
placement for benign upper GI leaks 
or perforations: n = 88
Postsurgical leaks: n = 65
Boerhaave syndrome: n = 4
Iatrogenic perforation: n = 14
Other perforations: n = 5

Single stent: 58% (51/88)
Multiple stents: 42% (37/88)

PC SEMS: 100% 
(153/153)

Median time to 
removal for 33 
PC SEMS: 23 
days

Median time to 
removal for 99 
PC SEMS: 69 d

Drainage of collections: 47.7% 
(42/88)
- Surgical: 26.1% (23/88)
- Percutaneous: 15.9% (14/88)
- Endoscopic: 5.7% (5/88)

Follow-up after removal:
3 mo: 83%
mo: 81%
1 yr: 72%

Minor complications:
1 Transient stent-related dysphagia: 11.4% (10/88)
Major complications:
1 Bleeding requiring intervention: 5.7% (5/88)
2 Stent-related perforation: 1.1% (1/88)
3 Tracheal compression: 1.1% (1/88)
4 Dysphagia due to tissue hyperplasia: 18.2% (16/88); PC 
SEMS: 10.5% (16/153)
Stent migration: 11.1% (17/153) of PC SEMS
Mortality rate: 10.2% (9/88)
1 Sepsis related: 3.4% (3/88)
2 Pulmonary embolism: 1.1% (1/88)
3 Full-blown AIDS: 1.1% (1/88)
4 Cardiac disease: 1.1% (1/88)
Three additional deaths during first 3 months after 
treatment:
1 Sepsis after surgery: 1.1% (1/88)
2 Tension pneumothorax: 1.1% (1/88)
3 Pneumonia: 1.1% (1/88)

PC SEMS: 24.4% (33/135)
Stent-in-stent procedure: 
73.3% (99/135)
Removal during surgery: 
2.2% (3/135)

77.6% (59/76)

No subgroup analysis 
according to etiology

FC SEMS: Fully covered self-expandable metal stent; FU: Follow-up; PC SEMS: Partially covered self-expandable metal stent; SEPS: Self-expandable plastic stent; VATS: Video-assisted thoracic surgery; PEG: Percutaneous endoscopic gastrostomy; OTSC: Over-the-scope-clips; 
IQR: Interquartile range.

comparison of 41 patients with an anastomotic leak after esophagectomy who were matched 
by clinical status, showed that endoscopic vacuum therapy resulted in a lower mortality rate 
(12%, 2/17) compared with surgical treatment (50%, 9/18) and stent placement (83%, 5/6) in 
systemically ill patients[58]. Another retrospective study reported a significantly higher closure 

Figure 3. Granulation tissue growth 4 mo after biodegradable stent placement.
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Table 5. Pooled analysis of 643 patients with benign esophageal leaks, perforations and fistulae treated 
with self-expandable stent placement

n (%)

Etiology
 Postsurgical leaks 415 (64.5)
 Iatrogenic perforations 126 (19.6)
 Boerhaave’s syndrome 50 (7.8)
 Fistulae 24 (3.7)
 Others/not specified 28 (4.4)
Stent type of 852 stents used in 573 patients1

 FC SEMS 349 (41.0)
 PC SEMS 321 (37.7)
 SEPS 60 (7.0)
 Stent type unknown 122 (14.3)
Technical success
 Overall 851 (99.9)
 FC SEMS 349 (100)
 PC SEMS 320 (99.7)
 SEPS 60 (100)
 Stent type unknown 122 (100)
No. of stents per patient
 Single stent placement 357 (55.5)
 Multiple stents inserted 131 (20.4)
 Unknown 155 (24.1)
Clinical success
 Overall (n = 625) 480 (76.8)
 According to etiology (n = 358)
 Postsurgical leaks (n = 247) 201 (81.4)
 Perforations2 (n = 86) 74 (86.0)
 Fistulae (n = 17) 11 (64.7)
 Others/not specified (n = 8) 6 (75.0)

1 In two studies including 70 patients the total number of stents used was not reported
2 Including iatrogenic and spontaneous perforations

rate after endoscopic vacuum therapy (84%) compared with stent therapy (53.8%) in 71 patients 
with esophageal defects[37]. However, one should keep in mind that success of stent placement 
depends on the size of the esophageal lesion, the delay between diagnosis and stent placement 
and if the patient has elevated septic parameters[30, 33, 34, 47]. Stent placement is most likely to fail 
in a large lesion (> 15 mm), that exists for several weeks in a septic patient. Therefore, patients 
with an esophageal leak should receive a multidisciplinary patient-tailored approach.

The removability of self-expandable stents was safe and feasible with an overall successful 
removal rate of 97.2% in patients with refractory strictures and 78.7% in patients with esophageal 
leaks. The fact that PC SEMS were used in 38% of patients with esophageal leaks resulted 
in a lower overall successful removal rate. PC SEMS removal was often complicated by stent 
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Table 6. Pooled analysis of adverse events in patients with benign esophageal leaks, perforations and fistulae

Total number of patients analyzed: n = 599

No. of
patients
(n = 599)

No. of
FC SEMS
(n = 295)

No. of
PC SEMS
(n = 302)

No. of
SEPS
(n = 75)1

Stent type
unknown
(n = 162)2

Overall complications 803 (13.4) 26 (8.8) 38 (12.6) 1 (1.3) 17 (10.5)
Overall major complications 473 (7.8) 11 (3.7) 28 (9.3) 1 (1.3) 8 (4.9)
 Hyperplasia-induced stenosis 16 (2.7) 0 16 0 0
 Hemorrhage4 8 (1.3) 24 6 0 0
 Stent-related perforation 6 (1.0) 4 1 0 1
 Aspiration pneumonia 4 (0.7) 2 0 0 2
 Respiratory compromise/ tracheal compression 2 (0.3) 1 1 0 0
 Severe retrosternal pain 2 (0.3) 0 2 0 0
 Bowel obstruction 2 (0.3) 0 0 0 2
 Erosion4 2 (0.3) 0 14 0 1
 Hemorrhage from aorta-esophageal fistula 1 (0.2) 1 0 0 0
 Stricture formation 1 (0.2) 0 0 0 1
 Stent-related fistula 1 (0.2) 0 1 0 0
 Stent dislocation and inability to place new  
 stent requiring rethoracotomy

1 (0.2) 0 0 1 0

 Left atrial compression 1 (0.2) 0 0 0 1
 Death due to esophageal necrosis at  
 proximal stent end

1 (0.2) 1 0 0 0

Overall minor complications 333 (5.5) 15 (5.1) 10 (3.3) 0 (0) 9 (5.6)
 Transient stent-related dysphagia 11 (1.8) 1 10 0 0
 Stent-related ulcers 5 (0.8) 5 0 0 0
 Reflux/esophagitis 3 (0.5) 0 0 0 3
 Chest pain 3 (0.5) 1 0 0 2
 Stent disintegration 3 (0.5) 3 0 0 0
 Stent collapse/invagination 2 (0.3) 1 0 0 1
 Pneumoperitoneum during endoscopy  
 secondary to air insufflation

1 (0.2) 1 0 0 0

 Atrial fibrillation related to sedation 1 (0.2) 1 0 0 0
 Stent malposition 1 (0.2) 1 0 0 0
 Abdominal pain 1 (0.2) 0 0 0 1
 Nausea 1 (0.2) 0 0 0 1
 Globus sensation 1 (0.2) 1 0 0 0
 Hiccups 1 (0.2) 0 0 0 1

1Including 30 patients in whom the number of SEPS used was not reported
2Including 40 patients in whom the number of stents used was not reported
3Patients can have more than one complication; 4Including one stent-related death

embedding requiring stent-in-stent procedures to induce pressure-necrosis of the granulation 
tissue to facilitate the removal procedure. The vast majority of stent-in-stent procedures 
were reported in the study by Swinnen et al[47]. The removal of FC SEMS and SEPS removal 
was much safer with successful removal rates of 96.6% up to 98.4%. The relation between 
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Table 7. Overall mortality in 643 patients treated with self-expandable stents for benign esophageal leaks, 
perforations and fistulae

Overall mortality 64 (10.0)

Stent-related 3 (0.5)
Sepsis-related 23 (3.6)
Multi-organ failure 5 (0.8)
Cerebral embolism/cerebrovascular accident 2 (0.3)
Heart insufficiency/cardiac disease 2 (0.3)
Pneumonia 2 (0.3)
Malignancy 2 (0.3)
Non stent-related bleeding 1 (0.2)
Respiratory insufficiency without sepsis 1 (0.2)
Pulmonary embolism 1 (0.2)
Acute respiratory distress syndrome 1 (0.2)
Pulmonary aspiration after healing of leak 1 (0.2)
Aortic dissection 1 (0.2)
Tension pneumothorax 1 (0.2)
Paraspinal abscess related to persistent fistula 1 (0.2)
Full-blown AIDS 1 (0.2)
Aspiration during contrast study 1 (0.2)
Multiple emboli caused by esophago-atrial fistula 1 (0.2)
Active euthanasia 1 (0.2)
Not specified 13 (2.0)

the use of PC SEMS and complicated stent removal has also been demonstrated by several large  
retrospective series[62, 63].

This pooled analysis of the literature has several limitations. The prospective data on 
the outcomes of stent placement for refractory benign esophageal strictures reflect a patient 
population with various causes for stricture formation. Data were insufficient to provide 
analyses according to stricture etiology. The studies that were analyzed on the outcomes of 
esophageal stent placement for benign leaks, perforations and fistulae were all retrospective, 
causing heterogeneity and underreporting of adverse outcomes.

a) b)

Figure 4a,b. Esophageal FC SEMS for a small anastomotic leak.
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In conclusion, the outcomes of self-expandable stent placement for refractory benign 
esophageal strictures were poor with a clinical success rate of 24.4% and a major complication 
rate of 17.7%. However, randomized trials are needed to put these outcomes into perspective. 
Although derived from retrospective series, the evidence on stent placement for benign 
esophageal leaks, perforations and fistulae is promising with an overall clinical success rate  
of 76.8%.
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ABSTRACT
Background and study aims. Sealing esophageal leaks by stent placement allows healing in 
44%–94% of patients. We aimed to develop a prediction rule to predict the chance of successful 
stent therapy.

Patients and methods. In this multicenter retrospective cohort study, patients with benign 
upper gastrointestinal leakage treated with stent placement were included. We used logistic 
regression analysis including four known clinical predictors of stent therapy outcome. 
The model performance to predict successful stent therapy was evaluated in an independent 
validation sample.

Results. We included etiology, location, C-reactive protein, and size of the leak as clinical 
predictors. The model was estimated from 145 patients (derivation sample), and 59 patients 
were included in the validation sample. Stent therapy was successful in 55.9% and 67.8% of 
cases, respectively. The predicted probability of successful stent therapy was significantly 
higher in success patients compared with failure patients in both the derivation (P < 0.001) and 
validation (P < 0.001) samples. The area under the receiver operating characteristic curve was 
74.1% in the derivation sample and 84.7% in the validation sample. When the model predicted 
≥70% chance of success, the positive predictive value was 79% in the derivation sample and 
87% in the validation sample. When the model predicted ≤50% chance of success, the negative 
predictive value was 64% and 86%, respectively.

Conclusions. This prediction rule, consisting of four clinical predictors, could identify patients 
with esophageal leaks who were likely to benefit from or fail on stent therapy. The prediction 
rule can support clinical decision-making when the predicted probability of success is ≥70%  
or ≤50%.
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INTRODUCTION
Anastomotic leaks after esophagectomy cause severe morbidity, prolongation of hospitalization, 
intensive care unit (ICU) admission, and even mortality 1-5. Leakage develops in 6%–24% of 
patients undergoing esophageal surgery with esophagogastrostomy 2, 6-13, and leads to increased 
postoperative mortality rates of 7.2%–18.2% compared with 3.1%–6.2% in patients without 
leakage 1-3. The aim of treatment of esophageal leaks is to prevent sepsis and allow healing by 
administration of antibiotics, bypassing the esophageal defect with a duodenal feeding tube, and 
adequate drainage of infected fluid collections.

Another way to prevent further contamination of the para-esophageal cavity is by sealing 
off the defect with an esophageal stent 14. Endoscopic stent placement for esophageal leaks 
and perforations allows complete healing in approximately 80% of cases in pooled literature 
analyses 14, 15. Either fully covered or partially covered self-expandable stents are used for sealing 
esophageal disruptions. The pitfall of esophageal stent placement is the high risk of stent 
migration, which occurs in 11%–27% of cases, depending on the type of stent 14, 15. Inadequate 
sealing may be one of the reasons why the clinical success rates of esophageal stent placement 
vary widely from 44% to 94% 15. Optimal drainage of adjacent fluid collections is also essential 
for the success of stent therapy. Other factors that contribute to successful stent therapy are 
the size of the defect, the etiology of the leak, the severity of sepsis, and the delay between 
diagnosis and stent insertion 16-20.

Leakage control is crucial for the healing process in these severely ill patients. If we were able 
to predict the success of stent therapy, we could select patients who are likely to benefit from 
stent placement. In this way, patients in whom stent therapy is likely to fail can be identified and 
treated differently. Therefore, the aim of the current study was to evaluate the performance of 
a clinical prediction rule to predict the chance of successful stent therapy in the treatment of 
benign upper gastrointestinal leaks.

PATIENTS AND METHODS
This study was designed as a multicenter retrospective cohort study including three tertiary 
care university hospitals and one general teaching hospital from the Netherlands. The study 
was reviewed by the Medical Ethics Review Committee of the Academic Medical Center and 
did not apply to the Dutch Act “Medical Research Involving Human Subjects” (date of review: 
17 June 2015).

We electronically searched the endoscopic database ENDOBASE (Olympus Medical 
Systems, Hamburg, Germany) and a prospectively collected database of all esophagectomy 
patients to identify suitable candidates for inclusion. All patients who received an esophageal 
stent for the treatment of benign anastomotic leakage, perforation or fistula were included. 
Patients with active malignant esophageal disease were excluded from the analysis. The details 
of patient selection are presented in Fig. 1.
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A leak or perforation was diagnosed based on the combination of clinical signs and 
radiological or endoscopic evidence of a transmural esophageal defect. Symptomatology 
included at least one of the following symptoms: severe cervical or thoracic pain, subcutaneous 
emphysema, elevated C-reactive protein (CRP) level or leukocyte count, sepsis, air leakage 
through the drain or wound, and/or excessive drain or wound production. Radiological evidence 
included leakage of oral contrast outside the esophagus at computed tomography (CT) scan or 
esophagogram. A fistula was defined as a radiologically or endoscopically proven connection 
between the esophagus and the respiratory tract, the cutis or the pleura. Perforations included 
all iatrogenic and spontaneous transmural esophageal lacerations.

The primary outcome of the study was successful leakage control after esophageal stent 
placement. We defined success as no need for additional invasive procedures (surgery or 
percutaneous drainage) after stent removal without persisting symptoms of leakage, or as 
successful sealing without further symptoms of leakage in case it was decided that the stent 
was left in permanently. Follow-up was calculated as the time between the first stent placement 
procedure and the date of last contact.

Figure 1. Flow chart of patient selection.
AMC, Academic Medical Center; AZN, St Antonius Hospital; EMC, Erasmus University Medical Center; 
UMCU, University Medical Center Utrecht.
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Procedures
Because of the retrospective study design, procedures were not standardized. In general, when an 
upper gastrointestinal leak was suspected, imaging studies (CT scan or esophagogram) and/or 
endoscopy were performed to confirm the diagnosis. In case of a suspected cervical anastomotic 
leak, the neck wound was re-opened for exploration and drainage. Patients received antibiotics 
and were kept on a “nil by mouth” regimen with duodenal tube feeding or feeding jejunostomy. 
Infected fluid collections were drained by radiological tube placement whenever possible.

The treating surgeon and gastroenterologist determined whether stent placement was 
indicated. Proximal stent placement across the upper esophageal sphincter was considered 
a contraindication for stent placement. Stent placement was performed endoscopically at 
the endoscopy ward with or without fluoroscopic guidance. In case of ICU admission, endoscopic 
stent placement took place at the ICU without the support of fluoroscopy. Anesthesia during 
the procedure consisted of monitored anesthesia care using propofol or conscious sedation using 
midazolam and/or fentanyl. Either fully covered or partially covered self-expandable metal 
stents (SEMSs) were used, which were preferably removed after 4–6 weeks. Stents were removed 
by pulling either the proximal end or distal end (inside-out) of the stent with a grasping forceps. 
The stent-in-stent technique was used for the removal of embedded partially covered SEMSs 21.

The aim of stent therapy was to achieve leakage control, defined as a stable clinical condition, 
allowing oral intake and healing of the defect. When stent dysfunction and persistent leakage 
was suspected, endoscopy was performed. In case of stent migration or inadequate sealing, 
stents were either repositioned or replaced. Once leakage control had been achieved, patients 
were discharged from the hospital, and returned to the outpatient clinic for stent removal and 
further ambulatory care.

Data collection
The variables presented at baseline (Table 1) were collected from the electronic medical records 
at the participating hospitals. CRP level (mg/L) and leukocyte count (109/L) were defined as 
highest value in the 7 days before the first stent placement procedure.

To determine the defect size, we collected the endoscopic images of the leaks at the time 
of the baseline procedure. The images were independently assessed by four experienced 
interventional endoscopists (B.W., F.V., M.S., and J.vH.). They could choose between three 
categories: <1  cm, 1–2  cm, and >2  cm. Assessment of the defect size by all four raters was 
possible in 63% of cases (129/204), with complete agreement in 27% (35/129) and three out of 
four agreement in 42% (54/129). The interobserver agreement was fair (intraclass correlation 
two-way random single measures model 0.54). For analysis, we chose the category that received 
the majority of votes. When there was no majority or the endoscopic images were missing, we 
used the estimation from the endoscopy report whenever available.

We further retrieved the data on previous upper gastrointestinal surgery, synchronous 
esophageal strictures, stent type and size, esophageal contrast studies, further leakage-related 
treatments after stent placement, time and method of stent removal, adverse events, ICU 
admission, recurrence of esophageal cancer, and mortality.
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Statistical analysis
The prediction model was estimated using the data of 145 patients from the Academic Medical 
Center, Erasmus Medical Center, and St Antonius Hospital (“derivation sample”). The patient 
cohort from the University Medical Center Utrecht (n = 59) was collected independently by 
W.K. and F.V. and was therefore used for external validation of the model. We selected four 
known predictors based on face validity and the literature:
1. Etiology of the leak, categorized as: 1) anastomotic dehiscence, 2) iatrogenic/spontaneous 

perforation, and 3) esophago-respiratory, -cutaneous or -pleural fistula;
2. Location of the leak, categorized as: 1) proximal esophagus <25 cm from the incisors, 2) mid 

esophagus 25–30 cm from the incisors, and 3) distal esophagus >30 cm from the incisors;
3. CRP level (mg/L), defined as highest value in the 7 days before the first stent placement 

procedure;
4. Size of the leak as estimated during endoscopy, categorized as: 1) <1 cm, 2) 1–2 cm, and 3) 

>2 cm.

In the derivation sample, missing values included CRP level (n  =  35; 24%), leukocyte 
count (n = 34; 23%), defect size (n = 22; 15%), and delay until stent placement (n = 3; 2%). 
In the validation sample, missing values included history of esophageal cancer (n  =  3; 5%), 
previous leak-related treatment (n  =  2; 3%), history of radiotherapy (n  =  2; 3%), CRP level 
(n  =  14; 24%), leukocyte count (n  =  13; 22%), size of defect (n  =  12; 20%), and delay until 
stent placement (n = 2; 3%). For descriptive purposes, missing data were imputed using single 
stochastic imputation to obtain plausible values for missing units reflecting the variation 
present in the dataset. The logistic regression estimates of the four-variable prediction model 
were obtained by pooling the coefficients of five rounds of imputations based on 12 predictor 
variables including the outcome variable 22. Linearity in the logit of the continuous variable 
“CRP” was checked by restricted cubic spline indicating no violation of the assumption. From 
the log odds of successful stent therapy, derived from the regression equation, we calculated 
the probability of successful stent therapy for each patient. Discriminative performance was 
evaluated with Nagelkerke’s R2 and receiver operating characteristic – area under the curve 
(ROC–AUC), and fit of the model with the Hosmer–Lemeshow test based on four risk strata. 
To estimate the optimism of the model, we performed bootstrap validation using 300 bootstrap 
samples and applied uniform shrinkage on the model coefficients to correct for optimism 23. 
We used the Utrecht cohort (UMCU, Fig. 1) for external validation of the model. We calculated 
the chance of successful stent therapy for each patient using the prediction model after 
shrinkage. To evaluate the performance of the model in the external cohort, we again calculated 
Nagelkerke’s R2 test, ROC–AUC, and Hosmer–Lemeshow test based on three risk strata.

Continuous variables with a normal distribution are presented as mean with standard 
deviation, and skewed data as median with interquartile range (IQR). We considered two-sided 
P values <0.05 to be statistically significant. For statistical analyses we used RStudio: Integrated 
Development for R, Version 3.3.2 (RStudio Inc., Boston, Massachusetts, USA) using the mice 
(multiple imputation) and rms (regression modeling) packages.
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Table 1.  Population characteristics

Derivation sample 
n = 145

Validation sample 
n = 59

Hospital, n (%)
 Academic Medical Center Amsterdam 64 (44.1) 0 (0)
 Erasmus University Medical Center Rotterdam 48 (33.1) 0 (0)
 St. Antonius Hospital Nieuwegein 33 (22.8) 0 (0)
 University Medical Center Utrecht 0 (0) 59 (100)
Male sex, n (%) 105 (72.4) 38 (64.4)
Age, mean ± SD, years 63.9 ± 10.6 63.2 ± 10.6
Etiology, n (%)
 Anastomotic leak 72 (49.7) 35 (59.3)
 Perforation 48 (33.1) 19 (32.2)
 Fistula 25 (17.2) 5 (8.5)
History of esophageal cancer, yes, n (%) 90 (62.1) 39 (66.1)
History of thoracic/cervical radiotherapy, yes, n (%) 79 (54.5) 19 (32.2)
History of upper gastrointestinal surgery, n (%)
 No 49 (33.8) 18 (30.5)
 Esophagectomy 86 (59.3) 24 (40.7)
 Gastrectomy 4 (2.8) 14 (23.7)
 Bariatric surgery 4 (2.8) 0 (0)
 Other 2 (1.4) 2 (3.4)
 Unknown 0 (0) 1 (1.7)
Location of defect, n (%)
 Proximal esophagus (<25 cm from incisors) 73 (50.3) 24 (40.7)
 Mid esophagus (25–30 cm from incisors) 23 (15.9) 10 (16.9)
 Distal esophagus (>30 cm from incisors) 49 (33.8) 25 (42.4)
C-reactive protein level, median (IQR), mg/L 165 (89–306) 275 (158–400)
Leukocyte count; median (IQR), 109/L 14.3 (10.6–20.9) 18.4 (11.9–24.9)
Size of defect, n (%)
 <1 cm 68 (46.9) 21 (35.6)
 1–2 cm 44 (30.3) 21 (35.6)
 >2 cm 33 (22.8) 17 (28.8)
Previous leak-related treatment, n (%)
 None 61 (42.1) 25 (42.4)
 Drainage by tube placement 68 (46.9) 24 (40.7)
 Surgical interventions 11 (7.6) 10 (16.9)
 Endoscopic interventions 5 (3.4) 0 (0)
Delay until stent placement, median (IQR), days 1 (0–7) 0 (0–3)
Stents used, n 301 93
 FCSEMS, n (%) 174 (57.8) 17 (18.3)
 PCSEMS, n (%) 117 (38.9) 76 (81.7)
 Other, n (%) 1 (0.3) 0 (0)
 Stent type unknown, n (%) 9 (3.0) 0 (0)
Patients receiving multiple stents, n (%) 63 (43.4) 18 (30.5)
 No. of stents per patient, median (IQR) 2 (2–3) 2 (2–3)
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RESULTS
Patient characteristics
The derivation sample consisted of 143 unique patients who underwent endoscopic stent 
placement for upper gastrointestinal leakage (Fig. 1). Two further patients were also treated 
for a recurrent leak that developed more than 1 year after closure of the primary defect, so we 
included a total of 145 cases in the analysis. Patient characteristics are presented in Table 1. In 
the derivation sample, fully covered SEMSs (FCSEMSs) and partially covered SEMSs (PCSEMSs) 
remained in situ for a median time of 33 days (IQR 13–57 days) and 32 days (IQR 11–46 days), 
respectively (P = 0.26). Stents were finally removed in 121 patients (83.4%), 21 patients (14.5%) 
died with the stent in situ, 2 patients (1.4%) were still alive with the stent in place at the end of 
follow-up, and removal status was unknown in one patient (0.7%). The median follow-up period 
in the derivation sample was 316 days (IQR 97–742 days). In the validation sample (n = 59), 
the median time that PCSEMSs and FCSEMSs were in situ was 23 days (IQR 12–28 days) and 
35 days (IQR 24–87 days), respectively (P = 0.001). Stents were finally removed in 47 patients 
(79.7%) and 12 patients (20.3%) died with the stent in situ. The median follow-up period in 
the validation sample was 143 days (IQR 40–692 days). The success rate of stent therapy was 
55.9% in the derivation sample and 67.8% in the validation sample. See Table 2 for the failure 
cases and Table 3 for success rates within different subgroups.

Clinical predictors
The prediction rule predicted the probability of successful stent therapy for individual patients 
based on four clinical predictors: 1) etiology of the leak, 2) location of the leak, 3) baseline CRP 
level, and 4) size of the leak. In the multivariable logistic regression model, etiology fistulae 
(estimated regression coefficient –2.219, P = 0.001) and defect size >2 cm (estimated regression 
coefficient –1.174, P = 0.02) were statistically significant predictors of an adverse outcome of stent 
therapy (Table 4). The prediction rule formula after shrinkage is available as “Supplementary 
Material”. The individual probability of success can be derived from the nomogram (Fig. 2).

Performance of the prediction rule
In the derivation sample, the median predicted probability of success was 62.6% (range 3.4%–
88.7%). Patients who actually failed on stent therapy had a median predicted probability of 
success of 48.3% (range 3.4%–86.0%) compared with 66.9% (range 14.7%–88.7%) in patients in 

Table 1. (continued)

Derivation sample 
n = 145

Validation sample 
n = 59

Leak-related ICU admission, n (%) 93 (64.1) 32 (54.2)
 Duration, median (IQR), days 12 (3–25) 11 (7–23)
Successful stent therapy, yes, n (%) 81 (55.9) 40 (67.8)
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Table 2.  Failure of stent therapy

Reasons for failure of stent therapy
Derivation sample 
n = 64

Validation sample 
n = 19

Surgical closure/reconstruction 19 (29.7) 3 (15.8)
Death because of uncontrolled leakage and ongoing sepsis 14 (21.9) 9 (47.4)
Readmission for persisting symptomatic leakage 7 (10.9) 0 (0)
Diverting cervical esophagostomy 6 (9.4) 1 (5.3)
Additional tube drainage 6 (9.4) 0 (0)
Additional endoscopic interventions 4 (6.3) 0 (0)
Death because of major bleed with stent in situ 3 (4.7) 2 (10.5)
Death with symptomatic leakage in the presence of  
recurrent malignancy

3 (4.7) 2 (10.5)

Additional surgical cleansing 1 (1.6) 2 (10.5)
Death for unknown reasons with stent in situ and  
symptomatic leakage

1 (1.6) 0 (0)

Patients who died during follow-up 37 (57.8) 17 (89.5)
 Death related to persisting leakage 23 (35.9) 13 (68.4)
 Death unrelated to leakage 9 (14.1) 1 (5.3)
 Relationship unknown 5 (7.8) 3 (15.8)

whom stent therapy was actually successful (P < 0.001). The prediction rule explained 26.1% of 
the variance in outcome (Nagelkerke’s R2). The overall discriminative accuracy of the model was 
74.1% (ROC–AUC). Calibration of the model was good with at most 11.6% absolute difference 
between the actually observed risks and predicted risks (Hosmer–Lemeshow, chi-squared 1.19, 
df2, P = 0.55) (Fig. 3a). After correction for optimism by shrinkage of the model, the median 
predicted probability of success was 59.7% (range 9.7%–86.5%) in the validation sample. 
The median predicted probability of success was 43.9% (range 9.7%–79.1%) for patients who 
actually failed and 65.7% (range 46.7%–86.5%) for patients in whom stent therapy was actually 
successful (P < 0.001). Nagelkerke’s R2 was 45.2% and the ROC–AUC was 84.7%. The difference 
between the actually observed and predicted risks was at most 39.3% (Hosmer–Lemeshow, chi-
squared 9.46, df1, P = 0.002) (Fig. 3b).

Classification accuracy
The positive predictive value for a predicted probability cutoff of ≥70% was 79% (38/48) in 
the derivation sample and 87% (13/15) in the validation sample. The false positive rate using 
that cutoff was 16% (10/64) and 11% (2/19), respectively. The negative predictive value for 
a predicted probability cutoff of ≤50% was 64% (32/50) in the derivation sample and 86% 
(12/14) in the validation sample. The false negative rate using that cutoff was 22% (18/81) and 
5% (2/40), respectively (Table 5).
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DISCUSSION
We developed a novel prediction rule, consisting of four clinical variables, to predict the probability 
of successful stent therapy for individual patients with benign upper gastrointestinal leaks. 
The etiology, location, CRP level, and size of the leak together significantly discriminated 
between failure and success of stent therapy, including in an independent sample of patients 
from a different center. External validation showed that patients with a predicted probability 
of ≥70% had an 87% chance of success and patients with a predicted probability of ≤50% had 

Table 3. Success rates of stent therapy within different subgroups

Derivation sample 
n = 145

Validation sample 
n = 59

Success 
n = 81

Failure 
n = 64

Success 
n = 40

Failure 
n = 19

Sex, n (%)
 Male 58 (55.2) 47 (44.8) 23 (60.5) 15 (39.5)
 Female 23 (57.5) 17 (42.5) 17 (81.0) 4 (19.0)
Age, mean ± SD, years 64.3 ± 11.1 63.4 ± 9.8 61.4 ± 11.3 67.2 ± 7.7
Etiology, n (%)
 Anastomotic leak 41 (56.9) 31 (43.1) 25 (71.4) 10 (28.6)
 Perforation 36 (75.0) 12 (25.0) 15 (78.9) 4 (21.1)
 Fistula 4 (16.0) 21 (84.0) 0 (0) 5 (100)
History of esophageal cancer, 
n (%)
 No 35 (63.6) 20 (36.4) 15 (75.0) 5 (25.0)
 Yes 46 (51.1) 44 (48.9) 25 (64.1) 14 (35.9)
History of thoracic/cervical 
radiotherapy, n (%)
 No 43 (65.2) 23 (34.8) 29 (72.5) 11 (27.5)
 Yes 38 (48.1) 41 (51.9) 11 (57.9) 8 (42.1)
Location of defect, n (%)
 Proximal esophagus 39 (53.4) 34 (46.6) 17 (70.8) 7 (29.2)
 Mid esophagus 8 (34.8) 15 (65.2) 5 (50.0) 5 (50.0)
 Distal esophagus 34 (69.4) 15 (30.6) 18 (72.0) 7 (28.0)
C-reactive protein level, 
median (IQR), mg/L

165 (81–293) 162 (92–315) 274 (154–390) 276 (195–400)

Leukocyte count, median 
(IQR), 109/L

15.0 (11.3–22.0) 13.0 (10.3–20.8) 14.9 (11.8–25.0) 19.9 (13.6–23.8)

Size of defect, n (%)
 <1 cm 41 (60.3) 27 (39.7) 15 (71.4) 6 (28.6)
 1–2 cm 25 (56.8) 19 (43.2) 18 (85.7) 3 (14.3)
 >2 cm 15 (45.5) 18 (54.5) 7 (41.2) 10 (58.8)
Delay until stent placement, 
median (IQR), days

1 (0-3) 1 (0-13) 0 (0-2) 2 (0-6)
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Table 4. Outcomes of multivariable logistic regression analysis in the derivation sample

Estimated 
coefficient SE 95%CI P value

Etiology*
 Perforation 0.702 0.593 –0.473, 1.878 0.24
 Fistula –2.219 0.670 –3.548, –0.890 0.001
Location of defect†

 Mid esophagus –0.825 0.601 –2.015, 0.365 0.17
 Distal esophagus –0.129 0.571 –1.258, 1.000 0.82
CRP level –0.003 0.002 –0.007, 0.002 0.21
Size of defect‡

 1–2 cm –0.567 0.469 –1.495, 0.361 0.23
 >2 cm –1.174 0.506 –2.176, –0.171 0.02

SE, standard error
*Reference category anastomotic dehiscence
†Reference category proximal esophagus
‡Reference category <1 cm

Figure 2. Nomogram of the clinical prediction rule.
Add up the points scored for each predictor to calculate the total number of points. The “total points” line 
corresponds with a “predicted probability of success” as indicated by the bottom line.
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an 86% chance of failure. Using these cutoff values, the prediction rule can be a tool to guide 
physicians in clinical decision-making and informing patients.

We used a pre-specified model with four clinical predictors that we selected based on face 
validity and the literature. The etiology of leakage and defect size were statistically significant 
and independent predictors of successful stent therapy in our multivariable regression model. 
In the literature, particularly esophago-respiratory fistulae are associated with poorer closure 
rates compared with anastomotic leaks and perforations 15, 16, 18. Benign fistulae mainly develop 
after surgery or radiotherapy 24. The altered and impaired vascularization status in these patients 
often results in a chronic and persisting defect that shows a poor tendency of healing with stent 
therapy. This is also reflected by our data, where stent therapy was successful in only 16% of 
patients with a fistula in the derivation sample and in none of the five patients in the validation 
sample. The success rate in patients with large defects (>2 cm) was also much lower than for 
patients with small defects (<1 cm) in both the derivation (46% vs. 60%) and validation (41% 
vs. 71%) samples. Large defects were also associated with unsuccessful closure in two studies 
that used a cutoff of 1.5 cm and 3 cm 17, 19. The defect size is estimated by the endoscopist during 

A) B)

Figure 3a,b. Calibration plots of the predicted and observed outcomes.
(A) Derivation sample. (B) Validation sample.

Table 5. Classification accuracy of the prediction rule

Derivation sample 
n = 145

Validation sample 
n = 59

Predicted probability of success ≥70%, % (n/N)
 Positive predictive value 79 (38/48) 87 (13/15)
 False positive rate 16 (10/64) 11 (2/19)
 Sensitivity 47 (38/81) 33 (13/40)
 Specificity 84 (54/64) 89 (17/19)
Predicted probability of success ≤50%, % (n/N)
 Negative predictive value 64 (32/50) 86 (12/14)
 False negative rate 22 (18/81) 5 (2/40)
 Sensitivity 78 (63/81) 95 (38/40)
 Specificity 50 (32/64) 63 (12/19)
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endoscopy and is therefore subject to interobserver variability. In our study, four endoscopists 
assessed the defect size by the available endoscopic images of the baseline procedure (Fig. 4a–c), 
showing fair overall interobserver agreement. Since defect size is an important predictor of 
success, we emphasize the importance of an accurate measurement during endoscopy. For an 
accurate estimation, endoscopic images of the defect should preferably be made in the presence 
of a reference tool, for instance the duodenal tube, which has a fixed diameter.

Previous studies have shown that septic state correlates with the success of stent therapy. 
Patients fulfilling severe sepsis criteria and infectious patients showed poorer success rates of 
stent therapy 19, 20. For practical reasons and clinical use, we defined septic state as highest CRP 
level in the past 7  days before stent placement. It is likely that a CRP level within 12  hours 
of the stent placement procedure will have a stronger correlation with the outcome of stent 
therapy. However, the retrospective data in our study forced us to expand the window of 
CRP measurement. We furthermore included the location of the defect in the esophagus 
in the prediction rule. A cervical anastomosis after esophagectomy is a known risk factor 
for the development of anastomotic leakage 2, 25. This suggests a worse perfusion status than 
anastomoses located in the thorax. Location in the esophagus is therefore likely to affect 
the healing tendency of the defect.

Thoracic or cervical radiotherapy was also part of our initial, pre-specified prediction 
model. Although neoadjuvant chemoradiotherapy did not correlate with the development of 
anastomotic leaks in the literature 25, 26, we had included radiotherapy as a predictor of success 
based on the assumption that radiation injury to the esophagus and surrounding tissues may 
hamper wound healing due to a damaged vasculature. However, in multivariable regression 
analysis, the predictive value of this factor was negligible, with an estimated regression 
coefficient of 0.0032 and a P value of 0.995. We therefore dropped radiotherapy from the model. 
In the literature, the delay between the index procedure, meaning the procedure that caused 
the leak, and stent placement consistently impacted on the success of stent therapy. The time 
to stent placement was significantly shorter in patients with successful closure compared 
with patients in whom stent placement failed 17, and immediate stent placement resulted in 
higher success rates of stent therapy than in cases with a delay of more than 1 week to stent  

Figure 4a-c. Endoscopic images of esophageal leaks at time of the baseline procedure.
(A,B) Anastomotic dehiscence after esophagectomy. (C) Perforation after balloon dilation for stenosis after 
Nissen fundoplication.

A) B) C)
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placement 18-20. After careful consideration we chose to omit “delay to stent placement” 
from the model, because of the little variation, and thereby expected limited contribution to 
the predicted probability, and to prevent overfitting of the model.

This prediction rule is only useful when the predicted probability of success is ≥70% or 
≤50%, because of the high positive and negative predictive values, respectively. Predicted 
probabilities between 50% and 70% poorly discriminated between failure and success of stent 
therapy. For a predicted probability ≤50%, we suggest to reconsider stent placement because 
the chance of success is between 5% and 22%. For example, a patient with a small (<1  cm), 
chronic postoperative esophago-respiratory fistula in the proximal esophagus without elevated 
CRP levels, has a less than 50% chance of successful stent therapy according to the prediction 
rule. It can therefore be discussed with the patient that the defect is unlikely to heal with 
stent therapy. Although evidence is scarce, alternative treatment options in this case may be 
endoscopic clipping or surgical repair 27, 28. A case series including patients with small (<2 cm), 
mainly chronic, postoperative leaks and fistulae reported a closure rate of 89% (8/9) after over-
the-scope clip placement in the upper gastrointestinal tract 29. Endoscopic clipping has also been 
shown to be effective for the treatment of acute perforations caused by endoscopic procedures, 
with a pooled closure rate of approximately 90% 30. In selected patients, surgical repair of 
benign esophago-respiratory fistulae was successful in 72% (18/25) 24. Patients with postsurgical 
esophago-respiratory fistulae often had neoadjuvant chemoradiation, which hampers healing of 
the defect. In some patients with symptomatic fistulae who are unfit for surgery, stent placement 
may reduce symptoms and allow for oral intake despite a poor probability of closure of the defect. 
In this case, stent placement can also be used for “palliation” of symptoms.

Another example of a patient who has a less than 50% predicted probability of successful 
stent therapy, is a septic patient with a CRP level of 300 mg/L who is diagnosed with a large 
(>2  cm) anastomotic dehiscence in the mid esophagus after esophagectomy. Alternative 
options are conservative treatment with adequate drainage of infected fluid collections, 
or primary surgical repair of the defect 31-33. A promising alternative for the treatment of 
upper gastrointestinal leaks is endoscopic vacuum therapy (E-Vac) 34. In small retrospective 
studies, E-Vac showed superior closure rates compared with stent placement: 84%–93% vs.  
54%–63% 35, 36. Finally, we want to emphasize the importance of adequate abscess drainage 
whenever stent placement is considered.

The main limitations of our study are its retrospective design and the small validation sample. 
CRP level and defect size were missing in 24% and 15% of cases in the derivation sample, and in 
24% and 20% of cases in the validation sample. To deal with missing values, the prediction model 
was estimated using a multiple imputed dataset with five rounds of imputation. To examine 
the performance of the model in the external validation sample, we also imputed missing values 
in the validation dataset. Although we have included all patients treated with stents for upper 
gastrointestinal leaks, this prediction model is mainly applicable to patients with esophageal 
leaks, because only six patients (4%) in the derivation sample had a gastric leak.

In conclusion, using four clinical variables (i.e. etiology, location, CRP level, and size of 
the leak), this novel prediction rule significantly discriminated between failure and success 
of stent therapy for benign upper gastrointestinal leakage. Etiology fistula and defect size 
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>2 cm were independent and statistically significant predictors of stent failure. The individual 
predicted probability of successful stent therapy by the prediction rule can be derived from 
the nomogram. This prediction rule can support the physician in clinical decision-making 
and informing patients when the predicted probability of success is ≥70% or ≤50%. Predicted 
probabilities between 50% and 70% poorly predicted the outcome of stent therapy.
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SUPPLEMENTARY MATERIAL
Regression formula after shrinkage
The log odds of successful stent therapy: ln (odds of success) = 1.43210 + 0.54003*etiology2 –  
1.70622*etiology3 – 0.63430*location2 – 0.09898*location3 – 0.00196*crp – 0.43567*size2 – 
0.90226*size3

The individual probability of success: P (success) = exp (ln (odds of success)) / (1 + exp (ln 
(odds of success))).

The regression formula is based on the following coding:
 > Etiology2 = etiology of defect, defined as:

 · 1 = iatrogenic/spontaneous perforation
 · 0 = other

 > Etiology3 = etiology of defect, defined as:
 · 1 = esophago-respiratory, -cutaneous or -pleural fistula
 · 0 = other

 > Location2 = location of defect, defined as:
 · 1 = mid esophagus (25-30 cm from the incisors)
 · 0 = other

 > Location3 = location of defect, defined as:
 · 1 = distal esophagus (> 30 cm from the incisors)
 · 0 = other

 > CRP = highest CRP level (mg/L) in the seven days before the first stent placement procedure
 > Size2 = size of defect at baseline endoscopy, defined as:

 · 1 = 1-2 cm
 · 0 = other

 > Size3 = size of defect at baseline endoscopy, defined as:
 · 1 = > 2 cm
 · 0 = other
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ABSTRACT
Background: Temporary placement of self-expandable stents has been increasingly used for 
the management of benign esophageal diseases.

Objective: To evaluate the safety of endoscopic removal of esophageal self-expandable stents 
placed for the treatment of benign esophageal diseases.

Design: Multicenter retrospective study.

Setting: 6 tertiary care centers from the U.S. and Europe.

Patients: 214 patients with benign esophageal diseases undergoing endoscopic stent removal.

Intervention: Endoscopic stent removal.

Main outcome measurements: Endoscopic techniques for stent removal, time to stent removal, 
adverse events related to stent removal.

Results: Two hundred and fourteen patients underwent a total of 329 stent extractions. Stents 
were mainly placed for refractory strictures (49.2%) and fistulae (49.8%). Of the removed stents, 
52% were fully covered self-expandable metal stents (FCSEMS), 28.6% were partially covered 
self-expandable metal stents (PCSEMS), and 19.5% were self-expandable plastic stents (SEPS). 
A total of 35 (10.6%) procedure-related adverse events were reported, including 7 (2.1%) major 
adverse events. Multivariate analysis revealed PCSEMS (p<0.001) as a risk factor for adverse 
events during stent removal. Favorable factors for successful stent removal were FCSEMS 
(p≤0.012) and stent migration (p=0.010). No significant associations were found for stent 
indwelling time (p=0.145) and stent embedding (p=0.194).

Limitations: Retrospective analysis, only tertiary care centers.

Conclusions: With an acceptable major adverse event rate of 2.1%, esophageal stent removal in 
the setting of benign disease was found to be a safe and feasible procedure. FCSEMS were more 
successfully removed than SEPS and PCSEMS. Adverse events due to stent removal were not 
time dependent.
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INTRODUCTION
Until recently esophageal stents were mainly used for the palliative treatment of malignant 
dysphagia.1 To ensure stent patency for the remaining lifetime of the patient, stent design 
has focussed on prevention of migration and recurrent obstruction. The indications for stent 
placement gradually widened to include treatment of benign esophageal diseases, such as fistulae 
and complex strictures.2, 3 Stents for benign diseases are not intended to be permanent and safe 
removal is an essential feature. Uncovered and partially covered stents are difficult to remove 
due to stent embedding and granulation tissue, which occur after prolonged stent periods.4-6 
Conversely, fully covered stents migrate more often since the covering prevents embedding into 
the tissue.2 Though there are reports of successful retrieval of migrated stents7, 8 one can imagine 
that stent migration might make stent removal difficult.

In addition to tissue responses and stent migration, other serious stent-related adverse 
events include fistula formation and stent erosion into the esophageal wall, with resultant 
perforation and major bleeding.6, 9-13 These latter adverse events can also occur during stent 
removal.4, 14-19 To prevent adverse events in patients with benign esophageal disease, stent 
removal is recommended within six weeks after insertion. However, this recommendation is 
based on data from a small case series.4

Though there is consensus on the necessity to remove esophageal stents in patients with 
benign esophageal disease, little is known about the safety of removal and the ideal stent 
indwelling time to prevent adverse events. This retrospective multicenter study was designed to 
examine the safety of esophageal stent removal in patients with benign esophageal disease and 
to assess the effect of stent indwelling time on adverse events during removal.

PATIENTS AND METHODS
This retrospective multicenter study was conducted in six tertiary care centers from the U.S. and 
Europe. The research protocol was approved by the institutional review board of the participating 
centers. Patients who underwent esophageal stent placement between May 2002 and August 
2011 were identified by search of the electronic medical database at each center. Patients were 
included in the study if they received a temporary esophageal stent proximal to or bridging 
the gastroesophageal junction or surgical anastomosis for benign disease. Exclusion criteria 
included patients with active malignant esophageal disease or if the stent was not removed for 
the following reasons: patient lost to follow-up, unfit for stent removal, died with the stent in 
situ, or with a biodegradable stent as primary treatment for a benign esophageal lesion. Adverse 
events related to stent extraction were recorded during a follow-up period of 30 days after 
the procedure. Informed consent was obtained from all patients.

Data collection
Data were abstracted for patient demographics, indication for stent placement, date of stent 
insertion and removal, stent location, characteristics of stent placed (type, length, and body 
diameter), technique for stent removal and adverse events. The location of the stent was 
categorized as positioned in the proximal segment (< 25 cm from the incisors), middle segment 
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(25-30 cm from the incisors) or distal segment (> 30 cm from the incisors) of the esophagus. 
To compare outcomes as a function of stent’s length, patients were classified into three groups 
based on the overall median stent length: (1) < 10 cm, (2) 10-12 cm and (3) > 12 cm. Similarly, 
a comparison among three groups of patients was performed based on stent body diameter: 
(1) < 20 mm, (2) 20-22 mm and (3) > 22 mm. The stent indwelling times were divided into 
quartiles. Successful stent removal was defined as endoscopic stent retrieval at the first 
attempt without the occurrence of stent-related adverse events during or within 30 days of 
the procedure. The stent-in-stent procedure was considered to be primary stent removal, 
because stent extraction was attempted after placement of a second stent inside the embedded 
stent. Secondary removal was defined as endoscopic failure of stent removal during the first 
attempt. Adverse events were defined as any adverse event related to stent extraction that 
occurred within 30 days of the procedure. Adverse events were graded as major if surgical 
intervention was required, the continuity of the esophagus was interrupted, bleeding occurred 
that required intervention, and other events resulting in serious consequences for the patient 
(death, life threatening, persistent significant disability). Adverse events without the need for 
intervention were qualified as minor.

Statistical analysis
Data analysis was performed on a per-procedure rather than per-patient basis, because previous 
esophageal stent removal procedures in our patient population were not associated with an 
increased risk of removal-related adverse events (p=0.644). To analyze stent indications as 
potential risk factors for complicated stent removal they were divided into four major groups 
because of large heterogeneity. The Mann-Whitney U-test was used to compare stent indwelling 
times between uncomplicated and complicated stent removal. Binary logistic regression was 
used to identify other risk factors for complicated stent removal. Potential risk factors with 
p<0.1 from univariate analysis were included in a backward multivariate logistic regression 
model. Multivariate analysis was performed on n=304 procedures, excluding the 25 cases in 
whom information on stent diameter or indication for stent placement was missing. Statistics 
are presented as p-values with corresponding odds ratios (OR) and 95% confidence intervals 
(CI). P-values less than 0.05 were considered statistically significant. Continuous variables are 
presented as means ± standard deviation, or medians with the interquartile range (IQR) or with 
the lowest and highest value (range). Statistics were performed with the SPSS software package 
“PASW Statistics 18.0” (IBM corp., Armonk, New York, United States).

RESULTS
The study cohort consisted of 214 patients (143 (66.8%) males) who underwent a total of 329 
esophageal stent placements for benign disease with subsequent stent removal. The baseline 
characteristics of the study population are summarized in table 1. At the time of stent insertion 
the mean age was 58 ± 14.6 years (range 11-94 years). Indications for esophageal stent placement 
included benign strictures (n=162; 49.2%), benign fistulae/leaks/perforations (n=164; 
49.8%) and unknown (n=3; 0.9%). The median number of stent removal per patient was one  
(range 1-7).
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Table 1. Baseline characteristics of 329 stent removals

Characteristic Total (%)

Stent removals by center
 Academic Medical Center
 Hospital of the University of Pennsylvania
 Istituto Clinico Humanitas
 Mayo Clinic Rochester
 Mayo Clinic Scottsdale
 University Medical Center Utrecht

25 (7.6)
35 (10.6)
52 (15.8)
161 (48.9)
17 (5.2) 
39 (11.9)

Gender (n=214 pts.)
 Male
 Female
Age (years); mean ± std. dev. (range)

143 (66.8)
71 (33.2)
58 ± 14.6 (11 - 94)

Multiple stent removals
 No
 Yes
Median stent removals per patient (range)

142 pts. (66.4)
72 pts. (33.6)
1 (1 – 7)

Overlapping stents
 No
 Yes

300 (91.2)
29 (8.8)

Indications for stent placement
 Benign strictures
 Benign fistulae/leaks/perforations
 Missing data / unknown

162 (49.2)
164 (49.8)
3 (0.9)

Stent location
 Proximal esophagus (< 25 cm)
 Mid esophagus (25-30 cm)
 Distal esophagus (> 30 cm)
 Missing data / unknown

147 (44.7)
72 (21.9)
109 (33.1)
1 (0.3)

Stent indwelling time (days)
 Median (range)
 < 21 days
 21-37 days
 38-77 days
 > 77 days
 Missing data / unknown

37 (0 – 659)
84 (25.5)
79 (24.0)
84 (25.5)
80 (24.3)
2 (0.6)

Characteristics of the stents utilized in the study are summarized in table 2. The majority of 
stents placed were SEMS (n=265; 80.5%). SEMS were either fully covered (n=171) or partially 
covered (n=94). The median stent length was 10 cm (range 4.0-15.5 cm) and the median diameter 
was 20 mm (range 10-28 mm). Stent-related adverse events were reported in 122 cases (37.1%), 
including migration (n=91; 27.7%), severe embedding by granulation tissue (n=14; 4.3%),  
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stent-induced fistula (n=8; 2.4%), stent-induced stenosis (n=5; 1.5%), severe pain requiring 
removal (n=2; 0.6%), stridor requiring removal (n=1; 0.3%) and pressure necrosis (n=1; 0.3%).

Table 2. Stent characteristics (N = 329)

Characteristic Total (%)

fully covered SEMS
 Alimaxx-E (Alveolus)
 Bonastent (Endochoice)
 Choostent (M.I. Tech)
 Esophageal Z (Cook Medical)
 Evolution (Cook Medical)
 FerX-Ella (Ella-CS)
 Flamingo Wallstent (Boston Scientific)
 Hanarostent colonic (M.I. Tech)
 Niti-S (Taewoong Medical)
 Tracheal SEMS
 Viabil biliary stent (Gore)
 Wallflex (Boston Scientific)
Partially covered SEMS
 Ultraflex (Boston Scientific)
 Wallflex (Boston Scientific)
 Gianturco Z (Cook Medical)
 Evolution (Cook Medical)
 Tracheal SEMS
SEPS
 Polyflex (Boston Scientific)

79 (24.0)
1 (0.3)
2 (0.6)
1 (0.3)
3 (0.9)
1 (0.3)
1 (0.3)
5 (1.5)
7 (2.1)
2 (0.6)
4 (1.2)
65 (19.8)

78 (23.7)
4 (1.2)
1 (0.3)
9 (2.7)
2 (0.6)

64 (19.5)
Stent covering
 Fully covered SEMS
 Partially covered SEMS
 SEPS

171 (52.0)
94 (28.6)
64 (19.5)

Stent length (cm)
 Median (range)
 < 10.0 cm
 10.0 – 12.0 cm
 > 12.0 cm
 Missing

10.0 (4.0 – 15.5)
81 (24.6)
213 (64.7)
26 (7.9)
9 (2.7)

Stent diameter (mm)
 Median (range)
 < 20 mm
 20 – 22 mm
 > 22 mm
 Missing

20 (10 – 28)
146 (44.4)
73 (22.2)
87 (26.4)
23 (7.0)
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Stent indwelling times and removal techniques
A total of 329 stents were removed after an overall median indwelling time of 37 days (IQR 
20-77 days). With regard to stent type, the median indwelling time was 45 days (IQR 23-84 
days) for FCSEMS, 25 days (IQR 15-44 days) for PCSEMS, and 49 days (IQR 15-94 days) for 
SEPS. PCSEMS were removed sooner than FCSEMS (p<0.001) and SEPS (p=0.003). Primary 
removal was achieved in 326 (99.1%) procedures, including 12 (3.6%) stent-in-stent procedures, 
and secondary removal was achieved in the remaining three (0.9%). Stents were removed 
endoscopically by traction pull using a single grasping forceps (n=284; 86.3%), by the stent-in-
stent technique (n=12; 3.6%), by snare-assisted technique (n=7; 2.1%), with other endoscopic 
instruments (n=3; 0.9%), by argon plasma coagulation (n=2; 0.6%) and the removal technique 
was unknown in n=18 (5.5%). A rendezvous procedure through minigastrotomy was performed 
in two cases (0.6%) to allow distal access due to a tight stricture proximal to the stent. One stent 
was removed surgically after failed endoscopic extraction. embedded stents were removed after 
a median of 47 days (range 25-539 days) compared to 35 days (0-659 days) when no significant 
embedding was reported (p=0.031). When the stent-in-stent technique was used, a second stent 
was placed within the lumen of the embedded stent to induce pressure necrosis of granulation 
tissue ingrowth or overgrowth. Biodegradable stents (n=7), FCSEMS (n=4) and SEPS (n=1) 
were used as second stents. Both stents were removed as one using a grasping forceps after 
a median indwelling time of 10 days (range 6-21 days), excluding one exceptional case with 
a indwelling time of 431 days in an 87-year old patient with a peptic stricture.

Adverse events related to stent removal
A total of 35 (10.6%) stent removal-related adverse events were reported, including 28 (8.5%) 
minor and seven (2.1%) major adverse events, which are summarized in table 3. Removal-
related adverse events occurred after a median stent indwelling time of 29 days (range 2-193 
days) compared to 39 days (range 0-659 days) for the uncomplicated group (p=0.145). Median 
stent indwelling times for minor and major adverse events were not significantly different 
(p=0.360) and were 23.5 days (range 2-138 days) and 32 days (range 22-193 days), respectively. 
When adjusting for stent type, complicated removal was not associated with prolonged stent 
indwelling times. The median stent indwelling time of complicated versus uncomplicated 
removal was for FCSEMS 45 days (range 4-138 days) versus 45 days (range 1-391 days) 
respectively (p=0.672), for PCSEMS 30 days (range 9-193 days) versus 23 days (range 0-539 
days) respectively (p=0.066), and for SEPS 10.5 days (range 2-52 days) versus 51.5 days 
(1-659 days) respectively (p=0.036). Complicated SEPS removal, including severe pain (n=4), 
secondary removal (n=1) and fistula (n=1), occurred after a significantly shorter median stent 
indwelling time than the uncomplicated group. This finding, which contradicts the hypothesis, 
does not imply any consequences for clinical practice, and was therefore not relevant. No stent-
related mortality was observed in this retrospective series of patients.

On univariate analysis (table 4), a significant association was found between the occurrence 
of stent removal-related adverse events and the use of PCSEMS and large diameter (> 22 
mm) stents. The removal of PCSEMS was significantly more traumatic than the extraction of 
FCSEMS (table 4) and SEPS (OR 3.13 (95% CI 1.20-8.20)). Stents placed for an anastomotic 
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Table 3. Removal-related complications

Adverse events, no. %
Overall
(n = 329)

Stent 
migration
(n = 91)

Stent 
embedding
(n = 14)

Remaining 
group
(n = 224)

Minor
 Minor bleeding 16 (4.9) - 3 (21.4) 13 (5.8)
 Severe pain 6 (1.8) - - 6 (2.7)
 Fracture of stent 2 (0.6) - - 2 (0.9)
 Ulceration 1 (0.3) - - 1 (0.4)
 Mucosal tear 2 (0.6) - - 2 (0.9)
 Unsuccessful first attempt 1 (0.3) - - 1 (0.4)
Total minor complications 28 (8.5) - 3 (21.4) 25 (11.2)
Major
 Perforation 3 (0.9) - - 3 (1.3)
 Esophageal avulsion 1 (0.3) - - 1 (0.4)
 Stridor requiring endotracheal intubation 1 (0.3)§ - - 1 (0.4)
 Surgical removal 1 (0.3) 1 (1.1) - -
 Fistula formation 1 (0.3) - - 1 (0.4)
Total major complications 7 (2.1) 1 (1.1) 6 (2.7)
TOTAL 35 (10.6) 1 (1.1) 3 (21.4) 31 (13.8)

§ Fractured stent

stricture were more successfully removed than stents placed for a radiation-induced stricture. 
Stent migration was a favorable factor for safer stent removal. No significant associations were 
found for the following variables: patient’s gender, age, stent location, stent material, stent 
length, overlapping stents, multiple stent removals, stent indwelling time and stent embedding 
by granulation tissue.

Multivariate analysis was performed with the following variables: stent covering, stent 
indication, stent migration, stent diameter and patient’s gender. PCSEMS were associated 
with complicated removal compared to FCSEMS (OR 8.83 (95% CI 3.29-23.70)); and SEPS 
compared to FCSEMS (OR 4.71 (95% CI 1.39-15.97)). Stent migration was associated with 
a successful outcome (OR 0.07 (95% CI 0.01-0.54)). No significant association was found for 
female sex (OR 2.17 (95% CI 0.93-5.05)), large diameter stents (OR 1.92 (95% CI 0.71-5.16)) 
and anastomotic strictures (OR 0.43 (95% CI 0.11-1.72)). Stents placed for fistulae/perforations 
tended to be removed more easily than stents placed for radiation-induced strictures (OR 0.32  
(95% CI 0.09-1.09)).

DISCUSSION
To our knowledge, this retrospective study is the largest series on the technical success and 
adverse events related to stent removal in the setting of benign esophageal disease. In our series, 
endoscopic removal of self-expandable stents from the esophagus after treatment of benign 
disease was a feasible and safe procedure, with a major adverse event rate of 2.1% and an overall 
adverse event rate of 10.6% (Figures 1-3). These results are similar to published rates on adverse 
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Table 4. Univariate analysis of removal-related adverse events

No adverse 
events
(N = 294)

Adverse events
(N = 35) OR (95% CI) P

Hosts
 Male 210 (91.3) 20 (8.7) reference
 Female 84 (84.8) 15 (15.2) 1.875 (0.917 – 3.835) 0.085
Age (years); mean ± std. dev. (range) 58 ± 15 (11 – 94) 56 ± 12 (36 – 87) 0.990 (0.967 – 1.013) 0.378
Stenting indications 0.096
 Radiation-induced strictures 37 (82.2) 8 (17.8) reference
 Anastomotic strictures 71 (94.7) 4 (5.3) 0.261 (0.074 – 0.923) 0.037
 Miscellaneous strictures 40 (95.2) 2 (4.8) 0.231 (0.046 – 1.160) 0.075
 Fistulae/leakages/perforations 143 (87.2) 21 (12.8) 0.679 (0.279 – 1.656) 0.395
 Missing 3 0
Stent location in esophagus 0.774
 Proximal segment 131 (89.1) 16 (10.9) reference
 Middle segment 63 (87.5) 9 (12.5) 1.170 (0.490 – 2.792) 0.724
 Distal segment 99 (90.8) 10 (9.2) 0.827 (0.360 – 1.901) 0.655
 Missing 1 0
Stent material
 Metal stents 236 (89.1) 29 (10.9) 1.188 (0.471 – 2.995) 0.715
 Plastic stents 58 (90.6) 6 (9.4) reference
Stent covering 0.000
 Fully covered SEMS 165 (96.5) 6 (3.5) reference
 Partially covered SEMS 71 (75.5) 23 (24.5) 8.908 (3.478 – 22.818) 0.000
 SEPS 58 (90.6) 6 (9.4) 2.845 (0.883 – 9.170) 0.080
Stent length (cm) 0.775
 < 10.0 cm 73 (90.1) 8 (9.9) reference
 10-12 cm 188 (88.3) 25 (11.7) 1.213 (0.523 – 2.813) 0.652
 > 12.0 cm 24 (92.3) 2 (7.7) 0.760 (0.151 – 3.830) 0.740
 Missing 9 0
Stent diameter (mm) 0.002
 < 20 mm 135 (92.5) 11 (7.5) reference
 20-22 mm 70 (95.9) 3 (4.1) 0.526 (0.142 – 1.947) 0.336
 > 22 mm 69 (79.3) 18 (20.7) 3.202 (1.433 – 7.155) 0.005
 Missing 20 3
Overlapping stents
 No 268 (89.3) 32 (10.7) reference
 Yes 26 (89.7) 3 (10.3) 0.966 (0.277 – 3.373) 0.957
Multiple stent removals
 No 190 (88.8) 24 (11.2) reference
 Yes 104 (90.4) 11 (9.6) 0.837 (0.394 – 1.777) 0.644
Stent indwelling time 0.329
 < 21 days 74 (88.1) 10 (11.9) reference
 21-36 days 67 (84.8) 12 (15.2) 1.325 (0.538 – 3.266) 0.540
 37-77 days 76 (90.5) 8 (9.5) 0.779 (0.291 – 2.082) 0.619
 > 77 days 75 (93.8) 5 (6.3) 0.493 (0.161 – 1.513) 0.216
 Missing 2 0
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events related to stent removal from three smaller series.4, 5, 14 Two of these series, however, also 
included malignant indications.5, 14 Van Heel et al.5 reported on stent removal complicated by 
adverse events in 11.3% (14/124) of cases after extraction of both PCSEMS (68%) and FCSEMS 
(32%). Yoon et al.14 described a procedure-related adverse event rate of 5.9% (7/119), including 
fatal major bleeding in one patient. The latter series included FCSEMS only, which might explain 
the relatively lower adverse event rate. A third case series compared removal of both PCSEMS 
and FCSEMS after short-term stenting (< 6 weeks) with removal after long-term stenting (≥ 
6 weeks) as a secondary endpoint.4 Adverse events occurred in 15.2% (5/33) of cases, all in 
the long-term stenting group. More recent studies reported on successful stent extraction in 
the vast majority of cases in the setting of benign esophageal disease, though stent removal was 
not a focus of these studies.6-8, 17, 18, 20-22

In our series, seven patients experienced major adverse events related to stent removal, 
details of which are presented in table 5. Esophageal disruption and perforation were the most 
significant risks associated with stent extraction and were only seen with PCSEMS. Traumatic 
removal of PCSEMS has also been reported by other groups.5, 16 Other adverse events, such as 

Table 4. (continued)

No adverse 
events
(N = 294)

Adverse events
(N = 35) OR (95% CI) P

Stent migration
 No 204 (85.7) 34 (14.3) reference
 Yes 90 (98.9) 1 (1.1) 0.067 (0.009 – 0.495) 0.008
Stent embedding by  
granulation tissue
 No 283 (89.8) 32 (10.2) reference
 Yes 11 (78.6) 3 (21.4) 2.412 (0.639 – 9.101) 0.194

a) b) c)

Figure 1a-c. Stent removal by inversion.
(A) A fully covered Choostent (M.I. Tech) placed for a stricture secondary to radiofrequency ablation after 
54 days of stent therapy. (B) The stent was removed by inversion by traction pull with grasping forceps at 
the distal loop. (C) Granulation tissue growth was present at the distal end of the stent.
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intramural rupture, fistula formation and segmental amputation of the esophagus have also 
been described with the extraction of FCSEMS.14, 18, 19 We experienced one major adverse event 
after removal of a SEPS; a fistula was visualized on upper endoscopy on the same day and was 
thought to be rather an adverse event of stent placement than related to the stent removal 
procedure. Traumatic SEPS removal may occur less frequently due to the lower incidence of 
stent embedding.23 However, severe stent embedding has been reported with the use of these 
devices.7, 8, 10, 24 We encountered three cases (0.9%) of stent fracture (2 FCSEMS and 1 PCSEMS) 

Table 5. Major adverse events during stent removal

Sex/age
(y) Indication

Location
esophagus Stent type

Stent
covering

Dwell
time (d)

Removal 
technique Adverse events

F/48 Fistula 
after Roux 
Y gastric 
bypass

Distal Evolution 
150x20 mm

Partially 35 Esophago-
jejunostomy

Stent had migrated 
distally. Distal 
flare was found 
embedded in 
jejunum requiring 
surgical removal

M/59 Fistula + 
anastomotic 
stricture

Proximal Ultraflex 
120x23 mm

Partially 193 Grasping forceps Esophageal 
avulsion

M/43 Anastomotic 
stricture

Proximal Ultraflex 
120x23 mm

Partially 32 Grasping forceps 
by invagination 
of stent, APC 
and overtube-
assistance

Stent difficult to 
negotiate, multiple 
passages of scope, 
stent fracture. 
Patient developed 
stridor caused 
by edema from 
trauma requiring 
endotracheal 
intubation

F/70 Anastomotic 
leakage

Distal Ultraflex 
120x (md) 
mm

Partially 22 Grasping forceps 
by invagination 
of stent

Perforation

F/52 Perforation Distal Ultraflex
120x23 mm

Partially 32 Missing data Perforation

M/61 Boerhaave’s 
syndrome

Distal Ultraflex
120x28 mm

Partially 29 Grasping forceps 
by invagination 
of stent

Perforation

M/63 Radiation-
induced 
stricture

Proximal Polyflex† 
120x16 mm

Fully 49 Grasping forceps Fistula to anterior 
cervical plate; 
discovered after 
stent removal, 
probably stent-
induced

† Self-expandable plastic stent; md, missing data; APC, argon plasma coagulation
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during the removal procedure, which resulted in one major adverse event. Van Heel et al.5 
reported stent fracture in five cases (4%), which led to life-threatening adverse events in two 
patients from the non-removable stent fragments. 

Similar to other series removal of PCSEMS was associated with significantly more adverse 
events than FCSEMS or SEPS. Still, some prefer the use of PCSEMS because they seem to be less 
likely to migrate.3, 17 The same process that minimizes stent migration (i.e., tissue embedding in 
the uncovered portions of the stent) also renders removal more difficult and traumatic.3 In our 
series 14 (4.3%) stents, including twelve PCSEMS and two FCSEMS, were removed after they 
were found to be severely embedded by granulation tissue. The majority of these embedded 
stents were removed successfully by the stent-in-stent technique with a median indwelling 
time of 10 days for the second stent. Successful removal using the stent-in-stent technique was 
the focus of two other series in which the second stent was left in situ for a median time of 12 
and 14 days.6, 15 Aside from the occurrence of three self-limiting bleeding events, embedded 
stents were not significantly associated with major adverse events during stent removal in our 
series. Swinnen et al.6 support these findings as successful stent removal was achieved in 97.8% 
(132/135) of cases, including 73.3% stent-in-stent procedures due to the presence of moderate 
to severe tissue hyperplasia. Other smaller series have shown that stents complicated by tissue 
ingrowth or overgrowth can be removed successfully,22, 24 although in a small proportion of cases 
embedded stents may need to be left in situ or require surgical removal.5, 8, 17 

Besides stent covering, it is speculated that granulation tissue growth can be related to 
stent size and radial force.3 In our series we did not find an association between stent size and 
removal outcome, nor when comparing the median stent sizes of the complicated group with 
the uncomplicated group. These findings are similar to the series by Van Heel et al.5

In our series, 91 (27.7%) stents were removed after they had migrated, of which the majority 
(85.7%) was retrieved from the stomach (figure 4). Except for the occurrence of one major 

a) b)

Figure 2a,b. Stent removal of two overlapping stents.
(A) Two overlapping partially covered Ultraflex stents (Boston Scientific), placed for a perforation and 
anastomotic stricture, after, respectively, 69 and 45 days of stent therapy. (B) Removal by traction pull with 
grasping forceps during the same procedure was uncomplicated.
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adverse event, stent migration was found to be a favorable factor for successful stent removal. 
Safe stent retrieval after migration has also been reported by other groups,7, 8, 14 though some 
distally migrated stents (e.g, in the small bowel) may require surgical removal.10, 18, 25-28

A prolonged stent indwelling time is thought to complicate stent removal due to granulation 
tissue ingrowth and overgrowth. However, there are little data to support this assumption. Some 
studies suggest an association between prolonged stent indwelling times and the occurrence 
of stent embedding by granulation tissue.6, 29 In our series, severe embedding was seen after 
a median of 35 days (range 14-323 days) and embedded stents remained significantly longer in 
situ, so the occurrence of stent embedding may be time dependent. However, stent embedding 
can already be seen after 14 days and is even reported within seven days.30, 31 The issue remains 

a) b) c)

a) b)

Figure 3a,b. Stent removal complicated by self-limiting bleeding.
(A) A partially covered Ultraflex stent (Boston Scientific) after 41 days of stent therapy with the presence of 
moderate granulation tissue growth through the uncovered parts of the stent. (B) Removal by traction pull 
with grasping forceps resulted in self-limiting bleeding.

Figure 4a-c. Stent removal of a migrated stent.
(A) A partially covered Ultraflex stent (Boston Scientific) migrated into the stomach and was removed after 
32 days (B) without adverse events (C).
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whether stent embedding is associated with complicated removal. Two studies have demonstrated 
that outcome of stent removal is time dependent and recommended stent removal within six 
weeks.4, 5 In both series removal-related adverse events occurred due to stent embedding, which 
can explained by the high proportion of PCSEMS that were used in these studies. As mentioned 
previously, the evidence suggests the safest approach is to use the stent-in-stent technique to 
remove embedded stents. However, in both studies, the stent-in-stent procedure was rarely used. 
In our series complicated removal was not found to be time dependent and 75 (22.8%) stents 
were successfully removed even after a minimum stent indwelling time of 79 days (median 113 
days, range 79-659 days). An explanation for this finding could be that when severe embedding 
was present, we mainly used the stent-in-stent technique for stent extraction. Successful stent 
removal after long-term stenting has been described.32, 33

This study has some limitations. First, follow-up was relatively short after stent removal. 
Second, the retrospective design includes inherent limitations, such as heterogeneous data 
due to differences in patient population, endoscopic techniques, stent designs and clinical 
assessment. Adverse events were not predefined and were recorded based on the endoscopist’s 
report of the removal procedure or during follow-up. There is a selection bias, because only 
cases in whom stent removal was attempted were included. In case the endoscopist decided, 
for whatever reason, not to remove a stent that was initially placed as temporary treatment, 
then the patient did not meet inclusion criteria. Third, the high ratio of number of variables 
to the number of study outcomes may have resulted in an overfitting multivariate logistic 
regression model. To assess the impact of possible overfitting, we performed a penalized 
multivariate logistic regression analysis by the least absolute shrinkage and selection operator 
(LASSO) method. Stent covering turned out to be the strongest predictor; the removal of 
PCSEMS was more complicated than the removal of FCSEMS (OR 8.83 (95% CI 3.38-23.06)) 
and the same applied for the removal of SEPS (OR 3.18 (95% CI 0.98-10.30)). All other variables 
were dropped. Fourth, data were analyzed per procedure rather than per patient. To account for 
any bias resulting from multiple stent removals in patients, we performed an analysis following 
a generalized estimating equation (GEE) approach. Again stent covering came out as strongest 
predictor; compared to the removal of FCSEMS, PCSEMS removal was more complicated 
(OR 6.74 (95% CI 2.03-22.41)), just as SEPS removal (OR 4.32 (95% CI 1.15-16.25)). Again, 
no other variables were selected. Identifying stent covering as strongest predictor, the results 
of these additional LASSO and GEE analyses are consistent with the results of the reported 
logistic regression. Stent migration however was no longer identified as predictor in either of 
the additional analyses, possibly because partially covered stents migrate less easily. Considering 
this undetermined outcome, we suggest that the predictive role of stent migration needs  
further research.

In conclusion, this large series demonstrates that removal of self-expandable stents after 
treatment of benign esophageal disease is a safe and feasible procedure. Adverse events from 
stent removal occurred with lesser frequency using FCSEMS than SEPS and PCSEMS. The stent-
in-stent procedure seems to be a safe approach for removal of significantly embedded stents. 
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ABSTRACT
Background: Patients with therapy-resistant benign esophageal strictures (TRBES) suffer from 
chronic dysphagia and generally require repeated endoscopic dilations. For selected patients, 
esophageal self-dilation may improve patient’s autonomy and reduce the number of endoscopic 
dilations. We evaluated the clinical course and outcomes of patients who started esophageal 
self-dilation at our institution.

Methods: This study was a retrospective case series of patients with TRBES who started 
esophageal self-dilation between 2012-2016 at the Academic Medical Center Amsterdam. 
To learn self-dilation using Savary-Gilliard bougie dilators, patients visited the outpatient 
clinic on a weekly basis where they were trained by a dedicated nurse. Endoscopic dilation 
was continued until patients were able to perform self-bougienage adequately. The primary 
outcome was the number of endoscopic dilation procedures before and after initiation of self-
dilation. Secondary outcomes were technical success, final bougie size, dysphagia scores and  
adverse events.

Results: Seventeen patients started with esophageal self-dilation mainly because of therapy-
resistant post-surgical (41%) and caustic (35%) strictures. The technical success rate of learning 
self-bougienage was 94% (16/17). The median number of endoscopic dilation procedures 
dropped from 17 (interquartile range (IQR) 11-27) procedures during a median period of 9 (IQR 
6-36) months to 1.5 (IQR 0-3) procedures after the start of self-dilation (p<0.001). The median 
follow-up after initiation of self-dilation was 17.6 (IQR 11.5-33.3) months. The final bougie size 
achieved with self-bougienage had a median diameter of 14 (IQR 13-15) mm. All patients could 
tolerate solid foods (Ogilvie dysphagia score ≤ 1), making the clinical success rate 94% (16/17). 
One patient (6%) developed a single episode of hematemesis related to self-bougienage.

Conclusions: In this small case series, esophageal self-dilation was found to be successful 94% 
of patients when conducted under strict guidance. All patients performing self-bougienage 
achieved a stable situation where they could tolerate solid foods without the need for  
endoscopic dilation.
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INTRODUCTION
Benign esophageal strictures can have various causes such as postsurgical ischemic strictures, 
radiotherapy-induced, post endoscopic dissection, ingestion of caustic substances, reflux-
induced and other rarer causes.1-6 They can be divided in the simple (short, not angulated, allow 
passage of endoscope) and complex (angulated, > 2 cm, severely narrowed luminal diameter) 
strictures.7 Over 80% of patients with benign esophageal strictures are successfully treated with 
repeated endoscopic bougie or balloon dilation.5, 8, 9 However, a subgroup of patients suffer from 
therapy-resistant benign esophageal strictures (TRBES). Kochman et al. proposed a definition 
to distinguish two types of resistant strictures: (1) the refractory stricture, that cannot be 
remediated to a diameter of 14 mm over 5 endoscopic sessions at 2-week intervals, and (2) 
the recurrent stricture, in which case a satisfactory luminal diameter cannot be maintained for 4 
weeks once the target diameter of 14 mm has been reached.10 Complex and nonsurgical strictures 
are more prone to meet this definition.5, 11, 12 When patients fail to respond to standard repeated 
dilations, other endoscopic options include the addition of steroid injections and, in case of 
a suitable morphology, incision of the stricture.13 Another option is temporary placement of 
a self-expandable stent, which is effective in approximately 40% of cases.14 Besides the high risk 
of recurrent dysphagia, stent migration (29%) and adverse events (21%) are common problems 
with the use of self-expandable stents for the treatment of benign esophageal strictures.14

Although reports of patients performing esophageal self-dilation have already been 
published in the early ‘60s,15-17 this treatment option is rarely reported in modern literature 
and only consists of some small case series.18-21 For selected patients, self-dilation with dilation 
bougies may allow them to regain autonomy and reduce the need for endoscopic dilations. 
Case series have reported excellent outcomes with 90% clinical success rates, including 90-100% 
tolerability and intake of solids in 90-100% of patients without any dilation-related adverse 
events.18-20 These results suggest that self-dilation is a valid alternative to repeated endoscopic 
dilations for a subgroup of patients with TRBES. At our institution we offer self-dilation to 
patients with TRBES since 2012. In this study we aim to evaluate the clinical course and 
outcomes of our self-dilation patients.

MATERIALS AND METHODS
In this case series we retrospectively analyzed the clinical course and outcomes of all patients who 
started self-dilation at our institution. This study was reviewed by our Medical Ethics Review 
Committee and did not apply to the Dutch Act ‘Medical Research Involving Human Subjects’ 

Table 1. Dysphagia grading according Ogilvie

0 No dysphagia
1 Normal diet avoiding certain foods 
2 Semi-solid diet 
3 Fluids only 
4 Complete dysphagia for even liquids 
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(date of review: June 22, 2016). Since 2012 we offer self-dilation to patients with TRBES. All 
patients performing esophageal self-dilation are prospectively registered in a database by two 
specialized nurses (CtH and PdK) involved in the training of these patients. Suitable candidates 
for self-dilation included patients motivated to learn self-bougienage who had (1) chronic 
dysphagia because of a benign esophageal stricture requiring multiple endoscopic dilations and 
(2) a stricture morphology that allowed safe self-bougienage. The presence of a diverticulum, an 
excentric lumen, tortuous strictures and strictures within 2 cm of the upper esophageal sphincter 
were considered relative contraindications for esophageal self-bougienage. Salvage surgery 
was considered a bridge too far because patients were unfit for or refused major surgery, or 
because of extensive fibrosis involving the stomach after a chemical burn. The primary outcome 
of the study was the number of endoscopic dilation procedures after the start of esophageal 
self-dilation. Secondary outcomes of interest were technical success, time to technical success, 
clinical success, final bougie diameter and adverse events related to self-dilation. Technical 
success was defined as introduction of the bougie on a daily basis below the level of the stricture, 
as indicated by a taped marker on the bougie. We defined clinical success as patients being 
able to manage their dysphagia themselves at home without the need of repeated endoscopic 
dilations and having an Ogilvie dysphagia score of 0 or 1 (table 1).22

Procedures
Patients with therapy-resistant strictures were invited to the outpatient clinic of our specialized 
nurses, where they were seen on a weekly basis to learn self-dilation using Savary-Gilliard 
bougie dilators according to the technique as described by Dzeletovic and Fleischer.23 The first 
consultation included education about the rationale of self-bougienage, a demonstration video 
from the Mayo Clinic Arizona, U.S.,24 and contact with another experienced self-dilation patient 
who could answer to potential questions and concerns. The patient received an 8-10 mm 
Savary-Gilliard bougie, which was smaller in size than the diameter achieved at the previous 
endoscopic dilation,  to practice self-dilation at home. When the patient was able to demonstrate 

a) b) c) d)

Figure 1a-d. Esophageal self-dilation.
Patient with caustic stricture performing esophageal self-bougienage using a 16 mm Savary bougie dilator
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adequate self-dilation (i.e. technical success) during the next consultation, the bougie was 
upsized in consecutive steps to a diameter that allowed the patient to tolerate solid foods 
(figure 1). Endoscopic dilations were continued until patients were able to perform self-dilation 
adequately. Once patients reached a stable bougie diameter by which they could tolerate solid 
food, the self-dilation frequency was reduced, usually to a frequency of once a week. Whenever 
dysphagia recurred or patients encountered resistance with self-dilation, an endoscopic dilation 
was scheduled to relieve complaints and to re-facilitate self-bougienage. See also figure 2 for our 
self-dilation protocol.

Statistical analysis
Data were retrieved from the electronic medical records. We mainly used descriptive statistics. 
Analyses were performed on intention-to-treat basis. For the comparison of the number 
of endoscopic dilations before and after the start of self-dilation we used the nonparametric 
Wilcoxon Signed Rank Test for paired data. Two-sided p-values < 0.05 were considered 
statistically significant. We used the statistical software SPSS Statistics version 24 (IBM corp., 
Armonk, New York, USA).

Table 2. Baseline characteristics (N=17)

No. (%)

Gender (male) 10 (59)
Age; median (range) 65 (32 – 76) years
Etiology of stricture
 Post-surgical 7 (41)
 Caustic 6 (35)
 Othera 4 (24)
History of esophageal cancer (yes) 8 (47)
Stricture at multiple levels in esophagus (yes) 8 (47)
Stricture longer than 2 cm (yes) 11 (65)
Location of dominant stricture
 Proximal esophagus (< 25 cm from incisors) 12 (71)
 Mid esophagus (25-30 cm from incisors) 3 (18)
 Distal esophagus (> 30 cm from incisors) 2 (12)
Number of previous endoscopic dilations; median (IQR) 17 (11 – 27)
Previous endoscopic treatment in addition to bougie/balloon dilation
 None 9 (53)
 + steroid injections 2 (12)
 + incision with steroid injections 4 (24)
 + stent placement 1 (6)
 + incision and stent placement 1 (6)
Maximum diameter reached with endoscopic dilationb; median (IQR) 15 (13 – 17) mm

a peptic (n=1), radiation-induced (n=1) and chronic inflammation of unknown origin (n=2)
b largest bougie size that was passed endoscopically through the stricture
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RESULTS
Between January 2012 and December 2016, a total of 17 patients started esophageal self-dilation 
because of TRBES. The stricture etiology was mainly post-surgical (41%) and caustic injury 
(35%). Strictures were present at multiple levels in the esophagus in 47% of patients with 
the most dominant stricture mainly located in the proximal esophagus (71%). Before the start of 
self-dilation, patients underwent a median of 17 endoscopic dilation procedures (IQR 11 – 27) 
during a median period of 9 months (IQR 6 – 36 months). Besides endoscopic bougie or balloon 
dilations, 47% of patients received additional endoscopic treatments such as steroid injections, 
incision therapy or stent placement. The largest bougie size reached with endoscopic dilation 
had a median diameter of 15 mm (IQR 13 – 17 mm). Endoscopic treatment was complicated 
by an iatrogenic perforation in 24% (4/17) of patients, which was managed conservatively in all 
cases. Further details are summarized in table 2.

Self-dilation
The median time from the first endoscopic dilation procedure to the start of self-dilation 
was 9 months (IQR 6 – 36 months). The technical success rate of learning self-bougienage 
was 94% (16/17). A 52 year old male patient with a 2-3 cm long post-radiation stricture in 
the proximal esophagus, who started self-dilation after 24 endoscopic dilation procedures, 
failed to learn adequate self-dilation because of anxiety and motivational problems. This patient 
received three additional endoscopic dilations before he was diagnosed with metastasized 
esophageal carcinoma and died 8 months after the start of self-dilation. The remaining 16 
patients were able to perform adequate self-bougienage after a median duration of 16 days (IQR 
10 – 52 days). The median follow-up period from the start of self-dilation was 17.6 months  
(IQR 11.5 – 33.3 months).

During the period in which the bougie was upsized to a satisfactory target diameter, 
59% (10/17) of patients underwent endoscopic dilation to facilitate the self-bougienage with 
a median of 1 (IQR 0 – 2) endoscopic procedure per patient. Once a stable situation was reached 
with a satisfactory bougie size, 29% (5/17) of patients required additional endoscopic dilation 
with a median of 0 (IQR 0 – 1) procedures per patient. The overall number of endoscopic 
dilation procedures dropped from a median of 17 procedures (IQR 11 – 27) before the start of 
self-dilation to a median of 1.5 procedures (IQR 0 – 3) after the start of self-dilation (p<0.001), 
see also figure 3. The final bougie size achieved with self-bougienage had a median diameter 
of 14 mm (IQR 13 – 15 mm). All patients reported that they could tolerate solid foods with 
a median Ogilvie dysphagia score of 0 (IQR 0 – 1), making the clinical success rate 94% (16/17). 
At the end of follow-up, 76% (13/17) of patients were still actively performing self-bougienage, 
two patients (12%) had stopped self-dilation for a period of 1.5 years and 1.5 months, and two 
patients (12%) had died because of metastasized esophageal carcinoma.

Regarding the safety of self-bougienage, one patient (6%) presented at the emergency 
department with hematemesis, no signs of hemodynamic instability and a hemoglobin level 
of 6.9 mmol/L. Upper endoscopy revealed a small mucosal tear at the gastric cardia (figure 4), 
most likely caused by the tip of the bougie due to too deep insertion with self-bougienage. After 
careful instructions and marking the bougie with a piece of tape to indicate the appropriate 
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Figure 2. Self-dilation protocol.

depth of self-bougienage, the patient was discharged on the same day. Another patient was 
referred to the emergency department because of melena, but upper endoscopy did not show 
any signs of bleeding. There were no perforations or other serious adverse events related  
to self-bougienage.
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Figure 3. Endoscopic dilation procedures before and after the start of self-dilation*.
* Patient #5 was not able to learn adequate self-bougienage (technical failure); patient #14 underwent an 
additional 33 endoscopic dilation procedures between April 2001 and January 2008; patient #15 underwent 
an additional 7 endoscopic dilation procedures before November 2013 with unknown date.

Table 3. Outcomes of esophageal self-dilation

Total
N = 17

Technical success; no. (%) 16 (94)
Time to achieve technical success; median (IQR) 16 (10 – 52) days
Final bougie size; median (IQR) 14 (13 – 15) mm
Duration of follow-up; median (IQR) 17.6 (11.5 – 33.3) mo
No. of endoscopic dilations after start self-dilation; median (IQR) 1.5 (0 – 3)
Able to eat solid foods (Ogilvie dysphagia score ≤ 1); no. (%) 16 (94)
Adverse events
 Hematemesis; no. (%) 1 (6)
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DISCUSSION
In this small case series of 17 patients with TRBES, 94% of patients were able to learn and perform 
esophageal self-dilation using bougie dilators. Esophageal self-bougienage led to a statistically 
significant and, most of all, clinically relevant reduction in the need for endoscopic dilation 
procedures. All patients performing esophageal self-bougienage reported excellent outcomes 
regarding dysphagia with all being able to eat and swallow solid foods (Ogilvie dysphagia score 
≤ 1). Although the literature on this topic is scarce, other series also support self-dilation as 
alternative treatment option in patients with TRBES.18, 19, 25 A case series of 32 patients from 
the Mayo Clinics, U.S., reported comparable results with a technical success rate of 94% (30/32) 
and a reduction in the average number of endoscopic dilation procedures from 22 to 1 before 
and after initiation of self-dilation, respectively, with a median follow-up of 32 months.18 There 
was a significant improvement in dysphagia symptoms, as well as in stricture diameter and 
weight after initiation of self-dilation. No adverse events related to self-bougienage occurred.18

Besides endoscopic outcomes and dysphagia symptoms, esophageal self-dilation also 
positively impacts on patient-reported quality of life scores. A study from the University of 
Michigan, U.S., reported that during a 33 year period 158 patients with cervical esophagogastric 
anastomotic strictures were taught self-dilation, which was 8% of all patients who underwent 
a transhiatal esophagectomy during that period.20 Out of the 78 survivors, 34 patients responded 
to an esophageal-specific survey, showing that 85% of patients were satisfied or very satisfied 
with their overall ability to eat and all patients indicated that they would use self-bougienage 
again under similar circumstances.20 Patients did not report any adverse events related to self-
bougienage using a Maloney dilator with the median duration of self-dilation being almost 
10 years.20 Another series from the Mayo Clinic Arizona found that, when retrospectively 
assessed by a self-designed questionnaire, global scores for dysphagia and overall quality of 
life significantly improved under self-dilation compared to the period of endoscopically 
performed dilations.26 These results emphasize the positive effect of self-dilation on the patient’s 
quality of life, including emotional and social well-being compared to hospital bound  
endoscopic dilations.

Teaching patients how to perform self-bougienage requires strict guidance to overcome 
anxiety and motivational problems. In our series, one patient who started self-bougienage 
was not able to insert the bougie below the level of the stricture and stopped further attempts 
because of anxiety and lack of motivation to continue the training with our nurses. Dzeletovic 
et al. also reported two failure cases (6%) because of anxiety and in addition three patients (9%) 
who stopped self-dilation because of intolerance due to throat and/or chest pain.18 To overcome 
anxiety, we invited patients on a weekly basis at the outpatient clinic of our dedicated nurses to 
monitor the progress and answer to questions and concerns. For further motivational support, 
we occasionally invited other self-dilation patients to the training session so that patients could 
share their experience. Lidocaine spray or gargle in the bottom of the throat may also be helpful 
to get through the first phase of self-bougienage.23

Self-dilation as treatment option in patients with benign esophageal strictures is often 
unknown or being ignored because of insufficient experience with teaching this technique. 
However, as demonstrated by our results, self-dilation can be a real solution for a subgroup of 
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patients that do not respond to endoscopic dilation. In our series, 88% (15/17) of patients had 
a history of at least 10 endoscopic dilation procedures. With a target bougie size of 14 mm all 
patients will be able to eat solid foods and, if desired, patients can even upsize their bougie over 
14 mm to achieve a satisfactory situation. The study from the University of Michigan, U.S., 
showed that after a median duration of almost 10 years 47% (16/34) of patients with a cervical 
esophagogastric anastomotic stricture had finally stopped self-dilation and the remaining 53% 
were still performing self-bougienage with an average frequency of once every 2 months.20 
In the series by Dzeletovic et al., consisting of a more heterogeneous population, 10% (3/30) 
of patients were able to stop self-dilation and 27% (8/30) had decreased the self-bougienage 
frequency to a maximum of twice weekly.18 So when a satisfactory bougie size is reached, 
the self-bougienage frequency can gradually be reduced and thereby patient burden can further 
be alleviated.

Adverse events related to self-bougienage are rare and particularly perforations have 
not been reported in the aforementioned case series.18-21 However, there is a report of 
a pneumomediastinum related to Eder-Puestow self-dilation.27 Other rare complications 
reported are complete swallowing of a Maloney dilator requiring surgical removal from 
the stomach,28 and repeated unintentional insertion of a Maloney dilator into the right bronchus 
in a patient with a hypopharyngeal stenosis.29 So patients should be carefully selected based on 
a suitable anatomy and stricture morphology, they should be well-informed about the potential 
risks and considerable resistance with self-bougienage should always be avoided.

This small case series is limited by its retrospective nature, the small sample size, lack of 
controls, and the selected and heterogeneous population from a single tertiary care center. 
Nevertheless, this retrospective evaluation shows that self-dilation may be a valid alternative 
for selected patients with TRBES who require repeated endoscopic dilations. This analysis is 
the first step to develop a systematic approach for future patients who will start self-dilation at 
our institution. Future prospective evaluation of clinical and patient-reported outcomes will 

Figure 4. Self-dilation induced small mucosal tear in the gastric cardia in a patient with a hiatal hernia.
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learn us more about the efficacy of self-dilation on the physical, psychological and social well-
being of patients with strictures that hardly respond to endoscopy therapy.



150

REFERENCES
1. Repici A, Small AJ, Mendelson A, et al. 

Natural history and management of refractory 
benign esophageal strictures. Gastrointest  
Endosc 2016;84:222-8.

2. Grooteman KV, Wong Kee Song LM, 
Vleggaar FP, et al. Non-adherence to the rule 
of 3 does not increase the risk of adverse 
events in esophageal dilation. Gastrointest 
Endosc 2016.

3. Kishida Y, Kakushima N, Kawata N, et 
al. Complications of endoscopic dilation 
for esophageal stenosis after endoscopic 
submucosal dissection of superficial esophageal 
cancer. Surg Endosc 2015;29:2953-9.

4. Hagel AF, Naegel A, Dauth W, et al. 
Perforation during esophageal dilatation: 
a 10-year experience. J Gastrointestin Liver 
Dis 2013;22:385-9.

5. Yoda Y, Yano T, Kaneko K, et al. Endoscopic 
balloon dilatation for benign fibrotic 
strictures after curative nonsurgical 
treatment for esophageal cancer. Surg  
Endosc 2012;26:2877-83.

6. Fan Y, Song HY, Kim JH, et al. Fluoroscopically 
guided balloon dilation of benign esophageal 
strictures: incidence of esophageal rupture 
and its management in 589 patients. AJR Am 
J Roentgenol 2011;197:1481-6.

7. Lew RJ, Kochman ML. A review of 
endoscopic methods of esophageal dilation. J 
Clin Gastroenterol 2002;35:117-26.

8. Scolapio JS, Pasha TM, Gostout CJ, et al. 
A randomized prospective study comparing 
rigid to balloon dilators for benign 
esophageal strictures and rings. Gastrointest  
Endosc 1999;50:13-7.

9. van Heijl M, Gooszen JA, Fockens P, et al. 
Risk factors for development of benign 
cervical strictures after esophagectomy. Ann 
Surg 2010;251:1064-9.

10. Kochman ML, McClave SA, Boyce HW. 
The refractory and the recurrent esophageal 
stricture: a definition. Gastrointest  
Endosc 2005;62:474-5.

11. Rodrigues-Pinto E, Pereira P, Ribeiro A, et al. 
Risk factors associated with refractoriness to 
esophageal dilatation for benign dysphagia. 
Eur J Gastroenterol Hepatol 2016;28:684-8.

12. Polese L, Angriman I, Bonello E, et al. 
Endoscopic dilation of benign esophageal 
strictures in a surgical unit: a report on 
95 cases. Surg Laparosc Endosc Percutan  
Tech 2007;17:477-81.

13. van Boeckel PG, Siersema PD. Refractory 
esophageal strictures: what to do when 
dilation fails. Curr Treat Options 
Gastroenterol 2015;13:47-58.

14. Fuccio L, Hassan C, Frazzoni L, et al. 
Clinical outcomes following stent placement 
in refractory benign esophageal stricture: 
a systematic review and meta-analysis. 
Endoscopy 2016;48:141-8.

15. Wooler G. The diagnosis and treatment of 
peptic oesophagitis. Gut 1961;2:91-109.

16. Lanza FL, Graham DY. Bougienage is 
effective therapy for most benign esophageal 
strictures. JAMA 1978;240:844-7.

17. Grobe JL, Kozarek RA, Sanowski RA. Self-
bougienage in the treatment of benign esophageal 
stricture. J Clin Gastroenterol 1984;6:109-12.

18. Dzeletovic I, Fleischer DE, Crowell MD, et 
al. Self-dilation as a treatment for resistant, 
benign esophageal strictures. Dig Dis  
Sci 2013;58:3218-23.

19. Zehetner J, DeMeester SR, Ayazi S, et al. Home 
self-dilatation for esophageal strictures. Dis 
Esophagus 2014;27:1-4.

20. Davis SJ, Zhao L, Chang AC, et al. Refractory 
cervical esophagogastric anastomotic 
strictures: management and outcomes. J 
Thorac Cardiovasc Surg 2011;141:444-8.

21. Wong KK, Hendel D. Self-dilation for refractory 
oesophageal strictures: an Auckland City 
Hospital study. N Z Med J 2010;123:49-53.

22. Ogilvie AL, Dronfield MW, Ferguson R, et 
al. Palliative intubation of oesophagogastric 
neoplasms at fibreoptic endoscopy.  
Gut 1982;23:1060-7.



151

1

2

3

4

5

6

7

8

9

10

11

&

23. Dzeletovic I, Fleischer DE. Self-dilation for 
resistant, benign esophageal strictures. Am J 
Gastroenterol 2010;105:2142-3.

24. Dzeletovic I, Fleischer DE. Esophageal Self 
Dilation: A Teaching Guide for Physicians. 
ASGE Endoscopic Learning Library 2011.

25. Bapat RD, Bakhshi GD, Kantharia CV, et 
al. Self-bougienage: long-term relief of 
corrosive esophageal strictures. Indian J  
Gastroenterol 2001;20:180-2.

26. Dzeletovic I, Fleischer DE, Crowell MD, et 
al. Self dilation as a treatment for resistant 
benign esophageal strictures: outcome, 

technique, and quality of life assessment. Dig 
Dis Sci 2011;56:435-40.

27. Noppen MM, Corne L, Peters O, et al. 
Pneumomediastinum after self-dilation of 
the esophagus. Chest 1987;92:757-8.

28. Luo SD, Hsu RF. A rare but life-threatening 
complication of self-bougienage: iatrogenic 
esophageal foreign body. Endoscopy 2008;40 
Suppl 2:E17-8.

29. Kashima ML, Eisele DW. Complication 
of esophageal self-dilation for radiation-
induced hypopharyngeal stenosis.  
Dysphagia 2003;18:92-5.





IIMALIGNANT GASTRIC OUTLET AND 
BILIARY OBSTRUCTION





7Self-expandable metal stents for 
malignant gastric outlet obstruction:  

a pooled analysis of prospective literature

E.E. van Halsema, E.A. Rauws, P. Fockens, J.E. van Hooft

World Journal of Gastroenterology 2015



156

ABSTRACT
Aim: To provide an overview of the clinical outcomes of self-expandable metal stent (SEMS) 
placement for malignant gastric outlet obstruction (MGOO).

Methods: A systematic literature search was performed in PubMed of the literature published 
between January 2009 and March 2015. Only prospective studies that reported on the clinical 
success of stent placement for MGOO were included. The primary endpoint was clinical 
success, defined according to the definition used in the original article. Data were pooled and 
analyzed using descriptive statistics. Subgroup analyses were performed for partially covered 
SEMSs (PCSEMSs) and uncovered SEMSs (UCSEMSs) using Fisher’s Exact Test.

Results: A total of 19 studies, including 1281 patients, were included in the final analysis. Gastric 
(42%) and pancreatic (37%) cancer were the main causes of MGOO. UCSEMSs were used in 
76% of patients and PCSEMSs in 24%. The overall pooled technical success rate was 97.3% and 
the clinical success rate was 85.7%. Stent dysfunction occurred in 19.6% of patients, mainly 
caused by re-obstruction (12.6%) and stent migration (4.3%), and was comparable between 
PCSEMSs and UCSEMSs (21.2% vs. 19.1%, respectively; p=0.412). Re-obstruction was more 
common with UCSEMSs (14.9% vs. 5.1%; p<0.001) and stent migration was more frequent after 
PCSEMS placement (10.9% vs. 2.2%; p<0.001). The overall perforation rate was 1.2%. Bleeding 
was reported in 4.1% of patients, including major bleeding in 0.8%. The median stent patency 
ranged from 68 to 307 days in five studies. The median overall survival ranged from 49 to 183 
days in 13 studies.

Conclusion: The clinical outcomes in this large population showed that enteral stent placement 
was feasible, effective and safe. Therefore, stent placement is a valid treatment option for 
the palliation of MGOO.
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INTRODUCTION
Gastric outlet obstruction is a syndrome characterized by nausea (90%), vomiting (83%), 
regurgitation (69%) and abdominal pain (66%)[1]. The majority of patients (>75%) presenting 
with malignant gastric outlet obstruction (MGOO) cannot tolerate solids, and approximately 
40% of patients have no oral intake at all[1]. Pancreatic cancer is the most common cause of MGOO 
in Western countries[1-3], while gastric cancer is the leading cause of MGOO in Eastern Asian 
studies[4-6]. Gastric outlet obstruction is usually a late sign of a locally advanced or metastatic 
cancer, requiring palliative management. These patients have a poor prognosis with a mean 
survival of approximately 100 days (3.3 months)[7], and an impaired quality of life[8, 9]. The aim 
of palliative therapy is to relieve obstructive symptoms and to allow oral intake. Treatment 
options for MGOO are endoscopic stent placement (figure 1A-D), surgical bypass by means 
of a gastrojejunostomy, a percutaneous gastrostomy (PEG) serving for gastric decompressing 
with subsequent jejunal feeding tube placement, and pharmacological therapy aiming for 
improvement in gastric emptying, relief of symptoms and comfort[7, 10-12]. Comparison of enteral 
stenting and gastrojejunostomy revealed sooner return to oral intake and shorter hospital stay 
after stent placement[7, 13]. On the long term, however, patients with an enteral stent have more 
recurrent obstruction and require more re-interventions[9]. Therefore, one might argue that 
patients with a relatively short survival benefit the most from enteral stent placement.

The stents used for the endoscopic treatment of MGOO are self-expandable metal stents 
(SEMSs) (figure 2A-D). They consist of a flexible framework of wire mesh made of nitinol, a metal 
alloy of nickel and titanium, and are either uncovered or covered by a polytetrafluoroethylene 
(PTFE), polyurethane or silicone membrane. Over the past years many studies have been 
published on the clinical outcomes of enteral stent placement for MGOO. With a pooled 
analysis of the recent literature we aim to provide an overview of the clinical outcomes of SEMS 
placement for MGOO, including subgroup analyses for covered and uncovered SEMSs.

METHODS
The PubMed database was searched for relevant articles published between January 2009 and 
March 2015. This period was chosen because during the past years new stent designs have 
emerged and before 2009 the studies were usually small and retrospective. The search terms 
used were gastric outlet obstruction, duodenal obstruction, malignant and stents. A single 
reviewer (EvH) selected relevant articles by title and abstract. Only prospective studies that 
reported on the clinical success and safety of stent placement for MGOO were included. Studies 
with a sample size of less than 10 patients were excluded to avoid pilot studies with experimental 
stent designs and because the average series in this field usually contains a minimum of at least 
30 patients. The search strategy and exclusion criteria are presented in figure 3. The primary 
endpoint was clinical success of stent placement. Secondary endpoints were technical success 
of stent placement, stent dysfunction, stent patency, perforation, bleeding and survival. Clinical 
success was defined according to the definition used in the original article. These definitions all 
comprised the ability to tolerate oral intake, improvement in Gastric Outlet Obstruction Severity 
Score (GOOSS) or relief of obstructive symptoms, up to 14 days after enteral stent placement. 



158

Stent dysfunction included re-obstruction by tumor in- or overgrowth, stent migration, stent 
compression by tumor pressure, insufficient expansion after deployment, stent fracture and food 
occlusion. Technical success was defined as successful stent placement across the obstructing 
tumor. Perforation and bleeding were analyzed when reported, regardless whether they were 
thought to be unrelated to enteral stent placement.

Statistical analysis
Data were pooled and analyzed as an intention-to-treat analysis. Pooled data were presented 
as frequency and proportion. The median in days was used to report the stent patency and 
overall survival, because the median was reported most frequently in the original articles. 
Fisher’s Exact Test was used to compare two proportions using WinPepi, Version 11.26, 
freeware computer programs for epidemiologists[14]. Two-sided p-values < 0.05 were considered  
statistically significant.

RESULTS
Thirty-two relevant prospective studies were identified. Figure 3 shows the results of the literature 
search. Thirteen articles were excluded because of the following reasons: the sample size was 
insufficient (N=5)[30-34], the primary endpoint as defined before was not analyzed (N=4)[8, 

35-37], second stent insertion was analyzed (N=1)[38], the full text was not accessible (N=1)[39] 
or because of duplicate publication (N=2)[40, 41]. Nineteen prospective studies, including four 

a) b)

c) d)

Figure 1a-d. Pyloric uncovered WallFlex stent (Boston Scientific) placement because of a gastric antrum 
adenocarcinoma involving the pylorus and causing obstructive symptoms (A,B). 
Fluoroscopy shows the fully deployed stent across the pylorus (C) with good passage of contrast to 
the duodenum (D).
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a) b)

c) d)

Figure 2a-d. Gastric outlet obstruction caused by an adenocarcinoma of the distal stomach invading 
the duodenal bulb for which an uncovered WallFlex stent (Boston Scientific) was placed (A,B). 
Fluoroscopy shows the fully deployed stent in the duodenal bulb (C) with good passage of contrast to 
the duodenum (D).

randomized controlled trials (RCTs), were included in the final analysis (table 1). A total of 
1281 patients underwent enteral stent placement for MGOO. Gastric cancer (42%) was the most 
common indication for stent placement, followed by pancreatic cancer (37%). Uncovered SEMSs 
(UCSEMS) were used in 75.7% of patients and partially covered SEMSs (PCSEMS) in 24.3%. 
The majority of patients (93.5%, 692/740) received a single stent during the initial procedure 
and 6.5% (48/740) required two stents. The baseline characteristics are summarized in table 2.

Technical and clinical success
Technical success was achieved in 97.3% (range 89.1% – 100%) of patients and was significantly 
higher for PCSEMSs in comparison with UCSEMSs: 99.4% versus 96.6% (p=0.008). The main 
reasons for technical failure were the inability to pass the guidewire across the stenosis (1.0%), 
stent migration during deployment (0.3%) and insufficient deployment (0.3%). Technical failure 
due to a procedure-related perforation was reported in one case (0.1%)[25]. The overall clinical 
success rate was 85.7% (range 57.8% – 97.4%). PCSEMSs had a significantly higher clinical 
success rate than UCSEMSs: 92.3% versus 83.6% (p<0.001). Four studies compared the clinical 
outcomes of PCSEMSs and UCSEMSs[5, 15, 16, 24]. In those comparative studies, the pooled 
clinical success rates of PCSEMSs and UCSEMSs were 94.3% (164/174) and 93.6% (175/187), 
respectively (p=0.829). Further details are summarized in table 3.

Stent dysfunction
Stent dysfunction occurred in 19.6% (range 5.4% – 42.5%) of patients. There was no difference 
between the stent dysfunction rate of PCSEMSs and UCSEMSs: 21.2% versus 19.1%, respectively 
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Table 1. Literature table

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Maetani
2014[15]

Japan

RCT, N=62 

GC: N=27
PC: N=26
BDC: N=7
OT: N=2

No. of stents:
1: N=58
2: N=4

Biliary drainage:
Yes: N=24
No: N=38

UCSEMS:
-Niti-S

PCSEMS:
-Niti-S Comvi

100% (62/62) 90.3% (56/62)
-UCSEMS: 93.5% (29/31)
-PCSEMS: 87.1% (27/31)

≥ 1 grade of improvement 
in GOOSS at any visit 
compared to baseline

Perforation: 1.6% (1/62)
PCSEMS: 3.2% (1/31)
Major bleeding: 1.6% (1/62)
UCSEMS: 3.2% (1/31)

Overall: 22.6% (14/62)
-UCSEMS: 29.0% (9/31)
-PCSEMS: 16.1% (5/31)
Re-obstruction: 9.7% (6/62);
-UCSEMS: 19.4% (6/31)
-PCSEMS: 0% (0/31)
Migration: 4.8% (3/62)
-UCSEMS: 3.2% (1/31)
-PCSEMS: 6.5% (2/31)
Fracture: 4.8% (3/62)
-UCSEMS: 6.5% (2/31)
-PCSEMS: 3.2% (1/31)
Insufficient expansion: 3.2% (2/62)
-UCSEMS: 0% (0/31)
-PCSEMS: 6.5% (2/31)

PCSEMS: 68 d
UCSEMS: 88 d
(p=0.70)

PCSEMS: 73 d
UCSEMS: 93 d
(p=0.34)

FU: 83.5 d; until 
death

Shi
2014[16]

China

RCT, N=65

GC: N=65

No. of stents:
1: N=65

Biliary 
obstruction: NR

UCSEMS:
-Micro-Tech

PCSEMS:
-Micro-Tech 
(tailored cup- 
or funnel-
shaped) 

96.9% (63/65)
-UCSEMS: 
96.9% (31/32)
-PCSEMS: 
97.0% (32/33)

93.7% (59/63)
-UCSEMS: 93.5% (29/31)
-PCSEMS: 93.8% (30/32)

Resolution of symptoms 
and the ability to restart 
a low residue diet after stent 
placement

Mild bleeding: 20% (13/65)
-UCSEMS: 6.3% (2/32)
-PCSEMS: 33.3% (11/33)
Mild abdominal pain: 21.5% 
(14/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 39.4% (13/33)

Overall: 18.5% (12/65)
-UCSEMS: 25% (8/32)
-PCSEMS: 12.1% (4/33)
Re-obstruction: 12.3% (8/65)
-UCSEMS: 21.9% (7/32)
-PCSEMS: 3.0% (1/33)
Migration: 3.1% (2/65)
-UCSEMS: 0%
-PCSEMS: 6.1% (2/33)
Food impaction: 3.1% (2/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 3.0% (1/33)

NR Tailored PCSEMS: 
mean 231 (30-387) d

Standard UCSEMS: 
mean 212 (43-267) d

FU: until death

Tringali
2014[1]

Italy, 
Netherlands, 
Australia, 
Czech 
Republic, 
Canada, USA

Pros, N=108

PC: N=58
GC: N=14
BDC: N=7
GBC: N=7
DC: N=5
APC: N=3
OT: N=14

No. of stents:
1: N=106
2: N=2

Biliary 
obstruction:
Yes: N=56
No: N=52

UCSEMS:
-Evolution

99.1% (107/108) 84.5% (82/97)

Relief of symptoms and/or 
improvement of oral intake 
at 14 days

Overall: 32.4% (35/108), 
including 19.4% (21/108) stent-
related
Perforation: 1.9% (2/108)
Bleeding: 4.6% (5/108)
No intervention required 
Abdominal pain: 1.9% (2/108)
Other GI events: 15.7% (17/108)

Overall: 17.6% (19/108)
Re-obstruction: 15.7% (17/108)
Migration: 1.9% (2/108)

Estimated patency 
rates:
-At 14 d: 94.6% 
(88/93)
-At 60 d: 86.2%
-At 180 d: 63.4%

Patients who 
completed 6 mo 
follow-up (11/108): 
182 (178-195) d

Patients who died 
before 6 mo follow-
up: 52 (9-180) d

FU: until 6 mo, death 
or re-intervention
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Table 1. Literature table

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Maetani
2014[15]

Japan

RCT, N=62 

GC: N=27
PC: N=26
BDC: N=7
OT: N=2

No. of stents:
1: N=58
2: N=4

Biliary drainage:
Yes: N=24
No: N=38

UCSEMS:
-Niti-S

PCSEMS:
-Niti-S Comvi

100% (62/62) 90.3% (56/62)
-UCSEMS: 93.5% (29/31)
-PCSEMS: 87.1% (27/31)

≥ 1 grade of improvement 
in GOOSS at any visit 
compared to baseline

Perforation: 1.6% (1/62)
PCSEMS: 3.2% (1/31)
Major bleeding: 1.6% (1/62)
UCSEMS: 3.2% (1/31)

Overall: 22.6% (14/62)
-UCSEMS: 29.0% (9/31)
-PCSEMS: 16.1% (5/31)
Re-obstruction: 9.7% (6/62);
-UCSEMS: 19.4% (6/31)
-PCSEMS: 0% (0/31)
Migration: 4.8% (3/62)
-UCSEMS: 3.2% (1/31)
-PCSEMS: 6.5% (2/31)
Fracture: 4.8% (3/62)
-UCSEMS: 6.5% (2/31)
-PCSEMS: 3.2% (1/31)
Insufficient expansion: 3.2% (2/62)
-UCSEMS: 0% (0/31)
-PCSEMS: 6.5% (2/31)

PCSEMS: 68 d
UCSEMS: 88 d
(p=0.70)

PCSEMS: 73 d
UCSEMS: 93 d
(p=0.34)

FU: 83.5 d; until 
death

Shi
2014[16]

China

RCT, N=65

GC: N=65

No. of stents:
1: N=65

Biliary 
obstruction: NR

UCSEMS:
-Micro-Tech

PCSEMS:
-Micro-Tech 
(tailored cup- 
or funnel-
shaped) 

96.9% (63/65)
-UCSEMS: 
96.9% (31/32)
-PCSEMS: 
97.0% (32/33)

93.7% (59/63)
-UCSEMS: 93.5% (29/31)
-PCSEMS: 93.8% (30/32)

Resolution of symptoms 
and the ability to restart 
a low residue diet after stent 
placement

Mild bleeding: 20% (13/65)
-UCSEMS: 6.3% (2/32)
-PCSEMS: 33.3% (11/33)
Mild abdominal pain: 21.5% 
(14/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 39.4% (13/33)

Overall: 18.5% (12/65)
-UCSEMS: 25% (8/32)
-PCSEMS: 12.1% (4/33)
Re-obstruction: 12.3% (8/65)
-UCSEMS: 21.9% (7/32)
-PCSEMS: 3.0% (1/33)
Migration: 3.1% (2/65)
-UCSEMS: 0%
-PCSEMS: 6.1% (2/33)
Food impaction: 3.1% (2/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 3.0% (1/33)

NR Tailored PCSEMS: 
mean 231 (30-387) d

Standard UCSEMS: 
mean 212 (43-267) d

FU: until death

Tringali
2014[1]

Italy, 
Netherlands, 
Australia, 
Czech 
Republic, 
Canada, USA

Pros, N=108

PC: N=58
GC: N=14
BDC: N=7
GBC: N=7
DC: N=5
APC: N=3
OT: N=14

No. of stents:
1: N=106
2: N=2

Biliary 
obstruction:
Yes: N=56
No: N=52

UCSEMS:
-Evolution

99.1% (107/108) 84.5% (82/97)

Relief of symptoms and/or 
improvement of oral intake 
at 14 days

Overall: 32.4% (35/108), 
including 19.4% (21/108) stent-
related
Perforation: 1.9% (2/108)
Bleeding: 4.6% (5/108)
No intervention required 
Abdominal pain: 1.9% (2/108)
Other GI events: 15.7% (17/108)

Overall: 17.6% (19/108)
Re-obstruction: 15.7% (17/108)
Migration: 1.9% (2/108)

Estimated patency 
rates:
-At 14 d: 94.6% 
(88/93)
-At 60 d: 86.2%
-At 180 d: 63.4%

Patients who 
completed 6 mo 
follow-up (11/108): 
182 (178-195) d

Patients who died 
before 6 mo follow-
up: 52 (9-180) d

FU: until 6 mo, death 
or re-intervention
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Shi
2013[17]

China

Pros, N=37

GC: N=37

No. of stents:
1: N=35
2: N=2

Biliary 
obstruction: NR

PCSEMS:
-Micro-Tech 
(cup- or 
funnel-
shaped)

97.3% (36/37) 94.4% (34/36)

Relief of obstructive 
symptoms

Mild bleeding: 40.5% (15/37)
Major hemorrhage: 2.7% (1/37)
Abdominal pain: 37.8% (14/37)
Perforation: 0%

Overall: 5.4% (2/37)
Food impaction: 5.4% (2/37)
Migration: 0%
Re-obstruction: 0%

NR Mean 232 (28-387) d

FU: until death

Van den Berg
2013[18]

Netherlands

Pros, N=46

PC: N=25
GC: N=5
BDC: N=7
DC: N=3
GBC: N=1
OT: N=5

No. of stents:
1: N=43
2: N=3

Biliary drainage:
Yes: N=34
No: N=12

UCSEMS:
-Evolution

89.1% (41/46) 71.7% (33/46)

Improvement of GOOSS of 
≥ 1 point and/or relief of 
symptoms after 1 week

Overall: 56.5% (26/46)
Procedure-related:
-Perforation: 2.2% (1/46)
-Pancreatitis: 2.2% (1/46)
-Pain: 2.2% (1/46)
-Cholangitis: 2.2% (1/46)
Non procedure-related:
-Acute abdomen: 2.2% (1/46)
-Cholangitis: 13.0% (6/46)
-Jaundice: 4.3% (2/46)
-Anemia: 8.7% (4/46)
-Pneumonia: 2.2% (1/46)
-CVA: 6.5% (3/46)
-Ascites: 4.3% (2/46)
-Motility disorder: 10.9% (5/46)

Overall: 30.4% (14/46)
Re-obstruction: 19.6% (9/46)
Stent compression: 4.3% (2/46)
Migration: 4.3% (2/46)
Food impaction: 2.2% (1/46)

67% for up to 395 
d, accounting for 
death unrelated to 
stent

87 (IQR 35-237) d

FU: until death

Costamagna
2012[2]

Italy, Czech 
Republic, 
South Africa, 
Canada, 
Sweden, 
Brazil, France, 
Germany, 
Finland, Spain

Pros, N=202 

PC: N=104
GC: N=37
DC: N=18
BDC: N=12
GBC: N=12
APC: N=2
OT: N=17

No. of stents:
1: N=192
2: N=10

Biliary drainage:
Yes: N=127
No: N=75

UCSEMS:
-WallFlex

98.0% (198/202) 91% (177/195)

Relief of obstruction as 
measured by oral intake

Overall: 20.3% (41/202)
Transient periprocedural 
symptoms: 3.5% (7/202)
Bleeding: 3.0% (6/202)
Major: 2.0% (4/202)
Self-limiting: 1.0% (2/202)
Perforation: 0.5% (1/202)

Re-obstruction: 12.4% (25/202)
Migration: 1.5% (3/202)
Food impaction: 0.5% (1/202)

Maintaining 
GOOS score of 
2-3 (N=149): 91 d 
(95% CI 87-182)

Survival rate at 9 mo: 
28.2%

FU: until 9 mo

Isayama
2012[19]

Japan

Pros, N=50

PC: N=26
GC: N=14
BDC: N=9
OT: N=1

No. of stents: NR

Biliary 
obstruction:
Yes: N=30
No: N=20 

PCSEMS:
-ComVi Niti-S 
(modified)

100% (50/50) 90% (45/50)

Relief of symptoms or 
improvement in GOOSS 
after 3 d

Cholangitis: 2% (1/50)
Mild pancreatitis: 2% (1/50)
Minor perforation: 2% (1/50)

Overall: 18% (9/50)
Re-obstruction: 10% (5/50)
Stent migration: 6% (3/50)
Insufficient expansion: 2% (1/50)

Mean ± SD: 149.8 
± 8.9 d

106 d

FU: NR
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Shi
2013[17]

China

Pros, N=37

GC: N=37

No. of stents:
1: N=35
2: N=2

Biliary 
obstruction: NR

PCSEMS:
-Micro-Tech 
(cup- or 
funnel-
shaped)

97.3% (36/37) 94.4% (34/36)

Relief of obstructive 
symptoms

Mild bleeding: 40.5% (15/37)
Major hemorrhage: 2.7% (1/37)
Abdominal pain: 37.8% (14/37)
Perforation: 0%

Overall: 5.4% (2/37)
Food impaction: 5.4% (2/37)
Migration: 0%
Re-obstruction: 0%

NR Mean 232 (28-387) d

FU: until death

Van den Berg
2013[18]

Netherlands

Pros, N=46

PC: N=25
GC: N=5
BDC: N=7
DC: N=3
GBC: N=1
OT: N=5

No. of stents:
1: N=43
2: N=3

Biliary drainage:
Yes: N=34
No: N=12

UCSEMS:
-Evolution

89.1% (41/46) 71.7% (33/46)

Improvement of GOOSS of 
≥ 1 point and/or relief of 
symptoms after 1 week

Overall: 56.5% (26/46)
Procedure-related:
-Perforation: 2.2% (1/46)
-Pancreatitis: 2.2% (1/46)
-Pain: 2.2% (1/46)
-Cholangitis: 2.2% (1/46)
Non procedure-related:
-Acute abdomen: 2.2% (1/46)
-Cholangitis: 13.0% (6/46)
-Jaundice: 4.3% (2/46)
-Anemia: 8.7% (4/46)
-Pneumonia: 2.2% (1/46)
-CVA: 6.5% (3/46)
-Ascites: 4.3% (2/46)
-Motility disorder: 10.9% (5/46)

Overall: 30.4% (14/46)
Re-obstruction: 19.6% (9/46)
Stent compression: 4.3% (2/46)
Migration: 4.3% (2/46)
Food impaction: 2.2% (1/46)

67% for up to 395 
d, accounting for 
death unrelated to 
stent

87 (IQR 35-237) d

FU: until death

Costamagna
2012[2]

Italy, Czech 
Republic, 
South Africa, 
Canada, 
Sweden, 
Brazil, France, 
Germany, 
Finland, Spain

Pros, N=202 

PC: N=104
GC: N=37
DC: N=18
BDC: N=12
GBC: N=12
APC: N=2
OT: N=17

No. of stents:
1: N=192
2: N=10

Biliary drainage:
Yes: N=127
No: N=75

UCSEMS:
-WallFlex

98.0% (198/202) 91% (177/195)

Relief of obstruction as 
measured by oral intake

Overall: 20.3% (41/202)
Transient periprocedural 
symptoms: 3.5% (7/202)
Bleeding: 3.0% (6/202)
Major: 2.0% (4/202)
Self-limiting: 1.0% (2/202)
Perforation: 0.5% (1/202)

Re-obstruction: 12.4% (25/202)
Migration: 1.5% (3/202)
Food impaction: 0.5% (1/202)

Maintaining 
GOOS score of 
2-3 (N=149): 91 d 
(95% CI 87-182)

Survival rate at 9 mo: 
28.2%

FU: until 9 mo

Isayama
2012[19]

Japan

Pros, N=50

PC: N=26
GC: N=14
BDC: N=9
OT: N=1

No. of stents: NR

Biliary 
obstruction:
Yes: N=30
No: N=20 

PCSEMS:
-ComVi Niti-S 
(modified)

100% (50/50) 90% (45/50)

Relief of symptoms or 
improvement in GOOSS 
after 3 d

Cholangitis: 2% (1/50)
Mild pancreatitis: 2% (1/50)
Minor perforation: 2% (1/50)

Overall: 18% (9/50)
Re-obstruction: 10% (5/50)
Stent migration: 6% (3/50)
Insufficient expansion: 2% (1/50)

Mean ± SD: 149.8 
± 8.9 d

106 d

FU: NR
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Moura
2012[20]

Brazil

Pros, N=15

PC: N=9
GC: N=3
BDC: N=1
OT: N=2

No. of stents: NR

Biliary drainage:
Yes: 8
No: 7

UCSEMS:
-WallFlex

100% (15/15) 80% (12/15)

Improvement of GOOSS at 
15 days 

Removal of foreign body: 7% 
(1/15)

Re-obstruction: 13% (2/15)
Migration: 13% (2/15)

Mean time to first 
failure to maintain 
GOOS 2-3: 2.35 
mo 

NR

FU: until 180 d

Dolz
2011[21]

Spain

Pros, N=77

GC: N=29
PC: N=20
DC: N=5
GBC: N=4
BDC: N=3
APC: N=3
OT: N=6
Unk: N=7

No. of stents: NR

Biliary 
obstruction: NR

UCSEMS:
-WallFlex
-Wallstent
-Ultraflex

92.2% (71/77) 81.7% (58/71)

GOOSS 2-3 post-stenting 

Pneumonia: 1.4% (1/71)
Central catheter infection: 1.4% 
(1/71)
Self-limiting bleeding: 7.0% 
(5/71)
Late perforation: 2.8% (2/71)
Intense pain: 2.8% (2/71)

Re-obstruction: 14.1% (10/71)
Insufficient expansion: 4.2% (3/71)

NR 91 (9-552) d

FU: NR

Kim YW
2011[22]

South Korea

Pros, N=50

GC: N=31
PC: N=11
BDC: N=6
GBC: N=2

No. of stents: NR

Biliary drainage:
Yes: N=17
No: N=33

PCSEMS:
-Niti-S Comvi

100% (50/50) 88% (44/50)

Ability to tolerate oral food 
intake without vomiting

Hyperamylasemia: 2% (1/50)
Obstructive jaundice: 10% (5/50)

Re-intervention rate: 28% (14/50)
Stent migration: 10% (5/50)
Re-obstruction: 8% (4/50)
Stent compression: 10% (5/50)

Mean 92 (4-238) d Mean 110 (30-290) d

FU: until death

Van Hooft
2011[23]

Netherlands

Pros, N=52

PC: N=32
GC: N=7
BDC: N=10
APC: N=1
DC: N=1
OT: N=1

No. of stents:
1: N=45
2: N=7

Biliary 
obstruction: NR

UCSEMS:
-Niti-S 
D-Weave

96.2% (50/52) 76.9% (40/52)

Relief of symptoms or 
improvement of GOOSS 
after 1 week

Overall complications: 23.1% 
(12/52)
Procedure-related:
-Pain: 7.7% (4/52)
-Cholangitis: 1.9% (1/52)
Non procedure-related:
-Anemia: 3.8% (2/52)
-Pneumonia: 1.9% (1/52)
-Ascites: 1.9% (1/52)
-Gastroenteritis: 1.9% (1/52)
-Peritonitis carcinomatosis: 1.9% 
(1/52)
-Bacteremia: 1.9% (1/52)

Overall: 25% (13/52)
Re-obstruction: 21.2% (11/52)
Migration: 3.8% (2/52)

75% for up to 190 
d, accounting for 
death unrelated to 
stent

82 (IQR 31-135) d

FU: until death

Jeurnink, 
2010[9]

Netherlands

RCT, N=21

PC: N=15
GC: N=2
DC: N=3
OT: N=1

No. of stents:
1: N=17
2: N=4

Biliary drainage:
Yes: N=12
No: N=9

UCSEMS:
-WallFlex

95.2% (20/21) 85.7% (18/21); persistent 
obstruction within 4 weeks 
in 3/21

Bacterial infection: 4.8% (1/21)
Delayed gastric emptying: 14.3% 
(3/21)
Jaundice post stent: 19.0% (4/21)
Cholangitis: 4.8% (1/21)

Overall: 19.0% (4/21)
Re-obstruction: 9.5% (2/21)
Migration: 4.8% (1/21)
Food obstruction: 9.5% (2/21)

Re-intervention rate: 33% (7/21)

NR 56 d

FU: until death
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Moura
2012[20]

Brazil

Pros, N=15

PC: N=9
GC: N=3
BDC: N=1
OT: N=2

No. of stents: NR

Biliary drainage:
Yes: 8
No: 7

UCSEMS:
-WallFlex

100% (15/15) 80% (12/15)

Improvement of GOOSS at 
15 days 

Removal of foreign body: 7% 
(1/15)

Re-obstruction: 13% (2/15)
Migration: 13% (2/15)

Mean time to first 
failure to maintain 
GOOS 2-3: 2.35 
mo 

NR

FU: until 180 d

Dolz
2011[21]

Spain

Pros, N=77

GC: N=29
PC: N=20
DC: N=5
GBC: N=4
BDC: N=3
APC: N=3
OT: N=6
Unk: N=7

No. of stents: NR

Biliary 
obstruction: NR

UCSEMS:
-WallFlex
-Wallstent
-Ultraflex

92.2% (71/77) 81.7% (58/71)

GOOSS 2-3 post-stenting 

Pneumonia: 1.4% (1/71)
Central catheter infection: 1.4% 
(1/71)
Self-limiting bleeding: 7.0% 
(5/71)
Late perforation: 2.8% (2/71)
Intense pain: 2.8% (2/71)

Re-obstruction: 14.1% (10/71)
Insufficient expansion: 4.2% (3/71)

NR 91 (9-552) d

FU: NR

Kim YW
2011[22]

South Korea

Pros, N=50

GC: N=31
PC: N=11
BDC: N=6
GBC: N=2

No. of stents: NR

Biliary drainage:
Yes: N=17
No: N=33

PCSEMS:
-Niti-S Comvi

100% (50/50) 88% (44/50)

Ability to tolerate oral food 
intake without vomiting

Hyperamylasemia: 2% (1/50)
Obstructive jaundice: 10% (5/50)

Re-intervention rate: 28% (14/50)
Stent migration: 10% (5/50)
Re-obstruction: 8% (4/50)
Stent compression: 10% (5/50)

Mean 92 (4-238) d Mean 110 (30-290) d

FU: until death

Van Hooft
2011[23]

Netherlands

Pros, N=52

PC: N=32
GC: N=7
BDC: N=10
APC: N=1
DC: N=1
OT: N=1

No. of stents:
1: N=45
2: N=7

Biliary 
obstruction: NR

UCSEMS:
-Niti-S 
D-Weave

96.2% (50/52) 76.9% (40/52)

Relief of symptoms or 
improvement of GOOSS 
after 1 week

Overall complications: 23.1% 
(12/52)
Procedure-related:
-Pain: 7.7% (4/52)
-Cholangitis: 1.9% (1/52)
Non procedure-related:
-Anemia: 3.8% (2/52)
-Pneumonia: 1.9% (1/52)
-Ascites: 1.9% (1/52)
-Gastroenteritis: 1.9% (1/52)
-Peritonitis carcinomatosis: 1.9% 
(1/52)
-Bacteremia: 1.9% (1/52)

Overall: 25% (13/52)
Re-obstruction: 21.2% (11/52)
Migration: 3.8% (2/52)

75% for up to 190 
d, accounting for 
death unrelated to 
stent

82 (IQR 31-135) d

FU: until death

Jeurnink, 
2010[9]

Netherlands

RCT, N=21

PC: N=15
GC: N=2
DC: N=3
OT: N=1

No. of stents:
1: N=17
2: N=4

Biliary drainage:
Yes: N=12
No: N=9

UCSEMS:
-WallFlex

95.2% (20/21) 85.7% (18/21); persistent 
obstruction within 4 weeks 
in 3/21

Bacterial infection: 4.8% (1/21)
Delayed gastric emptying: 14.3% 
(3/21)
Jaundice post stent: 19.0% (4/21)
Cholangitis: 4.8% (1/21)

Overall: 19.0% (4/21)
Re-obstruction: 9.5% (2/21)
Migration: 4.8% (1/21)
Food obstruction: 9.5% (2/21)

Re-intervention rate: 33% (7/21)

NR 56 d

FU: until death



166

Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Kim CG
2010[24]

Republic of 
Korea

RCT, N=80

GC: N=80

No. of stents: NR

Biliary 
obstruction: NR

PCSEMS:
-Niti-S pyloric
-Niti-S Comvi

UCSEMS:
-Wallstent
-WallFlex

100% (80/80) 92.5% (74/80)
-PCSEMS: 95% (38/40)
-UCSEMS: 90% (36/40)

Relief of symptoms or 
improvement of GOOSS at 
3 days

Perforation by migrated stent: 
1.5% (1/67)
PCSEMS: 3.2% (1/31)
Intestinal obstruction by 
migrated stent fragment after 
fracture: 1.5% (1/67)
PCSEMS: 3.2% (1/31)

Re-obstruction: 25.4% (17/67)
-PCSEMS: 3.2% (1/31)
-UCSEMS: 44.4% (16/36)
Migration: 19.4% (13/67)
-PCSEMS: 32.3% (10/31)
-UCSEMS: 8.3% (3/36)
Fracture: 4.5% (3/67)
-PCSEMS: 9.7% (3/31)
Stent collapse: 1.5% (1/67)
-PCSEMS: 3.2% (1/31)

PCSEMS: 14 wk 
(95% CI 8.9-19.1)

UCSEMS: 13 wk 
(95% CI 9.5-16.5)

PCSEMS: 26 wk 
(95% CI 11-41) 

UCSEMS: 19 wk 
(95% CI 10-28)

FU: until 8 wk

Maetani
2010[25]

Japan

Pros, N=53

GC: N=29
PC: N=14
BDC: N=5
OT: N=5

No. of stents:
1: N=44
2: N=9

Biliary drainage:
Yes: N=17
No: N=36

UCSEMS:
-Niti-S

98.1% (52/53) 94.3% (50/53)

Ability to tolerate oral 
intake without vomiting

Procedure-related perforation: 
1.9% (1/53)
Obstructive jaundice: 1.9% 
(1/53)
Major bleeding: 1.9% (1/53)

Overall: 18.9% (10/53)
Insufficient expansion: 3.8% (2/53)
Re-obstruction: 13.2% (7/53)
Food impaction: 1.9% (1/53)
Fracture: 1.9% (1/53)

Re-intervention rate: 20.8% (11/53)

NR 88 d

FU: until death

Shaw, 2010[26]

South Africa

Pros, N=70

GC: N=19
PC: N=34
GBC: N=5
DC: N=2
BDC: N=3
OT: N=7

No. of stents: NR

Biliary drainage:
Yes: N=35
No: N=35

UCSEMS:
-WallFlex

92.9% (65/70) 88.6% (62/70)

Resumption of intake that 
enabled the patient to 
return home independent 
of nutritional support

Minor bleeding: 2.9% (2/70)
Perforation: 0%

Overall: 7.1% (5/70)
Re-obstruction: 4.3% (3/70)
Insufficient expansion: 1.4% (1/70)
Stent migration: 1.4% (1/70)

NR 1.8 (0.1-19) mo

FU: 54 (range 1-570) 
d; until death

Havemann
2009[27]

Denmark

Pros, N=45 

PC: N=30
GC: N=5
OT: N=10

No. of stents: NR

Biliary drainage:
Yes: N=11
No: N=34

UCSEMS:
-Hanaro

91.1% (41/45) 63.4% (26/41) 

Improvement in GOOSS by 
≥ 1 point

Procedure-related perforation: 
4.4% (2/45)
Biliary obstruction: 17.8% (8/45)

Re-obstruction: 8.9% (4/45)
Migration: 6.7% (3/45)

Re-intervention rate: 13.3% (6/45)

NR Mean 121 (95% CI 
62-181) d

FU: NR

Lee KM
2009[5]

Korea

Pros, N=154

GC: N=122
PC: N=19
GBC: N=3
BDC: N=3
APC: N=4
DC: N=2
OT: N=1

No. of stents: NR

Biliary 
obstruction: NR

UCSEMS:
-Niti-S

PCSEMS:
-Niti-S

100% (154/154) 97.4% (150/154)
-PCSEMS: 98.6% (69/70)
-UCSEMS: 96.4% (81/84)

Relief of vomiting and 
resumption of diet

No procedure-related 
complications

Migration: 7.8% (12/154)
-PCSEMS: 17.1% (12/70)
-UCSEMS: 0%
Re-obstruction: 13.6% (21/154)
-PCSEMS: 7.1% (5/70)
-UCSEMS: 19.0% (16/84)

Re-intervention rate: 17.5% 
(27/154)
-PCSEMS: 21.4% (15/70)
-UCSEMS: 14.3% (12/84)

UCSEMS: 73 (95% 
CI 44-102) d

PCSEMS: 75 (95% 
CI 47-134) d

UCSEMS: 108 (95% 
CI 60-151) d

PCSEMS: 115 (95% 
CI 80-156) d

FU: until death
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Kim CG
2010[24]

Republic of 
Korea

RCT, N=80

GC: N=80

No. of stents: NR

Biliary 
obstruction: NR

PCSEMS:
-Niti-S pyloric
-Niti-S Comvi

UCSEMS:
-Wallstent
-WallFlex

100% (80/80) 92.5% (74/80)
-PCSEMS: 95% (38/40)
-UCSEMS: 90% (36/40)

Relief of symptoms or 
improvement of GOOSS at 
3 days

Perforation by migrated stent: 
1.5% (1/67)
PCSEMS: 3.2% (1/31)
Intestinal obstruction by 
migrated stent fragment after 
fracture: 1.5% (1/67)
PCSEMS: 3.2% (1/31)

Re-obstruction: 25.4% (17/67)
-PCSEMS: 3.2% (1/31)
-UCSEMS: 44.4% (16/36)
Migration: 19.4% (13/67)
-PCSEMS: 32.3% (10/31)
-UCSEMS: 8.3% (3/36)
Fracture: 4.5% (3/67)
-PCSEMS: 9.7% (3/31)
Stent collapse: 1.5% (1/67)
-PCSEMS: 3.2% (1/31)

PCSEMS: 14 wk 
(95% CI 8.9-19.1)

UCSEMS: 13 wk 
(95% CI 9.5-16.5)

PCSEMS: 26 wk 
(95% CI 11-41) 

UCSEMS: 19 wk 
(95% CI 10-28)

FU: until 8 wk

Maetani
2010[25]

Japan

Pros, N=53

GC: N=29
PC: N=14
BDC: N=5
OT: N=5

No. of stents:
1: N=44
2: N=9

Biliary drainage:
Yes: N=17
No: N=36

UCSEMS:
-Niti-S

98.1% (52/53) 94.3% (50/53)

Ability to tolerate oral 
intake without vomiting

Procedure-related perforation: 
1.9% (1/53)
Obstructive jaundice: 1.9% 
(1/53)
Major bleeding: 1.9% (1/53)

Overall: 18.9% (10/53)
Insufficient expansion: 3.8% (2/53)
Re-obstruction: 13.2% (7/53)
Food impaction: 1.9% (1/53)
Fracture: 1.9% (1/53)

Re-intervention rate: 20.8% (11/53)

NR 88 d

FU: until death

Shaw, 2010[26]

South Africa

Pros, N=70

GC: N=19
PC: N=34
GBC: N=5
DC: N=2
BDC: N=3
OT: N=7

No. of stents: NR

Biliary drainage:
Yes: N=35
No: N=35

UCSEMS:
-WallFlex

92.9% (65/70) 88.6% (62/70)

Resumption of intake that 
enabled the patient to 
return home independent 
of nutritional support

Minor bleeding: 2.9% (2/70)
Perforation: 0%

Overall: 7.1% (5/70)
Re-obstruction: 4.3% (3/70)
Insufficient expansion: 1.4% (1/70)
Stent migration: 1.4% (1/70)

NR 1.8 (0.1-19) mo

FU: 54 (range 1-570) 
d; until death

Havemann
2009[27]

Denmark

Pros, N=45 

PC: N=30
GC: N=5
OT: N=10

No. of stents: NR

Biliary drainage:
Yes: N=11
No: N=34

UCSEMS:
-Hanaro

91.1% (41/45) 63.4% (26/41) 

Improvement in GOOSS by 
≥ 1 point

Procedure-related perforation: 
4.4% (2/45)
Biliary obstruction: 17.8% (8/45)

Re-obstruction: 8.9% (4/45)
Migration: 6.7% (3/45)

Re-intervention rate: 13.3% (6/45)

NR Mean 121 (95% CI 
62-181) d

FU: NR

Lee KM
2009[5]

Korea

Pros, N=154

GC: N=122
PC: N=19
GBC: N=3
BDC: N=3
APC: N=4
DC: N=2
OT: N=1

No. of stents: NR

Biliary 
obstruction: NR

UCSEMS:
-Niti-S

PCSEMS:
-Niti-S

100% (154/154) 97.4% (150/154)
-PCSEMS: 98.6% (69/70)
-UCSEMS: 96.4% (81/84)

Relief of vomiting and 
resumption of diet

No procedure-related 
complications

Migration: 7.8% (12/154)
-PCSEMS: 17.1% (12/70)
-UCSEMS: 0%
Re-obstruction: 13.6% (21/154)
-PCSEMS: 7.1% (5/70)
-UCSEMS: 19.0% (16/84)

Re-intervention rate: 17.5% 
(27/154)
-PCSEMS: 21.4% (15/70)
-UCSEMS: 14.3% (12/84)

UCSEMS: 73 (95% 
CI 44-102) d

PCSEMS: 75 (95% 
CI 47-134) d

UCSEMS: 108 (95% 
CI 60-151) d

PCSEMS: 115 (95% 
CI 80-156) d

FU: until death
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Piesman
2009[28]

USA

Pros, N=43

PC: N=21
GC: N=8
BDC: N=3
GBC: N=1
OT: N=9
Unk: N=1

No. of stents:
1: N=39
2: N=4

Biliary drainage:
Yes: N=23
No: N=20

UCSEMS:
-WallFlex

95.3% (41/43) 81.4% (35/43)

GOOSS increase of ≥ 1 
point

Duodenal perforation: 4.7% 
(2/43)
Vomiting: 9.3% (4/43)
Cholangitis: 2.3% (1/43)
Hemorrhage: 2.3% (1/43)
Endoscopy performed
Nausea: 2.3% (1/43)
Sepsis: 2.3% (1/43)

Overall: 18.6% (8/43)
Re-obstruction: 9.3% (4/43)
Malposition: 2.3% (1/43)
Stent collapse: 2.3% (1/43)
Incomplete expansion: 4.7% (2/43)
Occlusion by jejunal wall: 2.3% 
(1/43)
Migration: 0%

GOOS score 
increase of ≥ 1 
until death or end 
of follow-up: 45% 
(95% CI 27-74)

49 d;
At 24 wk: 44.1% 
(19/43)

FU: until 24 wk

Van Hooft
2009[29]

Netherlands

Pros, N=51

PC: N=35
GC: N=2
BDC: N=3
DC: N=3
GBC: N=2
APC: N=1
OT: N=5

No. of stents:
1: N=48
2: N=3

Biliary drainage:
Yes: N=38
No: N=13

UCSEMS:
-WallFlex

98.0% (50/51) 84.3% (43/51)

Relief of symptoms or 
improvement of GOOSS 
after 1 week

Motility dysfunction: 3.9% 
(2/51)
Intermittent pain: 3.9% (2/51)
Cholangitis: 5.9% (3/51)
Major bleeding: 3.9% (2/51)

Re-obstruction: 11.8% (6/51)
Migration: 2.0% (1/51)

307 d; 75% 
functional at 135 
d, 25% functional 
at 470 d

62 d; 75% alive at 35 
d, 25% alive at 156 d

FU: until death

1 Number of enteral stents inserted at the initial procedure; Pros, prospective; Retro, retrospective; RCT, randomized controlled trial; GC, gastric cancer; PC, pancreatic cancer; BDC, bile duct cancer; GBC, gallbladder cancer; APC: ampullary cancer; DC, duodenal cancer; 
OT, other malignancies; UCSEMS, uncovered self-expandable metal stent; PCSEMS, partially covered self-expandable metal stent; FU, follow-up; GOOSS, gastric outlet obstruction severity score; d, days; wk, weeks; mo, months; NR, not reported; CI, confidence interval; IQR, 
interquartile range; GI, gastro-intestinal; CVA, cerebrovascular accident

(p=0.412). The main reasons for stent failure were re-obstruction by tumor in- or overgrowth 
(12.6%) and stent migration (4.3%). Re-obstruction was more common with the use of 
UCSEMSs compared with PCSEMSs: 14.9% versus 5.1% (p<0.001). The stent migration rate was 
significantly higher after PCSEMS placement: 10.9% versus 2.2% (p<0.001). Stent compression 
or collapse by tumor pressure occurred in 0.7% of patients, and was significantly higher for 
PCSEMSs: 1.9% versus 0.3% (p=0.008). Other reasons for stent dysfunction were insufficient 
expansion (0.9%), food occlusion (0.7%), stent fracture (0.5%) and other (0.2%) (table 4).
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Table 1. (contiuned)

Author,  
year, country

Design,
Patients,
Indication

No. of stents1, 
biliary 
obstruction Stent type

Technical
success

Clinical
Success, definition Adverse events Stent dysfunction

Stent patency
Median (range)

Survival, Follow-up
Median (range)

Piesman
2009[28]

USA

Pros, N=43

PC: N=21
GC: N=8
BDC: N=3
GBC: N=1
OT: N=9
Unk: N=1

No. of stents:
1: N=39
2: N=4

Biliary drainage:
Yes: N=23
No: N=20

UCSEMS:
-WallFlex

95.3% (41/43) 81.4% (35/43)

GOOSS increase of ≥ 1 
point

Duodenal perforation: 4.7% 
(2/43)
Vomiting: 9.3% (4/43)
Cholangitis: 2.3% (1/43)
Hemorrhage: 2.3% (1/43)
Endoscopy performed
Nausea: 2.3% (1/43)
Sepsis: 2.3% (1/43)

Overall: 18.6% (8/43)
Re-obstruction: 9.3% (4/43)
Malposition: 2.3% (1/43)
Stent collapse: 2.3% (1/43)
Incomplete expansion: 4.7% (2/43)
Occlusion by jejunal wall: 2.3% 
(1/43)
Migration: 0%

GOOS score 
increase of ≥ 1 
until death or end 
of follow-up: 45% 
(95% CI 27-74)

49 d;
At 24 wk: 44.1% 
(19/43)

FU: until 24 wk

Van Hooft
2009[29]

Netherlands

Pros, N=51

PC: N=35
GC: N=2
BDC: N=3
DC: N=3
GBC: N=2
APC: N=1
OT: N=5

No. of stents:
1: N=48
2: N=3

Biliary drainage:
Yes: N=38
No: N=13

UCSEMS:
-WallFlex

98.0% (50/51) 84.3% (43/51)

Relief of symptoms or 
improvement of GOOSS 
after 1 week

Motility dysfunction: 3.9% 
(2/51)
Intermittent pain: 3.9% (2/51)
Cholangitis: 5.9% (3/51)
Major bleeding: 3.9% (2/51)

Re-obstruction: 11.8% (6/51)
Migration: 2.0% (1/51)

307 d; 75% 
functional at 135 
d, 25% functional 
at 470 d

62 d; 75% alive at 35 
d, 25% alive at 156 d

FU: until death

1 Number of enteral stents inserted at the initial procedure; Pros, prospective; Retro, retrospective; RCT, randomized controlled trial; GC, gastric cancer; PC, pancreatic cancer; BDC, bile duct cancer; GBC, gallbladder cancer; APC: ampullary cancer; DC, duodenal cancer; 
OT, other malignancies; UCSEMS, uncovered self-expandable metal stent; PCSEMS, partially covered self-expandable metal stent; FU, follow-up; GOOSS, gastric outlet obstruction severity score; d, days; wk, weeks; mo, months; NR, not reported; CI, confidence interval; IQR, 
interquartile range; GI, gastro-intestinal; CVA, cerebrovascular accident

Perforation and bleeding
The overall perforation rate was 1.2% and was comparable for PCSEMSs and UCSEMSs  
(table 4). Perforation within 30 days was reported in 0.7% and late perforations in 0.5% of 
patients. Six (0.5%) perforations occurred during or immediately after the initial stent placement 
procedure. A description of the perforation cases is provided in table 5.
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Bleeding was reported in 4.1% of patients and was more frequent in patients treated with 
PCSEMSs: 8.7% versus 2.6% (p<0.001) (table 4). Major bleeding, requiring an intervention, 
occurred in 10 (0.8%) cases.

Stent patency and overall survival
The median stent patency was reported in five studies[2, 5, 15, 24, 29], including 549 patients, and 
ranged from 68 days to 98 days, with exception of one study that reported a median stent 
patency of 307 days[29].

The median overall survival ranged from 49 days to 183 days in thirteen studies, including 
867 patients[1, 5, 9, 15, 18, 19, 21, 23-26, 28, 29]. When the majority (≥50%) of the study sample included 
patients with pancreatic cancer, the median overall survival ranged from  49 days to 106  

Figure 3. PubMed search results.

 
 

("Gastric Outlet Obstruction"[Mesh] OR "Duodenal Obstruction"[Mesh] OR (gastric outlet 
obstruction) OR (duodenal obstruction)) AND ("Stents"[Mesh] OR stent*[tiab]) AND malign* 

Limitations: 
‐ Period: January 2009 – March 2015 
‐ Language: English 

PubMed: 196 hits 

Articles identified: 32 

Exclusion criteria: 
‐ Irrelevant title/abstract 
‐ Reviews, case reports 
‐ Upper GI stenting, including 

esophageal stenting 
‐ Retrospective study design 

Additional exclusions: 
‐ Sample size < 10 patients: 5 
‐ No access to full text: 1 
‐ Duplicate publications: 2 
‐ Second stent insertion: 1 
‐ Clinical success and/or stent 

dysfunction not analyzed: 4 

Articles included: 19 
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Table 2. Baseline characteristics

N (%)

Patients with MGOO 1281 (100)
Cause of MGOO
 Gastric cancer 536 (41.8)
 Pancreatic cancer 479 (37.4)
 Bile duct cancer 79 (6.2)
 Duodenal cancer 42 (3.3)
 Gallbladder cancer 37 (2.9)
 Ampullary cancer 14 (1.1)
 Other malignancies 86 (6.7)
 Unknown 8 (0.6)
Biliary obstruction1

 Yes 432 (52.9)
 No 384 (47.1)
Stent type
 Uncovered SEMS 970 (75.7)
 Partially covered SEMS 311 (24.3)
No. of enteral stents inserted at initial procedure2

 Single stent 692 (93.5)
 Two stents 48 (6.5)

1 Total group: N=816, no data of 465 patients
2 Total group: N=740, no data of 541 patients

Table 3. Technical and clinical success of enteral stent placement

Overall
N=1281

UCSEMS
N=970

PCSEMS
N=311 P1

Technical success 1246 (97.3) 937 (96.6) 309 (99.4) 0.008
Reasons for technical failure
 Inability to pass guidewire 13 (1.0) 13 (1.3) 0
 Looping/buckling of delivery system 2 (0.2) 0 2 (0.6)
 Stent malposition 1 (0.1) 1 (0.1) 0
 Stent migration during deployment 4 (0.3) 4 (0.4) 0
 Insufficient deployment 4 (0.3) 4 (0.4) 0
 Colonic stent inserted 1 (0.1) 1 (0.1) 0
 No stenosis at endoscopy 1 (0.1) 1 (0.1) 0
 Procedural perforation 1 (0.1) 1 (0.1) 0
 Not specified 8 (0.6) 8 (0.8) 0
Clinical success 1098 (85.7) 811 (83.6) 287 (92.3) < 0.001

1 Comparison of UCSEMS and PCSEMS using Fisher’s Exact Test
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days[1, 9, 18, 19, 23, 26, 28, 29]. When the majority of the study sample included patients with gastric 
cancer, the median overall survival ranged from 88 days to 183 days[5, 24, 25].

DISCUSSION
This pooled analysis of 1281 patients identified from the prospective literature, showed that 
palliative SEMS placement for MGOO is feasible, effective and safe. Stent placement can therefore 
be regarded as a good alternative for surgery in the palliative setting. The clinical success rate 
was high (85.7%) and although stent dysfunction was frequently encountered (19.6%), it could 
usually be managed endoscopically by additional stent placement. Large, recently published, 
retrospective studies, each including more than 125 patients, reported comparable results[4, 42, 43].

In subgroup analysis, the technical and clinical success rates of PCSEMS placement were 
significantly higher than those of UCSEMSs. The reasons for technical failure (table 3) were 
rather procedure-related than stent-related. The higher technical success rate of PCSEMSs 
can therefore not be easily explained. The higher clinical success rate of PCSEMSs is a notable 
finding, suggesting that these stent models have more capacity in relieving MGOO, for 
instance by a higher radial force than UCSEMSs. However, the validity of this finding may be 
questioned because of heterogeneity, such as the difference in definitions of clinical success 
between the included studies. To exclude this heterogeneity, a subgroup analysis was performed 
of the four studies that compared the outcomes of PCSEMSs and UCSEMSs, showing similar 
pooled clinical success rates for PCSEMSs and UCSEMSs. In addition, a meta-analysis of 
comparative studies found no difference in technical and clinical success between covered and 
uncovered SEMSs[44]. The data were insufficient and the samples would be too small to analyze 
the outcomes of the eleven different stent models, including modified and patient-tailored 
stents, used in the 19 included studies.

Table 4. Adverse events

Overall
N=1281

UCSEMS
N=970

PCSEMS
N=311 p1

Stent dysfunction 251 (19.6) 185 (19.1) 66 (21.2) 0.412
 Re-obstruction by tumor growth 161 (12.6) 145 (14.9) 16 (5.1) < 0.001
 Stent migration 55 (4.3) 21 (2.2) 34 (10.9) < 0.001
 Stent compression by tumor pressure 9 (0.7) 3 (0.3) 6 (1.9) 0.008
 Stent fracture 7 (0.5) 3 (0.3) 4 (1.3) 0.064
 Insufficient expansion 11 (0.9) 8 (0.8) 3 (1.0) 0.734
 Food occlusion 9 (0.7) 6 (0.6) 3 (1.0) 0.460
 Other 2 (0.2) 2 (0.2) 0 -
Perforation 15 (1.2) 12 (1.2) 3 (1.0) 1.000
Bleeding 52 (4.1) 25 (2.6) 27 (8.7) < 0.001
 Major bleeding requiring intervention 10 (0.8) 9 (0.9) 1 (0.3) 0.466

1 Comparison of UCSEMS and PCSEMS using Fisher’s Exact Test
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Several factors have been identified as predictors for the outcomes of stent placement 
for MGOO. One prospective cohort study, including 71 patients, found a significantly lower 
clinical success rate for stents placed in the gastric antrum (29%) compared with success 
rates of stent placement in the duodenum (70%) or at the gastrojejunal anastomosis (87%)[21]. 
The authors speculated that antral tumors have to be larger to cause obstruction, resulting in 
more antral rigidity[21]. The two main indications for enteral stent placement in our pooled 
analysis were obstruction by gastric (42%) and pancreatic (37%) cancer. Unfortunately, the data 
were insufficient to analyze the clinical outcomes according to cause and site of obstruction. 
However, other retrospective and prospective studies never identified type of cancer and site 
of obstruction as predictors for success of enteral stent placement[4, 42, 45-47]. The main factors 

Table 5. Details on the perforation cases

# Description
Day of 
onset Treatment

1 Jejunal perforation at distal end of the stent[15] 173 Surgical closure
2 Intraprocedural perforation while the stricture 

was crossed with the catheter and guidewire[1]

0 Successfully treated with covered 
SEMS

3 Duodenal perforation after biliary stent 
placement[1]

82 Laparotomy, abdominal drainage and 
duodenal covered SEMS

4 Acute abdomen[18] 42 Refused treatment
5 Guidewire perforation[18] 0 Conservative treatment with 

antibiotics
6 Perforation likely due to stent-induced 

ischemia[2] 
15 Surgical suture and gastrojejunostomy

7 Minor perforation after balloon dilation because 
of insufficient stent expansion[19]

7 Recovered without surgery

8 Late perforation, not related to dilatation[21] NR NR
9 Late perforation, not related to dilatation[21] NR NR
10 Late intestinal perforation by migrated stent[24] NR Surgical intervention
11 Perforation while pushing the delivery system 

across the initially placed stent[25]

0 Surgical closure and gastrojejunostomy

12 Perforation by the guidewire and/or ERCP 
catheter with subsequent misplacement of 
the stent[27]

0 Surgical suture, bowel patch and 
gastroenteric bypass

13 Perforation by the guidewire and/or ERCP 
catheter with subsequent misplacement of 
the stent[27]

0 Surgical suture, bowel patch and 
gastroenteric bypass

14 Abdominal pain and pneumoperitoneum 
immediately after stent placement[28]

0 Loop gastrojejunostomy and combined 
gastrostomy-jejunostomy tube 
placement

15 Abdominal pain, distension, vomiting, and 
free air on x-ray 6 days after second stent 
placement[28]

12 Nasogastric tube placement and 
hospitalized; died two days later of 
sepsis

NR, not reported
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associated with a poor stent outcome in the literature are a poor performance status and 
peritoneal dissemination with ascites[4, 36, 37, 43, 48].

One fifth of the patients experienced stent dysfunction, mainly because of re-obstruction by 
tumor in- or overgrowth and stent migration. PCSEMSs were associated with the occurrence 
of stent migration, while re-obstruction was more frequently seen with the use of UCSEMSs. 
The overall stent dysfunction rates were comparable between both stent types, which is 
consistent with a recently published meta-analysis[44]. The fact that stent covering precludes 
tumor ingrowth, but provokes stent migration, has already been demonstrated[44]. A large 
retrospective analysis, including 583 patients with MGOO mainly caused by gastric cancer 
(57%), found that duodenal lesions, a shorter stricture length and longer survival time were 
associated with the occurrence of re-obstruction by tumor overgrowth[49]. Also short time to 
progression has been identified as a predictor for re-obstruction, while administration of first 
line chemotherapy was protective against re-stenosis[50]. Regarding the occurrence of stent 
migration, chemotherapy after stent placement was associated with migration in two studies, 
although only in univariate analysis[50, 51]. In a prospective pilot study of 25 patients with MGOO, 
covered SEMSs were anchored into the mucosa by three endoscopic clips at the proximal end 
of the stent to prevent stent migration[41]. No cases of stent migration occurred, suggesting 
that endoscopic clipping may prevent stent migration[41]. Regarding the stent patency, one of 
the included studies estimated with a Kaplan-Meier analysis that 63% of the stents were patent 
at six months[1]. Another prospective cohort reported that the GOOS score increase persisted 
until death or end of follow-up in 45% (95% confidence interval 27% – 74%) of patients[28]. 

Perforation and major bleeds were rare, both occurring in approximately 1% of patients. 
Seven of the 15 perforations were procedure- or balloon dilatation-related. A recently published, 
retrospective study reported perforation in 3.4% (10/292) of patients treated with SEMSs for 
MGOO[42]. The perforation rate according to the cause of obstruction was 4.6% (9/196) for 
pancreatic cancer and 1.0% (1/96) for nonpancreatic cancer[42], suggesting that the cause of 
obstructing may be associated with the occurrence of perforation after enteral stent placement. 
However, data are lacking to support this assumption. Minor bleeding was more frequently seen 
in patients treated with PCSEMSs, mainly contributed by two studies from the same institution 
that reported 56% (29/52) of bleedings using tailored, funnel- and cup-shaped, PCSEMSs[16, 17]. 
Therefore, these tailored PCSEMSs may not be directly comparable with the other PCSEMS 
designs used in the literature. Nevertheless, the overall major bleeding rate in our pooled 
analysis was only 0.8%. 

This analysis of the prospective literature has several limitations. Heterogeneity between 
the included studies is the main limitation. As mentioned before, the causes of MGOO, 
the definitions used for clinical success and the stent designs differed between the included 
studies. Furthermore, the included prospective studies are prone to selection-by-indication, 
since only one RCT was included that compared surgical gastrojejunostomy with enteral stent 
placement[9]. The patients included in the remaining articles therefore represent a selected 
population, because it was decided upfront that stent placement was indicated. This may 
overestimate the outcomes of enteral stent placement. Another issue is the clinically relevant 
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question whether duodenal stent placement should be preceded by biliary stenting to maintain 
biliary drainage (figure 4A-C). However, that question was beyond our literature search. 

In conclusion, this pooled analysis of the recently published, prospective literature provides 
an extensive overview of the clinical outcomes of stent placement for MGOO. In this large 
population enteral stent placement was feasible, effective and safe. Therefore, stent placement is 
a valid option for the palliation of MGOO.

Figure 4a-c. Endoscopic view of an ulcerative, obstructing gastrointestinal stromal tumor of the peri-
ampullary region of the duodenum (A) for which an uncovered WallFlex stent (Boston Scientific) was 
placed (B). 
Fluoroscopic view shows the fully deployed duodenal stent overlapping the previously placed biliary  
SEMS (C).

a) b) c)



176

REFERENCES
1. Tringali A, Didden P, Repici A, et al. 

Endoscopic treatment of malignant gastric and 
duodenal strictures: a prospective, multicenter 
study. Gastrointest Endosc 2014;79:66-75.

2. Costamagna G, Tringali A, Spicak J, et al. 
Treatment of malignant gastroduodenal 
obstruction with a nitinol self-expanding metal 
stent: an international prospective multicentre 
registry. Dig Liver Dis 2012;44:37-43.

3. Khashab M, Alawad AS, Shin EJ, et al. 
Enteral stenting versus gastrojejunostomy 
for palliation of malignant gastric outlet 
obstruction. Surg Endosc 2013;27:2068-75.

4. Hori Y, Naitoh I, Ban T, et al. Stent 
underexpansion on the procedure day is 
a predictive factor for poor oral intake 
after metallic stenting for gastric outlet 
obstruction. J Gastroenterol Hepatol 2015.

5. Lee KM, Choi SJ, Shin SJ, et al. Palliative 
treatment of malignant gastroduodenal 
obstruction with metallic stent: prospective 
comparison of covered and uncovered stents. 
Scand J Gastroenterol 2009;44:846-52.

6. Park CH, Park JC, Kim EH, et al. Impact of 
carcinomatosis and ascites status on long-term 
outcomes of palliative treatment for patients 
with gastric outlet obstruction caused by 
unresectable gastric cancer: stent placement 
versus palliative gastrojejunostomy. 
Gastrointest Endosc 2015;81:321-32.

7. Nagaraja V, Eslick GD, Cox MR. Endoscopic 
stenting versus operative gastrojejunostomy 
for malignant gastric outlet 
obstruction-a systematic review and meta-
analysis of randomized and non-randomized 
trials. J Gastrointest Oncol 2014;5:92-8.

8. Schmidt C, Gerdes H, Hawkins W, et al. 
A prospective observational study examining 
quality of life in patients with malignant gastric 
outlet obstruction. Am J Surg 2009;198:92-9.

9. Jeurnink SM, Steyerberg EW, van Hooft JE, et 
al. Surgical gastrojejunostomy or endoscopic 
stent placement for the palliation of malignant 
gastric outlet obstruction (SUSTENT study): 

a multicenter randomized trial. Gastrointest 
Endosc 2010;71:490-9.

10. Strand DS, Thlick JE, Patrie JT, et al. 
Gastroduodenal stents are associated with more 
durable patency as compared to percutaneous 
endoscopic gastrojejunostomy in the palliation 
of malignant gastric outlet obstruction. J Interv 
Gastroenterol 2012;2:150-154.

11. Lin CL, Perng CL, Chao Y, et al. Application 
of stent placement or nasojejunal feeding tube 
placement in patients with malignant gastric 
outlet obstruction: a retrospective series of 38 
cases. J Chin Med Assoc 2012;75:624-9.

12. Tuca A, Guell E, Martinez-Losada E, et al. 
Malignant bowel obstruction in advanced 
cancer patients: epidemiology, management, 
and factors influencing spontaneous 
resolution. Cancer Manag Res 2012;4:159-69.

13. Zheng B, Wang X, Ma B, et al. Endoscopic 
stenting versus gastrojejunostomy for 
palliation of malignant gastric outlet 
obstruction. Dig Endosc 2012;24:71-8.

14. Abramson JH. WINPEPI updated: computer 
programs for epidemiologists, and their teaching 
potential. Epidemiol Perspect Innov 2011;8:1.

15. Maetani I, Mizumoto Y, Shigoka H, et al. 
Placement of a triple-layered covered versus 
uncovered metallic stent for palliation of 
malignant gastric outlet obstruction: a multicenter 
randomized trial. Dig Endosc 2014;26:192-9.

16. Shi D, Ji F, Bao YS, et al. A Multicenter 
Randomized Controlled Trial of Malignant 
Gastric Outlet Obstruction: Tailored Partially 
Covered Stents (Placed Fluoroscopically) 
versus Standard Uncovered Stents (Placed 
Endoscopically). Gastroenterol Res  
Pract 2014;2014:309797.

17. Shi D, Bao YS, Liu YP. Individualization 
of metal stents for management of gastric 
outlet obstruction caused by distal stomach 
cancer: a prospective study. Gastrointest  
Endosc 2013;78:277-84.

18. van den Berg MW, Haijtink S, Fockens 
P, et al. First data on the Evolution 
duodenal stent for palliation of malignant 



177

1

2

3

4

5

6

7

8

9

10

11

&

gastric outlet obstruction (DUOLUTION 
study): a prospective multicenter study.  
Endoscopy 2013;45:174-81.

19. Isayama H, Sasaki T, Nakai Y, et al. Management 
of malignant gastric outlet obstruction with 
a modified triple-layer covered metal stent. 
Gastrointest Endosc 2012;75:757-63.

20. Moura EG, Ferreira FC, Cheng S, et al. 
Duodenal stenting for malignant gastric 
outlet obstruction: prospective study. World 
J Gastroenterol 2012;18:938-43.

21. Dolz C, Vilella A, Gonzalez Carro P, et al. 
Antral localization worsens the efficacy of 
enteral stents in malignant digestive tumors. 
Gastroenterol Hepatol 2011;34:63-8.

22. Kim YW, Choi CW, Kang DH, et al. A double-
layered (comvi) self-expandable metal stent 
for malignant gastroduodenal obstruction: 
a prospective multicenter study. Dig Dis  
Sci 2011;56:2030-6.

23. van Hooft JE, van Montfoort ML, Jeurnink 
SM, et al. Safety and efficacy of a new non-
foreshortening nitinol stent in malignant 
gastric outlet obstruction (DUONITI 
study): a prospective, multicenter study.  
Endoscopy 2011;43:671-5.

24. Kim CG, Choi IJ, Lee JY, et al. Covered 
versus uncovered self-expandable metallic 
stents for palliation of malignant pyloric 
obstruction in gastric cancer patients: 
a randomized, prospective study. Gastrointest  
Endosc 2010;72:25-32.

25. Maetani I, Ukita T, Nambu T, et al. 
Comparison of ultraflex and niti-s stents 
for palliation of unresectable malignant 
gastroduodenal obstruction. Dig  
Endosc 2010;22:83-9.

26. Shaw JM, Bornman PC, Krige JE, et al. Self-
expanding metal stents as an alternative to 
surgical bypass for malignant gastric outlet 
obstruction. Br J Surg 2010;97:872-6.

27. Havemann MC, Adamsen S, Wojdemann M. 
Malignant gastric outlet obstruction managed by 
endoscopic stenting: a prospective single-centre 
study. Scand J Gastroenterol 2009;44:248-51.

28. Piesman M, Kozarek RA, Brandabur JJ, 
et al. Improved oral intake after palliative 

duodenal stenting for malignant obstruction: 
a prospective multicenter clinical trial. Am J 
Gastroenterol 2009;104:2404-11.

29. van Hooft JE, Uitdehaag MJ, Bruno MJ, et al. 
Efficacy and safety of the new WallFlex enteral 
stent in palliative treatment of malignant 
gastric outlet obstruction (DUOFLEX study): 
a prospective multicenter study. Gastrointest 
Endosc 2009;69:1059-66.

30. Zhou WZ, Yang ZQ, Liu S, et al. A newly 
designed stent for management of malignant 
distal duodenal stenosis. Cardiovasc Intervent 
Radiol 2015;38:177-81.

31. van den Berg MW, Walter D, Vleggaar FP, et 
al. High proximal migration rate of a partially 
covered “big cup” duodenal stent in patients 
with malignant gastric outlet obstruction. 
Endoscopy 2014;46:158-61.

32. Didden P, Spaander MC, de Ridder R, et 
al. Efficacy and safety of a partially covered 
stent in malignant gastric outlet obstruction: 
a prospective Western series. Gastrointest 
Endosc 2013;77:664-8.

33. Kim JH, Song HY, Hu HT, et al. Palliative 
treatment of malignant gastric outlet 
obstructions with a large-diameter metallic 
stent: prospective preliminary study. J Vasc 
Interv Radiol 2010;21:1125-8.

34. Moon JH, Choi HJ, Ko BM, et al. Combined 
endoscopic stent-in-stent placement for 
malignant biliary and duodenal obstruction 
by using a new duodenal metal stent (with 
videos). Gastrointest Endosc 2009;70:772-7.

35. Larssen L, Hauge T, Medhus AW. Stent 
treatment of malignant gastric outlet 
obstruction: the effect on rate of gastric 
emptying, symptoms, and survival. Surg 
Endosc 2012;26:2955-60.

36. Jeurnink SM, Steyerberg EW, Vleggaar FP, 
et al. Predictors of survival in patients with 
malignant gastric outlet obstruction: a patient-
oriented decision approach for palliative 
treatment. Dig Liver Dis 2011;43:548-52.

37. van Hooft JE, Dijkgraaf MG, Timmer R, 
et al. Independent predictors of survival 
in patients with incurable malignant 
gastric outlet obstruction: a multicenter 



178

prospective observational study. Scand J  
Gastroenterol 2010;45:1217-22.

38. Kim CG, Choi IJ, Lee JY, et al. Outcomes 
of second self-expandable metallic stent 
insertion for malignant gastric outlet 
obstruction. Surg Endosc 2014;28:281-8.

39. Qureshi S, Ghazanfar S, Hafeez AB, et al. 
Malignant pyloro-duodenal obstruction: role 
of self expandable metallic stents. J Pak Med 
Assoc 2014;64:16-9.

40. Jeurnink SM, Polinder S, Steyerberg EW, et 
al. Cost comparison of gastrojejunostomy 
versus duodenal stent placement for 
malignant gastric outlet obstruction. J  
Gastroenterol 2010;45:537-43.

41. Kim ID, Kang DH, Choi CW, et al. Prevention 
of covered enteral stent migration in patients 
with malignant gastric outlet obstruction: 
a pilot study of anchoring with endoscopic 
clips. Scand J Gastroenterol 2010;45:100-5.

42. Oh SY, Edwards A, Mandelson M, et al. 
Survival and clinical outcome after endoscopic 
duodenal stent placement for malignant 
gastric outlet obstruction: comparison of 
pancreatic cancer and nonpancreatic cancer. 
Gastrointest Endosc 2015.

43. Jeon HH, Park CH, Park JC, et al. 
Carcinomatosis matters: clinical outcomes 
and prognostic factors for clinical success of 
stent placement in malignant gastric outlet 
obstruction. Surg Endosc 2014;28:988-95.

44. Pan YM, Pan J, Guo LK, et al. Covered versus 
uncovered self-expandable metallic stents 
for palliation of malignant gastric outlet 
obstruction: a systematic review and meta-
analysis. BMC Gastroenterol 2014;14:170.

45. Cheng HT, Lee CS, Lin CH, et al. Treatment 
of malignant gastric outlet obstruction 
with metallic stents: assessment of whether 
gastrointestinal position alters efficacy. J 
Investig Med 2012;60:1027-32.

46. Kim JH, Song HY, Shin JH, et al. 
Metallic stent placement in the palliative 
treatment of malignant gastric outlet 
obstructions: primary gastric carcinoma 
versus pancreatic carcinoma. AJR Am J  
Roentgenol 2009;193:241-7.

47. Kim JH, Song HY, Shin JH, et al. Metallic 
stent placement in the palliative treatment 
of malignant gastroduodenal obstructions: 
prospective evaluation of results and 
factors influencing outcome in 213 patients. 
Gastrointest Endosc 2007;66:256-64.

48. Sasaki T, Isayama H, Nakai Y, et al. Predictive 
factors of solid food intake in patients with 
malignant gastric outlet obstruction receiving 
self-expandable metallic stents for palliation. 
Dig Endosc 2012;24:226-30.

49. Jang JK, Song HY, Kim JH, et al. Tumor 
overgrowth after expandable metallic stent 
placement: experience in 583 patients with 
malignant gastroduodenal obstruction. AJR 
Am J Roentgenol 2011;196:W831-6.

50. Kim CG, Park SR, Choi IJ, et al. Effect of 
chemotherapy on the outcome of self-
expandable metallic stents in gastric cancer 
patients with malignant outlet obstruction. 
Endoscopy 2012;44:807-12.

51. Miyabe K, Hayashi K, Nakazawa T, et al. 
Safety and benefits of self-expandable metallic 
stents with chemotherapy for malignant 
gastric outlet obstruction. Dig Endosc 2015.







8
Endoscopic biliary sphincterotomy 

prior to self-expandable metal stent 
placement does not reduce the risk of 

post-ERCP pancreatitis: a propensity 
score matched analysis

E.E. van Halsema,  S.A. Hoogenboom, N.C. van Huijgevoort,  
N.L. Bekkali, P. Fockens, R. Lindeboom, J.E. van Hooft

Submitted



182

ABSTRACT
Background and aims. Biliary self-expandable metal stent (SEMS) placement is associated with 
a high post-ERCP pancreatitis risk of up to 18%. We studied the role of endoscopic sphincterotomy 
(ES) prior to biliary SEMS placement in the prevention of post-ERCP pancreatitis.

Methods. In this retrospective cohort study we compared the 30-days outcomes of primary 
biliary SEMS placement in patients with and without prior ES. Patients who had a (precut) 
sphincterotomy during a previous procedure were excluded. Main outcomes were post-ERCP 
pancreatitis, ERCP-related morbidity and mortality. To adjust for potential confounding 
variables, patients with ES were 1:1 propensity score matched to patients without ES.

Results. In total 366 patients underwent primary biliary SEMS placement for malignant (92.9%) 
and benign (7.1%) indications. The overall incidence of post-ERCP pancreatitis was 10.4%. 
Seventy-two out of 75 patients with ES could be matched by propensity score to 72 patients 
without ES. Post-ERCP pancreatitis rates were 11.1% and 9.7% in patients with and without 
ES, respectively (p=0.78). The combined (i.e. pancreatitis, bleeding and perforation) adverse 
event rates were 16.7% in the ES group and 11.1% in the no ES group (p=0.29). The 30-days 
mortality rate was 6.9% in both groups (p=1.00). Univariable analysis showed an increased risk 
of post-ERCP pancreatitis for preceding EUS-FNA (18.1% vs. 8.5%; p=0.02) and FCSEMSs 
(12.9% vs. 7.2%; p=0.09).

Conclusions. ES prior to biliary SEMS placement did not reduce the risk of post-ERCP 
pancreatitis. Our data do not support standard ES prior to biliary SEMS placement.
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INTRODUCTION
Acute pancreatitis is the most common complication after endoscopic retrograde 
cholangiopancreatography (ERCP) with incidence rates varying from 3.6-8.5% in unselected 
patients and 5.9-14.7% in patients at high risk for the development of post-ERCP pancreatitis.1-5 
The majority of patients (64.8-83.3%) have mild post-ERCP pancreatitis requiring admission or 
prolongation of admission for 2-3 days, while 16.7-35.2% of patients have a moderate to severe 
course of disease.1, 2, 6, 7 The latter group of patients requires hospitalization for up to 10 days 
or even more, and may develop pancreatitis-related morbidity originating from necrotizing 
pancreatitis or pseudocyst formation, necessitating surgical or endoscopic interventions.8 In 
rare cases (< 1%) post-ERCP pancreatitis even causes mortality.2, 7 With an increase in ERCP 
utilization of almost 24% between 2000 and 2010 in the United States,9 post-ERCP pancreatitis 
increasingly impacts on health care utilization and expenses. 

Several risk factors for post-ERCP pancreatitis have been identified with the most important 
patient-related factors being suspected sphincter of Oddi dysfunction, female gender and 
previous pancreatitis, and procedure-related risk factors being cannulation attempts duration 
> 10 minutes, pancreatic duct cannulation and pancreatic duct injection.10, 11 Previous studies 
also showed that biliary stenting, and in particular the use of SEMSs, was associated with an 
increased risk of post-ERCP pancreatitis ranging between 7.3-18.4%.12-15

It was thought that placement of a large diameter SEMS in the common bile duct might cause 
pancreatic outflow obstruction by occluding the pancreatic duct orifice and thereby inducing 
pancreatitis.14 This risk may even be higher with the use of fully covered SEMSs (FCSEMSs).16 It 
was therefore hypothesized that ES before biliary SEMS placement might prevent the occurrence 
of pancreatitis by widening the biliary orifice of the major duodenal papilla and thereby ensuring 
the outflow from the pancreatic orifice. Three randomized controlled trials (RCTs) on this topic, 
all performed in patients with malignant biliary obstruction, showed conflicting results.17-19 
Based on these contradictory data, the European Society of Gastrointestinal Endoscopy (ESGE) 
clinical guideline recommends that “benefits of pre-stenting biliary sphincterotomy should 
be weighed against its risks on a case-by-case basis”.20 So the role of ES prior to biliary SEMS 
placement remains to be elucidated. In addition to the RCTs, observational data from unselected 
patients reflect daily practice improving the generalizability of the results. We therefore aimed 
to analyze the efficacy and safety of ES prior to primary biliary SEMS placement in unselected 
patients with either benign or malignant indications for SEMS placement.

METHODS
This study was designed as a single-center, retrospective cohort study comparing the clinical 
outcomes of biliary SEMS placement in patients with and without prior ES. All consecutive 
patients who underwent biliary SEMS placement between January 2011 and March 2017 in 
the Academic Medical Center in Amsterdam, the Netherlands, were identified through 
an electronic search in our endoscopic database ENDOBASE (Olympus Medical Systems, 
Hamburg, Germany). Patients were included if they received a primary biliary SEMS for 
benign or malignant indications through a native major duodenal papilla. We excluded patients 
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with previous precut or standard sphincterotomy, second SEMS placement, percutaneous 
transhepatic SEMS placement, SEMS placement via fistulotomy or choledochoduodenostomy, 
hepaticojejunostomy, and without follow-up. The primary outcome was the incidence of 
post-ERCP pancreatitis, defined as new or worsened abdominal pain with a serum concentration 
of pancreatic enzymes (amylase or lipase) that was at least three times the upper limit of normal 
at more than 24 hours after the procedure, requiring medical consultation or (prolongation 
of) hospital admission. The severity of post-ERCP pancreatitis was defined as mild, moderate 
or severe when patients were admitted for no more than 3 days, 4-10 days, or more than 10 
days, respectively.8 Post-ERCP pancreatitis requiring percutaneous, endoscopic or surgical 
interventions was also defined as severe.8 Secondary outcomes were ERCP-related morbidity 
and mortality within 30 days after the procedure. ERCP-related morbidity included bleeding, 
duodenal or retroperitoneal perforation, cholangitis, cholecystitis, stent migration and 
reobstruction. We analyzed the combined outcome measure of potentially ES-related adverse 
events, including post-ERCP pancreatitis, bleeding and perforation. We defined bleeding as 
clinically relevant bleeding requiring blood transfusion, reintervention or (prolongation of) 
admission. Cholangitis was defined as fever without anticipated improvement in cholestatic 
parameters, and cholecystitis as a combination of clinical and radiological signs with a thickened 
gallbladder wall and/or fluid surrounding the gallbladder. Follow-up ended at 30 days after 
the procedure with a minimum of 7 days follow-up. This study was reviewed by the Medical 
Ethics Review Committee of the Academic Medical Center and did not apply to the Dutch 
Medical Research Involving Human Subjects Act (date of review: February 25, 2016).

Data collection
Data were collected from the electronic medical records, including the characteristics at 
admission for ERCP that are presented in table 1. Other collected variables were potential 
ERCP-related adverse events, date of their onset, duration of hospitalization, reinterventions 
and mortality. Data were retrieved from the referral letters, endoscopy and radiology reports, 
discharge letters from hospital admissions and follow-up reports from outpatient clinic visits. 
Follow-up data were insufficient (< 7 days) in 100 patients referred from 31 outside hospitals 
in the Netherlands. To obtain the 30-days outcomes, we contacted those hospitals and received 
the follow-up data from 73/100 patients.

Procedures
Because of the retrospective study design, procedures were not standardized. Before ERCP, all 
patients were informed about the procedure, risks and alternative options, and consented for 
the procedure, which was documented in the medical records. According to local protocol, 
patients were asked to fast at least six hours prior to the procedure. The use of anticoagulants was 
interrupted at least three days before the procedure, or temporarily switched to low molecular 
weight heparins (LMWH) in case of a high thrombotic risk. The use of direct oral anticoagulants 
(DOAC) was interrupted at least 48 hours before the procedure. Antiplatelet monotherapy was 
continued. All patients received a suppository of 100 mg of diclofenac before the procedure, 
unless contraindicated. Antibiotic prophylaxis was administered only in patients with hilar and 
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Table 1. Baseline characteristics

Overall
(N=366)
No. (%)

Total cohort  
(N=366)

Propensity score matched 
(N=144)

No ES
(N=291)
No. (%)

ES
(N=75)
No. (%)

No ES
(N=72)
No. (%)

ES
(N=72)
No. (%)

Gender (male) 188 (51.4) 145 (49.8) 43 (57.3) 39 (54.2) 43 (59.7)
Age (years); mean ± sd 66.3 ± 10.8 66.3 ± 10.5 66.3 ± 11.7 65.5 ± 11.1 66.6 ± 11.8
Indication for SEMS placement
 Cholestasis / jaundice 333 (91.0) 263 (90.4) 70 (93.3) 70 (97.2) 67 (93.1)
 Plastic stent dysfunction 28 (7.7) 25 (8.6) 3 (4.0) 1 (1.4) 3 (4.2)
 Other 5 (1.4) 3 (1.0) 2 (2.7) 1 (1.4) 2 (2.8)
Etiology
 Malignant 340 (92.9) 276 (94.8) 64 (85.3)* 63 (87.5) 62 (86.1)
 Benign 26 (7.1) 15 (5.2) 11 (14.7) 9 (12.5) 10 (13.9)
History of failed biliary 
cannulation (yes)

34 (9.3) 23 (7.9) 11 (14.7) 12 (16.7) 9 (12.5)

History of pancreatitis (yes) 31 (8.5) 22 (7.6) 9 (12.0) 9 (12.5) 8 (11.1)
 Unknown 1 (0.3) 1 (0.3) 0 (0) 0 (0) 0 (0)
History of cholecystectomy (yes) 30 (8.2) 29 (10.0) 1 (1.3)* 7 (9.7) 1 (1.4)*
 Unknown 1 (0.3) 1 (0.3) 0 (0) 0 (0) 0 (0)
Previous biliary drainage
 No 324 (88.5) 255 (87.6) 69 (92.0) 69 (95.8) 66 (91.7)
 Plastic stent 38 (10.4) 32 (11.0) 6 (8.0) 2 (2.8) 6 (8.3)
 PTC drain 4 (1.1) 4 (1.4) 0 (0) 1 (1.4) 0 (0)
Serum bilirubin (µmol/L); 
median (IQR)

210 (95-324) 211 (95-324) 199 (98-327) 214 (99-311) 187 (98-327)

 Unknown 20 (5.5) 13 (4.5) 7 (9.3) 4 (5.6) 6 (8.3)
Serum alkaline phosphatase (U/L); 
median (IQR)

540 
(374-769)

543 
(367-770)

518 
(388-761)

634 
(383-943)

520 
(394-761)

 Unknown 30 (8.2) 23 (7.9) 7 (9.3) 7 (9.7) 6 (8.3)
Serum gamma-glutamyl 
transferase (U/L); median (IQR)

754  
(362-1325)

791  
(400-1325)

941  
(337-1346)

840  
(443-1364)

615  
(340-1346)

 Unknown 32 (8.7) 25 (8.6) 7 (9.3) 5 (6.9) 6 (8.3) 
Antibiotics peri-procedure (yes) 77 (21.0) 61 (21.0) 16 (21.3) 9 (12.5) 16 (22.2)
 Unknown 2 (0.5) 1 (0.3) 1 (1.3) 1 (1.4) 1 (1.4)
EUS-FNA of pancreas (yes) 72 (19.7) 55 (18.9) 17 (22.7) 17 (23.6) 16 (22.2)
Juxtapapillary duodenal 
diverticulum (yes)

9 (2.5) 6 (2.1) 3 (4.0) 4 (5.6) 3 (4.2)

Pancreatic duct cannulation (yes) 76 (20.8) 60 (20.6) 16 (21.3) 16 (22.2) 15 (20.8)
Pancreatic duct injection (yes) 111 (30.3) 87 (29.9) 24 (32.0) 23 (31.9) 23 (31.9)
Pancreatic duct stent placement 
(yes)

26 (7.1) 20 (6.9) 6 (8.0) 6 (8.3) 5 (6.9)

Precut sphincterotomy (yes) 104 (28.4) 85 (29.2) 19 (25.3) 19 (26.4) 18 (25.0)
Brush cytology (yes) 140 (38.3) 99 (34.0) 41 (54.7)* 42 (58.3) 38 (52.8)
Location of stenosis
 Distal / mid CBD 337 (92.1) 270 (92.8) 67 (89.3) 69 (95.8) 64 (88.9)
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intrahepatic strictures. ERCP was performed using deep sedation delivered by specialized nurse 
anesthesiologists. In most cases, a fifth or sixth year resident in gastroenterology was involved 
in biliary cannulation with a maximum of three cannulation attempts under the supervision 
of an experienced interventional endoscopist. Biliary cannulation was primarily obtained 
by the guidewire-assisted technique. In case of difficult cannulation a needle knife precut 
sphincterotomy was performed. A prophylactic pancreatic duct stent was inserted when 
the pancreatic duct was cannulated repeatedly. Either uncovered SEMSs (UCSEMSs) or fully 
covered SEMSs (FCSEMSs) were used with a diameter of 10 mm, including WallFlex™ Biliary RX 
Stent (Boston Scientific Corporation, Marlborough, MA, U.S.) or Evolution® Biliary Controlled-
Release Stent (Cook Medical, Limerick, Ireland). Hilar or intrahepatic positioning of the SEMS 
was considered a contraindication for the use of FCSEMSs. ES prior to placement of the biliary 
SEMS was performed at the discretion of the endoscopist after successful cannulation of the bile 
duct was obtained and confirmed by injection of radiocontrast material. If ES was decided, 
the cutting wire of the sphincterotome was bowed against the roof of the papilla and the biliary 
sphincter was then cut by means of electrocautery (figure 1A-D). After the procedure, patients 
were monitored for at least one hour and then discharged from the hospital with careful 
instructions to contact the hospital in case of fever, hematemesis, rectal blood loss, or severe 
abdominal pain.

Table 1. (continued)

Overall
(N=366)
No. (%)

Total cohort  
(N=366)

Propensity score matched 
(N=144)

No ES
(N=291)
No. (%)

ES
(N=75)
No. (%)

No ES
(N=72)
No. (%)

ES
(N=72)
No. (%)

 Subhilar / hilum / intrahepatic 29 (7.9) 21 (7.2) 8 (10.7) 3 (4.2) 8 (11.1)
Type of SEMS
 FCSEMS1 210 (57.4) 158 (54.3) 52 (69.3)* 49 (68.1) 49 (68.1)
 UCSEMS 153 (41.8) 130 (44.7) 23 (30.7) 22 (30.6) 23 (31.9) 
 Unknown 3 (0.8) 3 (1.0) 0 (0) 1 (1.4) 0 (0)
Stent length
 40 / 60 mm 325 (88.8) 259 (89.0) 66 (88.0) 65 (90.3) 63 (87.5)
 80 / 100 mm 36 (9.8) 29 (10.0) 7 (9.3) 7 (9.7) 7 (9.7) 
 Unknown 5 (1.4) 3 (1.0) 2 (2.7) 0 (0) 2 (2.8)
Transpapillary SEMS position (yes) 361 (98.6) 288 (99.0) 73 (97.3) 72 (100.0) 70 (97.2)

ES = endoscopic sphincterotomy; sd = standard deviation; PTC = percutaneous transhepatic cholangiography; IQR 
= interquartile range; EUS-FNA = endoscopic ultrasound with fine needle aspiration; CBD = common bile duct; 
SEMS = self-expandable metal stent; FCSEMS = fully covered self-expandable metal stent; UCSEMS = uncovered self-
expandable metal stent
1 In one case a partially covered SEMS was used. * p < 0.05
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Statistical analysis
To estimate the unbiased effect of ES on the incidence of post-ERCP pancreatitis prior to 
biliary SEMS placement we performed propensity score matching to create maximally balanced 
groups. The propensity score was calculated using logistic regression and is the predicted 
probability of ES treatment predicted from the relevant measured baseline characteristics. Thus, 
the collection of baseline variables is collapsed into a single covariate, the propensity score, that 
was subsequently used to individually match patients. This means that matched pairs – with 
ES and without ES – within the same propensity score subclass (probability of ES treatment 
in this case) can be considered randomly chosen from the pool of subjects in that propensity 
score subclass and analogously for each subclass, irrespective of the actual treatment that they 
received. As a result, within each propensity score subclass, the multivariate distribution of 
the baseline variables used to estimate the propensity score differs only randomly between 
the two treatment groups. This statistical balancing method was introduced in the early ‘80s and 
is extensively described in numerous articles and textbooks.21, 22

Propensity scores were estimated from the baseline variables listed in table 1 excluding 
those with missing values since propensity scores cannot be calculated for individuals with 
missings on variables. Patients treated with and without ES prior to SEMS placement were 

a) b)

c) d)

Figure 1A-D. Standard sphincterotomy followed by fully covered self-expandable metal stent (Evolution, 
Cook Medical) placement in a patient with obstructive jaundice caused by irresectable pancreatic  
head carcinoma.
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individually matched by “nearest neighbor” matching within a 0.25 standard deviation (SD) 
difference of the propensity scores distribution,23 which resulted in a maximum difference of 
3.1% in propensity scores between matched pairs. For comparative analyses after propensity 
score matching, we used the appropriate statistical tests for paired data, including McNemar’s 
(events) and paired t-test (continuous variables). For exploratory analysis of potential risk 
factors for post-ERCP pancreatitis, we used binary logistic regression analysis to estimate odds 
ratios (ORs) with 95% confidence intervals (CIs). We considered two-sided p-values < 0.05 
statistically significant. For propensity score matching and subsequent paired analyses, we used 
RStudio: Integrated Development for R, version 1.0.136 (RStudio Inc., Boston, MA, United 
States) using the Matching package.

Figure 2. Flow chart of patient selection.



189

1

2

3

4

5

6

7

8

9

10

11

&

RESULTS
Sample characteristics
A total of 366 patients were included for analysis (figure 2). The main indications for SEMS 
placement were primary cholestasis or jaundice in 91.0% and plastic stent dysfunction in 7.7% 
of patients. The etiology of biliary obstruction was malignant in 92.9% of patients, including 
pancreatic cancer (65.0%; 238/366), cholangiocarcinoma (12.8%; 47/366), ampullary carcinoma 
(4.9%; 18/366), metastatic disease (4.9%; 18/366), gallbladder carcinoma (2.7%; 10/366) and 
others (2.5%; 9/366). Benign biliary obstruction was present in 7.1% of patients and was caused 
by chronic pancreatitis (3.3%; 12/366), complications of acute pancreatitis (1.4%; 5/366) and 
other causes (2.5%; 9/366). The median serum bilirubin level at baseline was 210 µmol/L 
(IQR 95-324 µmol/L), i.e. 12.3 mg/dL (IQR 5.6-18.9 mg/dL). Forty-two (11.5%) patients had 
undergone previous biliary drainage, including plastic stent placement (10.4%) or percutaneous 
transhepatic tube drainage (1.1%). A history of pancreatitis was reported in 8.5% of patients, 
including chronic pancreatitis (3.8%; 14/366), acute pancreatitis (2.7%; 10/366) and post-ERCP 
pancreatitis (1.9%; 7/366). Biliary SEMS placement was performed with and without prior ES in 
75 (20.5%) and 291 (79.5%) patients, respectively. In the ES group, significantly more patients 
had a benign etiology, gallbladder in situ, brush cytology performed, and FCSEMS placement 
in comparison with the group of patients without ES. Further patient and ERCP characteristics 
are presented in baseline table 1.

Table 2. Adverse events within 30-days after ERCP

Overall
(N=366)
No. (%)

No ES
(N=291)
No. (%)

ES
(N=75)
No. (%)

Post-ERCP pancreatitis1 38 (10.4) 30 (10.3) 8 (10.7)
 Mild – admission for 0-3 days 13 (3.6) 11 (3.8) 2 (2.7)
 Moderate – admission for 4-10 days 17 (4.6) 13 (4.5) 4 (5.3)
 Severe – admission for >10 days 5 (1.4) 4 (1.4) 1 (1.3)
 Severity unknown 3 (0.8) 2 (0.7) 1 (1.3)
No resolution of cholestasis / jaundice 12 (3.3) 10 (3.4) 2 (2.7)
Cholangitis 12 (3.3) 10 (3.4) 2 (2.7)
Fever 9 (2.5) 5 (1.7) 4 (5.3)
 + bacteremia 5 (1.4) 1 (0.3) 4 (5.3)
Clinically relevant bleeding 7 (1.9) 5 (1.7) 2 (2.7)
Iatrogenic perforation 7 (1.9) 5 (1.7) 2 (2.7)
Cholecystitis 6 (1.6) 3 (1.0) 3 (4.0)
Stent migration 5 (1.4) 4 (1.4) 1 (1.3)
Severe pain 5 (1.4) 5 (1.7) 0 (0)
Others2 7 (1.9) 5 (1.7) 2 (2.7)

1 Two patients also had an iatrogenic perforation.
2 Multi-organ failure (n=3), stent reocclusion by debris (n=1), recurrent cholestasis due to rapid disease progression 
(n=1), infection of pancreatic necrosis (n=1) and acute abdomen caused by tumor perforation (n=1).
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Outcomes of ERCP
A total of 108 adverse events occurred in 96 (26.2%) patients within 30 days after ERCP. 
The overall incidence of post-ERCP pancreatitis was 10.4% (38/366). Severity of post-ERCP 
pancreatitis could be extracted in 35 cases and was mild in 37.1% (13/35), moderate in 48.6% 
(17/35) and severe in 14.3% (5/35) of patients. Treatment of post-ERCP pancreatitis was 
known in 31 patients, including conservative treatment without interventions (n=28; 90.3%), 
percutaneous drainage (n=2; 6.5%), and one patient declined further treatment. In patients with 
and without ES prior to SEMS placement, the incidence of post-ERCP pancreatitis was 10.7% 
and 10.3%, respectively (p=0.93). Stratification by SEMS type, neither showed a protective 
effect of ES against pancreatitis nor in patients who received FCSEMSs (ES: 11.5% and no ES: 
13.3%; p=0.74), nor in patients who received UCSEMSs (ES: 8.7% and no ES: 6.9%; p=0.67). 
There was no statistically significant difference in the occurrence of clinically relevant bleeding 
(2.7% vs. 1.7%; p=0.64) and iatrogenic perforation (2.7% vs. 1.7%; p=0.64) between patients 
with and without ES, respectively. The combined adverse event rate, including pancreatitis, 
bleeding and perforation, was 16.0% (12/75) in the ES group and 13.1% (38/291) in the group of 
patients without ES (p=0.51). Two patients with an iatrogenic perforation developed post-ERCP 
pancreatitis as well. Other adverse events reported within 30 days are presented in table 2. 
The cases of bleeding and perforation are described in detail in table 3. 

The overall 30-days mortality rate was 6.8% (25/366) and did not significantly differ between 
patients with (6.7%; 5/75) and without (6.9%; 20/291) ES prior to biliary SEMS placement 
(p=0.94). When a potentially ES-related adverse event occurred, i.e. post-ERCP pancreatitis, 
bleeding or perforation, the 30-days mortality rate was 14.0% (7/50) compared with 5.7% 
(18/316) in patients without pancreatitis, bleeding or perforation (p=0.06).

Propensity score matched analysis
Seventy-two out of the 75 patients who received ES prior to biliary SEMS placement could be 
matched by propensity scores to patients who underwent SEMS placement without ES. Table 1 
shows that matching was successful for all baseline characteristics except for cholecystectomy 
status. The incidence of post-ERCP pancreatitis after matching was 11.1% (8/72) in the ES group 
and 9.7% (7/72) in patients without ES (p=0.78). The risk of clinically relevant bleeding (ES 
2.8% vs. no ES 1.4%; p=0.56) and iatrogenic perforation (ES 2.8% vs. no ES 1.4%; p=0.56) was 
not significantly increased in the ES group. No significant difference was shown in the combined 
(i.e. pancreatitis, bleeding and perforation) adverse event rates: 16.7% (12/72) in the ES group 
and 11.1% (8/72) in the group of patients without ES (p=0.29). The 30-days mortality rate in 
patients with and without ES was 6.9% (5/72) and 6.9% (5/72), respectively (p=1.00).

Risk factors for post-ERCP pancreatitis
Univariable regression analysis in the total cohort of patients (n=366), showed that preceding 
endoscopic ultrasound with fine needle aspiration (EUS-FNA) of the pancreas on the same day 
as the ERCP was the only factor significantly associated with post-ERCP pancreatitis. Patients 
who underwent EUS-FNA had an 18.1% pancreatitis risk compared with 8.5% in patients 
without EUS-FNA (OR 2.37, 95% CI 1.15-4.91; p=0.02). Patients who underwent previous 



191

1

2

3

4

5

6

7

8

9

10

11

&

Ta
bl

e 
3.

 C
as

es
 o

f b
le

ed
in

g 
(N

=7
) a

nd
 p

er
fo

ra
tio

n 
(N

=7
) w

ith
in

 3
0 

da
ys

 a
fte

r E
RC

P

Pa
tie

nt
D

es
cr

ip
tio

n
Sp

hi
nc

.
H

os
p.

In
te

rv
en

tio
n

D
ie

d
< 

30
d

Ia
tr

og
en

ic
 p

er
fo

ra
tio

n
♂

, 8
0y

su
bh

ila
r c

ho
la

ng
io

ca
rc

in
om

a
D

uo
de

na
l p

er
fo

ra
tio

n 
by

 th
e 

sc
op

e
N

o
17

 d
ay

s
En

do
sc

op
ic

 c
lo

su
re

 b
y 

O
TS

C
N

o

♀
, 4

7y
hi

la
r c

ho
la

ng
io

ca
rc

in
om

a
Re

tr
op

er
ito

ne
al

 p
er

fo
ra

tio
n 

by
 th

e 
gu

id
ew

ire
Pr

ec
ut

 +
 E

S
3 

da
ys

N
o

N
o

♂
, 5

2y
pa

nc
re

at
ic

 c
an

ce
r

ES
-r

el
at

ed
 re

tr
op

er
ito

ne
al

 d
uo

de
na

l p
er

fo
ra

tio
n

ES
5 

da
ys

Pe
rc

ut
an

eo
us

 d
ra

in
ag

e 
of

 
ab

sc
es

s
N

o

♀
, 6

4y
hi

la
r c

ho
la

ng
io

ca
rc

in
om

a
D

ys
pn

ea
 c

au
se

d 
by

 fr
ee

 a
ir

 in
tr

a-
ab

do
m

in
al

ly
N

o
15

 d
ay

s
Pe

rc
ut

an
eo

us
 d

ra
in

ag
e

Ye
s

♀
, 5

4y
pa

nc
re

at
ic

 c
an

ce
r

Re
tr

op
er

ito
ne

al
 p

er
fo

ra
tio

n 
by

 th
e 

gu
id

ew
ire

; a
cu

te
 

pa
nc

re
at

iti
s a

fte
r 1

7 
da

ys
 

N
o

1 
da

y
N

o
N

o

♂
, 7

8y
pa

nc
re

at
ic

 c
an

ce
r

Re
tr

op
er

ito
ne

al
 fr

ee
 a

ir
 a

t C
T 

an
d 

po
st

-E
RC

P 
pa

nc
re

at
iti

s
Pr

ec
ut

21
 d

ay
s

N
o

N
o

♀
, 7

2y
in

tr
ah

ep
at

ic
 c

ho
la

ng
io

ca
rc

in
om

a
D

uo
de

na
l p

er
fo

ra
tio

n
Pr

ec
ut

18
 d

ay
s

Pe
rc

ut
an

eo
us

 d
ra

in
ag

e 
of

 
ab

sc
es

s
Ye

s

Bl
ee

di
ng

♀
, 7

6y
am

pu
lla

ry
 a

de
no

m
a

H
em

at
em

es
is

 a
nd

 m
el

en
a 

aft
er

 E
M

R
ES

5 
da

ys
N

o
N

o

♀
, 8

5y
pa

nc
re

at
ic

 c
an

ce
r

H
em

at
em

es
is

 a
nd

 m
el

en
a

Pr
ec

ut
 

8 
da

ys
Bl

oo
d 

tr
an

sf
us

io
n

N
o

♀
, 7

7y
pa

nc
re

at
ic

 c
an

ce
r

H
em

ob
ili

a 
aft

er
 c

he
m

ot
he

ra
py

; d
ou

bl
e 

an
tip

la
te

le
t t

he
ra

py
N

o
2 

da
ys

En
do

sc
op

y 
w

ith
ou

t 
in

te
rv

en
tio

n
Ye

s

♀
, 6

6y
pa

nc
re

at
ic

 c
an

ce
r

H
em

ob
ili

a 
an

d 
ch

ol
an

gi
tis

, d
ec

lin
ed

 fu
rt

he
r t

re
at

m
en

t
N

o
8 

da
ys

En
do

sc
op

y 
w

ith
ou

t 
in

te
rv

en
tio

n
Ye

s

♀
, 6

8y
pa

nc
re

at
ic

 c
an

ce
r

H
em

at
em

es
is

Pr
ec

ut
9 

da
ys

En
do

sc
op

y 
w

ith
ou

t 
in

te
rv

en
tio

n 
+ 

ra
di

ot
he

ra
py

N
o



192

Ta
bl

e 
3.

 (c
on

ti
nu

ed
)

Pa
tie

nt
D

es
cr

ip
tio

n
Sp

hi
nc

H
os

p
In

te
rv

en
tio

n
D

ie
d

< 
30

d

♂
, 8

1y
pa

nc
re

at
ic

 c
an

ce
r

H
em

at
em

es
is

N
o

2 
da

ys
N

o
N

o

♂
, 7

0y
he

pa
to

ce
llu

la
r c

ar
ci

no
m

a
H

em
at

em
es

is
ES

1 
da

y
D

ie
d 

th
e 

sa
m

e 
da

y
Ye

s

Sp
hi

nc
 =

 sp
hi

nc
te

ro
to

m
y 

st
at

us
; H

os
p 

= 
du

ra
tio

n 
of

 h
os

pi
ta

liz
at

io
n;

 d
 =

 d
ay

s; 
ES

 =
 e

nd
os

co
pi

c 
sp

hi
nc

te
ro

to
m

y;
 O

TS
C

 =
 o

ve
r-

th
e-

sc
op

e 
cl

ip
; E

M
R 

= 
en

do
sc

op
ic

 m
uc

os
al

 re
se

ct
io

n



193

1

2

3

4

5

6

7

8

9

10

11

&

biliary drainage, either by plastic stent or percutaneous transhepatic tube drainage, had a lower 
risk of pancreatitis (2.4% vs. 11.4%), although not statistically significant (OR 0.19, 95% CI 0.03-
1.42; p=0.11). Patients treated with FCSEMSs and UCSEMSs had a post-ERCP pancreatitis rate 
of 12.9% and 7.2%, respectively (OR 1.91, 95% CI 0.91-3.97; p=0.09). None of these factors were 
statistically significantly associated with post-ERCP pancreatitis in multivariable analysis, nor 
was ES prior to SEMS placement (see table 4 and 5).

Table 4. Risk factors for post-ERCP pancreatitis

PEP incidence
(%)

Univariable analysis
OR (95% CI) P

Gender
 Female (n=178) 9.6 0.84 (0.43-1.65) 0.612
 Male (n=188) 11.2 ref
Age
 < 60 years (n=92) 14.1 1.64 (0.80-3.36) 0.176
 ≥ 60 years (n=274) 9.1 ref
Etiology
 Benign (n=26) 7.7 0.70 (0.16-3.10) 0.642
 Malignant (n=340) 10.6 ref
History of failed biliary cannulation
 Yes (n=34) 5.9 0.51 (0.12-2.24) 0.375
 No (n=332) 10.8 ref
History of pancreatitis
 Yes (n=31) 6.5 0.57 (0.13-2.49) 0.456
 No (n=334) 10.8 ref
Previous biliary drainage
 Yes (n=42) 2.4 0.19 (0.03-1.42) 0.105
 No (n=324) 11.4 ref
Serum bilirubin level
 < 250 µmol/L (n=210) 9.5 0.79 (0.39-1.58) 0.506
 ≥ 250 µmol/L (n=136) 11.8 ref
Antibiotics peri-procedure
 Yes (n=77) 7.8 0.67 (0.27-1.67) 0.395
 No (n=287) 11.1 ref
EUS-FNA of pancreas
 Yes (n=72) 18.1 2.37 (1.15-4.91) 0.020
 No (n=294) 8.5 ref
Pancreatic duct cannulation
 Yes (n=76) 14.5 1.65 (0.78-3.50) 0.193
 No (n=290) 9.3 ref
Pancreatic duct injection
 Yes (n=111) 11.7 1.22 (0.60-2.48) 0.583
 No (n=255) 9.8 ref
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DISCUSSION
In this study, ES prior to biliary SEMS placement did not show a reduced risk of post-ERCP 
pancreatitis, nor in patients who underwent FCSEMS placement. The overall incidence of 10.4% 
suggests that biliary SEMS placement is a high-risk procedure for the development of post-ERCP 
pancreatitis. The role of ES prior to biliary SEMS placement in the prevention of pancreatitis 
seems to be limited. Our findings correspond with the outcomes of a recently published meta-
analysis of randomized and observational studies where no reduction was shown in the risk of 
post-ERCP pancreatitis in patients who had biliary SEMS placement with prior ES (ES 7.5% 
and no ES 7.3%).24 ES was only found to be protective against post-ERCP pancreatitis (1.6% vs. 
6.1%) in patients treated with plastic stents for bile leaks.24 This effect could be mainly attributed 
to the studies using larger (10 Fr) diameter plastic stents. The authors discussed that the higher 
risk of post-ERCP pancreatitis with the use of larger diameter plastic stents could have been 
a result of a stronger axial force causing pancreatic duct obstruction, which would also explain 
the protective effect of widening the ampullary orifice by ES.24

Table 4. (continued)

PEP incidence
(%)

Univariable analysis
OR (95% CI) P

Pancreatic duct stent
 Yes (n=26) 3.8 0.33 (0.04-2.49) 0.281
 No (n=340) 10.9 ref
Precut sphincterotomy
 Yes (n=104) 8.7 0.76 (0.35-1.67) 0.496
 No (n=262) 11.1 ref
Brush cytology
 Yes (n=140) 8.6 0.72 (0.35-1.48) 0.373
 No (n=226) 11.5 ref
Location of stenosis
 Distal / mid CBD (n=337) 10.7 1.62 (0.37-7.07) 0.525
 Subhilar / hilum / intrahepatic (n=29) 6.9 ref
Type of stent
 FCSEMS (n=210) 12.9 1.91 (0.91-3.97) 0.086
 UCSEMS (n=153) 7.2 ref
Stent length
 40 / 60 mm (n=325) 10.5 0.94 (0.31-2.80) 0.904
 80 / 100 mm (n=36) 11.1 ref
ES prior to SEMS placement
 Yes (n=75) 10.7 1.04 (0.46-2.37) 0.928
 No (n=291) 10.3 ref

PEP = post-ERCP pancreatitis; OR = odds ratio; CI = confidence interval; EUS-FNA = endoscopic ultrasound with 
fine needle aspiration; CBD = common bile duct; FCSEMS = fully covered self-expandable metal stent; UCSEMS = 
uncovered self-expandable metal stent; ES = endoscopic sphincterotomy
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The fact that the use of large diameter SEMSs further increases the risk of post-ERCP 
pancreatitis supports this hypothesis. Nevertheless, ES prior to SEMS placement did not prevent 
the occurrence of pancreatitis in the meta-analysis and our current study. The only study that 
reported a significant reduction in post-ERCP pancreatitis after SEMS placement with prior ES 
(9.8% vs. 31.7%) was a RCT including 82 patients with malignant proximal biliary obstruction in 
whom an UCSEMS was placed above the papilla (non-transpapillary).18 The authors speculated 
that procedural techniques could have contributed to the high pancreatitis rate.18 The RCTs 
where a protective effect of ES was absent with the use of SEMSs, all involved patients with 
malignant distal biliary obstruction mainly caused by pancreatic cancer.17, 19 The difference in 
the efficacy of ES in preventing post-ERCP pancreatitis may therefore be explained by the location 
and etiology of the obstruction. In case of distal biliary obstruction caused by pancreatic head 
carcinoma, it is likely that the outflow of pancreatic juices is already affected by the tumor prior 
to ERCP. Therefore, the role of ES in the prevention of post-ERCP pancreatitis in patients with 
malignant distal biliary obstruction is probably limited. The same may be applicable to patients 
with biliary strictures secondary to chronic pancreatitis in whom pancreatic outflow is also 
affected, as reflected by ductal strictures and dilatation in approximately two-thirds of these 
patients.25 The results from a RCT comparing FCSEMS placement and multiple plastic stents for 
the treatment of anastomotic biliary strictures after liver transplantation in 64 patients, suggested 
that ES may be effective in preventing post-ERCP pancreatitis after FCSEMS placement for 
anastomotic biliary strictures.12 The authors noticed a high incidence of pancreatitis (8/16) in 
the first 16 patients treated with FCSEMS placement without ES and changed their practice. 
ES was performed in the next 14 patients, which resulted in only one case of post-ERCP 
pancreatitis.12 In our current study, 85% (312/366) of cases involved patients with malignant 
distal biliary obstruction. Post hoc analyses showed that within this subgroup of patients the risk 
of post-ERCP pancreatitis was 10.7% (6/56) in patients with ES and 10.9% (28/256) in patients 
without ES (p=0.96). Unfortunately, the subgroups of patients with malignant proximal biliary 
obstruction (n=28) and benign biliary strictures (n=26) were too small to draw conclusions. 
So the role of ES prior to biliary SEMS placement in the prevention of post-ERCP pancreatitis 
in patients with malignant proximal biliary strictures and benign biliary strictures remains to  
be elucidated.

Table 5. Multivariable analysis of risk factors for post-ERCP pancreatitis (N = 363)

Odds ratio1

(95% CI) P

Previous biliary drainage (yes) 0.21 (0.03-1.59) 0.13
EUS-FNA of pancreas (yes) 1.91 (0.89-4.09) 0.10
ES prior to SEMS placement (yes) 0.91 (0.39-2.11) 0.83
Type of stent (FCSEMS) 1.63 (0.76-3.53) 0.21

1 Adjusted for previous biliary drainage, EUS-FNA of pancreas, ES prior to SEMS placement and type of SEMS based 
on their potential confounding effect and the strength of the bivariate association with post ERCP-pancreatitis. Values 
below 1 indicate protective effect, values exceeding 1 harmful effect.  



196

As in our study, previous data suggested that the use of FCSEMSs increased the risk of 
post-ERCP pancreatitis in comparison with UCSEMS placement,16 although this association was 
not found in a meta-analysis of RCTs.26 Stratification by SEMS type neither showed a protective 
effect of ES against pancreatitis in patients who underwent FCSEMS placement. The 18.1% 
pancreatitis risk in patients who underwent preceding EUS-FNA of a pancreas mass was also 
a remarkable finding. Acute pancreatitis after EUS-FNA of solid pancreatic masses is considered 
a rare complication (0.3-2.0%).27-29 Two retrospective studies reporting on the diagnostic 
accuracy of EUS-FNA in patients with biliary stents in situ showed a negligible pancreatitis risk 
of 0-0.3%.30, 31 However, as demonstrated by our data, EUS-FNA of a pancreatic mass followed 
by SEMS placement may increase the risk of post-ERCP pancreatitis.

A prospective multicenter cohort study in North America reported the 30-days morbidity 
related to ES, including 5.4% pancreatitis, 2.0% hemorrhage, 0.3% perforation and 0.4% 
mortality directly or indirectly related to the procedure in a total of 2347 consecutive patients 
who were subjected to ES.32 That ES is not without risks has also been demonstrated in the RCT 
by Artifon et al. where patients with malignant distal biliary obstruction randomized to covered 
SEMS placement with ES developed (mild) bleeding in 13.5% (5/37) and duodenal perforation 
in 10.8% (4/37).17 A multivariable analysis of risk factors for post-ERCP complications in almost 
11.500 ERCP procedures also showed that ES significantly increased the risk of bleeding (OR 
4.71).7 Based on our study results and the previously discussed evidence, we believe that there is 
currently no clear indication for standard ES prior to SEMS placement in patients with malignant 
distal biliary obstruction. The results from the currently running international Sphinx trial 
(Dutch Trial Register: NTR5270) are awaited to provide further evidence for the role of ES prior 
to biliary SEMS placement in these patients.

Our study is mainly limited by its retrospective design, which implies that our results rely 
on the quality of the documentation in the electronic medical records and that procedures and 
follow-up were not standardized. To adjust for patient selection we performed a propensity 
score matched analysis. With this statistical method the observed baseline variables of patients 
with the same propensity scores were comparable, as demonstrated in table 1, indicating that 
there was appropriate adjustment for the observed, potentially confounding, variables.

In conclusion, patients requiring biliary SEMS placement had a high risk of post-ERCP 
pancreatitis of 10.4%. ES prior to biliary SEMS placement did not reduce this risk. We therefore 
believe that there is currently no clear indication for standard ES prior to biliary SEMS placement.
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ABSTRACT
Background: Recent studies suggest there is a substantial risk of perforation following colorectal 
stent placement.

Objective: To identify risk factors for perforation from colonic stenting.

Design: A meta-analysis of 86 studies published between 2005 and 2011.

Setting: Multi-center review.

Patients: All patients who underwent colorectal stent placement.

Intervention: Colorectal stent placement.

Main outcome measurements: The occurrence of perforation with subgroup analyses for 
stent design, stricture etiology, stricture dilation, concomitant chemotherapy, including use  
of bevacizumab.

Results: 4086 patients underwent colorectal stent placement; perforation occurred in 207. 
Meta-analysis revealed an overall perforation rate of 7.4%. Of the nine most frequently used 
stent types, the WallFlex, the Comvi and the Niti-S D-type had a higher perforation risk 
(>10%). A lower perforation rate (<5%) was found for the Hanarostent and the Niti-S Covered. 
Stenting benign strictures was associated with a significantly increased perforation rate of 18.4% 
compared to 7.5% for malignant strictures. Dilation did not increase the risk of perforation: 
8.5% vs 8.5% without dilation. The subgroup of post-stent placement dilation had a significantly 
increased perforation risk of 20.4%. With a perforation rate of 12.5% bevacizumab-based 
therapy was identified as a risk factor for perforation, while chemotherapy without bevacizumab 
was 7.0% and not increased compared to the group without concomitant therapies during stent  
therapy (9.0%).

Limitations: Heterogeneity; considerable proportion (>20%) data is unavailable for  
subgroup analysis.

Conclusions: The perforation rate of colonic stenting is 7.4%. Stent design, benign etiology and 
bevacizumab were identified as risk factors for perforation. Intraprocedural stricture dilation 
and concomitant chemotherapy were not associated with an increased risk of perforation.
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INTRODUCTION
The use of self-expandable metal stents (SEMSs) for colorectal obstruction has evolved over 
the past decades. Their applications have extended to the management of acute malignant 
colorectal obstruction, palliation of inoperable obstructing colorectal cancer and for treatment 
of benign colonic strictures.1, 2 In setting of emergency acute colorectal obstruction colorectal 
SEMS placement has several advantages over surgery. SEMS placement allows (1) the possibility 
to improve the patient’s clinical condition to allow for elective surgery (also referred to as ‘bridge 
to surgery’) and (2) accurate tumor staging to prevent surgery in patients with incurable disease 
or those with an unacceptable surgical risk.3 The potential benefits mentioned following SEMS 
placement are decreased mortality, morbidity, number of temporary and permanent colostomies 
and hospital stay. These benefits are supported by several uncontrolled and comparative studies.4-

12 However, some recently published randomized controlled trials failed to confirm advantages 
of SEMS placement over surgery for patients with malignant colonic obstruction.13-16

Clinical failure following successful colorectal SEMS placement is mainly caused by stent 
occlusion (16%), stent migration (uncovered SEMSs 3-12% and covered SEMSs 30-50%) and 
perforation of the tumor and/or normal colonic wall.17 The latter is the most feared complication 
of colonic stenting because of its serious consequences. According to current literature 
perforation occurs in 3.8-6.9% of the patients undergoing colonic stent placement,18-20 requires 
surgical management in the majority of patients (73%) and leads to death in 16.3% of cases.21 
Despite the severity of this complication, details on perforation are poorly reported in literature. 
Therefore little is known about the etiology of colonic perforation in patients undergoing 
colonic stent placement. Van Hooft et al.13 prematurely closed their randomized study due to 
an unexpected high perforation rate in the SEMS group compared to the surgical group and 
suggested the type of stent and administration of chemotherapy could have played a causative 
role. Cennamo et al.22 reported an increased risk for colonic perforation during bevacizumab-
based therapy. Studies are lacking to definitively confirm the risk factors for colonic perforation 
following SEMS placement. Therefore the primary objective of our study was to extensively 
review the published data and to assess the effects of different types of colorectal stents on 
the occurrence of colonic perforation in patients undergoing colorectal SEMS placement for 
malignant and benign colorectal obstruction. Secondary objectives were to assess the effects of 
chemotherapy, particularly bevacizumab administration, stricture dilation, and the etiology of 
stenosis on the occurrence of perforation.

METHODS
This study was designed as a literature review with additional retrospective data collection and 
a meta-analysis. On March 7, 2011 the MEDLINE database was searched beginning with data 
published from January 2005 forward. Only publications in English were reviewed. To avoid 
missing relevant citations, reference lists of reviews on colonic stenting were also checked.  
Figure 1 shows the selection criteria and the results of the search process. The search and 
selection process was conducted by the first author under the direct supervision of two other 
authors (AR and JvH). The reviewers had no affiliation to other authors, institutions or journals 
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of the articles ultimately included in the analysis. After fulfilment of inclusion criteria, we 
identified four duplicate publications which were excluded.23-26 The study by Kim et al.27 included 
55 patients from the study by Song et al.28 However, both studies were included because they 
described large study populations and reported different cases of perforations.

A total of 86 studies met eligibility criteria and were enrolled into this review. The study 
designs were retrospective (n=46; 53.5%), prospective (n=22; 25.6%), case report (n=7; 8.1%), 
randomized controlled trials (n=5; 5.8%), both retro- and prospective (n=2; 2.3%), and undefined 
in four (4.7%). Malignant lesions were the primary stenting indication in 77 (89.5%) studies, 
while nine (10.5%) focussed on benign colonic stenting. Stents were inserted endoscopically 
under fluoroscopic guidance in 62 (72.1%) studies, purely radiologically in eight (9.3%), purely 
endoscopically in two (2.3%); combinations were used in eleven (12.8%), and the technique 
for stent deployment was not reported in three (3.5%). Study characteristics are presented in 
table 1 (see supplementary material). Data extracted regarding the total study population and 
the specific cases of perforation are depicted in table 2. As previously mentioned, details on 
perforation are poorly reported in literature. When the required data (table 2) were missing 
from publications, the corresponding authors were contacted by email to request these data. 
The data provided in literature were sufficient enough for inclusion in our review in only eight 

 

(colonic OR colorectal OR rectal) AND (obstructive OR obstruction OR 
stenosis OR strictures) AND (stent OR stenting) 

Limitations 
‐ Period: Jan 2005 ‐ Mar 7, 2011 
‐ Language: English 

304 hits

88 articles included 214 articles excluded 
‐ Reviews, guidelines, study protocols 
‐ Irrelevant title/abstract 
‐ No access to journal 
‐ No follow‐up on complications  2 extra inclusions: 

‐ 1 article included from reference list 
‐ 1 article included by one of the authors 

86 articles included 

4 articles excluded for duplicate publications 

Figure 1. MEDLINE search and study selection.
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articles, including six case reports. Therefore, request letters for additional data were sent to 
corresponding authors of the 78 remaining studies. When authors were queried about ‘the site 
of perforation pertaining to the stent’, they could choose one of the following options: proximal 
end of the stent, stent body, distal end of the stent, both ends of the stent, at the site of the stent, 
proximal to the site of the stent, distal to the site of the stent, tumor perforation, cecal perforation 
or unknown. A perforation was considered stent-related when it was reported as such or when 
the end of the stent protruded through the intestinal wall, and stent-unrelated when it was 
reported as such or when the perforation occurred in an area remote from the stent. When 
the relation between perforation and stent was missing, the authors were queried about their 
assessment and could choose from: stent-related, stent-unrelated or unkown. Over a period of 
three months 75.6% (59/78) of the authors responded to our request, we received additional 
data in 59.0% (46/78) and overall required data for analysis were complete in 50.0% (43/86) of 
the included studies. All useful data from the 86 articles supplemented with the provided data 
from the request letters were used for statistical analysis.

Statistical analysis
To determine the pooled stent perforation rate, a meta-analysis was performed. Therefore we 
calculated the natural log (ln(odds)) with its standard error (se ln(odds)) of the perforation rate 
for every separate study using the concerning stent design. These calculations were performed 
with the Microsoft Excel 2002 program, Microsoft Corporation. The ln(odds) with its standard 
error of each study were pooled using Review Manager (RevMan) [Computer program]; version 
5.1. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011. RevMan 
estimated the pooled ln(odds) with 95% confidence interval (CI) by applying weight into every 
separate study, using a fixed model. To assess heterogeneity of the pooled results the I2-test 

Table 2. Data extraction

Total study population Perforation cases

 · Study design
 · Year of publication
 · Country
 · Stricture etiology
 · Deployment technique
 · Patients subjected to a colonic stenting 

procedure
 · Patients receiving a stent for malignant  

and benign indications
 · Patients on concomitant chemotherapy  

and bevacizumab
 · Stricture dilations
 · Types of stents used
 · Perforations

 · Stent type
 · Stent length and diameter
 · Location of the stent in the colon
 · Site of the perforation pertaining to the stent
 · Stricture dilation
 · Stricture etiology
 · Concomitant chemotherapy and bevacizumab
 · Days to perforation
 · Stent relation
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was calculated. Heterogeneity was defined as low, moderate, and high with I2 values of < 25%, 
25-50%, and > 50% respectively.29 Finally, the overall pooled perforation rate of an individual 
stent design with 95% CI was calculated from the overall pooled ln(odds) with 95% CI using 
the Microsoft Excel 2002 program. Secondary endpoints were pooled and analyzed using 
the same method as described above. When a perforation rate related to a specific variable 
was missing, the study was excluded from analysis. To avoid the inclusion of samples with 
a perforation rate of 100%, only series that reported on subgroups of three or more patients were 
included for meta-analysis. In the search for homogeneity among perforation rates of pooled 
studies, meta-analysis was also performed for two subgroups according to the study design: 
retrospective and prospective. Statistical significance was reached when the 95% confidence 
interval of the point estimate for a group did not overlap with the point estimate for the other 
group and vice versa.

RESULTS
Of the 86 studies included a total of 4086 patients underwent colonic stent placement. 3864 
(94.6%) patients had a colonic stent inserted, while in the remaining patients the stent could 
not be placed due to inability to traverse the stricture with the guidewire or to pass the stent 
deployment system across the stenosis (n=176; 4.3%). In some cases it was unclear if the stent 
was deployed (n=46; 1.1%). Colonic perforation occurred in 207 patients. Meta-analysis showed 
an overall perforation rate of 7.4% (95% CI 6.5-8.5%) with high heterogeneity (I2=52%) between 
the reported perforation rates. Further details on the overall study population are summarized 
in table 3.

Perforation rates based on stent type
The characteristics of the 207 cases of perforation are presented in table 4. Colonic perforation 
occurred after a median of 3 days (range 0-960 days) after stent placement and was deemed stent-
related in 44.9% (93/207). Nine different types of colorectal stents were used most frequently: 
the Bard Memotherm colorectal stent (Angiomed; now Conmed, Swindon, UK), the Comvi 
Stent (Taewoong Medical Co, Gimpo, South Korea), the Dual Stent (S&G Biotech, Seoul, Korea), 
the Enteral Wallstent (Boston Scientific, Natick, Massachusetts, USA), the Hanarostent (M.I. 
Tech, Seoul, Korea), the Niti-S Covered colorectal stent (Taewoong Medical Co), the Niti-S 
D-type colorectal stent (Taewoong Medical Co), the Ultraflex Precision colonic stent (Boston 
Scientific) and the WallFlex colonic stent (Boston Scientific). Three studies using the Bard 
Memotherm stent were excluded due to missing data on causes of perforation.30-32 Meta-analyses 
showed perforation rates varying from 3.1% to 10.9% (figure 2). Two groups could be identified 
that differed significantly: stent designs with a high perforation rate (> 10%) versus designs with 
a low perforation rate (< 5%). High perforation rates were found for the WallFlex (10.9%, 95% 
CI 7.4-16.0%), the Comvi (10.8%, 95% CI 4.4-24.2%) and the Niti-S D-type (10.3%, 95% CI 
5.7-18.1%). The Hanarostent (4.7%, 95% CI 2.8-7.9%) and the Niti-S Covered (3.1%, 95% CI 
1.1-8.6%) were found to have a low perforation risk. See figure 2 for details.
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Table 3. Baseline characteristics of patients undergoing stent placement

Characteristics Total %

Patients undergoing stent placement procedure 4086 100
 Patients having a colonic stent inserted 3864 94.6
 Inability to pass the stricture¶ 176 4.3
 Unclear if stent was deployed 46 1.1
Reported perforations 207 5.1
Etiology of patients receiving stent
 Malignant stenosis 3982 97.5
 Benign stenosis 104 2.5
Concomitant treatment
 None 1433 35.1
 Patients on chemotherapy without bevacizumab 637 15.6
 Patients on chemotherapy with bevacizumab 86 2.1
 Missing data 1930 47.2
Stricture dilation
 None 2511 61.5
 Stricture dilation 335† 8.2
  Intraprocedural pre-stent dilations 146 3.6
  Intraprocedural post-stent dilations 190 4.7
  Endoscopic reintervention dilations 25 0.6
 Missing data 1240 30.3
No. of stents inserted into the colon 4221
 Uncovered stents 3114 73.8
 Covered stents 633 15.0
 Missing data 474 11.2

¶ with guidewire or stent delivery system due to non-negotiable stricture or tortuous anatomy
† patients undergoing intraprocedural pre- and poststenting dilation (n=19), patients undergoing intraprocedural 
dilation and reintervention dilation (n=7)

Figure 2. Meta-analysis of perforation rate per stent design.
* Excluded from analysis due to small numbers and heterogeneous data; R = number of retrospective 
studies; P = number of prospective studies
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Table 4. Perforation characteristics (N = 207)

Characteristics Perforations (N) %

Days until perforation (n=176, missing n=31)
 Median 3 days (range 0-960 days)
 0 days 51 29.0
 1-3 days 41 23.3
 4-7 days 25 14.2
 8-14 days 19 10.8
 15-30 days 12 6.8
 > 30 days 28 15.9
Description of perforation
 No descriptive details 139 67.1
 Procedure-related 32 15.5
 Guidewire perforation 8 3.9
 Reintervention-related 2 1.0
 Multiple stents in situ 8¥ 3.9
 Silent perforation 15¥ 7.2
 Fractured stent 1 0.5
 Migrated stent 1 0.5
 Perforation after re-stenting 1 0.5
 Stent transversely inserted 1 0.5
Stent-related perforation
 Yes 93 44.9
 No 47 22.7
 Unknown 67 32.4
Stent length (n=122, missing n=85)
 Median 90 mm (range 40-160 mm)
 < 90 mm 47 38.5
 90 mm 42 34.4
 > 90 mm 33 27.0
Stent diameter (n=122, missing n=85)
 Median 22 mm (range 18-30 mm)
 < 22 mm 12 9.8
 22 mm 53 43.4
 > 22 mm 57 46.7
Stent location in colon (n=158, missing n=49)
 Rectum 8 5.1
 Rectosigmoid junction 39 24.7
 Sigmoid 70 44.3
 Sigmoid-descending junction 6 3.8
 Descending colon 13 8.2
 Splenic flexure 3 1.9
 Transverse colon 8 5.1
 Hepatic flexure 1 0.6
 Ascending colon 2 1.3
 Not applicable† 8 5.1
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Identification of risk factors
Stricture etiology
The etiology of the stricture was malignant in 97.5% and benign in 2.5% (table 3). 89.9% (186/207) 
of perforations occurred in patients with a malignant stenosis, 5.3% (11/207) in patients with 
a benign stenosis and in 4.8% (10/207) of cases in which the stricture etiology could not be 
defined due to missing data. In the meta-analysis patients with benign strictures were found to 
have a significantly higher rate of perforation compared to patients with malignant strictures, 
18.4% (95% CI 10.0-31.2%; I2=20%) versus 7.5% (95% CI 6.5-8.6%; I2=53%) respectively  
(figure 3).

Stricture dilation
Data on the use of stricture dilation during the course of stent therapy was identified in 2846 
(69.7%) patients. Stricture dilation was performed in 11.8% (335/2846) of patients and determined 
to be 1) intraprocedural pre-stent placement, 2) intraprocedural post-stent placement, or 3) 
as reintervention with the stent in situ. Twenty-six patients underwent stricture dilation for 
more than one of the above scenarios as presented in table 3. 13.5% (28/207) of perforations 
occurred when stricture dilation was performed, including intraprocedural pre-stent dilation 

Table 4. (continued)

Characteristics Perforations (N) %

Site of reported perforation (n=170, missing n=37)
 Proximal end of the stent 23 13.5
 Stent body 8 4.7
 Distal end of the stent 9 5.3
 Both ends of the stent 6 3.5
 At the site of the stent 24 14.1
 Tumor perforation 38 22.4
 Cecal perforation 16 9.4
 Proximal to stent 11 6.5
 Distal to stent 2 1.2
 Unkown 25 14.7
 Guidewire perforations 8 4.7

¥ one patient with a silent perforation had multiple stents inserted

Figure 3. Meta-analysis of perforation rate for stricture etiology.
R = number of retrospective studies; P = number of prospective studies
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n=8, intraprocedural post-stent dilation n=12, reintervention dilation with stent in situ n=4 and 
dilation unspecified n=4. Meta-analysis (figure 4) showed no statistically significant difference 
in perforation when stricture dilation was performed: 8.5% (95% CI 5.5-12.8%; I2=25%) versus 
a perforation rate of 8.5% (95% CI 7.2-10.0%; I2=60%) when no dilation was performed.  
However, the subgroup of patients who underwent postprocedural reintervention dilation with 
the stent in situ had a significantly increased perforation risk of 20.4% (95% CI 6.5-48.8% with 
I2=0%) compared to the non-dilation group. Details are presented in figure 4.

Concomitant chemotherapy
In 2156 (52.8%) patients it was explicitly mentioned whether chemotherapy was administered. 
29.5% (637/2156) of patients received chemotherapy without bevacizumab during stent therapy, 
4.0% (86/2156) received a bevacizumab (Avastin®) based regimen and 66.5% (1433/2156) of 
patients did not receive concomitant therapy. In the 207 cases of perforation, 44.0% (91/207) 
occurred in patients without concomitant chemotherapy, 13.0% (27/207) were in patients receiving 
concomitant chemotherapy, 5.3% (11/207) were in patients on concomitant bevacizumab-based 
therapy and in 37.7% (78/207) of perforations the use of concomitant therapy was unknown. In 
meta-analysis (figure 5), concomitant chemotherapy without bevacizumab was associated with 
a significantly lower perforation rate of 7.0% (95% CI 4.8-10.0%; I2=5%) compared to 9.0% (95% 
CI 7.2-11.1%; I2=52%) when no concomitant therapy was administered during stent therapy. 
The perforation risk of bevacizumab-based chemotherapy (12.5% [95% CI 6.4-22.8%]; I2=0%) 
was significantly increased compared to the “no concomitant therapy” group.

Figure 4. Meta-analysis of perforation rate for stricture dilation.
R = number of retrospective studies; P = number of prospective studies

Figure 5. Meta-analysis of perforation rate for concomitant therapy.
R = number of retrospective studies; P = number of prospective studies
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DISCUSSION
This meta-analysis of colorectal stent data revealed significant differences in perforation 
outcome between the most frequently used stent designs. The primary objective of this analysis 
was to identify the perforation rates between different stent designs, and the impetus was 
based on the trial by Van Hooft et al.13 The authors speculated there was a correlation between 
the WallFlex colonic stent and the unexpectedly high number of perforations. Indeed, our 
meta-analysis showed the WallFlex as a type of stent associated with a higher risk (> 10%) 
of perforation. However, recently published results of a large multicenter prospective cohort 
using the WallFlex colonic stent did not support this and showed lower perforation rates of 
3.0-5.1%.33-35 The one caveat is the relatively short follow-up in which maximum follow-up of 
12 months was reached in only 14.1% of patients.35 A recently published randomized controlled 
trial from Korea also showed a WallFlex perforation rate of 5.6% (4/71).36 Other stent designs 
associated with a higher perforation risk in our meta-analysis were the Niti-S D-type and 
the Comvi Stent. Compared to the stent designs with lower perforation rates (Hanarostent 
and Niti-S Covered), we could not find striking differences between stent designs to explain 
perforations. All stents are made of a woven Nitinol frame. The WallFlex has a proximal flange, 
just as the Niti-S Covered has at both ends, to minimize migration. All stents have looped 
ends to prevent tissue injury. The percentage of foreshortening during expansion of the stent 
differs within both groups.3 Differences among expansive force of the stents could be of some 
importance, however, to our knowledge no data are available on the radial and longitudinal forces 
of the stents considered in our study. Though of interest, the correlation between stent diameter 
and perforation could not be analyzed because of insufficient data in literature. The finding that 
the majority of perforations occurred within the first days post stent placement is in accordance 
with literature.19, 21 This raises the suspicion that a significant amount of perforations result from 
stent placement itself. In our review however, procedural perforations were reported in 19.4% 
of cases, including eight (3.9%) guidewire perforations. It could be that the remaining group of 
early perforations was caused by failure of adaptation of the colonic wall to the expanding forces 
of the stent. Regarding the different stent designs, perforation within the first week post stent 
placement varied from 65.2-100% with exception of the WallFlex (36.4%; 8/22) and the Comvi 
Stent (25.0%; 1/4). The relatively high occurrence of delayed perforations with the WallFlex 
suggests that a difference in duration of follow-up between stent designs could have influenced 
the perforation rate, since longer follow-up may identify more delayed perforations.

We identified an increased risk of perforation in patients with benign strictures compared 
to malignant strictures. More recent publications reporting on the application of SEMSs in 
the treatment of benign colorectal strictures do not report increased perforation rates.37-40 These 
series mainly included anastomotic and Crohn’s disease strictures rather than diverticular 
strictures, and all conclude the application of SEMSs to be safe for these indications. Our benign 
strictures included were mainly diverticular.41-43 These strictures might be more susceptible to 
perforation during stent therapy than anastomotic and Crohn’s strictures. An explanation for 
this could be that diverticular strictures contain more active inflammation which weakens 
the bowel wall, while anastomotic stenoses are fibrotic rings and Crohn’s strictures usually 
develop after remission of the disease activity and are typically associated with fibrotic enteral 
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wall thickening. In case series using the SX-ELLA biodegradable stent (ELLA-CS, Hradec 
Kralove, Czech Republic) for anastomotic and Crohn’s strictures colonic perforation did  
not occur.44-46

Stricture dilation before stent placement is believed to cause an increased risk of colonic 
perforation, though our meta-analysis did not confirm this. The increased risk found in 
literature is mainly based on the results of two pooled analyses with data from before the year 
2004.19, 47 Khot et al.47 reported a pooled perforation rate of 9.5% (10/105) in the dilation group, 
while we found a pooled perforation rate of 6.2% (19/308). Differences in characteristics of 
the stenosis and/or diameter and dilation techniques might explain this disparity. The hypothesis 
of dilation-related perforation has been studied by Tanaka et al.48 They investigated the effect of 
balloon dilation in excised colorectal cancer specimens by slowly inflating an 18 mm balloon 
and maintaining maximum diameter for one minute. Perforation occurred in 17% (8/47). They 
found the stenoses of specimens in which perforation occurred were of greater annularity, 
smaller diameter and had more peritumoral fibrosis. We found a significantly increased 
perforation risk for the subgroup of postprocedural reintervention dilation, which was usually 
performed because of stent reocclusion by tumor ingrowth. A possible explanation could be that 
the expanding tumor process weakens the bowel wall, making it more vulnerable to perforation. 
We therefore dissuade the performance of reinterventional dilation in colonic stenting.

We found a reduced risk of perforation when concomitant non-bevacizumab based 
chemotherapy was administered during stent treatment. It has been speculated that 
chemotherapy could contribute to perforation from colonic stenting because of the destructive 
effect on the proliferating cancer cells in the bowel wall.13, 49 We do not have an explanation for 
this finding and because of the small difference in perforations, we do not consider chemotherapy 
without bevacizumab to be clinically relevant. In this meta-analysis a higher perforation rate 
was seen in patients receiving concomitant bevacizumab compared to the population without 
concomitant therapy (12.5% vs 9.0%). Bevacizumab, a monoclonal antibody that binds to 
vascular endothelial growthfactor, results in reduced and delayed angiogenesis. It is known 
to increase the risk of gastrointestinal perforation in patients with various types of cancer.50 
A more recent series reporting on bevacizumab therapy during colonic stent placement also 
found increased incidences of perforation.51 The previous data indicate that bevacizumab-
based therapy should be always considered with great caution or avoided if possible in patients 
previously treated with colonic stenting.

This meta-analysis of literature data has several limitations. First, data on perforation were 
insufficient in the vast majority of included studies. Even after the data collected from the request 
letters, a significant number of studies were excluded from analyses. Second, to collect a large 
series of perforations all studies on colonic stent placement, regardless of study design, were 
included. Therefore, the aggregated data presented in this review are based on heterogeneous 
patient populations. The heterogeneity shown as the I2-test in the meta-analyses is based on 
the difference in perforation rates between the included studies, but does not provide details 
about the differences in patient populations. When results are presented with moderate to high 
heterogeneity in combination with a large range in the 95% confidence interval, one must be 
cautious with the interpretation of the findings. Third, the statistical model does not correct 
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for confounders. Therefore, if two variables influenced the outcome of perforation, their effect 
was biased by confounding. An individual patient data meta-analysis would be the next step 
to disentangle the independent contributions of predictors of perforation. Fourth, it is difficult 
to precisely define whether a perforation is stent-related. In cases where the wires at the stent 
ends protrude through the tumor-free intestinal wall, a relation to the stent can be assumed. 
However, a perforation in the tumor area at the body of the stent could be a consequence 
of the expanding tumor process or may be caused by the stent. This makes it challenging to 
directly relate perforation to stent design. We suggest that future research studies distinguish 
perforations in a manner proposed by Baron et al. “(1) guidewire or catheter malpositioning, 
(2) dilation of the stricture before or after stent placement, (3) stent-induced perforation 
(subclassified as tumor and nontumor local perforation), (4) caused by proximal colonic 
distention away from the site of stent placement because of inadequate colonic decompression 
or excessive air insufflation.”3 Lastly, this meta-analysis was based largely on observational 
studies given the paucity of randomized controlled trials on colonic stenting. Therefore, 
there is the possibility of an unmeasured confounder influencing our results. Irrespective of 
the aforementioned limitations, the choice to perform this meta-analysis provides a possible 
estimation of perforation incidence and outcome from available published data. Instead of 
a pooled analysis where all data from studies is simply accumulated, a meta-analysis applies 
weight to the studies according to population size and number of events, providing an insight 
in heterogeneity.

In conclusion, this extensive literature review provides insight into perforation following 
colorectal stent placement. These aggregated data show that the perforation rate following 
colonic stent placement is 7.4%. In the search for risk factors we found significant differences 
in perforation between the most frequently used stent designs. Benign strictures, specifically 
diverticular, and bevacizumab-based chemotherapy for malignant strictures increase the risk 
of perforation. Stricture dilation and concomitant chemotherapy were not identified as risk 
factors. Perforation in the subgroup of postprocedural reintervention dilation was almost 
three-fold increased compared to the non-dilation group. To learn more about perforation 
in colorectal stenting we call for more detailed reporting on perforation in future research, 
including subgroup analyses, pathological reports and further data on the circumstances in 
which perforation occurs.
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SUPPLEMENTARY MATERIAL

Supplementary table 1. Study characteristics

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Abbas 200952 USA CR 2 6 and 22mo B Endo/fluor 0 Polyflex 4 0 0 0 0
Alcantara 200753 Spain P 95 BTS: 5d (3-30)

PAL: missing
M: 92
B: 3

Fluoroscopic 0 Wallstent 21
Esophacoil 5
Hanarostent 32
Wallflex 45

4 (4.2) missing missing missing

Al Samaraee 201054 UK R 38 BTS: 20d (2-69)
PAL: 315d

M Endo/fluor 3 (7.9) Wallstent 37 1 (2.6) missing missing missing

Athreya 200630 UK R 102 Survival:
(14d-2y)

M: 99
B: 3

Fluor 67
Endo/fluor 20

15 (14.7) Memotherm 66
Wallstent 26
Ultraflex 2

4 (3.9) Intrapr mis
Reint 1 (1.0)

missing missing

*Baerlocher 200855 Canada R 11 mean 81.9d (5-352) M Fluoroscopic 2 (18.2) Ultraflex 2
Wallflex 9
Unkown 4

0 0 0 0

Baraza 200856 UK P 63 (2d-40mo) M Endo/fluor missing Niti-S covered 3
Niti-S D-type (mis)
Memotherm (mis) Total 63

1 (1.6) Intrapr 0 10 (15.9) missing

*Bielawska 201057 Canada R 30 mean 15.2mo (6-26) M Endo/fluor 0 Wallflex 31
Wallstent 2

0 0 10 (33.3) 0

*Branger 201058 France P 93 BTS: 15mo (12-42)
PAL: 7mo (3d-37mo)

M Endo/fluor 3 (3.2) Hanarostent 68
Wallstent 25

3 (3.2) Intrapr 93 (100)
Reint 7 (7.5)

0 0

*Brehant 200959 France P 30 BTS: mean 7.5d (5-14) M: 28 
B: 2

Endo/fluor 3 (10.0) Wallflex 27 5 (16.7) 0 0 0

*Caceres 200860 USA R 35 7.7mo (3.19-11.9) M Endo/fluor 8 (22.9) Wallstent 29 0 Intrapr 29 (82.9) 27 (77.1) 0
Cennamo 200922 Italy mis 28 BTS: (4-78d)

PAL: 131d (11-324)
M Endo/fluor 0 Wallflex 28 2 (7.1) 0 9 (32.1) 2 (7.1)

Chang 201161 Korea R 77 8mo (3-13) M Fluoroscopic 1 (1.3) Design missing
Total 78

1 (1.3) missing missing missing

*Cheung 200962 China RCT 24 BTS: 10d (2-16) M Endo/fluor 4 (16.7) Wallstent 20 0 0 0 0
Choi 200763 Korea mis 37 mean 116d (3-319) M Fluor 32

Endo/fluor 5
4 (10.8) Choostent cov 21

Choostent unco 12
0 missing missing missing

Chung 200864 Korea R 17 BTS: 7d (2-11) M Endo/fluor 0 Wallflex (mis)
Niti-S D-type (mis)
Niti-S Comvi 1
Total 18

0 missing missing missing

*Crosta 200665 Italy P 24 9.8mo (<1-27) M Endo/fluor 1 (4.2) Wallstent 22
Ultraflex 5
Niti-S covered 1

1 (4.2) 0 18 (75.0) 0

Dafnis 200766 Sweden CR 1 Until death B Endo/fluor 0 Wallstent 5 0 0 1 0

Dai 201067 Germany R 14 mean 41.2mo (3.5-123) B Endo/fluor 0 Polyflex 15
Ultraflex cov 8

0 Reint 3 (21.4)
Intrapr mis

missing missing
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Supplementary table 1. Study characteristics

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Abbas 200952 USA CR 2 6 and 22mo B Endo/fluor 0 Polyflex 4 0 0 0 0
Alcantara 200753 Spain P 95 BTS: 5d (3-30)

PAL: missing
M: 92
B: 3

Fluoroscopic 0 Wallstent 21
Esophacoil 5
Hanarostent 32
Wallflex 45

4 (4.2) missing missing missing

Al Samaraee 201054 UK R 38 BTS: 20d (2-69)
PAL: 315d

M Endo/fluor 3 (7.9) Wallstent 37 1 (2.6) missing missing missing

Athreya 200630 UK R 102 Survival:
(14d-2y)

M: 99
B: 3

Fluor 67
Endo/fluor 20

15 (14.7) Memotherm 66
Wallstent 26
Ultraflex 2

4 (3.9) Intrapr mis
Reint 1 (1.0)

missing missing

*Baerlocher 200855 Canada R 11 mean 81.9d (5-352) M Fluoroscopic 2 (18.2) Ultraflex 2
Wallflex 9
Unkown 4

0 0 0 0

Baraza 200856 UK P 63 (2d-40mo) M Endo/fluor missing Niti-S covered 3
Niti-S D-type (mis)
Memotherm (mis) Total 63

1 (1.6) Intrapr 0 10 (15.9) missing

*Bielawska 201057 Canada R 30 mean 15.2mo (6-26) M Endo/fluor 0 Wallflex 31
Wallstent 2

0 0 10 (33.3) 0

*Branger 201058 France P 93 BTS: 15mo (12-42)
PAL: 7mo (3d-37mo)

M Endo/fluor 3 (3.2) Hanarostent 68
Wallstent 25

3 (3.2) Intrapr 93 (100)
Reint 7 (7.5)

0 0

*Brehant 200959 France P 30 BTS: mean 7.5d (5-14) M: 28 
B: 2

Endo/fluor 3 (10.0) Wallflex 27 5 (16.7) 0 0 0

*Caceres 200860 USA R 35 7.7mo (3.19-11.9) M Endo/fluor 8 (22.9) Wallstent 29 0 Intrapr 29 (82.9) 27 (77.1) 0
Cennamo 200922 Italy mis 28 BTS: (4-78d)

PAL: 131d (11-324)
M Endo/fluor 0 Wallflex 28 2 (7.1) 0 9 (32.1) 2 (7.1)

Chang 201161 Korea R 77 8mo (3-13) M Fluoroscopic 1 (1.3) Design missing
Total 78

1 (1.3) missing missing missing

*Cheung 200962 China RCT 24 BTS: 10d (2-16) M Endo/fluor 4 (16.7) Wallstent 20 0 0 0 0
Choi 200763 Korea mis 37 mean 116d (3-319) M Fluor 32

Endo/fluor 5
4 (10.8) Choostent cov 21

Choostent unco 12
0 missing missing missing

Chung 200864 Korea R 17 BTS: 7d (2-11) M Endo/fluor 0 Wallflex (mis)
Niti-S D-type (mis)
Niti-S Comvi 1
Total 18

0 missing missing missing

*Crosta 200665 Italy P 24 9.8mo (<1-27) M Endo/fluor 1 (4.2) Wallstent 22
Ultraflex 5
Niti-S covered 1

1 (4.2) 0 18 (75.0) 0

Dafnis 200766 Sweden CR 1 Until death B Endo/fluor 0 Wallstent 5 0 0 1 0

Dai 201067 Germany R 14 mean 41.2mo (3.5-123) B Endo/fluor 0 Polyflex 15
Ultraflex cov 8

0 Reint 3 (21.4)
Intrapr mis

missing missing
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Dastur 200868 UK R 19 mean 21 ± 25mo M Endo/fluor 3 (15.8) Wallstent (mis)
Memotherm (mis)
Total 16

1 (5.3) missing 2 (10.5) missing

Davies 200569 UK R 21 12mo (1-30) M Endo/fluor 4 (19.0) Memotherm 17 1 (4.8) missing missing missing
*Donatelli 200870 Italy CR 2 24mo B Endo/fluor 0 Niti-s covered 2 0 0 0 0
Donnellan 201071 Ireland R 43 Survival: 113 and 135d M Endo/fluor 3 (7.0) Wallstent 40 2 (4.7) 0 missing missing
Dronamraju 200972 UK R 16 BTS: mean 6w (1-12)

PAL: 9mo
M Endo/fluor 1 (6.3) Wallstent cov 15 0 missing missing missing

Dulucq 200673 France P 11 BTS: mean 6.2d M Endo/fluor 0 Wallstent 8
Hanarostent 2
Unknown 1 (excl)

1 (9.1) Intrapr 1 (9.1) 1 (9.1) missing

*Elsberger 200874 UK P + R 7 4.3mo (3-12) M Endo/fluor 0 Wallstent 7 0 0 0 0
Faragher 200875 Australia R 29 14mo M Fluor mis

Endo/fluor mis
0 Design missing

Total 33
2 (6.9) missing missing missing

*Fernández-
Esparrach 201076

Spain R 47 130d (4-945) M Endo/fluor 1 (2.1) Wallstent 41
Wallflex 3
Hanarostent 2

5 (10.6) 0 28 (59.6) 0

*Foo 201177 China R 130 BTS: mean 12d (4-69)
PAL: 2mo (1.2-2.7)

M: 129
B: 1

Endo/fluor 0 Wallstent 66
Wallflex 22
Ultraflex 3
Wallstent eso 34
Choostent 5

2 (1.5) missing missing missing

Forshaw 200678 UK R 5 29mo (3-75) B Endo/fluor 0 Wallstent 1
Memotherm 4

0 0 missing missing

*Frago 201079 Spain R 49 4.4mo (0.2-32.0) M missing missing Wallflex 38
Wallstent 7

2 (4.1) 0 37 (75.5) 6 (12.2)

Fregonese 200880 Several
(Europe)

P + R 36 BTS: 11d (7-15) M Fluor mis
Endo/fluor mis

missing Ultraflex 40 4 (11.1) 0 missing missing

Galizia 200881 Italy R 3 16mo (5-61) M missing 0 Design missing
Total 3

1 (33.3) missing 3 (100) missing

*García-Cano
200682

Spain R 175 BTS: 11d (1-149)
PAL: 100d (5-246)

M Endo/fluor 134
Endo 41

7 (4.0) Wallstent 110
Hanarostent 23
Ultraflex 29
Unknown 2

7 (4.0) 0 30 (17.1) 0

Geiger 200883 USA CR 1 9mo B Endo/fluor 0 Polyflex 1 0 Intrapr 1 (100) 0 0
*Im 200884 Korea P 49 mean 331d (23-655) M Endoscopic 0 Hanarostent 51 2 (4.1) 0 23 (46.9) 8 (16.3)

*Iversen 201185 Denmark R 34 BTS: 35d (6-100) M Endo/fluor 0 Wallstent 11
Wallflex 6
Niti-S D-type 4
Unknow 13

4 (11.8) 0 0 0

*Jost 200741 Switzerland R 67 BTS: mean 7.2d (2-22)
PAL: mean 92d 
(10-285)

M: 59
B: 8

Endo/fluor 7 (10.4) Wallstent 73 8 (11.9) Intrapr 10 (14.9)
Reint mis

missing missing
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Dastur 200868 UK R 19 mean 21 ± 25mo M Endo/fluor 3 (15.8) Wallstent (mis)
Memotherm (mis)
Total 16

1 (5.3) missing 2 (10.5) missing

Davies 200569 UK R 21 12mo (1-30) M Endo/fluor 4 (19.0) Memotherm 17 1 (4.8) missing missing missing
*Donatelli 200870 Italy CR 2 24mo B Endo/fluor 0 Niti-s covered 2 0 0 0 0
Donnellan 201071 Ireland R 43 Survival: 113 and 135d M Endo/fluor 3 (7.0) Wallstent 40 2 (4.7) 0 missing missing
Dronamraju 200972 UK R 16 BTS: mean 6w (1-12)

PAL: 9mo
M Endo/fluor 1 (6.3) Wallstent cov 15 0 missing missing missing

Dulucq 200673 France P 11 BTS: mean 6.2d M Endo/fluor 0 Wallstent 8
Hanarostent 2
Unknown 1 (excl)

1 (9.1) Intrapr 1 (9.1) 1 (9.1) missing

*Elsberger 200874 UK P + R 7 4.3mo (3-12) M Endo/fluor 0 Wallstent 7 0 0 0 0
Faragher 200875 Australia R 29 14mo M Fluor mis

Endo/fluor mis
0 Design missing

Total 33
2 (6.9) missing missing missing

*Fernández-
Esparrach 201076

Spain R 47 130d (4-945) M Endo/fluor 1 (2.1) Wallstent 41
Wallflex 3
Hanarostent 2

5 (10.6) 0 28 (59.6) 0

*Foo 201177 China R 130 BTS: mean 12d (4-69)
PAL: 2mo (1.2-2.7)

M: 129
B: 1

Endo/fluor 0 Wallstent 66
Wallflex 22
Ultraflex 3
Wallstent eso 34
Choostent 5

2 (1.5) missing missing missing

Forshaw 200678 UK R 5 29mo (3-75) B Endo/fluor 0 Wallstent 1
Memotherm 4

0 0 missing missing

*Frago 201079 Spain R 49 4.4mo (0.2-32.0) M missing missing Wallflex 38
Wallstent 7

2 (4.1) 0 37 (75.5) 6 (12.2)

Fregonese 200880 Several
(Europe)

P + R 36 BTS: 11d (7-15) M Fluor mis
Endo/fluor mis

missing Ultraflex 40 4 (11.1) 0 missing missing

Galizia 200881 Italy R 3 16mo (5-61) M missing 0 Design missing
Total 3

1 (33.3) missing 3 (100) missing

*García-Cano
200682

Spain R 175 BTS: 11d (1-149)
PAL: 100d (5-246)

M Endo/fluor 134
Endo 41

7 (4.0) Wallstent 110
Hanarostent 23
Ultraflex 29
Unknown 2

7 (4.0) 0 30 (17.1) 0

Geiger 200883 USA CR 1 9mo B Endo/fluor 0 Polyflex 1 0 Intrapr 1 (100) 0 0
*Im 200884 Korea P 49 mean 331d (23-655) M Endoscopic 0 Hanarostent 51 2 (4.1) 0 23 (46.9) 8 (16.3)

*Iversen 201185 Denmark R 34 BTS: 35d (6-100) M Endo/fluor 0 Wallstent 11
Wallflex 6
Niti-S D-type 4
Unknow 13

4 (11.8) 0 0 0

*Jost 200741 Switzerland R 67 BTS: mean 7.2d (2-22)
PAL: mean 92d 
(10-285)

M: 59
B: 8

Endo/fluor 7 (10.4) Wallstent 73 8 (11.9) Intrapr 10 (14.9)
Reint mis

missing missing
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Jung 201086 Korea R 39 111d M Endo/fluor 0 Niti-S covered 5
Hanarostent 1
Wallflex 16
Niti-S D-type 17

2 (5.1) 0 10 (25.6) 0

Karoui 201049 France P 35 6.3mo (0.5-51) M Endo/fluor 0 Design missing
Total 41

2 (5.7) 0 19 (54.3) 0

*Keswani 200987 USA R 49 missing M Endo/fluor 4 (8.2) Wallstent 34
Wallflex 11

3 (6.1) Reint 1 (2.0) 17 (34.7) 3 (6.1)

*Kim 200888 Korea R 42 BTS: (6-41d)
PAL: 62d (0-1014)

M Fluoroscopic 0 Hanarostent 33
Dual Stent 12

0 0 2 (4.8) 0

*Kim 200927 Korea P 122 mean 453d (3-2370) M Fluoroscopic missing Dual stent 124 7 (5.7) Total 56 (45.9)
Intrapr 55 (45.1)
Reint 1 (0.8)

missing missing

*Kim 200989 Korea R 35 BTS: mean 8.6 ± 5.5d M Endo/fluor 0 Niti-s D-type 18
Niti-s covered 13
Wallflex 4

0 0 0 0

*Kim 201090 Korea R 99 BTS: mean 10.3d
PAL: mean 100d 
(2-455)

M Fluoroscopic 1 (1.0) Hanarostent 73
EGIS eso 43

0 0 81 (81.8) 21 (21.2)

Lee 200791 Korea P 80 BTS: missing
PAL: (1-238d)

M Endo/fluor missing Niti-s D-type 59
Niti-s covered 64

1 (1.3) 0 0 0

Lee 201092 USA R 46 mean 126d (2-1210) M Endo/fluor 0 Wallstent 32
Wallflex 14
Ultraflex 6
Polyflex 4

2 (4.3) Intrapr 1 (2.2) missing missing

*Lee 201193 Korea R 71 9.63mo (0.6-43.2) M Endo/fluor 1 (1.4) Wallflex 25
Comvi Stent 19
Niti-s D-type 17
Unknown 9

9 (12.7) 0 49 (69.0) 5 (7.0)

Li 201094 China P 52 BTS: mean 8d (4-11) M Endo/fluor 2 (3.8) Micro-Tech 56 0 0 0 0
Lopes 200895 Brazil R 36 17w (0-138) M Endo/fluor 0 Hanarostent 29

Wallstent 13
Choostent 10

3 (8.3) Intrapr 0
Reint mis

25 (69.4) missing

Mates 200896 Canada CR 1 5mo M Endo/fluor 0 Wallflex 2 0 0 1 (100) 0
Modarai 200897 UK CR 1 Until surgery B Endo/fluor 0 Memotherm 1 1 (100) 0 0 0
Moon 201098 Korea P 68 BTS: 10.8d (5-28)

PAL: (23-847d)
M Endo/fluor 0 Niti-s D-type 37

Comvi Stent 33
1 (1.5) missing missing missing

*Nagula 201099 USA P 38 24w M Endo/fluor 6 (15.8) Wallstent 26
Ultraflex 12

0 missing missing missing

*Park 2010100 Korea RCT 151 (3.6-10.3mo) M Endo/fluor 2 (1.3) Wallflex 75
Comvi Stent 74

0 Reint 1 (0.7) 81 (53.6) 8 (5.3)
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Jung 201086 Korea R 39 111d M Endo/fluor 0 Niti-S covered 5
Hanarostent 1
Wallflex 16
Niti-S D-type 17

2 (5.1) 0 10 (25.6) 0

Karoui 201049 France P 35 6.3mo (0.5-51) M Endo/fluor 0 Design missing
Total 41

2 (5.7) 0 19 (54.3) 0

*Keswani 200987 USA R 49 missing M Endo/fluor 4 (8.2) Wallstent 34
Wallflex 11

3 (6.1) Reint 1 (2.0) 17 (34.7) 3 (6.1)

*Kim 200888 Korea R 42 BTS: (6-41d)
PAL: 62d (0-1014)

M Fluoroscopic 0 Hanarostent 33
Dual Stent 12

0 0 2 (4.8) 0

*Kim 200927 Korea P 122 mean 453d (3-2370) M Fluoroscopic missing Dual stent 124 7 (5.7) Total 56 (45.9)
Intrapr 55 (45.1)
Reint 1 (0.8)

missing missing

*Kim 200989 Korea R 35 BTS: mean 8.6 ± 5.5d M Endo/fluor 0 Niti-s D-type 18
Niti-s covered 13
Wallflex 4

0 0 0 0

*Kim 201090 Korea R 99 BTS: mean 10.3d
PAL: mean 100d 
(2-455)

M Fluoroscopic 1 (1.0) Hanarostent 73
EGIS eso 43

0 0 81 (81.8) 21 (21.2)

Lee 200791 Korea P 80 BTS: missing
PAL: (1-238d)

M Endo/fluor missing Niti-s D-type 59
Niti-s covered 64

1 (1.3) 0 0 0

Lee 201092 USA R 46 mean 126d (2-1210) M Endo/fluor 0 Wallstent 32
Wallflex 14
Ultraflex 6
Polyflex 4

2 (4.3) Intrapr 1 (2.2) missing missing

*Lee 201193 Korea R 71 9.63mo (0.6-43.2) M Endo/fluor 1 (1.4) Wallflex 25
Comvi Stent 19
Niti-s D-type 17
Unknown 9

9 (12.7) 0 49 (69.0) 5 (7.0)

Li 201094 China P 52 BTS: mean 8d (4-11) M Endo/fluor 2 (3.8) Micro-Tech 56 0 0 0 0
Lopes 200895 Brazil R 36 17w (0-138) M Endo/fluor 0 Hanarostent 29

Wallstent 13
Choostent 10

3 (8.3) Intrapr 0
Reint mis

25 (69.4) missing

Mates 200896 Canada CR 1 5mo M Endo/fluor 0 Wallflex 2 0 0 1 (100) 0
Modarai 200897 UK CR 1 Until surgery B Endo/fluor 0 Memotherm 1 1 (100) 0 0 0
Moon 201098 Korea P 68 BTS: 10.8d (5-28)

PAL: (23-847d)
M Endo/fluor 0 Niti-s D-type 37

Comvi Stent 33
1 (1.5) missing missing missing

*Nagula 201099 USA P 38 24w M Endo/fluor 6 (15.8) Wallstent 26
Ultraflex 12

0 missing missing missing

*Park 2010100 Korea RCT 151 (3.6-10.3mo) M Endo/fluor 2 (1.3) Wallflex 75
Comvi Stent 74

0 Reint 1 (0.7) 81 (53.6) 8 (5.3)
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Park 2011101 Korea R 103 (1-630d) M Endo/fluor 0 Wallstent 27
Niti-s D-type 20
Niti-s covered 24
Bonastent 28
Hanarostent 4

1 (1.0) Total 14 (13.6)
Intrapr 13 (12.6)
Reint 1 (1.0)

27 (26.2) 0

*Phillips 2011102 UK R 28 mean 10.7mo 
(5d-28mo)

M: 26
B: 2

missing 1 (3.6) Ultraflex 13
Wallstent 9
Wallflex  2
Memotherm 3
Unknown 2

2 (7.1) missing missing missing

*Pirlet 201115 France RCT 30 BTS: 7d (5-19) M Fluoro 13
Endo/(mis) 17

13 (43.3) Memotherm 15
Wallstent 1

12 (40.0)† 0 0 0

*Pommergaard
200942

Denmark R 45 mean 162.9d
BTS: mean 23.3d

M: 38
B: 7

Endo/fluor missing Wallstent 18
Wallflex 14
Ultraflex 2
Niti-s D-type 3 
Other 4
Unknown 4

5 (11.1) Intrapr 1 (2.2) missing missing

Ptok 2006103 Germany P 48 251d (8-1120) M Endo/fluor 0 Wallstent (mis)
Choostent (mis)
Memotherm (mis)
Total 56

0 missing missing missing

*Rayhanabad 
2009104

USA R 36 11mo (1-42) M: 28
B: 8

Endo/fluor 8 (22.2) Ultraflex (mis)
Wallstent (mis)
Z-stent (mis)
Polyflex (mis)
Ultraflex eso (mis)
Total 41

1 (2.8) Intrapr 4 (11.1) missing missing

*Repici 2007105 Several
(Europe)

P 44 6mo M: 43
B: 1

Fluor mis
Endo/fluor mis

1 (2.3) Ultraflex 47
Wallstent 1

0 Total 8 (18.2)
Intrapr 7 (15.9)
Reint 1 (2.3)

26 (59.1) 3 (6.8)

*Repici 2008106 Italy P 42 BTS: 5.0d (4.4-5.6)
PAL: 208d (93-323)

M Endo/fluor 1 (2.4) Wallflex 48 1 (2.4) 0 missing missing

*Reza 2009107 Iran P 8 Until death M Endo/fluor 0 Niti-s D-type 8 0 Intrapr 8 (100) 6 (75.0) 0
*Shin 2008108 Korea R 39 81d (2-640) M Endo/fluor missing Niti-s covered 19

Niti-s D-type 38
0 missing 14 (35.9) missing

Shrivastava
200831

UK R 91 63d (IQR 20-270) M Fluor 81
Endo/fluor 10

 10 (11.0) Wallflex 37
Memotherm 44

10 (11.0) Reint 2 (2.2) missing missing

*Small 200843 USA R 23 6mo (0.75-75) B Endo/fluor 0 Ultraflex 11
Wallstent 11
Ultraflex eso 4

2 (8.7) Total 5 (21.7)
Intrapr 2 (8.7)
Reint 3 (13.0)

0 0
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Park 2011101 Korea R 103 (1-630d) M Endo/fluor 0 Wallstent 27
Niti-s D-type 20
Niti-s covered 24
Bonastent 28
Hanarostent 4

1 (1.0) Total 14 (13.6)
Intrapr 13 (12.6)
Reint 1 (1.0)

27 (26.2) 0

*Phillips 2011102 UK R 28 mean 10.7mo 
(5d-28mo)

M: 26
B: 2

missing 1 (3.6) Ultraflex 13
Wallstent 9
Wallflex  2
Memotherm 3
Unknown 2

2 (7.1) missing missing missing

*Pirlet 201115 France RCT 30 BTS: 7d (5-19) M Fluoro 13
Endo/(mis) 17

13 (43.3) Memotherm 15
Wallstent 1

12 (40.0)† 0 0 0

*Pommergaard
200942

Denmark R 45 mean 162.9d
BTS: mean 23.3d

M: 38
B: 7

Endo/fluor missing Wallstent 18
Wallflex 14
Ultraflex 2
Niti-s D-type 3 
Other 4
Unknown 4

5 (11.1) Intrapr 1 (2.2) missing missing

Ptok 2006103 Germany P 48 251d (8-1120) M Endo/fluor 0 Wallstent (mis)
Choostent (mis)
Memotherm (mis)
Total 56

0 missing missing missing

*Rayhanabad 
2009104

USA R 36 11mo (1-42) M: 28
B: 8

Endo/fluor 8 (22.2) Ultraflex (mis)
Wallstent (mis)
Z-stent (mis)
Polyflex (mis)
Ultraflex eso (mis)
Total 41

1 (2.8) Intrapr 4 (11.1) missing missing

*Repici 2007105 Several
(Europe)

P 44 6mo M: 43
B: 1

Fluor mis
Endo/fluor mis

1 (2.3) Ultraflex 47
Wallstent 1

0 Total 8 (18.2)
Intrapr 7 (15.9)
Reint 1 (2.3)

26 (59.1) 3 (6.8)

*Repici 2008106 Italy P 42 BTS: 5.0d (4.4-5.6)
PAL: 208d (93-323)

M Endo/fluor 1 (2.4) Wallflex 48 1 (2.4) 0 missing missing

*Reza 2009107 Iran P 8 Until death M Endo/fluor 0 Niti-s D-type 8 0 Intrapr 8 (100) 6 (75.0) 0
*Shin 2008108 Korea R 39 81d (2-640) M Endo/fluor missing Niti-s covered 19

Niti-s D-type 38
0 missing 14 (35.9) missing

Shrivastava
200831

UK R 91 63d (IQR 20-270) M Fluor 81
Endo/fluor 10

 10 (11.0) Wallflex 37
Memotherm 44

10 (11.0) Reint 2 (2.2) missing missing

*Small 200843 USA R 23 6mo (0.75-75) B Endo/fluor 0 Ultraflex 11
Wallstent 11
Ultraflex eso 4

2 (8.7) Total 5 (21.7)
Intrapr 2 (8.7)
Reint 3 (13.0)

0 0
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Small 2010109 USA R 233 BTS: 6d (4-10)
PAL: 33.5d (1-2837)

M Endo/fluor 2 (0.9) Wallstent 129
Ultraflex 101
Wallflex 3
Unknown 34

18 (7.7) Total 25 (10.7)
Intrapr 22 (9.4)
Reint 3 (1.3)

84 (36.1) 26 (11.2)

*Song 200728 Korea P 151 BTS: mean 7d (1-30)
PAL: 152d (108-196)

M Fluor 138
Endo/fluor 13

6 (4.0) Dual Stent 147
PTFE-cov eso 8

16 (10.6) Intrapr 39 (25.8) missing missing

*Soto 2006110 Spain R 62 BTS: mean 7.7d (3-20)
PAL: 197d (13-300)

M Endo/fluor 3 (4.8) Wallstent  63 3 (4.8) 0 26 (41.9) 0

Stefanidis 2005111 USA R 21 BTS: 5d (1-12)
PAL: 11mo (5-15)

M: 19
B: 2

Endo/fluor 16
Fluor 5

4 (19.0) Wallstent 17
Wallstent eso 1

1 (4.8) missing missing missing

Stenhouse 2009112 UK P 72 missing M Endo/fluor 5 (6.9) Wallstent 70
Memotherm 3

2 (2.8) missing missing missing

*Stipa 2008113 Italy mis 31 BTS: mean 11d (1-21)
PAL: mean 3mo (2-10)

M Endo/fluor 0 Ultraflex 31 1 (3.2) Intrapr 31 (100) 3 (9.7) 0

*Súarez 2010114 Spain R 45 7.3mo M Endo/fluor 0 Hanarostent 45 2 (4.4) 0 25 (55.6) 0
Suh 2010115 Korea R 55 211d (151-271) M Endo/fluor 0 Hanarostent 56 1 (1.8) 0 missing missing
*Syn 2005116 UK R 17 (3-197d) M: 14

B: 3
Endo/fluor 2 (11.8) Wallstent 10

Ultraflex 6
Z-stent  1

0 0 6 (35.3) 0

Trompetas 2010117 UK R 11 2mo M Fluoroscopic missing Design missing
Total 5

1 (9.1) missing missing missing

*Tsurumaru
2007118

Japan mis 12 mean 133d (9-534) M Endo/fluor 0 Ultraflex 12 0 0 3 (25.0) 0

*Van Hooft 200813 Netherlands RCT 10 360d (IQR 86-593) M Endo/fluor 1 (10.0) Wallflex 10 6 (60.0) 0 7 (70.0) 1 (10.0)
*Van Hooft
201114

Netherlands RCT 43 BTS: missing M Endo/fluor 8 (18.6) Wallstent 31
Wallflex 8

9 (20.9) 0 1 (2.3) 1 (2.3)

*Varadarajulu
2011119

USA R 12 Until death M Endo/fluor 0 Ultraflex 12 0 missing missing missing

*Varpe 2008120 Finland P 26 mean 178d (3-675) M Endo/fluor 7 (26.9) Ultraflex 16
Hanarostent 3

3 (11.5) 0 11 (42.3) 2 (7.7)

Vemulapalli 2010121 USA R 53 24w (2-196) M Endo/fluor 3 (5.7) Wallstent (mis)
Wallflex (mis)
Total 55

6 (11.3) missing missing missing

Vitale 2006122 Italy P 57 missing M Endo/fluor 3 (5.3) Wallstent 23
Ultraflex 33

1 (1.8) Intrapr 0
Reint mis

missing missing

Wada 2005123 Japan CR 1 32mo B Endoscopic 0 Other 1 1 (100) 0 0 0
Watson 200532 UK R 107 28mo (2w-6y) M: 100

B: 7
Fluoroscopic 5 (4.7) Memotherm 78

Wallstent 2
Ultraflex 2
Wallstent eso 30

2 (1.9) 0 missing missing
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

*Small 2010109 USA R 233 BTS: 6d (4-10)
PAL: 33.5d (1-2837)

M Endo/fluor 2 (0.9) Wallstent 129
Ultraflex 101
Wallflex 3
Unknown 34

18 (7.7) Total 25 (10.7)
Intrapr 22 (9.4)
Reint 3 (1.3)

84 (36.1) 26 (11.2)

*Song 200728 Korea P 151 BTS: mean 7d (1-30)
PAL: 152d (108-196)

M Fluor 138
Endo/fluor 13

6 (4.0) Dual Stent 147
PTFE-cov eso 8

16 (10.6) Intrapr 39 (25.8) missing missing

*Soto 2006110 Spain R 62 BTS: mean 7.7d (3-20)
PAL: 197d (13-300)

M Endo/fluor 3 (4.8) Wallstent  63 3 (4.8) 0 26 (41.9) 0

Stefanidis 2005111 USA R 21 BTS: 5d (1-12)
PAL: 11mo (5-15)

M: 19
B: 2

Endo/fluor 16
Fluor 5

4 (19.0) Wallstent 17
Wallstent eso 1

1 (4.8) missing missing missing

Stenhouse 2009112 UK P 72 missing M Endo/fluor 5 (6.9) Wallstent 70
Memotherm 3

2 (2.8) missing missing missing

*Stipa 2008113 Italy mis 31 BTS: mean 11d (1-21)
PAL: mean 3mo (2-10)

M Endo/fluor 0 Ultraflex 31 1 (3.2) Intrapr 31 (100) 3 (9.7) 0

*Súarez 2010114 Spain R 45 7.3mo M Endo/fluor 0 Hanarostent 45 2 (4.4) 0 25 (55.6) 0
Suh 2010115 Korea R 55 211d (151-271) M Endo/fluor 0 Hanarostent 56 1 (1.8) 0 missing missing
*Syn 2005116 UK R 17 (3-197d) M: 14

B: 3
Endo/fluor 2 (11.8) Wallstent 10

Ultraflex 6
Z-stent  1

0 0 6 (35.3) 0

Trompetas 2010117 UK R 11 2mo M Fluoroscopic missing Design missing
Total 5

1 (9.1) missing missing missing

*Tsurumaru
2007118

Japan mis 12 mean 133d (9-534) M Endo/fluor 0 Ultraflex 12 0 0 3 (25.0) 0

*Van Hooft 200813 Netherlands RCT 10 360d (IQR 86-593) M Endo/fluor 1 (10.0) Wallflex 10 6 (60.0) 0 7 (70.0) 1 (10.0)
*Van Hooft
201114

Netherlands RCT 43 BTS: missing M Endo/fluor 8 (18.6) Wallstent 31
Wallflex 8

9 (20.9) 0 1 (2.3) 1 (2.3)

*Varadarajulu
2011119

USA R 12 Until death M Endo/fluor 0 Ultraflex 12 0 missing missing missing

*Varpe 2008120 Finland P 26 mean 178d (3-675) M Endo/fluor 7 (26.9) Ultraflex 16
Hanarostent 3

3 (11.5) 0 11 (42.3) 2 (7.7)

Vemulapalli 2010121 USA R 53 24w (2-196) M Endo/fluor 3 (5.7) Wallstent (mis)
Wallflex (mis)
Total 55

6 (11.3) missing missing missing

Vitale 2006122 Italy P 57 missing M Endo/fluor 3 (5.3) Wallstent 23
Ultraflex 33

1 (1.8) Intrapr 0
Reint mis

missing missing

Wada 2005123 Japan CR 1 32mo B Endoscopic 0 Other 1 1 (100) 0 0 0
Watson 200532 UK R 107 28mo (2w-6y) M: 100

B: 7
Fluoroscopic 5 (4.7) Memotherm 78

Wallstent 2
Ultraflex 2
Wallstent eso 30

2 (1.9) 0 missing missing
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Young 2011124 Australia P 100 34.5mo (1-64) M: 93
B: 7

Fluor 8
Endo/fluor 92

7 (7.0) Wallstent (mis)
Ultraflex (mis)
Wallflex (mis)
Total 91

5 (5.0) missing missing missing

† one perforation occurred in a nonrandomized patient
* = received additional data
pop. = population; perf. = perforations; concomit. = concomitant; chemo = chemotherapy; bevacizu = bevacizumab; CR = case 
report; P = prospective; R = retrospective; Endo = endoscopic guidance; Fluor = fluoroscopic guidance; M = malignant; 

B = benign; BTS = bridge to surgery group; PAL = palliative group; d = days; w = weeks; mo = months; y = years; mis = missing; 
cov = covered; uncov = uncovered; excl = excluded from analysis; eso = esophageal; Intrapr = intraprocedural stricture dilation 
(pre- or poststenting); Reint = stricture dilation as reintervention with stent in sit
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Supplementary table 1. (continued)

Study Country Design
Stent pop.
(N)

Follow-up with stent 
in situ
Median (range)

Etiology
(N)

Deployment 
technique
(N)

Inability to 
pass stricture
N (%)

Inserted stents
(N)

Perf.
N (%)

Stricture dilation
N (%)

Concomit. chemo
N (%)

Concomit. 
bevacizu
N (%)

Young 2011124 Australia P 100 34.5mo (1-64) M: 93
B: 7

Fluor 8
Endo/fluor 92

7 (7.0) Wallstent (mis)
Ultraflex (mis)
Wallflex (mis)
Total 91

5 (5.0) missing missing missing

† one perforation occurred in a nonrandomized patient
* = received additional data
pop. = population; perf. = perforations; concomit. = concomitant; chemo = chemotherapy; bevacizu = bevacizumab; CR = case 
report; P = prospective; R = retrospective; Endo = endoscopic guidance; Fluor = fluoroscopic guidance; M = malignant; 

B = benign; BTS = bridge to surgery group; PAL = palliative group; d = days; w = weeks; mo = months; y = years; mis = missing; 
cov = covered; uncov = uncovered; excl = excluded from analysis; eso = esophageal; Intrapr = intraprocedural stricture dilation 
(pre- or poststenting); Reint = stricture dilation as reintervention with stent in sit
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ABSTRACT
This Guideline is an official statement of the European Society of Gastrointestinal Endoscopy 
(ESGE). This Guideline was also reviewed and endorsed by the Governing Board of the American 
Society for Gastrointestinal Endoscopy (ASGE). The Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) system was adopted to define the strength of 
recommendations and the quality of evidence.

Main recommendations
The following recommendations should only be applied after a thorough diagnostic evaluation 
including a contrast-enhanced computed tomography (CT) scan.
1. Prophylactic colonic stent placement is not recommended. Colonic stenting should be 

reserved for patients with clinical symptoms and imaging evidence of malignant large-bowel 
obstruction, without signs of perforation (strong recommendation, low quality evidence).

2. Colonic self-expandable metal stent (SEMS) placement as a bridge to elective surgery is 
not recommended as a standard treatment of symptomatic left-sided malignant colonic 
obstruction (strong recommendation, high quality evidence).

3. For patients with potentially curable but obstructing left-sided colonic cancer, stent 
placement may be considered as an alternative to emergency surgery in those who have an 
increased risk of postoperative mortality, i.e. American Society of Anesthesiologists (ASA) 
Physical Status ≥III and/or age >70 years (weak recommendation, low quality evidence).

4. SEMS placement is recommended as the preferred treatment for palliation of malignant 
colonic obstruction (strong recommendation, high quality evidence), except in patients 
treated or considered for treatment with antiangiogenic drugs (e.g. bevacizumab) (strong 
recommendation, low quality evidence).
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INTRODUCTION
Colorectal cancer is one of the most common cancers worldwide, particularly in the economically 
developed world  1. Large-bowel obstruction caused by advanced colonic cancer occurs 
in 8%–13% of colonic cancer patients  2–4. The management of this severe clinical condition 
remains controversial 5. Over the last decade many articles have been published on the subject 
of colonic stenting for malignant colonic obstruction, including randomized controlled trials 
(RCTs) and systematic reviews. However, the definitive role of self-expandable metal stents 
(SEMSs) in the treatment of malignant colonic obstruction has not yet been clarified. This 
evidence- and consensus-based clinical guideline has been developed by the European Society of 
Gastrointestinal Endoscopy (ESGE) and endorsed by the American Society for Gastrointestinal 
Endoscopy (ASGE) to provide practical guidance regarding the use of SEMS in the treatment of 
malignant colonic obstruction. 

With the exception of one trial  6, all published RCTs on colonic stenting for malignant 
obstruction excluded rectal cancers, which were usually defined as within 8 to 10 cm of the anal 
verge, and colonic cancers proximal to the splenic flexure. Rectal stenting is often avoided 
because of the presumed association with complications such as pain, tenesmus, incontinence, 
and stent migration. Proximal colonic obstruction is generally managed with primary surgery, 
although there are no RCTs to support this assumption. Because of the aforementioned 
limitations, unless indicated otherwise the recommendations in this Guideline only apply to 
left-sided colon cancer arising from the rectosigmoid colon, sigmoid colon, descending colon, 
and splenic flexure, while excluding rectal cancers and those proximal to the splenic flexure, and 
other causes of colonic obstruction including extracolonic obstruction.

METHODS
The ESGE commissioned this Guideline (chairs C.H. and J.-M.D.) and appointed a guideline 
leader (J.v.H.) who invited the listed authors to participate in the project development. The key 
questions were prepared by the coordinating team (E.v.H. and J.v.H.) and then approved by 
the other members. The coordinating team formed task force subgroups, each with its own 
leader, and divided the key topics among these task forces (available online, http://www.esge.
com/self-expandable-metal-stents-for-obstructing-colonic-and-extracolonic-cancer.html).

Each task force performed a systematic literature search to prepare evidence-based and well-
balanced statements on their assigned key questions. The coordinating team independently 
performed systematic literature searches with the assistance of a librarian. The Medline, 
EMBASE and Trip databases were searched including at minimum the following key words: 
colon, cancer, malignancy or neoplasm, obstruction and stents. All articles studying the use 
of SEMS for malignant large-bowel obstruction were selected by title or abstract. After further 
exploration of the content, the article was then included and summarized in the literature 
tables of the key topics when it contained relevant data (Tables e1–e5, available online, http://
www.esge.com/self-expandable-metal-stents-for-obstructing-colonic-and-extracolonic-cancer.
html). All selected articles were graded by the level of evidence and strength of recommendation 
according to the GRADE system 7. The literature searches were updated until January 2014.
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Each task force proposed statements on their assigned key questions which were discussed 
and voted on during the plenary meeting held in February 2014, Düsseldorf, Germany. In March 
2014, a draft prepared by the coordinating team was sent to all group members. After agreement 
on a final version, the manuscript was submitted to Endoscopy for publication. The journal 
subjected the manuscript to peer review and the manuscript was amended to take into account 
the reviewers’ comments. All authors agreed on the final revised manuscript. The final revised 
manuscript was then reviewed and approved by the Governing Board of ASGE. This Guideline 
was issued in 2014 and will be considered for review in 2019 or sooner if new and relevant 
evidence becomes available. Any updates to the Guideline in the interim will be noted on 
the ESGE website: http://www.esge.com/esge-guidelines.html.

RECOMMENDATIONS AND STATEMENTS
Evidence statements and recommendations are stated in italics and bold.

General considerations before stent placement (Table e1, available online)
Prophylactic colonic stent placement is not recommended. Colonic stenting should be 
reserved for patients with clinical symptoms and imaging evidence of malignant large-bowel 
obstruction, without signs of perforation (strong recommendation, low quality evidence).

Colonic stenting is indicated only in those patients with both obstructive symptoms 
and radiological or endoscopic findings suspicious of malignant large-bowel obstruction. 
Prophylactic stenting for patients with colonic malignancy but no evidence of symptomatic 
obstruction is strongly discouraged because of the potential risks associated with colonic SEMS 
placement. The only absolute contraindication for colonic stenting is perforation. In addition, 
colonic stenting is less successful in patients with peritoneal carcinomatosis and tumors close to 
the anal verge (<5 cm) 8–10. 

Increasing age and American Society of Anesthesiologists (ASA) classification ≥III do not 
affect stent outcome (i.e. clinical success and complications) in several observational studies 11–16, 
although these are well-known risk factors for postoperative mortality after surgical treatment 
of large-bowel obstruction (Table 6) 17–19.

A contrast-enhanced computed tomography (CT) scan is recommended as the primary 
diagnostic tool when malignant colonic obstruction is suspected (strong recommendation, 
low quality evidence).

When malignant colonic obstruction is suspected, contrast-enhanced CT is recommended 
because it can diagnose obstruction (sensitivity 96%, specificity 93%), define the level of 
the stenosis in 94% of cases, accurately identify the etiology in 81% of cases, and provide correct 
local and distal staging in the majority of patients 5,20. When CT is inconclusive about the etiology 
of the obstructing lesion, colonoscopy may be helpful to evaluate the exact cause of the stenosis.

Examination of the remaining colon with colonoscopy or CT colonography (CTC) is 
recommended in patients with potentially curable obstructing colonic cancer, preferably within 
3 months after alleviation of the obstruction (strong recommendation, low quality evidence).

European studies, including three that are population-based, show that synchronous 
colorectal tumors occur in 3%–4% of patients diagnosed with colorectal cancer 21–24. Therefore, 
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imaging of the remaining colon after potentially curative resection is recommended in patients 
with malignant colonic obstruction. Current evidence does not justify routine preoperative 
assessment for synchronous tumors in obstructed patients by CTC or colonoscopy through 

Table 6. Outcome of surgery according to age and ASA classification

First 
author, 
year Study population Results

Study design
Level of evidence

Tekkis, 
2004 18

Patients undergoing 
surgery for acute 
colorectal cancer 
obstruction (n = 1046)

Multivariate analysis of in-hospital 
postoperative mortality:
 · Age <65 years: 5.4%
 · Age 65–67 years: 13.1%; OR 2.97  

(95%CI 1.26–7.08)
 · Age 75–84 years: 21.9%; OR 4.31  

(95%CI 1.83–10.05)
 · Age ≥ 85 years: 27.0%; OR 5.87  

(95%CI 2.27–15.14)

 · ASA I: 2.6%
 · ASA II: 7.6%; OR 3.32 (95%CI 0.73–15.18)
 · ASA III: 23.9%; OR 11.73  

(95%CI 2.58–53.36)
 · ASA IV–V: 42.9%; OR 22.33  

(95%CI 4.58–109.68)

Nonrandomized 
prospective UK 
multicenter study

High quality 
evidence

Biondo,
2004 17

Patients undergoing 
emergency surgery 
for acute large-bowel 
obstruction (n = 234)

Colorectal cancer 82.1%
Extracolonic cancer 4.7%
Benign lesions 13.2%

Univariate analysis of 30-day postoperative 
mortality:
 · Age ≤70 years: 10.7% (14/131)
 · Age >70 years: 29.1% (30/103); P < 0.001
 · ASA I–II: 8.1% (9/111)
 · ASA III–IV: 28.5% (35/123); P < 0.001

Multivariate analysis of 30-day postoperative 
mortality:
 · Age >70 years: OR 2.05 (95%CI 0.92–4.60)
 · ASA III–IV: OR 2.86 (95%CI 1.15–7.11)

No description 
of study design, 
most likely 
retrospective

Moderate quality 
evidence

Tan,
2010 19

Patients who underwent 
operative intervention 
for acute obstruction 
from colorectal 
malignancy (n = 134)

Perioperative morbidity rate: 77.6%
Perioperative mortality rate: 11.9%
Multivariate analysis of worse outcome (grade 
III–V complications, including death):
 · Age >60 years: OR 4.67  

(95%CI 1.78–12.25)
 · ASA III–IV: OR 8.36 (95%CI 3.58–19.48)

Retrospective 
analysis

Low quality 
evidence
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the stent. However, preoperative CTC and colonoscopy through the stent appear feasible and safe 
in these patients and there are presently no data to discourage their use in this population 25–28. 
The role of positron emission tomography (PET)/CT in the diagnosis of synchronous lesions 
remains to be elucidated 29. 

Colonic stenting should be avoided for diverticular strictures or when diverticular disease 
is suspected during endoscopy and/or CT scan (strong recommendation, low quality evidence). 
Pathological confirmation of malignancy by endoscopic biopsy and/or brush cytology is not 
necessary in an urgent setting, such as before stent placement. However, pathology results 
may help to modify further management of the stented patient (strong recommendation, low  
quality evidence).

When malignancy is suspected after diagnostic studies, a small number of patients will 
have a benign cause of obstruction. Two RCTs comparing SEMS as a bridge to surgery versus 
emergency surgery in patients with left-sided malignant obstruction reported benign obstructive 
lesions in 4.6% (3/65)  30 and 8.2% (8/98)  31 of the randomized patients. These benign colonic 
lesions that mimic malignancy are usually due to diverticular disease. Further evidence of 
the difficulty of this distinction is also reflected by a systematic review showing a 2.1% prevalence 
of underlying adenocarcinoma of the colon in 771 patients in whom acute diverticulitis was 
diagnosed via CT scan 32. Stent placement in active diverticular inflammation is associated with 
a risk of perforation and should therefore be avoided 33. Furthermore, pathological confirmation 
of malignancy before emergency stent placement is often not feasible and is not required prior 
to colonic stent placement. Endoscopic biopsy and/or brush cytology for confirmation of 
malignancy should be obtained during the stent placement procedure, because it may be helpful 
in modifying the further management of the stented patient 34–36.

Preparation of obstructed patients with an enema to clean the colon distal to the stenosis 
is suggested to facilitate the stent placement procedure (weak recommendation, low quality 
evidence). Antibiotic prophylaxis in obstructed patients undergoing colon stenting is not 
indicated because the risk of post-procedural infections is very low (strong recommendation, 
moderate quality evidence).

There are no studies to date that have focused on bowel preparation before stent placement 
in obstructed patients. Symptomatic bowel obstruction is a relative contraindication to oral 
bowel cleansing. An enema is advisable to facilitate the stent placement procedure by cleaning 
the bowel distal to the stenosis.

Antibiotic prophylaxis before stent placement in patients with malignant colonic obstruction 
is not indicated because the risk of fever and bacteremia after stent insertion is very low. One 
prospective study analyzed 64 patients with colorectal cancer who underwent a stent procedure. 
Four of 64 patients (6.3%) had a positive post-stenting blood culture and none of the patients 
developed symptoms of infection within 48  hours following stent placement. Prolonged 
procedure time was associated with transient bacteremia (36 vs. 16 minutes, P < 0.01) 37. One 
other retrospective series of 233 patients undergoing colonic stent placement for malignant 
obstruction described that blood cultures had been drawn for unspecified reasons in 30 patients 
within 2 weeks after stent placement, showing bacteremia/fever in 7 patients (3%), which was 
reported as a minor complication 15.
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Colonic stent placement should be performed or directly supervised by an experienced operator 
who has performed at least 20 colonic stent placement procedures (strong recommendation, low 
quality evidence).

Two noncomparative studies addressed the learning curve of a single endoscopist 
performing colonic stent placement. Both showed an increase in technical success and a decrease 
in the number of stents used per procedure after performance of at least 20 procedures  38,39. 
Two other retrospective series have shown that operator experience affects stenting outcome. 
The first reported significantly higher technical and clinical success rates when the stent 
was inserted by an operator who had performed at least 10 SEMS procedures  16. The second 
showed a significantly increased immediate perforation rate when colonic stent placement was 
performed by endoscopists inexperienced in pancreaticobiliary endoscopy  15. The authors of 
the latter article explained the lower immediate perforation rate by the skills that therapeutic 
ERCP endoscopists have in traversing complex strictures, understanding fluoroscopy, and 
deploying stents 15.

Technical considerations of stent placement (Table e2, available online)
Colonic stent placement is recommended with the combined use of endoscopy and fluoroscopy 
(weak recommendation, low quality evidence).

SEMS placement can be performed by using either the through-the-scope (TTS) or over-
the-guidewire (OTW) technique. The majority of SEMS are inserted through the endoscope 
with the use of fluoroscopic guidance. The OTW technique is performed using fluoroscopic 
guidance with or without tandem endoscopic monitoring. Purely radiologic stent placement 
is performed by advancing the stent deployment system over a stiff guidewire, and technical 
and clinical success rates of 83%–100% and 77%–98%, respectively, have been reported in 
observational studies  40–45. Retrospective studies that compared endoscopy combined with 
fluoroscopic guidance versus solely radiography for stent placement show comparable success 
rates, although with a trend towards higher technical success when the combined technique is 
used 16,46–48.

Stricture dilation either before or after stent placement is discouraged in the setting of 
obstructing colorectal cancer (strong recommendation, low quality evidence).

Although based on low quality evidence with small patient numbers, there are strong 
indications to believe that stricture dilation either just before or after colonic stent placement 
adversely affects the clinical outcome of stenting and particularly increases the risk of colonic 
perforation 8,12,15,49. Pooled analyses, mainly based on retrospective data, also show increased risk 
of perforation after stricture dilation 47,50,51.

Covered and uncovered SEMS are equally effective and safe (high quality evidence). 
The stent should have a body diameter ≥24 mm (strong recommendation, low quality evidence) 
and a length suitable to extend at least 2 cm on each side of the lesion after stent deployment 
(weak recommendation, low quality evidence).

The clinician should be aware of specific features of the chosen stent that may affect 
the patient after insertion. Two meta-analyses comparing covered and uncovered SEMS for 
malignant colonic obstruction found similar technical success, clinical success, and overall 
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complication rates. Uncovered SEMS showed significantly higher tumor ingrowth rates (11.4% 
vs. 0.9%) but were less prone to migrate than covered SEMS (5.5% vs. 21.3%) 52,53.

The diameter of the stent also seems to influence stent outcome. In mainly retrospective 
analyses, the use of small-diameter stents with a body diameter <24  mm was associated 
with the occurrence of complications, in particular stent migration  15,54–56. Stent length was 
not identified in observational studies as a risk factor for adverse stent outcome  8,11,16,45. It is 
recommended to use a stent that is long enough to bridge the stenosis and to extend at least 2 cm 
on each side of the lesion, taking into account the degree of shortening after stent deployment 57. 
Several studies, including one RCT, have shown no difference in outcomes (efficacy and safety) 
based on different stent designs 8,43,58–61.

Surgical resection is suggested as the preferred treatment for malignant obstruction of 
the proximal colon in patients with potentially curable disease (weak recommendation, low 
quality evidence). In a palliative setting, SEMS can be an alternative to emergency surgery 
(weak recommendation, low quality evidence).

Retrospective series have shown that SEMS may be successfully placed in malignant strictures 
located in the proximal colon (i.e. proximal to the splenic flexure) 8,16,62–64. However, these data 
show conflicting results regarding SEMS outcome compared with stent placement in the left-
sided colon 8,11,15,16,45,62,65,66. Emergency resection is generally considered to be the treatment of 
choice for right-sided obstructing colon cancer. In this setting, primary ileocolonic anastomosis 
or ileostomy can be performed depending on the surgical risk of the patient 5,67,68.

SEMS placement is a valid alternative to surgery for the palliation of malignant extracolonic 
obstruction (weak recommendation, low quality evidence). The technical and clinical success 
rates of stenting for extracolonic malignancies are inferior to those reported in stenting of 
primary colonic cancer (low quality evidence).

Large-bowel obstruction caused by extracolonic malignancies is a different entity within 
colonic stenting and has been studied mainly retrospectively. Technical and clinical success 
rates of stenting extracolonic malignancies have been reported to range from 67% to 96% and 
from 20% to 96%, respectively 65,69–75, and are considered inferior to those reported in stenting 
of primary colonic cancer  8,55,70,74. One retrospective comparison of SEMS for extracolonic 
versus primary colonic malignancy showed an increased complication rate in the extracolonic 
malignancy group (33% vs. 9%, P = 0.046), although this finding was not statistically significant 
in the multivariate analysis  74. However, several larger series did not identify obstruction by 
extrinsic compression as a risk factor for complications 8,11,15,70. It is generally advisable to attempt 
palliative stenting of extracolonic malignancies in order to avoid surgery in these patients who 
have a relatively short survival (median survival 30–141 days) 69,70,72,73.

There is insufficient evidence to discourage colonic stenting based on the length of 
the stenosis (weak recommendation, low quality evidence) or the degree of obstruction (strong 
recommendation, low quality evidence).

Few studies investigated the “stentability” of long obstructed segments  58,76,77. However, in 
two retrospective studies that included a total of 240 patients, a better outcome was observed 
when SEMS were inserted in short obstructed segments  55,78. One identified statistically 
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significantly more technical failures (odds ratio [OR] 5.33) and clinical failures (OR 2.40) in 
stenoses >4 cm 55.

The outcomes of SEMS placement for complete obstruction compared with subtotal 
obstruction are reported inconsistently in the literature. One comparative prospective study 
that specifically focused on this topic found similar technical and clinical success rates between 
both groups  79. This was confirmed by more recently published large retrospective series  8,55. 
However, significantly more complications were observed in the complete occlusion group (35% 
and 38% vs. 20% and 22%) in two observational studies 13,15. Furthermore, multivariate analysis 
in one prospective multicenter study, which reported an 11% overall perforation rate, identified 
complete obstruction as a risk factor for perforation (OR 6.88) 80.

Clinical indication: SEMS placement as a bridge to elective surgery  
(Table e3, available online)
Colonic SEMS placement as a bridge to elective surgery is not recommended as a standard 
treatment of symptomatic left-sided malignant colonic obstruction (strong recommendation, 
high quality evidence). For patients with potentially curable left-sided obstructing colonic 
cancer, stent placement may be considered as an alternative to emergency surgery in those who 
have an increased risk of postoperative mortality, i.e. ASA ≥III and/or age >70 years (weak 
recommendation, low quality evidence).

Eight systematic reviews with meta-analysis have been published in the last decade that 
compared preoperative stenting with emergency resection for acute malignant left-sided 
colonic obstruction 81–88. Three of the seven RCTs published to date on this subject 30,31,89–93 were 
prematurely closed, including two because of adverse outcomes in the stent group 30,31 and one 
because of a high incidence of anastomotic leakage in the primary surgery group 92.

The most recent systematic review and meta-analysis evaluated the efficacy and safety 
of colonic stenting as a bridge to surgery (n  =  195) compared with emergency surgery 
(n = 187) and considered only RCTs for inclusion (Table 7) 81. All seven RCTs that focused on 
the postoperative outcome of SEMS and emergency surgery were included in this meta-analysis. 
The mean technical success rate of colonic stent placement was 76.9% (range 46.7%–100%) 81. 
There was no statistically significant difference in the postoperative mortality comparing SEMS 
as bridge to surgery (10.7%) and emergency surgery (12.4%)  81. The meta-analysis showed 
the SEMS group had lower overall morbidity (33.1% vs. 53.9%, P = 0.03), a higher successful 
primary anastomosis rate (67.2% vs. 55.1%, P < 0.01), and lower permanent stoma rate (9% vs. 
27.4%, P < 0.01) 81.

No clear conclusions may be drawn about differences in costs between the two procedures. 
In the two RCTs that compared costs between SEMS as bridge to surgery and emergency surgery, 
stenting seems to be the more costly strategy 91,92. Cost–effectiveness depends on the rate of stent 
complications, in particular perforation, and a greater benefit of stenting is expected in high risk 
surgical patients 94.

From the above data, some advantages of SEMS as a bridge to surgery can be extracted. 
However, this has to be balanced with the oncological outcomes in patients with a curable 
colonic cancer. Potential concerns have been raised about impaired oncological outcome after 
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Table 7. Short-term outcomes of SEMS placement as a bridge to elective surgery

First 
author, 
year Study population Results

Study design
Level of 
evidence

Huang,
2014 81

Patients with acute left-
sided malignant colonic 
obstruction

7 RCTs

Preoperative SEMS 
(n = 195)
Emergency surgery 
(n = 187)

Mean success rate of colonic stent placement: 76.9% 
(46.7%–100%)
Permanent stoma rate (P = 0.002):
 · SEMS as bridge to surgery: 9% (9/100)
 · Emergency surgery: 27.4% (26/95)
 · OR 0.28 (95%CI 0.12–0.62); I2 = 36%

Primary anastomosis rate (P = 0.007):
 · SEMS as bridge to surgery: 67.2% (131/195)
 · Emergency surgery: 55.1% (103/187)
 · OR 2.01 (95%CI 1.21–3.31); I2 = 0%

Mortality rate (P = 0.76):
 · SEMS as bridge to surgery: 10.7% (12/112)
 · Emergency surgery: 12.4% (14/113)
 · OR 0.88 (95%CI 0.40–1.96); I2 = 17%

Overall complication rate (P = 0.03): 
 · SEMS as bridge to surgery: 33.1% (55/166)
 · Emergency surgery: 53.9% (90/167)
 · OR 0.30 (95%CI 0.11–0.86); I2 = 77%

Anastomotic leakage rate (P = 0.47):
 · SEMS as bridge to surgery: 4.1% (8/195)
 · Emergency surgery: 5.9% (11/187)
 · OR 0.74 (95%CI 0.33–1.67); I2 = 27%

Wound infection rate (P = 0.004):
 · SEMS as bridge to surgery: 6.7% (10/150)
 · Emergency surgery: 18.1% (26/144)
 · OR 0.31 (95%CI 0.14–0.68); I2 = 0%

Intra-abdominal infection rate (P = 0.57):
 · SEMS as bridge to surgery: 1.4% (1/73)
 · Emergency surgery: 3.2% (2/63)
 · OR 0.62 (95%CI 0.12–3.19); I2 = 0%

Meta-analysis  
of RCTs

High quality 
evidence

Guo,
2011 100

Patients aged ≥70 years 
diagnosed with acute 
left-sided colonic 
obstruction

SEMS (n = 34)
Surgery (n = 58)

SEMS versus surgery
Overall rate of successful bridging with SEMS: 79%
Mean time to elective surgery: 9 days (range 4–16)
Successful relief of obstruction: 91% vs. 100% (P = 0.09)
Primary anastomosis rate: 79% vs. 47% (P = 0.002)
Temporary stoma rate: 9% vs. 53% (P < 0.001)
Permanent stoma rate: 6% vs. 12% (P = 0.34)
Median length of hospital stay: 19 vs. 14 days (P = 0.06)
Acute mortality rate: 3% vs. 19% (P = 0.03)
Acute complication rate: 24% vs. 40% (P = 0.11)

Retrospective 
comparison

Low quality 
evidence
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SEMS placement in the patient with potentially curable colon cancer, particularly following stent 
perforation. Long-term oncological outcome comparing SEMS as a bridge to elective surgery 
versus acute resection was analyzed by three RCTs (Table 8) 90,92,95. Although the study groups 
were small, with 15 to 26 patients in the stent arms, all three report higher disease recurrence 
rates in the SEMS group. This did not translate into a worse overall survival in any of these 
RCTs, but this may be related to short follow-up and small sample sizes  90,92,95. These results 
are further supported by a larger comparative prospective cohort study showing significantly 
more local disease recurrences in the stent group compared with the primary surgery group in 
patients ≤75 years of age 96. However, no difference in survival was seen between the two groups. 
One retrospective analysis reported a significantly lower 5-year overall survival and significantly 
increased cancer-related mortality in the SEMS as bridge-to-surgery group 97. The use of SEMS 
and the occurrence of tumor perforation were identified to correlate with worse overall survival. 
Follow-up data of the Stent-in 2 trial also showed a significantly higher overall recurrence rate 
in the SEMS group compared with the surgery group (42% vs. 25%), which was even higher in 
the subgroup of patients who experienced stent-related perforation (83%) 95.

The oncological risks of SEMS should be balanced against the operative risks of emergency 
surgery. Because there is no reduction in postoperative mortality and stenting seems to impact 
on the oncological safety, the use of SEMS as a bridge to elective surgery is not recommended 
as a standard treatment for potentially curable patients with left-sided malignant colonic 
obstruction. However, placement of SEMS may be considered an alternative option in patients 
at high surgical risk. The known risk factors associated with adverse outcomes following elective 
as well as emergency surgery in colorectal cancer are increasing age and an ASA score ≥III 3,17–

19,98,99. Therefore, the use of SEMS as a bridge to elective surgery may be considered an acceptable 
alternative treatment option in patients older than 70 years and/or with an ASA score ≥III 100.

A time interval to operation of 5–10 days is suggested when SEMS is used as a bridge to elective 
surgery in patients with potentially curable left-sided colon cancer (weak recommendation, low 
quality evidence).

There are limited data to determine an optimal time interval to operation following stent 
placement as a bridge to surgery. Theoretically, a longer interval (>1 week) will allow for better 
recovery and more nearly optimal nutritional status, but this may increase the risk of stent-
related complications and may compromise surgery by more local tumor infiltration and 
fibrosis. Therefore we suggest a 5- to 10-day interval between SEMS and elective resection. Data 
from the abstract of one RCT (n  =  49) published in Chinese, which compared laparoscopic 
resection 3 and 10  days after stent placement, reported a significantly higher primary 
anastomosis rate and a lower conversion rate to open procedure when surgery was deferred 
until 10 days after stenting 101. A retrospective analysis revealed an anastomotic leakage rate of 
20% (3/15) for an interval of 1 to 9 days and 0% (0/28) when surgery was delayed for 10 days 
or longer (P = 0.037) 102. A published abstract comparing resection within 7 days (n = 26) and 
after 7 days (n = 30) of stent placement, found no differences in the postoperative morbidity and 
mortality 103. In the literature, a median time interval to surgery of 10 days is a common practice 
considering the patient’s clinical condition, potential risk of stent-related complications, and 
impact on oncological outcomes 84.
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Clinical indication: palliative SEMS placement (Table e4, available online)
SEMS placement is the preferred treatment for palliation of malignant colonic obstruction 
(strong recommendation, high quality evidence).

Two meta-analyses, including randomized and nonrandomized comparative studies, have 
compared SEMS (n = 195 and n = 404) and surgery (n = 215 and n = 433) for palliation of 
malignant colonic obstruction (Table  9)  104,105. The technical success of stent placement in 
the studies included ranged from 88% to 100% 6,106, while the initial clinical relief of obstruction 
was significantly higher after palliative surgery (100%) compared with stent placement (93%; 
P < 0.001) 104,105.

Both meta-analyses showed a lower 30-day mortality rate for SEMS, but it was significant 
only in the larger meta-analysis (4% vs. 11%, SEMS vs. surgery, respectively) 105. Placement of 
a SEMS was significantly associated with a shorter hospitalization (10 vs. 19 days) and a lower 
intensive care unit (ICU) admission rate (0.8% vs. 18.0%) 104,105, while permitting a shorter time 
to initiation of chemotherapy (16 vs. 33 days) 105,107. Surgical stoma formation was significantly 
lower after palliative SEMS compared with emergency surgery (13% vs. 54%) 105.

The larger meta-analysis showed no significant difference in overall morbidity between 
the stent group (34%) and the surgery group (38%)  105. Short-term complications did occur 
more often in the palliative surgery group, while late complications were more frequent in 
the SEMS group. Stent-related complications mainly included colonic perforation (10%), stent 
migration (9%) and re-obstruction (18%) 105.

The aforementioned results are supported by other recently published literature, including 
one RCT that was not included in the meta-analyses 11,55,108–114.

There are insufficient data regarding the outcome of stent placement in patients with  
peritoneal carcinomatosis (Table e1(a), available online). One large retrospective study showed 
a significantly lower technical success rate in patients with carcinomatosis compared with 
patients without carcinomatosis (83% vs. 93%) 8. Another series, that focused on the outcomes 
of secondary SEMS insertion after initial stent failure, reported a significantly decreased stent 
patency in the setting of carcinomatosis (118 days vs. 361 days) 115. Despite the lower probability 
of success, SEMS placement may be an alternative to surgical decompression in the setting 
of peritoneal carcinomatosis. However, there is a lack of evidence to underpin a definite 
recommendation on this topic. 

Patients who have undergone palliative stenting can be safely treated with chemotherapy 
without antiangiogenic agents (strong recommendation, low quality evidence). Given the high 
risk of colonic perforation, it is not recommended to use SEMS as palliative decompression 
if a patient is being treated or considered for treatment with antiangiogenic therapy  
(e.g. bevacizumab) (strong recommendation, low quality evidence).

It has been speculated that chemotherapy during stenting might induce stent-
related complications, in particular perforation. Several retrospective series reported an 
increased risk of stent perforation (17%–50%) in patients treated with bevacizumab, an 
angiogenesis inhibitor  15,55,116. A meta-analysis, searching for risk factors of stent perforation 
in a heterogeneous population, found a significantly increased perforation rate in patients 
receiving bevacizumab (12.5%) compared with patients who received no concomitant therapy 
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Table 9. Meta-analyses of palliative SEMS placement

First author, 
year Study population Results

Study design
Level of evidence

Liang,
2014 104

Patients with malignant 
colorectal obstruction 
caused by advanced 
malignancy

3 RCTs
2 Prospective
4 Retrospective

Palliative SEMS 
(n = 195)
Emergency surgery 
(n = 215)

Major stent-related complications:
 · Short-term (<30 days) perforation rate: 3.7%
 · Long-term (≥30 days) perforation rate: 7.6%
 · Overall stent migration rate: 8.9%
 · Re-obstruction: not analyzed.

Successful relief of obstruction: 
 · Palliative SEMS: 94%
 · Surgery: 100%

Short-term (<30 days) complication rate 
(P = 0.22):
 · Palliative SEMS: 26.2% (51/195)
 · Surgery: 34.5% (74/215)
 · OR 0.83 (95%CI 0.39–1.79)

Long-term (≥30 days) complication rate 
(P = 0.03):
 · Palliative SEMS: 16.1% (25/155)
 · Surgery: 8.1% (14/173)
 · OR 2.34 (95%CI 1.07–5.14)

Overall complication rate (P = 0.56):
 · Palliative SEMS: 43.9% (68/155)
 · Surgery: 45.1% (78/173)
 · OR 1.27 (95%CI 0.58–2.77)

Overall mortality rate (P = 0.22):
 · Palliative SEMS: 7.1% (12/169)
 · Surgery: 11.6% (22/189)
 · OR 0.60 (95%CI 0.27–1.34)

SEMS required significantly shorter 
hospitalization: weighted mean difference 
–6.07 days (95%CL –8.40, –3.74); P < 0.01

Systematic 
reviews and 
meta-analysis 
of comparative 
studies

High quality 
evidence

during colorectal stenting (9.0%), while chemotherapy without bevacizumab was not associated 
with an increased risk of stent perforation (7.0%) 51. Despite the lack of evidence, an increased 
perforation risk can reasonably be extrapolated to the newer antiangiogenic agents, aflibercept 
and regorafenib, because of the similar therapeutic mechanism. Therefore, SEMS placement is 
strongly discouraged for patients who are being treated or considered for further treatment with 
antiangiogenic drugs. 

Low quality published evidence showed contradictory results regarding the outcome 
of stenting during chemotherapy  8,11,117. Nevertheless, no clear increase in adverse events 
has been observed with colonic stenting. Palliative chemotherapy in patients with a colonic 
stent is associated with prolonged survival  76,118, and might therefore result in more patients 
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Table 9. (continued)

First author,  
year Study population Results

Study design
Level of evidence

Zhao,
2013 105

Patients with malignant 
colorectal obstruction 
that was unresectable

3 RCTs
5 Prospective
4 Retrospective
1 Case-matched

Palliative SEMS 
(n = 404)
Palliative surgery 
(n = 433)

Mean length of hospital stay (P < 0.001):
 · Palliative SEMS: 9.6 days
 · Surgery: 18.8 days, 

ICU admission rate (P = 0.001):
 · Palliative SEMS: 0.8% (1/119)
 · Surgery: 18.0% (22/122)
 · RR 0.09 (95%CI 0.02–0.38); I2 = 0%

Mean interval to chemotherapy:
 · Palliative SEMS: 15.5 days
 · Surgery: 33.4 days

Clinical relief of obstruction (P < 0.001):
 · Palliative SEMS: 93.1% (375/403)
 · Surgery: 99.8% (433/434)
 · RR 0.96 (95%CI 0.93–0.98); I2 = 3%

In-hospital mortality rate (P = 0.01):
 · Palliative SEMS: 4.2% (14/334)
 · Surgery: 10.5% (37/354)
 · RR 0.46 (95%CI 0.25–0.85); I2 = 0%

Overall complication rate (P = 0.60):
 · Palliative SEMS: 34.0% (137/403)
 · Surgery: 38.1% (172/452)
 · RR 0.91 (95%CI 0.64–1.29); I2 = 66%

Early complication rate (P = 0.03):
 · Palliative SEMS: 13.7% (41/300)
 · Surgery: 33.7% (110/326)
 · RR 0.45 (95%CI 0.22–0.92); I2 = 66%

Late complication rate (P < 0.001):
 · Palliative SEMS: 32.3% (60/186)
 · Surgery: 12.7% (27/213)
 · RR 2.33 (95%CI 1.55–3.50); I2 = 0%

Stent complications:
 · Perforation rate: 10.1%
 · Stent migration: 9.2%
 · Stent obstruction: 18.3%

Overall survival time (P = n.s.):
 · Palliative SEMS: 7.6 months
 · Surgery: 7.9 months

Stoma formation rate (P < 0.001):
 · Palliative SEMS: 12.7% (38/299)
 · Surgery: 54.0% (170/315)
 · RR 0.26 (95%CI 0.18–0.37); I2 = 18%

Systematic 
review and 
meta-analysis 
of comparative 
studies

High quality 
evidence

n.s., not significant
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being exposed to the risk of late stent complications. Suspicion of an association between 
chemotherapy and the occurrence of stent migration due to tumor shrinkage is prompted by 
several retrospective series 43,119,120.

Long-term stent complications are not automatically an argument in favor of palliative 
surgery. The lower short-term mortality and the early start of chemotherapy because of SEMS 
should not be disregarded.

Adverse events related to colonic stenting (Table e5, available online)
When stent obstruction or migration occurs in the palliative setting, endoscopic re-intervention 
by stent-in-stent placement or SEMS replacement is suggested (weak recommendation, low 
quality evidence). Surgery should always be considered in patients with stent-related perforation 
(strong recommendation, low quality evidence).

Colonic SEMS placement in patients with malignant large-bowel obstruction is associated 
with potential adverse events. However, the 30-day stent-related mortality rate is less than 
4%  11,12,105. Median stent patency in the palliative setting ranges widely between 55  days 
and 343  days  58,59. One systematic review published in 2007 found a median stent patency 
of 106  days (range 68–288  days) in the palliative stent population  121. Around 80% (range 
53%–90%) of patients maintain stent patency until death or end of follow-up 48,55,109,113,117,122. In 
the bridge-to-surgery setting, stent patency is maintained until surgery in the large majority  
of patients.

Adverse events related to colonic stent placement are usually divided into early (≤30 days) 
and late (>30  days). The main early complications are perforation (range 0%–12.8%), stent 
failure after technically successful stent deployment (range 0%–11.7%), stent migration (range 
0%–4.9%), re-obstruction (range 0%–4.9%), pain (range 0%–7.4%), and bleeding (range 
0%–3.7%)  8,12,31,109. Late adverse events related to SEMS mainly include re-obstruction (range 
4.0%–22.9%) and stent migration (range 1.0%–12.5%), and more rarely perforation (range 
0%–4.0%) 8,11,105,109,113,117,122, although one RCT reported late perforations in 4 out of 10 stent 
patients 123. Other SEMS complications reported less frequently in the literature are tenesmus 
(up to 22%, related to rectal SEMS), incontinence, and fistula 16,109,112,122.

Stent-related perforation may result from different causes which can be classified as 
proposed by Baron et al.: (i) guidewire or catheter malpositioning; (ii) dilation of the stricture 
before or after stent placement; (iii) stent-induced perforation (tumor and nontumor local 
perforation); and (iv) proximal colonic distension because of inadequate colonic decompression 
or excessive air insufflation  57. The final outcome of stent perforation has been inconsistently 
reported in the literature, although a perforation-related mortality rate of 50% is observed 
in a number of prospective and retrospective studies  11,55,120,123. Furthermore, there are strong 
indications that perforation compromises the oncological outcome in patients with colorectal 
cancer  95,97,124. Concurrent bevacizumab therapy, intraprocedural and post-stenting stricture 
dilation, and diverticular strictures were identified by several studies as risk factors for stent-
related perforation 12,15,33,47,51,55.
Stent migration can occur at any time following colonic stenting. Factors that have been 
identified to correlate with the occurrence of migration are use of covered SEMS and of small-



256

diameter (<24 mm) stents 15,52,54,55, and there is some evidence that chemotherapy may also be 
associated with stent migration by the mechanism of tumor shrinkage 43,119,120.

Tumor ingrowth/overgrowth is the main cause of stent re-obstruction and usually occurs 
during the long-term course of stent therapy. The use of uncovered SEMS is a risk factor for 
tumor ingrowth  52. One retrospective series focusing on predictive factors of stent occlusion 
found that <70% stent expansion within the first 48 hours is also predictive for the occurrence 
of re-obstruction 125.

Both migration and re-obstruction can be managed endoscopically. Stent replacement and 
stent reopening by a stent-in-stent have been reported as first choice in the majority of papers, 
with satisfactory results (clinical success 75%–86%) 114,115, even though the long-term outcome 
of second stenting or other endoscopic maneuvers is rarely and poorly reported 11,15,48,76,109,110,112.
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SUMMARY
PART I – BENIGN ESOPHAGEAL STRICTURES AND LEAKS
To determine the role of stent placement for benign esophageal strictures (BES), we studied 
which strictures poorly respond to standard dilation therapy and whether increasing the target 
diameter of bougie dilation can further optimize the outcomes of dilation therapy. Hereafter, 
the clinical outcomes of esophageal stent placement for benign strictures and anastomotic 
leaks, perforations and fistulas have been analyzed. We found that the clinical success rates of 
stent placement for benign esophageal leaks, perforations and fistulas widely varied. Therefore 
a clinical prediction rule was developed to predict the individual probability of successful stent 
therapy. In addition to the analyses of the outcomes of stent placement, we also addressed 
the safety of endoscopic stent removal from the esophagus after temporary stent placement. 
A small subgroup of patients with therapy-resistant benign esophageal strictures (TRBES) 
does not respond to endoscopic treatment. In this subgroup of patients we studied the clinical 
outcomes of esophageal self-dilation.

In chapter 1 we retrospectively analyzed risk factors for stricture recurrence and the need 
for more than 5 dilation procedures in 298 patients with BES treated with endoscopic bougie/
balloon dilation using Cox and logistic regression analyses. Stricture origin and length were 
significantly associated with the risk of recurrence. Significant risk factors for >5 dilation 
procedures were stricture origin, proximal location, length >2 cm and baseline diameter ≤10 
mm. Per-procedure perforation rates varied from 0% in peptic to 1.7% in post endotherapy 
strictures. We concluded that the clinical course varied significantly between BES of different 
origin. These results provide insight in the outcomes of esophageal dilation and may support 
early recognition of strictures that poorly respond to dilation.

Chapter 2 is a retrospective analysis in which the hypothesis was studied whether a target 
diameter of endoscopic dilation over 16 mm increased the dilation-free period in 179 patients 
with benign esophageal anastomotic strictures in comparison with dilation up to 16 mm. 
The overall dilation-free period had a median of 41.5 days in patients dilated up to 16 mm 
and 92 days in patients dilated over 16 mm. Multivariable Cox regression analysis showed 
a significantly reduced risk of stricture recurrence for patients who were dilated over 16 mm. 
There was no increased risk of perforation in the group of patients dilated over 16 mm. We 
concluded that endoscopic dilation over 16 mm was more effective than dilation up to 16 mm 
in patients with benign esophageal anastomotic strictures.

In chapter 3 we performed a pooled analysis of the literature on the clinical outcomes of 
esophageal stent placement for benign esophageal diseases. We analyzed 232 patients with 
BES extracted from 8 prospective studies. The overall clinical success rate of esophageal stent 
placement for BES was 24.2% with an overall major adverse event rate of 17.7%. The overall 
clinical success rate of esophageal stent placement for benign esophageal leaks, perforations 
and fistulas in 643 patients extracted from 20 retrospective studies was 76.8%. The major stent-
related adverse event rate in the latter group of patients was 7.8%. We concluded that role of 
esophageal stent placement for the treatment of BES was limited by the poor clinical success rate 
and high risk of adverse events. Because the evidence of esophageal stent placement for benign 
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esophageal leaks, perforations and fistulas is promising, we developed a clinical prediction rule 
(chapter 4) to predict the individual probability of successful stent therapy in these patients. 
The prediction rule included four clinical predictors: etiology, location, C-reactive protein 
and size of the leak. The model was derived from a retrospective sample of 145 patients and 
validated in an external sample of 59 patients. The prediction rule significantly discriminated 
between failure and success of stent therapy in both the derivation and validation samples. 
When the model predicted ≥ 70% chance of success, the positive predictive value was 79% 
in the derivation and 87% in the validation sample. When the model predicted ≤ 50% chance 
of success, the negative predictive value was 64% and 86%, respectively. We concluded that 
the prediction rule could support clinical decision-making when the predicted probability of 
success is ≥ 70% or ≤ 50%.

In chapter 5 we retrospectively studied the safety of endoscopic stent removal from 
the esophagus after treatment of benign esophageal diseases. Removal-related adverse events 
occurred in 10.6% of the 329 stent extractions, including a major adverse event rate of 2.1%. 
With an overall adverse event rate of 24.5% the use of PCSEMSs was a significant risk factor for 
complicated stent removal compared with FCSEMSs (3.5%) and SEPSs (9.4%). Removal-related 
adverse events occurred after a median stent period of 29 days (range 2-193 days) compared 
with 39 days (range 0-659 days) in the uncomplicated group (p=0.15). Migrated stents were 
safely removed with an adverse event rate of 1.1%. We concluded that esophageal stent removal 
in the setting of benign disease was safe and feasible, in particular with the use of FCSEMSs.

In chapter 6 the outcomes of esophageal self-dilation in a selected group of 17 patients 
with TRBES have been studied. The technical success rate of learning self-bougienage was 94%. 
The median number of endoscopic dilation procedures dropped from 17 procedures during 
a median period of 9 months to 1.5 procedures after the initiation of self-dilation. The median 
follow-up after initiation of self-dilation was 17.6 months. All patients performing self-
bougienage could tolerate solid foods. One patient developed a single episode of hematemesis 
related to self-bougienage. This retrospective evaluation demonstrated that self-dilation can be 
a valid alternative for selected patients with TRBES when conducted under strict guidance.

PART II – MALIGNANT GASTRIC OUTLET AND BILIARY OBSTRUCTION
SEMS placement is nowadays a valid treatment option for the relief of obstructive symptoms 
caused by malignant gastric outlet obstruction (MGOO). In chapter 7 a pooled analysis of 
the prospective literature on the efficacy and safety of SEMS placement for the palliation of 
MGOO has been conducted. A total of 1281 patients from 19 prospective studies were included. 
The overall technical and clinical success rate of SEMS placement was 97.3% and 85.7%, 
respectively. Stent dysfunction occurred in 19.6% of patients, mainly caused by reobstruction 
(12.6%) and stent migration (4.3%), and was comparable between PCSEMSs and UCSEMSs. 
The use of UCSEMSs showed a significantly higher risk of reobstruction, while stent migration 
was more frequent after PCSEMS placement. The overall perforation rate was 1.2%. We 
concluded that SEMS placement is a valid treatment option for the palliation of MGOO.

Regarding biliary stenting, there has been a shift from the use of small caliber plastic stents 
to the use of large diameter SEMSs. This shift was accompanied by an increase in post-ERCP 
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pancreatitis (PEP). In chapter 8 we studied whether an endoscopic sphincterotomy (ES) prior 
to biliary SEMS placement reduced the incidence of PEP. A retrospective cohort study was 
performed in 366 patients who underwent primary biliary SEMS placement for malignant 
(92.9%) and benign (7.1%) indications. Propensity scores of 72 patients who underwent ES 
prior to biliary SEMS placement could be matched with 72 patients who underwent biliary 
SEMS placement without preceding ES. PEP rates were 11.1% and 9.7% in patients with and 
without ES, respectively (p=0.78). The combined (i.e. pancreatitis, bleeding and perforation) 
adverse event rates were 16.7% in the ES group and 11.1% in the no ES group (p=0.29). We 
concluded that our data did not support standard ES prior to biliary SEMS placement.

PART III – MALIGNANT COLONIC OBSTRUCTION
A meta-analysis of RCTs has shown that SEMS placement as bridge to elective surgery improved 
postoperative outcomes in comparison with emergency resection. However, the main drawback 
of colonic stent placement is the high risk of perforation which may also increase the risk of 
tumor recurrence on the long term. In chapter 9 we identified risk factors for stent-related 
perforation by a meta-analysis of literature data including a total of 4,086 patients from 86 
studies. Stent design, benign colonic strictures, endoscopic dilation with the SEMS in situ and 
bevacizumab were associated with an increased risk of stent-related perforation. Intraprocedural 
stricture dilation and concomitant chemotherapy were not associated with an increased risk of 
perforation. These risk factors for perforation should be taken into consideration when colonic 
stent placement is considered.

To clarify the role of SEMS placement for colonic cancer we developed a clinical guideline 
(chapter 10) with practical recommendations for the use of colonic SEMSs in daily practice. 
This guideline is an official statement of the European Society of Gastrointestinal Endoscopy 
(ESGE). The main recommendations are:
 · Colonic SEMS placement as a bridge to elective surgery is not recommended as a standard 

treatment of symptomatic left-sided malignant colonic obstruction.
 · For patients with potentially curable but obstructing left-sided colonic cancer, stent 

placement may be considered as an alternative to emergency surgery in those who have 
an increased risk of postoperative mortality, i. e. ASA physical status ≥ III and/or age  
> 70 years.

 · SEMS placement is recommended as the preferred treatment for palliation of malignant 
colonic obstruction, except in patients treated or considered for treatment with 
antiangiogenic drugs (e.g. bevacizumab).
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DISCUSSION AND FUTURE PERSPECTIVES
PART I – BENIGN ESOPHAGEAL STRICTURES AND LEAKS
As patients with benign refractory esophageal strictures need repeated endoscopic dilation 
procedures to treat dysphagia, it was thought that continuous dilation by temporary self-
expandable stent placement could be effective in expanding the dilation-free period and reducing 
the need for endoscopic dilation. To determine the role of self-expandable stents in the treatment 
of BES, we have first analyzed the outcomes of standard endoscopic dilation. In chapter 1 we 
demonstrated that stricture recurrence rates varied from 64% to 85% and the median dilation-
free period ranged from 42 to 93 days between strictures of different origin. We also identified 
risk factors for the need of > 5 endoscopic dilation procedures, including stricture origin, length 
> 2 cm, proximal location and narrow (≤ 10 mm) baseline diameter. The largest subgroup of 
BES dilated in the Academic Medical Center were anastomotic strictures after esophagectomy 
accounting for 61.5% of strictures. In this subgroup we showed in chapter 2 that the outcomes 
of endoscopic dilation can be further optimized by increasing the target diameter of dilation 
over 16 mm. Nevertheless, 68.1% of patients dilated over 16 mm  developed stricture recurrence 
requiring again repeated sessions of endoscopic dilation. After reintervention dilation again 
approximately two-thirds of patients developed a second episode of stricture recurrence. It is 
in these patients with refractory or recurrent BES where self-expandable stent placement may 
be useful to expand the dilation-free period and to reduce the number of endoscopic dilation 
procedures. However, in chapter 3 we showed that the clinical outcomes of stent placement for 
benign refractory esophageal strictures according to Kochman’s definition1 in the prospective 
literature were poor with a pooled clinical success rate of 24.2%. The major adverse event rate 
was 17.7% and the incidence of stent migration was 24.6%. So we concluded that the role of 
self-expandable stent placement for benign refractory esophageal strictures is limited by a poor 
efficacy and high risk of adverse events.

A more recently published meta-analysis on the clinical outcomes of stent placement 
for benign refractory esophageal strictures reported a pooled clinical success rate of 40.5%.2 
The higher success rate in this meta-analysis can be explained by the difference in definition of 
refractory strictures and by the inclusion of retrospective studies. Nevertheless, the outcomes of 
esophageal stent placement were disappointing with a pooled adverse event rate of 20.6% and 
a migration rate of 28.6%.2 This is also the reason why the clinical guideline by the European 
Society of Gastrointestinal Endoscopy recommends against stent placement as first-line 
treatment of BES.3 There are no randomized studies comparing the outcomes of metal, plastic 
and biodegradable self-expandable stents. The latter meta-analysis did not find a significant 
difference in clinical success rates between the different types of stents.2 In chapter 5 we showed 
that the use of PCSEMSs was associated with complicated stent removal because of embedding 
by granulation tissue growth precluding safe stent removal. Because of their better removability 
the use of FCSEMSs is preferred over PCSEMSs for the treatment of benign refractory  
esophageal strictures.3

The determine the role of esophageal stent placement in the treatment of benign refractory 
esophageal strictures, we need randomized studies comparing stent placement with standard 
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endoscopic dilation. Two trials were closed due to slow enrollment after 17 and 18 patients 
had been randomized,4, 5 and we are awaiting the final results of the DESTINY trial in which 
66 patients with BES were randomized between biodegradable stent placement and endoscopic 
bougie dilation.6 However, based on the current evidence and difficulty to complete a randomized 
trial, we believe that the role of esophageal stent placement is limited to selected cases in which 
other endoscopic treatment options have failed. To decrease the number of endoscopic dilation 
procedures in patients with anastomotic strictures, we have designed the INCA trial in which we 
study the efficacy and safety of intensive endoscopic treatment of newly diagnosed anastomotic 
strictures. This intensive therapy consists of two endoscopic procedures including incision, 
excision, steroid injections and dilation up to 16 mm during the first procedure followed by 
dilation up to 18 mm the next week during the second endoscopic procedure. In this way we aim 
to decrease the number of endoscopic dilation procedures and prolong the dilation-free period.

A small subgroup of patients with complex esophageal strictures do not respond to 
endoscopic treatment. In chapter 6 we have demonstrated that esophageal self-dilation may be 
a valid alternative to endoscopic dilation in these patients with TRBES. However, the literature 
on this topic is limited to a few case series. Based on our experience and results, we have 
developed a self-dilation protocol for a systematic approach of learning self-dilation to patients 
with TRBES. We developed questionnaires to prospectively evaluate the clinical and patient-
reported outcomes of esophageal self-bougienage in the next years.

The role of SEMS placement in the treatment of benign esophageal leaks, perforations and 
fistulas is promising. Chapter 3 revealed a successful closure rate of 76.8% after esophageal 
stent placement. However, we also showed in chapter 3 that the clinical success rates reported 
in the individual studies varied widely from 44% to 94%. We therefore developed a clinical 
prediction rule (chapter 4) that predicts the individual chance of successful stent therapy. In this 
way, patients who are likely to fail on stent therapy can be identified and treated differently. Our 
prediction rule can be used as a clinical tool for patient-tailored treatment. Although evidence is 
scarce, alternative treatment options may be endoscopic clipping, endoluminal vacuum therapy 
or surgical repair.7-9 Endoscopic clipping, including over-the-scope clips, will only be feasible 
in esophageal defects < 2 cm because of their limited wingspan. Moreover, their application 
is limited in the presence of scarring or inflammation as clips will then fail to approximate 
the edges of the defect.8 Another promising tool to treat esophageal leaks is the application of 
endoluminal vacuum (E-Vac) therapy.9 In small retrospective studies, E-Vac showed superior 
closure rates compared with stent placement for the treatment of anastomotic leaks.10, 11 It should 
be noticed that the patients treated with E-Vac also included cases who switched to E-Vac after 
stent failure. Surgery is deemed necessary after treatment failure with conservative measures 
or in the case of severe sepsis with clinical instability. Because the performance of randomized 
studies in this population will be practically infeasible, it is important to collect prospective 
evidence on the outcomes of stent placement, clipping, E-Vac and surgery in well-defined 
populations. A few case reports have been published on the use of an endoscopic suturing device 
for the closure of esophageal leaks, so more experience with this technique is needed before its 
role can be determined.12-14 Based on delay of diagnosis, size of the defect, anatomical factors, 
co-morbidities and clinical instability the treatment of a benign esophageal leak should be 
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personalized. Future studies should therefore aim for prospective validation of patient-tailored 
algorithms for the treatment of benign esophageal leaks, perforations and fistulas.

PART II – MALIGNANT GASTRIC OUTLET AND BILIARY OBSTRUCTION
SEMS placement for the palliation of malignant gastric outlet obstruction is generally 
recommended in patients who have a poor prognosis with an estimated survival of a few 
months. Comparative studies have shown that SEMS placement resulted in a shorter time to 
tolerating oral intake, shorter hospital stay and reduced postoperative mortality in comparison 
with surgical gastrojejunostomy.15 The largest randomized trial including a total of 39 patients 
showed that surgical gastrojejunostomy was superior to endoscopic SEMS placement with regard 
to long-term relief of obstructive symptoms and reinterventions, which was also supported by 
a retrospective study that included a total of 347 patients with MGOO.16, 17 In chapter 7 we 
showed that approximately 20% of patients treated with SEMS placement developed recurrent 
obstructive symptoms mainly due to stent reobstruction by tumor growth (13%) and stent 
migration (4%). The  overall stent dysfunction rate was comparable between the use of UCSEMSs 
and PCSEMSs, which is supported by the findings of a meta-analysis.18 However, a more recently 
published prospective trial including a total of 102 patients with MGOO randomized between 
PCSEMSs and UCSEMSs, showed a significant higher stent patency rate after 16 weeks with 
the use of PCSEMSs.19 Nevertheless, the high risk of recurrent obstructive symptoms by SEMS 
dysfunction remains a major limitation of duodenal SEMS placement.

 To improve the long-term patency of endoscopic treatment of MGOO, an endoscopic 
bypass of the obstructed gastric outlet by an endoscopically-created gastrojejunostomy is 
a developing area. A gastrojejunal anastomosis is created by endoscopic ultrasound (EUS)-
guided placement of a lumen-apposing metal stent (LAMS) between the stomach and 
the adjacent small bowel.20 Experience with this technique is still limited, but the first pilot 
studies showed promising results with technical and clinical success rates ranging from 
90-92% and 85-100%, respectively.21-23 The first retrospective study comparing EUS-guided 
gastrojejunostomy with duodenal SEMS placement reported an improved long-term patency 
of EUS-guided gastrojejunostomy with a reintervention rate of 4% compared with 29% in de 
SEMS group.24 The first studies comparing EUS-guided with surgical gastrojejunostomy showed 
higher technical success rate for surgery, but similar clinical success and patency rates.25, 26 So 
EUS-guided gastrojejunostomy is a promising technique to improve the long-term patency of 
the endoscopic treatment of MGOO. More experience with this minimally-invasive technique is 
needed, as well as randomized studies comparing EUS-guided with surgical gastrojejunostomy.

SEMS placement is nowadays the standard treatment for the palliation of jaundice caused 
by malignant biliary obstruction because of the improvement in long-term patency, reduced 
need for reinterventions and higher quality of life in comparison with plastic stents.27, 28 Also 
in the setting of preoperative biliary drainage during neoadjuvant therapies the use of SEMSs 
is preferred over plastic stents.29 Moreover, evidence from randomized studies is emerging 
for the use of SEMSs in the treatment of benign chronic pancreatitis and anastomotic biliary 
strictures, showing similar efficacy but less endoscopic interventions with the use SEMSs in 
comparison with plastic stents.30-34 This shift towards the use of SEMSs in the treatment of biliary 
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strictures is accompanied by an increase in the risk of post-ERCP pancreatitis ranging from 
7.3% up to 18.4%.33, 35-37 It was thought that placement of a large diameter SEMS in the common 
bile duct might cause pancreatic outflow obstruction by occluding the pancreatic duct orifice 
and thereby inducing pancreatitis.36 In chapter 8 we showed in a propensity score matched 
analysis that endoscopic sphincterotomy (ES) prior to SEMS placement did not reduce the risk of 
post-ERCP pancreatitis. It should be noticed that two-thirds of our population involved patients 
with malignant distal biliary obstruction caused by pancreatic cancer in whom the outflow of 
pancreatic juices is already affected by the tumor prior to ERCP. Therefore, the role of ES in 
the prevention of post-ERCP pancreatitis in these patients is probably limited. There is evidence 
that ES may be protective against post-ERCP pancreatitis in the absence of pancreatic duct 
involvement such as in patients with malignant proximal biliary obstruction and in patients with 
anastomotic biliary strictures after liver transplantation.33, 38 The clinical guideline on biliary 
stenting by the European Society of Gastrointestinal Endoscopy recommends that the benefits 
of a pre-stenting biliary sphincterotomy should be weighed against its risks on a case-by-case 
basis.29 To determine the definite role of ES in the prevention of post-ERCP pancreatitis in 
patients with malignant distal biliary obstruction, we designed the international multicenter 
Sphinx trial that is currently running. Future studies should also stratify for the presence 
or absence of pre-existing pancreatic duct involvement to determine the efficacy of ES in 
the prevention of post-ERCP pancreatitis prior to biliary SEMS placement.

PART III – MALIGNANT COLONIC OBSTRUCTION
The management of malignant colonic obstruction remains a major challenge in clinical practice. 
Even while more and more countries introduce a colorectal cancer screening program,39 still 
approximately 8% of patients do present with an advanced tumor that causes acute large bowel 
obstruction.40 The guideline in chapter 10 provides clinical guidance for the use of SEMSs 
in the treatment of obstructing colonic cancer. The debate whether or not SEMS placement 
as bridge to surgery should be the preferred treatment in patients with potentially curable 
obstructing colonic cancer is still going on, because high quality evidence on the long-term 
oncological outcomes of SEMS placement is still lacking. A recently published meta-analysis 
of eight RCTs, including a total of 497 patients, studied the 60-days postoperative outcomes of 
stent placement as bridge to surgery in comparison with emergency surgery in patients with 
acute malignant left-sided colonic obstruction.41 There was no difference in the postoperative 
mortality rate, which was 10% in both groups.41 SEMS placement did reduce the overall 
morbidity rate (34% vs. 51%), the temporary stoma rate (34% vs. 51%), and the permanent 
stoma rate (22% vs. 35%).41 The primary anastomosis rate was significantly higher after stent 
placement (70% vs. 54%).41 Four out of eight RCTs also reported on tumor recurrence after 
median follow-up periods ranging from 18 to 65 months. In the stent group the pooled tumor 
recurrence rate was 40% compared with 27% in the emergency surgery group, which did not 
reach statistical significance (RR 1.80, 95% CI 0.91-3.54; p=0.09).41 From these important data 
we can conclude that the postoperative mortality rate from emergency resection is not reduced 
by preoperative stent placement and is, with a rate of 10%, still rather high.
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There is however a general trend during the last decades that shows a reduction in mortality 
after emergency resection from approximately 15% in the late ’90s to 7% nowadays.42, 43 The latest 
RCT reported a mortality rate of 5% in the emergency surgery group.44 This reduction in 
postoperative mortality may be explained by improvements in peri- and postsurgical care over 
the last decades. Furthermore, subgroup analyses have shown that young and fit patients have 
nowadays a low mortality risk, even for an emergency procedure, of less than 3%.43 However, 
the elderly (age ≥ 70 years) and frail (American Society of Anesthesiologists (ASA) physical 
status > 2) patients still have a more than 10% mortality risk after emergency resection that may 
increase up to 32% in the presence of severe comorbidities.43 In chapter 10 we therefore suggest 
that SEMS placement as bridge to surgery should be considered in these patients, since they 
might benefit the most from conversion to elective surgery.

With regard to the short-term outcomes, SEMS placement did facilitate the resection as 
demonstrated by the higher primary anastomosis rate and lower stoma rates, and it also reduced 
the postoperative morbidity rate.41 The question however remains if these short-term advantages 
of stent placement as bridge to surgery are sufficient to consider this approach as the new standard 
for the treatment of patients with potentially curable obstructing colonic cancer. We believe 
that the question whether stent placement affects the risk of tumor recurrence should first be 
answered by high quality evidence. In chapter 9 we showed that the overall risk of perforation 
by colonic stenting was 7.4% and it should also be noticed that the largest randomized studies 
showed even higher rates (9-13%) of stent-related perforations.44, 45 The oncological outcomes 
of the Dutch Stent-In 2 trial showed that five out of six patients with a stent-related perforation 
developed tumor recurrence.46 Also the results of a Danish nationwide cohort study suggested 
an increased risk of tumor recurrence after preoperative stent placement.47 So there is evidence 
that stent placement may adversely impact on the oncological outcomes in patients with 
a potentially curable tumor. The aforementioned meta-analysis showed an increased risk of 
recurrence in the stent group (40% vs. 27%), although without reaching statistical significance 
(p=0.09).41 Another systematic review including 11 comparative studies, of which only two 
were randomized, found a recurrence risk of 31% after stent as bridge to surgery and 27% after 
emergency surgery (RR 1.13, 95% CI 0.82-1.54; p=0.46).48 These contradicting data are the basis 
for the ongoing discussion on the long-term safety of colonic stents.

So considering the current evidence, stent as bridge to surgery does facilitate surgery, but 
does not reduce postoperative mortality. In addition, we need more evidence from prospective, 
preferably randomized, studies on the risk of tumor recurrence after stent placement to prove 
the long-term safety of stent as bridge to surgery. Until then, the clear short-term benefits, 
combined with the high mortality rate in the frail and elderly patients, should be balanced 
with the possible long-term risks of tumor recurrence. We therefore believe that at the moment 
bridge to surgery is the treatment of choice in patients who have an increased risk of 
postoperative mortality from emergency resection (age ≥ 70 years and/or ASA status > 2), but 
that we have to remain cautious in young and fit patients with potentially curable obstructing 
colonic cancer, as they should not be subjected to the potential long-term risks of colonic stent 
placement. To provide evidence for this patient-tailored approach, we developed an evidence-
based clinical decision guideline for the treatment of obstructing left-sided colonic cancer that 
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we are currently validating in the Netherlands by the CONSTRUCT registry. To ensure safe 
and uniform implementation of colonic stenting in the Netherlands, we have trained a selected 
group of experienced endoscopists. Prospective validation of this clinical decision guideline will 
provide the answers needed to determine the role of colonic stenting for obstructing left-sided 
colonic cancer. 
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NEDERLANDSE SAMENVATTING
DEEL I – BENIGNE STRICTUREN EN LEKKAGE IN DE SLOKDARM
Om de vraag te kunnen beantwoorden wat de rol van stentplaatsing is in de behandeling van 
benigne slokdarmstricturen, hebben we onderzocht welke stricturen moeilijk te behandelen 
zijn met standaard endoscopische dilatatietherapie en of de effectiviteit van endoscopische 
dilatatie kan worden verbeterd door het ophogen van de streefdiameter van bougie dilatatie. 
Vervolgens hebben we de klinische uitkomsten van stentplaatsing voor de behandeling van 
benigne slokdarmaandoeningen, waaronder ook postoperatieve naadlekkages, perforaties en 
fistels onderzocht. Het bleek dat de succespercentages van stentplaatsing voor slokdarmlekkages 
aanzienlijk varieerden in de literatuur. Daarom hebben we een predictiemodel ontwikkeld dat 
de individuele kans op succes van stentplaatsing voorspelt. In aanvulling op de analyses naar 
de uitkomsten van stentplaatsing in de slokdarm, hebben we ook gekeken naar de veiligheid 
van het endoscopisch verwijderen van stents uit de slokdarm. Een subgroep van patiënten met 
therapieresistente slokdarmstricturen reageert nauwelijks op endoscopisch behandelingen. In 
deze subgroep hebben wij de uitkomsten van zelfdilatatie bestudeerd.

Hoofdstuk 1 is een retrospectieve analyse van 298 patiënten met benigne slokdarmstricturen 
die werden behandeld met endoscopische dilatatie, naar risicofactoren voor het recidiveren 
van de strictuur en de noodzaak tot meer dan 5 dilatatieprocedures. Middels een Cox 
regressie analyse bleek dat de oorzaak en de lengte van de strictuur significante risicofactoren 
waren voor het optreden van een recidief. Risicofactoren voor de noodzaak tot meer dan 5 
dilatatieprocedures  waren oorzaak van de strictuur, proximale locatie in de slokdarm, lengte 
>2 cm en aanvangsdiameter ≤ 10 mm. Het risico op perforatie per procedure varieerde van 0% 
bij peptische stricturen tot 1,7% bij post-endotherapie stricturen.  De conclusie van deze studie 
was dat het klinisch beloop aanzienlijk varieerde tussen stricturen van verschillende origine.  
De resultaten geven inzicht in de uitkomsten van endoscopische dilatatie en zijn van waarde 
voor het vroegtijdig herkennen van endoscopisch moeilijk te behandelen stricturen.

In hoofdstuk 2 hebben we retrospectief onderzocht, in een populatie van 179 patiënten 
met benigne naadstricturen na slokdarmresectie, of het ophogen van de streefdiameter van 
endoscopische dilatatie voorbij de 16 mm de dilatatie-vrije periode verlengt ten opzichte van  
dilatatie tot 16 mm. De dilatatie-vrije periode had een mediaan van 41,5 dagen in de 16 mm 
groep en 92 dagen in de > 16 mm groep. Multivariate Cox regressie analyse liet een significante 
risicoreductie zien op het recidiveren van de strictuur bij patiënten die tot meer dan 16 mm 
werden gedilateerd. Dilatatie tot > 16 mm leidde niet tot een hoger risico op perforatie. Wij 
concludeerden dat endoscopische dilatatie tot meer dan 16 mm effectiever was dan dilatatie tot 
16 mm bij patiënten met benigne naadstricturen na slokdarmresectie.

 Hoofdstuk 3 is een gepoolde literatuurstudie naar de uitkomsten van stentplaatsing voor 
de behandeling van benigne slokdarmaandoeningen. We hebben 232 patiënten met benigne 
slokdarmstricturen uit 8 prospectieve studies geanalyseerd. Het totale succespercentage 
van stentplaatsing voor benigne slokdarmstricturen was 24,2% en het percentage majeure 
complicaties was 17,7%. Stentplaatsing in 643 patiënten met benigne naadlekkages, perforaties 
en fistels uit 20 retrospectieve studies was klinisch succesvol in 76,8%. Het percentage stent-
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gerelateerde majeure complicaties in deze groep was 7,8%. De conclusie van de studie was dat  
de rol van stentplaatsing voor de behandeling van benigne slokdarmstricturen beperkt is 
vanwege het lage succespercentage en hoge risico op complicaties.

De uitkomsten van stentplaatsing voor benigne naadlekkages, perforaties en fistels in  
de slokdarm zijn veelbelovend. Daarom hebben we in hoofdstuk 4 een predictiemodel 
ontwikkeld dat de individuele kans op succes van stentplaatsing voorspelt in deze populatie 
patiënten. Het model bestaat uit vier predictoren waaronder de etiologie, locatie, grootte van het 
defect, en CRP waarde. Het model is ontwikkeld uit een retrospectief cohort van 145 patiënten 
en extern gevalideerd in een cohort van 59 patiënten. Het model maakte significant onderscheid 
tussen het falen en slagen van stentplaatsing in zowel het derivatie- als validatiecohort. Bij 
een voorspelde kans op succes van ≥ 70% was de positief voorspellende waarde 79% in het 
derivatiecohort en 87% in het validatiecohort. Bij een voorspelde kans op succes van ≤ 50% was 
de negatief voorspellende waarde respectievelijk 64% en 86%. De conclusie van deze studie was 
dat het predictiemodel de klinische besluitvorming kan ondersteunen bij een voorspelde kans 
op succes van ≥ 70% of ≤ 50%.

Hoofdstuk 5 is een retrospectieve analyse naar de veiligheid van endoscopische 
stentverwijdering uit de slokdarm na behandeling van benigne slokdarmaandoeningen. 
Het percentage complicaties na de verwijdering van in totaal 329 slokdarmstents was 10,6% 
met een totaal van 2,1% majeure complicaties. Met een complicatiepercentage van 24,5% 
was het gebruik van gedeeltelijk bedekte metalen stents een significante risicofactor voor 
een gecompliceerde stentverwijdering in vergelijking met volledig bedekte metalen stents 
(3,5%) en plastic stents (9,4%). De stentperiode had een mediaan van 29 dagen in de groep 
gecompliceerde stentverwijderingen ten opzichte van 39 dagen in de ongecompliceerde groep 
(p=0.15). Gemigreerde stents werden veilig verwijderd met een complicatiepercentage van 
1,1%. Wij concludeerden dat endoscopische stentverwijdering na behandeling van benigne 
slokdarmaandoeningen veilig en goed uitvoerbaar was, vooral met het gebruik van volledig 
bedekte metalen stents.

In hoofdstuk 6 hebben we de uitkomsten geëvalueerd van zelfdilatatie in een 
geselecteerde groep van 17 patiënten met therapieresistente benigne slokdarmstricturen. 
Het slagingspercentage voor het aanleren van zelfdilatatie was 94%. Het mediane aantal 
endoscopische dilatatieprocedures daalde van 17 gedurende een mediane periode van 9 
maanden tot 1,5 procedure na de start van zelfdilatatie. De follow-up periode na de start van 
zelfdilatatie had een mediaan van 17,6 maanden. Alle patiënten konden met zelfdilatatie een dieet 
met vaste voedingsmiddelen verdragen. Eén patiënt had een enkele episode van hematemesis 
gerelateerd aan zelfdilatatie. Deze resultaten tonen aan dat zelfdilatatie, indien uitgevoerd 
onder intensieve begeleiding, een goed alternatief kan zijn voor een selecte groep patiënten met  
therapieresistente slokdarmstricturen.

DEEL II – MALIGNE MAAGUITGANGSTENOSE EN BILIAIRE 
OBSTRUCTIE
Stentplaatsing in het duodenum is vandaag de dag een gevestigde behandeling voor het 
verlichten van obstructieve symptomen op basis van een maligne maaguitgangstenose. In 
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hoofdstuk 7 hebben wij een gepoolde analyse van de prospectieve literatuur uitgevoerd naar  
de effectiviteit en veiligheid van gedeeltelijk bedekte en onbedekte metalen stentplaatsing voor  
de palliatie van maligne maaguitgangstenose. In totaal werden 1281 patiënten uit 19 prospectieve 
studies geanalyseerd. Het technische en klinische succespercentage van stentplaatsing was 
respectievelijk 97,3% en 85,7%. Stentdysfunctie trad op bij in totaal 19,6% van de patiënten 
hoofdzakelijk als gevolg van re-obstructie door tumorgroei (12,6%) en stentmigratie (4,3%). 
Het percentage stentdysfunctie was vergelijkbaar bij het gebruik van gedeeltelijk bedekte en 
onbedekte metalen stents. De laatstgenoemde had een significant hoger risico op re-obstructie 
en bij het gebruik van gedeeltelijk bedekte stents trad een significant hoger percentage 
stentmigratie op. Het percentage perforaties was 1,2%. De conclusie van deze studie was dat 
stentplaatsing een valide behandeling is voor de palliatie van maligne maaguitgangstenose.

Bij biliaire stentplaatsing heeft er de afgelopen jaren een verschuiving plaatsgevonden van 
het gebruik van kleine kaliber plastic stents naar het gebruik van metalen stents met een wijde 
diameter. Deze verschuiving ging gepaard met een toename in de incidentie van post-ERCP 
pancreatitis. In hoofdstuk 8 hebben wij onderzocht of een endoscopische biliaire sfincterotomie 
voorafgaand aan metalen stentplaatsing het risico op een post-ERCP pancreatitis verlaagt. Een 
retrospectieve cohortstudie werd uitgevoerd met in totaal 366 patiënten die primaire biliaire 
metalen stentplaatsing ondergingen voor maligne (92,9%) en benigne (7,1%) indicaties.  
De propensity scores van 72 patiënten die een sfincterotomie kregen voorafgaand aan 
stentplaatsing konden worden gematched met 72 patiënten die stentplaatsing ondergingen 
zonder sfincterotomie. De percentages post-ERCP pancreatitis waren respectievelijk 11,1% en 
9,7% bij patiënten met en zonder sfincterotomie (p=0,78). De gecombineerde (d.w.z. pancreatitis, 
bloeding en perforatie) complicatiepercentages waren 16,7% in de sfincterotomiegroep en 
11,1% in de groep zonder sfincterotomie (p=0,29). Wij concludeerden dat onze resultaten een 
standaard sfincterotomie voorafgaand aan biliaire stentplaatsing niet ondersteunen.

DEEL III – MALIGNE COLONOBSTRUCTIE
Een meta-analyse van gerandomiseerde studies heeft aangetoond dat stentplaatsing als 
overbrugging naar een electieve resectie een verbetering van de postoperatieve uitkomsten geeft 
in vergelijking met een acute resectie. Echter, het belangrijkste nadeel van colon stentplaatsing is 
het hoge risico op perforatie, dat mogelijk leidt tot een toename van het aantal tumorrecidieven 
op de lange termijn. In hoofdstuk 9 hebben we risicofactoren geïdentificeerd voor het optreden 
van stent-gerelateerde perforaties door middel van een meta-analyse van de literatuur waarbij in 
totaal 4.086 patiënten uit 86 studies werden geïncludeerd. Stentmodel, benigne colonstricturen, 
endoscopische dilatatie met de stent in situ en bevacizumab waren geassocieerd met een verhoogd 
risico op stent-gerelateerde perforaties. Dilatatie van de stenose ten tijde van stentplaatsing en 
het gelijktijdig gebruik van chemotherapie waren niet geassocieerd met een verhoogd risico 
op perforaties. Wanneer colon stentplaatsing wordt overwogen dienen deze risicofactoren te 
worden meegewogen bij de besluitvorming.

Om de rol van stentplaatsing voor obstructief coloncarcinoom te verduidelijken hebben 
we in hoofdstuk 10 een klinische richtlijn opgesteld met praktische aanbevelingen voor het 
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gebruik van colonstents. Deze richtlijn is het officiële standpunt van de Europese Vereniging 
voor Gastro-intestinale Endoscopie (ESGE). De belangrijkste aanbevelingen zijn:
 · Stentplaatsing als overbrugging naar electieve chirurgie wordt niet aanbevolen als 

standaardbehandeling van obstructief linkszijdig coloncarcinoom.
 · Bij patiënten met een potentieel curabele obstructieve linkszijdige colontumor, kan 

stentplaatsing als overbrugging naar electieve chirurgie worden overwogen bij diegenen 
met een verhoogd risico op postoperatieve mortaliteit, d.w.z. ASA score ≥ 3 en/of leeftijd 
> 70 jaar.

 · Stentplaatsing wordt aanbevolen als behandeling van voorkeur voor de palliatie van 
obstructief linkszijdig coloncarcinoom, met uitzondering van patiënten die worden 
behandeld met angiogenese remmende systeemtherapie (bv. bevacizumab).
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LIST OF ABBREVIATIONS 
ASA  American Society of Anesthesiologists
ASGE  American Society for Gastrointestinal Endoscopy 
BD  Biodegradable
BES  Benign esophageal strictures
CBD  Common bile duct
CI  Confidence interval
CT  Computed tomography
CTC  Computed tomography colonoscopy
DOAC  Direct oral anticoagulant
EMR  Endoscopic mucosal resection
ERCP  Endoscopic retrograde cholangiopancreatography
ES  Endoscopic sphincterotomy
ESD  Endoscopic submucosal dissection
ESGE  European Society of Gastrointestinal Endoscopy
EUS  Endoscopic ultrasound
EUS-FNA Endoscopic ultrasound with fine needle aspiration
E-VAC  Endoluminal vacuum therapy
FCSEMS  Fully covered self-expandable metal stent
GOOSS  Gastric Outlet Obstruction Severity Score
HR  Hazard ratio
ICU  Intensive care unit
IQR  Interquartile range
MGOO  Malignant gastric outlet obstruction
LAMS  Lumen-apposing metal stent
LMWH  Low molecular weight heparins
OR  Odds ratio
OTSC  Over-the-scope clip
OTW  Over-the-wire
PCSEMS  Partially covered self-expandable metal stent
PEG  Percutaneous gastrostomy
PEP  Post-ERCP pancreatitis
PPI  Proton pump inhibitor
PTC  Percutaneous transhepatic cholangiography
PTFE  Polytetrafluoroethylene
RCT  Randomized controlled trial
SD  Standard deviation
SEMS  Self-expandable metal stent
SEPS  Self-expandable plastic stent
TRBES  Therapy-resistant benign esophageal strictures
TTS  Through-the-scope
UCSEMS Uncovered self-expandable metal stent
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United European Gastroenterology Week 2011, 2015 1.0
Digestive Disease Week 2012, 2017 1.0
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PhD Portfolio (continued)

Teaching Year
Workload
(ECTS)

Lecturing
Patient-tailored behandeling van maligne linkszijdige colonobstructie; NVGE 
najaarsvergadering, Veldhoven

2014 0.5

Colonic stent training for endoscopists; UMCU, Catharina Ziekenhuis,  
Isala, AMC

2014-2015 1.0

Elective gastroenterology science course for 2nd year medical students 2015-2016 1.0
Colonstents; GE Zuid-West, Rotterdam 2015 0.5
Stenting for large bowel obstruction: A bridge to surgery or a bridge too far? 
European Congress of Trauma and Emergency Surgery, Amsterdam

2015 0.5

Hepato-pancreato-biliaire ziekten; DDW Highlights Symposium, Amsterdam 2015 0.5
Tandem talk met prof. dr. W.A. Bemelman: “Obstructive colorectal cancer: 
Stenting of surgery?” United European Gastroenterology Week, Barcelona

2015 0.5

State of the art – colonstents; Radboud UMC, Ravenstein 2015 0.5
Seminar in gastroenterology: “Treatment of obstructing colonic cancer – 
Hands-off or hands-on for the endoscopist?” AMC, Amsterdam

2016 0.5

Behandeling van maligne linkszijdige colonobstructies – chirurg of MDL-arts: 
who is leading? Chirurgendagen, Veldhoven

2016 0.5

Colonstents, bridge to surgery, Construct trial; Stichts Genootschap, Utrecht 2016 0.5

Supervising
Irma Noordzij (masterthesis) 2015 1
Devica Umans (bachelorthesis) 2015-2016 1
Rombout van Amstel (bachelorthesis) 2016-2017 1

Parameters of Esteem

NVGE travel grant 2017
MLDS innovatie subsidie 2016
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missen. Manoni, het adoptiekind van C2-310, zwervend tussen lab en kliniek. Je wipte altijd 
even in en uit voor een gezellig praatje. Nadin, met jou als HPB’er had ik toch net wat meer dan 
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goed team! Joelle, ik heb je helaas maar kort mogen meemaken, maar je bleef me verrassen. Er 
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