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Chapter 1

introduction and outlinE of thE thEsis

The word stenosis refers to an abnormal narrowing of a hollow organ. When a stenosis 
prevents normal passage of contents (e.g. food, digestive fluids, blood) medical inter-
vention is required. Traditionally this intervention was surgery, entailing resection of the 
stricture, creation of a bypass or stoma formation. However, the majority of hollow organs 
can be reached via natural orifices or easy percutaneous access which provides an 
opportunity for a less invasive treatment method without the need for surgical incisions: 
place-ment of a stent. 

A stent is a tubular prosthesis that is introduced into a hollow organ to ensure sufficient 
transit of its contents. Several medical disciplines, including cardiology, urology, radiology  
and gastroenterology have used stents for several decades now with success. Stent 
placement in the gastrointestinal (GI) tract dates back from 1845 and was first performed 
by surgeons in patients with malignant oesophageal stenosis.1 They used stents that were 
composed of smooth rigid materials like ivory and sandalwood and one could imagine that  
these stents were associated with significant patient discomfort and complications. In 
the following century other materials and surgical intubation techniques were developed, 
although without great success. Still, surgeons kept the monopoly on palliation of malignant  
dysphagia until plastic stents became available in the 1970’s, which boosted endoscopic 
stent placement by gastroenterologists.2 However these plastic stents were rigid and had  
an inner diameter of only half of the normal diameter (10-12 mm), while there total diameter 
was 20 mm. As a result pre-stent placement dilation was always required while dysphagia 
only marginally improved. Furthermore these stents were associated with a complication 
rate of some 35%, mainly caused by severe pain and perforations.2, 3

Therefore oesophageal self-expanding-metal-stents (SEMS) came as a welcome replace-
ment when they were introduced in the late 1980’s.4 These SEMS were made of a woven 
mesh of stainless steel, and later the metal alloy nitinol, that was pre-loaded in a delivery 
device that could be advanced over a guidewire across the stenosis under fluoroscopic 
control. This made prior dilation redundant in the majority of cases and led to better out-
comes. Further technical developments resulted in smaller delivery devices allowing stent 
placement through the scope. This innovation enabled endoscopic stent placement in more  
distally located stenosis, for example in the proximal duodenum and colon. 

The traditional uncovered SEMS design permitted tissue ingrowth through the open stent 
meshes, unfortunately causing re-obstruction in a substantial number of patients. In order 
to prevent this complication several stent manufacturers started developing covered 
SEMS. Although these covered SEMS successfully withstand tissue ingrowth, they have 
a tendency to migrate. Still, with the introduction of these covered SEMS new indications 
have arisen as these stents can be removed. These include temporary placement for 
dilation of benign esophageal strictures and closure of upper GI leaks. More recently self-
expanding-plastic stents (SEPS) and biodegradable stents have been added to the stent 
arsenal for temporary use.              
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Despite all these innovations and different stent designs the ideal stent for each location 
in the GI tract has yet to be found. In addition stent placement still needs to establish it- 
self as an accepted treatment for certain indications. Therefore the general aims of this 
thesis are to evaluate new stent designs and to assess the outcomes of endoscopic stent 

placement for relatively new indications throughout the entire GI tract.  

part i oesophageal stent placement
Oesophageal stent placement is performed for several indications. The most widely ac- 
cepted indication is palliation of dysphagia due to a malignant stenosis. Numerous studies  
have proven safety and efficacy of stent placement for malignant dysphagia.5, 6 However, a  
Dutch landmark study by Homs et al. demonstrated that on the long-term stent place-
ment is less efficient than local radiotherapy (i.e. brachytherapy) and a significantly higher 
number of complications.7 Therefore an important aim of current research is to find a 
stent design that prevents common stent-related complications, including tissue ingrowth 
and migration. In chapter 2 we evaluate safety and efficacy of a new stent design with full  
covering for prevention of tissue ingrowth combined with anti-migration flaps in a pros-
pective multicentre cohort study. 

In recent years stents have also been placed in patients with curable disease with the 
intention to function as a ‘bridge-to-surgery’ during neoadjuvant treatment. Placement of  
fully covered SEMS or SEPS is feasible. However, migration rates range between 31-60%  
and the majority of these stents need to be removed prior to oesophagectomy entailing 
an extra endoscopy.8-11 Biodegradable stents have successfully been used to treat benign  
refractory oesophageal stenosis.12, 13 These stents have an uncovered design to prevent 
stent migration and fully dissolve after approximately 12 weeks. Therefore, we hypothesized 
that these stents would refute the problems encountered with SEMS and SEPS. chapter 3  
describes a two center feasibility study focussing on biodegradable stent placement prior 
to neoadjuvant chemoradiation in patients with advanced oesophageal cancer. 

Furthermore stent placement has also emerged as a treatment option for anastomotic 
leaks after oesophagectomy or bariatric surgery as well as oesophageal perforations and  
fistula. In this setting a covered stent is temporarily placed across the leak in order to 
seal it off and allow mucosal healing. Unfortunately the regular oesophageal stents 
were designed for treatment of stenosis and therefore their diameter is relatively small 
which, in combination with the smooth surface of the covered stent, predisposes to 
stent migration.14-20 Some endoscopists hypothesized that increasing stent diameter 
may prevent stent migration. Chapter 4 represents a multicenter retrospective analysis 
of outcomes in patients with upper GI leaks treated with a specific large diameter fully 

covered SEMS.
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part ii duodenal stent placement
The predominant indication for duodenal stent placement is palliation of malignant gastric  
outlet obstruction caused by irresectable pancreatic, gastric, duodenal or bile duct cancer.   
The first report of duodenal stent placement dates back from 1992.21 Since then numerous 
studies have been performed investigating different stent designs, which were placed by 
either radiologists or gastroenterologists. Chapter 5 provides an overview of all relevant 
literature up to May 2011 with a pooled analysis of technical and clinical outcomes as 
well as complication rates. 

The largest randomised study to date demonstrated that stent placement provides a 
more rapid relief of symptoms and is associated with shorter hospitalization after the 
initial procedure. However, on the long-term surgical treatment was more effective, which 
was due to stent-related complications necessitating endoscopic re-intervention. These 
complications mainly consisted out of tissue ingrowth and stent migration.22 In a quest to  
prevent these complications new stents frequently become available. In chapter 6 we 
investigate a new uncovered SEMS with proximal and distal flanges as anti-migration fea- 
ture and a small mesh design to prevent tissue ingrowth in a prospective cohort study. 
Chapter 7 also describes a prospective cohort study with a newly developed fully covered 

SEMS with a proximal ‘big cup’ to resist migration.       

part iii colonic stent placement 
Colonic stent placement is mainly performed for malignant obstruction and includes two 
indications: palliation of obstruction in inoperable patients or patients with incurable stage 
IV colorectal cancer and as bridge to elective surgery in operable patients presenting with  
an acute malignant obstruction. The presumed benefits of stent placement when com-
pared to traditional emergency surgery are lower morbidity and mortality and lower stoma 
rates. Because numerous retrospective studies demonstrated high success rates and low  
complication rates of stent placement, the worldwide enthusiasm regarding this technique 
was great.23, 24 However, this enthusiasm was somewhat tempered, when 2 Dutch rando-
mized trials were terminated prematurely because there were significantly more bowel 
perforations after definitive palliative stent placement25 and stenting as bridge to elective 
surgery was associated with a higher 30-day morbidity rate26. Furthermore, the Stent-In  
2 trial did not demonstrate any benefits of stent placement regarding morbidity, mortality,  
quality of life and stoma rates after 6 months of follow-up.26 As a result colonic stent 
placement was abandoned in nearly all Dutch hospitals. However, the team of endosco-
pists and colorectal surgeons in the Deventer hospital did not participate in the randomised 
studies as they felt that a lack of experience in colonic stenting of some participating 
endoscopists would negatively affect outcomes. Therefore in the Deventer hospital 
colonic stent placement is still standard of care in the treatment of acute malignant colonic 
obstruction and all stenting procedures are prospectively recorded in a database.

Chapter 8 reports on all patients from this database who underwent colonic stenting as 
definitive palliation in a retrospective cohort study with long-term follow-up. In Chapter 9  
we describe a retrospective comparison of patients who received a stent as bridge to sur-
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gery in a curative setting with patients who were acutely operated in the Gelre hospital 
(Apeldoorn) where emergency surgery is standard of care for the treatment of acute malig- 
nant colonic obstruction.

Another concern regarding colonic stenting is the occurrence of clinically ‘silent’ stent-
related perforations. Both in the Stent-In 2 trial as well as a French randomised study patho- 
logy specimen revealed silent perforations in 10% and 27% of cases respectively.26, 27  
Because these perforations might cause tumour cell dissemination we study the influence 
of these perforations on disease recurrence and survival in chapter 10 by comparing 
stented patients with and without perforations from the Stent-In 2 study with patients from  
the surgical study population.

Finally, in chapter 11 the main results of this thesis are summarized, discussed and put in 
perspective with recommendations for further research. 
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Chapter 2

aBstract

Background and study aims
A new esophageal stent with two anti-migration features was developed to minimize mi-
gration. The aim of this study was to evaluate the clinical efficacy and safety of this stent 
in patients with malignant dysphagia. 

patients and methods
A total of 40 patients with dysphagia due to a malignant obstruction of the esophagus were  
prospectively enrolled in this cohort study. 

results
Stent placement was technically successful in 39 patients (98%). The median dysphagia-
free time after stent placement was 220 days (95% confidence interval 94–345 days). Nine  
patients (23%) experienced recurrent dysphagia due to tissue overgrowth (n = 2), stent 
fracture (n = 1), and partial (n = 5) or complete (n = 1) stent migration. A total of 16 serious 
adverse events occurred in 14 patients (36%), with hemorrhage (n = 3) and severe nausea 
or vomiting (n = 3) being the most common causes. 

conclusions
This new stent design was effective for the palliation of malignant dysphagia and had a low  
rate of recurrent dysphagia. However, despite the anti-migration features, stent migration 
was still a major cause of recurrent dysphagia. Furthermore, treatment was associated 
with a high adverse event rate. 
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introduction

Dysphagia is a frequently encountered symptom in patients presenting with esophageal 
and gastric cardia cancer or, less frequently, obstruction due to extrinsic malignant com-
pression. Due to the late presentation of symptoms, more than 50% of patients already 
have incurable disease at presentation. For these patients, palliative therapy is the only 
option to relieve dysphagia.1 Of the various treatment modalities available, placement of 
a self-expandable metal stent (SEMS), is still the most commonly performed treatment 
option worldwide.2

Many studies have shown that SEMS placement is both effective and safe for the palliation 
of malignant dysphagia. However, the main drawback of this treatment is the high rate of 
recurrent dysphagia (30%–40%), which requires repeat endoscopy.3, 4 The main cause of 
recurrent dysphagia in partially covered SEMS is tissue ingrowth and overgrowth through 
the uncovered stent mesh (15%),5-7 whereas in fully covered (FC) SEMS, the main cause 
is stent migration (14%).5, 8

In an attempt to address the high migration rate of FCSEMS and thus reduce the recurrent 
dysphagia rate, we developed the fully covered Hanaro Flap stent (Esophagus Flap BS –  
Utrecht design; M.I. Tech, Seoul, South Korea). The stent is designed to resist tissue 
ingrowth but also to prevent stent migration by the incorporation of two specific anti-
migration features – stent-anchoring flaps attached around the stent body and flared stent 
ends. However, whether these anti-migration features indeed reduce stent migration has 
yet to be proven. 

The aim of this prospective follow-up study was to evaluate the clinical efficacy (with 
particular focus on recurrent dysphagia due to stent migration) and safety of the Hanaro 
Flap stent for the palliation of malignant dysphagia.  

patiEnts and mEthods

patients
Between June 2011 and October 2012, consecutive patients undergoing stent placement 
for palliation of malignant dysphagia were enrolled in this prospective multicenter study. 
Patients were included if they had dysphagia (grade ≥2 according to Ogilvie) due to a 
malignant stricture, defined as a nonoperable malignant obstruction of the esophagus or 
esophagogastric junction, extrinsic malignant compression, or recurrent malignant dys-
phagia after esophagectomy. Exclusion criteria included previous stent placement for the 
same condition, tumor stricture within 2 cm of the upper esophageal sphincter, and tumor 
length of more than 10 cm.

All patients gave informed consent. The study protocol was reviewed and approved by the  
Medical Ethics Committees of all four participating centres and registered at the Dutch  
Trial Registration Site (NTR 3313).
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stent placement
The Hanaro Flap stent is an SEMS constructed of nitinol alloy wire and fully covered with a 
silicone membrane. The diameter of the stent body is 20 mm, with flanges of 26 mm at each 
end (Figure 1). On the body of the stent, three rows of covered anti-migration flaps, with 
four flaps on each row, are attached. Each flap has a length of 2.5 mm and a width of 
8.5 mm. Lassos at both stent ends allow repositioning after placement or stent retrieval. 
The stent is available in lengths of 8, 11, and 14 cm. A stent measuring at least 4 cm 
longer than the stricture was chosen in the current study to allow for overlap of at least 
2 cm at the upper and lower border of the stricture. All procedures were performed with 
the patient under conscious sedation using midazolam or propofol. 

figure 1 | Fully covered Hanaro Flap stent 
(Esophagus Flap BS – Utrecht design; M.I. Tech, 
Seoul, South Korea), with bilateral flared ends 
and three rows of anti-migration flaps to prevent 

migration. 

study end points
The primary end point of the study was recurrent dysphagia, with a particular focus on  
stent migration as the cause. Secondary end points included technical success of place-
ment, functional outcome (dysphagia score), adverse events, and survival.

Recurrent dysphagia was defined as a dysphagia score of ≥2 after initial successful treat-
ment of dysphagia. Dysphagia was scored according to Ogilvie (grade 0 = ability to eat a 
normal diet; grade 1 = ability to eat some solids; grade 2 = ability to swallow semisolids 
only; grade 3 = ability to swallow liquids only; grade 4 = complete dysphagia for liquids). 
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Technical success was defined as successful deployment and placement of the stent at 
the required location, verified by fluoroscopy and/or endoscopy. A severe adverse event 
was defined as an event with a (possible) association to the insertion procedure or to the 
stent and for which an (endoscopic) intervention or hospitalization was required. Adverse 

events could be treated conservatively with no need for hospitalization. 

follow-up assessment
Patients were evaluated before stent placement, 14 days after stent placement, and 
monthly thereafter until death or stent removal. For patients still alive at the end of the 
study, the minimal duration of follow-up was 6 months and the maximum was 12 months. 
Evaluation included dysphagia score and symptoms of retrosternal pain and reflux. In 

cases of recurrent dysphagia, patients underwent endoscopy. 

statistical analysis
Results were expressed as means (±SD) or medians (range), as appropriate. Dysphagia-
free survival and overall survival were calculated according to the Kaplan–Meier method. 
Cox-regression analysis was performed to calculate hazard ratios (HR) and their cor-
responding 95% confidence intervals (CI) for predictors of migration and occurrence of  
adverse events. A P value of <0.05 was considered to be statistically significant. All 
analyses were performed using SPPS software version 20 (IBM Corp., Armonk, New 
York, USA). 

rEsults

patient characteristics
A total of 40 consecutive patients with malignant dysphagia due to esophageal cancer 
(n  =  32), extrinsic malignant compression (n  =  5; 4 lung cancers, 1 metastatic breast 
cancer), recurrent anastomotic cancer (n  =  2), and gastric cardia cancer (n  =  1) were 
included (Table 1). In four patients (10%), an esophageal-respiratory fistula was present 
at inclusion. 

outcome and survival
Placement of the Hanaro Flap stent was technically successful in all but one patient 
(98%). In this patient, the stent collapsed during repositioning using a rat tooth forceps 
and a second stent was placed inside the first stent. As there was no improvement of 
dysphagia, both stents were removed the next day and another stent was placed.

At 1 month after stent placement, all 39 patients with successful stent placement ex-
perienced improvement of the dysphagia score by at least 1 grade. The median dysphagia 
score improved, from 3 before stent placement to 1 at 1-month follow up. 

A total of 30 patients were followed until death, 4 patients until stent removal, and 6 pa-
tients were still alive after a follow-up period of ≥6 months (range 181–365 days). The 

median survival after stent placement was 76 days (95%CI 59–93 days). The majority 
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Table 1 | Baseline characteristics of 40 patients treated with the fully covered Hanaro 

Flap stent for the palliation of malignant dysphagia.

Characteristics N = 40

Age, mean ± SD, years    68 ± 11 

Male, n (%) 29 (73)

Dysphagia score before treatment, n (%)

Grade 2   4 (10)

Grade 3 18 (45)

Grade 4 18 (45)

Previous radiation and/or chemotherapy, n (%)

Chemotherapy   5 (12.5)

Radiation   3 (7.5)

Both 18 (45)

None 14 (35)

Stricture location, n (%)

Proximal   6 (15)

Mid   6 (15)

Distal 28 (70)

Tumor location, n (%)

Esophagus 32 (80)

Cardia   1 (2.5)

Recurrent anastomotic cancer   2 (5)

Extrinsic compression*   5 (12.5)

Stricture length, mean ± SD, cm 5.2 ± 2.1 

Stent length, n (%)

80 mm 12 (30)

110 mm 22 (55)

140 mm   6 (15)

*Ductal carcinoma, small cell carcinoma, non-small cell carcinoma, pulmonary 

epithelioid hemangioendothelioma, large-cell neuroendocrine carcinoma.

of patients (84%) died as a result of tumor progression. Three patients (10%) died of 
complications due to (aspiration) pneumonia, one patient (3%) from cardiac arrest, and 
one patient (3%) from tracheal compression due to tumor growth. 

recurrent dysphagia
The median dysphagia-free time after stent placement was 220 days (95%CI 94–345 days). 
Nine patients (23%) experienced recurrent dysphagia because of stent migration (n = 6; 
15%), tissue overgrowth (n = 2; 5%), or fracture of the stent (n = 1; 3%). Complete stent 
migration into the stomach was observed in one patient after 39 days, and this stent was 
removed during endoscopy followed by insertion of a new stent. In the other five patients 
with stent migration, the stent had migrated 2–6 cm distally after a median of 48 days 
(range 9–96 days). These stents were endoscopically repositioned. One patient returned 
twice thereafter with recurrent dysphagia due to partial stent migration, for which the 
stent was repositioned during repeat endoscopy.
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Table 2 | Univariate analysis of predictors of stent migration in patients treated with the fully covered Hanaro Flap stent for the 

palliation of malignant dysphagia.

Migration, n (%) 

n = 6

No migration, n (%) 

n = 33 hr 95%CI p value

Extrinsic compression   1 (17)   4 (12) 4.4 0.4 - 42.9 0.21

Previous radiation and/or 
chemotherapy   4 (67) 21 (64) 1.2 0.2 - 6.8 0.80

Ongoing radiation or chemotherapy   3 (50)   3 (9) 4.5 0.92 - 22.9 0.06

Stent length

80 mm   1 (17) 10 (30) 1.0 Reference

110 mm   3 (50) 19 (58) 0.9 0.1 - 9.1 0.96

140 mm   2 (33)   4 (12) 2.3 0.2 - 26.1 0.49

Stricture location

Proximal   1 (16.7)   5 (15) 1.0 Reference

Mid   1 (16.7)   5 (15) 0.4 0.02 - 6.8 0.53

Distal   4 (66.7) 23 (70) 0.3 0.03 - 2.6 0.26

There were no statistically significant predictors of stent migration (Table 2). However, 
stent migration occurred in 3/6 patients (50%) undergoing ongoing treatment compared 
with only 3 of 33 patients without ongoing treatment (9%).

Tissue overgrowth was observed in two patients at 44 and 132 days after stent placement, 
respectively. A second overlapping stent was placed in one patient, and in the other 
patient the stent was removed and replaced. In one patient, the stent fractured at the 
level of the stent body 220 days after placement, and the lower part of the stent caused 
obstruction of the esophagus. A new stent was placed through the fractured stent. 

adverse events
A total of 16 severe adverse events occurred in 14 patients (36%) (Table 3). The most 
common severe adverse event included hemorrhage in three patients. One patient had 
tumor growth into the left gastric artery resulting in three episodes of hematemesis, and 
two patients had one bleeding episode each. All patients were successfully treated with 
radiation therapy and/or blood transfusion. Severe nausea and/or vomiting requiring ad-
mission or feeding tube placement was reported in three patients. A new esophageal-
respiratory fistula developed in two patients, after 45 and 166 days, respectively. One 
patient developed a fistula at the proximal stent end, and in this patient the stent was 
replaced by another stent type resulting in successful sealing of the fistula. The second 
patient presented with mediastinitis. An additional stent was placed at the level of contrast 
leakage. This patient died 2 days after the endoscopy due to septic complications. In one 
patient with a pre-existing fistula, partial migration of the stent resulted in an unsealed 
fistula. In this patient, a second Hanaro Flap stent was placed through the first stent, and 
thereafter a control contrast swallow showed no contrast leakage.
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Table 3 | Adverse events in patients (n = 39) treated with the fully covered Hanaro Flap stent for the palliation of malignant 

dysphagia.

Number of events

Total severe adverse events 16 (in 14 patients, 36%)

Severe adverse events, ≤7 days 10 (in 10 patients, 26%)

Severe pain   2

(Aspiration) pneumonia   2

Severe nausea/vomiting   3

Hemorrhage   2

Tracheal compression   1

Severe adverse events, >7 days   6 (in 5 patients, 13%)

Hemorrhage   3

Fistula   2

Migration (resulting in an unsealed fistula)   1

Total adverse events 23 (in 19 patients, 49%)

Mild retrosternal pain 11

Nausea/vomiting   4

Candida esophagitis   2

Other*   6

Adverse events, particularly mild retrosternal pain (n = 11) and nausea and vomiting 
(n = 4), were seen in 19 of 39 patients (49%). All patients with mild retrosternal pain ex-
perienced this pain for a short period (<7 days), and it was successfully treated with a 
short course of low-dose analgesics. In the majority of patients, the pain resolved within 
24 hours after stent placement.

Cox-regression analysis showed that prior radiation therapy and/or chemotherapy was  
not associated with an increased risk of severe adverse events (P = 0.13; HR 2.7, 95%CI  
0.7–10.0) or adverse events (P = 0.23; OR 1.8, 95%CI 0.7–4.7).

 

discussion

In this prospective, multicenter, follow-up study, the Hanaro Flap stent provided relief 
of malignant dysphagia in the majority of patients. Although the recurrent dysphagia 
rate was relatively low, the stent migration rate was not reduced compared with other 
FCSEMS. This was somewhat surprising because this FCSEMS was specifically designed 
to reduce migration rates.

The main goal of palliative treatment in patients with inoperable malignant esophageal 
obstruction is to provide rapid and persistent relief of dysphagia. Although rapid relief of 
symptoms is achieved in almost all studies that have reported on results of SEMS place-
ment, the occurrence of recurrent dysphagia has largely remained unchanged (i.e. at 
~30%–40%).2, 3 Compared with other studies, the 23% rate of recurrent dysphagia in the 
current study was relatively low. 
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It is known that stent migration is the main cause of recurrent dysphagia when FCSEMS 
are placed in the esophagus.3 To prevent migration, several anti-migration features have  
been reported. However, results have been mixed: bilateral flared ends (5%–14% 
migration),9, 10 anti-migration struts (36%),11 or a double layered mesh (0–12%).5, 10, 12 The 
migration rate of 15% in the current study is comparable to the rate for FCSEMS that 
have bilateral flared ends as their only anti-migration feature, suggesting that the flaps of 
the Hanaro Flap stent are of only limited value for the prevention of migration. However, 
it is important to note that migration was only partial in 5/6 patients in the current study, 
with a downward migration of a few centimeters seen during endoscopy. Nonetheless, 
all patients with migration had symptoms of recurrent dysphagia. In contrast, the majority 
of reported stent migrations with other SEMS were into the stomach.5, 9, 11 In the current 
study, management of partial migration included endoscopic repositioning, which is 
relatively easy to perform and associated with lower costs than placement of a new stent. 
It is possible that increasing the number of flaps might result in prevention of partial 
migration. 

Placement of the Hanaro Flap stent was associated with a high adverse event rate. 
Severe adverse events were reported in 36% of patients, which is in the upper range 
when compared with rates of 18%–36% with other FCSEMS.3, 4, 9 An interesting finding 
was the occurrence of severe nausea and/or vomiting in three patients, as this is a not 
commonly reported adverse event after esophageal SEMS placement. Hirdes et al.  
recently reported frequent nausea and/or vomiting in a study in which single-dose bra-
chytherapy was combined with biodegradable stent placement for dysphagia due to 
esophageal cancer.13 The high axial force of the biodegradable stent was proposed to 
be a causative factor due to its negative effect on esophageal motility. However, this is 
unlikely to be the cause in the current study because recent in vitro testing showed that 
the Hanaro esophageal stent only has a moderate to low axial force.14 Another explanation 
might be that severe nausea and/or vomiting was caused by impaired esophageal motility 
due to the malignant process. All three patients had undergone radiation therapy and two 
had also received chemotherapy before stent placement. Radiation therapy may induce 
esophageal damage in the form of necrosis and fibrosis, and concomitant chemotherapy 
could enhance this effect resulting in impaired esophageal motility.

A negative effect of radiation therapy and/or chemotherapy prior to stent placement has 
also been reported in previous studies on SEMS placement in the esophagus. It has been  
suggested that it increases the risk of (severe) adverse events, although this was not 
confirmed in all studies.15 Although no association between prior radiation therapy and/
or chemotherapy and occurrence of (severe) adverse events was found, it should be 
taken into account, particularly when comparing these results with other studies, that 
a relatively high percentage of patients (64%) had undergone radiation therapy and/or 
chemotherapy in the current study. 

Retrosternal pain was recorded in a significant number of patients (33%) in the current 
study and is also a commonly encountered adverse event after stent placement in other 
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studies, with incidence rates ranging from 10% to 34%.2, 4, 9, 11, 12 Nonetheless, a strict 
definition of retrosternal pain is not always used across studies; for example, in some 
studies only pain requiring admission or (high dose) opiates was reported, whereas in 
the current study, any retrosternal pain that required any form of pain medication was 
recorded as an adverse event; this might explain the high overall rate of retrosternal pain 
in 13 of 39 patients (33%). Furthermore, the thorough prospective follow-up schedule 
with specific attention to symptoms such as retrosternal pain and reflux may have also 
contributed to this high adverse event rate. Symptoms such as retrosternal pain are 
probably less frequently encountered in studies in which adverse events are collected 
retrospectively. 

It is also possible that stent characteristics (e.g. anti-migration flaps) contributed to the 
occurrence of adverse events. Only a randomized study comparing the fully covered 
Hanaro stent with and without flaps will give a definitive answer as to whether the flaps 
induce adverse events. However, as the flaps are small in size (2.5 × 8.5 mm) and flexible, 
we think that they are unlikely to be the cause of adverse events.

The prospective follow-up schedule is one of the strengths of this study, particularly the 
first follow-up visit 2 weeks after stent placement, which is likely to be important with 
regard to the recording of procedure-related adverse events. The main limitations of the 
study are the lack of randomization and a control group. Moreover, there are differences 
in definitions of adverse events, follow-up schedule, and patient characteristics between 
reported studies. To overcome these limitations in future studies, we recently started an 
initiative to define end points for studies investigating stents in the gastrointestinal tract.

In conclusion, this study demonstrated that the Hanaro Flap stent is effective for the 
palliation of malignant dysphagia with a low recurrent dysphagia rate. However, despite 
the anti-migration features, stent migration was still a major cause of recurrent dysphagia. 
It is unclear whether the relatively high rate of adverse events was the result of the selec-
ted patient population and thorough follow-up or a result of stent characteristics. 
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introduction

Dysphagia is the most common presenting symptom in patients with esophageal malig-
nancy and contributes significantly to weight loss and malnourishment. An increasing 
number of patients with locally advanced esophageal cancer undergo treatment with 
neoadjuvant chemoradiotherapy (CRT) prior to surgery as this has been shown to improve 
survival.1 Neoadjuvant CRT is however associated with acute inflammation and edema 
of the esophageal mucosa which could increase symptoms of dysphagia and potentially 
further jeopardize nutritional status.2 

There are various options for nutritional support during neoadjuvant CRT, including naso-
enteral tube feeding, laparoscopic jejunostomy and total parenteral nutrition. None of 
these options relieve dysphagia. Therefore, based on the good results of self-expandable 
stent placement in the palliative setting, self-expandable stents were introduced as a 
‘bridge to surgery’ during neoadjuvant treatment. Fully covered self-expandable metal and  
plastic stents (fSEMSs and fSEPSs) have been used with good results; however, at the 
expense of additional endoscopic procedures either to remove a migrated stent or to 
extract the stent prior to surgery.3-6 In addition, SEMS may hamper dose planning of radio- 
therapy because of backscatter on computed tomography.7 

Recently, biodegradable (BD) stents have been developed to treat refractory benign 
esophageal strictures.8,9 These BD-stents have the potential to refute the problems encoun- 
tered with fSEMSs and fSEPSs - migration is less likely since the stent is uncovered and 
removal is not necessary because the stent will be resolved at the time of esophagectomy. 
The aim of this study was to evaluate safety and efficacy of BD-stent placement prior to 
neoadjuvant CRT as ‘bridge-to-surgery’ in patients with locally advanced esophageal 
cancer and dysphagia. 

patiEnts and mEthods

This study was designed as a prospective feasibility study in two academic hospitals, 
the Academic Medical Center in Amsterdam and the University Medical Center Utrecht 
(registered under number ntr2928 in the Dutch Trial Register). The Medical Ethical 
Committee of both centers approved the protocol and written informed consent was 

obtained from each patient. 

patients
Based on historical data regarding the number of esophageal cancer patients presenting 
in our centers we aimed to include 16 patients in 2 years. All consecutive patients with 
resectable esophageal carcinoma scheduled for neoadjuvant CRT and complaints of 
dysphagia for solid food (grade ≥ 2 [scale 0-4])10 were considered for inclusion. Exclusion 
criteria were: a tumor length of > 10 cm; tumor growth within 5 cm of the upper esophageal 
sphincter; tumor extension into the stomach of more than 5 cm; a deep ulcer; a fistula or 
no significant stricture. 
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For safety reasons a ‘layered’ inclusion scheme was used for the first 5 patients. This 
dictated that inclusion was only open if the previous patient had completed CRT without 
the occurrence of any stent-related serious adverse event (SAE) and therefore there 
was a waiting period of 5 weeks (i.e. CRT duration) following inclusion of 1 of the first 5 
patients before a next patient could be included This strategy was chosen because of 
the high SAE rate in a previous study investigating BD-stent placement combined with 
single-dose brachytherapy for palliation of dysphagia.11 Following these initial 5 patients, 
inclusion was without restrictions.

All eligible patients who were not included in the study were treated with placement of 
a nasoduodenal feeding tube in combination with surveillance by a dietician or dietary 

surveillance alone, depending on patient nutritional status. 

materials and intervention
The Ella-SX BD-stent (Ella-CS, s.r.o., Czech Republic) is Conformité Européenne (CE) 
approved and has an indication for the use in benign strictures (peptic, anastomotic, 
caustic, and post-irradiation) (figure 1). The stent is uncovered and available in lengths of 
60, 80 and 100mm and for this study only stents with a body diameter of 18 mm and a 
flare diameter of 23 mm were used. Radiopaque markers at both ends and at the middle 
of the stent enable fluoroscopic visualization. The stent is made of woven polydioxanone 
monofilaments, and disintegrates 11 to 12 weeks after implantation. The stent is mounted 
on a delivery system shortly before implantation; the outer diameter of the delivery sys-
tem is 9.4 mm. Stent placement was done with the patients under conscious or deep 
sedation. If a pediatric endoscope (Olympus XP-160; Olympus Medical Systems Europe, 
Hamburg, Germany, or similar) could not pass the stricture, a Savary bougie dilation was 
performed up to 10 mm to facilitate safe insertion of the delivery system. The length of 
the stricture was measured endoscopically. The proximal part of the stricture was marked 
with intramucosal injection of a radiopaque contrast agent to facilitate accurate stent 
placement under X-ray guidance. A guidewire was positioned and the delivery device 
was introduced over the guidewire. The stent was placed with proximal and distal margins 
of at least 1.5 cm of the stricture. The correct position of the stent was confirmed with 
fluoroscopy and/or endoscopy (figure 1). All patients, with the stent traversing the lower 
esophageal sphincter received a proton pump inhibitor after the procedure (Omeprazole 
40 mg daily). 

Stent placement was performed before the start of neoadjuvant CRT. All patients received 
the same type of neoadjuvant CRT for a period of 5 weeks.2 Surgery was scheduled 4-6 
weeks after completion of neoadjuvant CRT and consequently the stent should be fully 
disintegrated at the time of surgery. 
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Figure 1 | A) Picture of the Ella-SX BD-stent B) Obstructing adenocarcinoma in 

the distal esophagus C) Fluoroscopic control of stent deployment with radiopaque 

contrast agent D) Endoscopic control of stent position

follow-up and study endpoints
After obtaining informed consent patients’ demographics and clinical characteristics 
including dysphagia score were registered by the research fellow (baseline). Procedure-
related data were recorded by the research fellow or treating physician. The research 
fellow performed follow-up by telephone on day 1, 2, and 7, and thereafter weekly until the 
day of surgery or withdrawal using a standardized questionnaire focusing on dysphagia, 
weight changes and adverse events.

The following outcomes were analyzed: 30-day mortality and morbidity after stent 
placement; intervention-related SAE’s, including perforation, hemorrhage requiring 
blood transfusion with at least 2 units of packed cells, severe retrosternal pain requiring 
treatment with intravenous opiates for over 48 hours or any other intervention-related 
event requiring admission to the intensive care unit, or resulting in surgical intervention 
or death; intervention-related adverse events;technical success, defined as successful 
stent placement and deployment at the site of the stricture; clinical success, defined as 
improvement of the dysphagia score within one week after stent placement; improvement 
of dysphagia scores during total follow-up and weight changes measured in percentages 
of kilograms of bodyweight. 

statistical analysis
This feasibility study is descriptive by nature; therefore, no formal power calculation was 
performed. Descriptive statistics were used for data of all included patients (intention 
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to treat). A paired samples t-test was used to assess improvements from baseline for 
dysphagia scores. Statistics were performed with the SPSS (version 20.0) software 
package (SPSS, Chicago, Ill, United States). Statistical significance was set at P< 0.05.  

rEsults

Between November 2011 and December 2013, 35 patients were screened for inclusion. 
The study was terminated prematurely after inclusion of 10 patients, because of difficult 
patient accrual. Because of the ‘layered’ inclusion, 15 patients who fulfilled inclusion 
criteria could not be included as they presented while CRT of 1 of the first 5 patients was 
still ongoing. Furthermore, tumor bleeding occurred in 1 patient for which radiotherapy 
was performed prior to informed consent for the study and 9 patients declined to 
participate in the study for various reasons (i.e. satisfied with nasoduodenal feeding tube 
[n=2], afraid of stent-related complications [n=7]).Baseline patient demographics, clinical 
characteristics and procedural information  are reported in Table 1.

study outcomes
There was no 30-day mortality and there were no intervention-related SAE’s. Technical 
and clinical success rates were 100% each. Mean dysphagia score during total follow-
up improved significantly compared to the baseline dysphagia score (p<0.001) (Table 2). 
Weight loss occurred in 9 patients at the end of follow-up with a median of 5.4 kilogram 
(kg) (range 0.2-11.0)  (relative weight loss 6.5% [range 0.4-18.8]). In 7 of these patients 
nutritional support (nasoduodenal feeding tube n=6, total parenteral feeding n=1) was 
started at a median of 47 days (range 7-82) after stent placement. One patient had a 
weight gain of 2.6 kg (4.2%) at the day of surgery, without any nutritional interventions.

The 30-day morbidity rate and overall adverse event rate were 60% and 70% respectively. 
Retrosternal pain immediately after stent placement developed in 6 patients and 
persisted for a median of 12 days (range 1 - 57). One of these patients was treated with 
acetaminophen, 1 with a combination of acetaminophen and NSAID’s and 4 patients 
required treatment with oral opiates. Stent obstruction due to necrotic tissue developed 
in 1 patient after 59 days, which was successfully treated with endoscopic removal of the 
necrotic tissue. 
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Table 1 | Baseline patient demographics, clinical characteristics and procedural 

information.

Mean age, years, (SD) 68 (7.7) 

Male : Female, n 7:3 

ASA score, n

1

2

3

1

7

2

Dysphagia score, mean (SD) 3 (0.67)

BMI, n 

< 18.5

18.5-20

>20

1

1

8

Tumor type, n

Adenocarcinoma

Squamous cell carcinoma

9

1

Tumor location, n

Mid esophagus

Distal esophagus

GE-junction

1

5

4

Tumor length (cm), mean (SD) 4.9 (1.7)

cTNM-stage#, n

I

II

III

2

4

4

Pre-dilation, n 2

Stent length, n

60mm

80mm

10mm

2

4

4

Time between stent-placement and

start of CRT, days, median (range)

15 (12-25)

SD = standard deviation; ASA score = American Society of Anesthesiologists score; 

BMI = body mass index (kg/m2)
#Clinical tumor-node-metastasis stage according to American Joint Committee on 

Cancer (AJCC) cancer staging manual (7th Edition) 
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Table 2 | Information regarding dysphagia scores and follow-up of study patients

Patient
Baseline dysphagia 
score

Dysphagia score 
follow-up week 1

Mean dysphagia score 
during follow-up

Follow-up, days (reason 
end of follow-up)

1 Liquids (3) Some solids (1) 1 114 (surgery)

2 Semi-solids (2) Some solids (1) 0.93 134 (death*)

3 Liquids (3) Some solids (1) 1.30 166 (placement SEMS#)

4 Semi-solids (2) Normal diet (0) 0 106 (surgery)

5 Liquids (3) Normal diet (0) 1.43 113 (surgery)

6 Liquids (3) Some solids (1) 0.55   93 (surgery)

7 Liquids (3) Normal diet (0) 1.13 121 (surgery)

8 No passage (4) Some solids (1) 2.20 134 (palliative brachytherapy¥)

9 No passage (4) Some solids (1) 1.08   98 (surgery)

10 Liquids (3) Semi-solids (2) 1.63   95 (surgery)

* Fatal bilateral pneumonia after completion of neoadjuvant CRT 
# SEMS placement for a post-radiation stricture at 166 days after BD-stent placement 
¥ Single-dose brachytherapy for palliation of dysphagia due to a recurrent malignant stricture at 134 days after BD-stent 

placement 

Nine patients completed the full 5-week course of neoadjuvant CRT. In 1 patient CRT was 
terminated after 4 weeks due to poor clinical condition. The latter patient still underwent 
thoracoscopic surgery; however, esophagectomy was not performed, because of intra-
operative detection of pleural metastasis. Furthermore, 3 patients did not undergo 
surgery for fatal bilateral pneumonia after completion of CRT in one patient, detection of 
diffuse liver metastasis with positron emission tomography (PET) after completion of CRT 
in a second patient and poor performance status in a third patient. One of the latter 2 
patients received single-dose brachytherapy for palliation of dysphagia due to a recurrent 
malignant stricture at 134 days after BD-stent placement and the other underwent 
SEMS placement at 166 days for a post-radiation stricture. The remaining 6 patients all 
underwent esophagectomy, of which 2 using a transhiatal approach (laparotomy n=1,  
laparoscopy n=1) and 4 using a transthoracic approach (conversion to laparotomy 
because of adhesions n=1, laparoscopy n=3). Median total follow-up was 114 days 

(range 93-166).
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discussion

This prospective feasibility study is to our knowledge the first to describe BD-stent 
placement prior to neoadjuvant CRT in patients with locally advanced esophageal carci-
noma. We did not detect any intervention-related SAE’s or 30-day mortality, which is in 
line with the results for BD-stent placement in benign esophageal strictures.8,9 In contrast, 
in a study by Krokidis et al. 2 tracheoesophageal fistulas after BD-stent placement were 
reported in a heterogeneous population of 11 patients undergoing either neoadjuvant 
chemotherapy or radical radiotherapy.12 Furthermore, a study investigating BD-stent place- 
ment combined with single-dose brachytherapy for palliation of dysphagia, was terminated 
prematurely due to a high SAE rate, which consisted mainly of severe retrosternal pain, 
nausea and loss of appetite.11 Although no association between stent diameter and 
retrosternal pain was found in that relatively small study, we decided to use only the 
smallest available stent diameter in this study as in our opinion diameter could not be 
excluded as a factor. Still, non-severe retrosternal pain was observed in 6/10 patients 
directly after BD-stent placement. Although retrosternal pain is frequently encountered 
after esophageal stent placement, this normally resolves within 48 hours.13 However, in 4 
patients pain persisted for more than 10 days. One could speculate whether the relatively 
high axial force and low flexibility of the BD-stent14 in combination with tissue reaction to 
stent disintegration and radiotherapy induce prolonged pain; although prolonged severe 
stent-related pain necessitating stent removal has also been described for fSEMSs and 
fSEPSs.3,6

Stent migration did not occur in this study. This is a positive finding when considering 
a migration rate ranging between 31-60% after placement of fSEMSs or fSEPSs.3-6 
Furthermore, as in other studies, BD-stent placement provided a quick and prolonged 
relieve of dysphagia in all patients.3-6 However, 9 patients experienced weight loss at the 
end of follow-up and 7 patients required an additional nutritional intervention because of 
malnutrition. Insufficient intake despite relieve of dysphagia could partly be explained by 
tumor cachexia and anorexia as side effect of neoadjuvant CRT, although other studies 
did not report significant weight loss.3-6 We also compared study patients with the 9 
patients who declined participation. Baseline characteristics and follow-up duration were 
comparable. There was significantly more weight loss after stent placement (-6.5% [range 
-18.8-4.20] vs 0.0% [range -3.0-5.95], p=0.023) and a non-significant larger proportion 
ultimately required nutritional intervention (7/10 vs. 4/9, p=0.370) despite significantly 
better mean dysphagia scores during follow-up (1.1 [range 0.0-2.20] vs. 1.74 [range 0.60-
2.53], p=0.021). Therefore it cannot be excluded that several patients reduced eating 
because of stent-related adverse events, in particular pain.  

Moreover, only 6/10 patients underwent curative surgery, because the patients were poor 
surgical candidates or discovery of metastasis on either restaging imaging or during 
surgery. This disappointing finding was even more striking in other studies, with resection 
rates of only 15% and 33%.6,15 Those studies as well as ours only selected patients with 
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severe dysphagia and locally advanced tumors, which could explain these poor results 
as the resection rate after neoadjuvant CRT in the overall population is more than 90%.2 

This study is limited by a small number of patients, which was partly due to difficult patient 
accrual. Furthermore, comparisons with the patients who declined participation should 
be interpreted with caution as their data were collected retrospectively and there is no 
sufficient statistical power. Moreover, patients were seen by dieticians but there was no 
standardized protocol dictating how and when to intervene. Finally, interesting outcomes 
like quality-of-life and perioperative morbidity were not assessed in this pilot study. 

In conclusion, our study suggests that BD-stent placement prior to neoadjuvant CRT 
as ‘bridge-to-surgery’ in patients with locally advanced esophageal carcinoma is safe 
in terms of 30-day mortality and SAE’s. Although BD-stent placement effectively  treats 
dysphagia, it appears to hamper oral intake for a not yet clearly elucidated reason. The 
clinical value of this treatment modality has to be questioned in view of weight loss and 
need for additional nutritional intervention. Adaptations to BD-stent design and probably 
material used, resulting in lower axial force and higher flexibility, and a more offensive 
surveillance of a dietician may overcome these problems. This needs further evaluation, 
preferably in a randomized study with control groups receiving no stents and other types 
of stents.    
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aBstract

objective
Upper GI perforations, fistula and anastomotic leaks are severe conditions with high 
mortality and temporary endoscopic placement of fully covered self-expanding-metal 
(fSEMS) has emerged as treatment option. This study aimed to investigate the safety and 
efficacy of a large diameter fSEMS for treatment of these conditions. 

material and methods
Data were retrospectively collected from patients who received this stent in the Netherlands 
between March 2011 and August 2013. Clinical success was defined as sufficient leak 
closure after stent removal without surgical intervention or placement of another type of 
stent. Adverse events were graded according a standardized grading system. 

results
Stent placement was performed in 34 patients for the following indications: perforation 
(n=6), anastomotic leak (n=26) and fistula (n=2). Technical success rate was 97% (33/34). 
Clinical success rate was 44% (15/34) after 1 stent and 50% (17/34) after an additional 
stent. There were no severe adverse events and stent-related mortality. The overall ad-
verse event rate was 50% (all graded ‘moderate’), including 14 (41%) stent migrations 
(complete n=8, partial n=6). Re-interventions consisted out of placement of another type 
of fSEMS (n=4), surgical repair (n=3) or esophagectomy (n=1). Eleven patients (32%) 
died in-hospital because of persisting intrathoracic sepsis (n=10) or pre-existent bowel 
ischemia (n=1). 

conclusion  
This study suggests that temporary placement of a large diameter fSEMS for the treatment 
of upper GI perforations, fistula and anastomotic leaks is safe in terms of severe adverse 
events and stent-related mortality. The larger diameter does not seem to prevent stent 
migration. 
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introduction

Perforations, fistula and anastomotic leaks (leaks) of the upper GI tract are severe and 
complex conditions with high morbidity and mortality rates.1-3 Traditional treatment con-
sists out of conservative measures like antibiotics, nasogastric feeding tube placement 
and drainage of leak sites for smaller leaks which are combined with surgical treatment, 
including repair, diversion or esophagectomy, in case of therapy failure or in the presence 
of larger leaks. Unfortunately this treatment regime prolongs hospitalization and delays 
oral intake and despite technical improvements of surgical interventions, they are still as-
sociated with significant morbidity and mortality.4, 5 

Therefore, temporary placement of self-expanding stents is gaining popularity as a  
treatment modality in these patients as it is less invasive than surgical approaches 
and allows a quick restart of oral nutrition. Several studies have shown that temporary 
placement of fully covered self-expanding metal stents (fSEMS) and plastic stents 
(fSEPS) has the potential to sufficiently seal of the leak without any major complications, 
while eliminating the need for surgical re-intervention.6-13 However, one drawback of the  
currently used fSEMS and fSEPS designs is a relatively high migration rate ranging from 
13-46%.6-8, 10, 14-16 To overcome this problem partially covered self-expanding metal stents 
(pSEMS) have been evaluated in several studies, because these stents allow some  
degree of tissue ingrowth through the uncovered part(s) which should prevent stent 
migration. Unfortunately severe tissue embedding might hamper safe endoscopic re-
moval of pSEMS.13, 17   

Another option to prevent stent migration might by the use of a stent with a larger diameter. 
Esophageal stents were initially intended for the treatment of oesophageal stenosis and 
therefore their diameter is rather small and probably too small for a normal diameter 
esophagus. The colonic fully covered Hanarostent (CCI stent) (M.I.Tech, Seoul, South-
Korea) has a larger diameter than oesophageal fSEMS and several Dutch endoscopists 
hypothesized that placement of this stent would be associated with a lower risk of stent-
migration and sufficient closure of upper GI leaks. On the contrary, however, the large 
diameter of this stent might predispose towards a risk of severe adverse events like 
perforation, bleeding caused by stent erosion and severe retrosternal pain.18  

Therefore the aim of this study is to determine first en foremost the safety and in addition 
the efficacy of the placement of the Hanaro-CCI stent for the treatment of upper GI 
perforations, anastomotic leaks and fistula.  
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mEthods

patients
This is a multicenter retrospective cohort study. All consecutive patients who received a  
Hanaro CCI-stent for the treatment of perforations (either spontaneous or iatrogenic), fistula  
or anastomotic leaks of the upper GI tract in the Netherlands between March 2011 and  
August 2013 were enrolled. The Hanaro CCI-stent is CE-marked for the treatment of ma-
lignant and refractory benign colonic strictures and malignant gastric outlet obstruction.  
Therefore placement of the Hanaro CCI-stent for the treatment of upper GI leaks was off-
label. All patients gave informed consent for this off-label use prior to stent placement. 

The following information was collected from their medical records: baseline demographics; 
indication for stent placement; leak characteristics; information on previous treatment; 
stent-placement and stent-removal procedure reports; adverse events including informa-
tion re-interventions; information on concurrent treatment (e.g. drainage).  

stent placement and removal procedure
The Hanaro CCI-stent is a fully covered SEMS with flares at both ends as anti-migration fea- 
ture and available in the lengths 5, 8, 11 and 15 cm. The diameters of the flares and body of  
the stent are 32 and 24mm respectively (Figure 1). The stent meshes are made of nitinol 
and it is fully covered with an inner silicone membrane. Gold radiopaque markers at both 
ends and in the middle of the stent ensure visualisation during fluoroscopic control. The 
stent is deployed with the help of a 24 Fr delivery device with a length a 70 cm, which en- 
ables controlled stent release. 

After determining the length of the leak during upper endoscopy, a guidewire is placed 
into the stomach and the appropriate stent size is chosen, with the stent being at least 
4 cm longer than the lesion. The delivery device is advanced over the guidewire until the 
distal end of the stent is at least 2 cm below the distal margin of the lesion. All stents are  
deployed under either constant fluoroscopic control, endoscopic control or a combination 
of both. In case of fluoroscopic control the upper and lower margin of the lesion are marked  
with a contrast agent. 

Endoscopic stent removal is scheduled after approximately 6 weeks depending on 
clinical symptoms and local protocols. Repeat endoscopy for assessment of healing in 
asymptomatic patients with a stent in situ is not routinely performed. Stent removal is 
performed during upper endoscopy with a rat-tooth forceps grasping the loop at the 
proximal end of the stent (Figure 1) or by inverting the stent using the distal loop. In 
case of doubt about sufficient leak occlusion during stent removal, an X-ray with oral 
contrast is obtained. Endoscopic procedures are performed under conscious sedation 
with midazolam and/or fentanyl or general anaesthesia with propofol depending on the 
patient’s condition. 
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Figure 1 | A) The Hanaro CCI-stent, B) Endoscopic view of an 

anastomotic leak after esophagectomy, C) Endoscopic view of the 

Hanaro CCI-stent placed across the anastomotic leak
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additional treatment
Concurrent drainage of infected areas in the mediastinum or pleural cavity was performed 
when indicated, either by video-assisted thoracoscopy or radiological percutaneous drain- 
age. Administration of antibiotics and placement of a nasoduodenal feeding tube was 
performed at the discretion of the treating physician and in accordance with local protocols. 

outcome measures
The following outcomes were used in this study: technical success, defined as sufficient 
placement and deployment of the stent at the correct location; clinical success, defined 
as sufficient leak closure after stent removal as confirmed by endoscopy or X-ray with oral  
barium contrast without the need for surgical intervention or placement of another type 
of stent; stent-related adverse events that were graded as mild (e.g. unplanned hos-
pital admission or prolongation of hospital stay for ≤3 nights), moderate (e.g. repeat 
endoscopy for an adverse event, intensive care unit (ICU) admission for 1 night) or severe 
(e.g. surgery for an adverse event, ICU admission >1 night) according the severity grading 
system for adverse events of gastrointestinal endoscopic procedures as described by 
Cotton et al.19; stent-related mortality, defined as mortality with a clear relationship to 
stent-placement or -removal procedure or the stent itself. 

statistical analysis
Descriptive statistics were used for all data. For continuous data, means (± standard 

deviation [SD]) or medians (interquartile range (IQR)) were used depending on data 
distributions. All analyses were performed according the intention-to-treat principle. 
Statistical analyses were conducted using SPSS version 20 (SPSS Inc., Chicago, Ill. USA) 

rEsults

patient characteristics 
In total 34 patients (male n=23 [68%], mean age 60 [± 10.4]) were included. The majority 
of patients underwent stent placement for an anastomotic leak after esophagectomy 
with gastric tube formation for esophageal cancer (n=17), bariatric surgery (gastric sleeve 
[n=2], gastric bypass [n=6]) or resection of an esophageal diverticulum (n=1). Other in-
dications were an iatrogenic perforation after pneumodilation (n=1), tumor perforation 
(n=2), Boerhaave’s syndrome (n=3) and a radiotherapy induced esophagobronchial fistula 
(n=2). Leaks were located in the cervical region in 15 patients, the intra-thoracic region in 
4 and at the gastro-esophageal junction region in 15. Sixteen patients had undergone a  
failed previous treatment, which consisted out of fSEMS placement (n=6), surgical closure 
(n=4) or a combination of both (n=6). A nasoduodenal feeding tube was placed in 16 pa-
tients. Twenty-two patients were treated with simultaneous drainage of infected areas 
in the mediastinum or pleural cavity, either surgically (n=16) or radiologically (n=6). Most 
patients (n=25) were administered antibiotic treatment. All baseline characteristics and 
clinical details are summarized in Table 1. 
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Table 1 | Baseline characteristics and clinical information

Age, years, mean (± SD) 60 (± 10.4)

Male, n (%) 23 (68%)

Indication for stent placement, n (%)

anastomotic leak

esophagectomy
bariatric surgery
resection diverticulum

perforation

fistula

27 (77)

18 (53)

8 (24)

1 (3)

6 (18)

1 (3)

Leak location, n (%)

cervical

intra-thoracic

gastro-esophageal junction

15 (44)

4 (12)

15 (44)

Failed previous treatment, n (%)

stent placement

surgical repair

surgical repair & stent placement

no

6 (18)

4 (12)

6 (18)

18 (53)

Concurrent nasoduodenal feeding tube, n (%)

yes

no

unknown

16 (47)

16 (47)

2 (6)

Concurrent drainage of infected areas, n (%)

surgical

radiological

no

unknown

16 (47)

6 (18)

11 (32)

1 (3)

Concurrent antibiotic treatment, n (%)

yes

no

unknown

25 (74)

7 (21)

2 (6)

technical and clinical outcomes
Stent placement was technically successful in 33/34 patients (97%). One technical failure  
occurred due to an intra-procedural distal stent migration, which was treated with endo-
scopic removal of the migrated stent using a rat-tooth forceps and placement of a different 
stent during the same procedure, because the Hanaro CCI-stent was not on stock at that 
moment. An 8 cm stent was used in 14 patients, an 11 cm in two and a 15 cm in five.  

Stent removal was successful and without adverse events in all patients who underwent 
stent removal (n=29). In 21 patients stents were removed according to treatment plan 
after a median time interval of 40 days (IQR 35-53). In 14 of these patients sufficient 
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leak closure was confirmed. In addition, sufficient leak closure was confirmed in 1 
patient who underwent endoscopy for a migrated stent after 33 days. Therefore clinical 
success was achieved in 15/34 patients (44%) after treatment with 1 Hanaro CCI-stent. 
In 7 patients there was still a remnant leak after scheduled stent removal, which was 
treated with placement of an additional Hanaro CCI-stent (n=4) or another type of stent 
(n=3). Ultimately 3 of the patients who received an additional Hanaro CCI-stent and all 
3 patients who received another type of stent died with the new stent in situ because of 
persisting intra-thoracic sepsis, while 1 of the patients who received an additional Hanaro 
CCI-stent eventually underwent surgical leak repair because of persisting intra-thoracic 
sepsis. 

There were 7 complete stent migrations after a median of 7 days (IQR 5-13). These pa-
tients were treated with removal of the migrated stent and placement of another stent 
(Hanaro CCI-stent [n=4], other type of stent [n=1]), placement of an additional stent 
through the migrated stent (n=1) or stent removal and esophagectomy (n=1). From the 
patients whom received another type of stent, 1 patient died with the new stent in situ 
because of persisting intra-thoracic sepsis, while in the other patient the second stent 
was removed at the planned date and the leak was sufficiently closed. A bleeding behind 
the stent occurred in 1 of the 4 patients who received a second Hanaro CCI-stent, which  
was treated with stent removal and placement of an endo-SPONGE® (B. Braun Aesculap 
AG, Germany), while the new Hanaro CCI-stent migrated in another patient, which 
was removed endoscopically and the patient was referred for surgical leak repair. In 
the remaining 2 patients who received a new Hanaro CCI-stent the second stent was 
removed at the scheduled date and the leak was sufficiently closed. Therefore, overall 
clinical success was achieved in 17/34 patients (50%).

Finally, 4 patients died in the hospital with the first stent in situ after a median (range) of 
19 days (11-50) because of persisting intra-thoracic sepsis (n=3) and pre-existing bowel 
ischemia respectively (n=1) without any further interventions. 

adverse events
There were no severe adverse events associated with the stent, stent placement or stent 
removal and there was no stent-related mortality. In addition to the 8 complete stent mi-
grations as described above there were 6 partial stent migrations that could be treated 
with endoscopic repositioning of the stent and therefore the overall stent migration rate 
was 14/34 (41%). In addition to the bleeding as described above there was 1 patient 
who suffered from a bleeding due to mucosal pressure erosion at the proximal margin of 
the stent which was treated with transfusion of two units of packed cells. Furthermore 1 
patient developed aspiration pneumonia within 1 day following stent placement requiring 
intensive care unit admission for one night. According to the severity grading system as 
defined by Cotton et al. all these adverse events were classified as ‘moderate’.19 All study 
outcomes and adverse events are listed in Table 2. 
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Table 2 | Overview of study outcomes

Technical success, n (%) 33 (97)

Clinical success, n (%)

1 stent

2 stents

15 (44)

2 (6)

Cause of clinical failure, n (%)

Technical failure

Stent migration

Insufficient leak occlusion

Premature death

1 (3)

5 (15)

7 (21)

4 (12)

Reason for stent removal*, n (%)

Scheduled

Stent migration

Technical failure

22 (65)

7 (21)

1 (3)

Adverse events, n (%)

Total

Severe

Moderate

Complete stent migration

Partial stent migration

Aspiration pneumonia

Bleeding 

Mild

17 (50)

0

8 (24)

6 (18)

1 (3)

2 (6)

0

*Regarding removal of first stent.
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discussion

In recent years temporary stent placement has emerged as a treatment option for anas-
tomotic leaks, perforations and fistula of the upper GI tract. Although this endoscopic 
technique appears to be safe in the majority of patients, efficacy is hampered by a relatively 
high stent migration rate. In this retrospective multicenter study we aimed to evaluate the 
safety and efficacy of temporary placement of a large diameter fSEMS in order to prevent 
migration. Our study suggests that placement and removal of this specific fSEMS is safe in 
terms of severe adverse events and stent-related mortality. However, the overall stent mi- 
gration rate was still 41% and clinical success was only achieved in half of patients. 

To our knowledge there are two studies that investigated a relationship between stent dia- 
meter and adverse events.18, 20 The authors concluded that a larger stent diameter is 
associated with an increased risk of severe adverse events in patients with esophageal 
strictures. One might expect that a larger stent diameter increases the pressure to the 
esophageal wall and therefore the absence of stent-related adverse events like perforation, 
severe retrosternal pain or severe bleeding could be explained by the fact that there were 
no patients with strictures included in the present study. However, our migration rate was 
at the high end of the range of 13-46% as reported in the literature.6-8, 10, 14-16 Although 6 
stent migrations could be treated by endoscopic repositioning without the need for an 
additional stent, this is a disappointing finding as it appears that increasing the stent dia-
meter does not provide better anchoring of fSEMS in these patients. 

In the present study no additional measures were undertaken to anchor the stent. However, 
several interesting methods for fixation of fSEMS have been described in small feasibility 
and case studies.13, 21-27 External fixation of the stent with a polypectomy snare that is 
drawn out through the nose and attached to the patient’s earlobe has been proposed, but 
this is associated with patient discomfort and might therefore not be widely accepted.21 
Furthermore, Blackmon et al. described a transcervical neck-pexy of stents entailing per- 
cutaneous suturing under ultrasonic guidance.22 This technique is, however, invasive 
and not applicable in the thoracic and lower esophagus, making it less attractive than 
endoscopic fixation methods. Vanbiervliet et al. demonstrated that endoscopic fixation 
of the proximal flare of the stent using through-the-scope clips significantly reduced the 
migration risk, while a Dutch study showed no beneficial effect of clipping.13, 23 Another 
recent study investigated the use of an over-the-scope clip to prevent further dislocation 
of partially migrated SEMS and found a migration rate of 15% after clipping.24 In addition, 
multiple studies evaluated the use of a new endoscopic suturing device to secure the 
fSEMS to the esophageal wall in order to prevent migration.25-27 Unfortunately the largest 
of these studies showed a migration rate of 33% in 18 patients.25 All in all it is still unclear 
whether fixating fSEMS really reduces the migration risk and, if so, which of the fixation 
techniques is superior. Still, in our opinion, the use of fSEMS is preferred over pSEMS 
because they are easier and safer to remove, which is also confirmed by our results.8, 16, 17 

However the clinical success rate of 50% in our study was relatively low when compared 
to pooled rates of some 85% in systematic reviews.28, 29 Though, previous treatment, 
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including surgical closure and placement of another stent, had already failed in 16 of 34 
patients and the Hanaro CCI-stent was used as last salvation option. In-hospital mortality 
occurred in 8 of these patients and 2 patients ultimately underwent esophagectomy. Pos-
sibly these patients would have benefited more from direct placement of the Hanaro CCI-
stent. On the contrary, 3 patients died in-hospital and 2 patients underwent surgical repair 
after primary treatment with the Hanaro-CCI stent. Several studies have indicated that 
a delay in treatment confers worse prognosis as the likelihood of septic complications 
increases.7, 30 Therefore it seems of utmost importance to determine the best suitable 
treatment (i.e. stent placement, conservative treatment, surgery) for specific patient sub-
groups, based on patient and leak characteristics, in order to quickly establish the optimal 
treatment modality in each patient.   

Still, traditional treatment options carry considerable disadvantages. Surgical treatment is 
associated with failure rates of about 25% and 22% for repair of anastomotic leaks after 
esophagectomy and bariatric surgery respectively.31, 32 Moreover, surgery-related mortality 
rates in the treatment of esophageal perforations have been reported to range between 
12-50%.1, 4, 5, 33 In addition, one study found that when surgical diversion is performed, 
GI-tract continuity is only re-established after an average of 7.7 months and revision sur- 
gery is associated with a complication rate of approximately 70%.34 On the other hand 
conservative treatment with nil per mouth, percutaneous drainage and antibiotic treat-
ment is sufficient in some selected patients with small leaks. However this treatment 
regime precludes oral intake while no measures are taken to seal the leak and up to 90% 
of patients treated in this manner ultimately require surgery.31 Therefore temporary stent 
placement remains the most attractive treatment modality and further research should 
focus on optimizing covered stent designs and stent fixation techniques.         

We are aware of the limitations of this study because of the retrospective design, the re-
latively small study population, heterogeneity in indications for stent placement and lack 
of a control group. Because of the retrospective character of this study we were unable 
to collect reliable information on the size of leaks and the interval between diagnosis and 
stent placement.  Moreover, in a substantial number of patients another type of SEMS 
was placed in case of insufficient leak occlusion or complete stent migration because the 
Hanaro CCI-stent was not available. This has negatively affected clinical success rate  
and could also have influenced adverse event rates. Finally, selection bias cannot be 
excluded since there is still no guideline that clearly defines which patient benefits from 
stenting and which patient from conservative or surgical treatment.

In conclusion, this study suggests that temporary placement of the fully covered large 
diameter Hanaro CCI-stent for the treatment of upper GI anastomotic leaks, perforations 
and fistula is safe in terms of severe adverse events and stent-related mortality. The 
larger diameter does not seem to prevent stent migration. Further prospective studies are 
needed to define optimal stent design and stent fixation technique. 
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introduction

Duodenal stent placement was first reported in the early 1990s ever since it has 
gained popularity especially for the treatment of symptomatic malignant gastric outlet  
obstruction (GOO).1 It has been suggested that stent placement for GOO is less invasive 
with a faster relief of symptoms compared to the conventional open or laparoscopic 
gastrojejunostomy.2-4 In this chapter we will mainly focus on the results including com-
plications of duodenal stenting as a treatment for malignant GOO. After a brief elaboration 
on definitions, several outcome parameters and complications will be discussed point by 
point and if applicable influences of different indications and material will be taken into 
consideration. We will round up with some miscellaneous indications and a summary.

defining results and complications
There is no clear definition of results regarding duodenal stenting. A composite of several 
outcome parameters is often described as results. Reviewing the literature the following 
outcome measures are stated in the majority of articles: technical success (adequate 
positioning and deployment of the stent), clinical success (relief of symptoms and/or 
improvement of oral intake predominantly defined by improvement of the GOO Scoring 
System (GOOSS) score, Table 1). 

Table 1 | The gastric outlet obstruction scoring system (GOOSS), adapted from Adler et al.5 

Level of oral intake GOOSS score

No oral intake 0

Liquids only 1

Soft solids 2

Low-residue or full diet 3

A great number of publications also report on median survival and procedure-related 
hospitalization time, where only some articles elaborate on cost and quality of life as 
part of results.

Complications related to duodenal stenting are often divided into major and minor com-
plications6-10 and/or into early and late complications6, 7, 11-14 in an attempt to render the 
severity and determine which complications might be procedure-related. Unfortunately 
the definitions used to classify complications differ between the main publications.6-9, 11, 12  
In this chapter it was therefore decided to just mention the type of complication e.g. per-
foration or migration and refrain from judging the severity and the possible relation to the 
procedure. 



63

Literature review on duodenal stent placement for malignant GOO

5

rEsults

To obtain an up-to-date insight in the results of duodenal stenting as a treatment for 
malignant GOO a critical review of the literature has been performed. All studies published 
between October 2003 and May 2011 that met the following criteria: information on 
technical and clinical success, publication in English and a study population of more than 
ten patients, were included and are summarized in Table 2. 
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tEchnical succEss

overall technical success
In the vast majority of the patients with malignant GOO adequate positioning and de-
ployment of the duodenal stent is achieved. The overall technical success ranges from 
77% to 100% with a mean of 97% (2175/2243) in our pooled population (Table 2). The 
technical failures occurring in 3% of the patients are mainly caused by either the inability 
to cannulate the stricture with the guide wire or unsuccessful deployment of the duodenal 
stent. Adequate positioning of the guide wire might be hampered by the tightness of the ste-
nosis or looping in the distended stomach of either the endoscope or guide wire.6, 18, 35, 42, 43  
Deployment failures are mostly related to a tortuous anatomy, causing too many or too 
sharp bends on the delivery device impeding the deployment force.23 

type of procedure and technical success
There are two types of procedures for duodenal stent placement: either endofluoroscopic 
(combination of endoscopic and fluoroscopic guidance performed by endoscopist) or sec  
fluoroscopic (performed by radiologist). There are however no studies published that do 
compare these techniques. Pooled analysis of the larger studies (n>50) in which either 
an endofluoroscopic8, 15, 18, 20, 27 or fluoroscopic technique23, 35, 44 was combined with one 
type of stent reveals technical success rates of respectively 97% (280/288) and 96% 
(372/387). Based on these data no conclusions can be drawn about the preferred type 
of procedure. To answer the question very large randomized controlled trials would be 
needed as the success rates appear to be rather similar. Regarding the current data 
one could also argue that both success rates are high and that the choice for either one 
should be determined by local expertise.

tumor characteristics and technical success
As mentioned before, the tightness of the stenosis and the anatomic position may well 
influence the technical success rate of duodenal stent placement in patients with malignant 
GOO. Studies specifically assessing a relationship between tumor characteristics like type  
of malignancy or site of the lesion are however sparse.23, 45, 46 A study by Kim et al., in which 
stents were placed under fluoroscopic guidance by radiologists, showed a statistically 
significant difference for technical success rates depending on the site of the lesion: 
peripyloric region 98%, duodenum 93% and anastomosis (gastroduodenostomy and 
gastrojejunostomy) 82%.23 The authors state that severe loop formation of the catheter-
guide wire system in the distended stomach and curved configuration of the duodenal 
C-loop are the main causes of the lower success rate in the latter two groups. Another 
study of Kim et al. found that the technical success rate was not statistically different, 
depending on the type of malignancy: primary gastric carcinoma 100% versus pancreatic 
carcinoma 100%.45 Although stent placement was technically successful in all patients, 
the radiologists found stent placement more challenging in the pancreatic carcinoma 
group for the same reasons as mentioned in their previous study. 
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Lindsay et al. performed a retrospective study in which stents were placed under endo-
fluoroscopic guidance in groups of patients with GOO, caused by either pancreaticobiliary 
or gastric carcinoma, and found technical success rates of 100% in both groups. 

In conclusion data suggest that sec fluoroscopic duodenal stent placement might be 
more challenging in distally located obstructions. Data with regard to endofluoroscopic 
stent placement are too sparse for any conclusion. 

type of stent and technical success
There are no data directly comparing the different kind of duodenal stents. Looking at 
table 18.2 only one study reveals a deviating finding with regard to technical success. 
In this study by Mehta et al. a technical success rate of 77% was found in a small study 
population (n=13) using the Wallstent duodenal stent (Boston Scientific, Natick, MA, 
USA).28 Other studies using the Wallstent duodenal stent report technical success rates 
ranging from 91 to 100%.12, 22, 26, 29, 30, 35, 36, 46 Therefore it seems reasonable to assume 
that the Wallstent duodenal stent has similar outcomes regarding technical success 
compared to other stent types.          

In contrast to the different types of stents, clusters of stents have been compared. A 
prospective randomized trial comparing endoscopic placement of covered stents (Niti-S 
Pyloric and Niti-S Comvi Pyloric (Taewoong Medical, Seoul, Korea)) (n=40) with uncovered 
stents (Wallstent and WallFlex (Boston Scientific, Natick, MA, USA)) (n=40) as a treatment 
for malignant pyloric obstruction in gastric cancer showed no difference concerning 
technical success rate (both 100%).9 This result is consistent with another prospective, 
non-randomized comparative study which compared endoscopic placement of covered 
(Niti-S Pyloric) (n=70) stents with uncovered stents (Niti-S Pyloric) (n=84) as a treatment 
for malignant GOO, technical also revealing success rates of 100% in both groups.11 In 
the guidelines for fluoroscopic placement of gastroduodenal stents by Sabharwal et al. 
is however stated that the delivery systems of covered stents are less flexible and larger 
and therefore more difficult to deploy at distant locations through tortuous anatomy.47 
Notwithstanding there are no data in the current literature which can objectively support 
this statement. 

The technical success rate of duodenal stent placement for GOO is really high. Neither 
the type of procedure nor the type of stent seem to make any distinctive difference. 

On the contrary tumor characteristics might have their influence, especially when the 
obstruction is more distally located.
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clinical succEss 

overall clinical success
Clinical success defined as relief of symptoms and/or improvement of oral intake 
is achieved on mean in 87% of the patients (1979/2271), ranging from 63% to 100% 
(Table 18.2). The difference might be caused by a variety in definitions of clinical success. 
The studies with lower clinical success rates (<80%) did define clinical success as an 
improvement of the GOOSS-score instead of ‘relief of symptoms and/or an improvement 
of the GOOSS-score’.15, 21, 28, 48 Furthermore, some patients do not improve even after suc- 
cessful stent placement because of unidentified sites of malignant obstruction, diffuse 
peritoneal carcinomatosis with bowel encasement23, 35, 44, functional gastric outlet ob-
struction from either neural (celiac axis) tumor involvement or as side effect from narcotic 
pain medication15, 20, 42.

type of procedure and clinical success
There are no studies comparing the two types of duodenal stent placements with re-
gard to clinical success. Pooled analysis of the larger studies (n>50) in which either an 
endofluoroscopic8, 15, 18, 20, 27 or fluoroscopic technique23, 35, 44 was combined with one type 
of stent reveals almost similar clinical success rates of respectively 84% (241/288) and 
89% (346/387). Based on these results one could suggest that it is unlikely that the type 
of procedure does influence the clinical success rate. 

tumor characteristics and clinical success
At present there are two studies which specify clinical outcomes of duodenal stent 
placement in relationship to the type of malignancy.45, 46 The study of Kim et al.,  spe-
cifically set up to compare outcomes of duodenal stent placement in the palliative 
treatment of GOO either caused by gastric carcinoma or pancreatic carcinoma, did not 
show a significant difference with regard to the clinical success rates, respectively 97% 
and 93%.45  

The study of Lindsay et al. found clinical success rates of both 80% in a group of patients 
with gastric carcinoma and a group with pancreaticobiliary cancer.46  

Currently there are no data that show any influence of tumor characteristics on the clinical 
success.

type of stent and clinical success
Though there is a rather large spreading of clinical success rates between studies there 
are no data, whether randomized or comparative, that support a relation with a specific 
type of duodenal stents. Clusters of stents e.g. covered and uncovered have been com-
pared in prospective studies.9, 11 These studies did not reveal a significant difference, the 
clinical success rates were respectively 95% and 90% (covered vs. uncovered) in the 
study of Kim et al. and 98.6% and 96.4% in the study of Lee et al.9, 11  At the moment there 
is no scientific basis to prefer a specific type or cluster of duodenal stent with regard to 
clinical success. 
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Though the overall clinical success rate is high there is a wide range in reported values, 
which could be explained by a difference in used definitions for clinical success. From 
the current data it is not possible to draw any firm conclusions regarding the influence on 
clinical success of the type of procedure, the tumor characteristics, or the type of stent.  

procedure-related hospital stay, survival and stent patency
Procedure-related hospital stay is an essential outcome parameter because the majority 
of patients with malignant GOO have a poor life expectancy and therefore a short hospital 
stay is desirable. Pooled analysis of all studies reporting on medians (Table 2) revealed an 
overall median hospital-stay after stent placement of 2 to 15 days with a mean of 6.3 days 
and a median survival after stent placement of 49 to 182 days with a mean of 86 days. 

Another parameter to consider is stent patency, which is defined as the time period without 
need for re-intervention.49 An important goal of palliative stent placement is that stent 
patency exceeds patients survival. The current literature reports median stent patency to 
range from 190 to 385 days, with an adequate resolution of GOO symptoms until death in 
the majority of patients.15, 20, 22, 23, 45 Interestingly, Kim et al. showed that chemotherapy after 
duodenal stent placement was associated with a significant increase in maintenance of 
stent patency despite a significant increase in migration rate.23 This was attributed to the 
reducing effect of chemotherapy on the tumor burden, which likely decreased the chance 
of tumor overgrowth or stent collapse by tumor compression. Furthermore the authors 
noticed that chemotherapy may prevent or delay disease progression and subsequently 
may cause prolonged patient survival.       

Quality of life
Although improvement of the quality of life (QoL) is considered an important goal in pal-
liative cancer treatment, only a small number of studies did assess this outcome measure 
with regard to duodenal stent placement in patients with malignant GOO.49

Older publications used the Karnofsky performance status (KPS), an indicator for patients′ 
general well being, to evaluate the QoL.12, 48, 50 A significant improvement of this measure 
was seen in two of these studies12, 48, while the other study showed a non-significant 
improvement.50 The KPS however only addresses physical functioning and might be to  
confined to adequately evaluate the QoL. More recent studies used more extensive QoL 
scoring questionnaires like the European Organisation for Research and Treatment of 
Cancer [EORTC] QLQ-C30 version 3 and QLQ-PAN26, the Short Form-36 Physical 
Health score and the 5 health dimensions of the EuroQol (EQ-5D) including the EuroQol 
visual analog scale [EQ-VAS].7, 15, 20, 28 These data revealed a significant improvement of the  
QoL in two15, 28 out of four series while the other two7, 20 revealed stable QoL scores until 
death. Though there are no data on the development of the QoL in case no duodenal 
stent would have been placed it seems credible that duodenal stenting has a positive 
influence on the QoL. 
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complications

stent obstruction 
The most frequently observed complication, often requiring re-intervention, is stent-
obstruction (Table 3). It is observed in the majority of studies with rates ranging from 3% 
to 44%.9, 11, 13, 15, 18, 20, 21, 23, 41, 44

Stent obstruction may be caused by tumor ingrowth (Figure 1), tumor overgrowth (Figure 2), 
tissue hyperplasia (Figure 3), food impaction or stent collapse (figure 4). In- and overgrowth, 
tissue hyperplasia and stent collapse can be successfully treated with coaxial stent place-
ment15, 18, 20, 44, while impacted food can be removed endoscopically.23

Figure 1 | Endoscopic image of tumor ingrowth 

Figure 2 | Endoscopic image of tumor overgrowth
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Figure 3 | Endoscopic image of tissue hyperplasia

Figure 4 | Endoscopic image of stent collapse

stent migration
Stent migration is another frequently observed stent-related complication with rates ran-
ging from 0 to 32% (Table 3).

Stents can migrate completely or partially and either proximally or distally. Insertion of 
an additional stent is often sufficient in case obstructive symptoms reoccur after (partial) 
stent migration.20, 23, 41 Proximally migrated stents can be retrieved endoscopically.9 Distally 
migrated stents may be completely asymptomatic and sometimes pass out through the 
rectum, but may also get stranded in the intestine and lead to obstruction, bleeding or 
perforation, requiring surgical intervention.11, 23, 41, 44 

influence of stent design on obstruction and migration rates
Different types of stents have been tried in order to reduce obstruction and migration rates,  
with the most important features being an uncovered or a covered design. Both designs 
have their advantages and disadvantages. 
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Table 3 | Summary of complication data from the systematic review of Dormann et al. and prospective studies with a patient 

population of n≥30 and a follow-up until death, published between October 2003 until May 2011.

Complication Frequency (%)

30-day mortality15, 20 22 - 23

Perforation9, 11, 13, 15, 18, 20, 21, 23, 41, 44 0 - 4

Bleeding9, 11, 13, 15, 18, 20, 21, 23, 41, 44 0 - 4

Obstruction9, 11, 13, 15, 18, 20, 21, 23, 41, 44                       

covered stents9, 11

uncovered stents9, 11, 15, 18, 20, 21

3 - 44

3 - 7

4 - 44

Migration9, 11, 13, 15, 18, 20, 21, 23, 41, 44 

covered stents9, 11

uncovered stents9, 11, 15, 18, 20, 21

0 - 32

17 - 32

0 - 8

Biliary obstruction9, 11, 13, 15, 18, 20, 21, 23, 44 0 - 2

Cholangitis9, 11, 13, 15, 18, 20, 21, 23, 44 0 - 6

Abdominal pain9, 11, 13, 15, 18, 20, 21, 23, 41, 44 0 - 8

Other* 9, 11, 13, 15, 18, 20, 21, 23, 44 0 - 4

*consists out of stent fracture, cardiac failure, anemia, pneumonia, ascites, gastroenteritis, peritonitis carcinomatosa and 

bacteremia. 

The mesh-like framework of uncovered stents prevents migration by providing an ancho- 
ring function, which is achieved by embedding (tumor) tissue within the meshes after 
expansion. The disadvantage of this design is logically a higher obstruction rate due to  
tumor ingrowth through the stent mesh (Table 3). Covered stents on the other hand prevent 
obstruction from tumor ingrowth with a covering membrane. Unfortunately this membrane 
causes a loss of the anchoring feature as described above and subsequently covered 
stents have a higher migration rate.9, 11 Furthermore covered stents do not prevent against 
re-obstruction by other causes than tumor ingrowth11 and sometimes tumor ingrowth still 
occurs due to traumatic damaging or chemical degradation of the covering membrane.51, 52 
 
The randomized prospective trial of Kim et al. found statistical significant differences be- 
tween uncovered and covered stents regarding obstruction and migration rates, with an 
obstruction rate of 44.4% and 3.2% and migration rates of 8.3% and 32.2% respectively.9 
These results are consistent with the non-randomized prospective study of Lee et al. 
which revealed an obstruction rate of 19% and 7% respectively for uncovered and co-
vered stents and migration rates of 0% and 17%.11 In both publications the negative 
features of the two types of stents compensated each other which resulted in similar stent 
patency times.  

In order to overcome the shortcomings of the uncovered and covered stent designs, 
investigators are aiming to combine the best features of both in one design. For example 
a dual expandable nitinol stent, consisting of an inner uncovered and an outer partially 
covered part that was placed fluoroscopically in a large prospective series, showed 
promising results with a migration rate of 4% and an obstruction rate of 14%.23             
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perforation
Perforation of the intestinal wall is rare with rates ranging from 0% to 4% (Table 3) and the 
majority of articles reporting no cases of perforation or a frequency of ≤1%,9, 11, 13, 15, 18, 20, 23, 41, 44 
only one publication showing a percentage of 4%.21   

Perforation can occur intra-procedural as well as post-procedural. Intra-procedural 
perforation can be caused by balloon dilatation or by manipulation of the intestinal wall by 
the guide wire, endoscope or stent.21 Pressure erosion of the bowel wall by the bare metal 
ends of the stent or stent migration can cause late onset perforation9, 13 and sometimes 
fistula formation to surrounding structures.13

Bleeding
The occurrence of gastrointestinal bleeding during or after duodenal stent placement mainly 
has the same causes as perforation and has comparable rates (Table 3).9, 11, 13, 15, 18, 20, 21, 23, 41, 44  
In most cases conservative treatment is adequate,18, 23 however some bleedings require 
endoscopic or radiologic intervention.20

Biliary problems
Biliary obstruction after duodenal stent placement develops in 0 to 2% of previously 
asymptomatic patients and cholangitis in 0 to 6% of cases.9, 11, 13, 15, 18, 20, 21, 23, 44 Dormann et 
al. lumped together biliary obstruction and cholangitis under the title ‘biliary problems’ in 
their systematic review and found a frequency of 1.3% after duodenal stent placement.41 
It is hard to distinguish whether biliary complications are caused by stent placement ac-
ross the papilla of Vater or by progression of the underlying disease.  

Whether or not  biliary drainage should be carried out prior to duodenal stenting remains 
a topic for debate. In the majority of patients biliary obstruction will occur either before or 
concomitant to GOO: in those cases there is a sound reason to drain the biliary tree. But 
the question remains if in patients with GOO but no signs of obstruction of the biliary tree, 
biliary stents should be placed prophylacticly.42 An argument for the proactive approach 
has always been the expected difficulty to place a biliary (metal) stent through the meshes 
of an duodenal stent placed across the papilla.42, 53 More recent data from Mutignani et 
al. however revealed that biliary stents can successfully be placed through the meshes 
of the duodenal stents either endoscopically or percutaneously.54 After achieving biliary 
canulation they either widened the meshes of the duodenal stent with a pneumatic balloon 
or removed those covering the papilla with a rat-tooth foreign body forceps or organ 
plasma coagulation. Besides the technical feasibility one should take into consideration 
that most of the patients will not develop biliary problems after stent placement41 and 
might be unnecessary exposed to the risks linked with biliary stent insertion in case 
of a prophylactic approach. We therefore suggest to only treat patients with objective 
signs of biliary obstruction by inserting a metal biliary stent prior to duodenal stenting. 
The minority of patients who develop biliary obstruction after duodenal stenting can be 
treated with endoscopic or percutaneous transhepatic biliary decompression depending 
on the local expertise.42, 54   
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abdominal pain
Abdominal pain is reported to occur in 0 to 4% of the patients after duodenal stent 
placement and normally lasts for 24 to 72 hours post-procedure.9, 11, 13, 15, 18, 20, 21, 23, 41, 44  
In the majority of cases it resolves spontaneously without any need for treatment  
with analgesics.41        

30-day mortality
The 30-day mortality rate is an important outcome measure after surgical procedures. 
However there is only a small number of publications on duodenal stent placement which 
assess this parameter.  

The 30-day mortality rates were 22% and 23% respectively in two prospective multicenter 
studies from Europe.15, 20 The vast majority of these patients, however, died from pro-
gressive malignant disease and only one patient died from unsuccessfully treated 
cholangitis. Therefore it is very difficult to interpret the 30-day mortality as an outcome pa-
rameter of duodenal stent placement. In addition there are no intra-procedural or directly  
procedure-related deaths reported in the literature.

Based on these data it seems that duodenal stent placement is not likely to cause the 
death of a patient.  

stent placement versus surgery
Before stent placement came into the picture, the traditional palliative treatment of 
malignant unresectable GOO was a surgical gastrojejunostomy. In this setting however, 
gastrojejunostomy is associated with relatively high morbidity rates ranging from 31.6% 
to 61%32, 50, 55-57  and 30-day mortality rates up to 30%32 due to a poor general condition 
of the patients. Moreover in many instances the patient is too ill to undergo surgery and  
supportive treatment would be the only option.32, 58 Stent placement therefore is considered 
an attractive alternative because of its less invasive character. 

At present there are two systematic reviews, one meta-analysis and one recent randomized 
controlled trial (RCT), which compared the results of duodenal stent placement and 
gastrojejunostomy as a treatment for GOO.2-4, 7  Only the systematic review from Jeurnink 
et al. specifically compared the technical success rates of both treatment modalities.2 
This article included all randomized and comparative studies published between January 
1996 and December 2005 and calculated the Odds Ratio for technical success, which 
showed no statistical significant difference between duodenal stent placement (96%) and 
gastrojejunostomy (99%) (OR: 0.22, CI: 0.02 to 2.1, p=0.2). The clinical success rate 
however seemed higher after stent placement in this review (89% vs 72%, OR: 3.39, CI: 
08 to 14.3, p=0.1).2 This result is in accordance to the other review and meta-analysis.3, 4  
Moreover these publications and the RCT showed that oral intake was restored faster 
following stent placement3, 4, 7 though the RCT from Jeurnink et al. showed that food 
intake sustains longer after gastrojejunostomy.7 
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Procedure-related hospital stay is significantly shorter after stent placement, while there 
is no difference in survival.3, 4, 7 Two prospective randomized studies assessed the QoL 
after both treatments.7, 28 One study found that the QoL was significantly higher 1 month 
after stent placement in comparison to laparoscopic gastrojejunostomy,28 while the other 
revealed no difference in QoL after both treatments, although pain scores decreased 
more rapidly after stent placement7.

Stent placement is associated with lower medical costs (Table 4).36, 59-61 This is mostly caused 
by lower initial costs resulting from a shorter procedure time and a shorter hospital stay. 
One might expect that follow-up costs are higher after stent placement due to the higher 
re-intervention rate. However, Jeurnink et al. calculated all costs from randomization until 
death and found that follow-up costs were equal after both procedures.59 The authors 
attribute this balance to the fact that patients needed additional hospital days and/or 
medical procedures, for reasons other than (recurrent or persistent) obstructive problems, 
after gastrojejunostomy. 

With regard to complications the majority of the literature report no differences in mor-
bidity and 30-days mortality rates.2-4 However there are some interesting data to mention. 
It seems that patients who underwent gastrojejunostomy were more likely to develop 
‘medical complications’ like respiratory tract infections, myocardial infarction and 
acute renal failure, while stent placement seems more associated with ‘stent-related’ 
complications like stent migration and obstruction.3 Moreover delayed gastric emptying 
develops more frequently after gastrojejunostomy.4 On the other hand some studies show 
a shorter time to re-intervention and a higher number of re-interventions in comparison 
to surgery.6, 7

In conclusion there is evidence that stent placement is superior over surgical bypass in  
terms of rapid improvement of food intake, a shorter hospital stay, less severe compli-
cations and lower medical costs. On the contrary, there is a higher recurrence rate of 
obstruction after stent placement, subsequently causing declines in food intake on the 
long-term and more re-interventions. Based on this information it seems reasonable to 
suggest stent placement in patients with a poor prognosis and gastrojejunostomy in 
patients with a longer life expectancy. Therefore accurate prognostication is of major 
importance for an advice on which treatment modality to choose in each individual patient. 
Data on accurate and easy to use tools for prognostication in patients with malignant 
GOO have recently be published.62, 63 
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Table 4 | Overview of articles comparing costs of duodenal stent placement and gastrojejunostomy (GJJ). All costs are noted 

in US $.

publication Stent GJJ

Jeurnink et al.59 8,819 12,433

Johnsson et al.36 7,215 10,190

Mittal et al.61 8,680 20,060

Yim et al.60 9,921 28,173

miscEllanEous

duodenal stenting for benign strictures
Duodenal stenting has been tried in patients with GOO due to benign strictures who were 
not amenable to surgery and in whom the stenosis was refractory to balloon dilation.64-66   

However the literature on this topic is extremely sparse with only one publication reporting 
on a study population of more than two patients. In this study Kim et al. reported on seven 
patients who underwent duodenal stent placement for resistant benign anastomotic 
strictures after gastric surgery.66 Fully covered retrievable stents were placed in four 
patients for temporary purpose while partially covered dual stents were inserted in three 
patients for permanent use. A clinical success rate of 71% was achieved (temporary n=2, 
permanent n=3). Stent migration was the only reported complication after a mean follow-
up of 12 months and occurred in three out of four patients who received a covered stent.  

Though the results of this small study are promising, more data, especially long-term 
results, are needed to clarify whether duodenal stenting might be an attractive alternative 
to surgical revision for benign anastomotic strictures refractory to balloon dilatation. 
Furthermore there is a lack of data concerning results of duodenal stent placement for 
benign strictures due to other causes like post-ulcer scar tissue or corrosive injury.     

magnetic gastroduodenal anastomosis
Endoscopic creation of a gastroduodenal anastomosis by using magnetic compression in 
the palliative treatment of GOO has been invented with the purpose to combine the safety 
of duodenal stent placement with the long-term efficacy of a surgical bypass.

There are two studies describing this relatively new minimally invasive technique; in both 
studies a stent was inserted through the anastomosis to warrant its patency. 67, 68 The first 
study, a prospective single center study by Chopita et al., showed the procedure to be 
successful in 13 out of 15 patients (88.7%); in all technical successfully treated patients 
the oral intake of solids was maintained until their death.67 The mean survival was 5.2 
months (range 1 to 10 months). Four complications (30.8%) occurred during the follow-
up period: two instances of distal migration of the stent (the patients found them in their 
stools); one proximal migration; and one obstruction of the stent by solid food. The latter 
two complications were resolved endoscopically. Encouraged by these data an European 
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prospective multicenter study was conducted.68 This study, however, was terminated 
prematurely because of serious adverse events. In total 18 patients had been included, in 
12 (66.7%) a gastroduodenal anastomosis with concomitant placement of an duodenal 
stent was achieved. The initially used specially designed fully covered ‘’yo-yo’’-shaped 
stent had a migration rate of 42.8%. Therefore the investigators switched to an uncovered 
conventional duodenal stent which did not migrate. However, this stent led to a fatal 
perforation of the jejunal wall in one patient. The authors concluded that: “Endoscopic 
creation of a gastroduodenal anastomosis by magnetic compression is feasible and safe; 
however, the necessity of a stent led to serious morbidity and even mortality in this study. 
The current system can therefore not be recommended for clinical use”. 

In conclusion this new treatment option for GOO showed mixed results, with a fatal 
stent-related complication in one study and a relatively high stent migration rate in both 
studies. The creation of the gastroduodenal anastomosis, however, appears to be safe. 
Therefore further research on this interesting concept should focus on the creation of an 
anastomosis which does not need an duodenal stent to keep it patent. 

summary 

Duodenal stent placement as a palliative treatment in patients with nonresectable 
malignant GOO is technically feasible in the vast majority of cases. Moreover clinical 
success is achieved in a large number of patients. These two important outcome 
parameters seem not to be influenced by tumor characteristics, the type of procedure or 
the type of stent. Furthermore the small number of publications which assessed the QoL 
showed stable or improved results after duodenal stent placement. 

Regarding complications duodenal stenting is generally safe with low rates of severe 
complications and no reported direct procedure- or stent-related mortality. However 
migration and obstruction of duodenal stents occur frequently with both of these com-
plications strongly influencing stent patency. Uncovered stents are associated with a high 
obstruction rate, while covered stents tend to migrate more regularly. New stent designs 
have been developed with the aim to overcome these shortcomings and recent trials with 
these stents show promising results. 

There is evidence that stent placement is superior over surgical bypass in terms of rapid 
improvement of food intake, a shorter hospital stay, less severe complications and lower 
medical costs. On the contrary, there is a higher recurrence rate of obstruction after stent 
placement, subsequently causing more re-interventions. 

At this moment we in general recommend stent placement and only in fit patients with a life 
expectancy of more than two months the option of a surgical bypass has to be considered.  
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aBstract

Background and study aims
Enteral stent placement has emerged as a safe and effective palliative treatment option for 
patients with malignant gastric outlet obstruction (GOO). In an attempt to further optimize 
this treatment new enteral stents have been designed. This study is the first to describe  
the results regarding technical success, clinical success, complication rate, and stent dys- 
function of the Evolution duodenal stent (Cook Medical, Limerick, Ireland). 

patients and methods
A total of 46 patients with symptomatic malignant GOO were included in this prospective 
multicenter cohort study. All patients who successfully received an Evolution duodenal 
stent were followed until death. 

results
The technical and clinical success rates were 89% (95% CI: 77% to 95%) and 72% (95% 
CI: 58% to 83%), respectively. The GOO scoring system score, the global health status 
and EuroQol visual analog scale improved significantly (GOOSS and global health status 
p < 0.0001; EuroQol p = 0.005) when scores before stenting were compared with scores 
after stent placement. Median survival was 87 days and stent patency was observed in 
66.7% for up to 395 days, accounting for death as a competing risk. Stent dysfunction 
occurred in 14 patients (30%) (stent ingrowth 9; stent migration 2; extrinsic compression 
on the stent 2; food impaction 1). 

conclusion
These first data on the new Evolution duodenal stent show that it is safe and effective for 
the palliative treatment of symptomatic malignant GOO.  
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introduction

For over a decade, endoscopic placement of self-expandable metal stents (SEMS) has  
emerged as an alternative to surgical gastrojejunostomy for palliative treatment in patients  
with malignant gastric outlet obstruction (GOO).1-3 Most studies have shown high tech-
nical and clinical success rates, no intervention-related mortality, a significantly shorter 
procedure-related hospital stay and oral intake that is usually tolerated already the day 
after stent placement.4-9 However, there are complications associated with duodenal 
stent placement, either severe due to perforation or bleeding, or minor due to obstruction, 
migration, pain or biliary problems. Severe complications occur in up to 4%10 while minor  
complications have been reported in up to 44% 6. Moreover, a recently published rando-
mized trial showed a higher rate of re-obstruction and re-interventions after enteral stent 
placement in comparison with gastrojejunostomy, which was mainly caused by stent- 
related complications.5 Therefore, current research focuses on finding an optimal stent 
design that guarantees long term stent patency.  

This is the first study investigating the new Evolution duodenal stent (Evolution Controlled 
Release, Cook Medical, Limerick, Ireland). This stent exhibits a novel configuration that is 
supposed to reduce complications like migration, tissue ingrowth, perforation and inade- 
quate stent release. The results regarding safety and efficacy of this new enteral stent  
in patients with malignant gastro-duodenal obstruction due to incurable gastric, peri-
ampullary or duodenal cancer are reported in this study.

patiEnts and mEthods

The DUOLUTION study was designed as a single-arm, prospective, observational clinical 
trial to evaluate the efficacy and safety of the Evolution duodenal stent in two academic 
hospitals. The protocol was approved by the Medical Ethical Committee of the Academic 
Medical Center in Amsterdam and the University Medical Center Utrecht in Utrecht. The 
study was conducted at the Department of Gastroenterology & Hepatoloy of both above 
mentioned centers. Written informed consent was obtained from each patient.

patients 
From November 2008 to July 2011, all consecutive patients 18 years or older with a ma- 
lignancy of the periduodenal area with typical GOO symptoms (i.e. early satiety, nausea and  
vomiting) and/or a GOO Scoring System (GOOSS) score of ≤2 (Table 1) were considered 
for inclusion in this study.

Patients were excluded if they met one of the following criteria: potentially curable disease, 
pre-procedural evidence of additional, more distally located strictures in the small bowel 
or colon, previous treatment with SEMS for the same condition, participation in another 
study11, inability to undergo upper GI endoscopy or inability to complete quality of life 
(QoL) questionnaires. 



88

Chapter 6

Table 1 | The gastric outlet obstruction scoring system (GOOSS), adapted from Adler et al.12

Level of oral intake GOOSS score

No oral intake 0

Liquids only 1

Soft solids 2

Low-residue or full diet 3

data collection
Immediately after inclusion, the following data were collected by a research nurse, i.e., 
medical history, medication use, disease-specific information (primary tumor site, level 
of obstruction, biliary obstruction/drainage), severity of obstruction (symptoms compa-
tible with GOO [i.e. vomiting] and GOOSS score), additional therapy (biliary drainage, 
chemotherapy, radiotherapy), World Health Organization (WHO)-performance score, body  
mass index (BMI) and validated quality of life (QoL) questionnaires (European Organi-
zation for Research and Treatment of Cancer [EORTC] QLQ-C30, EQ-5D including the 
EuroQol visual analog scale [EQ-VAS]).    

After stent placement, follow-up data were obtained during visits to the inpatient clinic 
when the patient was still hospitalized or either by mail or by telephone interviews in  
case the patient was at home. Results on GOO symptoms, GOOSS scores and compli-
cations were collected at seven and 14 days and thereafter monthly. Additionally, QoL 
questionnaire scores and information on general condition (BMI, WHO-performance 
score) were collected bimonthly. 

All data were collected until withdrawal of informed consent or death, whichever came first.  

dEfinitions and End points

the following definitions and endpoints were used for this study. 
The primary outcome was defined as improvement of the GOOSS score for the remainder 
of the patient’s life. Secondary outcomes were clinical success, defined as improvement 
of GOOSS score of at least one point and/or relief of symptoms compatible with GOO (i.e. 
early satiety, nausea and vomiting) one week after intervention; technical success defined 
as successful stent placement and deployment at the site of stricture; procedure- and stent-
related complications including 30-day mortality; median time until regain of intake and 
median procedure-related hospitalization; median survival; stent patency defined as the  
time period between stent placement and the recurrence of obstructive symptoms caused by 
an endoscopically confirmed stent-related complication (e.g. tissue ingrowth/overgrowth, 
stent migration, stent collapse, food impaction); impact on general condition as reflected 
by WHO-scores; and global quality of life as reflected by the global health status (QL2)  
scale, a sub score from the EORTC QLQ-C30 version 3 measure, and the EQ-VAS.13, 14 
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stent and placement procedure
All patients in this study were treated with placement of the Evolution duodenal stent. This 
is a Conformité Européenne (CE) approved uncovered through-the-scope SEMS stent 
made of nitinol, which is flexible with an evenly distributed radial force, characteristics 
intended to prevent perforation. These properties are combined with proximal and distal 
flanges as anti-migration feature and a small mesh design to prevent tissue ingrowth  
(Figure 1). In addition, accurate placement is thought to be facilitated by a new controlled 
release system including re-capturing facilities (Figure 2).

The stents were available in lengths of 6, 9 and 12 cm, with a diameter of 22 to 27 mm  
(body/flare) at full expansion. It may take up to 24 hours before this stent is fully expanded. 

Adequate drainage of the biliary tree, either endoscopically or radiologically was achieved 
at least 48 hours prior to enteral stenting, in case of co-existent biliary obstruction. If there  
was suspicion of biliary obstruction (elevated cholestatic liver enzymes) in patients without 
biliary endoprotheses in situ, a SEMS was placed endoscopically or radiologically. If pa-
tients already had a plastic biliary stent for biliary obstruction, this was replaced by a 
SEMS regardless of liver function test results. Details of the duodenum stent placement 
procedure have been reported previously.7

Figure 1 | The Evolution enteral stent in all three lengths (6, 9 

and 12 cm).

Figure 2 | The new ‘Evolution controlled release system’.
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statistical analysis
Descriptive statistics were used for the baseline characteristics. For continuous data,  
means (± standard deviation (SD)) or medians (interquartile range (IQR)) were used de-
pending on data distributions. Counts are given for categorical data. Wilson’s 95% 
confidence intervals are reported for clinical success, technical success and complication 
rates. The number of patients for whom primary outcome data were available was 39, 
which is sufficient for a 84% power at a significance level of 0.05 and with an estimated 
SD of 1 to detect a difference of at least 0.5 (effect size 0.5 or larger) between the mean 
GOOSS score during follow-up and at baseline, using a two-sided Wilcoxon test, assuming 
that the actual distribution is normal. Depending on distributional proportions, Wilcoxon 
matched-pairs signed-ranks test (WHO-score, GOOSS-score) or paired sample t test  
(Global Health Score, EQ-VAS, BMI) were used to assess improvements from baseline, 
after calculation of the average score per patient from available follow-up assessments 
until death. Overall survival was calculated with Kaplan-Meyer statistic. Stent patency 
was assessed by performing an actual cumulative incidence analysis, accounting for 
death unrelated to the stent as a competing risk.15 

Statistics were performed with the SPSS statistical software package (version 18.0, 
Chicago, Illinois, USA). Statistical significance was set at P < 0.05.

rEsults

Baseline characteristics
A total of 46 patients (24 men, 22 women; mean age 65.8 years [±11.8]) were included in  
the two participating centers. Three patients who met the inclusion criteria were not in-
cluded for the following reasons: unwilling to participate (n=1), missed during screening 
(n=2). Two patients were excluded because of inability to fill out QoL-questionnaires. No 
patients were lost because of participation in another study. 

Of the included patients 25 (54%) were diagnosed with pancreatic cancer. In the re-
maining patients, GOO was caused by cholangiocarcinoma (15%), gastric cancer (11%), 
metastatic disease (11%), duodenal cancer (7%) and gallbladder cancer (2%). 

At inclusion, median GOOSS score was 1 (interquartile range [IQR] 0-1). The baseline 
GOOSS score was not recorded in the case record form of one patient. However this 
patient was not considered for follow-up because no stent was placed as a result of the 
inability to pass a guidewire across the stenosis (see next paragraph). Patient demo-
graphics and clinical characteristics are summarized in Table 2.  

In 34/46 (73.9 %) patients biliary drainage was already performed prior to inclusion for 
this study. Of these patients, four had a plastic stent which was changed for a metal stent  
after inclusion and before enteral stenting (3 endoscopically / 1 percutaneously). In the re- 
maining 12 patients no biliary stents were present and laboratory testing after inclusion 
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showed no elevated cholestatic liver enzymes. According to the protocol no biliary 
intervention was performed prior to enteral stent placement in the latter group of patients.

technical aspects
Technical success was achieved in 41/46 (89%; 95% CI: 77% to 95%) of patients. In 
two patients technical failure occurred because of the inability to pass the guidewire 
across the stricture. In both cases adequate positioning of the guidewire was hampered 
by the tightness and strong angulation of the stenosis. One of these patients underwent 
successfully a gastrojejunostomy for palliation of obstructive symptoms. The other pa- 
tient was no surgical candidate because of a poor clinical condition caused by progressive  
tumor cachexia and died three days after the attempted stent placement without 
procedure- or stent-related complications.  

Table 2 | Baseline demographics and clinical features of the 46 study patients. 

Mean age ± SD, years  65.8 ± 11.8

Sex, n (%)

Men 24 (52.2)

Women 22 (47.8)

Primary illness, n (%)

Pancreatic cancer 25 (54.3)

Cholangiocarcinoma 7 (15.2)

Gastric cancer 5 (10.9)

Metastatic disease 5 (10.9)

Duodenal cancer 3 (6.5)

Gallbladder cancer 1 (2.2)

GOOSS-score (n=45¥), median (IQR) 1 (0-1)

0, no. (%)  12 (26.7)

1, no. (%)  28 (62.2)

2, no. (%)  4 (8.9)

3*, no. (%)  1 (2.2)

WHO-performance score (n=45¥), mean ± SD 2.16 ± 0.90

0 - fully active, no. (%) 1 (2.2)

1 - cannot carry out heavy physical work, no. (%)  10 (22.2)

2 - up and about > 50% of the day, no. (%) 17 (37.8)

3 - up and about < 50% of the day, no. (%) 15 (33.3)

4 - bed or chair bound all day, no (%) 2 (4.4)

EQ-VAS score, mean ±SD                                                                                                                                             

QLQ-C30 – Global Health status, mean ±SD

44.1 ± 17.4

36.6 ± 20.1   

¥These scores were missing in one patient. *Patient with this score at baseline 

suffered from early satiety, nausea and vomiting. 
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Unsuccessful deployment of the stent caused technical failure in one patient, which was 
successfully treated during the same procedure by removal of the undeployed stent and 
placement of another stent. However the endoscopist accidentally placed a WallFlex 
enteral stent (Boston Scientific Corporation, Natick, Massachusetts, USA) instead of 
another Evolution stent. Because this is in violation with the protocol this patient was 
excluded from further follow-up. In another patient the endoscopist inadvertently placed 
an Evolution colonic stent, which had a different length and diameter. This patient was also 
excluded from further follow-up. In one patient no stenosis was seen during endoscopy 
and therefore stent placement was not attempted. Therefore, the technical success rate, 
if evaluated only in patients with an indication for stenting in whom the correct procedure 
was attempted, is 95% (41/43 patients). 

In total 44 Evolution enteral stents were successfully placed in 41 patients during the first 
endoscopic procedure: 38 patients required a single stent to transverse the obstruction; 
three patients required two stents because of the length of the stricture (n=1) or because 
a too distally placed first stent (n=2). Placement of an additional stent was successful 
and performed during the same procedure in all three cases. Of the 44 enteral stents, 21 
(48%) were 9 cm, 19 (43%) were 6 cm and 4 (9%) were 12 cm. 

clinical outcomes
As mentioned previously, the baseline GOOSS score was recorded in 45/46 patients. 
Before stent-placement, 12 patients (27%) had no oral intake (GOOSS score 0), 28 
patients (62%) were only tolerating liquids (GOOSS score 1), four patients (9%) were able 
to tolerate soft solids and one patient (2%) could ate a low-residu or full diet (GOOSS 
score 3) but had severe symptoms of early satiety, nausea and vomiting (table 2 and table 
3). This resulted in a median baseline GOOSS-score of 1.0 (interquartile range [IQR] 0-1). 
The GOOSS scores during follow-up were recorded in 39 patients, with the median of 
the mean scores being 2.4 (IQR 1.1-3.0). For the remaining 6 patients scores were not 
available due to exclusion from further follow-up (n=4 [technical failure n=2, placement 
of colonic stent n=1, no stenosis n=1]), lost to follow-up (n=1) and death within one week 
after stent placement (n=1). 

With regard to the primary endpoint, there was a statistically significant difference  
(p < 0.0001) when the median GOOSS-score before stent placement was compared with 
the median of the mean scores during follow-up until death (Figure 3).  

At the time point of one week after stent placement deterioration of the GOOSS score by 
a single unit occurred in one patient despite technically successful stent placement. In 
11 patients the score did not improve, however GOO symptoms were alleviated in six of 
these patients. Furthermore the GOOSS score improved by one point in 10 patients, by 
two points in 13 patients and by three points in four patients (see Table 3 for further details).  
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Table 3 | The GOOSS scores before and 1 week after stent placement.

GOOSS-score before stent placement

0 

(no intake)

1 

(liquids only)

2

(soft solids)

3* 

(low residu) total

GOOSS-score 

1 week after 

stenting 

0

(no intake)
3 1 - - 4

1

(liquids only)
- 7 - - 7

2

(soft solids)
3 7 - - 10

3

(low residu)
4 10 3 1 18

Total 10 25 3 1 39

* Patient with this score at baseline suffered from early satiety, nausea and vomiting.  

Decrease of 1 point      Improvement of 2 points

No improvement      Improvement of 3 points

Improvement of 1point

Figure 3 | Distribution of the difference between the mean GOOSS score during follow-

up and the GOOSS score at baseline.
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Of these 27 patients with an improved GOOSS-score 21 patients also reported a stop 
of their GOO complaints one week after stenting. Concerning the remaining six patients, 
two did not have any GOO symptoms neither at baseline nor at one week, one developed 
GOO symptoms despite an improvement of oral intake capacity and in two patients data 
on GOO symptoms were unfortunately not recorded. Clinical success was therefore 
achieved in 33 of 39 patients (85%), resulting in an overall clinical success (intention-
to-treat) of 72% (33/46 patients; 95% CI: 58% to 83%). Median time until regain of oral 
intake was 0 days (range 0-1). Median procedure-related hospital stay was three days 
(range 1-35).

The QL2 and EQ-VAS scores both showed a statistically significant improvement when the  
pre-stenting scores where compared with mean scores during total follow-up (QL2 dif-
ference=21.1, 95% CI 13.8-28.5, p<0.0001; EQ-VAS difference=12.8, 95% CI 4.2-21.4, 
p=0.005). The BMI and WHO performance scores demonstrated non-significant changes 
overtime (p=0.089 and p=0.292 respectively).

complications 

A total of 26/46 (57%) patients suffered from one or more complications. There were no 
clear procedure or stent-related deaths, however one patient died with clinical signs of 
an acute abdomen 42 days after stent placement. This might have been caused by a late 
onset stent perforation, however this patient refrained from further treatment and it was 
therefore impossible to establish a final diagnosis. 

Procedure-related complications occurred in 2/46 patients (4%). The first patient suffered 
from a guidewire perforation, which was treated conservatively with antibiotics. The 
second patient suffered from a mild pancreatitis after a re-intervention (additional enteral 
stent placement). 

Seven patients (15%) developed cholangitis after enteral stenting. In one patient, 
endoscopy and CT-scan revealed proximal migration of the enteral stent one day after 
placement, which had caused biliary obstruction. This patient did not have a biliary stent 
and a percutaneous approach to achieve biliary drainage was decided to be the treatment 
of choice. However the patient refrained from further treatment. The six other patients 
developed cholangitis after a median of 300 days (IQR 60-491) despite placement of a 
biliary SEMS prior to enteral stenting. These patients underwent successful percutaneous 
drainage with placement of an additional biliary SEMS and an internal-external drain, 
which had to be repeated in three patients due to recurrent biliary SEMS ingrowth.   

Stent dysfunction was clinically suspected in 19/46 (41%) patients. Upper endoscopy was  
performed in all these patients and confirmed a diagnosis of stent dysfunction in 14/46 
(30%) patients. In 9 (20%) patients stent dysfunction was caused by tissue ingrowth, 
which was treated with stent-in-stent placement as an effective single step treatment in six  
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Table 4 | Overview of secondary outcomes of the 46 study patients.

Technical success, n (%)* 41 (89)

Clinical succes, n (%)* 33 (72)

Median survival (IQR), days 87 (35-237)

Median time until regain of oral intake (IQR), days 0 (0-1)

Median procedure-related hospital stay (IQR), days# 3 (1-9)

Stent patency, % (maximum days)§ 66,7 (359)

Stent dysfunction, n (%)

Stent ingrowth, n (%)

Stent migration, n (%)

Stent compression, n (%)

Food impaction, n (%)

14 (30)

9 (20)

2 (4)

2 (4)

1 (2)

Complications, n (%)†

Procedure-related

Cholangitis₤

Guidewire perforation€

Pancreatitis¥

Pain¶  

Nonprocedure-related 

Acute abdomen

Cholangitis

Jaundice

Anemia¤

Pneumonia

CVA

Ascites

Motility disorder

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

6 (13)

2 (4)

4 (9)

1 (2)

3 (7)

2 (4)

5 (11)

30-day mortality, n (%) 8 (17)

*Based on intention to-treat-analysis
#Including daycare
§Accounting for death unrelated to the stent as a competing risk
†Complications other than stent dysfunction
₤Treated with best supportive care because patient refrained from further treatment. 
€Treated with antibiotics without clinical admission
¥Treated with clinical admission, analgesics, nil per mouth and fluid resuscitation
¶Treated with analgesics without clinical admission
¤No clinical signs of GI-bleeding, all treated with blood transfusion in daycare 
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patients, while in the remaining four patients additional stent placement had to repeated (2 
x 1 and 2 x 2 additional procedures respectively) because of recurrent ingrowth. In the  
other five patients stent dysfunction was caused by stent compression (n=2), stent mi-
gration (n=2) and food impaction (n=1), all treated successfully with an endoscopic inter- 
vention (balloon dilation, additional stent placement and removal of food bolus). Stent 
patency was 66.7% for up to 395 days (while accounting for death unrelated to the stent 
as a competing risk).  

In five patients stent dysfunction was suspected but endoscopy showed that the stents 
were open. In addition, no evidence was seen of more distally located obstruction with con-
trast radiography. These patients were therefore classified as having a motility disorder and  
were all treated conservatively with erythromycin (n=1) or a duodenal feeding tube (n=4). 
In four of these patients a motility disorder was diagnosed after clinical success was 
achieved, while in the remaining patient stent placement did not prove to be effective at 
all.

A total of eight patients died within 30 days after the initial procedure due to the underlying 
disease (30-day mortality rate 17%; 95% CI: 9% to 31%)). Median overall survival was 
87 days (IQR 35-237).  

All other complications are summarized in Table 4. 

discussion

This study reports the results of the new Evolution duodenal stent in patients with malig-
nant GOO with regard to safety and efficacy.

In recent years, enteral stent placement has emerged as a palliative treatment option for 
patients with malignant GOO. There is evidence that enteral stent placement is superior 
over surgical bypass in terms of speed of improvement of food intake, a shorter hospital 
stay, less severe complications and lower medical costs.5, 16, 17 Nonetheless, the risk of re- 
current stent obstruction on the longer term is increased, which subsequently leads to 
more re-interventions.5 Therefore, several efforts have been put into trying to prolong 
stent patency by modifying stent design. So far, these attempts did not succeed in a stent 
that is superior to others in terms of success and patency rates.6, 18-20   

The new Evolution duodenal stent is an uncovered SEMS that has proximal and distal 
flanges to reduce the risk of stent migration and a small mesh width to reduce or even 
prevent tissue ingrowth. Furthermore, the stent is highly flexible with an evenly distribu-
ted radial force, which is a characteristic that should minimize the risk of perforation  
and haemorrhage.

Technical success with the Evolution stent was achieved in 89% (41/46) of patients 
which is in line with results of other publications.7, 21-23 In one patient, technical failure was 
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caused by insufficient deployment of the stent. In the literature unsuccessful deployment 
is frequently attributed to a tortuous anatomy, causing too many or too sharp bends on 
the delivery device impeding the deployment force.22 However in this specific case the 
endoscopist did not notice a specific cause for the unsuccessful deployment. In two 
other cases inability to pass the guidewire across the stricture precluded completion 
of the procedure. This is the most frequently encountered cause of technical failure.4 It 
is arguable whether adjustments to the deployment system or stent design could pre-
vent this.23-25 In the two remaining patients there was no real technical failure, as stent 
placement was not attempted in the first patient because no stenosis was seen and 
placement of an Evolution colonic stent instead of an Evolution enteral stent in the other 
patient.

The overall clinical success rate was relatively low (72%). Most publications report that  
clinical success is achieved in more than 80% of patients.4, 6, 7, 22, 23 However, it is contro-
versial whether different studies can anyhow be compared because of different definitions 
used for clinical success, different follow-up periods and patient heterogeneity. Moreover 
clinical success is a parameter that only evaluates an improvement of the GOOSS-
score and GOO-related symptoms at one time point. Therefore the observation that the  
GOOSS-score during total follow-up until death improved significantly after stent place-
ment is clinically more important. In addition the quality of life parameters, QL2 and EQ-
VAS, both showed a significant improvement, while the BMI- and WHO-scores showed no 
significant changes during follow-up. These results suggest that placement of the Evolution 
duodenal stent is an effective palliative treatment in patients with malignant GOO as it 
improves quality of life and keeps the general condition stable. The DUOLUTION study is 
the third study from our institute that evaluates a duodenal stent in a prospective case.7, 21  
So far the QoL-outcomes from the DUOLUTION study are the most positive results, 
despite comparable or even lower technical and clinical success rates and a higher 
complication rate (table 5). As discussed in the DUONITI study it is therefore difficult to  
indicate why QoL-results were better in the current study.21 Only a randomized trial com-
paring these different stent designs could probably provide better insight.   

Regarding complications, stent dysfunction was seen in 15 patients. Despite the smaller 
mesh width of the Evolution stent, recurrent obstruction due to stent ingrowth remained 
the main cause of stent dysfunction occurring in 9 (20%) patients. This percentage is in 
line with the results of other studies.4, 21, 22 The covering of enteral stents with a membrane 
effectively prevents tumor ingrowth, however this happens at the expense of high 
migration rates up to 32%.6 Fully migrated stents may be completely asymptomatic and 
sometimes pass out through the rectum, but may also get stranded in the intestine and 
lead to obstruction, bleeding or perforation, requiring surgical intervention.8, 19, 22 Therefore 
mostly uncovered stents are currently used for the treatment of malignant GOO. In this 
study only partial stent migration occurred in two patients (4%), which is an acceptable 
percentage for an uncovered stent.21, 22 All cases of stent ingrowth and stent migration 
could be treated effectively with placement of a new Evolution stent through the old stent 
(stent-in-stent). 
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In two patients (4%) external compression of the stent lumen by tumor growth was ob- 
served after 7 and 21 days which was treated by balloon dilation and coaxial stent 
placement respectively. This complication was also observed in 4% of patients in a large 
prospective study with a double-layered stent design.22 The early stent collapse in this 
study might be attributed to the high malleability of the Evolution stent, which possibly 
results in less ability to withstand external compression. On the other hand the high stent  
malleability might have prevented severe complications as stent perforation and hae-
morrhage, which can either occur during placement or at a later point in time as a result 
of progressive erosion of the duodenal or gastric mucosa by the bare metal ends of  
the stent.6, 26 

Median survival of the patients who received an Evolution stent was 87 days, and stent pa- 
tency was observed in 66.7% for up to 395 days (while accounting for death unrelated 
to the stent as a competing risk). This suggests that adequate resolution of the GOO is 
achieved with the Evolution stent in the majority of patients.   

Furthermore seven patients (15%) developed cholangitis, which is a relatively high figure 
in comparison with the results reported in the literature.4, 21, 22 One of these patients did  
not show any signs of biliary obstruction prior to enteral stenting. According to the 
study protocol, biliary drainage was therefore not performed. Unfortunately, cholangitis 
developed one day after enteral stent placement, which was attributed to stent occlusion 
of the ampulla of Vater due to proximal stent migration. One could argue that the small 
mesh design of the Evolution stent is more likely to hamper the flow off of bile than 
stents with a larger mesh diameter. However, a study of Kim et al showed no difference 
in biliary obstruction rates between uncovered and covered stent placements across the 
ampulla.27 Moreover, it remains difficult to distinguish stent occlusion of the ampulla from 
progression of the underlying malignancy as the cause of biliary obstruction. The other 
six patients suffering from cholangitis during follow-up all had a biliary SEMS in situ and 
recurrence of biliary obstruction occurred at a median of 300 days (IQR 60-491) after 
enteral stent placement. These patients were successfully treated with percutaneous 
decompression and antegrade placement of an additional biliary SEMS side by side with 
the enteral stent. Some authors advocate prophylactic biliary stenting in order to avoid a 
percutaneous approach.28 We however suggest to only treat patients with objective signs 
of biliary obstruction, because the majority of patients will not develop biliary problems 
after enteral stenting and subsequently may be unnecessarily exposed to the risks 
associated with biliary stent insertion.4

This study has several limitations. As this study was single arm evaluating one type of 
stent, it is not possible to obtain information on its safety and effectiveness compared 
with other stent types or versus surgical bypass interventions. Moreover a potential 
selection bias might have occured as three patients who met the inclusion criteria were 
not included in the study. If these patients would have been included their results could 
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Table 5 | Overview of the most important outcomes from this study and two Dutch prospective cohort studies with comparable 

study protocols evaluating two other enteral stents (Wallflex and Niti-S).

DUOFLeX7 DUONItI21 DUOLUtION

No. of patients 51 52 46

Technical success (%) 98 (51/51) 96 (50/52) 89 (41/46)

Clinical success (%) 84 (43/51) 77 (40/52) 72 (33/46)

Overall stent- and procedure-related 

complications (%)

27 (14/51) 35 (18/52) 39 (18/46)

30-day mortality (%) 22 (11/51) 23 (12/52) 17 (8/46)

Long-term improvement GOOSS-score 

(p-value)  

<0.001 <0.0001 <0.0001

QoL (p-value)

QL2

EQ-VAS

0.52

0.31

0.001

0.15

<0.0001 

0.005

have influenced study outcomes, either positively or negatively. Furthermore, the inclusion 
of patients with a baseline GOOSS-score of 3 biased the results regarding the primary 
outcome (improvement of GOOSS-score for remainder of life). Logically these patients 
cannot improve their GOOSS-score and therefore this causes an underestimation of 
the primary outcome. However, as there was only one patient with a baseline GOOSS-
score of 3 we did not anticipate a relevant bias which is also reflected by a high level of 
statistical significance for the primary outcome. 

conclusion
Placement of the Evolution enteral stent is safe and provides a statistically significant 
improvement of oral intake capacity as well as a significant improvement of quality of life 
in patients with incurable malignant gastric outlet obstruction. 
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aBstract

Endoscopic placement of self-expandable metal stents (SEMS) has emerged as a palliative 
treatment for patients with malignant gastric outlet obstruction (GOO). Recently, a new 
partially covered big-cup SEMS has been developed to prevent both stent migration and 
tissue ingrowth. Our aim was to evaluate safety and efficacy of this SEMS in a cohort 
study of patients with incurable malignant GOO. The study was terminated prematurely 
due to 3 proximal stent migrations in 6 patients. Migrations occurred at 2, 4 and 29 days 
respectively and necessitated endoscopic removal and placement of another SEMS. The 
remaining 3 patients had a patent SEMS at the end of follow-up. 

The high proximal migration rate of this new SEMS should be taken into account when 
considering routine clinical use in malignant GOO. Further research is warranted in order 
to find an optimal stent design that prevents both stent migration and tumor ingrowth.  
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introduction

Endoscopic placement of self-expandable metal stents (SEMS) has become an attractive 
alternative to surgical gastrojejunostomy for palliative treatment in patients with malignant 
gastric outlet obstruction (GOO). The majority of studies reveal high technical and clinical 
success rates and no intervention-related mortality.1-5 However, studies comparing duo-
denal SEMS placement with gastrojejunostomy have shown higher rates of re-obstruction 
and re-interventions after stent placement.6, 7 

Conventional duodenal SEMS mostly have an uncovered design. The mesh-like framework  
of uncovered SEMS prevents migration by providing an anchoring function, which is  
achieved by embedding tissue within the meshes after expansion. Logically, the disad-
vantage of this design is obstruction due to tissue ingrowth through the stent mesh, occurring 
in 12-21% of patients.1-4 Covered SEMS have been investigated as a promising alter-
native. Although effective in preventing tissue ingrowth, the covering membrane caused 
reduced anchoring and subsequently covered stents tended to migrate more frequently.8 

 

The newly developed Hanaro DPC-stent (Hanaro, M.I. Tech, Ltd., Seoul, Korea) is in- 
tended to overcome these shortcomings with an uncovered proximal big cup, which fits 
the pyloric area and is supposed to prevent distal stent migration, and a fully covered 
duodenal part that should withstand tissue ingrowth. Furthermore this stent can be 
placed through the endoscope in order to facilitate accurate stent release.  

We hypothesized that placement of this SEMS would achieve good technical and clinical 
success rates, that are at least comparable to previously reported results in the literature. 
Moreover, we expected low re-obstruction and migration rates resulting in a prolongation 
of stent patency and a reduced number of re-interventions. 

patiEnts and mEthods

This study was designed as an investigator initiated single-arm, prospective clinical trial to  
evaluate the efficacy and safety of the Hanaro DPC-stent in 40 patients with malignant 
GOO in two academic hospitals, the Academic Medical Center in Amsterdam and the 
University Medical Center Utrecht in Utrecht (Dutch Trial Register number NTR3555). The 
protocol was approved by local hospital ethics committees. 

patients 
From August 2012, all consecutive patients 18 years or older, presenting with symptoms 
of GOO (early satiety or nausea and/or vomiting and a Gastric Outlet Obstruction Scoring 
System (GOOSS)9 score ≤ 2) due to malignant duodenal obstruction at the pylorus, 
duodenal bulb (D1) or descending part (D2) were considered for inclusion in this study.
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Exclusion criteria were the following: absence of significant stenosis during endoscopy 
(i.e. stenosis traversable with therapeutic endoscope), potentially curable disease, pre-
procedural evidence of stenoses in the small bowel or colon, previous treatment with 
SEMS for the same condition, a stenosis length requiring two (overlapping) SEMS or 
inability to undergo upper GI endoscopy.

We only included patients with a stenosis of duodenal part D1 or proximal D2 in order to 
prevent occlusion of the ampulla of Vater by the covered part of the SEMS. By doing so, 
biliary access was preserved for endoscopic intervention in case of a new or recurrent 
biliary obstruction after duodenal SEMS placement.   

follow-up and study endpoints
After stent placement, follow-up was performed at 7 and 14 days and thereafter monthly 
by telephone interviews. Follow-up continued until withdrawal of informed consent, death,  
or stent failure requiring placement of another SEMS, whichever came first. 

Outcomes included clinical success, defined as improvement of GOOSS score of at least 
one point and/or relief of symptoms compatible with GOO one week after intervention; 
technical success defined as successful stent placement and deployment at the site of 
stricture and procedure- and stent-related adverse events.

stent placement 
Details of the duodenal stent placement procedure have been reported previously.2 

All procedures were performed by two dedicated pancreaticobiliary endoscopists (JvH, 
PF) with extensive experience in duodenal stent placement. 

The Hanaro DPC-stent is a recently developed Conformité Européenne (CE) approved 
through-the-scope SEMS stent made of nitinol. It combines a proximal uncovered big cup 
(length 20 mm, diameter 40 mm), which fits the pyloric area, as anti-migration feature with 
a fully silicone membrane covered intra-duodenal part (length 70mm, diameter 20mm) 
for prevention of tissue ingrowth. In this study solely SEMS with a length of 9 cm were 
placed, because only patients with a proximal duodenal stricture (D1 or proximal D2) were 
treated. A total of 22 radiopaque markers, 4 on each stent-end and 14 on the proximal 
end of the covering membrane, made a clear fluoroscopic view of the stent possible 
(Figure 1a-c). When stent dysfunction required placement of a new SEMS, a conventional 
uncovered SEMS was placed. 
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Figure 1 | a) Picture of the Hanaro DPC-stent b) Endoscopic view of the proximal 

big cup of the Hanaro DPC-stent at the pyloric area c) Fluoroscopic control of 

stent deployment with contrast agent filling stent
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rEsults

In total, 6 patients were included in the Academic Medical Center between August and 
December 2012. Unfortunately, the study was terminated prematurely in January 2013 due  
to proximal stent migration in 3 patients. There were no patients included in the University 
Medical Center Utrecht because the study was terminated before an eligible patient 
presented there. Baseline patient characteristics are summarized in Table 1. 

Stenoses were located at the pylorus in 1 patient, at D1 in 4 patients and at D2 in 1 patient.  
Median stenosis length was 3 cm (range 2-4). At baseline GOOSS-scores were 0 in 1 
patient, 1 in 2 patients, 2 in 2 patients and 3 in 1 patient. The latter patient had severe nau- 
sea and vomiting. 

Regarding biliary drainage, 3 patients were already adequately drained with a biliary SEMS. 
In the remaining 3 patients liver function tests revealed no signs of biliary obstruction and 
these patients had no plastic biliary stent in situ. Therefore no biliary interventions were 
performed prior to duodenal stent placement in the 6 study patients.

outcomes and adverse events
Endoscopic control after stent placement showed that all stents were well in place with 
the proximal big-cup fitted at the pylorus (Figure 1b) and fluoroscopic control demonstra-
ted sufficient stent deployment in all six patients. Therefore, the technical success rate 
was 100%. Clinical success was achieved in 4 patients (67%). At one week of follow-up, 
the GOOSS scores in these patients improved from 1 to 2 in 2 patients and from 0 and 2 
to 3 in 2 patients. Moreover, symptoms of vomiting declined in all 4 patients. The clinical 
failures in 2 patients were caused by a complete proximal migration of the SEMS into 
the stomach, which was discovered by endoscopy after 2 and 4 days, respectively. 
Furthermore, endoscopy for recurrent GOO symptoms in a third patient revealed another 
full proximal migration 29 days after stent placement. All 3 proximal migrations were 
treated with endoscopic removal of the Hanaro DPC-stent using a snare and placement 
of an uncovered conventional SEMS. Consequently follow-up was discontinued in these 
3 patients. 

One patient presented with recurrent biliary obstruction 45 days after duodenal stent 
placement due to tumor ingrowth of the previously placed biliary SEMS. This was 
treated with stent-in-stent placement of a new biliary SEMS using endoscopic retrograde 
cholangiopancreatography (ERCP). 

Finally, two patients developed recurrent GOO symptoms at 49 and 30 days after stent 
placement respectively. In both patients upper endoscopy showed a fully open stent 
and no evidence of additional stenoses. In the first patient recurrent symptoms started 
directly after the start of palliative chemotherapy and were therefore graded as toxic side 
effects. This was confirmed by the fact that symptoms subsided after chemotherapy was 
stopped. In the absence of an alternative diagnosis, obstructive symptoms in the second 
patient were most likely caused by a motility disorder.
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Two patients with a patent Hanaro-DPC stent in situ died due to disease progression after 
a follow-up of 60 and 69 days, respectively, and 1 patient was lost to follow-up with a 
functional stent 228 days after insertion. 

Study outcomes are summarized in Table 1.

discussion

In this prospective cohort study we aimed to evaluate safety and efficacy of the newly 
designed Hanaro-DPC stent in patients with malignant GOO. Unfortunately, a high num-
ber of proximal stent migrations resulted in the premature termination of the study, which 
was decided in consent among principal investigators of both study sites and after 
consultation of a biomedical statistician. 

In the literature, duodenal stent dysfunction has been reported to vary between 14-30%.1-5  
The main cause of stent dysfunction is tissue ingrowth through the meshes of uncovered 
SEMS.1 The use of covered stents has therefore been investigated as an alternative. A 
recently published randomized trial indeed found a significantly lower tissue ingrowth rate 
for covered stents; however, this was offset by a significantly higher migration rate, which 
ultimately resulted in comparable overall stent patency and stent dysfunction rates.8 
Nevertheless, distal stent migration has the potential risk of intestinal obstruction or 
perforation requiring emergency surgery in a small number of patients.5, 8 For this reason, 
placement of uncovered duodenal stents is still the standard of care in the majority of 
endoscopy units. 

We believed that the design of the newly developed Hanaro DPC-stent was promising 
with regard to prevention of both tissue ingrowth and distal stent migration. However, in 
3 of 6 patients the stent migrated proximally into the stomach, resulting in recurrent GOO 
symptoms and necessitating endoscopic stent removal and placement of a different 
stent. A large prospective series found a significant association between the use of 
chemotherapy and stent migration, however in the current study none of the patients with 
a migrated stent was treated with chemotherapy.5 Moreover, proximal stent migrations 
are less frequently observed in the literature when compared to distal migrations.8 
Therefore, the explanation for the high migration rate of the Hanaro DPC-stent is probably 
related to the stent design. Adam et al. described a ‘soap bar’ effect as an explanation 
for proximal migration of partially covered esophageal stents with a proximal flare as anti-
migration feature in malignant esophageal stenosis.10 They speculated that peristalsis 
in combination with a relatively short stenosis, the smooth surface of the covered stent 
part and the conical shape of the stent resulted in upward forces that tended to push 
the stent in a proximal direction. Because all these factors were present in our study the 
‘soap bar’ effect is likely a valid explanation for the high proximal migration rate. One 
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could argue that adding extra length to the covered stent part might prevent migration. 
However, that would require placement of a biliary SEMS in all patients, regardless of the 
presence of biliary obstruction, because this would result in occlusion of the ampulla of 
Vater. Another option to prevent proximal migration could be the addition of anchoring 
flaps to the covered part of the stent.11  

The remaining 3 patients developed no stent-related problems and therefore the overall 
stent dysfunction rate was 50% (3/6) with a 95% confidence interval (CI) of 11.8%-88.2%, 
which is very wide due to the small study population. As the lower limit of the 95% CI 
of 11.8% is still below stent dysfunction percentages of other studies, one could argue 
that our study should have been continued in order to exclude sample error.1-5 However, 
stent migrations were observed after 2, 4 and 29 days respectively. This resulted in a 
clinical success rate of 67%, which is low when compared to previously reported data.1-5 
Moreover, stent migration occurred after short time intervals when compared to median 
stent patency times ranging between 147-307 days for uncovered stents2, 5, 12, especially 
taken into account that the majority of patients suffering from malignant GOO have a 
life expectancy of less than 3 months13. Despite the very limited number of patients, we 
therefore felt that we needed to terminate this study prematurely.   

conclusion
Although limited by a small number of patients, this prematurely terminated study showed 
a high proximal migration rate of the Hanaro DPC-stent in malignant GOO. This finding 
should be taken into account when considering routine clinical use of this stent. Further 
research is warranted in order to find an optimal stent design that prevents both stent 
migration and tumor ingrowth.  
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aBstract

Background
Endoscopic placement of self-expanding-metal-stents (SEMS) is widely performed as 
palliative treatment for acute malignant colonic obstruction. There is ongoing debate 
regarding risks and benefits associated with SEMS placement. This study aimed to eval-
uate long-term outcomes of palliative SEMS placement in patients presenting with acute 
malignant colonic obstruction. 

methods 
A prospectively collected patient cohort (2005-2013) from a general teaching hospital 
was used. In this hospital, all consecutive patients presenting with acute malignant large 
bowel obstruction are treated with endoscopic SEMS placement. Only colon cancer 
patients who underwent palliative SEMS-placement were selected.

results
In total, 48 patients were included. The technical and short-term clinical success rates 
were 91% (44/48) and 85% (36/48) respectively. SEMS-related mortality occurred in 
6/48 patients (13%) (early n=4, late n=2) and was caused by SEMS-related perforation 
in all cases. The SEMS-related morbidity rate was 38% (18/48) (early n=7, late n=11). 
Endoscopic re-intervention was performed 14 times and 13 patients eventually underwent 
surgical treatment during follow-up. The stoma-formation rate was 15% (7/48). Long-term 
clinical success was 48% (23/48). The estimated stent patency rate (95% confidence 
interval) was 69% (52-79) at 1 month, 54% (37-66) at 6 months and 50% (33-62) at 12 
months. 

conclusion
Palliative SEMS placement provides rapid relief of obstruction and avoids a stoma in most 
patients with acute colonic obstruction caused by incurable or inoperable colon cancer. 
However, these benefits should be weighed against mortality and morbidity related to 
SEMS placement. 
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introduction

Between 10-20% of patients with colorectal cancer present with acute colonic obstruc-
tion.1, 2 About half of these patients is eligible for curative surgery and therefore adequate 
palliative treatment options are of major importance.3 Traditionally, emergency surgery 
has been the gold standard to alleviate the acute obstruction. This intervention is however 
associated with significant mortality and morbidity.4, 5 In addition a stoma is created in up 
to 54% of patients6, while several studies showed that a stoma negatively affects quality 
of life7, 8.

Since the first report in the early 1990’s endoscopic placement of a self-expandable 
metal stent (SEMS) has emerged as an alternative treatment option for acute large 
bowel obstruction. Systematic reviews have confirmed feasibility with high technical and 
clinical success rates and a relatively low complication rate9, 10, while recently published 
meta-analyses on palliative SEMS placement showed significantly lower stoma-rates 
and shorter hospitalization as compared to emergency surgery.6, 11 Based on these data 
colonic SEMS placement became widely applied for definitive palliation in patients with 
acute malignant obstruction, although to our knowledge there is still no guideline available 
that strongly recommends one of both treatment strategies. 

Furthermore the previously mentioned meta-analyses failed to demonstrate a clear benefit 
of SEMS-placement in terms of overall procedure-related morbidity and mortality.6, 11  
Moreover a randomized prospective study was terminated prematurely because of sig-
nificantly higher perforation rate of 60% in the SEMS group.12  

This study aimed to evaluate long-term results of palliative endoscopic SEMS placement 
in patients presenting with acute malignant colonic obstruction.

matErials and mEthods

study design and data collection
This is a retrospective cohort study in a prospectively collected database of consecutive 
patients from a general teaching hospital, where colonic SEMS-placement is standard of 
care for the treatment of acute malignant colonic obstruction. All patients who underwent 
an attempt for SEMS insertion were prospectively registered in this database. All patients 
gave consent for the SEMS-placement procedure.  

Electronic medical records of all patients who were entered in this database between 
August 2005 and November 2013, were reviewed for the purpose of this study. Patients 
were included if they had presented with an acute colonic obstruction caused by a 
histologically proven adenocarcinoma. The presence of large bowel obstruction needed 
to be confirmed by physical examination in combination with a plain abdominal X-ray 
or abdominal computed tomography. Patients were categorised as palliative based on 
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the decision that was made following evaluation of tumour dissemination and patient 
clinical status in multidisciplinary oncologic meetings (i.e. patients with incurable stage 
IV disease or patients who were considered inoperable due to poor clinical condition). 
Exclusion criteria were a distal tumour margin at a distance of less than 10 cm from the 
anal verge, a non-colonic malignancy causing obstruction, SEMS placement as bridge-
to-surgery in a curative setting, or complications necessitating emergency surgery (e.g. 
signs of colonic perforation). 

An age adjusted Charlson Co-Morbidity Index score (CCI-score) was calculated for  
all patients.13, 14 Pathologic tumour staging was performed according to the American 
Joint Committee on Cancer (AJCC) tumour, node, metastasis (TNM) classification system 
(5th edition).15 

sEms-placement procedure
SEMS-placement was performed within 24 hours after presentation with obstructive 
symptoms. All SEMS were placed by one of three endoscopists, who all had more than 
10 years of experience with colonic SEMS placement. Details of the SEMS placement 
procedure have been described elsewhere.16 In short, SEMS were only placed if the 
stricture could not be traversed with the endoscope. All SEMS were placed over a guide 
wire via the through-the-scope technique under both endoscopic and fluoroscopic 
guidance. Correct SEMS position was confirmed directly following the placement 
procedure by plain abdominal X-ray. Three different uncovered colonic SEMS designs 
were used: Wallstent®, Wallflex® (Boston Scientific, Natick, MA, USA) and Evolution® 
(Cook Medical, Limerick, Ireland). SEMS design was selected according to endoscopist 
preference and stent availability.

chemotherapy and follow-up
According to Dutch national guidelines the first line palliative chemotherapy regimen was 
CAPOX (capecitabine, oxaliplatin) either with or without Bevacuzimab.17 In case of disease 
progression under first line treatment irinotecan was started. There was no strict follow-
up protocol but patients receiving palliative chemotherapy were seen by their medical 
oncologist at the outpatient clinic. General practitioners were contacted by telephone in 
case the cause of death was unknown or if the patient was lost to follow-up. 

study outcomes
The following outcomes were assessed: technical success, short- and long-term clinical 
success, SEMS-related morbidity (overall, early and late), SEMS-related mortality (overall, 
early and late; with or without attempt for surgical rescue), stent patency, stoma-formation 
rate and overall survival. Technical success was defined as successful SEMS placement 
and deployment at the site of obstruction. Short-term clinical success was defined as 
the relief of obstructive symptoms within 48 hours after placement of the SEMS and 
long-term clinical success as prolonged relieve of obstructive symptoms until the end of 
follow-up without the need for endoscopic or surgical re-intervention and without SEMS-
related mortality. SEMS-related morbidity included perforation, re-obstruction because 
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of tumour in- or overgrowth, SEMS migration and all other SEMS-related complications 
requiring endoscopic or surgical re-intervention. SEMS-related mortality and morbidity 
were classified as early (within 30 days after first SEMS placement) and late (more than 
30 days after first SEMS placement). Stent patency was defined as the percentage of pa-
tients with a functional SEMS without the need for endoscopic or surgical re-intervention 
at a certain time interval after SEMS placement.  

statistical analysis
Patient characteristics were described as mean (standard deviation [SD]) or median 
(interquartile range [IQR] or range), depending on their distribution. Overall survival was 
analysed with Kaplan-Meier statistics. Stent patency was estimated using competing 
risk analysis, with death unrelated to the stent as competing risk.18 All analyses were 
performed intention-to-treat. Statistical testing was done with SPSS Software Statistical 
Package version 19.0 (SPSS, Chicago, IL, USA) and R Statistical Software version 2.12.0.

rEsults

In total 48 patients who met the inclusion criteria were identified from the database. 
Eighty one patients were excluded for the following reasons: non-colonic malignancy 
(n=5), benign obstruction (n=3), non-acute setting (n=3), distal tumour margin at less than 
10 cm from anal verge (n=1) and SEMS placement as bridge-to-surgery in a curative 
setting (n=69). Demographics and oncologic characteristics of study patients are reported  
in Table 1.  

The technical success rate was 91% (44/48). All 4 technical failures were caused by the 
inability to pass a guide wire across the stricture. Additionally in 2 patients there was no 
relief of obstructive symptoms within 48 hours. These 6 patients all underwent emergency 
surgery. Therefore short-term clinical success (intention-to-treat) was achieved in 42/48 
patients (88%). Details of SEMS placement procedures are shown in Table 2. 

The SEMS-related morbidity rate was 50% (early n=12, late n=12) after a median (IQR) 
of 44 days (7-269). Early complications included SEMS-related perforation (n=6), re-
obstruction because of tissue ingrowth (n=1), SEMS migration (n=4) and fecal SEMS 
obstruction (n=1). Late complications included SEMS-related perforation (n=2), re-
obstruction because of tissue ingrowth (n=6) or tissue overgrowth (n=2), SEMS migration 
(n=1), and formation of a colovesical fistula at the end of the SEMS (n=1). One late 
perforation occurred within 1 week after placement of a new SEMS to treat migration. 
The median (IQR) time to re-obstruction due to tissue growth was 194 days (99-446).

SEMS-related mortality occurred in 6 patients (13%) (early n=4, late n=2) after a median 
(range) of 19 days (7-304) and was caused by a SEMS-related perforation in all cases. In 4 
of these cases the patient and family refrained from further treatment and best supportive 
care was given, while surgical rescue (surgical closure of perforation and diagnostic 
laparotomy with no further treatment options) was unsuccessful in the other 2 patients. 
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Table 1 | Patient demographics and tumor characteristics (n=48)

Age, median (IQR) 78 (67-83)

Sex ratio (M:F)    29:19

CCI score¶, median (IQR) 9 (7-10)

Tumor location¥, n (%)

proximal rectum

left-sided colon

right-sided colon

8 (17)

29 (60)

11 (23)

Metastasis at diagnosis, n (%)

liver

peritoneum

other

multiple organ

none#

unknown*

12 (25)

1 (2)

3 (6)

17 (35)

11 (23)

4 (8)

Palliative chemotherapy, n (%) 22 (46)

¶Age-adjusted Charlson Co-Morbidity Index score
¥For classification of tumour location, the right-sided colon was defined as proximal 

to the splenic flexure and the left-sided colon was defined as the splenic flexure and 

everything distal to it up to the proximal rectum. 

*These patients were in a very poor clinical condition and therefore considered 

inoperable. These patients only had plain abdominal x-ray as pre-procedural imaging. 

Further investigations to detect metastasis were not performed as this would not 

have affected their course of treatment. 
#These patients were all considered palliative because of a poor clinical condition.

Table 2 | Procedural information

Technical success, n (%) 44 (92)

Short-term clinical success, n (%) 42 (88)

Stent type, n (%)

Wallstent

Wallflex

Evolution

Unknown

No stent

30 (63)

6 (13)

5 (10)

3 (6)

4 (8)
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Table 3 | Overview of SEMS-related morbidity and SEMS-related mortality

Morbidity, n (%) early Late total

Total 12 (25) 12 (25) 24 (50)

Perforation 6 (13) 2 (4) 8 (17)

Re-obstruction due to tissue in- or overgrowth 1 (2)  8 (17) 9 (19)

Migration 4 (8) 1 (2) 5 (10)

Other§ 1 (2) 1 (2) 2 (4)

Mortality, n (%) 4 (8) 2 (4) 6 (13)

§Other complications included: faecal impaction of the SEMS (n=1) and colovesical fistula formation at the end of the SEMS 

(n=1)

Table 4 | Overview of endoscopic and surgical interventions

Endoscopic, n 

Total

Additional SEMS placement

Removal SEMS and new SEMS placement

SEMS repositioning

Other*

14

10

1

2

1

Surgical, n 

Total

Resection and primary anastomosis

Resection and definitive stoma

Defunctioning stoma

Colonic bypass 

Surgical closure

Other#

13

2

3

4

1

1

2

*1 patient received a fully covered SEMS to seal off a colovesical fistula
#Other surgical re-interventions included: transabdominal drainage (n=1) and 

diagnostic laparotomy (n=1)
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Endoscopic re-intervention was performed 14 times, of which 3 were unsuccessful 
and these patients eventually required emergency surgery. In addition, to the 6 surgical 
interventions performed for technical or short-term clinical failure, 4 complications were 
treated with surgery directly, thus making a total of 13 surgical interventions. The stoma-
formation rate was 15% (7/48). Detailed information on SEMS-related mortality and 
morbidity is reported in Table 3 and interventions are described in Table 4. 

Because of SEMS-related morbidity long-term clinical success was limited to 48% 
(23/48). The estimated stent patency rate (95% confidence interval) was 69% (52-79) 
at 1 month, 65% (48-76) at 3 months, 54% (37-66) at 6 months and 50% (33-62) at 
12 months. Median overall survival (interquartile range) was 4.5 months (1.1-10.0) with 
follow-up until death in 45/48 patients (Figure 1).  

Figure 1 | Kaplan-Meier overall survival curve
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discussion

This study suggests that palliative endoscopic SEMS placement provides rapid relief of  
obstruction and avoids a stoma in the most patients with acute colonic obstruction 
caused by incurable or inoperable colon cancer. These results are in line with the findings 
of meta-analyses and systematic reviews, reporting short-term clinical success rates 
of around 90%6, 9, 11 and a stoma rate of some 13%.6 Moreover, two of these studies 
found that SEMS placement is associated with shorter hospitalization as compared to 
emergency surgery, which is a clear benefit considering the palliative setting.6, 11 

However these positive results are achieved at the expense of SEMS-related morbidity 
and mortality. The majority of SEMS-related morbidity typically consists of 3 types of  
complications: migration, re-obstruction caused by tissue in- or overgrowth and per-
foration. The literature reports migration and re-obstruction rates of 5-13% and 9-19% 
respectively,6, 11, 19, 20 which is in agreement with the overall migration and re-obstruction 
rates of 10% and 19% in our study. Although these complications limit long-term clinical 
success, endoscopic management seems feasible in most cases.19 On the contrary, the 
consequences of SEMS-related perforations are severe and fully accountable for the 
SEMS-related mortality rate of 13% in our study. 

Noteworthy the overall perforation rate of 17% in this study was relatively high when 
compared with pooled perforation rates in the literature ranging between 7.5% and 
11.2%.6, 11 Several studies found that Bevacuzimab treatment increases the risk of 
SEMS-related perforation substantially.20, 21 In addition operator experience, pre and 
post SEMS placement stricture dilation, SEMS design and SEMS placement in the left-
sided colon have been associated with an increased perforation risk.9, 20, 21 Although the 
patient num-ber in our study was too small to assess predictive factors for perforation, 
our data did not confirm the findings from these studies: only 2 patients who experienced 
a perforation received Bevacuzimab treatment, all procedures were performed by highly 
experienced endoscopists, dilation was not performed, there was no relation with SEMS 
design and SEMS-related perforations were evenly distributed between the left and right 
colon. We therefore cannot indicate the cause of the high perforation rate in our study 
other than the fact that SEMS placement was attempted in all consecutive patients and 
only patients with an acute obstruction were included. Selection bias may have attributed 
to better results in other published retrospective series. Furthermore sampling error 
cannot be excluded, as the 95% confidence interval of our observed proportion ranges  
from 9 to 30%.

Besides the risks related to colonic SEMS placement, light should be shed on outcomes 
of emergency surgery in patients with acute malignant colonic obstruction. In the Iiterature 
on SEMS placement the high procedure-related morbidity and mortality rates of 60-70% 
and 15-34% from older surgical studies are frequently cited.2-4, 22, 23 However recently 
published meta-analyses reported lower morbidity and mortality rates after emergency 
surgery of 38-45% and 2-11% respectively.6, 11, 24 In these studies no significant differences 
were found when compared with SEMS placement. Although high grade evidence is 
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lacking a possible explanation for this decrease in morbidity and mortality might be that 
surgeons started individualizing surgical treatment based on patient risk stratification and 
operator experience in recent years.25 This does however still imply creation of a stoma 
in most patients presenting with an acute obstruction and approximately 60% of these 
stoma’s are never reversed because of advanced age or clinical deterioration.22, 25, 26         

Whether or not a patient will receive palliative chemotherapy should also be taken into 
account when selecting treatment. Besides the suspected increased SEMS-related per-
foration risk associated with Bevacuzimab as described above, palliative chemotherapy in 
general will prolong survival and thereby may increase late SEMS-related morbidity.12, 19, 27, 28  
Because several studies have indicated that emergency surgery is associated with less 
late morbidity than SEMS placement, it seems logical to consider surgical treatment in 
patients with relatively good clinical condition that will receive palliative chemotherapy.6, 11

Furthermore there is ongoing debate regarding oncologic safety of SEMS placement 
as several retrospective comparative studies found significantly better survival after 
palliative tumor resection29, 30 while others did not.31 Median overall survival in our study 
was poor with 4.5 months. There are 3 possible explanations for this finding. First only 
patients with an acute colonic obstruction were selected, while acute obstruction confers 
worse prognosis in colon cancer.3, 32 Second we included both patients with incurable 
stage IV disease as well as patients who were considered inoperable due to poor clinical 
condition. The latter patient group suffered from considerable co-morbidity as reflected 
by the median CCI-score of 9 where Ouellette et al. found that a CCI-score of greater than 
7 is associated with significantly lower overall survival.14 Third only 46% of our patients 
received palliative chemotherapy. 

The limitations of this study include its retrospective design, the lack of a surgical control 
group and the relatively small number of patients. Because of this limited number of 
patients we could not assess the influence of different parameters, including SEMS 
design, on SEMS-related mortality or morbidity. Although all three different SEMS types 
that were used had an uncovered design, differences in diameter, radial force, mesh 
width and material could influence outcomes.  The strengths of this study include the 
prospective registration of all consecutive patients presenting with acute malignant colonic 
obstruction regardless whether they were presented to a surgeon or a gastroenterologist 
and the long-term follow-up.

In conclusion palliative SEMS placement provides rapid relief of obstruction and avoids a 
stoma in most patients with acute colonic obstruction caused by incurable or inoperable 
colon cancer. However, because of the high rate and severity of SEMS-related perforations 
and the relatively large number of complications necessitating re-intervention we feel 
that palliative SEMS placement on routine basis should only be reserved for inoperable 
patients. For incurable patients in good clinical condition a more tailor made approach 
seems advisable, taking into account potential chemotherapy treatment as well as 
patient’s expectations and preferences after discussing risks and benefits of available 
treatment options.   
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aBstract

Background
Endoscopic self-expanding metal stent (SEMS) placement as a bridge to surgery is an 
option for acute malignant colonic obstruction. There is ongoing debate regarding the 
superiority and oncological safety of SEMS placement compared with emergency surgery. 
This retrospective study aimed to compare outcomes of these treatment approaches.

methods
Patients were identified from cohorts treated between 2005 and 2012 in two teaching 
hospitals, of which one used emergency surgery only in patients with large bowel obstruc-
tion, whereas the other attempted SEMS placement. Only patients treated with curative 
intent were included.

results
The study included 59 patients in whom SEMS placement was attempted and 51 who 
underwent surgery alone. The successful primary anastomosis rate was higher in the 
SEMS group than in the surgery-alone group among patients with left-sided obstruction 
(30 of 43 versus 10 of 34 respectively; P = 0.001), whereas stoma formation was less 
common (11 of 43 versus 23 of 34; P < 0.001). Such differences were not apparent in 
patients with right-sided obstruction. Secondary stoma rates were comparable between 
treatment approaches (left-sided: 11 of 43 versus 13 of 34, P = 0.322; right-sided: 1 of 16  
versus 1 of 17, P = 1.000). There were no significant differences in morbidity, mortality, re- 
currence or survival.

conclusion
Endoscopic SEMS placement increased the primary anastomosis rate in patients with 
left-sided large bowel obstruction.
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introduction

Between 10-20% of patients with colorectal cancer present with a subtotal or total bowel 
obstruction.1, 2 Endoscopic placement of a self-expanding metal stent (SEMS) can restore 
luminal patency as an alternative to emergency surgery. SEMS can serve as a definitive 
palliative treatment in incurable or inoperable patients or as a bridge to elective surgery 
in a curative setting.3, 4 The presumed benefits of pre-operative SEMS is the opportunity 
to optimize the patient’s clinical condition prior to surgery with less morbidity, mortality 
and stomata. These benefits were confirmed in a systematic review comprising a pooled 
analysis of 54 uncontrolled trials.5 Insertion of a SEMS was technically successful in 
93% of patients and clinically successful in 71.7% of patients when used as a bridge 
to surgery. Major SEMS related complications were perforation (3.8%), SEMS migration 
(11.8%) and re-obstruction (7.3%). 

Several randomised trials have been performed and meta-analysis found SEMS was 
associated with higher primary anastomosis and lower overall stoma rates.4 However, 
SEMS did not reduce morbidity and mortality. Three randomised trials were terminated 
prematurely due to a high number of complications in SEMS patients (mainly perforations)6-8 
and resection specimens showed ‘silent perforations’.7, 8 Perforations, both overt and silent,  
may have important clinical consequences because of perforation related mortality 
and potential tumour dissemination.9, 10 However, only a few studies report survival and 
disease recurrence data after SEMS placement, with inconsistent conclusions.11-15 

Comparative studies focused on left-sided colonic obstruction, because right-sided 
events are usually treated with surgery directly - although SEMS placement is feasible.16 
This study aimed to compare short- and long-term outcomes of SEMS as bridge to surgery 
versus surgery alone in patients presenting with both left- or right-sided obstruction.  

mEthods

This was a retrospective comparative study of patients from two teaching hospitals 
where SEMS was the initial treatment for obstruction in one while in the other patients 
underwent emergency surgery directly (Deventer and Gelre hospitals respectively). The 
hospitals are located in the same region. The explanation for the discrepancy in treatment 
policies between these hospitals is as follows; based on the negative outcomes of 
SEMS-placement in two randomized studies from the Netherlands nearly all Dutch hos-
pitals, including the Gelre hospital, abandoned SEMS.6, 7  The Deventer hospital was an  
exception, because SEMS placement was prospectively registered for research purposes.

Electronic medical records of all patients who were entered in these databases between 
August 2005 and January 2012 were reviewed. Inclusion criteria for the current study 
were as follows; a colonic obstruction being symptomatic for less than one week, caused 
by a histologically proven adenocarcinoma, either pre- or postoperatively; confirmation of  
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large bowel obstruction by physical examination in combination with a plain abdominal 
X-ray or abdominal CT scan; treatment with curative intent based on multidisciplinary 
team discussions on tumour stage and clinical status of the patient. Patients with 
resectable synchronous liver metastasis were classified as curative intent. Biopsy was 
performed during or prior to the SEMS placement procedure. 

For classification of tumour location, the right-sided colon was defined as proximal to the 
splenic flexure and the left-sided colon was defined as the splenic flexure and everything 
distal to it up to 10cm from the anal verge. An age adjusted Charlson Co-Morbidity Index 
score (CCI-score) was calculated for all patients.17, 18 Pathologic tumour staging was 
performed according to the American Joint Committee on Cancer (AJCC) tumour, node, 
metastasis (TNM) classification system (5th edition).19

sEms-placement and surgical procedures
Both SEMS placement and emergency surgery were performed within 24 hours after 
presentation with obstructive symptoms. All SEMS were placed by three endoscopists, 
all of whom have more than 10 years of experience with colonic SEMS placement. 
Details of the SEMS placement procedure have been described elsewhere.20 In short, 
SEMS were only placed if the stricture could not be traversed with the endoscope. All 
SEMS were placed over a guide wire via the through-the-scope technique under both 
endoscopic and fluoroscopic guidance. Correct SEMS position was confirmed directly 
following the placement procedure by plain abdominal X-ray. Three different uncovered 
colonic SEMS designs were used: Wallstent®, Wallflex® (Boston Scientific, Natick, MA, 
USA) and Evolution® (Cook Medical, Limerick, Ireland). 

The following surgical approaches were used in surgery-patients and the SEMS-patients 
in whom an acute operation was warranted (e.g. in case of technical failure): resection 
with primary anastomosis with or without deviating stoma, resection with definitive stoma, 
decompressing stoma aiming at resection in an elective setting, or definitive stoma 
creation without resection. Following SEMS placement or stoma-formation as ‘bridge-
to-elective-surgery’, subsequent elective surgery entailed intentionally resection with 
primary anastomosis. In case of resection, a routine mesocolic lymphadenectomy was 
performed, with quality assessment using a cut-off level of a median 12 examined lymph 
nodes according to multiple guidelines.21, 22 Patients with resectable synchronous liver 
metastasis underwent colectomy followed by curative metastasectomy in second instance.

There was no strict surgical protocol in both hospitals for the emergency surgery pro-
cedure. The choice for a specific surgical treatment was determined at the discretion of 
the consulting surgeon depending on pre- and intraoperative findings, tumour location 
and patient condition. All elective operations were performed by dedicated colorectal 
surgeons, while emergency surgery was performed by the surgeon on call.
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patient follow-up and adjuvant chemotherapy
In line with the Dutch colorectal oncology guideline, a strict follow-up protocol was used in 
both hospitals.23 This protocol dictates visits to the outpatient clinic at 6-month intervals for 
the first 2 to 3 years, and thereafter on a yearly basis until 5 years following resection. Liver 
ultrasounds or computed tomography (CT)-scans were made at 6-month intervals during 
the first year and thereafter on a yearly basis until 5 years following resection. Standard 
colonoscopy was performed at 2 to 3 years following resection. In case of suspicion of 
recurrence, abdominopelvic CT-scan, chest x-ray and/or chest CT-scan were performed.  

According to Dutch national guidelines, patients with Stage III and IV disease were treated 
in the adjuvant setting using a FOLFOX (oxaliplatin, leucovorin, 5-fluorouracil) or CAPOX 
(capecitabine, oxaliplatin) scheme if clinical condition allowed.23 In case of resectable peri- 
toneal metastasis, patients were referred for cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (HIPEC) in a tertiary centre. 

study outcomes
Study outcomes were technical and clinical success; successful primary anastomosis rate;  
stoma formation rate; permanent stoma rate; 30-day morbidity; 30-day mortality; the overall  
number of treatment related major complications; overall survival and disease recurrence.

Technical and clinical success was only assessed in case of SEMS placement. Technical 
success was defined as successful placement and deployment of the SEMS at the site 
of stenosis. Clinical success was defined as the relief of obstructive symptoms within 
48 hours after SEMS placement. Successful primary anastomosis was defined as un-
complicated primary anastomosis without formation of a diverting stoma. Secondary 
stoma rate was defined as the stoma rate at latest follow-up. For 30-day morbidity and 30-
day mortality, the interval to surgery after SEMS placement or decompressing stoma was 
added to the 30-day postoperative period following elective resection. Treatment related 
major complications were defined as complications with a Dindo-Demartines-Clavien 
score of ≥3.24 Elective resection after SEMS placement or after a decompressing stoma,  
were not considered as re-intervention for a complication, but as part of the treatment.

statistical analysis
Patient characteristics were compared between treatment groups with an unpaired 
Student’s T-test or Mann-Withney U-test for continuous variables, depending on their 
distribution. All categorical variables were compared with the Fisher’s exact test. Overall 
survival was analysed with Kaplan-Meier statistics and compared between treatment 
groups using the log-rank test. A Kaplan-Meier analysis and log-rank test were also used 
to compare the number of overall treatment related major complications between groups 
while simultaneously accounting for different follow-up times. For the purpose of this 
analysis, the number of severe complications was set as time dependent and death as 
event. Cumulative incidences of disease recurrence were calculated using a competing 
risk analysis, with death unrelated to colorectal cancer as a competing risk, and compared 
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with the Gray’s test.25 All analyses were performed intention-to-treat. All p-values are two-
sided and were considered statistically significant if less than 0.05. Statistical testing was 
done with SPSS Software Statistical Package version 19.0 (SPSS, Chicago, IL, USA), 
except for the competing risk analysis which was performed using R Statistical Software 
version 2.12.0.

rEsults

For the SEMS group, 59 patients were included from the Deventer hospital (43 left-sided 
and 16 right-sided tumours). From the Gelre hospital, 51 patients were included for the 
surgery-group (34 left-sided and 17 right-sided tumours). A flow-chart of patient inclusion 
is provided in Figure 1. 

                      
A)            B) 
 
Figure 1. Flow-chart of patients who were included in this study. A) SEMS-patients from 
Deventer hospital. B) Surgery patients from Gelre hospital. 
 

Emergency surgery 
137 patients 

Emergency surgery 
72 patients 

 
 

51 surgery with curative intent 

65 patients excluded: 
57 no acute obstruction 
8   peritonitis     
 

21 palliative patients excluded 

Colonic SEMS placement  
113 patients 

SEMS placement 
101 patients 

 
 

59 SEMS as ‘bridge-to-surgery’ 

12 patients excluded: 
5 non-colonic    
   malignancy 
3 benign obstruction 
3 non-acute setting 
1 distal tumour <10cm  
 
 
    
   from anal verge  
 

42 palliative patients excluded 

Figure 1 | Flow-chart of patients who were included in this study. A) SEMS-patients from Deventer hospital. B) Surgery patients 

from Gelre hospital.
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demographics and oncologic characteristics
Baseline characteristics of included patients are shown in Table 1 and 2. There was a 
relatively larger proportion of stage II tumours in SEMS-patients, which was offset by a  
relatively larger proportion of stage III tumours in surgery-patients. This caused a differ-
ence in TNM-stage between treatment groups for both left- and right-sided obstruction 
(p=0.046 and p=0.050, respectively).

Table 1 | Demographics and oncologic characteristics of patients with left-sided tumours

SeMS group (n=43)

Surgery group

(n=34) p-value

Age, y, mean ± SD 71 ± 12.8 72 ± 11.3 0.761

Sex, n

male

female

22 

21

20

14

0.535

CCI score§, mean ± SD 3.4 ± 1.7 3.5 ± 1.5 0.156

pTNM stage, n

I

II

III

IV

3

17 

17 

5 

1 

5 

21 

7 

0.046

Tumour differentiation, n#

well

moderate

poor

3

33

2

2

25

6

0.248

Resection, n

R0

R1

No resection

41

1

1*

33

0

1$

1.000

Lymph node harvest, n¶

>12

≤12

26

14

19

14

0.516

Adjuvant chemotherapy, n 16 14 0.723

Follow-up, months, median (IQR) 38 (25-59) 25 (13-65) 0.557

§Charlson Co-Morbidity Index score
#Information on tumor differentiation was not available in 5 SEMS patients and 1 surgery patient.

*One SEMS patient did not undergo elective resection because of a stent perforation causing death. 
$This patient died due to abdominal sepsis based on streptococcal infection after correction of fascia and stoma dehiscence 

following initial surgical management (decompressing stoma) and therefore no resection was performed. 
¶Information on the number of resected lymph nodes was not available in 3 SEMS patients and 1 surgery patient.

 



138

Chapter 9

Table 2 | Demographics and oncologic characteristics of patients with right-sided tumours

SeMS group (n=16)

Surgery group

(n=17) p-value

Age, y, mean ± SD 71 ± 11.2 71 ± 11.5 0.730

Sex, n

male

female

9 

7

9

8

0.849

CCI score§, mean ± SD 3.4 ± 1.7 3.1 ± 1.4 0.563

pTNM stage, n

I

II

III

IV

0

7 

3 

5 

4 

2 

6 

5 

0.050

Tumour differentiation, n#

well

moderate

poor

0

13

1

1

11

5

0.124

Resection, n

R0

R1

Rx* 

15

0

1

16

0

1

1.000

Lymph node harvest, n¶

>12

≤12

11

3

12

5

0.698

Adjuvant chemotherapy, n 7 6 0.728

Follow-up, months, median (IQR) 26 (8-45) 30 (22-66) 0.598

§Charlson Co-Morbidity Index score
#Information on tumor differentiation was not available in 2 SEMS patients.

*In one SEMS patient and one surgery-patient a Rx resection was performed during elective surgery because of intra-

operative findings of peritoneal carcinomatosis. 
¶Information on the number of resected lymph nodes was not available in 2 SEMS patients.
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procedural information, successful primary anastomosis and stoma-rates
The SEMS placement was technically successful in 41/43 patients with left-sided and in 
13/16 patients with right-sided obstruction. The two technical failures in patients with left-
sided tumours were caused by insufficient deployment of the SEMS, while the 3 technical 
failures in right-sided obstruction were caused by the inability to pass the guide wire 
across the stricture. These patients all underwent emergency surgery. One patient with 
a left-sided SEMS died due to a SEMS related perforation. Therefore, clinical success 
(intention-to-treat) was achieved in 40/43 SEMS patients with left-sided obstruction and  
13/16 with right-sided obstruction. In total, 57 SEMS were placed (37 Wallstent, 15 Evo-
lution and 5 Wallflex). Median time between SEMS placement and elective surgery was 
7.5 days (IQR 2.5-9). 

Successful primary anastomosis was more common in patients with stented left-
sided tumours versus those who went directly for surgery (30/43 vs. 10/34, p=0.001).  
Furthermore, the stoma formation rate was significantly lower in SEMS patients (11/43 vs. 
23/34, p<0.001). These significant differences between treatment approaches were not 
found in patients with right-sided tumours (successful primary anastomosis rate: 13/16 
vs. 13/17, p=1.000; stoma formation rate: 2/16 vs. 3/17, p=1.000). Secondary stoma 
rates were comparable between treatments for both left- and right-sided obstruction (left-
sided: 11/43 vs. 13/34, p=0.322; right-sided: 1/16 vs. 1/17, p=1.000). Further details of 
the initial surgical procedures for both groups are shown in Table 3.  

Table 3 | Information initial surgical procedure

Left-sided tumours right-sided tumours

SEMS (n=43)§ Surgery (n=34) SEMS (n=16)§ Surgery (n=17)

Procedure type, n 

laparotomy

laparoscopy

no surgery

37

5

1

31

3

0

16

0

0

15

2

0

Surgery type, n 

Resection + anastomosis

Resection + diverting stoma

Resection + definitive stoma

Decompressing stoma¶

Definitive stoma

31

3

7

0

1

11

9

7

6

1

14

2

0

0

0

14

2

1

0

0

§Initial surgical procedures in the SEMS population include both elective surgery after successful SEMS placement and 

emergency surgery in case of technical or clinical failure.
¶In the curative surgical patients a decompressing temporary stoma was created with the intent to perform a curative resection 

at a later stage.
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30-day morbidity, 30-day mortality and overall treatment related major complications
No differences between treatment approaches were found regarding 30-day morbidity, 
30-day mortality rate and the number of overall treatment related major complications. All 
results are reported in Table 4 and 5. 

overall survival and disease recurrence
Median (IQR) follow-up was 35 (21-55) and 28 (16-65) months for the SEMS and surgery 
only groups respectively. Because of the difference in distribution of pTNM stages 
between treatment groups, analyses were stratified for tumour stage (Table 1 and 2). As  
shown in Table 1 and 2, the small sample sizes do not allow for meaningful survival analysis.

Stratification by TNM stage alone showed a similar distribution of tumour location 
between the treatment groups. Since no significant differences were found regarding 
procedure-related morbidity and mortality within subgroups, it was decided to pool them 
for survival and disease recurrence analysis while stratifying for tumour stage. Potential 
confounders for long-term oncologic outcomes (i.e. age-adjusted CCI-score and use of  
adjuvant systemic treatment) were analysed within the stratified subgroups. No sig-
nificant differences were observed for the mean (SD) age-adjusted CCI-score between 
SEMS-patients and surgery-patients with stage I&II (3.4 [1.45] vs. 3.1 [1.62], p=0.584) 
and stage IV disease (2.8 [2.04] vs. 3.3 [1.62], p=0.529). In the subgroup with stage III 
disease, SEMS-patients had a slightly lower CCI-score (2.6 [1.50] vs. 3.5 [1.55], p=0.048). 
Oncological quality of resections, based on lymph node harvest and radicality of the 
resection, was comparable between treatment approaches for all subgroups as well as 
the use of adjuvant chemotherapy. 

There were no significant differences in overall survival between treatment groups stra-
tified for tumour stage (Stage I&II log-rank 0.034, p=0.854, Stage III log-rank 0.482, 
p=0.488, Stage IV log-rank 2.966, p=0.085). For the stage I&II and stage III groups, no 
median was reached, while in the Stage IV group median survival was 63 months (IQR 
16-63) in SEMS patients versus 23 months (IQR 0.9-30) in surgery only patients. 

The estimated 5-year cumulative incidence rates of disease recurrence in the Stage I&II 
groups were 33% (95% CI: 19-59) vs. 26% (95% CI: 10-70) (p=0.810) respectively for 
SEMS patients and surgery only patients. Corresponding recurrence rates in the Stage 
III groups were 35% (95% CI: 19-64) vs. 51% (95% CI: 35-74) (p=0.240). The estimated 
3-year cumulative incidence rates of disease recurrence in Stage IV groups were 32% 
(95% CI: 12-82) vs. 58% (95% CI: 36-94) (p=0.300).    
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Table 4 | Procedure related morbidity and mortality

Left-sided tumours
p-value

right-sided tumours
p-value

SEMS Surgery SEMS Surgery

30-day morbidity 16/43 10/34 0.628 7/16 6/17 0.728

30-day mortality 2/43 4/34 0.394 1/16 0/17 0.728

Major complications* 16/43 24/34 0.241 7/16 7/17 0.394

*Number of complications recorded for total follow-up and compared with Kaplan-Meyer analysis and log-rank test

Table 5 | Overview of all procedure related major complications for total follow-up

Left-sided tumours right-sided tumours

Complication type SEMS (n=43) Surgery (n=34) SEMS (n=16) Surgery (n=17)

Stent perforation 2 - 0 -

Stent dysfunction

total

ingrowth

overgrowth

fecal impaction

migration

4

0

1

2

2

- 3

2

0

1

0

-

Anastomotic leak 2 1 1 2

Wound infection 2 4 1 2

Wound dehiscence 1 4 0 1

Abdominal sepsis 0 3¶ 0 0

Anastomotic stenosis 0 2 0 1

Incisional hernia 0 3 0 0

Stoma prolaps 0 1 0 0

Other* 3 6 2 1

¶Abdominal sepsis due to ischemic colonic perforations after restoration of continuity (n=1), intraoperative cecal blow-out 

(n=1) and streptococcal infection after correction of fascia and stoma dehiscence (n=1).

*Other complications included: tumour bleeding, respiratory insufficiency (within 30 days following intervention), 

myocardial infarction (within 30 days following intervention) and fistula formation.
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discussion

This retrospective comparison of SEMS as bridge to surgery with emergency surgery 
suggests a higher successful primary anastomosis rate and a lower initial stoma formation 
rate in patients with left-sided obstruction (but not right-sided obstruction). Regardless of 
tumour location, SEMS placement does not decrease permanent stoma rates, procedure 
related morbidity and mortality. 

The literature shows conflicting results for anastomosis and stoma formation rates, with 
some reporting no differences between treatment strategies,8, 15, 26 while others suggest 
an advantage of SEMS placement.27 Secondary stoma-rates were not different between 
treatment approaches in the present study. This finding corresponds with the results of the 
Dutch Stent-In 2 trial, which also showed comparable stoma-rates after six months of follow-
up.7 However, in that study the majority of stomas in stented patients were created because 
of anastomotic leakage, while in the current study they were because of intra-operative 
findings of local tumour extension or a difficult location that precluded anastomosis.  

Regarding overall survival and recurrence, no significant differences between treatment 
approaches were found. The authors acknowledge that the present study was limited 
by the retrospective non-randomised design, the small numbers and a different baseline 
tumour stage. Still, these outcomes are in line with the results of a recently published 
oriental study.15 French and South-Korean studies, however, showed worse 5-year 
overall survival with SEMS.12, 14 Although, the results of the South-Korean study could be 
misleading as outcomes for SEMS were compared with those of patients who presented 
with non-obstructing tumours.12 Because presentation with an acute obstruction has 
worse survival outcomes,28 this comparison was fundamentally flawed. A possible 
explanation for the lower survival rate of SEMS patients in the French study might be the 
relatively high rate of tumour related perforations (10%), which hypothetically pose a risk 
of intra-abdominal tumour spread.9, 10, 14 A recently published study found a significantly 
higher local recurrence rate after SEMS, however no risk factors could be identified.11 
In the current study no conclusions can be drawn about a relationship between SEMS 
related perforations and disease recurrence since the numbers were small. Additionally, 
there was no documentation of ‘silent perforations’ in the histopathology reports. In two 
European randomised trials, targeted pathological inspection of the resected specimens 
revealed a silent perforation rate of 6% and 27%.7, 8 Long-term oncologic data from those  
trials could provide more insight into the effect of SEMS related perforations on recurrence. 
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aBstract

purpose
The Stent-In 2 trial randomised patients with malignant colonic obstruction to emergency 
surgery versus stent placement as a bridge to elective surgery. The aim of this study was 
to compare the oncological outcome. 

patients and methods
Disease recurrence, disease free (DFS), disease specific (DSS) and overall survival 
(OS) were analysed with a subgroup analysis on patients with a stent or guide wire  
related perforation.

results
In the original Stent-In 2 trial, 98 patients were included. Patients with benign (n=16), or 
incurable disease (n=23) were excluded from this analysis. Of the remaining 58 patients, 
32 were randomised to emergency surgery; immediate resection of the tumour was 
performed in 31 patients and one patient received a diverting ostomy. Stenting as bridge 
to elective surgery was assigned to 26 patients. In 20 patients, stenting was followed by 
elective surgery but six patients required emergency surgery. A stent or guide wire related 
perforation was diagnosed in six patients. Locoregional or distant disease recurrence 
developed in 9 out of 32 patients after emergency surgery and 13 out of 26 patients 
after stent placement. DFS was worse in the subgroup with stent or guide wire related 
perforation. In this subgroup, 5 out of 6 patients developed a recurrence, compared to 
emergency surgery (9/32) or unperforated stenting (9/20).

conclusion
Stent placement for malignant colonic obstruction was associated with a risk of recurrence 
in this cohort of randomised patients, but the numbers are small. There is not enough 
evidence to strongly refute the approach.
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introduction 

Stenting malignant colonic obstruction as a bridge to elective surgery has become a 
widely used treatment option. Initial cohort studies suggested that the use of a stent was 
associated with lower mortality, morbidity, and colostomy rates than emergency surgical 
intervention.1-4 Randomised controlled trials thereafter showed conflicting results and 
meta-analyses did not confirm a reduction in mortality or secondary stoma rate.5  

The Dutch Stent-In 2 randomised controlled trial compared a stent as bridge to surgery 
with emergency surgery. One of the potential complications of endoscopic stent 
placement in this trial was tumour perforation. The clinical stent-related or procedure-
related perforation rate was 13% (6/47), and occult perforations were revealed in another 
10% (3/31) of the resected specimens.6

The possibility of tumour cell dissemination by stent insertion and/or tumour perforations 
is worrisome and potential oncological consequences have been debated extensively.7  
Moreover, the interest in potential tumour reactivity to stent placement is increasing.8  
In the present update of the Stent-In 2 trial the impact of colonic stent placement as a 
bridge to elective surgery was assessed for oncological outcome in patients presenting 
with malignant colorectal obstruction.

mEthods

patient selection
Patients were identified from the database of the Stent-In 2 trial.9 The initial Stent in 2 trial  
was suspended on Sept 18, 2009, and ended on March 12, 2010, in accordance with 
the advice of the Data Safety and Monitoring Committee because of a combination of 
reasons Interim analysis after 60 and 90 patients revealed an increased risk of 30-day  
morbidity (relative risk 1.60 (95 per cent c.i. 0.85 to 3.01) and 1.62 (0.94 to 2.78) res-
pectively) for the stent group compared with the emergency surgery group. In addition, 
interim analysis recorded no difference in the primary outcome of the study, which was 
global health status. Details of the study design and short term outcomes of this study 
have been published previously.6 Patients randomized to emergency surgery underwent 
resection of the primary tumour either with primary anastomosis, temporary stoma or 
definitive stoma at the discretion of the surgeon. Those randomized to stent placement 
received either a enteral Wallstent (Boston Scientific, Natrick, MA, USA; diameter 22 mm) 
or a Wallflex colonic stent (Boston Scientific, Natrick, MA, USA; diameter 25 mm). 

Patients with non-malignant obstruction, those in whom malignancy was not confirmed 
histopathologically and patients who were eventually treated with palliative intent were 
excluded from the present study. The decision regarding intentionally palliative or curative 
treatment was made during multidisciplinary team meetings. Patients with resectable 
liver metastasis were treated with curative intent.
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follow up and data collection
In the Dutch Stent-In 2 trial, patients were initially followed for at least 6 months after 
randomization. Prospectively collected patient demographics, treatment characteristics 
and pathology reports were retrospectively complemented with data about adjuvant 
treatment, the occurrence of recurrent disease (locoregional recurrence or distant meta-
stasis), and survival. We obtained data from hospital medical records and records from 
general practitioners. The total follow up was calculated from the date of randomization 
in the Stent-In 2 trial.

Endpoints
Endpoints of the study were overall and locoregional disease recurrence, disease free  
survival, disease specific survival and overall survival after 4 years. Diagnosis of disease 
recurrence was based on radiological imaging or histopathological investigation. 
Locoregional recurrence was defined as intestinal, regional lymph node or peritoneal 
recurrence. Disease (DFS) free survival was defined as the time between resection of 
the primary tumour and the diagnosis of disease recurrence or death from any cause. 
Disease specific survival (DSS) was defined as time until cancer specific mortality and 
overall survival (OS) was defined as the time until death by any cause. 

statistical analysis.
Data were analysed based on the on-treatment principle.10 Categorical data are reported 
as numbers and fractions and continuous data as median with interquartile range (IQR).  
For dichotomous outcomes, the stent group and emergency surgery group were compared 
with χ² or Fisher’s exact test. The Mann-Whitney U test was used to compare medians. 

Kaplan-Meier survival analysis with the Log rank test was performed to assess 4 year 
survival rates of the stent group and the emergency surgery group. Additionally, a sub-
analysis was performed of all patients who had a stent related perforation within the stent 
group. Inclusion in this subgroup was based on the presence of a perforation in the tumour 
during pathological examination including both clinical and subclinical perforations. All 
test were two sided and p values of <0.05 indicated significance. Estimated survival 
rates are reported with 95% confidence intervals (95% CI).11 Statistical analyses were 
performed with IBM SPSS statistics for Windows (IBM Corp. Released 2010. IBM SPSS 
Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp). 

rEsults
patient demographics
In the original Stent-In 2 trial, 98 patients were included between 2007 and 2009.6 We 
excluded 39 patients for the current analysis because of benign disease (n=16) or palliative 
treatment (n=23); seven patients in whom the primary tumour was never resected, 9 
patients with irresectable liver metastases, 4 with incurable peritoneal metastases, and 3 
with distant metastases at multiple sites. One additional patient had withdrawn from the 
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trial and was not included in the current analysis. The characteristics of the 58 remaining 
patients are summarised in Table 1. 

Six patients randomized to receive a stent as a bridge to surgery underwent emergency 
operation. In one of these patients the stent did not deploy well enough to result in clinical 
decompression. In five patients, the guide wire could not be positioned in the lumen of 
the tumour resulting in a false route in three patients and a guide wire induced perforation 
in two patients.

Within the 26 patients of the stent group, six patients were identified with stent related 
perforations. Three stent related perforations presented clinically (including two after com- 
plicated stent placement procedures) and an additional three became apparent during 
pathological examination. 

recurrence rate and overall survival
The median (IQR) follow up of patients was 45 (35-60) and 41 (19-55) months for the emer- 
gency surgery group and for the stent group, respectively. Of 58 patients, 3 patients were 
lost to follow up after 6-11 months. 

A recurrence developed in 9 out of 32 patients after emergency surgery (2 locoregional 
recurrence and 7 distant metastasis) and 13 out of 26 patients after stent placement (5 loco- 
regional metastasis and 8 distant metastasis). 

The estimated DFS was 49.4% (95% CI 32.0-66.8) and 30.3% (95% CI 9.9-50.7) in the 
emergency surgery group and in the stent group, respectively (Figure 1a). DSS was 86.8% 
(95% CI 72.9-100) and 66.0% (95% CI 36.6-95.4) and OS was 67.2% (95% CI = 50.3%- 
84.1%) and 58.2% (95% CI = 38.2%- 78.2%) in the emergency surgery group and in the 
stent group, respectively (Figure 1b and 1c). 

For the subgroup analysis of stent related perforations, endpoints were separately cal-
culated for patients with (n=6) and without (n=20) stent related perforation (Table 2). 

A recurrence developed in 5 out of 6 patients after a stent related perforation (3 locoregional 
recurrences and 2 distant metastasis) and in 8 out of 20 patients without stent related 
perforation (2 locoregional metastasis and 6 distant metastasis).

In patients with a stent related perforation, DFS was 0% (95% CI 0-0). This was worse than 
in patients without stent related perforations (45% (95%CI 22.1-67.9) (Table 3 and Figure 
2a). DSS was 60.0% (95% CI = 17.1-100%) for patients with stent related perforation and 
68.8% (95% CI = 46.1-91.5%) for patients without stent related perforation (Figure 2b). OS 
was 50% (95%CI 10.0-90.0) in patient with stent related perforation and 61.5% (95%CI 
39.0-84.0) in patients without stent related perforation (Figure 2c).
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Table 1 | Baseline characteristics of eligible patients.

emergency surgery 

n= 32

Colonic stent as 

bridge to surgery 

n= 26 p-value

Male: Female 18:14 12:14 0.598*

Age (median, years) [IQR] 70 [61-79] 67 [60-67] 0.839#

ASA (%)

1

2

3

missing

11 (35.5)

16 (51.6)

4 (12.9)

1

8 (30.8)

16 (61.5)

2 (7.7)

0

0.797$

cTNM (%)

1

2

3

4

missing

0

11 (45.8)

10 (41.7)

3 (12.5)

8

0

7 (41.2)

9 (52.9)

1 (5.9)

9

0.731$

Acute resection (n)

Elective resection  (n)

31

1

6*

20

-

Follow up (median; months) [IQR] 45 [35-60] 41 [19-55] 0.373#

pTNM (%)

1

2

3

4

0 

18 (56.2)

11 (34.4)

3 (9.4)

0

10 (38.5)

15 (57.7)

1 (3.8)

0.236$

pT-stage (%)

1

2

3

4

0 (0)

5 (15.6)

21 (65.6)

6 (18.8)

0 (0)

1 (3.8)

17 (65.4)

8 (30.0)

0.311$

Lymph node count (median) [IQR] 13 [7-19] 15 [12-19] 0.180#

Positive lymph node count (median) [IQR] 2 [1-8] 3 [1-7] 0.508

Radical resection (%) 31 (96.9) 26 (100.0) 1.000$

Adjuvant chemotherapy (%) 15 (46.9) 13 (50.0) 1.000*

*=Chi2 

$=Fisher exact 

#=Mann-Whitney U 

IQR = interquartile range 

*=insufficient deployment of inserted stent (n=1), inability to insert guidewire (n=3), suspicion of guidewire induced 

perforation (n=2)
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 28 25 21 15

Number of events 0 4 7 11 15

Stent (blue)

Patients at risk 26 21 13 10 9

Number of events 0 3 11 14 15

Figure 1a | 4 year disease free survival. P-value of log rank = 0.149
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 29 26 26 18

Number of events 0 0 0 0 3

Stent (blue)

Patients at risk 26 22 20 17 14

Number of events 0 0 2 5 7

Figure 1b | 4 year disease specific survival. P-value of log rank = 0.061
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 29 26 26 19

Number of events 0 3 5 5 10

Stent (blue)

Patients at risk 26 22 20 16 13

Number of events 0 2 4 8 10

Figure 1c | 4 year overall survival. P-value of log rank = 0.468
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Table 2 | Subgroup characteristics.

Stent no perforation

n=20

Stent perforation

n=6 p value

Male: Female 10:10 2:4 0.652$

Age (median years) [IQR] 66 [58-79] 81 [69-85] 0.046 #

ASA (%)

1

2

3

missing

6 (30.0)

13 (65.0)

1 (5.0)

0

2 (33.3)

3 (50.0)

1 (16.7)

0

0.632$

cTNM

1

2

3

4

missing  

0

6 (46.2)

7 (53.8)

0

7

1 (25.0)

2 (50.0)

1 (25.0)

0

2

0.309$

Follow up (median months) [IQR] 43 [22-54] 29 [12-57] 0.533 #

pTNM

1

2

3

4

0

8 (40.0)

11 (55.0)

1 (5.0)

0

2 (33.3)

4 (66.7)

0

1.000$

Lymph node count (median) [IQR] 15 [10-20] 14 [12-17] 0.836 #

Positive lymph node count (median) [IQR] 3 [1-7] 2 [1-7] 0.539#

Adjuvant chemotherapy (%) 11 (55.0) 2 (33.3) 0.645$

*=Chi2; $=Fisher exact; #=Mann-Whitney U; IQR = interquartile range

Table 3 | Disease free, disease specific and overall survival. 

emergency surgery 

n=32

Stent no perforation

n=20

Stent perforation

n=6

4 year disease free survival (%) (95%CI) 49.4 (32.0-66.8) 45 (22.1-68.0) 0 (0-0)

4 year disease specific survival (%) (95%CI) 86.8 (72.9-100) 68.8 (46.1-91.5) 60 (17.1-100)

4 year overall survival (%) (95%CI) 67.2 (50.3- 84.1) 61.5 (39.0-84.0) 50 (10-90)
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 28 25 21 15

Number of events 0 4 7 11 15

Stent (blue)

Patients at risk 20 16 12 9 8

Number of events 0 2 6 9 10

Stent with perforation (red)

Patients at risk 6 5 1 1 1

Number of events 0 1 5 5 5

Figure 2a | 4 year disease free survival. P-value of log rank = 0.007
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 29 26 26 18

Number of events 0 0 0 0 3

Stent (blue)

Patients at risk 20 17 16 14 12

Number of events 0 0 1 3 5

Stent with perforation (red)

Patients at risk 6 5 4 3 2

Number of events 0 0 1 2 2

Figure 2b | 4 year disease specific survival. P-value of log rank = 0.099
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Months after surgery 0 10 20 30 40

Emergency surgery (green)

Patients at risk 32 29 26 26 19

Number of events 0 3 5 5 10

Stent (blue)

Patients at risk 20 17 16 13 11

Number of events 0 1 2 5 7

Stent with perforation (red)

Patients at risk 6 5 4 3 2

Number of events 0 1 2 3 3

Figure 2c | 4 year overall survival. P-value of log rank = 0.478
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discussion

The results of this study are in line with data underlining the concerns of potential negative 

oncological outcomes of colonic stent placement.8;12-14 Examination of resected stented 

specimens showed that tumour and peri-tumoral ulceration occurred more frequently as a 

result of stents. 15 In addition, tumour manipulation during guide wire insertion, dilatation and 

stent deployment can cause tumour disruption with potential spread of cancer cells (or their 

shed particles).7  Only two of the six patients with stent related perforation received adjuvant 

systemic chemotherapy. Although it is unknown if adjuvant systemic chemotherapy is able 

to prevent outgrowth of direct tumour spread after perforation, this may have influenced the 

overall recurrence rate.16

Literature on oncological consequences of colonic stent placement in the curative setting 

is scarce.  Recently, cohort studies have compared the oncological outcome of stent as 

a bridge to surgery with emergency surgery. The St. Vincent’s university hospital, Dublin 

group, showed similar overall and cancer specific survival in 49 patients.12 This has been 

echoed by others17 but there have been reports of a negative impact on cancer outcomes.  

One retrospective study used a propensity score to adjust for allocation bias in 48 patients 

with a bridging stent and 39 emergency surgery patients. Five-year overall survival was 

significantly lower in the stent group than in the emergency surgery group (25% vs. 62%, 

respectively) and the 5-year cancer specific mortality was significantly higher in the stent 

group (48% versus 21%, respectively).8 Finally, another group examining 38 stented patients 

and 24 emergency surgery patients of 75 years or younger observed a significantly worse 

local recurrence free survival after stenting (recurrence rate 8% versus 32%; p=0.038).14 .

The prevalence of stent related complications is likely to be underestimated subclinical 

perforations may be identified only at the time of pathology.18-20 The prevalence of clinical 

stent-related perforation is 6.9% based on meta-analysis5 The risk of perforation may 

be related to local anatomy, tumour factors (length and constitution), stent design, and 

experience of the clinician performing stent placement.1;18;21-23 Because it is still not clear how 

stent related perforations can be prevented, this risk should be given serious consideration 

in clinical decision making. Even if stent placement seems to be clinically uncomplicated, 

tumour biology may be altered because of the mechanical stress, and tumour spillage may 

occur because of tumour disruption. A Markov chain Monte Carlo decision analysis model 

determined differences in effectiveness and costs between the two strategies for different 

patient scenarios based on perioperative risk factors.24 Probabilities of outcome variables 

were based on systematic review of 54 studies including 1198 patients. Based on this 

analysis, the authors concluded that in low-risk patients, the benefits of colonic stenting 

are modest and may not outweigh the risks. Therefore, emergency surgery is probably 

the preferred treatment strategy for patients without significantly increased operative risk. 

On the other hand, stenting is probably the preferred strategy in patients at an increased 

operative risk (i.e. age above 70 years, ASA 3+). The potentially impaired oncological 

outcome related to the risk of stent related perforation seems to become less important 

than the increased risk of post-operative mortality in these frail patients.
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summary, discussion and futurE pErspEctivEs

In this thesis we focussed our research on stent placement throughout the GI tract. In  
search for ideal stents for treatment of malignant oesophageal stenosis and gastric 
outlet obstruction we evaluated new stent designs in prospective cohort studies. Smaller 
research projects mainly aimed to investigate safety and feasibility of new treatment 
modalities for relatively new indications in the upper GI tract. Finally retrospective cohort 
and comparative studies aimed to provide insight into the benefits and pitfalls of colonic 
stent placement as treatment for acute malignant colonic obstruction.       

part i oEsophagEal stEnt placEmEnt

Chapter 2 described a multi-centre prospective cohort study investigating a new fully 
covered self-expanding-metal-stent (SEMS) with anti-migration flaps in 40 patients with 
dysphagia due to malignant oesophageal stenosis. Stent placement was technically 
successful in 39 patients (98%). A total of 30 patients were followed until death, 4 patients 
until stent removal, and 6 patients were still alive after a follow-up period of ≥6 months 
(range 181–365  days).  The median dysphagia-free time after stent placement was 
220 days (95% CI 94–345 days). Nine patients (23%) experienced recurrent dysphagia 
because of stent migration (n = 6; 15%), tissue overgrowth (n = 2; 5%), or fracture of the 
stent (n = 1; 3%). There were 39 adverse events (severe n=16, mild to moderate=23) in 33 
patients, particularly consisting out of retrosternal pain and nausea and vomiting. 

discussion and future perspective:  
The main goal of palliative treatment in patients with inoperable malignant oesophageal 
obstruction is to provide rapid and persistent relief of dysphagia. Although rapid relief 
of symptoms is achieved in almost all studies that have reported on results of stent 
placement, the occurrence of recurrent dysphagia is problematic at a rate of ~30%–40%.1-3  
This is also underlined by the results of a randomised trial comparing placement of a 
partially covered stent with brachytherapy.4 On the long-term brachytherapy provided 
a better relieve of dysphagia, which could be attributed to a recurrent dysphagia rate of 
40% in the stent group mainly caused by tumour ingrowth and stent migration. 

The 23% rate of recurrent dysphagia in our study was relatively low. Still, stent migration 
was the main cause of recurrent dysphagia with a rate of 15%. This rate is comparable to 
the rate for fully covered SEMS that have bilateral flared ends as their only anti-migration 
feature, suggesting that the flaps of the Hanaro Flap stent are of only limited value for 
migration prevention. However, it is important to note that migration was only partial in 
5/6 patients in our study and could be treated with endoscopic repositioning, which is 
relatively easy to perform and associated with lower costs than placement of a new stent. 
Nonetheless, placement of the Hanaro flap stent was associated with a high adverse 
event rate as compared to rates reported in other studies.1, 2, 5 However it is impossible to 
establish whether these (severe) adverse events could be attributed to the stent design, 
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the patient characteristics, the strict follow-up or grading of adverse events in our study. 
Only a randomised study comparing different stent designs would provide definitive 
answers. However, this would require very large sample sizes as differences in outcomes 
of currently used stents are expected to be small. Therefore, we feel that the current 
practice of testing new stent designs in prospective cohort studies with well-defined 
outcome measures and strict follow-up is the most logical strategy. If such a study 
suggests that a stent design is associated with a substantially lower recurrent dysphagia 
rate and acceptable adverse event rates, this should be compared with the currently 
most frequently used stent designs in a randomised study. In case a new stent proves 
to be significantly better than current stent designs, this should again be compared with 
brachytherapy in a randomised trial.

Instead of altering stent design, stent fixation has been proposed in order to prevent 
migration. However, small studies with heterogeneous study populations investigating 
various endoscopic fixation techniques, including endoclips, over-the-scope clips and 
endoscopic suture devices did not demonstrate a clear decrease in migration rates.6-11 

Finally, several groups have investigated cytotoxic drug-eluting SEMS as well as radio-
active SEMS. These are very interesting treatment options as these additions might 
prevent tissue in- or overgrowth. Drug-eluting SEMS have thus far only been studied 
in animal benign stricture models showing promising results regarding drug delivery 
and a decrease in tissue hyperplasia.12-14 The next step would be to evaluate safety 
and efficacy of these stents in clinical trials. Research of radioactive SEMS is already 
in a further stadium and a recently published Chinese randomised trial compared an 
uncovered SEMS loaded with 125I seeds with a conventional uncovered SEMS.15 This 
well-conducted study demonstrated no differences in dysphagia recurrence and adverse 
event rates, however patients who received the radioactive SEMS survived significantly 
longer with significantly better dysphagia scores. Further research is needed to confirm 
these benefits.          

Chapter 3 involved a two-center feasibility study on biodegradable stent placement as 
bridge to surgery in patients undergoing neoadjuvant chemoradiotherapy treatment for 
advanced oesophageal cancer. This treatment modality was without any serious adverse 
events and significantly reduced dysphagia complaints without stent migration in the 
10 included patients. Unfortunately these positive results were offset by the fact that 
9 patients experienced weight loss at the end of follow-up and 7 patients required an 
additional nutritional intervention because of malnutrition. Furthermore retrosternal pain 
developed in 6 patients and persisted for more than 10 days in 4 of these patients. 

Discussion and future perspective: An increasing number of patients with locally 
advanced oesophageal cancer undergo treatment with neoadjuvant chemoradiotherapy 
prior to surgery. Neoadjuvant chemoradiotherapy however could increase symptoms 
of dysphagia and potentially further jeopardize nutritional status.16 Current treatment 
consists mainly out of nutritional suppletion via naso-enteral tube feeding, laparoscopic 
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jejunostomy or total parenteral nutrition and do not provide dysphagia relieve. Therefore 
stent placement as bridge to surgery is a promising new treatment option. The 0% 
migration rate found in our study is a positive aspect of the biodegradable stent in the 
light of migration rates ranging from 31-60% reported in comparable studies using fSEMS 
or fSEPS.17-20 In addition, endoscopic stent removal prior to surgery was not necessary in 
any of the cases. Despite these apparent benefits the clinical value of the biodegradable 
stent in its current form has to be questioned in view of retrosternal pain, weight loss and 
need for additional nutritional intervention. Especially retrosternal pain is a worrisome 
feature as it cannot be excluded that several patients reduced eating because of this. 
One could speculate that the relatively high axial force and low flexibility of the current 
biodegradable stent21 in combination with tissue reaction to stent disintegration and 
radiotherapy induce prolonged pain. Therefore adaptations to biodegradable stent design 
and probably material used, resulting in lower axial force and higher flexibility, may de-
crease stent-related pain in this setting. If such a biodegradable stent becomes available 
and proves superior to other stent designs it should be tested in a randomized trial with 
a control group receiving standard treatment (i.e. nutritional suppletion when indicated). 
The outcomes of such a trial should include operative morbidity and mortality, tumour-
free resection rate, quality-of-life, weight changes and the number of endoscopic re-
interventions.      

Chapter 4 represented a multicentre retrospective cohort study in 34 patients with upper 
GI leaks who were treated with temporary placement of a specific large diameter fully 
covered SEMS. Technical success rate was 97% (33/34). Clinical success, defined as 
sufficient leak closure after stent removal without the need for surgical intervention or 
placement of another type of stent, was 44% (15/34) after 1 stent and 50% (17/34) 
after an additional stent. There were no stent-related severe adverse events or stent-
related mortality. Still, there were 14 (41%) stent migrations (complete n=8, partial n=6) 
and eventually 4 patients underwent a form of surgery as re-intervention for stent-failure. 
Moreover 11 patients (32%) died in-hospital because of persisting intrathoracic sepsis 
(n=10) or pre-existent bowel ischemia (n=1). 

discussion and future perspective:
Temporary placement of a stent is a very attractive treatment modality for upper GI 
leaks. However currently used fully covered SEMS and SEPS have a strong tendency to 
migrate, while partially covered SEMS are often difficult to remove as a result of tissue 
ingrowth through the uncovered stent parts.10, 22-29 Therefore the primary goal of using a 
large diameter fully covered stent is preventing these complications. Unfortunately our 
study could not confirm the presumed benefit of less migration, although stent removal 
was without any adverse events in all cases. 

Endoscopic stent fixation techniques have also been proposed in this clinical setting.6-11 
However, like in malignant stenosis these do not seem to provide a beneficial effect on 
migration rates. Another alternative could be to use a partially covered biodegradable 
stent as tissue ingrowth through the open stent part would anchor the stent, while stent 
removal would be unnecessary. Though such a stent is not yet available. Furthermore 
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some recently published small case series reported on endoscopically placed transluminal 
vacuum therapy.30-32 This treatment involves placement of a sponge into the anastomotic 
defect cavity with suction provided by a transnasal catheter. Results of this technique are 
promising but need to be confirmed by larger studies.    

Besides improving material and techniques it is equally important to establish guidelines 
dictating which patient groups and which type of upper GI leak should be primarily 
treated with either conservative measures, temporary stent placement, vacuum therapy 
or surgery. Experts have proposed several criteria for treatment selection. They suggest 
surgery for leaks located intra-abdominal or in the proximal cervical oesophagus with a 
length of >6cm or covering >70% of the circumference and stent placement for smaller 
leaks located intra-thoracic or in the distal cervical oesophagus.33, 34 Nevertheless, grade 
A evidence is lacking and would only be provided by the results of a randomised trial 
comparing the different treatment options in well-defined study populations. However, 
the limited number of patients, the clinical complexity and the promising results of stent 
placement would make it very difficult to complete such a study.

part ii duodEnal stEnt placEmEnt

Chapter 5 provided an overview of the relevant literature published between October 2003 
and May 2011 on duodenal stent placement for malignant gastric outlet obstruction (GOO). 
Pooled analysis demonstrated mean overall technical and clinical success rates of 97% 
and 87% respectively. There is no evidence that the type of procedure (i.e. combined 
endoscopic or sec fluoroscopic), tumour and stenosis characteristics or stent design has 
an influence on clinical success. Limited data suggest that sec fluoroscopic placement in 
more distally located stenosis is associated with lower technical success rates, while other 
variables do not seem to hamper technical success. The most frequently encountered 
complications are tissue ingrowth for uncovered SEMS and stent migration for covered 
SEMS. Randomised and comparative studies showed that these negative features of 
the two stent designs compensate each other resulting in similar stent patency times. 
Procedure- or stent-related mortality has not been reported and in general the rates of 
severe complications are low: perforation 0-4%, bleeding 0-4%. 

Studies that assessed quality of life (QoL) all demonstrated stable or improved results after 
stent placement. Moreover the literature suggests that stent placement is superior over 
surgical bypass in terms of rapid improvement of food intake, shorter hospitalization and 
lower medical costs. On the contrary, there is a higher recurrence rate of obstruction after 
stent placement due to tissue ingrowth or stent migration subsequently causing declines 
in food intake on the long-term and a significantly higher number of re-interventions.         

These findings in the literature formed the basis for performing the prospective cohort 
studies described in Chapter 6 and 7. The goal of these studies was to test safety and 
efficacy of new SEMS designs in the hope to find an ideal SEMS that prevents both tissue 
ingrowth as well as migration.  
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In Chapter 6 we evaluated a new uncovered SEMS in a cohort of 46 patients with incurable 
malignant GOO whom were included in 2 academic centres. This SEMS exhibits proximal 
and distal flares as anti-migration feature and a small mesh design to prevent tissue 
ingrowth. The technical and clinical success rates were 89% and 72% respectively. The 
GOO scoring system score and QoL scores improved significantly when scores before 
stenting were compared with scores after stent placement. Median survival was 87 days 
and stent patency was observed in 66.7% of patients for up to 395 days, accounting 
for death as a competing risk. Stent dysfunction occurred in 14 patients (30%) (stent 
ingrowth 9; stent migration 2; extrinsic compression on the stent 2; food impaction 1). 
Other procedure-related complications included cholangitis (n=1), guidewire perforation 
(n=1), pancreatitis (n=1) and pain (n=1).     

In Chapter 7 we aimed to perform a similar prospective cohort study with a new partially 
covered big-cup SEMS. The proximal uncovered big cup of this SEMS fits the pyloric 
area as anti-migration feature, while a fully silicone membrane covered intra-duodenal 
part was intended to prevent tissue ingrowth. Unfortunately, the study was terminated 
prematurely due to 3 proximal stent migrations in 6 patients. Migrations occurred at 2, 
4 and 29 days respectively and necessitated endoscopic removal and placement of 
another SEMS. The remaining 3 patients had a patent SEMS at the end of their follow-up 
of 60, 69 and 228 days respectively.   

discussion and future perspective:
Malignant GOO is a troublesome complication of multiple types of cancer in the upper GI 
tract. It causes nausea, vomiting and often reduces the patient’s ability to eat a normal 
diet. Median survival in these patients is only around 3 months and therefore palliative 
treatment should ideally meet 3 criteria: minimally invasive, quick relieve of symptoms, no 
re-interventions. As confirmed by the studies in this thesis endoscopic stent placement 
fulfils the first 2 criteria in the majority of patients. However, the largest randomised trial 
to date as well as a recently published retrospective comparison demonstrated that stent 
placement was associated with a significantly higher number of re-interventions for re-
obstruction as compared to traditional gastrojejunostomy.35, 36 Unfortunately our studies 
also did not identify a new stent that withstands both tissue ingrowth as well as stent 
migration. 

A Korean group evaluated a ‘dual SEMS’ consisting of an outer partially covered SEMS 
and an inner uncovered SEMS in 213 patients.37 This study demonstrated relatively better 
results with an overall stent dysfunction rate of 20%. However, the placement technique is 
complicated and impossible to perform ‘through-the-scope’ due to the abundant material 
of this stent design. Other recently published pilot studies evaluated the use of endoscopic 
clips for fixation of the proximal part of SEMS.38, 39 These studies demonstrated promising 
results regarding migration prevention, although these results need to be confirmed in 
larger studies. Furthermore, in one of these studies increasing tumour burden still led to 
tumour overgrowth and stent compression in 20% of patients.38 Therefore, the concept 
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of drug-eluting or radioactive SEMS as described in the part regarding oesophageal 
stent placement also seems attractive in malignant GOO although this has not yet been 
investigated. Moreover, endoscopic creation of a gastrojejunal anastomosis by using 
magnetic compression has been invented with the purpose to combine the safety of 
stent placement with the long-term efficacy of a surgical bypass. Two feasibility studies 
demonstrated that creation of the gastrojejunal anastomosis was safe.40, 41 However, 
subsequent stent placement to warrant patency of the anastomosis was associated with 
a high migration rate in both studies and a fatal stent-related perforation in one study. 
Therefore further research on this interesting concept should focus on the creation of an 
anastomosis which does not need a stent to keep it patent.

From an evidence-based perspective we can still only advise duodenal stent placement 
as routine treatment in patients who are no surgical candidate or with a life expectancy of 
less than 2 months, because fit patients with a better prognosis will likely benefit more from 
surgical bypass on the long-term. Studies on prognostication in patients with malignant 
GOO might therefore be helpful in guiding treatment choice.42, 43 In case a promising 
new endoscopic treatment emerges after prospective evaluation, this ideally should  
be compared with laparoscopic gastrojejunostomy in a randomised trial. However expe-
rience has shown that patient accrual is very difficult for such a study as a large number 
of patients will opt for stent placement directly because of the less invasive character.35

    

part iii colonic stEnt placEmEnt

Chapter 8 was a single-centre retrospective analysis of outcomes in 48 patients who 
underwent colonic stent placement as definitive palliation for acute malignant colonic 
obstruction. Patients were identified from a prospectively collected cohort form a general 
teaching hospital were endoscopic stent placement is standard of care for treatment of 
acute malignant colonic obstruction. The technical and short-term clinical success rates 
were 91% and 85% respectively. SEMS-related mortality occurred in 13% of patients and 
was caused by SEMS-related perforation in all cases. The SEMS-related morbidity rate 
was 38%. Endoscopic re-intervention was performed 14 times and 13 patients eventually 
underwent surgical treatment during follow-up. The stoma-formation rate was 15%. 
Long-term clinical success was 48% and the estimated stent patency rate was 69% at 1 
month, 54% at 6 months and 50% at 12 months. Median overall survival was 4.5 months 
with follow-up until death in 45/48 patients 

In Chapter 9 we used the same prospectively collected cohort, but now we focussed on 59 
patients who received a SEMS as bridge to elective surgery for acute malignant colonic 
obstruction in a curative setting. The outcomes were retrospectively compared with those 
of 51 patients who were acutely operated in a comparable hospital where emergency 
surgery is standard of care for the treatment of acute malignant colonic obstruction. 
The successful primary anastomosis rate was significantly higher in SEMS patients with 
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left-sided obstruction (30/43 versus 10/34, p=0.001) while stoma formation was lower 
versus emergency surgery (11/43 versus 23/34, p<0.001). These differences were not 
apparent in patients with right-sided obstruction. Stoma rates at the end of follow-up 
were comparable between treatment approaches (left-sided: 11/43 versus 9/34, p=0.322; 
right-sided: 1/16 versus 1/17, p=1.000). There were also no significant differences for 
morbidity and mortality. Moreover, recurrence or survival did not appear to be influenced 
by SEMS placement, although numbers were small and differences in baseline tumour 
stage necessitated subgroup analysis.    

To gain further insight into oncological outcomes we performed a long-term follow-up of 
patients with acute malignant colonic obstruction from the nationwide Dutch Stent-In II 
randomised trial44 in Chapter 10. In total, 32 patients were included in the emergency surgery 
group and 26 patients in the SEMS as bridge to elective surgery group. Locoregional or 
distant disease recurrence developed in 9 out of 32 patients in the emergency surgery 
group and in 13 out of 26 patients in the SEMS group. In the SEMS subgroup of patients 
with perforation, 5 out of 6 developed a recurrence, which was higher compared to 
emergency surgery (9/32) or unperforated SEMS patients (9/20). No significant differences 
were found regarding disease-free, disease-specific and overall survival.

discussion and future perspective:
Palliative management of acute malignant colonic obstruction is indicated in patients 
with extensive metastasised disease or in patients who are considered inoperable due to 
poor clinical condition. Two recently published meta-analyses, including randomised and 
nonrandomised comparative studies, have compared SEMS placement with traditional 
emergency surgery in a palliative setting.45,46 SEMS placement was significantly as- 
sociated with shorter hospitalization (10 vs. 19 days) and a lower intensive care admission 
rate (0.8% vs. 18.0%), while permitting a shorter time to initiation of chemotherapy (16 vs. 33 
days). Moreover stoma formation was significantly lower after palliative SEMS placement 
(13% vs. 54%), which is in line with the stoma-rate of 15% in our study. Still only the larger 
meta-analysis showed a lower 30-day mortality rate for SEMS (4% vs. 11%), while no 
significant difference in overall morbidity between the stent group (34%) and the surgery 
group (38%) was found.46 Short-term complications did occur more often in the palliative 
surgery group, while late complications were more frequent in the SEMS group. SEMS-
related complications mainly included colonic perforation (10%), stent migration (9%) and 
re-obstruction (18%). Our overall morbidity rate and 30-day mortality rate were higher 
compared to these data and especially the perforation rate of 17% was a striking finding. 
We feel that our study offers a realistic assessment of palliative SEMS placement be- 
cause all consecutive patients with acute malignant colonic obstruction underwent 
an attempt of SEMS placement and data were analysed intention-to-treat, while the 
comparative studies included in the meta-analyses might have suffered from substantial 
selection bias as there was often no strict protocol defining treatment policies. Because 
of the relatively small study population we could not identify risk factors for SEMS-
related morbidity and mortality in our study. Other studies have identified several risk 
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factors, including anti-angiogenic chemotherapy (e.g. Bevacuzimab), little endoscopist 
experience, pre and post SEMS placement stricture dilation, SEMS design and left-
sided obstruction.47-49 In our opinion, when choosing palliative treatment one should take 
these risk factors into account as well as the patients clinical condition and prognosis. 
In addition new colonic SEMS designs, for example partially covered, might prevent (late 
onset) complications as tissue ingrowth and stent migration in a palliative setting.  

In curable patients who present with an acute malignant colonic obstruction the rationale 
behind ‘bridge-to-surgery’ stent placement is conversion to an elective setting with 
surgery being performed by a dedicated colorectal surgical team. It was thought that this 
strategy would reduce morbidity, mortality and stoma-rates as compared to traditional 
emergency surgery. The most recently published meta-analysis of all 7 RCT’s on this 
subject indeed found significantly lower overall morbidity, a significantly higher successful 
primary anastomosis rate and a significantly lower permanent stoma-rate after SEMS 
placement but no difference in mortality.50 These RCT’s only included patients with left-
sided colonic obstruction. Our study described in Chapter 9 also included patients with 
right-sided obstruction and our data suggest that bridge-to-surgery SEMS placement 
has no benefits over emergency surgery in terms of morbidity, mortality and stoma-rates. 
Although numbers were small, we therefore feel that right-sided SEMS placement should 
be reserved for the palliative setting. In patients with left-sided obstruction we found 
a significantly higher successful primary anastomosis and lower stoma-formation rate 
after SEMS placement, but no effect on morbidity and permanent stoma-rates. These 
findings regarding left-sided obstruction largely correspond with the results of the Dutch 
randomised Stent-In 2 study.44 Moreover, in line with the aforementioned meta-analysis 
and the Stent-In 2 trial we also found no significant difference in mortality.  

Furthermore several recently published studies have indicated that bridge-to-surgery 
SEMS placement is associated with a negative effect on disease recurrence and oncological 
outcomes.51-53 Our study in Chapter 10 also found a higher recurrence rate after SEMS 
placement as compared to emergency surgery. However we found that disease recurrence 
predominantly occurred in the subgroup of patients with SEMS-related perforation.

All in all, for patients with left-sided acute malignant colonic obstruction bridge-to-surgery 
SEMS placement clearly seems to increase successful primary anastomosis rates and 
decrease stoma-formation rates. These benefits should be balanced against the possibly 
negative effect of SEMS placement on disease recurrence and oncological outcomes, 
especially when considering that SEMS placement does not seem to decrease mortality 
rates and there are conflicting results regarding morbidity and permanent stoma-rates. 
Patient selection therefore seems of utmost importance. Multiple studies have identified 
2 risk factors associated with morbidity and mortality following emergency surgery in 
colorectal cancer: increasing age and an American Society of Anesthesiology (ASA) score 
≥ III.54-56 Therefore, bridge-to-surgery SEMS placement may be considered an acceptable 
alternative treatment option in patients older than 70 years and/or with an ASA score 
≥ III. In case SEMS placement is not technically feasible in this subgroup of patients 
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a transverse colostomy could serve as a bridge-to-surgery. Younger patients with an 
ASA-score of < III would probably benefit most from acute resection. In the near future, 
this treatment strategy will be investigated in a prospective nationwide clinical decision 
guideline validation study in the Netherlands. 
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samenvatting, discussie en toekomstperspectieven
Het onderzoek beschreven in dit proefschrift was gericht op endoscopische stentplaatsing 
in de tractus digestivus. In de zoektocht naar ideale stents voor de behandeling van maligne 
oesofagus stenose en maligne maaguitgangstenose hebben wij nieuwe stent designs 
geëvalueerd in prospectieve cohort studies. Kleinere onderzoeksprojecten richtten zich 
voornamelijk op het onderzoek van veiligheid en toepasbaarheid van stentplaatsing 
technieken voor relatief nieuwe indicaties in de bovenste tractus digestivus. Tot slot 
hebben wij met retrospectieve cohort- en vergelijkende studies geprobeerd inzicht te ver- 
schaffen in de voor- en nadelen van colon stentplaatsing als behandeling van acute 
maligne colon obstructie. 

dEEl i oEsofagus stEnt plaatsing

Hoofdstuk 2 beschreef een prospectieve multicenter cohort studie, waarin wij een nieuwe 
volledig gecoverde ‘self-expanding-metal-stent’ (SEMS) met anti-migratie flaps onder-
zochten in 40 patiënten met dysfagie ten gevolge van maligne oesofagus stenose. Stent 
plaatsing was technisch succesvol in 39 patienten (98%). Een totaal van 30 patiënten 
werd vervolgd tot aan overlijden, 4 patiënten tot stentverwijdering en 6 patiënten waren 
nog in leven na een follow-up periode van ≥6 maanden. De mediane dysfagie vrije 
periode na stentplaatsing was 220 dagen. Negen patiënten (23%) hadden recidiverende 
dysfagieklachten wegens stentmigratie (n = 6; 15%), weefsel overgroei (n = 2, 5%), of 
scheuren van de stent (n = 1, 3%). Er waren 39 bijwerkingen (ernstig n=16, mild tot  
matig=23) bij 33 patiënten, vooral bestaande uit retrosternale pijn, misselijkheid en braken.

discussie en toekomstperspectief 
Het belangrijkste doel van palliatieve behandeling bij patiënten met inoperabele maligne 
oesophagusobstructie is een snelle en blijvende verlichting van dysfagieklachten. 
Hoewel snelle verlichting van symptomen in nagenoeg alle studies wordt bereikt die 
rapporteren over de resultaten stentplaatsing, treden recidiverende dysfagieklachten 
helaas op bij ~ 30% -40% van de patiënten. Dit wordt ook onderstreept door de  
resultaten van een gerandomiseerde studie waarin de plaatsing van een deels gecoverde  
stent werd vergeleken met brachytherapy. Op de lange termijn bleek brachythera- 
pie namelijk een betere behandeling van dysfagie. Dit kon worden toegeschreven 
aan een terugkeer van dysfagieklachten in 40% van de gestente patiënten, 
voornamelijk veroorzaakt door tumor ingroei en stent migratie. 

Het percentage patiënten met recidiverende dysfagie (23%) in onze studie was relatief  
laag. Toch was stentmigratie, optredend in 15% van de patiënten, de belangrijkste oorzaak. 
Dit migratie percentage is vergelijkbaar met de resultaten van volledig gecoverde SEMS 
met bilaterale uitlopende uiteinden als enige anti-migratie kenmerk, wat suggereert dat de 
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flappen van onze onderzochte stent slechts van beperkte waarde zijn voor de preventie 
van migratie. Het is echter belangrijk op te merken dat migratie slechts gedeeltelijk 
was in 5/6 patiënten in onze studie en kon worden behandeld met endoscopische 
herpositionering van de stent. Dit is een relatief gemakkelijk uit te voeren ingreep en gaat 
gepaard met lagere kosten dan het plaatsen van een nieuwe stent. Niettemin trad in onze 
studie een relatief groot aantal complicaties op in vergelijking met de data van andere 
studies. Het is echter zeer lastig om vast te stellen of deze (ernstige) complicaties konden 
worden toegeschreven aan het stent design, patiëntkarakteristieken, de strikte follow-up 
of de gradering van complicaties in ons onderzoek. Slechts een gerandomiseerde studie, 
waarin verschillende stent designs worden vergeleken, zou definitieve antwoorden kunnen  
verschaffen. Dit zou echter zeer grote onderzoekspopulaties vereisen, omdat de ver-
schillen in uitkomsten van de momenteel gebruikte stents naar verwachting klein zijn. 
Daarom zijn wij van mening dat de huidige strategie, bestaande uit het testen van nieuwe 
stent designs in prospectieve cohort studies met goed gedefinieerde uitkomstmaten en 
strikte follow-up, de meest logische is. Wanneer een dergelijke studie suggereert dat 
een stent design is geassocieerd met een aanzienlijk lager percentage recidiverende 
dysfagieklachten en aanvaardbare complicatie aantallen, moet deze worden vergeleken 
met de momenteel meest gebruikte stent designs in een gerandomiseerde studie. Indien 
een nieuwe stent bewijst significant beter te zijn dan de huidige stents, zal deze opnieuw 
moeten worden vergeleken met brachytherapie in een gerandomiseerd onderzoek.

In plaats van het veranderen van stent designs, is endoscopische fixatie van de  
stent ook voorgesteld om migratie te voorkomen. Echter konden kleine studies met 
heterogene onderzoekspopulaties die verschillende endoscopische fixatie technieken 
onderzochten, waaronder endoclips, over-the-scope clips en endoscopische hecht- 
systemen, geen duidelijke daling van de migratiepercentages aantonen. 

Tot slot hebben verschillende onderzoeksgroepen het plaatsen van zowel cytotoxische 
drug-eluting SEMS als radioactieve SEMS onderzocht. Dit zijn zeer interessante 
behandelingsmogelijkheden, omdat hiermee weefsel in- of overgroei van de stent 
voorkomen zou kunnen worden. Drug-eluting SEMS zijn tot dusverre alleen onderzocht 
in diermodellen met benigne stenose, maar laten veelbelovende resultaten zien inzake 
geneesmiddelafgifte en een afname in weefsel hyperplasie. De volgende stap is 
om de veiligheid en werkzaamheid van deze stents in klinische studies te evalueren. 
Het onderzoek naar radioactieve SEMS is al in een verder stadium en in een recent 
gepubliceerde Chinese gerandomiseerde studie werden een ongecoverde radioactieve 
SEMS (geladen met 125I zaden) vergeleken met een conventionele ongecoverde SEMS. 
Deze goed uitgevoerde studie toonde geen verschillen in recidiverende dysfagieklachten 
en complicaties, maar patiënten die de radioactieve SEMS kregen overleefden significant 
langer met betere dysfagie scores. Verder onderzoek is nodig om deze positieve resultaten 
te bevestigen. 
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Hoofdstuk 3 betrof een haalbaarheidsstudie naar plaatsing van een biologisch afbreekbare 
stent als overbrugging naar chirurgie bij patiënten die neoadjuvante chemoradiotherapie 
ondergaan voor lokaal uitgebreid oesofaguscarcinoom. Deze behandelstrategie was  
zonder ernstige complicaties en leidde tot een significante vermindering van dysfagie-
klachten zonder stent migratie in de 10 geïncludeerde patiënten.  Desalniettemin was er 
gewichtsverlies bij 9 patiënten aan het einde van follow-up en bij 7 van deze patiënten  
werd een extra voedingsinterventie uitgevoerd vanwege ondervoeding. Daarnaast 
trad retrosternale pijn na stentplaatsing op bij 6 patiënten en deze duurde langer 
 dan 10 dagen in 4 patiënten. 

discussie en toekomstperspectief
Een toenemend aantal patiënten met lokaal uitgebreid oesofaguscarcinoom onder-
gaat een behandeling met neoadjuvante chemoradiotherapie voorafgaand aan 
oesofagusresectie. Neoadjuvante chemoradiotherapie kan echter dysfagieklachten 
verergeren en de voedingsstatus van patiënten in gevaar brengen. De huidige behandeling 
van ondervoeding bestaat voornamelijk uit voedingssuppletie via naso-enterale 
sondevoeding, laparoscopische jejunostomie of totale parenterale voeding en deze 
behandelingen bieden geen verlichting van dysfagieklachten. Daarom is stentplaatsing 
als overbrugging naar chirurgie een veelbelovende nieuwe behandeling in deze setting. 

Het 0% stent migratie percentage in onze studie is een positief aspect van de biologisch 
afbreekbare stent in het licht van migratie percentages variërend van 31 tot 60% in 
vergelijkbare studies met metalen en plastic stents. Bovendien was endoscopische 
stentverwijdering voor chirurgie niet noodzakelijk. Ondanks deze schijnbare voordelen is 
de klinische waarde van deze biologisch afbreekbare stent in deze setting twijfelachtig 
vanwege het relatief grote aantal patiënten met retrosternale pijn, gewichtsverlies en 
behoefte aan extra voedingsinterventie. Vooral retrosternale pijn is een zorgwekkend 
probleem, omdat niet kan worden uitgesloten dat de voedingsintake van een aantal 
patiënten hierdoor verminderde. Men zou kunnen speculeren dat langdurige retrosternale 
pijn geïnduceerd werd door de relatief hoge axiale kracht en de geringe flexibiliteit van 
de biologisch afbreekbare stent in combinatie met de weefselreactie ten gevolge van 
stentdesintegratie en radiotherapie. Aanpassingen aan het ontwerp en materiaal van de 
biologisch afbreekbare stent, resulterend in lagere axiale kracht en hogere flexibiliteit, 
zou daarom stent-gerelateerde pijn kunnen verminderen in deze setting. Indien een 
dergelijke stent beschikbaar komt en superieur blijkt ten opzichte van andere stents, zou 
deze vergeleken dienen te worden met een controlegroep, die standaardbehandeling 
ondergaat (voedingssuppletie in het geval van ondervoeding). Uitkomstmaten van 
een dergelijke studie zouden in ieder geval moet bestaan uit operatieve morbiditeit en 
mortaliteit, tumorvrije resectie percentage, kwaliteit van leven, gewichtsveranderingen en 
het aantal endoscopische re-interventies. 

Hoofdstuk 4 was een multicenter retrospectieve cohort studie bij 34 patiënten met een 
perforatie, fistel of naadlekkage van de bovenste tractus digestivus die werden behandeld 
met tijdelijke plaatsing van een specifieke volledig gecoverde SEMS met grote diameter. 
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Het technisch succes percentage was 97% (33/34). Klinisch succes, gedefinieerd als 
sluiting van het defect na stent verwijdering zonder chirurgische ingreep of plaatsing van 
een ander type stent, werd bereikt bij 44% (15/34) van de patiënten na stent 1 en bij 
50% (17/34) na een extra stent. Er waren geen stent-gerelateerde ernstige complicaties 
of stent-gerelateerde mortaliteit. Echter traden er 14 (41%) stent migraties op (volledige 
n = 8, gedeeltelijke n = 6) en uiteindelijk ondergingen 4 patiënten een vorm van chirurgie 
als re-interventie voor stent-falen. Daarnaast overleden 11 patiënten (32%) tijdens 
ziekenhuisopname vanwege aanhoudende intrathoracale sepsis (n = 10) of pre-existente 
darmischemie (n = 1).

discussie en toekomstperspectief
Tijdelijke stentplaatsing is een zeer aantrekkelijke behandelmodaliteit voor perforaties, 
fistels en naadlekkages van de bovenste tractus digestivus. Maar volledig gecoverde 
SEMS en SEPS hebben een sterke neiging om te migreren, terwijl partieel gecoverde 
SEMS vaak moeilijk te verwijderen zijn als gevolg van weefsel ingroei door de ongecoverde 
stentdelen. Het primaire doel van het gebruik van een volledig gecoverde stent met een 
grote diameter is het voorkomen van deze complicaties. Helaas kon onze studie het 
beoogde voordeel van minder stentmigraties niet bevestigen, hoewel stentverwijdering 
probleemloos verliep in alle gevallen.

Endoscopische stent fixatie technieken zijn ook in deze klinische setting onderzocht. Echter 
lijken deze, net als bij maligne stenose, niet duidelijk te beschermen tegen stentmigratie. 
Een ander alternatief zou het gebruik van een partieel gecoverde biologisch afbreekbare 
kunnen zijn, zodat weefsel ingroei door de open stentdelen de stent verankerd, terwijl 
stentverwijdering onnodig zou zijn. Echter is een dergelijke stent nog niet beschikbaar. 
Verder hebben een aantal recent gepubliceerde kleine studies gerapporteerd over 
endoscopisch geplaatste vacuüm therapie. Deze behandeling omvat de plaatsing van 
een spons in het defect met afzuiging door een transnasale katheter. Resultaten van deze 
techniek zijn veelbelovend, maar moeten bevestigd worden door grotere studies. 

Naast het verbeteren van materialen en technieken is het even belangrijk om richtlijnen 
te definiëren, die dicteren welke patiëntengroepen en welk type defect primair moeten 
worden behandeld met conservatieve maatregelen, tijdelijke stentplaatsing, vacuum 
therapie of chirurgie. Experts hebben een aantal criteria ten aanzien van behandelkeuze 
voorgesteld. Zij stellen dat chirurgie gereserveerd moet worden voor defecten die zich 
intra-abdominaal of in de proximale cervicale oesofagus, en voor defecten met een lengte 
van >6 cm of  > 70% van de omtrek. Volgens hen is stentplaatsing de aangewezen 
behandelstrategie voor kleinere defecten, die zich intra-thoracaal of in de distale cervicale 
oesophagus bevinden. Niettemin ontbreekt graad A bewijs en dit zou alleen geleverd 
worden door de resultaten van een gerandomiseerde trial waarin de verschillende 
behandelopties vergeleken worden in goed gedefinieerde studiepopulaties. Echter 
maken het beperkte aantal patiënten, de klinische complexiteit en de veelbelovende 
resultaten van tijdelijke stentplaatsing het zeer moeilijk om een   dergelijke studie voltooien.  
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dEEl ii duodEnalE stEntplaatsing 

Hoofdstuk 5 verschafte een overzicht van de literatuur gepubliceerd tussen 2003 en 2011  
over duodenale stentplaatsing voor maligne maaguitgang stenose. Gepoolde analyse 
toonde technische en klinische succespercentages van 97% en 87% respectievelijk. 
Wij vonden geen bewijs dat het type procedure (d.w.z. combinatie endoscopisch en 
radiologisch of sec radiologisch), tumor- en/of stenosekenmerken of stentdesign een 
invloed hebben op klinisch succes. Beperkte data suggereren dat sec radiologische 
stentplaatsing in meer distaal gelegen stenose wordt geassocieerd met een lager technisch 
successpercentage, terwijl andere variabelen technisch succes niet lijken te belemmeren. 
De meest voorkomende complicaties zijn weefsel ingroei voor ongecoverde SEMS en 
stentmigratie voor gecoverde SEMS. Gerandomiseerde en vergelijkende studies toonden 
dat deze negatieve eigenschappen van de twee stentdesigns elkaar compenseren 
waardoor het uiteindelijk het totaal aan patiënten met re-obstructieverschijnselen gelijk 
is. Procedure- of stent-gerelateerde mortaliteit werd niet gevonden en in het algemeen 
kwamen ernstige complicaties weinig voor: 0-4% perforatie, bloeding 0-4%.

Studies die de kwaliteit van leven beoordeelden vonden allen stabiele of verbeterde 
resultaten na stentplaatsing. Bovendien suggereert de literatuur dat een stent is superieur 
ten opzichte van traditionele chirurgische bypass met betrekking tot een snelle verbetering 
van voedselinname, kortere ziekenhuisopname en lagere medische kosten. Echter op 
de lange termijn leidt een significant hoger aantal re-obstructies na stentplaatsing tot 
verminderde voedselintake en een significant hoger aantal re-interventies. 

Deze bevindingen in de literatuur vormden de basis voor het uitvoeren van de prospectieve 
cohort studies, die beschreven werden in Hoofdstuk 6 en 7. Het doel van deze studies was 
de veiligheid en werkzaamheid van nieuwe stent designs testen, in de hoop een ideale 
stent te vinden, die zowel weefsel ingroei als stentmigratie voorkomt. 

In Hoofdstuk 6 evalueerden we een nieuwe ongecoverde SEMS in een cohort van 46 
incurabele of inoperabele patiënten met maligne maaguitgangstenose die werden 
geïncludeerd in 2 academische centra. Deze SEMS had proximale en distale uitlopende 
einden als anti-migratie eigenschap en een klein mesh design om weefsel ingroei te  
voorkomen. De technische en klinische succespercentages waren 89% en 72% 
respectivelijk. De symptoomscore (‘GOOSS-score’) en kwaliteit-van-leven scores ver-
beterden significant wanneer scores voor stentplaatsing werden vergeleken met scores 
na stentplaatsing. De mediane overleving was 87 dagen en 66,7% van de patiënten had 
een geschatte re-obstructievrije periode van 395 dagen, wanneer er gecorrigeerd werd 
voor niet stent-gerelateerde sterfte. Stent disfunctie werd waargenomen bij 14 patiënten 
(30%) (weefsel ingroei n=9; stentmigratie n=2, extrinsieke compressie op de stent n=2; 
voedsel impactie n=1). Andere procedure-gerelateerde complicaties betroffen cholangitis 
(n = 1), voerdraad perforatie (n = 1), pancreatitis (n = 1) en pijn (n = 1). 
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In Hoofdstuk 7 probeerden wij een   soortgelijke prospectieve cohort studie uit te voeren 
met een nieuwe gecoverde SEMS met een proximaal weid uitlopend einde (big-cup). 
Deze proximale ongecoverde ‘big-cup’ zou als een soort anker in de pylorus dienen 
om stentmigratie te voorkomen, terwijl het intra-duodenale deel van de stent volledig 
gecoverd was met een siliconen membraan om weefsel ingroei tegen te gaan. 
Helaas werd de studie voortijdig beëindigd vanwege 3 proximale stentmigraties bij 6 
patiënten. Deze traden op na 2, 4 en 29 dagen respectievelijk en werden behandeld met 
endoscopische stentverwijdering en plaatsing van een ander type SEMS. De overige 3 
patiënten hadden een doorgankelijke stent aan het einde van de follow-up van 60, 69 en 
228 dagen respectievelijk.

discussie en toekomstperspectief: 
Maligne maaguitgangstenose is een late complicatie van meerdere soorten maligniteiten 
in de bovenste tractus digestivus. Het veroorzaakt misselijkheid en braken en vaak 
vermindert het vermogen van de patiënt om een normaal dieet te volgen. De mediane 
overleving bij deze patiënten is slechts ongeveer 3 maanden en daarom zou palliatieve 
behandeling idealiter moeten voldoen aan 3 criteria: minimaal invasief, snelle verlichting 
van symptomen, geen re-interventies. Zoals bevestigd door de studies in dit proefschrift 
voldoet endoscopische plaatsing van een stent aan de eerste 2 criteria in de meerderheid 
van de patiënten. Echter laten de grootste gerandomiseerde studie en een onlangs 
gepubliceerde retrospectieve vergelijkingsstudie zien dat stentplaatsing op de lange 
termijn geassocieerd is met een significant hoger aantal re-interventies vanwege re-
obstructie in vergelijking met traditionele gastrojejunostomie. Onze studies hebben 
helaas ook geen nieuwe stent geïdentificeerd, die zowel weefsel ingroei als  stentmigratie 
voorkomt. 

Een Koreaanse onderzoeksgroep onderzocht recent in 213 patients een ‘dual SEMS’ 
die bestaat uit een buitenste partieel gecoverde SEMS en een binnenste ongecoverde 
SEMS. Deze studie toonde relatief betere resultaten met een totaal stent dysfunctie 
percentage van 20%. De plaatsing techniek is echter ingewikkeld en kan niet “door-
de-scope” worden uitgevoerd vanwege het overvloedige materiaal van het stentdesign. 
Andere recent gepubliceerde pilot studies evalueerden het gebruik van endoscopische 
clips voor fixatie van het proximale deel van de stent. Deze studies toonden veelbelovende 
resultaten met betrekking tot migratie preventie, hoewel in 1 van deze studies tumor 
overgroei en stent compressie alsnog tot re-obstructie leidden in 20% van de patiënten. 
Derhalve lijkt het concept van drug-eluting of radioactieve SEMS ook een aantrekkelijke 
optie voor palliatie van maligne maaguitgangstenose, hoewel dit nog niet onderzocht is. 
Tot slot is endoscopische creatie van een gastro-enterale anastomose met behulp van 
magnetische compressie ook onderzocht. Het doel van deze techniek is om het minimaal 
invasieve karakter van stentplaatsing te combineren met de lange termijn werkzaamheid 
van een chirurgische bypass. Twee haalbaarheidsstudies toonden aan dat het creëren 
van de anastomose veilig was. Helaas ging de daaropvolgende stentplaatsing, met als 
doel de anastomose open te houden, gepaard met een hoog percentage stentmigraties 
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in beide studies en een fatale stent-gerelateerde perforatie in 1 studie. Verder onderzoek 
naar dit interessante concept zou zich moeten richten op het creëren van een anastomose 
die geen stent nodig heeft om doorgankelijkheid te garanderen. 

Vanuit een evidence-based perspectief kunnen we duodenale stentplaatsing als routine 
behandeling van maaguitgangstenose ten gevolge van een incurable maligniteit alleen 
maar adviseren bij inoperabele patiënten of patiënten met een levensverwachting 
van minder dan 2 maanden. Operabele patiënten met een betere prognose hebben 
waarschijnlijk meer baat bij chirurgische bypass op de lange termijn. In geval een 
veelbelovende nieuwe endoscopische behandeling gevonden wordt na prospectieve 
evaluatie, zou deze idealiter vergeleken worden met laparoscopische gastrojejunostomie 
in een gerandomiseerde trial. Maar de ervaring leert dat de inclusie van patiënten zeer 
lastig is voor een dergelijk onderzoek, omdat een groot aantal van de patiënten kiest voor 
stentplaatsing vanwege het  minder invasieve karakter. 

 
dEEl iii colon stEntplaatsing 

Hoofdstuk 8 beschreef een retrospectieve analyse van de resultaten bij 48 patiënten die colon 
stentplaatsing ondergingen als definitieve palliatie voor acute maligne colon obstructie. 
Deze patiënten werden geïdentificeerd uit een prospectief verzameld cohort van een 
perifeer opleidingsziekenhuis (Deventer Ziekenhuis) waar endoscopische stentplaatsing 
de standaardbehandeling is van acute maligne colon obstructie. De technische en 
korte-termijn klinische succespercentages waren 91% en 85% respectievelijk. Stent-
gerelateerde mortaliteit trad op in 13% van de patiënten en werd veroorzaakt door een 
stent-gerelateerde perforatie in alle gevallen. De stent-gerelateerde morbiditeit bedroeg 
38%. Endoscopische re-interventie vond 14 maal plaats en 13 patiënten ondergingen 
chirurgische behandeling tijdens follow-up. Het percentage patienten waarbij uit-
eindelijk toch een stoma werd aangelegd bedroeg 15%. Het lange-termijn klinisch 
succespercentage was 48% en het geschatte percentage patiënten met een goed 
functionerende stent was 69% na 1 maand, 54% na 6 maanden en 50% na 12 maanden. 
De mediane totale overleving was 4,5 maanden met een follow-up tot aan overlijden in 
45/48 patiënten. 

In Hoofdstuk 9 gebruikten wij hetzelfde prospectief verzamelde cohort, maar nu richtten wij 
ons op de 59 patiënten die stentplaatsing ondergingen als overbrugging naar electieve 
chirurgie in een curatieve setting. De resultaten werden retrospectief vergeleken met die 
van 51 patiënten die acuut geopereerd werden in een vergelijkbare ziekenhuis (Gelre 
Ziekenhuis Apeldoorn) waar acute chirurgie de standaardbehandeling is van acute 
maligne colon obstructie. Het aantal succesvol aangelegde primaire anastomoses was 
significant hoger stent-patiënten met linkszijdige obstructie (30/43 tegen 10/34, p =0,001) 
en ook het aantal initieel aangelegde stoma was significant lager versus acute chirurgie 
(11/43 tegen 23/34, p <0.001). Deze verschillen waren niet zichtbaar bij patiënten 
met rechtszijdige obstructie. Het aantal stoma’s aan het einde van de follow-up was 
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vergelijkbaar tussen beide behandelstrategieën (linkszijdige: 11/43 versus 9/34, p =0,322; 
rechts-zijdige: 1/16 versus 1/17, p = 1.000). Daarnaast waren er ook geen significante 
verschillen wat betreft morbiditeit en mortaliteit. De recidiefkans en totale overleving niet 
te worden beïnvloed door stentplaatsing, hoewel de aantallen klein waren en baseline 
verschillen in tumorstadium ons noodzaakten tot een subgroepanalyse.

Om verder inzicht te krijgen in de oncologische uitkomsten verrichtten wij een lange-
termijn follow-up van patiënten met acute maligne colon obstructie van de landelijke 
Nederlandse gerandomiseerde Stent-In 2 trial in Hoofdstuk 10. In totaal werden 32 patiënten 
opgenomen in de acute chirurgie groep en 26 patiënten in de groep die stentplaatsing 
als overbrugging naar electieve chirurgie onderging. Locoregionale recidieven of 
afstandsmetastasen traden op bij 9 van de 32 patiënten in de chirurgie-groep en in 
13 van de 26 patiënten in de stent-groep. In de subgroep van stent-patiënten met een 
perforatie, ontwikkelden 5 van de 6 patiënten een recidief, wat hoger was in vergelijking 
met chirurgie-patienten (9/32) of stent-patiënten zonder perforatie (9/20). Er werden geen 
significante verschillen gevonden met betrekking tot ziekte-vrije, ziekte-specifieke en 
totale overleving. 

discussie en toekomstperspectief: 
Palliatieve behandeling van acute maligne colon obstructie is geïndiceerd bij incurabele of 
inoperabele patiënten. Twee recent gepubliceerde meta-analyses van gerandomiseerde 
en niet-gerandomiseerde vergelijkende studies vergeleken stentplaatsing met acute 
chirurgie in een palliatieve setting. Stentplaatsing was significant geassocieerd met een 
kortere ziekenhuisopname (10 versus 19 dagen), een lagere percentage intensive care 
opnames (0,8% versus 18,0%) en een snellere start van chemotherapie (16 versus 33 
dagen). Bovendien was het aantal stoma’s significant lager na palliatieve stentplaatsing 
(13% versus 54%), wat in lijn is met het stoma-percentage van 15% in onze studie. Echter 
alleen de grotere meta-analyse toonde een lagere 30-dagen mortaliteit na stentplaatsing 
(4% versus 11%), terwijl er geen significant verschil in morbiditeit werd gevonden (34% 
versus 38%). Korte termijn complicaties traden vaker op na acute chirurgie, terwijl late 
complicaties vaker voorkwamen in gestente patiënten. Stent-gerelateerde complicaties 
omvatten voornamelijk colon perforatie (10%), stentmigratie (9%) en re-obstructie (18%). 
De morbiditeit en 30-dagen mortaliteit in onze studie waren hoger in vergelijking met deze 
data en met name het percentage perforaties van 17% was een opvallende bevinding. Wij  
zijn van mening dat onze studie een realistische weergave biedt van palliatieve stent-
plaatsing omdat alle opeenvolgende patiënten met acute maligne colon obstructie een 
poging tot stentplaatsing ondergingen en alle gegevens geanalyseerd werden geanalyseerd 
volgens het ‘intention-to-treat’ principe. Daarentegen kan selectiebias binnen de ver-
gelijkende studies die werden opgenomen in de meta-analyses niet worden uitgesloten, 
omdat er vaak geen strikte protocollen waren die het behandelbeleid dicteerden. Vanwege 
de relatief kleine studiepopulatie konden we geen risicofactoren voor stent-gerelateerde 
morbiditeit en mortaliteit aantonen in onze studie. Andere studies hebben wel een aantal 
risicofactoren geïdentificeerd, waaronder anti-angiogene chemotherapie (bijvoorbeeld 



190

Addendum

Bevacuzimab), weinig ervaring met colon stentplaatsing van de endoscopist, dilatatie 
voor of na stentplaatsing, stentdesign en linkszijdige obstructie. Wij zijn van mening dat 
bij de keuze voor palliatieve behandeling rekening gehouden dient te worden met zowel 
deze risicofactoren als de klinische conditie en prognose van de patiënt. Bovendien 
zouden nieuwe colon stentdesigns, bijvoorbeeld partieel gecoverd,  (late) complicaties 
zoals weefsel ingroei en stentmigratie in een palliatieve setting kunnen voorkomen.  
De rationale achter stentplaatsing in curabele patiënten met acute maligne colon obstructie 
is conversie naar een electieve setting waarin een operatie wordt uitgevoerd door een 
gespecialiseerd colorectaal chirurgisch team. Men dacht dat deze behandelstrategie 
morbiditeit, mortaliteit en het aantal stoma’s zou verminderen in vergelijking met acute 
chirurgische behandeling. De meest recent gepubliceerde meta-analyse van alle 7 
gerandomiseerde studies over dit onderwerp vond inderdaad minder morbiditeit, een 
hoger percentage succesvol aangelegde primaire anastomoses en een lager percentage 
permanente stoma’s na stentplaatsing, maar geen verschil  wat betreft mortaliteit. Deze 
gerandomiseerde studies includeerden louter patiënten met linkszijdige obstructie. Onze 
studie beschreven in Hoofdstuk 9 omvatte ook patiënten met rechtszijdige obstructie en onze 
gegevens suggereren dat stentplaatsing geen voordelen heeft ten opzichte van acute 
chirurgie in deze groep. Hoewel de aantallen klein waren, zijn wij dan ook van mening dat 
rechtszijdige stentplaatsing dient te worden gereserveerd voor de palliatieve setting. Bij 
patiënten met linkszijdige obstructie vonden we een significant hoger aantal succesvolle 
primaire anastomoses en er werden minder stoma’s aangelegd na stentplaatsing, maar 
geen effect op morbiditeit en het aantal stoma’s aan het einde van follow-up. Deze 
bevindingen inzake patiënten met linkszijdige obstructie kwamen grotendeels overeen 
met de resultaten van de Stent-In 2 studie. Ook vonden wij in overeenstemming met de 
eerder genoemde meta-analyse en Stent-In 2 studie geen significant verschil in mortaliteit.  
Daarnaast suggereren een aantal recent gepubliceerde studies dat stentplaatsing een 
negatief effect heeft op oncologische uitkomsten. Onze studie in Hoofdstuk 10 vond ook 
een hoger recidiefpercentage na stentplaatsing ten opzichte van acute chirurgie. Hoewel 
ziekterecidieven voornamelijk werden gevonden in de subgroep van stent-patiënten met 
een perforatie.

Al met al lijkt stentplaatsing als overbrugging naar electieve chirurgie voor patiënten met 
acute linkszijdige colon obstructie duidelijk het aantal succesvol aangelegde primaire 
anastomoses te verhogen en het aantal aangelegde stoma’s te verlagen. Deze voordelen 
moeten worden afgewogen tegen de mogelijk negatieve effecten van stentplaatsing op 
oncologische uitkomsten, vooral wanneer men in acht neemt dat stentplaatsing geen 
invloed lijkt te hebben op mortaliteit en de literatuur tegenstrijdige resultaten laat zien 
wat betreft morbiditeit. Patiëntselectie lijkt daarom van groot belang. Meerdere studies 
hebben 2 risicofactoren geassocieerd met morbiditeit en mortaliteit na acute chirurgie: 
hogere leeftijd en een ‘American Society of Anesthesiology’ (ASA) score ≥ III. Op basis  
hiervan zou men stentplaatsing als overbrugging naar electieve chirurgie kunnen  be-
schouwen als aanvaardbare behandelstrategie bij patiënten ouder dan 70 jaar en / of 
met een ASA-score ≥ III. In het geval stentplaatsing technisch niet haalbaar is in deze 
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subgroep van patiënten zou een colostoma kunnen functioneren als overbrugging naar 
electieve chirurgie. Anderzijds zouden jongere patiënten met een ASA-score van <III 
waarschijnlijk het meest profijt hebben van acute resectie. In de nabije toekomst zal deze 
behandelstrategie worden onderzocht in een prospectieve landelijke ‘richtlijn validatie 
studie’ in Nederland.
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amc graduatE school for mEdical sciEncEs  
phd portfolio

Name PhD student: Maarten Willem van den Berg

PhD period: May 2011- May 2014

Name PhD supervisor: Dr. Jeanin E. van Hooft

Year eCtS

1. phD training

General courses

 - The AMC World of Science

 - Evidence Based Searching

 - Practical Biostatistics

 - Basic course in legislation and organisation for clinical  

researchers

 - Scientific writing in English 

 - Clinical Epidemiology

2011

2011

2011

2011

2013

2013

0.7

0.1

1.1

0.9

1.5

0.6

Specific courses

 - Infectious Diseases 2013 1.0

Seminars, workshops and master classes

 - Weekly department seminars in gastroenterology & hepatology

 - FMH medical expert meeting 

 - Gutclub meetings

 - ‘Het gastroenterologisch jaar’ 

2011-2014

2012, 2013

2011-2014

2011, 2012

3

0.2

1.0

0.5

Poster presentations

 - Safety and efficacy of a biodegradable stent during neoadjuvant 

therapy in patients with advanced esophageal cancer (EsNeBio). 

UEGW, DDW

 - Safety and efficacy of a fully covered colonic stent (Hanaro CCI 

stent) for the treatment of oesophageal perforations, anastomotic 

leakages and fistula. UEGW, DDW 

 - High proximal migration rate of a partially covered “big cup” 

duodenal stent in patients with malignant gastric outlet obstruc-

tion. UEGW, DDW

 - Predictive factors for enteral nutrition in patients receiving neo-

adjuvant chemoradiotherapy for locally advanced oesophageal 

carcinoma. UEGW

 - Endoscopic stent placement or emergency surgery for acute 

malignant colonic obstruction: comparison of outcomes in 2 

general hospitals. DDW

 - Colonoscopic Polypectomy: preferred management strategies 

among US and Dutch gastroenterologists and an international 

expert panel. A video-based survey. DDW

2013

2013

2013

2013

2013

2012

1.0

1.0

1.0

0.5

0.5

0.5
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Year eCtS

Oral presentations

 - High proximal migration rate of a partially covered “big cup” 

duodenal stent in patients with malignant gastric outlet obstruc-

tion. NVGE

 - Predictive factors for enteral nutrition in patients receiving neo-

adjuvant chemoradiotherapy for locally advanced oesophageal 

carcinoma. NVGE

 - Endoscopic stent placement or emergency surgery for acute 

malignant colonic obstruction: comparison of outcomes in 2 

general hospitals. UEGW, NVGE

2013

2013

2012, 2013

0.5

0.5

1.0

(Inter)national conferences

 - Digestive Disease Week (DDW)

 - United European Gastroenterology Week

 - NVGE spring and autumn meeting

 - Amsterdam EUS live

 - Amsterdam Live Endoscopy

2012, 2013

2012, 2013

2013

2011, 2012

2011

1.5

1.5

1.0

0.5

0.25

2. teaching

Lecturing

 - Elective gastroenterology course for 2nd year medical students 2012, 2013 1.0

Tutoring

 - Elective gastroenterology course for 2nd year medical students 2012, 2013 1.0

Supervising

 - S. Haijtink, Predictive factors for enteral nutrition in patients 

receiving neoadjuvant chemoradiotherapy for locally advanced 

oesophageal carcinoma, Dept. of Gastroenterology and Hepa-

tology

 - A. Kerbert, Safety and efficacy of a fully covered large diameter 

stent for the treatment of oesophageal perforations, anastomotic 

leakages and fistula. Dept. of Gastroenterology and Hepatology

2013

2013

1.0

1.0

Other

 - Guest lecture: ‘Wat is de rol van een stent bij het oesophagus-

carcinoom?’ GIOCA-congres 

2014 0.5

3. parameters of esteem

Grants

 - UEGW travel grant

 - NVGE travel grant

2012

2013
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Year eCtS

4. publications

Peer-reviewed

 - van den Berg MW, Ledeboer M., Dijkgraaf MGW, Fockens P, 

ter Borg F, van Hooft JE. Long-term results of palliative stent 

placement for acute malignant colonic obstruction. Surg Endosc  

2014 (accepted)

 - Sloothaak DAM, van den Berg MW, Dijkgraaf MGW, Fockens P, , 

Tanis PJ, van Hooft JE, Bemelman WA. Oncological outcome of 

malignant colonic obstruction in the Dutch Stent-In 2 trial. Br J 

Surg 2014 (accepted)

 - Walter D, van den Berg MW, van Hooft JE, Boot H, Scheffer RCH, 

Vleggaar FP, Siersema PD. A new fully covered metal stent with 

anti-migration features for the treatment of malignant dysphagia

 - van den Berg MW, Walter D, de Vries EMG, Vleggaar FP, van 

Berge Henegouwen MI, van Hillegersberg R, Siersema PD, 

Fockens P, van Hooft JE. Biodegradable stent placement prior to 

neoadjuvant chemoradiotherapy as ‘bridge-to-surgery’ in pa-

tients with locally advanced esophageal cancer. Gastrointestinal 

Endoscopy 2014 (accepted)

 - van den Berg MW, Sloothaak DAM, Dijkgraaf MGW, van der Zaag 

ES, Bemelman WA, Tanis PJ, Bosker RJI, Fockens P, ter Borg F, 

van Hooft JE. Bridge-to-surgery stent placement versus emer-

gency surgery for acute malignant colonic obstruction. Br J Surg 

2014;101:867-73

 - van den Berg MW, Walter D, Vleggaar FP, Siersema PD, Fockens 

P, van Hooft JE. High proximal migration rate of a partially cov-

ered “big cup” duodenal stent in patients with malignant gastric 

outlet obstruction. Endoscopy 2014; 46: 158-161

 - van den Berg MW, Haijtink S, Fockens P, Vleggaar FP, Dijkgraaf 

MG, Siersema PD, van Hooft JE. First Data on the Evolution du-

odenal stent for palliation of malignant gastric outlet obstruction 

(DUOLUTION study): a prospective multicenter study. Endoscopy 

2013; 45: 174-181.

Other

 - van den Berg MW, van Hooft JE. Enteral Stents (bookchapter). 

Self-Expandable Stents in the Gastrointestinal Tract. Kozarek R et 

al. (eds). Springer Science+Business Media New York USA. 2013 

 - van den Berg MW, van Hooft JE. Role of enteral stents in onco-

logical diseases. Ned Tijdschr Oncol 2011; 8: 281-7

 - Postema PG, van den Berg MW, van de Valk M. Something does 

not seem to be right, but in fact it is. Rhythm Puzzle. Netherlands 

Heart Journal 2010; 18(1): 47,55
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danKWoord

Dit proefschrift is de afsluiting en bekroning van mijn periode als arts-onderzoeker. 
Ondanks mijn aanvankelijke aarzeling om mij gedurende 3 jaar louter bezig te houden met 
wetenschappelijk onderzoek, was het een fantastische tijd. Op deze laatste bladzijdes wil ik 
graag iedereen bedanken die heeft bijgedragen aan de totstandkoming van dit proefschrift. 
Deze bijdrages variëren van puur professionele input tot sec mentale ondersteuning. 

Graag wil ik starten met het bedanken van de belangrijkste groep mensen: de patiënten 
die deelnamen aan de verschillende studies. Het is indrukwekkend om te zien dat 
mensen, ondanks zeer moeilijke en zware tijden, onbaatzuchtig en veelal zonder enige 
twijfel meedoen met onderzoeken naar nieuwe behandelingen.   

Professor Fockens, beste Paul, dankzij jou ben ik onderzoek gaan doen. Toen ik als 
student mijn twijfels bij je uitte, zei je dat ik het doen van promotieonderzoek als een 
verrijking van mijn carrière moest zien. Dokter zou ik immers de rest van mijn leven nog 
zijn en dat is al lang genoeg. Ik wil je bij deze hartelijk danken voor dit advies en uiteraard 
ook voor de kans die je mij geboden hebt. Ondanks dat wij elkaar niet vaak spraken, was 
jij altijd uitstekend op de hoogte van waar ik mee bezig was. Deze ‘helicopter-view’ heeft 
een zeer rustgevende uitwerking op een jonge promovendus. Daarnaast werken jouw 
onuitputtelijke energie en enthousiasme motiverend. 

Dr. J.E. van Hooft,  beste Jeanin, jij pest mij er vaak mee dat ik een geluksvogel ben en 
dat ben ik inderdaad geweest met jou als copromotor. Ongeveer 3 jaar geleden nam jij mij 
aan als jouw eerste promovendus direct vanuit mijn oudste coschap. Je was destijds mijn 
zaalsupervisor en ik was toen al onder de indruk van jouw enthousiasme, klinische blik en 
pragmatische benadering van problemen. Dit schepte voor mij enorm veel vertrouwen en 
in de afgelopen 3 jaar is mijn bewondering voor jou alleen maar gegroeid. Ik ga ons overleg 
op de woensdagochtend missen. Wanneer ik bij tegenslag of negatieve resultaten met 
hangend hoofd jouw kamer binnenstapte, wist jij er altijd weer een positieve draai aan te 
geven en mij dusdanig te motiveren dat ik met frisse moed je kamer uitliep. Maar wellicht 
nog waardevoller waren jouw levenslessen en persoonlijke adviezen. Bedankt voor alles!    

Dr. P.J. Tanis, beste Pieter, tijdens mijn coschappen maakte jij zeer veel indruk op mij door 
jouw intelligentie, chirurgische kunde en vriendelijkheid. Als wetenschappelijk onder- 
zoeker dwong je zo mogelijk nog meer respect af. Jij vond vaak een manier om een studie 
te verbeteren en jouw revisies van manuscripten waren altijd zeer uitgebreid zonder 
daarbij een opbouwende en positieve toon te verliezen. Daarom beschouw ik het als een 
grote eer dat jij mijn copromotor bent.  

Professor Bemelman, beste Willem, graag wil ik je bedanken voor de uitgebreide 
betrokkenheid bij de studies over behandeling van acute maligne colon obstructie. Naast 
zeer waardevolle wetenschappelijke input wist je mij ook op scherp te zetten met teksten 
als: ‘’Je staat 3-0 achter met nog 20 minuten speeltijd.’’ Daarnaast wil ik je uiteraard ook 
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bedanken voor jouw bereidheid mijn proefschrift kritisch door te lezen en zitting te nemen 
in mijn promotiecommissie.   

Dr. Veenendaal, bedankt voor het in mij getoonde vertrouwen door mij een opleidings-
plaats tot MDL-arts in het LUMC te bieden. Daarnaast wil ik u uiteraard ook bedanken 
voor uw bereidheid mijn proefschrift kritisch door te lezen en zitting te nemen in mijn 
promotiecommissie.   

De overige leden van de promotiecommissie: Prof. Dr. J.J.G.H.M. Bergman, Prof. Dr. 
M.J. Bruno, Prof. Dr. O.M. van Delden en Dr. M.E. van Leerdam wil ik bedanken voor hun 
bereidheid dit proefschrift te beoordelen en met mij van gedachten te wisselen tijdens de 
openbare verdediging.  

Dr. F. ter Borg, Beste Frank, Dr. E. van der Zaag, beste Edwin en overige leden van de 
afdelingen MDL en Chirurgie van het Deventer Ziekenhuis en de afdeling Chirurgie van 
het Gelre Ziekenhuis Apeldoorn, graag wil ik jullie hartelijk danken voor het beschikbaar 
stellen van jullie data omtrent de behandeling van acute maligne colonobstructie. Door 
jullie bewonderenswaardige openheid hebben wij mijns inziens een realistische weergave 
van zaken kunnen geven. Met name Frank en Edwin wil ik bedanken voor hun uitgebreide 
betrokkenheid bij het opzetten van de studies en het reviseren van de manuscripten.      

Beste Marcel, bedankt voor met name de statistische maar ook zeker linguïstische 
bijdrage aan dit proefschrift. Jouw denksnelheid en droge humor waren vaak niet bij te 
benen en dan te bedenken dat je vaak maar 4 uur geslapen had. Ik ben van mening dat 
de wetenschappelijke productiviteit van het AMC gehalveerd zou worden als jij er niet 
zou zijn. 

Beste Professor Siersema en Dr. Vleggaar, bedankt voor de uitstekende samenwerking 
en jullie grote wetenschappelijke bijdrage aan dit proefschrift. Helaas vielen de resultaten 
van onze gezamenlijke onderzoeksprojecten over het algemeen tegen, maar ik ben ervan 
overtuigd dat jullie in samenwerking met andere onderzoeksgroepen uiteindelijk de ideale 
stents zullen vinden. 

Beste Daisy, ons contact verliep voornamelijk via email en wij spraken elkaar af en toe 
kort op een congres. Helaas vielen de resultaten van onze gezamenlijke studies tegen, 
maar door de vloeiende samenwerking hebben we het toch tot een goed einde weten te 
brengen. Jij bent alweer een tijdje bezig in de kliniek en ik wens je veel succes met de 
afronding van jouw proefschrift, wat vanzelfsprekend een mooi boek gaat worden.

Beste Didi, bedankt voor de immer knusse ontvangst in jouw G4-cubicle. We hebben 
daar heel wat uren samen strijd geleverd tegen SPSS en door jouw opgewektheid en 
tomeloze inzet hebben we uiteindelijk gezegevierd. Heel veel succes in Apeldoorn en met 
het afronden van jouw proefschrift.     
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Stafleden en arts-assistenten van de afdeling MDL in het AMC, bedankt voor  de mooie 
tijd op jullie afdeling. Hoewel je je als arts-onderzoeker altijd een beetje langs de zijlijn 
beweegt, voel je je door ieders interesse en vriendelijkheid toch ‘part of the team’. Het 
is hierdoor een fantastische afdeling maar na meer dan 10 jaar op het AMC te hebben 
rondgelopen als student en promovendus, vond ik het tijd om mijn vleugels te spreiden 
voordat ik als een soort schelp vergroeid zou zijn met het onderwaterschip van het AMC. 
Ik hoop jullie in de toekomst echter nog regelmatig te spreken op congressen en andere 
bijeenkomsten. 

Planning- en baliemedewerkers, endoscopie-team, veel dank voor jullie betrokkenheid en 
bereidheid om mij altijd te helpen patiënten die deelnamen aan mijn studies in te passen 
in drukke endoscopieprogramma’s. Jullie zullen af en toe helemaal gek geworden zijn van 
alle lastminute wijzigingen, maar jullie flexibiliteit en inzet is van onschatbare waarde voor 
het klinisch MDL-onderzoek.

Kamergenoten van C2-310, partners in crime, dankzij jullie vond ik het absoluut geen straf 
om mij dagelijks op te sluiten in een zuurstofloze ruimte zonder zonlicht. Dit vampiers 
bestaan maakten wij samen draaglijk door te leven volgens een kneuterig regime á la 
debiteuren-crediteuren van Jiskefet: 10.30 uur automatenbakkie met eventueel een stukje 
taart, stipt 12.00 uur lunch, 15.00 uur een frisje. Dit stramien werd aangevuld met slappe 
kantoorhumor en af en toe moesten jullie even luisteren naar één van mijn befaamde 
tirades. Bedankt voor jullie vriendschap.   

Ook alle andere arts-onderzoekers: bedankt voor de mooie feestjes, borrels, congressen 
en sportevenementen. Het is een feest om zo’n grote groep leuke collega’s te hebben en 
het biedt een rooskleurig perspectief voor professionele aangelegenheden in de toekomst. 
    
Simone en Annarein, de studentes die met grote inzet een belangrijke bijdrage hebben 
geleverd aan studies in dit proefschrift. Veel dank hiervoor en succes met jullie toekomstige 
carrière. 

Vrienden en vriendinnen, bedankt voor alle bacchanalen, borrels, vakanties, surfsessies 
en tochten door het Amsterdamse nachtleven. Jullie zijn onmisbaar!

Lieve familie en schoonfamilie, bedankt voor alle support en de broodnodige afleiding.

Lucie, lief klein zusje, vriendin en bovenbuurvrouw, ondanks dat we wel eens van mening 
verschillen houd ik zielsveel van je. Paul, amice van het eerste uur, je bent een geweldige 
vriend met een heel groot hart. Het is voor mij een grote eer dat jullie mij als paranimfen 
terzijde zullen staan.  

Lieve papa, bedankt voor alle steun en support. Jij gaat bijna met pensioen en ik 
promoveer en start aan mijn opleiding. Ik hoop van harte dat ik jouw klinische kunde heb 
geërfd, al is het maar een deel. In ieder geval gaan we deze samenloop van major life-
events vieren met een fantastische (hedonistische) zeil trip.    
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Lieve mama, bedankt voor je onvoorwaardelijke liefde en steun. Dit proefschrift heb ik 
voor een groot deel aan jou te danken. Zonder jou had ik dit waarschijnlijk nooit bereikt. 

Allerliefste Sofie, ik kan niet met een pen beschrijven wat jouw liefde, humor en positivisme 
voor mij betekenen. Jij bent het grootste aandeel van mijn levensgeluk.
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curriculum vitaE

Maarten Willem van den Berg werd op 5 december 1984 geboren in Rotterdam. Op 
4-jarige leeftijd verhuisde hij met zijn ouders naar Velp in Gelderland, waar hij verder 
opgroeide. In 2003 behaalde hij zijn gymnasiumdiploma aan het Stedelijk Gymnasium 
Arnhem. Hij werd aanvankelijk uitgeloot voor de studie geneeskunde, maar vertrok toch 
al naar Amsterdam om daar te starten met de studie biomedische wetenschappen. In 
dat jaar werd hij ook lid van het doorluchtig dispuutgezelschap Beaufort en de studie 
biomedische wetenschappen werd helaas geen succes. Gelukkig vergaarde hij in 2004 
via de decentrale selectieprocedure toch een plaats voor de studie geneeskunde aan de 
Universiteit van Amsterdam. Tijdens zijn co-schappen raakte hij gefascineerd door het 
vakgebied Maag-, Darm- en Leverziekten. Via prof. dr. Paul Fockens kon hij een keuze co-
schap volgen aan the Department of Gastroenterlogy & Hepatology van de Mayo Clinic 
in Jacksonville, Florida. Hierna deed hij zijn oudste co-schap op de afdeling MDL van het 
AMC en behaalde in mei 2011 zijn artsexamen. Vlak voor het behalen van zijn artsexamen 
was hij al gestart aan een promotietraject onder leiding van Prof. dr. Paul Fockens, dr. 
Jeanin van Hooft en dr. Pieter Tanis. In deze periode verrichtte hij klinisch onderzoek 
naar stentplaatsing in het maagdarmkanaal en begeleidde hij internationale multicenter 
studies. Sinds 1 oktober 2014 is hij werkzaam als arts-assistent aan de afdeling Interne 
Geneeskunde van het Slotervaart Ziekenhuis in Amsterdam. Per 1 januari 2015 start hij 
hier ook met de vooropleiding Interne Geneeskunde (opleider prof. dr. D.P.M. Brandjes), 
waarna hij verder zal gaan met de opleiding tot Maag-, Darm- en Leverarts in het Leids 
Universitair Medisch Centrum (opleider dr. R. A. Veenendaal). Maarten woont samen met 
Sofie Jansen aan de Kerkstraat in Amsterdam. 
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Curriculum Vitae en Stellingen

stEllingEn

1. De ideale stent voor palliatie van maligne dysfagie en maligne maaguitgangstenose 
is (nog) niet gevonden. (dit proefschrift) 

2. De huidige biologisch afbreekbare stent is niet geschikt tijdens neoadjuvante 
chemoradiatie als overbrugging naar chirurgie bij patiënten met lokaal uitgebreid 
oesofaguscarcinoom. (dit proefschrift) 

3. Het afdichten van een defect in de bovenste tractus digestivus met een tijdelijke 
stent is een mooi concept, echter is stentmigratie een hardnekkig probleem en het 
vergroten van de stentdiameter lijkt dit niet te kunnen voorkomen. (dit proefschrift)

4. Colon stentplaatsing bij patiënten met acute maligne obstructie vermindert het 
aantal aangelegde stoma’s. (dit proefschrift)

5. Stentperforaties hebben een negatief effect op oncologische uitkomsten indien 
een colon stent geplaatst wordt als overbrugging naar electieve chirurgie.  
(dit proefschrift) 

6. Het verrichten van prospectief cohort onderzoek is van groot belang. (dit proefschrift) 

7. Wetenschappelijke literatuur over endoscopische interventies zou beter te interpre-
teren zijn, indien onderzoekers dezelfde definities voor uitkomstmaten hanteren.  

8. Het mooiste onderdeel van zeezeilen is de aankomst in de haven. (J.P. van den Berg) 

9. The pessimist sees difficulty in every opportunity. The optimist sees the opportunity 
in every difficulty. (Sir Winston Churchill)

10. If in doubt, paddle out. (‘Nat’ Young)








