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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. 
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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. 



92

Chapter 6

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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