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Covered versus uncovered self-expandable metallic stents for palliation
of malignant pyloric obstruction in gastric cancer patients: a
randomized, prospective study
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Background: Self-expandable metallic stents (SEMSs) provide effective palliation of malignant pyloric obstruc-
tion in patients with inoperable gastric cancer.

Objective: To compare the effectiveness and side effects of covered and uncovered SEMSs for the palliation of
malignant pyloric obstruction.

Design: Prospective, randomized, single-center study.

Setting: Tertiary-care cancer center hospital.

Patients: This study involved 80 patients with pyloric obstruction related to inoperable gastric cancer.

Intervention: Covered or uncovered SEMS placement.

Main Outcome Measurements: Technical and clinical success rates as well as the patency rate at 8 weeks after
placement.

Results: Both groups had a technical success rate of 100% with no immediate complications. Both groups also had
comparable clinical success rates (covered SEMS, 95% [38 of 40] and uncovered SEMS, 90% [36 of 40], P 5 .68) and
8-week patency rates (covered SEMS, 61.3% [19 of 31] and uncovered SEMS, 61.1% [22 of 36], P . .99). Stent migration
within 8 weeks was more common in the covered SEMS group (25.8% [8 of 31]) than in the uncovered SEMS group
(2.8% [1 of 36], P 5 .009), whereas re-stenosis because of tumor ingrowth was more common in the uncovered SEMS
group (25.0% [9 of 36] vs 0% [0 of 31] in the covered SEMS group, P 5 .003). Overall patient survival and stent patency
did not differ between groups (P 5 .27 and 0.61 by log-rank test, respectively).

Limitations: The study population was limited to gastric cancer patients, and stent designs were changed in the
midst of the study period.

Conclusion: Both the covered and uncovered SEMSs are effective and have comparable 8-week patency in
patients with malignant pyloric obstruction, despite different patterns of late stent failure. (Gastrointest Endosc
2010;xx:xxx.)

Malignant pyloric obstruction can result from gastric
adenocarcinoma, leading to intractable vomiting, nausea,
and poor oral food intake. Although self-expandable me-

tallic stent (SEMS) insertion has excellent technical and
clinical success rates for relieving gastric outlet obstruction
(GOO) symptoms, the uncovered SEMS is susceptible to

Abbreviations: GOO, gastric outlet obstruction; GOOSS, GOO scoring

system; SEMS, self-expandable metallic stent.
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re-stenosis because of tumor ingrowth through openings
between the stent wire filaments.1 Therefore, the most
common reason for stent failure in uncovered stents is
tumor ingrowth.2,3 The covered SEMS has a membrane
that prevents ingrowth through the mesh wall.4

The covered SEMS is advantageous over the uncovered
SEMS in esophageal cancer, because it better prevents
tumor ingrowth.5 However, in malignant colorectal ob-
struction, covered stents do not have any advantage over
uncovered stents because of high migration rates and
more frequent loss of stent function throughout long-term
follow-up.6 A recent, nonrandomized, retrospective study
suggests that covered stents are associated with more
frequent reintervention, despite similar outcomes and
complications in malignant GOO.7 This randomized, pro-
spective study was conducted to compare the effective-
ness and complications of covered SEMSs with those of
uncovered SEMSs in patients with malignant pyloric ob-
struction from gastric cancer.

PATIENTS AND METHODS

Study population
This study was performed in a tertiary-care cancer cen-

ter hospital from December 2003 through September 2007.
Inclusion criteria were that the patients had histologically
confirmed gastric adenocarcinoma, a pyloric obstruction
confirmed by endoscopy, symptoms compatible with
GOO, an inoperable condition because of metastatic dis-
ease, and an Eastern Cooperative Oncology Group perfor-
mance status of 0 to 3.8 Patients were excluded from the
study if they had previously received a SEMS, undergone
gastric surgery, or had intractable ascites. All patients pro-
vided written informed consent before enrollment. This
study protocol was approved by the local ethics commit-
tee of the National Cancer Center, Korea (Protocol Num-
ber: NCCCTS03-074).

Study design
This was an open-label, randomized, prospective study.

Gastric cancer was diagnosed through EGD (GIF-H260;
Olympus Optical Co, Ltd, Tokyo, Japan) with biopsy.
Eligible patients were randomized to either the covered or
uncovered SEMS group according to the assignment of a
computer-generated random number, which was stratified
based on whether the patients planned to undergo che-
motherapy or not. Before patient randomization, the en-
doscopist did not know which type of stent would be
used. Although the endoscopist could not be blinded after
stent placement, patients were blinded throughout the
study about their stent types.

EGD was performed at 3 days and 8 weeks after SEMS
insertion to evaluate stent patency and whenever obstruct-
ing symptoms recurred. The primary end point measure
was SEMS patency at 8 weeks. The secondary end point

measures were the technical and clinical success rates and
SEMS patency after total follow-up.

Characteristics of SEMSs
Because of advancements in manufacturing specifica-

tions, the stent models changed during the study period.
Thus, different through-the-scope SEMS models were
used, depending upon availability. In the covered SEMS
group, Niti-S pyloric stents (Taewoong Medical, Seoul,
Korea) were used up until February 2006. Thereafter, the
newly developed Niti-S Comvi pyloric stents (Taewoong
Medical) were used. In the uncovered SEMS group, enteral
Wallstents (Boston Scientific Corp, Natick, Mass) were
initially used, with the newly developed WallFlex duode-
nal stents (Boston Scientific) being used beginning in
October 2005.

The Niti-S pyloric stent is a covered stent designed in a
dumbbell shape with flanged ends (Fig. 1A). The proximal
end is left uncovered to minimize the risk of migration.
The diameter of the body is 18 mm and that of the flanged
ends is 24 mm. This SEMS has lengths of 80, 100, or 120
mm.

The Niti-S Comvi pyloric stent is a double-layered SEMS
(Fig. 1B). It consists of an outer and inner nitinol layer with
an intervening polytetrafluoroethylene membrane to pre-
vent both tumor ingrowth and stent migration. This SEMS
has a diameter of 20 mm and is available in lengths of 60,
80, 100, or 120 mm. A 5-mm uncovered segment is present
at both the proximal and distal ends.

The enteral Wallstent is an uncovered stent made of
Elgiloy (Fig. 1C). This stent is available in lengths of either
60 or 90 mm and diameters of 20 or 22 mm. The WallFlex
duodenal stent is an uncovered stent made of nitinol (Fig.
1D). In contrast to the enteral Wallstent, the WallFlex
duodenal stent has a flare at the proximal end to minimize
the risk of migration and looped ends to reduce the risk of
tissue injury. The diameter is 22 mm at the body and 27
mm at the flared proximal end. It is available in lengths of
60, 90, or 120 mm.

Procedure for SEMS placement
SEMS placements were performed by 6 experienced

endoscopists under endoscopic control with fluoroscopic
monitoring. The length of the stenotic portion was mea-

Take-home Message

● Insertion of either a covered or an uncovered self-
expanding metal stent (SEMS) shows almost similar
clinical outcomes in gastric cancer patients with
malignant pyloric obstruction.

● Because frequent migration of the covered SEMS offsets
its main advantage in preventing tumor ingrowth, further
improvement in antimigration design is necessary.
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sured endoscopically by using an endoscope (GIF-H260
or GIF-XP260; Olympus). In cases of tight stenoses, water-
soluble radiographic contrast material was injected under
fluoroscopic guidance to define the stricture length. The
length of the SEMS was selected based on the estimated
stricture length, with at least 20 mm of tumor-free margins
on each side. A biliary guidewire (Jagwire; Boston Scien-
tific, diameter 0.035 inch, length 450 cm) was passed
through the working channel (3.7 mm diameter) of the
endoscope (GIF-2T240; Olympus) to position the unde-
ployed SEMS across the stricture. The SEMS was gradually
deployed, and a contrast dye flush was used to assess the
patency after completion of stent placement.

Follow-up
If SEMS insertion was technically successful, without

any immediate complication, the patient was allowed to
have clear water intake on the day of the procedure. The
diet level was increased gradually to low residual diet in 2
days, if the patient tolerated the diet, and obstructive
symptoms did not recur. Assessment of stent function and
obstructive symptom relief was performed 3 days after
stent placement using EGD, simple abdominal radio-
graphs, and a patient interview. Follow-up interviews
were scheduled at 4 and 8 weeks after stent insertion to
evaluate obstructive symptoms, and an EGD was per-
formed at 8 weeks after stent insertion as well as at any
time when obstructive symptoms recurred. After the
8-week endoscopy and interview, further follow-up inter-
views were performed according to the chemotherapy
schedule or by telephone call at 3-week or 4-week inter-
vals. When obstruction symptoms were suspected, endos-
copy was performed to assess the patency of the stent.
Dates of death in those patients who were transferred to

the regional hospital were collected through the national
death registry or by telephone survey.

Definitions
Symptoms compatible with GOO were defined as early

satiety, nausea, and vomiting. We used the GOO scoring
system (GOOSS) proposed to assess the severity of GOO
symptoms.9 The GOOSS assigns a point score depending
on the patient’s level of oral intake (no oral intake, 0;
liquids only, 1; soft solids, 2; low-residue or full diet, 3).9
Technical success was defined as adequate placement of
the SEMS across the stenosis, as confirmed by a combina-
tion of endoscopy and fluoroscopy. Clinical success was
defined as the relief of GOO-compatible symptoms or
improvement of the GOOSS score at 3 days after SEMS
insertion.

Failure of SEMS patency was defined as stent migration,
re-stenosis because of tumor ingrowth/overgrowth, or any
other conditions that caused GOO. Re-stenosis was con-
sidered if the patient had the recurrence of obstruction
symptoms, and the endoscope (GIF-H260; Olympus, 9.8
mm outer diameter) could not pass through the lumen of
the stent. Migration was considered if the stent moved
from the initially located position and then could not cover
the entire stenotic portion. Patency at 8 weeks after SEMS
insertion served as the primary end-point measure.

Statistical methods
We calculated the sample size needed to detect a 30%

difference in 8-week patency between the covered SEMS
group (assumed to have an 8-week patency of 90%) and
the uncovered SEMS group (assumed to have an 8-week
patency of 60%), with a power of 0.80 and a significance
level of 0.05 (alpha 5 0.05, two-sided). We anticipated a

Figure 1. Covered and uncovered self-expandable metallic stent (SEMS) models used in the study. A, Niti-S pyloric stent as a covered SEMS. B, Niti-S
Comvi pyloric stent as a newly designed, covered SEMS. C, Enteral Wallstent as an uncovered SEMS. D, Enteral WallFlex as a newly designed, uncovered
SEMS.
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drop-out rate of 20%. The calculated sample size was 80
patients. Differences between groups were analyzed using
a Mann-Whitney U test for continuous variables and a
chi-square test/Fisher exact test for categorical variables. A
Wilcoxon signed-rank test was used to assess improve-
ments in the GOOSS score. Cumulative stent patency and
patient survival were analyzed by using the Kaplan-Meier
method and were compared by using the log-rank test.
Two-sided P values , .05 were considered significant. All
statistical analyses were performed using STATA software
(version 10, StataCorp, College Station, Texas).

RESULTS

Patient characteristics
Eighty gastric cancer patients with pyloric obstruction

were enrolled from December 2003 through September
2007 (Fig. 2). Forty individuals were assigned to the cov-
ered SEMS group and 40 to the uncovered SEMS group. In
the covered SEMS group, Niti-S pyloric stents were placed
in the initial 15 patients, and Niti-S Comvi pyloric stents
were used in the last 25 patients. In the uncovered SEMS
group, enteral Wallstents were inserted in the initial 13
patients, and enteral WallFlex duodenal stents were in-
serted in the remaining 27 patients. The basic patient
characteristics were comparable in both groups (Table 1).

Main outcomes
Technical success rates were 100% in both groups. The

GOOSS score improved significantly (P , .001) when the
score prior to stent insertion was compared with the score

at 3 days after stent insertion (Table 2). Clinical success
rates were 95.0% (38 of 40) in the covered SEMS group and
90.0% (36 of 40) in the uncovered SEMS group (P 5 .68).

The 8-week patency rates did not differ between the
covered and uncovered SEMS groups (61.3% and 61.1%,
respectively, P . .99, Table 2). Thirteen patients (9 in the
covered stent group and 4 in the uncovered stent group)
were excluded from the 8-week patency analysis (Fig. 2).
The patency rates during the total follow-up period did not
significantly differ between groups (P 5 .47, Table 2).
Median patient survival time was 26 weeks (95% confi-
dence interval [CI], 11-41) in the covered stent group and
19 weeks (95% CI, 10-28) in the uncovered stent group.
The median period of SEMS patency was 14 weeks (95%
CI, 8.9-19.1) in the covered stent group and 13 weeks (95%
CI, 9.5-16.5) in the uncovered stent group (Fig. 3). Kaplan-
Meier plots for cumulative stent patency and survival of
patients are shown in Figure 3. Cumulative stent patency
and patient survival in the covered SEMS group did not
differ from that in the uncovered SEMS group.

The 8-week patency rates of covered stents did not
significantly vary according to whether patients received
chemotherapy (66.7% [16 of 24] with chemotherapy vs
60.0% [3 of 5] without, P . .99). In contrast, the 8-week
patency rates for uncovered stents were higher in the
chemotherapy group than in the nonchemotherapy group
(78.6% [22 of 28] vs 0% [0 of 4], P , .01). Patency rates at
8 weeks of old or new design SEMSs were comparable in
patients receiving covered SEMSs (Niti-S pyloric stent
[50.0%, 6 of 12] vs Niti-S Comvi pyloric stent [68.4%, 13 of
19], P 5 .45) and in patients receiving uncovered SEMSs

Figure 2. Study flowchart. GOO, gastric outlet obstruction; SEMS, self-expandable metallic stent.
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(Wallstent [72.7%, 8 of 11] vs WallFlex [56.0%, 14 of 25],
P 5 .47).

Profiles of failed patency
Stent migration within 8 weeks was more common in

the covered SEMS group (25.8% [8 of 31]) than in the
uncovered SEMS group (2.8% [1 of 36], P 5 .009, Table 2).
The median time at which migration was diagnosed was
7.5 weeks (range, 2-14 weeks). Proximally migrating cov-
ered stents (n 5 2) required endoscopic removal. Distally
migrating covered stents (n 5 8) were passed through
bowel movements without intervention except in a single
case that needed surgical removal. At the time of migration
diagnosis, 62.5% (5 of 8) of distally migrating stents did not
require stent reinsertion because the obstruction symp-
toms did not recur.

Eight weeks after stent insertion, re-stenosis rates re-
lated to tumor ingrowth were higher in the uncovered
SEMS group (25.0% [9 of 36]) than in the covered SEMS
group (0% [0 of 31], P 5 .003). The median time to
re-stenosis was 8 weeks (range, 1.5-68 weeks).

A case of collapse and a case of fracture of the covered
SEMS developed within 8 weeks, leading to recurrence of
obstructive symptoms. In two other cases, fractures devel-
oped in the covered SEMS after 8 weeks.

Complications
Immediate major complications such as perforation,

bleeding, or aspiration pneumonia did not occur during
stent insertion. Patients in the covered SEMS group expe-
rienced two major late complications that necessitated
surgical interventions to relieve intestinal perforation and
obstruction. One complication was caused by migration of
the entire covered stent, whereas the second one was
caused by migration of the distal portion of a fractured
covered stent.

DISCUSSION

Although recent trials and meta-analysis show that in-
sertion of a SEMS offers significant advantages (eg, earlier
oral intake and a shorter hospital stay) over surgical

TABLE 1. Baseline characteristics of gastric cancer patients with pyloric obstruction

Covered SEMS
(n 5 40)

Uncovered SEMS
(n 5 40) P value*

Sex, no. (%) .79

Male 32 (80.0) 31 (77.5)

Female 8 (20.0) 9 (22.5)

Age (years), median (range) 58 (29-87) 57 (27-79) .99

Histologic type†, no. (%) .51

Tubular

Well or moderately differentiated 17 (42.5) 14 (35.0)

Poorly differentiated 15 (37.5) 16 (40.0)

Signet ring cell 8 (20.0) 8 (20.0)

Mucinous 0 (0) 2 (5.0)

Stage‡, no. (%) .31

IIIA 0 (0) 1 (2.5)§

IV 40 (100) 39 (97.5)

Chemotherapy, no. (%) .46

Yes 27 (67.5) 30 (75.0)

No 13 (32.5) 10 (25.0)

Duration of follow-up (weeks), median (range) 14.5 (1-117) 14 (1-114) .72

SEMS, self-expandable metallic stent.

*Two-sided P values obtained from the Mann-Whitney U test for age and duration of follow-up and from the chi-square test for all other variables.

†Histologic type according to the World Health Organization classification.

‡Staging according to the TNM classification system from the 6th edition of the International Union Against Cancer/American Joint Committee on Cancer.

§Advanced age with comorbid condition.

Kim et al Covered versus uncovered SEMS in malignant pyloric obstruction
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gastroenterostomy,10-12 uncovered SEMSs are often associ-
ated with re-stenosis caused by tumor ingrowth through the
stent mesh.1 Covered SEMSs can prevent tumor ingrowth, but
their potential for maintaining longer patency has not yet
been proven in malignant GOO. Three retrospective studies
compared the outcomes of covered and uncovered SEMSs in
malignant GOO and have found no difference in reobstruc-
tion rates, overall complications, or median time interval
between the time of stent insertion and stent failure.7,13,14

However, these studies are subject to the limitations of ret-
rospective analysis. Our study is the first randomized, pro-
spective trial comparing the outcome of covered and uncov-
ered SEMS placement in patients with GOO. Multicenter
studies have shown that technical and clinical success rates of
uncovered SEMSs were 98% and 84%, respectively, and our
results (100% technical and 90% clinical success rate) are
consistent with these findings.2,3,15

In multicenter studies of uncovered stents, stent dys-
function (mainly tumor ingrowth) was observed in 24% of
patients, with median survival times of 62 days and 71.5
days.2,3 Re-stenosis of uncovered SEMSs may be inevitable
as the tumor progresses. In this study, patients receiving
an uncovered SEMS survived longer (median, 19 weeks),
and the rates of re-stenosis because of tumor ingrowth or
overgrowth were 25% after 8 weeks and 44% after total
follow-up.

Migration rates found here for the covered SEMSs (26%
at 8 weeks and 32% at total follow-up) were relatively
higher than previously reported rates, which ranged from
4% to 26%, with a follow-up duration of 46 to 137
days.13,16-20 The relatively higher migration rate of our
study could be explained by the method of detecting
migration. Previous retrospective analyses have relied
upon follow-up endoscopies only if obstructive symptoms

TABLE 2. Main outcomes and the profile of failed patency (covered versus uncovered self-expanding metal stents)

Covered SEMS
n 5 40

Uncovered SEMS
n 5 40 P value*

Technical success, % (no./total no.) 100 (40/40) 100 (40/40) NA

Clinical success, % (no./total no.) 95 (38/40) 90 (36/40) .68

GOOSS score, median (range)

Initial 1 (0-2) 1 (0-2) .51

Three days post insertion 3 (0-3)† 2.5 (03)† .32

Patency, % (no./total no.)

Eight weeks post insertion 61.3 (19/31) 61.1 (22/36) . .99

Total follow-up 45.2 (14/31) 36.1 (13/36) .47

Profile of failed patency, % (no./total no.)

Clinical failure 6.5% (2/31) 11.1% (4/36) .68

Eight weeks post insertion

Migration 25.8% (8/31) 2.8% (1/36) .009

Restenosis (ingrowth or overgrowth) 0% (0/31) 25.0% (9/36) .003

Others 6.5% (2/31)‡ 0 (0/36) .21

Total follow-up

Migration 32.3% (10/31)§ 8.3% (3/36)\ .027

Restenosis (ingrowth or overgrowth) 3.2% (1/31) 44.4% (16/36)¶ , .001

Others 12.9% (4/31)# 0 (0/36) .041

SEMS, self-expandable metallic stent; NA, Not applicable; GOOSS, GOO (gastric outlet obstruction) scoring system.

*Two-sided P values obtained from the Mann-Whitney U test for the GOOSS score and Fisher exact test for all other variables.

†The GOOSS score improved significantly when the score at 3 days after stent insertion was compared with the initial score (P , .001, Wilcoxon signed-rank test).

‡One collapse and one fracture case.

§Two proximally (n 5 2) moving stents that required endoscopic removal; 7 distally moving stents that passed spontaneously; 1 distally moving stent required

an operation because of perforation.

\One WallFlex stent passed spontaneously. Another WallFlex stent was embedded in the second portion of the duodenum. A third Wallstent required removal

by sigmoidoscopy.

¶All ingrowth cases.

#One collapse case and 3 fracture cases (1 of 3 fracture cases required surgical removal of the migrated distal part because of obstruction).

Covered versus uncovered SEMS in malignant pyloric obstruction Kim et al
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recurred.13,17,18,20 In our study, a routine 8-week follow-up
endoscopy revealed that 63% of cases of a distally migrat-
ing covered SEMS occurred in patients without any ob-
structive symptoms. Therefore, the migration rate obtained
from this prospective study might be a more accurate
estimate for the covered SEMS. Another possible explana-
tion for the high migration rate is that the majority of
patients received chemotherapy. Recent reports also
showed a significant association between chemotherapy
and stent migration.16,21

Our study demonstrated that insertion of either a cov-
ered or an uncovered SEMS is an effective palliative treat-
ment. The patency rates between the covered and uncov-
ered SEMS groups did not differ after 8 weeks and total
follow-up. The advantage of the decreased re-stenosis rate
in the covered SEMS group compared with the uncovered
SEMS group (0% vs 25%, P , .01) was offset by the higher
migration rate of the covered SEMSs (26% vs 3%, P , .01).
Our results differ from those obtained from randomized
studies of the esophagus or biliary tract. These studies
have shown that covered stents placed in the esophageal
or biliary tract prevent tumor ingrowth without increasing

migration frequency.5,22 However, our data are consistent
with other retrospective studies of the gastric outlet or
colorectum, showing that covered stents do not offer any
improvement in outcome over uncovered stents.6,7 A more
migration-resistant design for covered stents would be
required to minimize migration from the gastric outlet,
allowing for better stent patency.

In this study, stent insertion was not associated with any
major immediate complications. However, the covered
SEMS group experienced two major late complications
related to stent migration. Specifically, migration of a cov-
ered stent caused small-bowel perforation in one patient,
and the distal part of a fractured covered stent caused
small-bowel obstruction in another patient, requiring sur-
gery. Intestinal obstruction and perforation related to mi-
gration of stents are rare complications of stent place-
ment.15,16,23,24 Because most patients have an inoperable
condition because of advanced disease, further study is
needed to evaluate whether insertion of covered stents
increases the risk of major complications, especially in
patients planning to receive chemotherapy.16,21

Our study has the following advantages. First, we not
only assessed obstructive symptoms but also evaluated
patency and complications objectively by endoscopy. Sec-
ond, prospective design allows accurate estimation of
long-term stent patency and complications.

Our study also has limitations. First, our results might
not be generalized to GOO in pancreatic cancer patients
who have a poor prognosis and a shorter survival time.
Second, the initially selected SEMS designs were changed
during the study period. Finally, migration without ob-
structive symptoms was considered patency failure, po-
tentially leading to overestimation of patency failure.

In conclusion, insertion of either a covered or an un-
covered SEMS is an effective treatment for the palliation
of malignant pyloric obstruction. Frequent migration of
the covered SEMS offset its advantages in preventing
re-stenosis.
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