
Introduction
Annually, approximately 480000 people are diagnosed with
esophageal cancer worldwide [1]. More than half of the pa-
tients present with inoperable disease at diagnosis because of
metastases or poor medical condition [2, 3]. Dysphagia is a

common symptom with a major impact on a patient’s quality
of life [4]. Brachytherapy [5] and SEMS placement [6] are both
effective in diminishing obstructive symptoms. Although bra-
chytherapy has been shown to be superior in achieving long-
term relief of dysphagia, SEMS placement results in a more ra-
pid improvement [7]. It is therefore currently accepted that
SEMS placement is primarily indicated in patients with an ex-
pected short-term survival [8].
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ABSTRACT

Background Self-expandable metal stents (SEMSs) are ef-

fective for improving dysphagia in patients with incurable

esophageal cancer but are also associated with recurrent

dysphagia and adverse events. In the past decades, new

SEMSs have been introduced, but also patients’ risk profiles

have altered. It is unknown if these changes have affected

SEMS outcomes.

Methods This retrospective cohort study was conducted

in a tertiary referral center in the Netherlands. Patients

who underwent palliative esophageal SEMS placement for

malignant dysphagia between 1994 and 2017 were includ-

ed. The primary outcome was to assess shifts over time with

respect to recurrent dysphagia and adverse events after

SEMS placement.

Results 997 patients who underwent SEMS placement

were included. Recurrent dysphagia occurred in 309 pa-

tients (31%) and remained stable, although with a trend to-

wards an increase over time (hazard ratio [HR] 1.02 per 1-

year increase; P=0.05). Migration rate significantly in-

creased over time (HR 1.04 per 1-year increase; P=0.01).

SEMS-related complications occurred in 461 patients

(46.2 %), with 207 (20.7%) major and 336 (33.7%) minor

complications. Prior chemoradiotherapy was significantly

associated with major complications (HR 1.69; P <0.001).

Pain was the most common adverse event and showed a

significant increase over time (P<0.01). Factors associated

with pain were prior chemoradiotherapy, absence of a fistu-

la, axial and radial forces, and squamous cell carcinoma.

Conclusions Despite the introduction of novel esophageal

SEMS designs, recurrent dysphagia has not declined over

the years. Stent-related complications have increased in re-

cent years, which seems to be mainly associated with more

frequent use of chemoradiotherapy prior to SEMS place-

ment.
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Since their introduction in the early 1990 s, SEMSs have been
used not only for primary esophageal cancer but also for malig-
nant extrinsic compression or fistulas [9, 10]. They facilitate
quick recovery of the passage of food and thereby improve
quality of life [11]. Moreover, SEMSs are easy to insert and their
placement is successful in nearly all patients [6, 12]. However,
SEMS-related adverse events are not uncommon. Recurrent
dysphagia occurs in about one-third of patients and serious
complications including hemorrhage, perforation, pneumonia,
and fistulas are not infrequently seen [7, 13].

In the past decades, various SEMSs have been designed with
the intention of minimizing these risks. SEMSs with different
materials, shapes, sizes, coverings, and additional antimigra-
tion features have been introduced [14–19]. However, it re-
mains uncertain whether these technical developments have
had a positive impact on clinical outcome. In addition, the pro-
file of patients who are selected for stent therapy may have
changed over the years, mainly because of different manage-
ment strategies for esophageal cancer.

Therefore, we analyzed all patients who underwent palliative
SEMS placement for malignant dysphagia over the past 23 years
and aimed to assess shifts over time with respect to recurrent
dysphagia and other SEMS-related adverse events.

Methods
Study population

All patients who underwent SEMS placement between July
1994 and May 2017 with palliative intent for malignant dyspha-
gia due to an esophageal or cardiac obstruction were included.
In addition, patients with a malignant stricture at the anasto-
mosis after esophagectomy with gastric pull-up surgery or
with a concomitant fistula were enrolled.

Eligible subjects were identified from the esophageal stent
database of the Department of Gastroenterology and Hepatol-
ogy of the Erasmus University Medical Center (Rotterdam, The
Netherlands) which serves a tertiary referral center. Endoscopy
registries and clinical studies were also reviewed. Patients who
received a self-expandable plastic stent were excluded.

Endoscopic SEMS placement

Several types of stents have been inserted during the study
period. The particular stent chosen depended on local availabil-
ity, physician’s discretion, and inclusion in a study. Stent place-
ment was performed with the patient under conscious seda-
tion. The lesion was inspected and traversed with a standard or
pediatric video endoscope. The esophageal location of the tu-
mor was defined using the distance from the incisors to the up-
per margin of the tumor and subdivided into: proximal, up to
22 cm; mid, from 22 to 28 cm; and distal, below 28 cm.

Stents were inserted over a guidewire and positioned under
fluoroscopic monitoring or endoscopic view. The length of the
SEMS was determined as the stricture length plus a minimum of
2 cm at each side. A large-body SEMS was defined as a body di-
ameter > 20mm, whereas a body diameter up to 20mm was
considered regular.

Outcomes and data collection

The primary outcome was to determine the clinical efficacy and
safety of esophageal SEMS placement in terms of recurrent dys-
phagia and other SEMS-related adverse events and to assess
shifts in their occurrence over time. Secondary outcome meas-
ures were to identify risk factors for recurrent dysphagia and
SEMS-related adverse events, technical success rate, improve-
ment of dysphagia, and survival.

The medical records and endoscopy reports of all patients
were reviewed and the following data were extracted: age,
sex, dysphagia score, prior chemotherapy and/or radiotherapy,
length and location of stenosis, histology, date of stent place-
ment, type, length, diameter, and covering (partially or fully
covered) of the SEMS, and the use of dilation. Most data were
retrospectively reviewed, although data from prospective stud-
ies was also included.

Dysphagia was scored according to Ogilvie [20]. Groups of
different SEMSs were combined according to their axial and ra-
dial force pattern as described previously [21]. Technical infor-
mation on the SEMS was requested from the manufacturers if
information on force pattern was unavailable. Group 1 consis-
ted of SEMSs with a moderate to high radial force and a low ax-
ial force; group 2 had a moderate radial and axial force; group 3
had a low radial force and a moderate axial force; and group 4
had a low radial force and a high axial force.

The following outcome parameters were collected: technical
success, complications, recurrent dysphagia, and survival.
Technical success was defined as adequate deployment and
placement of the stent at the intended position. Repositioning
was allowed during the same procedure; however, if a second
SEMS was indicated for misplacement, this was considered to
be a technical failure.

Recurrent dysphagia was defined as stent migration, tissue
in- or overgrowth, food occlusion, or other stent-related caus-
es, confirmed by endoscopy. Major complications were defined
as life-threatening or severe complications, including perfora-
tion, hemorrhage, pneumonia, fever, fistula, or pressure necro-
sis. Minor complications were defined as non-life-threatening
or moderate complications, including retrosternal pain and re-
flux symptoms. Time to major or minor complications, and to
recurrent dysphagia was defined as the number of days from
SEMS placement until the first event in time. If a minor and ma-
jor complication occurred in the same patient, both complica-
tions were included.

For the purpose of this study, the study period was divided
into six time periods (TPs), with a time span of 3.5–4 years, ac-
cording to the date of stent insertion, as follows: period 1 (July
1994–1997), period 2 (1998–2001), period 3 (2002–2005),
period 4 (2006–2009), period 5 (2010–2013), and period 6
(2014–May 2017). Data were collected until May 2017.

Statistical analysis

Occurrence of recurrent dysphagia, major and minor complica-
tions, and survival were assessed by the Kaplan-Meier method
and compared between the six consecutive TPs using a log-
rank test. Patients were censored at time of death, after SEMS
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removal, or at end of follow-up. Trends in time on SEMS-related
adverse events were evaluated using time as a linear or quadra-
tic variable in a logistic regression model. A univariable Cox re-
gression analysis was performed in order to evaluate the asso-
ciation between multiple covariates, including time of SEMS
placement (in years) and occurrence of recurrent dysphagia,
subdivided into: migration, tumor and/or tissue growth, and
major and minor complications. All variables with a P<0.20 in
univariable analysis were entered into a multivariable Cox re-
gression proportional hazards model.

Results were expressed in hazard ratios (HRs) with 95% con-
fidence interval (CI). Other covariates were: age, sex, prior ra-
diation and/or chemotherapy, presence of a fistula, location of
the stenosis, histology, extrinsic compression, and preceding
dilation. Length, diameter, covering, and group of SEMSs were
included as SEMS-related variables.

The statistical program SPSS version 20.0 (Chicago, Illinois,
USA) was used to perform data analysis. Two-sided P values of
0.05 were considered to be the limit of statistical significance.

Results
Patient characteristics

A SEMS was inserted in 1003 patients. Six patients were exclud-
ed because they were lost to follow-up, leaving 997 patients for
the final analysis. Baseline clinical characteristics are shown in

▶Table1. All patients had dysphagia≥2 before SEMS place-
ment, including 106 patients with a concomitant fistula. In the
last two TPs, 65% of patients had been pretreated with chemo-
therapy and/or radiotherapy, compared with 40% in the pre-

vious periods (P<0.01). In all subjects with prior concomitant
chemoradiotherapy, SEMS placement was performed after the
treatment had finished. In these patients, SEMS placement was
performed for recurrent or residual malignant obstructive dis-
ease. The proportion of patients with more distally located dis-
ease (i. e. distal esophagus/cardia) seemed to decrease over
time, from 64% in TP1–3 to 55% in TP4–6 (P<0.01).

Overall, 11 different types of SEMS were used, and these
were not equally divided among the six TPs (▶Table 1). Ultra-
flex (Boston Scientific, USA) was most frequently used (354 pa-
tients; 35.5%). The median length was 12 cm (range 7–17). A
stent with a regular body diameter (up to 20mm) was used in
92.2% of the SEMS placements. In TP5 and TP6, only regular-di-
ameter SEMSs were used. A partially covered SEMS was inserted
in 58.3% of the SEMS placements. In TP4, the proportion of fully
covered SEMSs increased to 61.6%. The different SEMS types
and their features are shown in ▶Table e2.

Technical success and symptom improvement

Endoscopic SEMS placement was technically successful in 967
of 997 (97.0%) patients. Technical failure occurred because of
incorrect SEMS placement (n =22) and insufficient SEMS de-
ployment (n=8). The majority of failures resulted in insertion
of a second SEMS; however, in two patients the esophageal lu-
men was found to be too wide to consider a second stent. No
difference was seen in technical success between the different
TPs (P=0.53). In 389 patients, dysphagia scores were retrieved
at baseline and 4 weeks after stent placement. Dysphagia
scores improved from a median of grade 3 to grade 0 (P<
0.001) at 4 weeks after SEMS placement.

▶ Table 1 Baseline characteristics of 997 patients who underwent SEMS placement with palliative intent for the alleviation of malignant dysphagia
from July 1994 to May 2017.

Total

(n=997)

TP1

(n=121)

TP2

(n=268)

TP3

(n=150)

TP4

(n =216)

TP5

(n=156)

TP6

(n=86)

Age, mean ± SD, years 66.6 ± 11.7 66.0 ± 14.2 66.6 ± 12.0 65.9 ± 11.3 66.3 ± 11.1 66.9 ± 11.0 69.1 ± 10.0

Sex, n (%)

▪ Male 731 (73.3) 90 (74.4) 198 (73.9) 103 (68.7) 150 (69.4) 123 (78.8) 67 (77.9)

▪ Female 266 (26.7) 31 (25.6) 70 (26.1) 47 (31.3) 66 (30.6) 33 (21.2) 19 (22.1)

Fistula, n (%) 106 (10.6) 9 (7.4) 32 (11.9) 11 (7.3) 24 (11.1) 19 (12.2) 11 (12.8)

Extrinsic compression, n (%) 69 (6.9) 9 (7.4) 23 (8.6) 2 (1.3) 17 (7.9) 10 (6.4) 8 (9.3)

Dysphagia score prior stent insertion, n (%)

▪ Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

▪ Grade 2 76 (7.6) 4 (3.3) 20 (7.5) 13 (8.7) 10 (4.6) 8 (5.1) 21 (24.4)

▪ Grade 3 612 (61.4) 69 (57.0) 145 (54.1) 94 (62.7) 153 (70.8) 123 (78.8) 28 (32.6)

▪ Grade 4 261 (26.2) 47 (38.8) 84 (31.3) 39 (26.0) 53 (24.5) 24 (15.4) 14 (16.3)

Stenosis length, mean ± SD, cm 7.24 ± 3.31 7.76 ± 3.50 7.57 ± 2.84 7.39 ± 3.34 6.52 ± 3.28 7.04 ± 3.93 6.64 ± 3.09

Location of stenosis, n (%)

▪ Proximal esophagus 131 (13.1) 8 (6.6) 25 (9.3) 23 (15.3) 29 (13.4) 26 (16.7) 20 (23.3)

▪ Mid-esophagus 163 (16.3) 19 (15.7) 41 (15.3) 21 (14.0) 40 (18.5) 26 (16.7) 16 (18.6)

20 Reijm Agnes N et al. Self-expandable metal stent… Endoscopy 2019; 51: 18–29

Original article

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f U

tr
ec

ht
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



▶ Table 1 (Continuation)

Total

(n=997)

TP1

(n=121)

TP2

(n=268)

TP3

(n=150)

TP4

(n =216)

TP5

(n=156)

TP6

(n=86)

▪ Distal esophagus 502 (50.4) 65 (53.7) 143 (53.4) 69 (46.0) 106 (49.1) 77 (49.4) 42 (48.8)

▪ Cardia 96 (9.6) 18 (14.9) 31 (11.6) 20 (13.3) 16 (7.4) 8 (5.1) 3 (3.5)

▪ Post-esophagectomy 105 (10.5) 11 (9.1) 28 (10.4) 17 (11.3) 25 (11.6) 19 (12.2) 5 (5.8)

Tumor histology, n (%)

▪ Squamous carcinoma 361 (36.2) 41 (33.9) 101 (37.7) 52 (34.7) 71 (32.9) 56 (35.9) 40 (46.5)

▪ Adenocarcinoma 565 (56.7) 74 (61.2) 146 (54.5) 95 (63.3) 123 (56.9) 89 (57.1) 38 (44.2)

▪ Other 48 (4.8) 2 (1.7) 9 (3.4) 2 (1.3) 16 (7.4) 11 (7.1) 8 (9.3)

▪ Unknown 23 (2.3) 4 (3.3) 12 (4.5) 1 (0.7) 6 (2.8) 0 (0) 0 (0)

Prior chemotherapy and/or radiotherapy, n (%)

▪ None 530 (53.2) 74 (61.2) 162 (60.4) 89 (59.3) 121 (56.0) 49 (31.4) 35 (40.7)

▪ Chemotherapy 229 (23.0) 26 (21.5) 53 (19.8) 30 (20.0) 42 (19.4) 52 (33.3) 26 (30.2)

▪ Radiotherapy 80 (8.0) 7 (5.8) 26 (9.7) 7 (4.7) 21 (9.7) 12 (7.7) 7 (8.1)

▪ Chemoradiotherapy 140 (14.0) 11 (9.1) 18 (6.7) 19 (12.7) 32 (14.8) 42 (26.9) 18 (20.9)

▪ Unknown 18 (1.8) 3 (2.5) 9 (3.4) 5 (3.3) 0 (0) 1 (0.6) 0 (0)

Pre-SEMS dilation, n (%)

▪ No 882 (88.5) 102 (84.3) 221 (82.5) 128 (85.3) 196 (90.7) 151 (96.8) 84 (97.7)

▪ Yes 115 (11.5) 19 (15.7) 47 (17.5) 22 (14.7) 20 (9.3) 5 (3.2) 2 (2.3)

SEMS placed, n (%)

▪ Ultraflex 354 (35.5) 8 (6.6) 138 (51.5) 66 (44.0) 70 (32.4) 54 (34.6) 18 (20.9)

▪ Niti-s 93 (9.3) 0 (0) 0 (0) 41 (27.3) 41 (19.0) 3 (1.9) 8 (9.3)

▪ Gianturco-Z 126 (12.6) 58 (47.9) 66 (24.6) 2 (1.3) 0 (0) 0 (0) 0 (0)

▪ Flamingo 121 (12.1) 55 (45.5) 60 (22.4) 6 (4.0) 0 (0) 0 (0) 0 (0)

▪ Choo 27 (2.7) 0 (0) 4 (1.5) 11 (7.3) 12 (5.6) 0 (0) 0 (0)

▪ FerX-Ella 24 (2.4) 0 (0) 0 (0) 24 (16.0) 0 (0) 0 (0) 0 (0)

▪ Alimaxx 47 (4.7) 0 (0) 0 (0) 0 (0) 47 (21.8) 0 (0) 0 (0)

▪ SX-Ella 27 (2.7) 0 (0) 0 (0) 0 (0) 27 (12.5) 0 (0) 0 (0)

▪ Hanaro 33 (3.3) 0 (0) 0 (0) 0 (0) 6 (2.8) 18 (11.5) 9 (10.5)

▪ Evolution 68 (6.8) 0 (0) 0 (0) 0 (0) 13 (6.0) 42 (26.9) 13 (15.1)

▪ WallFlex 77 (7.7) 0 (0) 0 (0) 0 (0) 0 (0) 39 (25.0) 38 (44.2)

SEMS length, median (range), cm 12 (7– 17) 12 (10–16) 12 (10 –15) 12 (8–17) 11 (7–17) 11 (8–17) 12 (8–17)

SEMS diameter, n (%)

▪ Regular 919 (92.2) 114 (94.2) 226 (84.3) 141 (94.0) 196 (90.7) 156 (100) 86 (100)

▪ Large 78 (7.8) 7 (5.8) 42 (15.7) 9 (6.0) 20 (9.3) 0 (0) 0 (0)

SEMS covering, n (%)

▪ Partially covered 581 (58.3) 63 (52.1) 198 (73.9) 72 (48.0) 83 (38.4) 115 (73.7) 50 (58.1)

▪ Fully covered 416 (41.7) 58 (47.9) 70 (26.1) 78 (52.0) 133 (61.6) 41 (26.3) 36 (41.9)

SEMS, self-expandable metal stent; SD, standard deviation; TP, time period. TP1, 1994–1997; TP2, 1998–2001; TP3, 2002–2005; TP4, 2006–2009; TP5, 2010–2013;
TP6, 2014–2017.
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Recurrent dysphagia

Recurrence of dysphagia occurred in 309 of 997 patients
(31.0 %) and was related to tumor and/or hyperplastic tissue
in- or overgrowth (n =136), migration (n =114), food occlusion
(n =70), other stent-related causes (n =12), and non-stent-
related causes (n =4) (▶Fig. 1a and ▶Table e3). Recurrent dys-
phagia was diagnosed after a median of 56 days (range 1–779).
The time free of recurrent dysphagia was significantly different
between the six TPs (P=0.008) (▶Fig. 2a). A quadratic effect of
time on the occurrence of recurrent dysphagia (P=0.03) and
migration (P=0.002) was observed, with both showing an ini-
tial increase over the years, and a later decline (▶Fig. 3a,b).

Univariable Cox regression analysis demonstrated a trend
towards an increase in recurrent dysphagia over time (HR 1.02
per 1-year increase, 95%CI 1.00–1.04; P=0.05). In multivari-
able analysis, the relative risk of recurrent dysphagia was de-
creased for fully covered SEMSs (HR 0.77, 95%CI 0.61–0.98; P
=0.03) and increased for SEMSs with regular body diameter (HR
1.78, 95%CI 1.05–3.00; P=0.03) (▶Table 4). In addition, an as-
sociation between prior chemotherapy and recurrent dyspha-
gia was found (HR 1.32, 95%CI 1.01–1.73; P=0.04).

Placement of a SEMS at a later point in time was associated
with an increased migration risk (HR 1.04 per 1-year increase,
95%CI 1.01–1.07; P=0.01). After adjustment, the relative risk
of SEMS migration was increased for fully covered SEMSs (HR
1.61, 95%CI 1.07–2.43; P=0.02), regular-diameter SEMSs (HR
4.19, 95%CI 1.02–17.24; P=0.047), and SEMSs placed in a later
TP (HR 1.04 per 1-year increase, 95%CI 1.00–1.07; P=0.04)
(▶Table e5).

With respect to tumor and/or tissue growth, fully covered
SEMSs were associated with a lower risk (HR 0.59, 95%CI
0.39–0.89; P=0.01) (▶Table e5).

Other adverse events

Almost half of the patients (461 patients; 46.2%) had at least
one complication. Major complications occurred in 207 pa-
tients (20.8%), including hemorrhage (n =80), pneumonia (n =
51), fever (n =49), fistula (n =28), perforation (n =19), and
pressure necrosis (n =19) (▶Fig. 1b; ▶Table e3). Major compli-
cations developed at a median of 16 days after SEMS insertion
(range 0–607). The time free of major complications differed
significantly over the six TPs (P=0.02) (▶Fig. 2b). Univariable
Cox regression analysis did not show an increase of major com-
plications over time (HR 0.99 per 1-year increase, 95%CI 0.96–
1.01; P=0.21). However, a trend towards a quadratic effect of
time on major complications was seen (P=0.07). A decline was
seen from 1995 to 2008, followed by an increase until 2017
(▶Fig. 3c).

Multivariable Cox regression analysis for major complica-
tions is shown in ▶Table 6. Prior chemoradiotherapy was the
only independent risk factor for major complications (HR 1.69,
95%CI 1.14–2.49; P<0.001). Trends were seen for radiother-
apy (HR 1.60, 95%CI 1.00–2.55; P=0.05), pre-SEMS dilation
(HR 1.44, 95%CI 0.98–2.11; P=0.06), adenocarcinoma (HR
0.75, 95%CI 0.55–1.03; P=0.08), and younger age (HR 0.99,
95%CI 0.98–1.00; P=0.09).

For perforation and hemorrhage, similar trends in time were
seen. Reducing rates were noted during the first five TPs, with
an increase in TP6.However, the quadratic effect of time on
each of these adverse events was not statistically significant
(▶Fig. 3d,e). The risk of developing perforation was signifi-
cantly higher after pre-SEMS dilation (9.6% vs. 0.9%; P<
0.001). Dilation was performed up to a median of 13mm.
Women were also more at risk (4.1% vs. 1.1%; P<0.001). A
trend towards more frequent hemorrhage was seen in distally
located strictures (9.4% vs. 6.0%; P=0.06).

Pneumonia was the second most common major complica-
tion, with 19 of the 51 patients who developed pneumonia do-
ing so within 3 days after SEMS placement, suggesting aspira-
tion during or directly after the procedure. Pneumonia occurr-
ed more frequently in patients who had received prior chemor-
adiotherapy (12.1%) compared with those who had received no
previous therapy, chemotherapy only, or radiotherapy only
(3.4 %, 5.2%, and 5.0%, respectively; P=0.001). The risk was
also increased in patients with a proximally located stricture
(8.0% vs. 3.2%; P=0.001) and those treated with a large-diam-
eter SEMSs (10.3% vs. 4.7%; P=0.03).

Minor complications occurred in 336 patients (33.7%), with
the majority being related to retrosternal pain (n =299)
(▶Fig. 1c). The median time to occurrence of minor complica-
tions was 1 day after stent insertion (range 0–345). The time
free of minor complications differed significantly over the six
TPs (P<0.01), with a substantial deterioration in the last two
TPs (▶Fig. 2c). Cox regression analysis demonstrated an in-
crease in minor complications over time (▶Table 6). Other sig-
nificant associations were younger age, squamous cell histolo-
gy, distal location, prior chemotherapy or radiotherapy, and the
absence of a fistula.

With regard to retrosternal pain, univariable logistic regres-
sion analysis demonstrated a significant increase over time (OR
1.07, 95%CI 1.05–1.10; P<0.01). In addition, a quadratic ef-
fect of time was found, showing a relatively stable rate until
2005, followed by a significant increase afterwards (P=0.03)
(▶Fig. 3f). Pain was also the most common adverse event.
Therefore, an additional binary multivariable logistic regression
analysis was conducted, which showed the following factors to
be significantly associated with the occurrence of pain: prior
chemotherapy and/or radiotherapy, absence of a fistula, and
SEMSs with axial and radial forces in group 3 compared with
those in group 1. In contrast, adenocarcinoma was independ-
ently associated with a lower risk (▶Table 7).

Survival

Overall median survival was 92 days (range 1–2963). At the
end of follow-up, there were 22 patients (2.2%) who were still
alive. Most patients died as a result of tumor progression (n =
903; 90.6%), while 22 patients (2.2%) died because of a stent-
related complication. No significant difference in survival was
detected between the six TPs (P=0.11) (▶Fig. 2d).
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Total (n = 997)a

b

c

Recurrent dysphagia
Migration
Tumor and/or tissue growth
Food occlusion
Other stent-related causes

Major 
complications
Perforation
Hemorrhage
Pneumonia
Fever
Fistula
Pressure 
necrosis

Minor complications
Pain
GE reflux

TP 1 (n = 121) TP 2 (n = 268) TP 3 (n = 150) TP 4 (n =216) TP 5 (n = 156) TP 6l (n = 86)

Total (n = 997) TP 1 (n = 121) TP 2 (n = 268) TP 3 (n = 150) TP 4 (n =216) TP 5 (n = 156) TP 6l (n = 86)
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▶ Fig. 1 Graphs showing changes over the six time periods (TPs) for: a recurrent dysphagia; b major complications; c minor complications.
GE, gastroesophageal.
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Discussion
This study, which included almost one thousand patients over a
period of 23 years, provides a unique insight into time trends in
endoscopic SEMS placement for malignant esophageal ob-
struction pertaining to clinical efficacy and safety.

We showed that SEMS treatment is highly effective in resol-
ving dysphagia. However, recurrent dysphagia is common, oc-
curring in 31.1% of patients, mostly due to tumor or hyperplas-
tic tissue in- and/or overgrowth, or migration. Despite ongoing
technical developments and the introduction of new stent de-
signs, we demonstrated that the overall incidence of recurrent

dysphagia has not declined over the years. In fact, a trend to-
wards increasing risk over time was observed, mainly due to a
significantly increased risk of SEMS migration. This can be ex-
plained by the more frequent use of regular-diameter (maxi-
mum 20mm) SEMSs.

In addition, the migration rate was highest in TP4 (2006–
2009), which probably related to the increasing usage of fully
covered SEMSs. A fully covered stent design significantly in-
creased the risk of migration, which may be explained by the re-
duced adhesion and fixation to the esophageal wall [7, 22, 23].
On the other hand, this design is more favorable in preventing
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obstructive tumor and/or hyperplastic in- or overgrowth [24].
Importantly, our data suggests that the protective effect for tu-
mor and/or tissue growth outweighs the migration risk, be-
cause a fully covered design reduces the risk of overall recurrent
dysphagia.

Whether SEMS force patterns have an impact on recurrent
dysphagia is still unclear. Stents with a high radial and low axial
force have been proposed to be more appropriate to ensure lu-
minal patency and limit traumatic injury [21]. However, clinical
studies to support this hypothesis are lacking. We could not de-
monstrate a beneficial effect of any one particular force pattern
on recurrent dysphagia, migration, or tumor and/or tissue
growth.

Not only recurrent dysphagia but also other SEMS-related
adverse events have a negative impact in patients with incur-
able disease. Complications were seen in almost half of the pa-
tients, including major complications in 21%. We believe that
the following findings regarding this topic deserve further dis-
cussion.

First of all, we observed a marked decline in major complica-
tions during the first four TPs (1994–2009), which can be ex-

plained by a drop in the hemorrhage and perforation rates.
The observed decrease in hemorrhage may be related to a shift
in stricture location. A gradual increase in the proportion of pa-
tients treated for more proximally located disease was ob-
served and the risk of bleeding tended to be lower in these pa-
tients compared with those with a distal esophageal obstruc-
tion. This association has not been described in previous re-
ports, where only the presence of an esophageal fistula and a
concomitant tracheal stent were identified as potential risk fac-
tors for major bleeding [25]. However, it is known that the car-
dia is intensely vascularized, which might contribute to a higher
bleeding tendency through stent-induced mechanical injury.
Anticoagulants could potentially influence outcome, but infor-
mation on their use was not available in our cohort.

Perforation is another devastating iatrogenic complication.
We noticed that the risk of perforation was significantly higher
when dilation had been performed to facilitate SEMS insertion.
Pre-SEMS dilation was more commonly done in the earlier days
and nowadays has been largely abandoned. Current delivery
systems are designed to non-traumatically traverse tight stric-
tures, obviating the need for dilation.

Second, a remarkable increase in the major complication
rate was seen during the last two TPs (2010–2017). The in-
creased number of patients treated with chemoradiotherapy
prior to SEMS placement is likely responsible. Prior chemoradio-
therapy had more than doubled in the last two TPs compared
with the first four periods. Several studies have also looked
into this association, but conflicting results have been reported
[26–30]. Observations from the current study, the largest pa-
tient cohort reported to date, provides strong evidence for an
increased risk of major complications when patients have been
exposed to both chemotherapy and radiotherapy before SEMS
placement. Interestingly, a significant association could not be
established for either chemotherapy or radiotherapy alone. This
suggests a cumulative effect of both treatments. Nevertheless,
considering the lack of alternative palliative measures, we be-
lieve that SEMSs for recurrent malignant dysphagia after che-
moradiotherapy can still be advocated [30]. Obviously, the rela-
tively high risk of major complications should be discussed with
patients as part of obtaining proper informed consent.

We found that after chemoradiotherapy patients were more
prone to develop pneumonia in particular. Possible mecha-
nisms for increased susceptibility include pulmonary toxicity
leading to diminished respiratory tract cleaning, immunosup-
pressive status, decrease in esophageal wall motility, and the
presence of an esophagorespiratory fistula [31–33]. In addi-
tion, we found that 37% of pneumonias occurred within 3 days
after SEMS placement. It is likely that, at least in these cases,
procedure-related aspiration has triggered a pulmonary infec-
tion. This emphasizes the importance of close patient monitor-
ing during endoscopic SEMS placement.

Retrosternal pain after SEMS deployment was the most fre-
quently observed minor complication in our cohort, occurring
in 30% of patients. The rate increased substantially in the last
two TPs (2009–2017). Several explanations can be proposed.
First, during the last two TPs, a prospective study was conduct-
ed in our center, which used a symptom diary to evaluate pain

▶ Table 4 Multivariable Cox regression analysis for recurrent dyspha-
gia.

Multivariable

β (95%CI)

P value

Time (1-year increase) 1.01 (0.99–1.03) 0.28

Sex

▪ Male 1

▪ Female 0.80 (0.62–1.05) 0.11

Histology

▪ Squamous cell carcinoma 1

▪ Adenocarcinoma 1.20 (0.93–1.54) 0.16

▪ Other 1.46 (0.81–2.63) 0.20

Prior treatment

▪ None 1

▪ Chemotherapy 1.32 (1.01–1.73) 0.04

▪ Radiotherapy 0.85 (0.53–1.36) 0.49

▪ Chemoradiotherapy 0.97 (0.66 –1.42) 0.87

SEMS body diameter

▪ Regular 1.78 (1.05–3.00) 0.03

▪ Large 1

Length of SEMS (10-mm increase) 0.97 (0.91–1.03) 0.29

Covering SEMS

▪ Partially covered 1

▪ Fully covered 0.77 (0.61–0.98) 0.03

CI, confidence interval; SEMS, self-expandable metal stent.
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experience after esophageal SEMS placement [34]. This trig-
gered a more precise and trustworthy registration of pain com-
pared with assessments during the earlier years. Second, more
patients were pretreated with chemotherapy and/or radiother-

apy, and this was marked as an independent risk factor for ret-
rosternal pain. The exact mechanism for enhanced pain experi-
ence after pretreatment is unclear. It is conceivable that fibrosis
induced by chemoradiotherapy leads to diminished compliance

P = 0.03

a
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

P = 0.07

c
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

P = 0.53

e
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

P = 0.03

f
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

P = 0.16

d
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

P < 0.01

b
1990 1995 2000 2005 2010 2015 2020

Year

Pr
ed

ic
te

d 
pr

ob
ab

ili
ty

,50

,40

,30

,20

,10

,00

▶ Fig. 3 Trend analysis looking at quadratic effect of time on: a recurrent dysphagia; b migration; c major complications; d perforation;
e hemorrhage; f pain.
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▶ Table 6 Multivariable Cox regression analysis for major and minor complications.

Major complications Minor complications

Multivariable

β (95%CI)

P value Multivariable

β (95%CI)

P value

Time (1-year increase) 1.04 (1.01–1.06) < 0.001

Age (1-year increase) 0.99 (0.98–1.00) 0.09 0.99 (0.98–1.00) 0.03

Histology

▪ Squamous cell carcinoma 1 1

▪ Adenocarcinoma 0.75 (0.55–1.03) 0.08 0.72 (0.56–0.93) 0.01

▪ Other 0.86 (0.41–1.78) 0.68 0.66 (0.35–1.24) 0.20

Extrinsic compression

▪ Yes 1.65 (0.99–2.73) 0.05

▪ No 1

Location of stenosis

▪ Proximal / mid / anastomosis 1.08 (0.80–1.47) 0.61 0.73 (0.58–0.94) 0.01

▪ Distal / cardia 1 1

Prior treatment

▪ None 1 1

▪ Chemotherapy 1.03 (0.71–1.50) 0.88 1.40 (1.06–1.85) 0.02

▪ Radiotherapy 1.60 (1.00–2.55) 0.05 1.61 (1.09–2.36) 0.02

▪ Chemoradiotherapy 1.69 (1.14 –2.49) < 0.001 1.34 (0.96–1.87) 0.08

Pre-SEMS dilation

▪ Yes 1.44 (0.98–2.11) 0.06

▪ No 1

Fistula

▪ No 1

▪ Yes 0.44 (0.27–0.71) < 0.001

SEMS group

▪ Group 1 1

▪ Group 2 0.67 (0.32–1.37) 0.27 0.93 (0.56–1.55) 0.78

▪ Group 3 0.91 (0.63–1.30) 0.61 1.16 (0.88–1.53) 0.30

▪ Group 4 0.92 (0.61–1.40) 0.69 1.26 (0.92–1.72) 0.15

SEMS body diameter

▪ Regular 0.71 (0.44–1.14) 0.16 1.07 (0.66–1.74) 0.79

▪ Large 1 1

SEMS covering

▪ Partially covered 1

▪ Fully covered 0.89 (0.65–1.21) 0.45

CI, confidence interval; SEMS, self-expandable metal stent.
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of the esophageal wall with relative overstretching and higher
pressures after SEMS expansion compared with patients who
were not treated with chemoradiotherapy. In line with this hy-
pothesis, we found a decreased rate of pain where a fistula was
present.

Surprisingly, an association between SEMSs with low radial
force and moderate axial force (group 3) and pain was ob-
served. This group includes the partially covered WallFlex stent,
for which a relatively high occurrence of pain has been de-
scribed previously [17]. A rational explanation for this finding
is lacking.

Several limitations of our study should be acknowledged.
Our results are mainly based on retrospectively collected data.
The occurrence of adverse events could therefore have been
underestimated. Furthermore, data on a few potentially rele-
vant variables were lacking. For example, it would have been in-
teresting to assess whether patient condition or the stage of
disease have any influence on clinical outcome and adverse
events. Previous studies, albeit smaller in size, have denied
such a relationship [26, 28]. Finally, we have used time as a sep-

arate variable within a regression analysis to explore trends over
a 23-year period. This prohibits the appraisal of fluctuations in
the smaller TPs.

In conclusion, our study demonstrates that improving the
clinical outcome of stent therapy for malignant esophageal dis-
ease is challenging. Although novel stent designs have been in-
troduced over the years, recurrent dysphagia remains a major
issue, occurring in approximately one-third of patients. More-
over, changes in management strategies, with more patients
being pretreated with chemoradiotherapy, are associated with
an increase in major complications, mainly pneumonia, but also
the development of retrosternal pain.
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