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Esophageal stent types and clinical applications
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Abstract: Objective: This study aims to explore the clinical effects and material characteristics of the different types
of esophageal stents and reviews the common clinical complications and contraindications. Method: We searched
articles related to the clinical effects of the different types of esophageal stents in PubMed and Web of Science
from their inception up to September 30, 2020. Reproducible studies were excluded, and a total of 82 articles were
ultimately included. Result: Esophageal stent implantation can quickly relieve obstruction symptoms and has a high
clinical effectiveness. Currently, five types of esophageal stents, i.e. self-expanding metal stents (SEMS), SEMS with
an anti-reflux valve, drug-eluting and radioactive SEMS, self-expanding plastic stents, and biodegradable stents, are
widely used. The common clinical complications after stent implantation include retrosternal pain, stent displace-
ment, hemorrhage, perforation, esophageal restenosis, and so on. Conclusion: Different kinds of esophageal stents
have their own advantages and disadvantages in the treatment of esophageal stenosis. Self-expanding metal stents
have good histocompatibility and excellent elasticity. Anti-reflux stents significantly lower the incidence of reflux.
Self-expanding plastic stents rarely induce granulation tissue reactions and result in less tissue inflammation. Drug-
eluting and radioactive SEMS relieve dysphagia while inhibiting tumor cells and prolonging patient survival, so they
are thought to be an optimal treatment for malignant strictures. Biodegradable stents have a great potential on

account of the advantage of avoiding removal.
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Introduction

Esophageal cancer accounts for a large propor-
tion of cancers. According to published data,
there were 572,000 new cases of esophageal
cancer and 509,000 deaths worldwide in
2018, with the morbidity and mortality ranking
the seventh and sixth respectively among all
malignant tumors [1]. The high mortality signi-
fies that almost 1 in every 20 cancer deaths is
caused by esophageal cancer. The incidence of
esophageal cancer is usually three to four
times higher in men than in women [2]. Early
esophageal cancer can be treated by surgical
resection, but the detection rate of esophageal
cancer is low because of the symptoms of
esophageal cancer at this stage are not obvi-
ous, so the diagnosis and treatment rate is low.
More than 90% of patients with esophageal
cancer are in the middle and advanced stages
at the time of diagnosis, and more than 50% of
patients may have metastasized at the time of

diagnosis [3], losing the opportunity for radical
surgical resection. Dysphagia is one of the main
symptoms of esophageal cancer. To improve
the quality of life and relieve patients’ symp-
toms while reducing the morbidity and the hos-
pital stay durations, esophageal stents have
become the primary palliative therapy for dys-
phagia [4]. Early esophageal stents were made
of hard plastic [5], and they were not well
accepted because of their high complication
rate. In 1983, Frimberger first reported the suc-
cess of using metal stents in the treatment of
esophageal stenosis, which started the era of
using stents for palliating malignant dysphagia
and provided a new strategy for the treatment
of esophageal stenosis. Initially, stents were
used only to relieve obstructions and were clini-
cally effective. With the technological innova-
tions and progress, coated stents, polyester
plastic stents, and anti-reflux stents emerged
one after another. Nowadays, stents have been
widely used in benign and malignant esopha-
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Figure 1. Rigid plastic esophageal stents [8].

geal strictures, esophageal fistula repair, and
other esophageal diseases. Among them, drug
elution and radioactive stents can relieve
obstructions, while local chemotherapy and
radiotherapy, and biodegradable stents can
avoid removal. These two types of stents are
expected to become the hot spots of future
development due to their unique advantages.
This paper gives a detailed review of esopha-
geal stents and summarizes the material char-
acteristics, clinical application effects, com-
mon clinical complications, and solutions of the
different types of esophageal stents, providing
information for the research and improvement
of esophageal stents.

Types of stents
Rigid plastic esophageal stents

More than 100 years ago, attempts to use a
hollow tube as a stent to relieve dysphagia
began. In 1845, a French surgeon cured malig-
nant esophageal strictures using a hollow tube
made of decalcified ivory [6]. A similar opera-
tion was also performed by a British surgeon.
However, these trials both failed. The first suc-
cessful esophageal stenting was done by
Symonds in a 43-year-old pregnant woman who
had difficulty swallowing during pregnancy and
was performed at the London Hospital in 1885
[7]. He made a six-inch stent out of tubing (num-
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ber 10) and designed a funnel at the proximal
with gum elastic and a conical distal end. One
end of silk thread was attached to the funnel.
The other end of the thread came out of the
patient’'s mouth and was tied to the patient’s
ear to prevent migration after placement. The
patient was ambulatory and could swallow
semiliquids during the treatment. Hence, the
stent not only saved this patient from undergo-
ing a major surgery but it also helped in reliev-
ing dysphagia and thereby preventing aspira-
tion and allowing nutrition via natural per-oral
swallowing. This was the beginning of an era in
which stents were used to palliate malignant
dysphagia.

Several centers then started making their own
stents with unique designs for the market, but
the basic design remained the same: with a
funnel at the proximal end, a body of different
lengths, usually 18 mm in diameter, and a cone
at the distal end (Figure 1). These stents need
to be predilated before implantation, and this
was usually done by locating the stenosis
through fluoroscopy or endoscopy. These stents
proved highly effective at relieving dysphagia.
The technical success in placing these stents
has been variously reported to be no less than
80% or even more than 90%. The functional
success, hamely, the patient’s ability to eat, is
greatly improved. But the rigidity of these stents
means that they were not suitable for tortuous
strictures. Additionally, many complications
occurred, such as severe chest pain, migration,
food impaction, bleeding, ulceration, new fistu-
las, and reflux and aspiration. And the rate of
these complications was worrisome and alter-
native approaches were actively being
researched.

Self-expanding metal stents (SEMS)

Many kinds of self-expanding metallic stents
have been widely used in the treatment of
esophageal cancer [9, 10]. Two types of self-
expanding metal stents are available currently.
One is the traditional stainless steel stent, and
the other are stents made of nickel titanium
metal alloy. The Wallstent and Z-stent are repre-
sentative of the traditional stainless steel
stents. The Wallstent was designed by Swedish
scientist Hans Wallsten in 1983 [11], and itis a
mesh tubular structure made of stainless steel
alloy wire. It was the first self-expanding metal
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Figure 2. Uncovered SEMS (left), partially covered
SEMS (middle), and fully covered SEMS (right) [13].

stand for the esophagus. Its basic structure is a
dumbbell without a membrane, and the
improved structure is an open trumpet with a
polyurethane membrane in the center and no
membrane at either end. It has a strong anti-
external pressure and is not easy to deform,
but it cannot be adjusted or recovered after its
release. Also, the Flamingo Wallstent [12] was
designed for the special structure and physio-
logical characteristics of the lower esophagus
and cardia. The stainless steel wire of the
z-type stent is arranged in the shape of a “Z”,
with strong support, excellent plasticity, good
structural compliance, and it can adapt to the
bending deformation of the lesion site. The
stent is covered with high-strength medical sili-
cone rubber film and a silicone rubber skirt at
the upper and lower mouths, which can prevent
the tumor tissue from growing in and causes
little mechanical stimulation to the adjacent tis-
sue. It is recycled and generally used for the
treatment of benign stenosis. However, the dis-
advantages of these two kinds of stents are
poor histocompatibility, which tends to lead to
significant inflammation and fibrosis of the
esophageal tissues.

Currently, the most commonly-used stents in
clinical applications are made of a nickel titani-
um metal alloy, and they have a morphological
memory effect. Compared with stainless steel,
the material has better histocompatibility,
excellent elasticity, moderate strength, and a
special softness. Esophageal strictures can be
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placed within a delivery device that can be
compressed to less than 4 mm. Through con-
tinuous improvement and development, this
kind of stent is available in three main types:
covered, partially covered, and uncovered
(Figure 2). Although the three types of SEMS
have been widely used clinically, the complica-
tions that they caused were distinguishing. A
variety of studies have reported that the con-
ventional uncovered SEMS caused complica-
tions, such as fistulae, bleeding, embedment,
recurrence of the tissue growth, and so on [14].
The main complication is tissue regeneration to
the mesh so that the stent is inserted into the
tumor tissue, leading to a new stenosis or
obstruction. In bare SEMS, about 17-36%
showed tumor ingrowth or overgrowth accord-
ing to the study [15]. In order to solve the com-
plications of tumor and granulation tissue
growth, a variety of polymer coated materials
were developed to completely cover the stent.
The covering polymer materials are mainly poly-
ester, silicone rubber, polyethylene, and so on.
However, new complications occur after the
covering. The covered SEMS became prone to
migration because of the smooth covering
structure [16], leading to the need for second-
ary surgery to take out the stent from stomach.
The most common complication of fully cov-
ered SEMS was migration (36.3%), followed by
pain and obstruction [17]. To prevent the stent
migration, partially covered SEMS began to
appear. The middle part of SEMS is covered but
the proximal and distal ends of SEMS are
exposed to allow embedding into the esopha-
geal wall, thus reducing the incidence of stent
migration. The disadvantage is that it increases
the difficulty of recycling and the risk of reste-
nosis. An interesting solution for migration, the
stent was anchored to the esophageal wall via
an endoscopic suturing device [18]. Benjamin
et al. reported in their randomized controlled
trial with 101 patients that endoscopic suturing
of FC-SEMSs for benign esophageal disease
reduces clinically significant stent migration
compared with unsecured FC-SEMSs [19]. In
another interesting method, the manufacturer
designed a double-layer stent, with an exposed
outer layer to prevent the stent from shifting
and a fully covered inner layer to prevent the
tumor from embedding. Hussain’s meta-analy-
sis showed that the displacement rate of the
double-layer stents was only 4.7%, and the
tumor embedding rate was only 11.2%, show-
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ing a good development prospect [20]. In gen-
eral, three types of SEMS have common com-
plications such as stent migration and tumor
tissue ingrowth. The differences in the migra-
tion rates among the various SEMS are not sta-
tistically significant [21].

SEMS with an anti-reflux valve

For patients with lower esophageal and cardiac
tumors, the incidence of gastroesophageal
reflux and the related complications after SEMS
implantation ranges from 20% to as high as
80% [22-25]. There was a recognition of the
need for an SEMS that would not only relieve
dysphagia but also reduce acid reflux and its
related complications, especially when the
patient is lying supine. Hence, anti-reflux stents
with one-way valves, rotators, or valves have
emerged that are effective at preventing reflux
and, to a certain extent, at preventing fibrous
connective tissue from growing in from the
lower edge of the stent [24, 26]. Sabharwal [27]
reported that there was no significant differ-
ence in the reflux rate between SEMS with an
anti-reflux sleeve and conventional SEMS used
in conjunction with a high-dose proton pump
inhibitor (14% vs. 8%; P=0.650). Coron et al.
[28] reported in their study that SEMS with an
anti-reflux valve is effective in preventing reflux,
but at the cost of an increased incidence of
complications such as migration and/or
obstruction of SEMS (55% vs. 18%; P=0.020).
These results suggest that the efficacy and
safety of several SEMS with anti-reflux valves
available currently were difficult to evaluate
due to the studies’ small sample sizes and the
variability in the anti-reflux features. Hence, the
routine use of SEMS with anti-reflux features
cannot be recommended. Further studies are
needed to determine whether anti-reflux fea-
tures can reduce the risk of gastroesophageal
reflux.

Drug-eluting and radioactive SEMS

Drug-eluting stents and radioactive SEMS can
also be used to treat cancer locally with chemo-
therapeutic drug membranes or radioactive
particles, in addition to relieving dysphagia.
Drug-eluting stents (DESs) are widely used in
the vascular and bile duct fields [29], but for
non-vascular organs such as the esophagus,
DES has been slow to develop, and there is no
clinical use of drug-eluting stents to treat
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esophageal cancer [30]. Drug-eluting stents
can carry chemotherapy drugs such as pacli-
taxel, docetaxel, fluorouracil, and rapamycin on
the surfaces of the drug-eluting stents [31-34].
While improving food intake, stents have the
effect of anti-tumor growth and reducing muco-
sal tissue hyperplasia, serving as the clinical
purpose of chemotherapy. This kind of localized
continuous delivery system combined with the
stent is a promising strategy for the treatment
of malignant esophageal cancer. The stent has
achieved certain effects in animal experiments.
Fan et al. evaluated the efficacy and safety of
paclitaxel eluting stents using a rabbit esopha-
geal cancer model [35]. Their studies showed
that in the 22 rabbits, compared with the SEMS
groups, the average tumor volume and tumor
areas of the drug-eluting stent groups were sig-
nificantly reduced. This brought a hopeful clini-
cal trial and a potential application. But deter-
mining the dose of the drug is and how to con-
trol the release mode and release time of the
drug is still technically difficult. To further study
the unidirectional controlled release drugs and
to improve the mechanical properties of stents,
researchers began to study a series of new
films featuring multilayered structures.

Tian developed multilayer membranes based
on a series of poly(caprolactone) (PCL) and
polyethylene glycol polymers, which contained
anti-tumor 5-fluorouracil [36]. The covering film
consisted of a backing layer that blocks the
release of anticancer drugs to the stomach and
a multi-layer drug layer on the surface, with dif-
ferent concentrations of drugs in different lay-
ers to achieve a one-way controlled release of
drugs. This multilayer film provides an attrac-
tive polymer-covered stent for the localized
treatment of stenosis or the occlusion of esoph-
ageal cancer. Similarly, Guo’s research team
has developed a bilayered polymer film loaded
with paclitaxel or 5-fluorouracil to treat unre-
sectable cancer in a porcine model [37, 38].
The bilayered polymer film consists of a layer of
50% PTX or 5-FU and a layer of drug-free back-
ing. Their results suggest that the esophageal
concentrations of the drug were the highest
compared with other organs. The new stent not
only relieved the dysphagia, it also provided a
functional local drug delivery device for esoph-
ageal cancer. These results suggest that this
type of drug-eluting stent has the potential to
improve and inhibit the growth of esophageal
tumors.
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Figure 3. A self-expanding plastic esophageal stent
(Polyflex stent, Boston Scientific, USA).

Radioactive SEMS are a preferred treatments
for advanced esophageal cancer. The stents
can carry I*?® radioactive particles, providing
radiotherapy for esophageal tumors while rap-
idly relieving dysphagia. Compared with ordi-
nary external radiotherapy, radioactive SEMS
can directly act on esophageal tumors, avoid
dose attenuation caused by distant irradiation,
and increase the dose of the radiation in the
target area, thus improving the efficacy.
Multicenter randomized controlled clinical tri-
als have confirmed that 1'?® radioactive SEMS
are safer and more effective than ordinary
esophageal stents, significantly extending
patient survival [39-45]. However, there is no
consensus on the size of the particles to
choose, the total dose of the particles, or how
to distribute them. If the stent placement is
inaccurate or the stent is displaced, it will fail to
achieve the therapeutic purpose of esophageal
tumors and cause collateral damage to the nor-
mal esophagus and the adjacent tissues.
Meanwhile, with continuous irradiation from
the I*25 particles on the tumor cells, local steno-
sis caused by tumors can be improved to vary-
ing degrees, further increasing the risk of scaf-
fold displacement.

Self-expanding plastic stents (SEPS)

Initially, since the self-expanding metal stents
that were available in the market were either
totally uncovered or partially covered, the bare
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metal wires in the SEMS could easily cause tis-
sue damage. Moreover, the contact and friction
between the tissue and the bare metal wire
would easily lead to granulation tissue hyper-
plasia, thus causing restenosis and difficulty in
extraction. These limitations demonstrate that
self-expanding metal stents are not the pre-
ferred treatment for benign stenosis. So
researchers began to set their sights on self-
expanding plastic stents.

Self-expanding plastic stents were made of
polyester plastic mesh and covered with a sili-
cone membrane [46] (Figure 3). The upper
opening of the bracket is large and bell-shaped
to reduce displacement. The inner diameters of
the middle and distal openings of the bracket
are the same. When placing the stent, the bari-
um line is placed at both ends and in the mid-
dle of the stent to facilitate X-ray examination
and positioning, and to facilitate endoscopic
examination of the corresponding barium line
position. The stent is marked with blue. A series
of prospective and multicentric studies sug-
gests that SEPS are competitive with metal
stents, with a similar efficacy but a lower cost
[47-51]. Compared with SEMS, SEPS have good
histocompatibility, rarely induce granulation tis-
sue reactions, cause less tissue inflammation,
and any restenosis complications at both ends
of SEPS are much less likely to occur. Besides,
the full covering on the stent prevents tissue
growth into the stent and reduces esophageal
restenosis, and it is easy to remove.

Because SEPS will not cause significant tissue
damage, good therapeutic effects have been
achieved in both benign and malignant esopha-
geal stenoses, esophagotracheal fistulas, and
postoperative anastomotic fistulas [52-56].
However, SEPS cannot be compressed due to
the limitation of the material, and because the
diameter of the conveying system is significant-
ly increased (12~14 mm), SO pre-expansion is
required first. Prominent problems with SEPS
include severe chest pain because of excessive
radial dilatation and stent migration due to
poor stent placement [57]. Conio et al. per-
formed a prospective controlled trial to com-
pare a new self-expanding polyester mesh
stent (Polyflex) with SEMS (Ultraflex), and their
study found that significantly more complica-
tions, especially late stent migration, were
observed in the Polyflex group [58]. Hence,
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SEPS were not often used for malignant esoph-
ageal strictures, but it is the only FDA-approved
self-expanding stent for benign esophageal
strictures. The advantages and disadvantages
of the different types of stents are listed in
Table 1. Finally, the selection depends on the
actual situation.

Biodegradable self-expanding stents

Due to the significant disadvantages of the
metal and plastic stents used in benign esoph-
ageal stenosis, biodegradable stents were
developed to reduce the complications. Stents
made of degradable synthetic polymers were
degraded and absorbed by the body within a
pre-determined period of time after they
achieved the therapeutic effect, which elimi-
nated the need for removing the stents. Two
stents are currently available: ELLA-Cs stents
with polydioxanone braid and PLLA stents.

PLA has already been used in clinical practice
such as with surgical sutures, the controlled
release of drugs, with endovascular stents, and
as a fracture internal fixation material. The
good histocompatibility, non-toxicity and de-
gradability of PLA have long been proved clini-
cally. In 2006, Tanaka et al. reported a new PLA
degradable stent, which consists of knitted
PLLA monofilaments, and its length and diam-
eter can be designed according to the patient’s
esophageal lesions. The radial strength of the
support was more advantageous than the com-
mon metal support on the market at that time
[59]. Saito and his team wove poly-I-lactic acid
(PLLA) monofilaments into an Ultraflex-type
stent and used the degradable stent to treat 13
patients with various esophageal diseases,
including esophageal cancer. They found that
no restenosis symptoms were observed during
the follow-up of 7 months to 2 years [60]. There
is also no need for further balloon dilation ther-
apy or the replacement of biodegradable
stents. However, some patients (10/13) experi-
enced stent spontaneous migration within
three weeks after the stent placement. At the
same time, the same research group continued
to use PLLA stents in the treatment of two
patients with benign esophageal stenosis, and
the results showed good postoperative healing
and no signs of restenosis symptoms within six
months. Therefore, PLLA stents provide a new
possibility for the treatment of benign esopha-
geal stenosis [61].
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The ELLA-CS stent is the only biodegradable
stent for the digestive tract. It was approved in
Europe for benign esophageal stenosis in 2007.
The stent is manufactured from woven polydiox-
anone monofilament [62] and is available in
four body diameters (18, 20, 23, and 25 mm)
with lengths ranging from 60 to 135 mm [63].
The middle backbone is cylindrical, and the two
ends are hemlines (Figure 4). The stent has
radiation permeability, so there are metal mark-
ers at both ends and in the middle of the stent
for appearing under the X-ray. Since the advent
of Ella-CS stents, they have been used to treat
a variety of esophageal diseases, including
chemical corrosive stenosis [64], digestive
esophagitis, anastomotic stenosis [65], and
achalasia. Van Boeckel et al. conducted a trial
comparing the efficacy and safety of self-
expanding plastic stents (SEPSs) with the
placement of biodegradable stents for the
treatment of RBES, and their results showed
that biodegradable stents are more effective
for providing long-term relief from dysphagia
and require fewer procedures than SEPSs,
offering an advantage [66]. However, biode-
gradable stents also have their limitations.
Repici et al. performed a prospective study of a
cohort of 21 patients with SX-Ella stents for
refractory benign esophageal strictures [67].
Their results showed that 55% still experienced
symptom recurrence of tissue ingrowth, and
three patients suffered severe retrosternal
pain after the placement. From this series of
research results we can conclude that, although
biodegradable stents have the advantage of
not requiring stent removal compared with
SEPS and SEMS, and they are expected to
become a kind of potential substitute, biode-
gradable stents still have some inevitable com-
plications such as shifting and tissue regenera-
tion [68], so further studies are needed.
Additionally, the unexpected biodegradation of
a stent after placement may lead to stent col-
lapse and mechanical strength reduction, thus
affecting the clinical effectiveness, a promi-
nent problem with biodegradable stents.
Studies show that the mechanical integrity of a
biodegradation stent is determined by its deg-
radation properties. The degradation process
of a BD stent depends not only on the proper-
ties of the materials, but also on the size and
structure of the stent, and the degradation is
also affected by the surrounding environment
like the temperature, the pH, and the type of
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Table 1. Advantages and disadvantages of the different types of stents

Materials

Advantages

Disadvantages

Rigid Plastic Esophageal Stents Rigid plastic

Self-expanding Metal Stents Stainless steel stent

Nickel titanium metal alloy

SEMS with Anti-reflux Valve
Drug-Eluting and Radioactive SEMS
Self-expanding Plastic Stents polyester plastic

Biodegradable Self-expanding Stents  Poly(L-lactic acid)
Polydioxanone

Nickel titanium metal alloy
Nickel titanium metal alloy

Good strength, relieve dysphagia almost immediately, prevent tumor
ingrowth.

Strong support, excellent plasticity, good structural compliance and can
adapt to bending deformation.

Better histocompatibility, excellent elasticity, moderate strength and
special softness.

Reduce acid reflux and related complications.

The effect of anti-tumor growth, reduce mucosal tissue hyperplasia, rap-
idly relieve dysphagia, directly act on esophageal tumors.

Low cost, good histocompatibility, less tissue inflammation and restenosis.

Good histocompatibility, non-toxicity and degradability, eliminated the
need for removing the stents.

Not suitable for tortuous strictures, high rate of complications.

Poor histocompatibility, tend to lead to obvious inflammation
and fibrosis of esophageal tissues.

Uncovered and partially covered SEMS have high risk of reste-
nosis, covered SEMS prone to migration.

Potential risk of migration and obstruction.

May cause collateral damage to the normal esophagus and
tissues, potential risk of stent migration after cure.

Require pre-expansion, having similar migration rate to other
fully covered stents.

Unexpected biodegradation may lead to stent collapse and
mechanical strength reduction.
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Figure 4. An SX-ELLA degradable esophageal stent
[66].

body tissue/fluid. The problem that such stents
need to prevent is hydrolysis before dysphagia
is alleviated. Hence, further studies are needed
to investigate the relationship between the deg-
radation rate of the stent and the availability in
the treatment of esophageal disease. The cur-
rent evidence is insufficient, so we need more
clinical cases to evaluate the relative efficacy
and safety of esophageal biodegradable stents.
At the same time, biodegradable magnesium
alloy esophageal stents and magnesium alloy
esophageal stents with anti-inflammatory
(dexamethasone) and anti-proliferative (pacli-
taxel) compound drug coatings have also
attracted attention, inspired by the application
of magnesium alloy stents in the cardiovascu-
lar system.

Contraindications

Many cases were considered to be contraindi-
cations when esophageal stenting was first
used. However, with the advances in stent tech-
nology and the emergence of novel stents,
great progress has been made in the treatment
of patients with malighant esophageal stenosis
who have technical difficulties in their early
treatment. Currently, there is no consensus on
the absolute contraindications to stent implan-
tation, but patients still need to choose care-
fully. (1) Stent placement is generally consid-
ered contraindicated in terminally ill patients
with a life expectancy of <4 weeks, and in
patients with distal obstructions, perforation,
intestinal ischemia, sepsis, or patients with
clotting disorders [69]. (2) Severe infections,
coagulation disorders, cardiopulmonary com-
plications, and other conditions that cannot be
tolerated during surgery. (3) The purpose of
esophageal stenting is to relieve the obstruc-
tion symptoms and to restore a normal diet.
Therefore, early stenting is not recommended
for patients with no significant restrictions on
their food intake. (4) Cervical esophageal can-
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cer is considered a relative contraindication
due to its high displacement rate and unbear-
able foreign body sensation after stent implan-
tation [70].

Complications

Esophageal stent placement complications can
be classified as early or delayed. Complications
that are encountered immediately or within 2-4
weeks after stent placement are called early-
term complications and include retrosternal
pain, foreign body sensation, migration, gastro-
esophageal reflux, perforation, and hemor-
rhage. Late-term complications are more com-
mon than the early ones and may be seen after
2-4 weeks, including migration, tumor ingrowth,
food impaction and fistulas. With the develop-
ment and advances in the stents and the deliv-
ery systems, early complications are decreas-
ing. However, the delayed complications and
re-intervention rates still remain a concern.

Retrosternal pain

Retrosternal pain is a common complication
after stent placement, and majority of patients
with esophageal stents have varying degrees of
pain [9]. On the one hand, it is related to the
expansion and compression of the stent that
causes the tearing of the esophageal wall and
local inflammation, especially after treatment
using a stent in the cervical esophagus [71].
Currently, a small-diameter stent has been
developed that can be placed in the cervical
esophagus [72]. On the other hand, it may be
caused by gastroesophageal reflux after the
stent placement. Gastroesophageal reflux is
mostly found in patients with lesions in the
lower esophagus or the cardia. However, the
occurrence of gastroesophageal reflux has
been effectively controlled after the develop-
ment of SEMS with an anti-reflux valve. In addi-
tion, these symptoms can be alleviated by acid-
suppressing and pain-killing drugs [73] and can
be removed according to the clinical conditions
if necessary.

Stent migration

A series of prospective studies and literature
reports have indicated that the rate of stent
displacement after esophageal stent place-
ment ranges from 0% to 40% [74, 75]. The dis-
placement rate of various supports is also dif-
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ferent due to the use of different materials and
the mechanical dilatancy. In general, the high
factors mainly include: the use of a fully cov-
ered stent, the stent diameter is too small, eat-
ing supercooled or overheated food after the
implantation of nickel-titanium stents, postop-
erative radiotherapy or chemotherapy to shrink
the tumor, insufficient expansionary force due
to the hydrolysis of the degradable stent, etc.
For malignant stenosis of the esophagus,
stents with anti-displacement functions such
as incomplete covered stents or double-layer
stents are selected as much as possible
according to the clinical situation to reduce the
displacement rate. At the same time, endo-
scopic suture technology can also effectively
prevent displacement [76, 77]. When the stent
is placed, it can be restored or recovered under
the endoscope if the stent has migrated or
become detached. However, severe complica-
tions, such as severe abdominal pain, intestinal
obstructions, and intestinal perforation, should
be promptly removed using surgical laparotomy
or laparoscopic surgery.

Hemorrhage

In general, there is a small amount of bleeding
at the early stage of the stent placement, but
the rate of massive bleeding requiring interven-
tion is less than 1% [78]. Strong retrosternal
pain or a foreign body sensation after the stent
implantation often indicates a risk of massive
hemorrhage, which should be monitored in clin-
ical practice.

Perforation

The rate of perforation is low, and it can easily
occur in the process of metal stent implanta-
tion. Multiple studies have reported perforation
in <1% of patients at or after SEMS placement
[79, 80]. Patients who had previously received
chemotherapy and/or radiation are more likely
to develop perforations. Full-thickness perfora-
tion is very rare and requires surgical manage-
ment [80].

Esophageal restenosis

Studies show that the incidence of restenosis
after stent placement is about 30% [81]. In
some cases, the insertion of tumor tissue into
the mesh of partially covered or uncovered
stents will reduce the rate of stent displace-
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ment but increase the risk of stent restenosis.
Another restenosis condition often occurs at
the upper and lower ends of the total coated
stent, resulting from the formation of tissue
hyperplasia caused by esophageal peristalsis
and shear force between the upper and lower
mouth. It can be treated with lasers, micro-
waves, or argon knives using an endoscope
after the restenosis, and the “stent-in-stent”
technology is also an interesting approach [82].

Others

In addition, there are some less-frequent com-
plications, but they are also reported in a large
number of case statistics, such as food impac-
tion, esophagotracheal fistulas, tracheobron-
chial compressed dyspnea, mediastinal organ
compression, arrhythmia, fever, etc.

Summary

Esophageal cancer causes a considerable pro-
portion of cancer-related deaths worldwide.
Dysphagia is one of the main symptoms of
advanced esophageal cancer, and it seriously
affects patients’ quality of life. Using esopha-
geal stents for the treatment of dysphagia are
the main reason that esophageal malighancies
cannot be treated surgically. In 1983, Frim-
berger first reported on the success of metal
stents for treating esophageal stenosis, which
ushered in a new era of esophageal cancer
stents. Then SEPS and biodegradable stents
appeared. The indications for stents have also
been extended from the initial malignant stric-
tures to a variety of benign diseases. Although
these stents have been used clinically for many
years, there are still many unresolved complica-
tions. So we urgently need to develop novel
stents to overcome the shortcomings of the
existing stents.

The design of the esophageal stent, starting
from the first generation of rigid plastic esopha-
geal stents, has been slowly evolving into other
types of stents in clinical applications, includ-
ing self-expanding metal stents (SEMS), SEMS
with anti-reflux valves, drug-eluting and radio-
active SEMS, self-expanding plastic stents, and
biodegradable self-expanding stents. The
design principle of the stent is to relieve dys-
phagia and reduce the complications at the
same time. As yet, there is no perfect stent
such that all complications can be resolved.
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The fully-covered SEMS reduces the restenosis
rate, but the migration rate is higher than bare
SEMS. Partially covered SEMS has better
anchoring properties and less potential migra-
tion, but hyperplastic tissue reactions can eas-
ily occur. Likewise, SEPS decreases reactive
tissue inflammation, but the higher rate of stent
migration limits its clinical application. A SEMS
with an anti-reflux valve brings the advantage
of having a good effect on lower esophageal
lesions. However, it still carries the risk of food
obstructions. The stents currently available
have their own advantages and limitations.
Radioactive and drug-eluting SEMS and biode-
gradable stents may be the research direction
of esophageal stents in the future. The advan-
tages of radioactive and drug-eluting stents are
that they relieve dysphagia while inhibiting
tumor cells and prolonging patient survival. But
its efficacy and safety remain to be studied.
The advantage of biodegradable stents is that
they don’t need to be removed. However, there
is still a risk of its collapse due to hydrolysis,
which does not satisfy the initial assumptions
of researchers. Future esophageal stents
should be designed with a low complication
rate and the ability to tailor them to meet indi-
vidual needs at much lower cost.
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