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Abstract

Endoscopic luminal stenting (ELS) represents a minimally invasive option for the
management of malignant obstruction along the gastrointestinal tract. Previous studies
have shown that ELS can provide rapid relief of symptoms related to esophageal,
gastric, small intestinal, colorectal, biliary, and pancreatic neoplastic strictures without
compromising cancer patients’ overall safety. As a result, in both palliative and
neoadjuvant settings, ELS has largely surpassed radiotherapy and surgery as a first-line
treatment modality. Following the abovementioned success, the indications for ELS
have gradually expanded. To date, ELS is widely used in clinical practice by well-
trained endoscopists in managing a wide variety of diseases and complications, such as
relieving non-neoplastic obstructions, sealing iatrogenic and non-iatrogenic
perforations, closing fistulae and treating post-sphincterotomy bleeding. The
abovementioned development would not have been achieved without corresponding
advances and innovations in stent technology. However, the technological landscape
changes rapidly, making clinicians” adaptation to new technologies a real challenge. In
our mini-review article, by systematically reviewing the relevant literature, we will
discuss current developments in ELS with regard to stent design, accessories,
techniques, and applications, expanding the research basis that was set by previous

studies and highlighting areas that need to be further investigated.
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Core Tip: Endoscopic luminal stenting (ELS) represents a well-established minimally

invasive option for the management of malignant obstruction in the gastrointestinal




tract. Following this successful application, recent advances in stent technology have
gradually expanded the use of luminal stents in the management of various other
disorders and complications. In this rapidly evolving field, clinicians are urgently
required to learn new skills in order to advance their current practice. In an effort to
facilitate this process, this article summarizes the current knowledge on ELS and

highlights areas that need to be investigated in future studies.

INTRODUCTION

Gastrointestinal intraluminal stents (GISs) are short metal or plastic artificial tubes of
different shapes that are endoscopically placed into the lumen of an anatomical channel
to restore and maintain its patency. The medical procedure that leads to the endoscopic
placement of GISs into the lumen of a hollow viscus of the GI tract (esophagus,
stomach, duodenum, intestinal, colorectal) is named endoscopic luminal stenting (ELS)
whereas the inserted GISs are named endoprostheses [,

Historically, the first use of GISs dates back to 1885 when Sir Charters Symonds, a
British-Canadian surgeon, was the first who successfully placed a boxwood
endoprosthesis developed for blind oral insertion in a patient with esophageal cancer [21.
Thereafter, the technology of GISs was improved to improve stent elasticity and
facilitate insertion, with different designs and materials, such as latex, silicone, and
polyvinyl becoming popular in the mid-1970s. However, all these modifications were
including semi-rigid tubes of a fixed diameter that required dilatation to be performed
prior to their placement, compromising the safety of stenting. To overcome this
drawback, a new type of GISs named self-expandable metal stents (SEMS) entered the
global market in the early 1990s. This kind of softer GISs rapidly evolved into the gold-
standard therapeutic option for the management of malignant esophageal obsﬁuction,
irreversibly displacing their more rigid predecessors [2. Nowadays, growing
experience and technical advancements progressively widened the indications and
increased the use of GISs in the management of a variety of other diseases, making

clinicians” adaptation to new technologies a real challenge. In this mini-review article,




we provide a concise overview of the current knowledge on GI stenting, aiming to aid
clinicians to advance their current practice and to highlight gaps that need investigation

in future studies.

2. SEARCH STRATEGY

PubMed, Cochrane Library, Medline Scopus-clinical trial register, and Web of Science
databases were initially searched by two of thbauthors (M.M. and K.A\) to retrieve
studies reporting data on GIS from inception up to September 2022. The following
Medical Subject Heading [MeSH] terms alone or matched by the logical operators “OR”

i

or “AND” were used: “ GI stents’, ’stents’, endoscopic retrograde
cholangiopancreatography’, ‘ERCP’, GI malignanch' ‘Crohn Disease’, ‘CD’,
‘inflammatory bowel disease’, ‘IBD’, ‘bariatric surgery’. A manual search of the article
reference lists and abstracts from Digestive Disease Week, United European
Gastroenterology Week, and European Crohn’s Colitis Organization congresses were
also conducted up to September 2022. A total of 3.988 references were retrieved. Old,
repetitive, and non-English studies were excluded. After an initial title screen, each

relevant article was subsequently reviewed and 161 representative scientific papers

were finally quoted.

3. TYPES OF STENTS

By systematically reviewing the relevant literature, it became evident that nowadays,
there is a wide variety of stent types available, corresponding to the wide variety of
tissue shapes and mechanical characteristics of the GI tract. With regards to the material
used in the creation of a stent, GISs are grouped into three main categories that include
metal, plastic and biodegradable stents. Different stents serve different purposes
according to their individual sets of physical characteristics, with the main advantages
and disadvantages of the different available types of stents being shown in Table 1.

3.1 Metal stents




Among the different types of GISs, the most common stents used in gastroenterology
are SEMSs [Figure 1]. SEMSs are made of stainless steel or nitinol and are cylindrical in
shape with a funnel-like flange at one or both ends. These metal alloy compounds make
the stent cylinder flexible, with nitinol, a nickel-titanium alloy, having shape memory
and more hyper-elastic characteristics compared to its counterpart. These characteristics
have given nitinol an advantage compared to stainless steel and allowed the
development of different designs such as braided or knitted stents that increased the
utility of metal stents [3l.

Contemporary SEMSs are woven, knitted, or laser-cut nitinol mesh cylinders packed in
a compressed form and constrained around a delivery device [451. These cylinders
gradually decompress over deployment, allowing the stents to self-expand to their
maximum fixed diameter. Compared to the laser-cut, the braided or knitted SEMSs
have a lower kinking effect when deployed and allow the placement of another stent
across their mesh 7. However, contrary to laser-cut SEMSs, they have a lower radial
and axial force and a higher foreshortening property that make these stents less
predictable after deployment and hence, less suitable for placement into channels that
are straight, narrow, and tight such as those in the biliary tree [67l. Despite these
advantages, some laser-cut stents have pointed struts at their distal end incurring tissue
reaction from the direct piercing which can complicate their removal, limiting their use
[6-7],

Early SEMSs were uncovered and carried a significant risk of obstruction secondary to
tumor ingrowth Bl This drawback reduced the popularity of uncovered SEMSs as
epithelialization was found to occur from 3 to 6 wk after their placement in 13% of
patients °l. To overcome this drawback, partially covered SEMS (PCSEMSs) were
developed 8101 [Figure 2]. PCSEMSs had a synthetic material cover around their body
that was acting as a barrier to tissue ingrowth into the lumen of the stent; however, their
ends remained uncovered, allowing the development of hypertrophic granulation at the
exposed sites making difficult their reposition or removal. This drawback confined the

use of PCSEMSs to patients with inoperable malignancy!!-13l. Fully covered self-




expanding metal stents (FCSEMSs) were then designed to overcome the drawbacks of
all other metal stents [Figure 3]. Although FCSEMS successfully dealt with tumor
ingrowth or overgrowth, they were predisposed to migration, because their outer cover
prexented stents from being embedded into the tissue 4. This led to the development
of the covered Gianturco Z stent (Wilson Cook Medical, Letchworth, England), a
polyethylene-coated stainless steel stent, that was specifically designed to prevent
migration. This stent had wide distal and proximal ends and strong hooks in the
middle, allowing the stent to be held inside the tumor. Compared to FCSEMSs, the
Gianturco Z stent was associated with lower migration rates but migration remained a
significant problem for approximately 10% of cases. Subsequent developments led to
other kinds of anti-migratory stents characterized by the presence of a partial cover,
flared ends, or a double stent design that managed to further reduce the migration rate
of SEMSs to an average of 5% 1517,

3.2 Plastic stents

Plastic stents (PSs) represent the second broad category of GISs. GISs were initially
used for the management of inoperable malignant GI obstruction. The first PSs were
semi-rigid tubes that were composed of polyvinyl plastic. These stents were effective in
more than 80% of cancer patients; however, they were associated with significant
complications such as migration, food impaction, and perforation in up to 10% of them
[18]. Conversely to the first PSs, contemporary PSs are made of polyethylene, which is a
softer plastic with superior molding capabilities. Nowadays, PSs are exclusively used
in the management of various pancreatic-biliary disorders and complications, such as
strictures and fistulae, as first-line and cost-effective therapeutic options [1?].
Self-expanding plastic stents (SEPSs) represent another category of PSs designed to
increase their utility. SEPSs are devices with monofilament braid composed of
polyester, with their mesh being fully coated by silicone [Figure 4]. This coating is an
inherent advantage of this kind of stents as it prevents impaction. However, it facilitates
migration to a significant extent (6.7-52.4%) which limits their popularity.

3.3 Biodegradable Stents




To overcome the drawbacks of metal and plastic stents, a novel typ stents named
biodegradable stents (BDSs) were developed. BDSs are composed of biodegradable
materials (i.e., polyesters, polycarbonates, bacterial-derived polymers, and corrodible
metals) and after deployment exert a continuous radial tension for a defined period of
time that ranges between 6 to 8 wk. After this period, BDSs undergo gradual
hydrolysis-mediated self-degradation (8-12 wk), preventing tissue ingrowth and the
necessity for second endoscopy for stent removal [20211. As yet, two types of BDS have
been tested in humans. These stents were made of knitted poly-L-lactic acid
monofilaments with the first being produced by Marui Textile Machinery of Osaka in
Japan which is not currently available, and the second by ELLA-CS from the Czech

Republic which is still in the market 122241, [Figure 5]

4. COMMON APPLICATIONS & COMPLICATIONS OF ELS

Over time, there have been made significant changes in the way GISs are used in the GI
tract. GISs were initially used only to treat malignant esophageal obstruction; however,
in the past decade, their use was expanded to include various other GI pathologies,
E‘lproving patients” quality of life. The current list of the indications for ELS has
expanded to include a variety of malignant strictures, obstructions, external
compressions of the GI tract, malignant GI perforations and fistulae, and selected cases
of benign strictures that are resistant to repeated balloon dilation or surgical bougienage
that are not confined to the esophagus. However, the different applications of ELS are
associated with different complications. In this section, we describe the most common
applications of stenting and their associated complications per area of interest in the GI

tract.
4.1 Applications in the Esophagus

4.1.1 Malignant strictures




ELS plays a crucial role in the management of strictures associated with esophageal
cancer as cancer patients are candidates for surgical resection in less than 50% of the
cases due to advanced or disseminated disease. In these patients, obstructing cancer
causes significant problems, with dysphagia being their major complaint. Several
therapeutic modalities are used alone or in combination for the management of
malignant dysphagia, including laser ablation, photodynamic therapy, argon plasma
coagulation, intraluminal brachytherapy, external beam radiation therapy,
chemotherapy, and stenting. Among the different available options, SEMSs are
currently indicated for all cancer patients who are expected to live less than 3 mo and
have poor performance status as they provide rapid relief from dysphagia within 1-2
days after their insertion [®l. Instead, for those patients expected to live longer,
brachytherapy alone or in combination with SEMSs is indicated because brachytherapy
has been found to be associated with better quality of life, better symptom control, and
increased survival. [25]

Among the different available types of SEMSs, no significant differences were found
between FCSEMSs and PCSEMSs. However, special attention is required for cancer
patients that develop dysphagia after radiotherapy because in these patients radiation-
induced changes can increase the risk of stent-related adverse events. In this difficult
patient population, the placement of SEMS cannot be excluded because the available
evidence regarding the relationship between previous treatment and stent-related
adverse events is controversial. (2271

With regards to PSs, semi-rigid PSs and SEPSs are inferior to SEMSs in the management
of dysphagia, because they are associated with more adverse outcomes such as
perforation, bleeding, pain, migration, and fistulization. Therefore, plastic stents are
currently excluded from the management of cancer-related dysphagia 25271

Conversely to the other stent types, the role of BDSs in the management of malignant
dysphagia is not fully elucidated. Preliminary experience shows that BDSs can relieve
dysphagia by restoring the patency of the lumen, with their short life span preventing

patients from undergoing repeat endoscopy for stent removal. However, their use is




associated with high-risk complications in up to 50% of the cases, such as severe
retrosternal pain with or without vomiting, hematemesis, and dysphagia recurrence. In

light of these findings, the use of BDS is not advised [25-301.

4.1.2 Extrinsic compression

Other than dysphagia associated with esophageal cancer, extrinsic esophageal
compression can also cause dysphagia in patients with extraesophageal malignancies.
The use of SEMSs in the management of this type of dysphagia shows encouraging
results; however, their placement is associated with a lower success rate compared to

their application for intraluminal pathologies [311.

4.1.3 Tracheo/broncho-esophageal fistula

Tracheo/broncho-esophageal fistula is a rare complication of esophageal cancer. It
results from the infiltration of esophageal cancer to the respective neighboring
anatomical structures. This complication is associated with increased morbidity and
mortality, with the main goal of treatment being to improve patients’ quality of life.
Several modalities are used to treat this complication, including the use of feeding
gastrostomy/jejunostomy tubes and SEMSs. Although all modalities are effective in the
management of malignant fistulas, SEMSs are associated with better quality of life as
they preserve oral nutrition. Taking this into account, together with the fact that SEMSs
are placed with high clinical and technical success (up to 100%) in some series, the
European Society of Gastrointestinal Endoscopy (ESGE) currently recommends SEMSs’
placement for the management of malignant fistulas. Based on available evidence, no
recommendation can be made as per a specific category of SEMSs. However, FCSEMSs
may be preferable as their migration rate is lower and their removal is easier compared
to PCSEMSs (341,

4.1.4 Bridge to surgery




For operable esophageal cancer, the preoperative nutritional status interferes with the
surgical outcomes and hence, patients” prognosis. In an effort to prevent malnutrition
and improve survival, the use of preoperative ELS is an interesting new concept. So far,
among the different available stent types, only SEMSs were studied, with gathered
evidence showing no significant benefit. Therefore, ESGE does not currently

recommend SEMS placement as a bridge to surgery in patients with esophageal cancer

[34],

4.1.5 Benign strictures

Following the high success rate of ELS in the management of malignant obstruction, the
use of stents is expanded in the management of benign strictures. Benign strictures are
relatively common in clinical practice and are commonly encountered after caustic
substance intake, esophageal surgery, radiation, or advanced polypectomy techniques
[35-38], The current standard of therapy for benign strictures includes endoscopic dilation.
However, all types of benign strictures are not amenable to dilation. Benign strictures
that have lengths>2cm or diameters> 11mm, have irregular edges, or are angulated
represent a special kind of strictures that is called “complex” and do not respond to
endoscopic dilation. For this kind of strictures as well as for strictures that do not
respond to biweekly dilatations to reach a target diameter of 14mm after 5 wk of
treatment or to maintain the target diameter over a 4-week period after the last
dilation, ELS can offer an alternative solution to surgery. However, prior to stenting, it
is essential to ensure that the stenosis is not malignant and to quantify the severity of
dysphagia so that clinicians become able to assess the efficacy of their subsequent
intervention. [39-40)

Among the different available stent types, SEPSs, PCSEMSs, FCSEMSs, and BDSs have
all been studied in the management of benign strictures that do not respond or recur
after dilation. Available evidence on clinical success did not point out significant

differences B>l Therefore, the clinical decision of selecting a specific type of stents




over the others is driven by weighing up the data on their safety. So far, enough
evidence exists only for SEPSs and SEMSs, giving an advantage to FCSEMSs whereas
for BDSs are scarce. Hence, it is of no surprise that ESGE currently recommends only
the use of FCSEMSs in the treatment of refractory benign esophageal strictures [34].
Throughout the literature, the optimal duration for leaving a stent in situ remains
elusive. Therefore, it is currently suggested that stents should remain positioned for at
least 6 wk and for no more than 12 wk because this is the time period that is required
for stricture remodeling and for avoiding stent embedment [41-43],

4.1.6 Anastomotic leaks

Esophagectomy plays a key role in the management of various malignant and benign
conditions, such as cancer, neuromotor dysfunction, scleroderma, acute perforations,
and acute caustic injury. Esophagectomy is a high-risk procedure that was associated
with increased morbidity and mortality; however, recent advances in surgical
techniques and perioperative management improved patients’” outcomes. Despite
advances, esophagectomy remains a complex procedure. Anastomotic leaks are rare but
serious complications that implicate approximately 8.3% of esophagectomy cases even
in specialized centers [#l. Anastomotic leaks lead to septic complications, such as
abscesses, and fistulas that can be fatal in 30% to 40% of the patients postoperatively [27].
Their management requires immediate treatment in the intensive care unit with
intravenous fluid administration, perianastomotic drainage, parenteral feeding,
nasogastric decompression, and intravenous antibiotics [4°].

For the management of patients with anastomotic leaks, ELS plays a crucial role and
should be performed immediately to prevent mediastinal contamination and facilitate
the transition from parenteral to enteral nutrition 10l However, if this is not possible,
delayed insertion should be also attempted as it contributes to the healing of the
anastomosis.

In general, for esophageal leaks, uncovered SEMS have no role in the management of
anastomotic leaks. Instead, covered SEMSs and SEPSs achieve great outcomes, with

success rates for leaks’ closure ranging from 60 to 100% and are preferred [4649].




However, following successful deployment, a contrast agent should be injected to
confirm that the leak is closed. Thereafter, the endoprosthesis should be left in situ for a
period that ranges from 14 to 28 days, with removal being decided after radiologic
confirmation of the complete leak healing and the absence of septic complications [30-52].
Common complications of esophageal stenting

Esophageal stenting is not a risk-free procedure with complications being divided into
early and late complications. The early complication rate of esophageal stenting,
defined as the rate of complications that occur within the first week after successful
deployment, is around 20% which can be subdivided into 14.6% for clinical
complications (pain 12%, perforation 0.6%, bleeding 0.6%, and mortality 1.4%) and 5.3%
for technical failures (misplacement 0.3%, expansion/deployment failure in 3.9/0.8%,
and stent migration in 0.3%). Late complications include technical failures (stent
migration in 7% of casgg), lump complications (tissue ingrowth in 11.3% of cases), and
clinical complications (gastroesophageal reflux in 3.7% of cases, recurrent dysphagia in
8.2%, esophageal fistula in 2.8% of cases, hemorrhage in 3.9% of cases, esophageal
perforation in 0.8% of cases) %351, However, the complication rate is not the same for all
stent types and for all cases. For example, PSs have lower rates of migration and they
can also be removed easier whereas metal stents can cause dysphagia as the tumor
progress. Likewise, stents that are placed near the gastroesophageal junction migrate
more easily, whereas those extending to or above the level of the aortic arch were more
likely to cause bleeding with the reason for this adverse event being debatable and
pressure-induced necrosis of the tumor and the esophageal wall being the one plausible
explanation [5-57]. An overview of the most common complications that complicate
esophageal stenting is given in table 2.

41  Applications in the Gastroduodenal tract

Similarly to the esophagus, in the gastroduodenal tract, advanced, metastatic, or
inoperable cancer that causes obstruction, most of the time is treated with SEMSs, as
curative resection is not possible in 40% of cases of gastric and 20% of cases of

pancreatic cancer [58-61l. The same applies to cases where the obstruction is due to




extrinsic compression from neighboring inoperable tumors (6162 In these cancer cases,
stenting can offer an alternative therapeutic option to palliative surgery providing
symptom relief in patients with short life expectancy, but with lower morbidity and cost
compared to palliative surgery [63-64]. The superiority of stenting over palliative surgery
was sho&n in a prospective randomized trial performed by Mehta et al In this trial, the
authors found that duodenal stenting was better than surgical gastrojejunostomy for the
treatment of malignant gastric outflow obstruction in terms of morbidity, surgical pain,
hospital stay, and 30-day quality of life (6365, The results of this trial were later
confirmed in two subsequent analyses performed by Ly et al and Rodriguez al. who
reported the same mortality and morbidity rates for duodenal stents over palliative
surgery [%-¢7 With technical success rates of 89% to 100% and clinical success rates
ranging from 72% to 88%, the American Gastroenterology Association currently
suggests SEMSs for patients with malignant obstruction who are poor surgical
candidates whereas for patients who are fit for surgery with greater life expectancy than
2 mo suggests laparoscopic gastrojejunostomy (1. However, the presence of multiple
strictures that cannot be reached by endoscopists in situations like peritoneal
carcinomatosis or in patients that had previous operations are contraindications to
duodenal stenting.

With regards to other pathologies, in case of perforation or bleeding, duodenal stenting
can rarely be of help, whereas it can be considered for cases of benign strictures that are
resistant or refractory to endoscopic dilation in patients who are poor surgical
candidates [671. However, in these cases, BDSs and extractable stents are preferred.
Common complications of gastroduodenal stenting

Table 3 shows the most common complications associated with gastroduodenal
stenting. These complications are classified as either early or delayed and require
immediate intervention [8-6°, Early complications develop within 1 wk of stenting and
mainly include stent migration, obstruction, cholangitis, pain, perforation, bleeding,
and misplacement whereas late complications develop after this period of time and

mainly include stent migration, obstruction, perforation, fistula formation, and stent




fracture 7071, Overall, the coplication rate of duodenal stenting ranges between 12
and 44%. More specifically, stent occlusion due to tumor ingrowth or overgrowth
occurs in 9% to 26% of patients with time to stent occlusion being estimated at 1.6 mo
for patients with pancreatic cancer and 4.3 mo for those with other malignancies.
Likewise, cholangitis secondary to papilla compression from stenting complicates the
procedure in 2 to 6% of patients with non-pancreatic cancer and in 59% of those with
pancreatic cancer, whereas perforation due to the strong axial force exerted by metal
stents in up to 14% of patients, with concurrent dilations, attempts to pass the stenosis
with the endoscope and concurrent use of corticosteroid medication, chemotherapy,
and radiation being the major predisposing risk factors. As for the other complications,
stent migration complicates stenting in 2% to 10% of patients, pain in 2 to 8%, and
bleeding in up to 6% of patients whereas fistula formation is a rare adverse outcome [72I.
4.4 Applications in the Large Intestine

With regards to the applications of stenting in the large intestine, following the
advances in stent technology, the indications for intraluminal stenting have increased
over the last two decades. First, colonic stenting (CS) is used for palliation in all patients
who are poor surgical candidates or have inoperable cancer, metastatic or fistulizing
disease, with patients treated or who are to be treated with antiangiogenic drugs being
excluded as these drugs carry a threefold increased risk of causing perforation. In
cancer patients with short life expectancy, CS aims to improve quality of life by offering
an alternative less morbid option to palliative surgery, whereas in those with longer life
expectancy, aims to prolong survival by accelerating access to chemotherapy and by
preventing the morbidity that is associated with surgery. Among the different available
types of stents, SEMSs are currently the best option for palliation as they achieve
sustained symptomatic relief in more than 70% of patients for a time period that ranges
from 6 to 12 mo [73-74],

Except for palliation, this kind of stents is also used by clinicians as a temporary
measure to relieve malignant obstruction in operable cancer patients, eliminating the

need for an emergent operation which is associated with high morbidity (40-60%) and




mortality (8-20%). The use of SEMSs as a bridge to surgery is a highly effective
approach, with technical success, defined gs the appropriate insertion of SEMSs across
the stenosis, being achieved in 90%, and clinical success, defined as the resolution of
malignant obstruction with symptomatic relief, in 70% of the cases. With this approach,
clinicians do not only avoid emergent surgeries, but also acquire the time they need to
accurately stage the disease, optimize patients’ condition, avoid emergent multiple-
stage surgery with the creation of a temporary or permanent ostomy, give neoadjuvant
therapy, and generally prepare their patients for elective surgery. The elective surgery
is less morbid and is performed as a one-step procedure 8 to 10 days after the placement
of SEMSs, with the presence of SEMSs not being a problem to surgeons since they can
be removed together with obstructing cancer. This approach is useful for patients with
curable left-sided colonic cancer who have an increased risk for postoperative mortality;
however, it cannot be applied to those with rectal tumors because, in the rectum, the
placement of SEMSs causes debilitating symptoms such as discomfort, pain, tenesmus,
and incontinence [75-76].

Following the successful use of SEMSs in the management of malignant
obstruction, their use expanded to the management of the obstruction caused by
compression of the bowel from extraintestinal malignancies such as pelvic tumors and
peritoneal carcinomatosis. In these cases, current literature shows that SEMSs could be
used as alternative therapeutic options to surgery; however, their use is characterized
by lower technical and clinical success rates compared to those achieved for colonic
cancer [771.

Anothernapplication of CS is in the management of obstruction caused by various
benign conditions including diverticular disease, Crohn’s disease, radiation therapy,
and anastomotic strictures. In these cases, the placement of SEMSs was found to be
associated with an increased risk of complications and is not recommended. However,
it can be useful in patients who are poor surgical candidates or who have strictures that
are not amenable to other therapeutic modalities. No advice can be given with regard to

other stent types [78-801,




A final indication for stenting in the large bowel is in the management of anastomotic
leakage which is a worrisome complication after colorectal surgery, especially in low
colorectal or coloanal anastomosis. In the management of anastomotic leakage, SEMSs
and BDSs are used. Both stent types are placed for 2 mo and are used in conjunction
with percutaneous drainage of abscesses to promote the healing of the anastomosis.
With this approach, it is obviated the need for surgical reintervention that is associated
with prolonged hospitalization, increased morbidity, and death. The technical success
of stenting reaches 100%, with a clinical success of 80-100%. However, its application is
restricted to anastomoses that are less than 5cm above the anal verge because it is
associated with an increased risk for migration. In these cases, alternative therapeutic
options such as injection of fibrin sealant and clips should be considered [41, 79-81}. All
common applications of colonic stenting are listed in table 4.

Common complications of Large Intestinal stenting

CS is regarded as a low-risk procedure, with an associated morbidity of 20%, low
mortality, and infrequent need for surgery and stoma [4282I. However, the complication
rate of CS increases in the presence of several predisposing factors such as SEMS caliber
< 22 mm, the presence of complete luminal obstruction, right colon malignancy,
extraintestinal lesion, and positive history of radio-chemotherapy [438557 The most
common complications associated with CS are classified as either early or late
depending on the time period they present following the successful insertion of
stents. The early complications usually develop within the first week after stenting and
include perforation, bleeding, and stent malpositioning, whereas the late complications
develop later and include pain, stent migration, obstruction recurrence, perforation, and
fistula formation 2. Every time clinicians have a suspicion of a stent-related
complication, the most common modality that can be used to investigate patients is
computed tomography (CT). Among the different complications, pelvic or rectal pain is
a common complaint of patients with metal stents and is a complication that does not
need CT imaging for establishing the diagnosis. For nearly all the other complications,

CT imaging is particularly valued (53],




Immediately after CS, patients with obstruction are expected to show clinical
improvement. If this improvement does not occur and is associated with persistent pre-
stenotic dilatation in radiological imaging, malpositioning or incomplete expansion of
the stent should be suspected. Stent malpositioning occurs whenever a stent is deployed
more distally and does not cover the full extent of the stricture and requires immediate
treatment. Ehis complication can be recognized both on a radiograph or CT by
observing the discrepancy between the position of the stent and the site of the
obstructing tumor. The differential diagnosis between malpositioning and incomplete
expansion is relatively easy to be made since in the case of incomplete expansion the
stent maintains its hourglass shape on CT [Figure 6] [1943.8385587] Bleeding is a minor
complication of CS that occurs in 5% of cases. Most of the time, it is of low severity and
ceases spontaneously. CT imaging is not required for making the diagnosis but in cases
where CT is requested for other reasons, the diagnostic hallmark is the presence of
hyperdense content within the intestinal lumen [19438385 871 Conversely to bleeding,
perforation is a dreaded complication of CS because it is associated with an estimated
mortality of 10%. It occurs in 5% of the procedures with previous irradiation,
concurrent dilatation, and excessive manipulation of guidewires during endoscopy
increasing the risk for this complication in the early postinterventional period.
However, perforations can occur anytime after stenting with some cases being reported
even after 6 mo from stenting. Contrary to early perforations, those occurring late are
caused by different factors such as systemic chemotherapy. CT imaging is of particular
value in making the accurate diagnosis in all but especially in clinically silent cases.
[19,43,83,85,87] Among the different complications of CS, migration is the most frequent. It
occurs in up to 50% of the patients undergoing this procedure. Small and/or short
and/or covered stents as well as concurrent chemotherapy, partial luminal obstruction,
extraintestinal lesions, and rectal tumors are all significant factors that predispose to
migration. Migration can be asymptomatic or lead to other complications such as
obstruction and perforation. Endoscopic repositioning, removal, or replacement may be

necessary for symptomatic patients [1243838587] T ess frequently than migration, colonic




stents can be occluded, leading to symptomatic recurrence. Stent occlusion is caused by
tumor ingrowth or overgrowth or the impaction of fecal material. Depending on the
etiology, the endoscopic or medical relief of the occlusion should be considered 1835 871,
45  Applications in the Biliary system and Pancreas

In the biliary system and pancreas, the placement of stents allows minimally invasive
management of obstruction from benign to malignant causes with high technical and
clinical success rates [19 84l Initially, it was promoted the use of stents with a double-
pigtail design to prevent upward migration, but over time, the use of straight stents
with side flaps prevailed 5°. Nowadays, various plastic and metal stents with various
shapes, diameters, and lengths are available for use in the biliopancreatic system.
However, PSs are generally preferred for most of the benign indications that are

outlined in the following paragraphs and metal stents for palliative treatment.

45.1 Applications in the biliary system

4.5.1.1 Benign biliary strictures
One common indication for stenting in the biliary system is the management of benign
biliary strictures (BBSs). These strictures can be caused by post-operative injury
(particularly after cholecystectomy), anastomotic injury following orthotopic liver
transplantation (OLT), primary sclerosing cholangitis (PSC), post-endoscopic
sphincterotomy (ES) and other less frequent conditions, such as radiation therapy,
IgG4-related disease and portal biliopathy [%0-911

Irrespective of the etiology, BBSs require immediate treatment with stenting playing a
central role in their management. The choice of the type and number of stents that are to
be used mainly depends on the etiology of BBSs. For a dominant bile duct stricture in
PSC patients, defined as stenosis of the common bile duct with a diameter of <1.5 mm
and/or stenosis of the hepatic duct with a diameter of <1.0 mm, a single plastic stent
may be adequate, although, for the majority of other strictures, progressive dilation

with the insertion of two or more plastic stents is the common practice [9%l. Several




clinical trials pointed out the high clinical success of the placement of PSs after
progressive dilatations for relieving the obstruction in patients with either anastomotic
or non-anastomotic post-OLT, or post-endoscopic sphincterotomy strictures 4%l
However, a significant drawback of this approach is the requirement of repetitive
endoscopic procedures over a short period of time, which compromises patients’
quality of life and concurrently increase healthcare costs. SEMSs overcome this
drawback. This is because they can be positioned without dilation and permit the
resolution of a benign stricture without the need for progressive stent switching (%1,
However, among the different available SEMSs, uncovered SEMSs and PCSEMSs are
not advised for the treatment of BBSs. This is because they allow tissue ingrowth and
overgrowth that lead to the development of new strictures and/or to the premature
occlusion and embedment of these stents into the biliary system. Instead, FCSEMs do
not have these limitations. However, due to their full cover, they have increased risk for
migration with reported rates approaching 45% in some series [97-10], This led to the
development of a novel type of FCSEMSs, named anti-migratory stents that prevent this
complication 1% 101102] [ Figure 7].

4.5.1.2 Biliary stones

ELS can be also used in cases where complete clearance of common bile duct (CBD)
from stones is not achieved, and the placement of stents is required to maintain
uninterrupted bile flow into the duodenum [103104 This approach entails the use of
straight and double pigtail PSs that range in diameter from 23 to 3.3 mm
(corresponding to 7 and 10 Fr respectively) and does not provide a definite therapeutic
option. However, it serves as a temporary measure until complete clearance of CBD is
achieved. In most cases, the use of ELS in the management of biliary stones reduces the
size of the stones and increases their debris, facilitating complete clearance [105].
However, it is not a risk-free procedure and it is associated with several complications
including occlusion, migration, and episodes of cholangitis. Conversely to plastic stents,
metal stents have no role in the management of biliary stones.

4.5.1.3 Biliary leaks




Another common application for ELS is in the management of iliary leaks (BLs). BLs
are often a consequence of surgery, such as open or aroscopic cholecystectomy or
hepatic resection, but they can be also caused due to trauma, or invasive procedures,
such as liver biopsy and percutaneous transhepatic cholangiography [301.

Biliary stents are used to preserve the bile flow into the duodenum and concurrently
cease its outflow from the leaking site. Several studies suggest the use of endoscopic
sphincterotomy (ES) alone for the management of minor leaks and the insertion of PSs
for major leaks (1%l However, in the clinical setting, the most common approach entails
the placement of a plastic stent that has 2.3 or 3.3 mm in diameter with or without ES
for a period of 4 to 6 wk 1071,

PSs can be placed with or without ES with a high success rate (90%) for treating leaks at
the peripheral duct but their success rate drops to approximately 60% when it comes to
leaks at the hilar or the common bile duct. Metal stents are not regularly used for the
management of biliary leaks despite the fact that FCSEMSs were shown to lead to the
resolution of the leak in approximately 70% of patients in some series. This is because
their use was associated with the development of strictures after removal and with
higher migration rates compared to PSs. In cases where endotherapy fails, surgery is the
sole definite treatment but it is not preferred for high-risk patients with major co-
morbidities [108],

4.5.1.4 Cholecystitis

Transpapillary gallbladder stenting (TGS) is useful for cases of acute calculous or
acalculous cholecystitis when conventional therapies fail or cannot be performed. TGS
is indicated for patients that are severely ill, with serious comorbidities that prohibit
surgical cholecystectomy, and/or have contraindications to undergo percutaneous
cholecystostomy (such as severe coagulopathy, ascites, or a bowel loop interference
between the diaphragm and the liver preventing percutaneous access). TGS entails the
selective cannulation of the cystic duct during endoscopic retrograde
cholangiopancreatography (ERCP) and the placement of small-diameter stents.

However, it cannot be performed in patients who cannot undergo ERCP for various




reasons such as pregnancy 11101, Endoscopic ultrasound-guided gallbladder stenting
allowed clinicians to overcome this problem, extending the use of gallbladder stenting.
Gallbladder stents are placed with a technical success rate that ranges from 75% to
100%, and an adverse event rate of 0-20% [37-40l. PSs are exclusively used to ensure
continued gallbladder drainage. However, metal stents with large flares at their ends or
with a "saddle" form and distal anchor flanges can be alternatively used [110-112],

é5.1.5 Post-sphincterotomy /post-dilation bleeding and perforation

Epinephrine injection, thermal therapy, balloon tamponade, clips, and placement of
large bore PSs have been used in order to control post-ERCP bleeding. PSs and
currently FCSEMSs are effectively used to treat these complications as they exert direct
pressure on the bleeding area [''3l. Conversely to the management of bleeding, little is
known regarding the efficacy of ELS in the management of post-ERCP perforations.
This is because on the one hand, the incidence of this complication is very low and on
the other hand, its clinical consequences are tremendous leading patients to emergent
surgery. A few reports show PSs can be used for the management of post-ERCP
perforations, but their small diameter may fail to fully seal the defect. FCSEMs can
overcome this problem because they have a larger caliber but more research is currently
required to make suggestions.

4.5.1.6 Malignant biliary diseases

Another common indication for ELS is in the palliative management of obstructive
jaundice caused by biliopancreatic cancers that extrinsically compress or intraluminally
obstruct the biliary tract such as cholangiocarcinoma, pancreatic cancer, tumors of the
papilla of Vater or hilar lymph node compression. Among the different available stent
types, PSs are preferred for cancer patients with short life expectancy. The PSs that are
commonly selected for these patients have a large diameter that ranges from 2.8 to 3.3
mm and are left in place approximately for three months with high efficiency. Instead,
for patients with longer life expectancy, the use of metal stents is preferred because
SEMSs are larger, they can be left in place for longer periods of time and their

placement is easier. To date, uncovered, partially covered, and fully covered SEMS have




been all successfully used for palliation in patients with inoperable cancer.
However, the use of uncovered SEMSs was associated with an increased rate of stent
occlusion whereas the covered ones with stent migration [0 1141151 [ Figure 8-9].

4.5.2 Applications in the pancreatic duct

In the pancreatic duct, the most common application of ELS is in the prevention of
post-ERCP pancreatitis (PEP). PEP is a relatively common complication that occurs in
up to 10% of patients undergoing ERCP. Multiple factors have been shown to affect the
incidence of PEP such as patients’ comorbidities, operators’ experience, and the
indication for ERCP with pancreatic stenting (PS) being found to reduce not only the
frequency but also the severity of PEP. Nowadays, PS are used in various situations to
prevent PEP. The common indications for placing PS include pancreatic sphincterotomy
for sphincter of Oddi dysfunction, acute or recurrent pancreatitis, and ampullectomy. In
addition, PS is highly recommended in cases of difficult bili cannulation,
instrumentation or injection of the pancreas, aggressive manipulation of the pancreatic
duct (brush cytology, biopsies), balloon dilatation of an intact biliary sphincter (balloon
sphincteroplasty), previous PEP and precut sphincterotomy starting at the papillary
orifice [116-121],

Except for the prevention of PEP, PS is effectively used in the management of
symptomatic main pancreatic duct strictures and after pancreatic sphincterotomy and
fragmentation of pancreatic stones [122-124],

Common complications of biliary and pancreatic stenting

Biliary stenting is a relatively safe procedure with complication rates ranging between 8
and 10% and mortality of less than 1%. Migration is the most common complication
associated with biliary stenting. It occurs in up to 10% of cases and is classified into
proximal and distal. Distal stent migration into the bowel leads to spontaneous passage
of the stent in more than 70% of the cases with the rest being easily retrieved
endoscopically. Among the different available stents, SEMS migrate rarely compared to
their plastic counterparts. Different stent designs have been used to prevent migration

such as double pigtail stents, side flaps, and barbs. However, migration remains a




problem with multiple factors being associated with increased migration rates
including short or long stents, papillary stenosis, omission of sphincterotomy, and
benign strictures. In rare cases where the migrated stents do not pass spontaneously,
migration can lead to life-threatening complications including bowel obstruction,
perforation, intra-abdominal sepsis, fistula formation, and necrotizing fasciitis.[8!
Similarly to biliary stenting, PS is not a risk-free procedure. The most common
complication associated with PS is the development of morphological changes in the
pancreatic duct. Morphologic changes are found in more than 50% of patients and
resemble chronic pancreatitis. Although the consequences of this complication are
unknown, ductal strictures can develop in a few patients requiring balloon
dilatgtions. Stent occlusion represents another common complication associated with
PS. The rate of pancreatic stent occlusion is similar to that of biliary stents with most
stents being occluded within 3 mo after insertion. However, in most cases, stent
occlusion is not associated with adverse outcomes since pancreatic juices can siphon
across the sides of the stent. Other_gtent-related complications that are commonly
reported to be associated with PS include acute pancreatitis, pancreatic infection,
pseudocyst formation, duct injury, stone formation, and migration.[!8]

4.6 Applications in Inflammatory Bowel Diseases (IBD)

Following the successful application of ELS in the management of a variety of
gastrointestinal and biliopancreatic disorders, the use of ELS has anded to include
the management of Crohn’s disease-related strictures. Strictures in Crohn'’s disease (CD)
occur in up to one-third of patients within 11 years of diagnosis secondary to chronic
transmural inflammation, and in 50% of those undergoing ileocolic resection. Most
strictures are located in the small intestine rather than in the colon (64% vs. 5%,
respectively) [125. Endoscopic balloon dilation (EBD) is currently the preferred
endoscopic therapy for CD strictures [126-127]. However, the use of EBD is confined to the
management of primary or anastomotic strictures that do not exceed 5 cm because this
is the maximum length of the largest balloon that is available for dilations. Longer

strictures are not amenable to EBD. For these strictures, ELS can offer a minimally




invasive alternative to surgery ['2l. Among the different available stent types, FCSEMSs
and PCSEMSs were used for this indication [125-129], Preliminary experience has shown
conflicting results with several studies reporting different clinical success rates that
range between 36 to 100%. However, in all cases in that SEMSs were successfully
applied, patients remained asymptomatic for a period of 10 to 12 mo of follow-up
signifying a positive clinical outcome [12*1%] [Figure 8].

Common complications of stenting in IBD

The use of SEMSs for the management of CD strictures can be challenging or impossible
depending on the location and degree of the stenosis and is associated with several
complications [13]. Migration is a common complication of ELS. It occurs in up to 52% of
the cases with 70% of the episodes occurring within the first 3 days. It is classified into
proximal or distal migration depending on the direction of the misplacement of the
stent. Although migration is not considered a serious condition, it can lead to dreaded
complications such as impaction and perforation, that require surgery. In the majority
of cases, migrated stents are spontaneously expelled from the body, leaving a small
minority for endoscopic retrieval. Except for migration, another common complication
of ELS in IBD is stent occlusion. Stent occlusion develops secondary to the development
of hyperplastic tissue at the exposed ends of several metal stents and occurs in up to
24% of some patient series. To prevent this complication, depending on the type of
SEMSs (FCSEMS or PCSEMS) that was used, it is recommended to remove stents within
4 to 6 wk after their placement [13+13]. With regard to other complications associated
with ELS in IBD, there is a theoretical risk for perforation due to mucosal erosion;
however, this concern mainly stems from observations in cancer and not from IBD
patients [13+135], Nevertheless, more research is required in order to fully determine the
risks associated with the use of ELS in IBD.

4.7 Applications in Bariatric surgery (149-152)

Obesity rates have significantly grown over the last decades constituting a global health
problem. Obesity often contributes to the development of various chronic diseases such

as type 2 diabetes, hypertension, heart disease, and cancer, adversely affecting patients’




quality of life and life expectancy [136-138], Many treatments for obesity exist but bariatric
surgeries are by far the most effective in achieving significant wei loss. Nowadays,
the three most common types of performed bariatric surgeries include Roux-en-Y
gastric bypass (RYGB), laparoscopic adjustable gastric band (LAGB), and sleeve
gastrectomy (SG). However, all these operations are invasive therapeutic options with
up to 12% of patients experiencing adverse events in the first five years after surgery.
ELS represents a minimally invasive option that can be employed in the management of
several post-bariatric complications including anastomotic strictures, anastomotic leaks,
choledocholithiasis, sleeve stenosis, and band erosion [136-142]

In particular, in the management of post-bariatric strictures, available evidence suggests
that ELS can be effective in up to 40% of the refractory cases presenting after RYGB
whereas no suggestion can be made for the use of ELS in the management of strictures
that develop after SG. In the management of anastomotic leaks, after
RYGB, accumulated evidence suggests that FCSEMSs and PCSEMSs can lead to a high
leak resolution rate (87.8%). However, these stents are poorly tolerated necessitating
their removal after 6-8 wk. Alternatively to SEMSs, when the leak leads to an abscess
cavity and persistent drainage is required until the resolution of the abscess, PSs with a
double pigtail design can be a safe and effective solution. Likewise, FCSEMSs and
PCSEMSs can be effectively used in the management of leaks associated with SG with
a high success rate (72.8%). Regarding the use of PSs for the internal drainage of an
abscess, their use after SG is a novel approach with preliminary evidence from
retrospective studies showing a high efficacy (72.8% clinical success rate). As for the
other bariatric complications, covered metal stents can be placed for a 2-week period in
order to promote migration if an eroded band after LAGB appears to be insufficiently
migrated for endoscopic removal, facilitating its extraction whereas no differences exist
as per the instruments that will be used for the management of RYGB-related
choledocholithiasis between operated and non-operated patients [136-142],

Common complications of post-bariatric stenting




Reflux, discomfort, gastric ulcers, nausea/vomiting, and migration are common
adverse events associated with ELS when used in the management of post-bariatric
complications. Among these complications, the incidence rates of discomfort (6%),
ulcer (4%), and nausea/ vomiting (11%) are generally low [140]. Stent migration (39%) is
the most common adverse event that can complicate ELS. Although in most cases
migration is not associated with adverse clinical outcomes, it can have significant
consequences when related to RYGB. This is because in RYGB cases, the migrated stent

can be displaced outside of the range of a standard endoscope, making its retrieval

challenging [138,141-142],

5. FUTURE PERSPECTIVES

The placement of GISs is a minimally invasive option for treating various benign and
malignant conditions with high technical and clinical success rates. Current stent
technology has astonishingly progressed allowing the development of various stent
types with cutting-edge designs and materials that expanded the indications of ELS and
improve patients” quality of life. However, there are still several drawbacks, such as
stent occlusion and migration, that are difficult to overcome. Antimigratory, anti-reflux,
shape-modified, irradiating, drug-eluting, and novel biodegradable stents specifically
designed for various esophageal, gastroduodenal, biliary, and colonic indications are
just a few of the significant advancements in the field of ELS. Current GISs innovations
are outlined in the following paragraphs but more research is underway aiming to
improve the properties of stents, reinforce their benefits, and lessen their drawbacks.
Anti-migratory stents

Migration constitutes a significant problem associated with FCSEMSs that compromise
the safety of ELS. This led to the development of several stents with cutting-edge
designs aiming to prevent this complication named anti-migratory stents. This kind of
stents includes anchoring components, such as flared ends, anchoring flaps, or serrated
anchoring pins. These anchoring components were found to have been associated with

lower migration rates compared to traditional FCSEMSs, with anchoring flaps being




superior to the flared end with regard to stent migration. However, serrated anchoring
pins are by far more effective for the prevention of migration but this design makes
difficult the removal of the stent [143-145]
Drug-eluting stents
Tumor ingrowth and overgrowth are significant adverse events that complicate the use
of GISs. Although PCSEMSs and FCSEMSs are designed to prevent these adverse
events, their occlusion is inevitable because their cover is gradually degraded due to
hydrolysis, oxidation, and contact with the luminal content GI. In an effort to prevent
stent occlusion, a new kind of metal stents, named drug-eluting stents (DESs), was
eveloped [146-150],
DESs are composed of three primary components that include a drug, a polymeric
drug-delivery coating/carrier, and a stent platform [Figure 9]. To date, various
chemotherapeutic drugs such as paclitaxel have been trialed in different experimental
models to evaluate the efficacy and safety of their local administration for different
purposes. Paclitaxel is a chemotherapeutic agent that inhibits the proliferation of
epithelial gallbladder cells, fibroblasts, and pancreatic carcinoma cells in a dose-
dependent manner. In vitro trialing of paclitaxel in animal biliary ducts showed that it
causes epithelial stripping and metaplasia, thickening of the bile duct, hypersecretion of
mucus, and fibrosis, without significant complications. These positive outcomes
allowed further testing in humans. However, accumulated evidence from human
studies has shown conflicting results regarding the efficacy and safety of paclitaxel-
eluting stents signifying a need for further improvement [146-150],
Another chemotherapeutic agent that was trialed for local delivery is gemcitabine. This
agent is used in advanced pancreatic and biliary tract cancer. The hydrophilic
properties of this agent make difficult its local delivery due to rapid degradation. A
gemcitabine-eluting stent was designed to allow prolonged gemcitabine release by
increasing the contact surface between the stent and the tumor. In this stent pullulan, a

natural polysaccharide was used to increase the loading capacity of gemcitabine when




loaded onto polytetrafluoroethylene, allowing a continuous release of the drug for 30
days [146-150],

With regards to other chemotherapeutic agents, Guo et al developed a 5-Fluorouracil (5-
FU)-eluting esophageal stent. Preliminary experience with this stent showed that the
concentration of 5-FU that is achieved in the esophagus is higher than in other areas,
with the highest levels being observed at the contact site in the mucosa. However, its
use was associated with target and non-target organ dose-dependent toxicity. This
adverse outcome led to ongoing research studies that aim to determine the ideal stent
design and appropriate drug concentration, with their results being currently awaited
[146-150]

Radioactive stents

In esophageal cancer, brachytherapy reduces dysphagia symptoms more slowly than
stent implantation but offers longer patency and fewer complications. Patients with
inoperable esophageal cancer may benefit from a palliative treatment approach
consisting of stent implantation, combined with brachytherapy [151-1521 Radioactive
stents that carry the advantages of traditional stents and brachytherapy were designed
130l This kind of stents is loaded with iodine-125 seeds, with the interior being
composed of standard metal, to facilitate insertion. Preliminary evidence suggests that
these stents when used in cancer patients improve malignant dysphagia and prolong
survival whereas their insertion is easy and safe. However, these results derive from
small studies, with larger studies being needed prior to making any recommendation
[153-155]

Anti-reflux stents

The use of SEMSs restores and maintains the patency of the obstructed lumen, relieving
the symptoms associated with malignant obstruction in patients with inoperable cancer.
Clinically approved SEMSs have a larger diameter than their plastic counterparts with
reflux being a significant problem that adversely affect the quality of life of cancer
patients [156-157] In an effort to prevent reflux and improve patients” quality of life, new

stents with an attached anti-reflux valve are being developed. The preliminary




experience did not show encouraging results but further improvement in the design of
the anti-reflux valve is currently awaited.

Shape-modified stents

One strategy to improve the efficacy and safety of ELS is to modify the stent’s design.
Over the last ten years, the stents’ design has undergone several changes aiming to
reduce complication rates associated with ELS. One interesting modification refers to
winged PSs with small central lumens. These stents were developed to prevent the
occlusion associated with the placement of conventional SEMS. Despite expectations,
these stents did not show positive results compared to conventional SEMS and hence,
are not advised. Another interesting modification in the design of stents is the
development of a dumbbell-shaped SEMS for minimizing the risk of migration and bile
leakage associated with endoscopic ultrasound-guided gallbladder drainage.
Preliminary experience with this stent showed that its use was associated with high
clinical and technical success and no major complications, promoting its use 158159
Biodegradable stents

BDSs have shown promising results in the management of benign strictures. Compared
to other stent types, BDSs have several advantages such as their ability not to occlude,
not to require repetitive endoscopies for removal, and being equipped with
antibacterial or antitumor agents. However, BDSs have also disadvantages that can
preclude their use such as the exertion of weaker radial forces than conventional metal
stents and the need for balloon dilatation for their placement. Ongoing research in this

field is awaited to reduce these drawbacks and enhance the use of BDSs in the future

[19,160-161]

EONCLUSION

The role of stenting in the management of patients with malignant GI obstruction has
expanded in recent years to include a variety of disorders in the esophagus, stomach,
biliopancreatic system, small bowel, and colon. Recent advances in technology have

improved stent efficacy and reduced stent-related complications, resulting in better




clinical outcomes. However, GISs continue to undergo design improvements to address
their limitations. Further research is required in order to enhance the use of ELS in the

management of various conditions in the gastrointestinal tract.
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