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Abstract: Esophageal fistula remains one of the main postoperative complications, with the treatment
often requiring the use of stents. This article reviews the updates on the use of endoscopic stents for the
treatment of postoperative esophageal leakage in terms of indications, types of stents used, efficiency,
specific complications and perspectives. Materials and Methods: We searched the PubMed and
MEDLINE databases for the keywords postoperative esophageal anastomotic leak and postoperative
esophageal anastomotic leak stent, and retrieved relevant papers published until December 2022.
Results: The endoscopic discovery of the fistula is usually followed by the insertion of a fully covered
esophageal stent. It has an efficiency of more than 60% in closing the fistula, and the failure is related
to the delayed application of the method, a situation more suitable for endo vac therapy. The most
common complication is migration, but life-threatening complications have also been described. The
combination of the advantages of endoscopic stents and vacuum therapy is probably found in the
emerging VACstent procedure. Conclusions: Although the competing approaches give promising
results, this method has a well-defined place in the treatment of esophageal fistulas, and it is probably
necessary to refine the indications for each individual procedure.

Keywords: esophageal leak; endoscopic stent; endovacuum therapy; VACstent

1. Introduction

Despite advances in minimally invasive surgical techniques, anastomotic fistula re-
mains a serious complication, causing significant morbidity and mortality. The rate of
anastomotic fistula after esophagectomy varies in the literature between 2 and 20%, being
one of the most common surgical complications [1-3].

In the case of anastomotic fistulas, mortality rates of up to 25-45% have been re-
ported [4]. Most often, fistulas appear 3-5 days after surgery and are associated with
prolonged hospitalization in the intensive care unit [5]. Some studies show that neoad-
juvant therapy does not influence the rate of anastomotic fistulas [6]. The mechanisms
involved in the occurrence of anastomotic fistulas can be different, from the classic ones, i.e.,
inadequate perfusion, tissue trauma, local hematoma, tension in the suture and tumoral
invasion, to the most specific ones, including stapler misfire or inappropriate use of the
type of stapler for a specific tissue [7].

The key to managing a fistula and reducing its consequences includes early recogni-
tion and prompt initiation of treatment [8]. Anastomotic leakage results in longer hospital
stays, worse long-term outcomes and decreased survival in postesophagectomy cancer
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patients [4]. Although primary repair of fistulas has been effective over time, it has neverthe-
less been associated with significant morbidity and mortality [9,10]. Initially, conservative
management and surgical reintervention were the only treatment options but were often
associated with poor outcomes (40-100% mortality in reoperative surgery and up to 40%
morbidity and mortality for conservative management) [11,12].

Therefore, the introduction of endoscopic procedures for the management of these
fistulas has become an attractive option. Depending on the size of the fistula, different
endoscopic techniques are used, such as clips, fibrin injection, self-expanding metallic
stents, drainage with trans anastomotic tubes or endoscopic vacuum therapy [5]. The
choice of endoscopic technique often depends only on the expertise and preferences of the
medical team on the availability of devices or the timing and size of the fistula. The studies
of Schweeigert et al. and Nguyen et al. show that the endoscopic treatment of anastomotic
fistulas led to a decrease in hospitalization, a reduction in the need for gastrointestinal
diversion, better control of sepsis and a reduction in postoperative mortality compared to
surgical treatment [4,13]. This review aims to present the current status of the treatment of
esophageal fistulas by endoscopic stenting in terms of indications, types of stents used, the
efficiency of the method, specific complications and its perspectives.

2. Methods (See Tables 1 and 2)

The article is based on the analysis of data considered relevant for the chosen topic
from the studies identified in PubMed Central (PMC) and MEDLINE Complete (EBSCO)
since 2011, but also on the experience in endoscopic stenting of postoperative esophageal
fistulas in the General and Esophageal Surgery Clinic of the Sfanta Maria Clinical Hospital,
Bucharest, Romania. Trials were sought and used, as well as data from updates of studies,
original articles or reviews, regarding esophageal stenting for postoperative leaks. For a
sensitive search strategy, the terms used in search engines were “postoperative esophageal
anastomotic leak” and “postoperative esophageal anastomotic leak and stent”. The article
focused on updated data about the types of esophageal stent with characteristics, indication
for use, associated procedures, efficiency and failure, contraindication, complication and
alternative endoscopic treatment. Only these studies and papers were considered eligible,
thus being taken into account in the elaboration of this article. Two authors (C.G.R. and
R.B.) selected the articles considered relevant, preferring peer-reviewed articles from highly
ranked journals written in English. The decision to select an item was made by agreement of
the two. A number of 100 articles were identified for the period 2011-2023, which included
the keywords used in the database search, ten reviews, six systematic reviews, four meta-
analyses, three case reports, thirty-four observational studies and five comparative studies
(Table 3). The reference list from each selected article was screened for additional relevant
information. We excluded unpublished data from abstracts, contained in volumes from
various congresses or conferences, as we excluded papers that were not in English.

Table 1. The search strategy summary.

Items Specification
Databases and other sources searched PubMed Central (PMC), MEDLINE Complete (EBSCO)
Search terms used (including MeSH and free text search terms and Search strategy (see Table 2)
filters)
Timeframe 2011-2023
Inclusion and exclusion criteria (study type, language restrictions etc.). Inclusion criteria: meta-analyses; trials studies; clinical trials and

updates of clinical trials; reviews; original articles; only
studies/papers/journals written in English. Exclusion criteria:
unpublished data from abstracts contained in volumes from various
congresses or conferences; papers that were not in English.
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Table 1. Cont.

Items

Specification

Selection process (who conducted the selection, whether it was
conducted independently, how consensus was obtained, etc.)

C.G.R. performed the search in the databases, according to the presented
criteria. If a study appears relevant by at least one reviewer—R.B. and

C.G.R.—the full-text article was retrieved and checked. The selection of
full-text articles was made by two reviewers independently: C.G.R. and
R.B. Assessing content validity required subjective judgment from the
reviewers. The citation number was an important selection criterion.
Differences were discussed and if consensus could not be reached
between the two reviewers, we requested the consultation and
recommendation of a third reviewer (S.C.). The reference list from each
selected article was screened for additional

relevant information

Table 2. Systematic literature search for stenting of anastomotic leaks.

Search Terms

Number of Articles

1. Search: Postoperative anastomotic leak stent

2. Search: Postoperative esophageal anastomotic leak stent
3. Search: Postoperative esophageal anastomotic leak stent; Filters: Full text, English
4. Search: Postoperative esophageal anastomotic leak stent; Filters: Full text, English, from 2011 to 2023
Final number after review for inclusion and exclusion criteria and addition of articles from references 2

413
138
123
100
62

2 Exclusion criteria: No abstract available; non-postoperative esophageal leak; anastomotic leak not a major focus
of article; not published in English; case reports without an esophageal stent.

Table 3. Included studies that provided measurable results.

Ref. Authors Year Type PF (n) Site Ste(nnt)lng St&r;ts Stent Healing Stent Complications Mortality
[4] Schweeigert et al. 2014 OS 49 29/49 60% 10.3% (aortic erosion n = 3) 24.1%
[8] Schaheen et al. 2014 R 72%
] Wu et al. 2017 OS 27 C 88.9%
[10] Lee et al. 2013  OS 20 A 20/20 95%
[11] Rajan et al. 2014 OS 32 T 32/32 96% 8.54%
[12] Schweigert et al. 2013  OS 38 22/38 77% 13.6% (aortic erosion n = 3) 22.7%
[13] Nguyen et al. 2011 CS 18 9/28 100% 0%
62% migration, 11% tissue
[14] Speer et al. 2016 OS 23 C 22/23 63/22 70% overgrowth, 8% minor 0%
erosion, 8% major erosion
[15] Smith et al. 2020 OS 11 10/11 90% 9%
[16] Bohle et al. 2020 OS 34 34/34 76% 15% 20%
[17]  El-Souranietal. 2022 OS 28 7/28 85.7% 28.6% (stent migration 0%
n =1, perforation, n = 1)
8.1% (stent erosion, leak
[18] D’Cunha et al. 2011 OS 37 37/37 94/37 59% enlargement, fatal 0%
gastroaortic fistula)
[19] Stephens et al. 2014 OS 89 89/89 74.2% 3.4%
0y 1 1 0y
[20]  van Boeckel etal. 2011 SR 267 267/267 85% 34% (stent migration 31%,
tissue overgrowth 3%)
[21] Singer et al. 2017 OS 21 21/21 19% (stent migration n = 4)
21.4% (recurrent fistula
[22] Kucukay et al. 2013  OS 14 14/14 79% n = 2 stent dislocation 0%
n=1)
Stent dislocation 53% after
esophagocolonostomy, 61%
[23] Feith et al. 2011 SR 115 115/115 70% with esophagojejunostomy,

49% with
esophagogastrostomy.
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Table 3. Cont.
Ref. Authors Year Type PF (n) Site Ste(nnt)lng St(:;ts Stent Healing Stent Complications Mortality
60% (stent migration n = 8,
mucosal friability n = 4, tissue
[24] Aryaie et al. 2017  OS 20 20/20 90% integration n = 2, bleeding 5%
n =2, aortoesophageal fistula
n=2).
[25]  SanzSeguraetal. 2022 OS 31 31/31 75% 21.7% (S:ff;)“igraﬁ"“ 0%
[26] Harustiak et al. 2020 OS 80 39/80 62% 10% (airway fistula n = 4) 10%
[27] Eizaguirre et al. 2016  OS 24 13/24 92.3% 7.7%
[28] Kim et al. 2013  OS 33 4/33 50% 0%
14.5% (perforationn =1,
[29] Berlth et al. 2018 CS 111 76/111 73.9% gastrotracheal fistula n = 4,
stenosis n = 5)
[30] Mennigen et al. 2015 CS 45 30/45 63.3% 36.7% 26.7%
pooled odds pooled odds
. ratio of pooled odds ratio of ratio of
1] Rausa etal. 2018 MA 134 80/134 EVT/stent = EVT/stent = 0.38 EVT/stent =
5.51 0.33
[32] Tavares et al. 2021 MA 559 65.6%
[33] Hallit et al. 2021 MS 68 30/68 77% 6.7%
[34] Hoeppner et al. 2014 OS 35 35/35 48/35 69% 71% (stent dislocation —19%) 0%
[35] Freeman et al. 2012 CS 46 46/46 67.4%
[36] Freeman et al. 2011  OS 17 17/17 100% 18% (stent migration n = 3) 0%
33% (stent migration n = 3,
[37] Al-Issa et al. 2014 OS 20 15/20 67% tracheoesophageal fistula, 6.7%
n=2)
[38] Southwell et al. 2016  OS 21 21/21 95% 19 % (stent migration n = 4) 0%
46% (tissue overgrowth n =8,
stent migration n = 10,
[39]  van Boeckel et al. 2012 0S 32 32/32 83/52 76% ruptured stent cover 1 = 6, 2%
food obstruction n = 3, severe
pain 1 = 2, esophageal rupture
n =2, hemorrhage n = 2)
[40] Iglesias Jorquera et al. 2021 OS 25 25/25 34/25 84% 28% (stent migration n = 7) 0%
[41] Puig C et al. 2014 OS 21 A 21/21 19% 47% (stent migration n = 10)
[42] Fischer et al. 2013 OS 11 11/11 100% 36% (stent dislocation n = 4) 0%
9/13 (tissue ingrowth n =2,
[43] Wei et al. 2013 OS 8 8/8 14/8 stent migration n = 10, 0%
esophageal lesion 1 = 1)
[44] Sharaiha et al. 2015 OS 21 37/37 37% stent migration 0%
33% (stent migrationn =7,
[45] Fujii et al. 2013  OS 18 18/18 56% tracheoesophageal fistula 5.6%
n=1)
[46] Law et al. 2018 MA 75 96.7% 15.9% stent migration
p:s‘ligs(;lﬁltceal pooled rate of migration
[47] Jena et al. 2023 MA £ OTSC following OTSC
fix;)ﬁon 2079 anchorage = 0.08
[48] Licht et al. 2016 OS 19 31/49 88% 3.2% (pulmonary artery
erosion nn =1)
[49]  Schweigertetal. 2011 OS 25 17/25 76.5% 23.5% (early recurrence n = 1, 17.6%
thoracic aorta erosion n = 3)
[50] Lange et al. 2021  OS 3 3/3 100%
[51] Chon et al. 2021 OS 10 15/10 70% 0%
[52] Lange et al. 2023 MS 15 41/15

PF—postoperative fistula, CS—comparative study, MA—meta-analysis, MS—multicentric study, OS—observational
study, R—review, SR—systematic review, C—cervical, T—thorax, A—abdominal, EVT—endovacuum therapy,
Ref.—reference, n—number.
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3. Indication for Esophageal Stenting

Apart from the indications for fistulas, documented by imaging, Speer et al. reported the
use of this method for prophylactic purposes, the stents being placed in the anastomosis “at
risk”, indicated by the attending surgeon in the first 24 postoperative hours [14]. Most studies
emphasize the fact that the stents were inserted at the time of the endoscopic detection of the
fistula. Smith et al. showed that the indication for stenting was given by the presence of the
fistula, regardless of the size of the anastomotic defect, the extent of the associated mediastinal
contamination or the moment of fistula identification [15]. In the study by Bohle et al., the
use of stents was according to the size of the fistula; in 82% of the patients in whom a stent
was inserted, the size of the fistula was less than 1/3 of the anastomotic circumference and
18% presented the size of the fistula between 1/3 and 2/3 of esophageal circumference [16].
El-Sourani et al. in a 2020 study recommended the use of stents in small defects (<6 mm)
without extraluminal cavity in stable, non-septic patients [17].

D’Cunha and colleagues [18] recommended only stenting if the fistula was diagnosed
within 24 h of its occurrence with minimal mediastinal contamination, or instead, in the
case of uncontrolled fistula, diagnosed after 24 h or when there was imaging evidence of
mediastinal contamination, recommended the association of a drainage procedure.

Although specific recommendations vary among authors, there is a consensus that
the use of stents must be selective and individualized, taking into account the particular
anatomy of the patient and the etiology of the fistula, as well as the clinical status, the time
until the diagnosis, the existence of an extraluminal cavity and the condition of the tissues
adjacent to the anastomotic defect. There is also consensus that continuous reassessment
of the patient’s condition is necessary to determine if the fistula has been sealed and if
additional interventions are needed. An esophagogram within 24 h is recommended to
confirm that the fistula is sealed [19].

4. Types of Esophageal Stents

In most studies, fully covered metal stents are used as a rule, and only sometimes are
partially covered ones used. The size of the stent was selected at the time of endoscopy,
based on the size of the anastomosis, and varied between 16 and 19 mm in diameter, the
most frequently used being the 19 mm stent in a study by Smith et al. [15] or 20-28 mm
reported by Bohle et al. [16].

A variety of materials have been studied for this purpose, including partially or fully
covered plastic and metal stents. Typically, these stents are left in place for 4-6 weeks, after
which they are removed, and the fistula area is evaluated endoscopically [53]. In an analysis
comparing the clinical success rate of different types of stents, no statistical differences were
found between the use of self-expanding plastic stents (84%), fully covered self-expanding
metal stents (85%) and partially covered self-expanding metal stents (86%); however, plastic
stents (actually less and less used) were kept in place for a significantly longer period and
showed a higher rate of migration than partially covered metallic stents [20].

The same authors show that the healing is monitored endoscopically, and in the case
of suspicion of migration, a revision of the procedure (repositioning or replacement) is
necessary. Most patients require a single stent, but van Boeckel et al. state that up to half of
the patients may require two or more consecutive stents to heal the fistula [20].

5. Stenting Associated Procedures

Endoscopic verification of the correct position of the stent, with adequate coverage of
the fistulous orifice, and placement under endoscopic visualization of a nasogastric tube,
positioned through the stent with the tip in the gastric conduit, are associated procedures.
Some authors recommend enteral feeding through a previously placed jejunostomy [15].

Due to the relatively high incidence of post-stent fistulas, secondary to migration, in
cervical stenting, suture or nasal anchoring is recommended; the endoluminal suture of the
stent to the mucosa is also useful for other locations, and whenever possible, the association
of a laparoscopic gastrostomy for gastric decompression can be proposed. In addition, due to
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the poor results in patients in whom the fistula does not seal after 2448 h, the same authors
recommend prompt intervention, either with another attempt of stent placement, associated
with adjunctive procedures, to increase the probability of sealing or surgical diversion [19].

Other authors have also proposed different fixation methods as another method of
reducing the rate of stent migration [54]. On the other hand, Speer et al. in a study in 2016
did not observe the benefits of fixation procedures in preventing stent migration [14]. Like-
wise, Singer and colleagues in a study elaborated on 214 esophageal stenting procedures,
which used stent fixation procedures in 5% of cases; endoscopic clips (9%), endoscopic
sutures (73%) and transnasal sutures (18%) showed that the rate of stent migration was not
different between those with and without fixation (p > 0.05) [21].

6. The Efficiency of the Method in the Treatment of Fistula

Fistula healing is monitored by endoscopy. Although the groups of patients included
in the studies vary, the rate of successful fistula closure by stenting varies between 63.5 and
100% [16,22-24]. Segura et al. in a 2022 study reported fistula healing using a single stent
with the covered double-layer metal stent (Niti S™ DOUBLE™ Esophageal Metal Stent
Model) in a percentage of 75% and 100% in terms of using the method [25], and Harustiak
et al. revealed an efficiency of 84% in closing the fistula by stenting in an average time of
55.7 & 27.11 days/patient (mean of 39 & 24.30 days/stent) [26].

Eizaguirre et al. noted that stenting is more effective in thoracic fistula locations [27].
Regarding the influence of the size of the defect on the success rate, there are different
reports. Hoeppner et al. [10] did not find any difference in clinical success rates comparing
fistulas <10 mm versus those >10 mm, while Kim et al. [28] reported better results after the use
of clips, fibrin injection or insertion of stents in fistulas smaller than 2 cm. Bohle et al. showed
in their study that neoadjuvant radiochemotherapy, squamous cell carcinoma histology and
tumor location were factors associated with stent failure [16]. Esophageal stenting may not be
successful in some cases if the defect is large or if the viability of the tissue around the defect
is low, which is the usual situation in patients with neoadjuvant radiochemotherapy [55].

Berlth et al. in a comparative study of stenting therapy and vacuum therapy showed
comparable results for the management of anastomotic fistulas in terms of overall fistula
closure rate—85.7% for vacuum therapy and 72.4% for stent therapy (p > 0.05). The average
hospitalization in the therapy compartment was 6 days for vacuum therapy and 9 days
for those with stents (p > 0.05), and the average hospitalization for patients with vacuum
therapy was 39 days and for patients with stent placement stents 37 days; (p > 0.05) [29].
Mennigen et al. in a 2015 study on 45 patients with fistulas, 30 treated by stenting and 15
by endovacuum therapy showed an efficiency of stenting of 63.5% compared to 93.3% of
vacuum therapy [30]. A meta-analysis performed in 2018 by Rausa et al. showed that the
closure rate of esophageal fistulas is significantly higher after vacuum therapy than with the
use of stents (cumulative rate ratio 5.51CI 95% (2.11-14.88); p < 0.001). In addition, vacuum
therapy has a shorter duration of treatment (combined mean difference—9.0 days), a lower
rate of major complications (p < 0.05) and in-hospital mortality (p < 0.05) [31]. El-Sourani
et al. showed in a study in 2020 that the use of vacuum therapy in defects >15 mm led to an
efficiency of 92.3% in critical patients [17]. Tavares et al. and Tustumidid et al. performed a
meta-analysis in 2021 that included 23 articles and 559 patients and showed a 16% difference
in fistula closure efficiency (risk difference (RD): 0.16; 95% CI: 0.05-0.27) and a 10% difference
regarding postprocedural mortality (RD: —0.10; 95% CI: —0.18 to —0.02) using vacuum
therapy compared to endoscopic stenting [32].

A multicenter study by Hallit et al. that included 37/69 patients with post-esophagectomy
fistulas, published in 2021, showed an efficiency of 95% in closing the fistula using internal
drainage (double pigtail stents (Cook® Solus or Boston Scientific®, Marlborough, MA, USA,
Advanix 7 or 10 Fr 3-5 cm stents) or combined therapy with the use of over-the-scope clips in
some cases (OVESCO® over-the-scope clip 100.10) and 77% by stenting, the choice of method
being given by the size of the defect. A large anastomotic defect (>2 cm or one-third of the
anastomotic circumference) or any size anastomotic defect associated with areas of necrotic
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mucosa led to the placement of an esophageal stent, and smaller anastomotic defects led
to the choice of internal drainage [33]. Studies comparing the efficiency of new therapies
(endovacuum or double pigtail) and classic stenting suggest better results for the new methods.
Lazzarin et al. studied five patients with esogastric fistula after bariatric surgery treated with
double pigtail and showed 100% healing after 3040 days [56].

7. The Persistence of the Leak after Stent Placement

The persistence of the fistula after the insertion of esophageal stents is a failure with
dire consequences for the patient. In order to reduce the consequences of a persistent
post-stenting fistula, it is necessary that it be recognized and managed properly. The
reported incidence of fistula persistence varies but may be seen in approximately 10-38%
of patients [24,26,34-36]. Stephens et al. [19] proposed in 2014 a classification of persistent
post-stent fistula into five types based on radiographic evaluation with water-soluble
contrast: Type 1—proximal; Type 2—retrograde distal; Type 3—through holes in the film
covering the stent; Type 4—between stents; and Type 5—migrated stent. The proximal type
occurs when stenting was performed in regions where it was difficult to achieve a proximal
seal; replacing it with a larger stent or placing the second stent over the large diameter
region is the most appropriate option. Type 2 is encountered in cases where the stent has
been placed in a region with a larger distal diameter; placement of a decompression PEG,
an additional stent over the distal region or replacement of the stent with a larger one
may be helpful. Type 3 is associated with technical difficulties when placing the stent
or possibly when the stent is placed on suction; changing the stent is beneficial. Type 4
appears due to the failure of the stent-in-stent procedure, best resolved by replacing the
proximal stent with a larger one. Type 5 occurs especially in cervical stenting, without
fixation or anchorage, or in stents placed in the mid-oesophagus; it is necessary to change
the stent with a larger one or to use a sort of fixation or anchor the stent to the nasal septum.
These authors presented a study of 23 patients with persistent post-stent fistulas, 65%
of patients being resolved by using stents (12/23—additional stent, some larger ones),
percutaneus endoscopic gastrostomy (PEG) (3/23), observation (2/23) or surgery (6/23);
the cases were encountered in patients with a significant delay between diagnosis and
appropriate intervention [19].

Repeated stenting is used if the patient is stable or presents a particularly high surgical
risk. If the fistula is not sealed within 2448 h, it is unlikely to seal; depending on the
patient’s condition, either the stent is replaced, or the fistula is patched with an adjuvant
muscle flap if necessary, and surgical intervention is justified. However, in patients who
fail to seal the fistula after two attempts or become unstable, prompt surgical diversion
should be considered because persistent esophageal fistula has a poor prognosis [19].

Persistence of the fistula after the placement of the stent, radiologically demonstrated,
requires repeating the endoscopy and repositioning or replacement of the stent or the
insertion of another stent (Figures 1 and 2).

Figure 1. Persistence of the fistula after stent placement—Type 2, due to reflux of the substance at the level
of the distal end.
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Figure 2. Persistence of the fistula of esogastric anastomosis after stent extraction at 3 weeks.

8. Contraindications

As important as determining when and which patients can benefit from stenting
is identifying patients who would not benefit from stenting. Smith et al. in a recent
study included among the contraindications for stent placement: complete, 360-degree
circumferential interruption of the anastomosis and/or the presence of tracheoesophageal
or bronchoesophageal fistula [15]. Additionally, patients with gastric tube ischemia and
large anastomotic fistulas will not benefit from stenting, with other types of vacuum
therapy procedures or surgical reintervention being indicated [17]. Other authors consider
it necessary to drain a perianastomotic collection before mounting an esophageal stent [33].

9. Complications of Esophageal Stenting

Although we have noted that the method has a high-efficiency index in the manage-
ment of postoperative fistula, it is important to know that stenting presents a series of
complications, which determine specific morbidity and sometimes even mortality. Most
studies note that the main complications related to the presence of the stent in the esoph-
agus are tissue hyperplasia, mucosal erosion and parietal perforation, but endoscopic
complications, associated with stent placement and removal, are also described; the most
common complication is stent migration [37,38,57].

The rate of complications reported in the studies is variable, but one should be aware
that these studies usually have a small number of patients included, and concerning the
reporting of complications, some include all complications while others only the severe
ones related to stenting. Aryaie et al. in a study on 20 patients showed an incidence
of complications after esophageal stenting of 60%, including stent migration, mucosal
friability, tissue integration and bleeding and aortoesophageal fistula (10%), leading to
1/20 death [24]. Freeman et al. reported stent-related morbidity in five patients (33%),
including fistula persistence secondary to stent migration in 3/5 and esotracheal /bronchial
fistulas in 2/5 [36]. Bohle et al. showed that 15% of the 63 patients with esophageal stent
presented severe complications: parietal perforations at the distal end of the stent and
erosion of the thoracic aorta or hepatic artery. Perforations were successfully treated by
over-stenting or external drainage, and mortality was 1/63 due to mediastinitis. Arterial
erosion was treated with intraluminal stenting of the aorta or hepatic artery. He noted that
in 4 of the 5 patients with serious complications, a stent with a body diameter of 28 mm
was used [16]. Van Boeckel et al. in a study in 2012 study reported a 10% rate of severe
stent-related complications such as esophageal rupture, hemorrhage, stent migration with
intestinal obstruction or death [39].

9.1. Stent Migration

Studies in the literature have reported stent migration in 10-40% of patients [20,24,25,35,40].
Stent migration rates vary depending on the diameter of the stent, the type of coating, the
insertion site and the material used to make the stent [58]. Stenting a cervical anastomosis
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is a challenge from a technical point of view since it is usually located 2—4 cm distal to
the cricopharyngeal muscle, so space is insufficient for anchoring the stent, the general
indication being at least 5 cm. This is probably the main factor involved in stent migration
identified by some authors [15], who report a migration rate of 62%, much higher than
the rate of 8.5-47% reported for other locations [11,41]. The same authors suggested
that delaying oral feeding may decrease migration rates [11]. Stent migration is due to
discrepancies between the size of the esophagogastric lumen and the stent. However, no
associations of the stent migration rate with the diameter of the stent body used, 20, 24 or
28 mm, were observed [16]. In a small pilot study, Fischer et al. [42] used a specially
designed stent with a body diameter of 36 mm, partially covered, to prevent stent migration,
but stent migration occurred in 4/11 patients. The rate of migration was significantly
higher in procedures involving fully covered stents compared with partially covered and
uncovered stents (p < 0.001) [21,41]. Although tissue growth over the exposed areas of the
partially covered stent makes its removal more difficult [43] and may injure the mucosa,
it serves as a natural form of stent fixation, as some authors have reported a lower risk
of migration [43]. As a rule, in patients with stent migration, it is necessary to repeat the
endoscopy, reposition the stent in the optimal position [15] or remove the migrated stent
and insert a new stent in the correct position. Once this complication was resolved, it
was observed that the fistula closed in all patients whose stents migrated [28]. Methods
to minimize stent migration include selecting a larger stent diameter size (up to 28 mm),
placing a longer stent and/or using endoscopic suturing of the proximal end of the stent to
the esophageal mucosa. [11]. The choice of a larger stent size, however, should be weighed
against the associated risk of erosion. A longer stent can minimize migration because the
distal end of the stent can be used as an anchor in the gastric antrum [15]. Fixation in
a certain position is a frequently used technique in medicine. Similar techniques have
been used with stents in an attempt to reduce migration rates, including the use of metal
endoscopic clips to attach the stent to the mucosa and transnasal anchoring of the proximal
end of the stent [58]. Thus, some studies have shown that fixation significantly reduces
migration. The studies of Rieder et al. and Wilcox et al. involving porcine models showed
that endoscopic sutures increased the force required to dislodge the inserted stent [54,59],
and clinical studies conducted by Sharaiha et al. and Fujii et al. showed a reduction in
migration due to fixation [44,45]. In 2018, Law et al. presented the results of a meta-analysis
that included 212 patients from 14 studies when endoscopic suture fixation was used,
in which a migration rate of 15.9% was observed, this complication occurring in 1 out
of 6 patients, despite excellent immediate technical success [46]. Jena et al. published a
meta-analysis in 2023 that included nine studies on the anchoring of stents with the help of
OTSC clips (conventional or Stentfix), demonstrating a lower risk of migration in the case
of fixed stents compared to unfixed ones (RR = 0.24 (95%CI, 0.13-0.43, I? = 0)) [47].

9.2. Tissue Overgrowth

Clinically significant tissue overgrowth was defined as stent-induced hypertrophic
granulation tissue that either created dysphagia or made stent removal difficult [14]. In
addition, tissue growth within and over the stent can lead to certain complications over
time, such as stenosis and bolus impaction. Van Boeckel et al. identified tissue growth as a
cause of complications in 15% of patients [39], while Kim et al. observed mucosal friability
and mucosal stent integration in 20% of patients [28]. Of note, a stent should not be left
for more than a month to avoid the growth of tissue, which may cause problems with its
removal or erosion in adjacent structures. Rather, stent replacement is recommended if the
patient continues to require this method to seal the fistula. Some authors have abandoned
the use of partially covered stents [43]. This complication is described especially after the
use of partially covered stents (Figure 3).
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Figure 3. Impactation of the uncovered part with granulation tissue in a partially covered stent after
maintaining it for more than 6 weeks.

9.3. Erosion of the Mucosa

Some authors presented this complication in 2/63 patients, manifested by digestive
hemorrhage, due to wall erosion by the distal end of the stent, which was successfully
treated with interventional endoscopy [16]. A study by Speer et al. that investigated the
risk factors of stenting complications found that preoperative radiochemotherapy was a
significant risk factor for the occurrence of erosion (22.5 vs. 4.3%, p = 0.05). This study also
noted a longer duration of stent maintenance in patients with major erosions compared to
those without this complication, the difference being without statistical significance (92 vs.
36 days, p = 0.14) [14]. We encountered bleeding caused by mucosal damage in a patient
with a stent placed for an anastomotic fistula. The hemorrhage occurred 3 weeks after the
installation and was self-limited once the stent was removed (Figure 4).

Figure 4. Hemorrhage due to mucosal erosion after 3 weeks (A), visible mucosal lesions after stent
extraction; (B) esophagogastric anastomosis after Ivor Lewis procedure.

9.4. Perforation in Nearby Organs

Speer et al. in 2016 reported major erosions with tracheoesophageal fistulas in 2/23
patients [14] and Al-Issa et al. in 2/15 patients [37], and Licht et al. described stent erosion
in the pulmonary artery occurring in 1/31 patients [48], all requiring major reinterventions.
In the literature, according to studies, it has been shown that most aortic fistulas appear
after prolonged maintenance of the stent, from 26 to 36 days [49]. Harustiak et al. described
the presence of esoaerial fistula in 4/39 (10%) of stented patients [26]. We discovered the
esotracheal fistula and proliferation of cartilaginous tissue, probably of tracheal origin in a
patient after the extraction of the second stent, placed for a persistent anastomotic fistula
6 weeks after the insertion of the first stent (Figures 5 and 6).
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Figure 5. Esotracheal fistula (arrow) and the presence of cartilaginous formations in the esophagus
after extraction of second stent at 6 weeks for persistent anastomotic fistula of esophagogastric
anastomosis after Ivor Lewis procedure.
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Figure 6. Histological structure of chondroid type, HE 10x (with the support of Dr. Enache Simona).

The mortality in a study by Lai et al. involved a patient who developed an aortoe-
sophageal fistula secondary to stent placement. Aortoesophageal and aortoenteric fistulas
are complications where major bleeding is often preceded by minor bleeding, which can be
a warning sign [60-62]. Radial pressure from the stent can erode through the esophageal
wall or induce inflammation that can lead to a fistulous tract between the aorta and esoph-
agus. One of the two patients whose treatment was complicated by the formation of an
aortoesophageal fistula first developed small bleeding before the massive hemorrhage
that revealed the fistula. Aortoesophageal fistula is a fatal complication of stenting. An
adequate analysis is necessary to assess the imminence of an aortoesophageal fistula with
emergency vascular management in this case [14].

10. Perspectives

Of course, for a good period, esophageal stents represented an important step in
the treatment of fistulas after esophagectomy in terms of solving this quite frequently
encountered complication. However, along with the high-efficiency index in solving
anastomotic fistulas, the method also records rates of failure or complications that can
sometimes lead to death. The development of vacuum therapy has led, in the last period,
to comparable or even better results in the efficiency of closing a fistula; therefore, more
surgeons have favored the use of this therapy. By combining the benefits of the two methods,
VACStent, an endoscopic stent associated with drainage capacity similar to vacuum therapy,
is currently being put into practice. VACStent represents a hybrid method that combines
the efficiency of esophageal stents completely covered with vacuum polyurethane foam
attached to a continuous suction pump. One of the benefits is the prevention of stent
migration by the suction force of the sponge cylinder immobilizing the VACStent on the
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esophageal wall, while at the same time, the attached external vacuum pump aspirates
secretions and improves healing. Current studies on the results of this procedure are few
as the procedure is in its infancy. In the first study reported in 2021, closure of the fistula
was achieved after the failure of other methods [50].

The indications for VACStent installation are the following: spontaneous esophageal
perforation, esophageal fistula and esophageal anastomosis fistula, occurring after surgical
intervention [51]. According to a study by Lange et al. that included 15 patients, the healing
rate of anastomotic fistulas after VACStent installation was 80%, without the occurrence
of severe complications such as bleeding at the end of the stent or perforation, and stent
migration was the most common complication [52]. This promising method can be applied
in the centers that approve this procedure, and this method may take over some of the
indications currently held by the two major endoscopic methods already established in the
treatment of anastomotic fistulas.

11. Conclusions

Anastomotic leakage after esophagectomy will continue to be one of the most feared
and costly postoperative complications. Given the significant impact on mortality and
health care costs, surgeons are continually evaluating and improving their techniques to
decrease the fistula rate. Management of such leaks require considerable expertise and
judgment on the part of the surgeon; extensive knowledge of these treatment modalities
helps promote a successful outcome.

Today, endoluminal stents are widely used in the management of anastomotic fistulas
because they ensure the successful closure of defects while allowing for continuous enteral
nutrition during recovery. Currently, the indications for stenting are defined for recent
fistulas, smaller than 1/3 of the circumference of the anastomosis, without extralumenal
cavities or necrosis of the adjacent tissues in a stable, non-septic patient. Severe stent-
related complications appear to be preferentially associated with the use of large stents.
Considering the correlation between the occurrences of perforations with the long duration
of stent maintenance, it is recommended not to leave stents for more than 3—-4 weeks.
Studies with VACStent support the applicability of the method, but of course, studies on
larger groups of patients are needed to demonstrate its place among the already established
endoscopic methods. Although other procedures give promising results, this method has a
well-defined role in the treatment of postoperative esophageal fistulas, but it is necessary
to adapt the indication of the type of procedure for each individual patient.

Author Contributions: Conceptualization, C.G.R., PH., FA., R.B., A.B. and S.C.; methodology, PH.,
FA., RB., AB., AM, N.C. and S.C.; software, PH., FEA., A.B., N.C. and S.C.; validation, C.G.R,,
PH., FA, RB.,, AM. and S.C,; formal analysis, PH., FA., R.B., A.B.,, AM. and 5.C; investigation,
PH., EA., A.B.,, AM. and N.C.; resources, C.G.R., FA., AM. and N.C.; data curation, C.G.R., R.B,,
A.B., AM, N.C. and S.C.; writing—original draft preparation, C.G.R., R.B., A.B.,, AM. and S.C,;
writing—review and editing, C.G.R., FA.,, R.B.,, A M. and S.C.; visualization, PH., EA., A M., N.C.
and S.C,; supervision, C.G.R., EA., R.B.,, AM. and N.C.; project administration, FA., A.B.,, AM., N.C.
and S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Institutional Ethics Commit-
tee of Sfanta Maria Hospital, with approval no. CE3830/17.02.2023.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Life 2023, 13, 966 13 of 15

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Low, D.E.; Kuppusamy, M.K.; Alderson, D.; Cecconello, I.; Chang, A.C.; Darling, G.; Davies, A.; D’Journo, X.B.; Gisbertz, S.S.;
Griffin, S.M.; et al. Benchmarking complications associated with esophagectomy. Ann. Surg. 2019, 269, 291-298. [CrossRef]
[PubMed]

Huscher, C.G.S.; Cobellis, F.; Lazzarin, G. Intrathoracic Robotic-Sewn Anastomosis During Ivor Lewis Esophagectomy for Cancer:
Back to Basics? J. Gastrointest. Surg. 2023. [CrossRef] [PubMed]

Brown, A.M.; Pucci, M.].; Berger, A.C.; Tatarian, T.; Evans, N.R,, III; Rosato, E.L.; Palazzo, F. A standardized comparison of
peri-operative complications after minimally invasive esophagectomy: Ivor Lewis versus McKeown. Surg. Endosc. 2018, 32,
204-211. [CrossRef] [PubMed]

Schweeigert, M.; Solymosi, N.; Dubec, Z.A.; Gonzalez, M.P.; Stein, H.J.; Ofner, D. One decade of experience with endoscopic
stenting for intrathoracic anastomotic leakage after esophagectomy: Brilliant breakthrough or flash in the pan? Am. Surg. 2014,
80, 736-745. [CrossRef]

Kéahler, G. Anastomotic leakage after upper gastrointestinal surgery: Endoscopic treatment. Visc. Med. 2017, 33, 202-206.
[CrossRef] [PubMed]

Van Hagen, P.; Hulshof, M.C.; van Lanschot, ].J.; Steyerberg, E.W.; van Berge Henegouwen, M.I.; Wijnhoven, B.P; Richel, D.J ;
Nieuwenhuijzen, G.A.; Hospers, G.A.; Bonenkamp, ].J.; et al. Preoperative chemoradiotherapy for esophageal or junctional
cancer. N. Enl. ]. Med. 2012, 366, 2074-2084. [CrossRef]

Walsh, C.; Karmali, S. Endoscopic management of bariatric complications: A review and update. World ]. Gastrointest. Endosc.
2015, 7, 518-523. [CrossRef]

Schaheen, L.; Blackmon, S.; Nason, K. Optimal approach to the management of intrathoracic esophageal leak following esophagec-
tomy: A systematic review. Am. J. Surg. 2014, 208, 536-543. [CrossRef]

Wu, G,; Yin, M,; Zhao, Y.S.; Fang, Y.; Zhao, G.; Zhao, ].; Han, X. Novel esophageal stent for treatment of cervical anastomotic
leakage after esophagectomy. Surg. Endosc. 2017, 31, 5024-5031. [CrossRef]

Lee, S.; Ahn, ].Y; Jung, H.Y,; Lee, ].H.; Choi, K.S.; Kim, D.H.; Choi, K.D.; Song, H.J.; Lee, G.H.; Kim, ].H.; et al. Clinical outcomes
of endoscopic and surgical management for postoperative upper gastrointestinal leakage. Surg. Endosc. 2013, 27, 4232-4240.
[CrossRef]

Rajan, P; Bansal, S.; Balaji, N.S.; Rajapandian, S.; Parthasarathi, R.; Senthilnathan, P.; Praveenraj, P.; Palanivelu, C. Role of
endoscopic stents and selective minimal access drainage in oesophageal leaks: Feasibility and outcome. Surg. Endosc. 2014, 28,
2368-2373. [CrossRef]

Schweigert, M.; Solymosi, N.; Dubecz, A.; Stadlhuber, R.J.; Mus-chweck, H.; Ofner, D.; Stein, H.J. Endoscopic stent insertion for
anastomotic leakage following oesophagectomy. Ann. R. Coll. Surg. Engl. 2013, 95, 43-47. [CrossRef]

Nguyen, N.; Rudersdorf, P.; Smith, B.; Reavis, K.; Nguyen, X.; Stamos, M. Management of gastrointestinal leaks after minimally
invasive esophagectomy: Conventional treatments vs. endoscopic stenting. J. Gastrointest. Surg. 2011, 15, 1952-1960. [CrossRef]
[PubMed]

Speer, E.; Dunst, C.M.; Shada, A.; Reavis, K.M.; Swanstrom, L.L. Covered stents in cervical anastomoses following esophagectomy.
Surg. Endosc. 2016, 30, 3297-3303. [CrossRef] [PubMed]

Smith, E.A ; Daly, S.C.; Smith, B.; Hinojosa, M.; Nguyen, N.T. The Role of Endoscopic Stent in Management of Postesophagectomy
Leaks. Am Surg. 2020, 86, 1411-1417. [CrossRef] [PubMed]

Bohle, W.; Louris, I.; Schaudt, A.; Koeninger, J.; Zoller, W.G. Predictors for Treatment Failure of Self-Expandable Metal Stents for
Anastomotic Leak after Gastro-Esophageal Resection. J. Gastrointest. Liver Dis. 2020, 29, 145-149. [CrossRef]

El-Sourani, N.; Miftode, S.; Bockhorn, M.; Arlt, A.; Meinhardt, C. Endoscopic Management of Anastomotic Leakage after
Esophageal Surgery: Ten Year Analysis in a Tertiary University Center. Clin. Endosc. 2022, 55, 58-66. [CrossRef]

D’Cunha, J.; Rueth, N.M.; Groth, S.S.; Maddaus, M.A.; Andrade, R.S. Esophageal stents for anastomotic leaks and perforations. J.
Thorac. Cardiovasc. Surg. 2011, 142, 39-46.e31. [CrossRef]

Stephens, E.; Correa, A.; Kim, M.; Gaur, P; Blackmon, S. Classification of esophageal stent leaks: Leak presentation, complications,
and management. Ann. Thorac. Surg. 2014, 98, 297-303. [CrossRef]

van Boeckel, P.G,; Sijbring, A.; Vleggaar, EP,; Siersema, P.D. Systematic review: Temporary stent placement for benign rupture or
anastomotic leak of the oesophagus. Aliment. Pharmacol. Ther. 2011, 33, 1292-1301. [CrossRef]

Singer, ].L.; Aryaie, A .H.; Fayezizadeh, M.; Lash, J.; Marks, ].M. Predictive Factors for the Migration of Endoscopic Self-Expanding
Metal Stents Placed in the Foregut. Surg. Innov. 2017, 24, 353-357. [CrossRef] [PubMed]

Kucukay, F; Okten, R.S.; Partak, E.; Disibeyaz, S.; Ozogul, Y.; Bostanci, E.B.; Olcer, T. Self-expanding covered metallic stent
treatment of esophagojejunostomy fistulas. Abdom. Imaging 2013, 38, 244-248. [CrossRef]

Feith, M,; Gillen, S.; Schuster, T.; Theisen, J.; Friess, H.; Gertler, R. Healing occurs in most patients that receive endoscopic stents
for anastomotic leakage; dislocation remains a problem. Clin. Gastroenterol. Hepatol. 2011, 9, 202-210. [CrossRef] [PubMed]
Aryaie, A.H.; Singer, ].L.; Fayezizadeh, M.; Lash, J.; Marks, ]. M. Efficacy of endoscopic management of leak after foregut surgery
with endoscopic covered self-expanding metal stents (SEMS) . Surg. Endosc. 2017, 31, 612-617. [CrossRef] [PubMed]

Sanz Segura, P.; GotorDelso, J.; Garcia Camara, P.; Sierra Moros, E.; Val Pérez, |.; Soria Santeodoro, M.T.; UribarrenaAmezaga, R.
Use of double-layered covered esophageal stents in post-surgical esophageal leaks and esophageal perforation: Our experience.
Gastroenterol. Hepatol. 2022, 45, 198-203. (In Spanish) [CrossRef] [PubMed]


http://doi.org/10.1097/SLA.0000000000002611
http://www.ncbi.nlm.nih.gov/pubmed/29206677
http://doi.org/10.1007/s11605-023-05616-w
http://www.ncbi.nlm.nih.gov/pubmed/36732403
http://doi.org/10.1007/s00464-017-5660-4
http://www.ncbi.nlm.nih.gov/pubmed/28643075
http://doi.org/10.1177/000313481408000820
http://doi.org/10.1159/000475783
http://www.ncbi.nlm.nih.gov/pubmed/28785568
http://doi.org/10.1056/NEJMoa1112088
http://doi.org/10.4253/wjge.v7.i5.518
http://doi.org/10.1016/j.amjsurg.2014.05.011
http://doi.org/10.1007/s00464-017-5545-6
http://doi.org/10.1007/s00464-013-3028-y
http://doi.org/10.1007/s00464-014-3471-4
http://doi.org/10.1308/003588413X13511609956255
http://doi.org/10.1007/s11605-011-1658-8
http://www.ncbi.nlm.nih.gov/pubmed/21904963
http://doi.org/10.1007/s00464-015-4661-4
http://www.ncbi.nlm.nih.gov/pubmed/26558909
http://doi.org/10.1177/0003134820964495
http://www.ncbi.nlm.nih.gov/pubmed/33074734
http://doi.org/10.15403/jgld-463
http://doi.org/10.5946/ce.2021.099
http://doi.org/10.1016/j.jtcvs.2011.04.027
http://doi.org/10.1016/j.athoracsur.2014.01.063
http://doi.org/10.1111/j.1365-2036.2011.04663.x
http://doi.org/10.1177/1553350617702026
http://www.ncbi.nlm.nih.gov/pubmed/28385100
http://doi.org/10.1007/s00261-012-9895-1
http://doi.org/10.1016/j.cgh.2010.12.010
http://www.ncbi.nlm.nih.gov/pubmed/21172455
http://doi.org/10.1007/s00464-016-5005-8
http://www.ncbi.nlm.nih.gov/pubmed/27317034
http://doi.org/10.1016/j.gastrohep.2021.04.005
http://www.ncbi.nlm.nih.gov/pubmed/34052404

Life 2023, 13, 966 14 of 15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Harustiak, T.; Tvrdon, J.; Pazdro, A.; énajdauf, M.; Faltova, H.; Ter8ip, T.; Wolesky, J.; Cerny, V.; Schiitzner, J.; Stolz, A.; et al.
Treatment of anastomotic leak after Ivor Lewis esophagectomy. Rozhledy v Chirurgii 2020, 99, 438-446.

Eizaguirre, E.; Larburu, S.; Asensio, J.I; Rodriguez, A.; Elorza, J.L.; Loyola, F,; Urdapilleta, G.; Navascués, ].M. Treatment of
anastomotic leaks with metallic stent after esophagectomies. Dis. Esophagus. 2016, 29, 86-92. [CrossRef] [PubMed]

Kim, YJ.; Shin, SK.; Lee, H].; Chung, H.S.; Lee, Y.C,; Park, J.C.; Hyung, W.J.; Noh, S.H.; Kim, C.B.; Lee, S.K. Endoscopic
management of anastomotic leakage after gastrectomy for gastric cancer: How efficacious is it? Scand . Gastroenterol. 2013, 48,
111-118. [CrossRef]

Berlth, E; Bludau, M.; Plum, P.; Herbold, T.; Christ, H.; Alakus, H.; Kleinert, R.; Bruns, C.J.; Holscher, A.H.; Chon, S.H. Self-
Expanding Metal Stents Versus Endoscopic Vacuum Therapy in Anastomotic Leak Treatment After Oncologic Gastroesophageal
Surgery. J. Gastrointest. Surg. 2019, 23, 67-75. [CrossRef]

Mennigen, R.; Harting, C.; Lindner, K.; Vowinkel, T.; Rijcken, E.; Palmes, D.; Senninger, N.; Laukoetter, M.G. Comparison of
Endoscopic Vacuum Therapy Versus Stent for Anastomotic Leak After Esophagectomy. J. Gastrointest. Surg. 2015, 19, 1229-1235.
[CrossRef]

Rausa, E.; Asti, E.; Aiolfi, A.; Bianco, F.; Bonitta, G.; Bonavina, L. Comparison of endoscopic vacuum therapy versus endoscopic
stenting for esophageal leaks: Systematic review and meta-analysis. Dis. Esophagus. 2018, 31, €0209272. [CrossRef] [PubMed]
Tavares, G.; Tustumi, F,; Tristao, L.S.; Bernardo, W.M. Endoscopic vacuum therapy for anastomotic leak in esophagectomy and
total gastrectomy: A systematic review and meta-analysis. Dis. Esophagus. 2021, 34, doaal32. [CrossRef] [PubMed]

Hallit, R.; Calmels, M.; Chaput, U.; Lorenzo, D.; Becq, A.; Camus, M.; Dray, X.; Gonzalez, ].M.; Barthet, M.; Jacques, J.; et al.
Endoscopic management of anastomotic leak after esophageal or gastric resection for malignancy: A multicenter experience.
Therap. Adv. Gastroenterol. 2021, 14, 17562848211032823. [CrossRef]

Hoeppner, J.; Kulemann, B.; Seifert, G.; Marjanovic, G.; Fischer, A.; Hopt, U.T.; Richter-Schrag, H.J. Covered self-expanding
stent treatment for anastomotic leakage: Outcomes in esophagogastric and esophagojejunal anastomoses. Surg. Endosc. 2014, 28,
1703-1711. [CrossRef] [PubMed]

Freeman, R K.; Ascioti, A.J.; Giannini, T.; Mahidhara, R.J. Analysis of unsuccessful esophageal stent placements for esophageal
perforation, fistula, or anastomotic leak. Ann. Thorac. Surg. 2012, 94, 959-965. [CrossRef] [PubMed]

Freeman, R.K.; Vyverberg, A.; Ascioti, A.]. Esophageal stent placement for the treatment of acute intrathoracic anastomotic leak
after esophagectomy. Ann. Thorac. Surg. 2011, 92, 204-208. [CrossRef]

Al-Issa, M.A,; Petersen, T.I; Taha, A.Y.; Shehatha, ].S. The role of esophageal stent placement in the management of poste-
sophagectomy anastomotic leak. Saudi J. Gastroenterol. 2014, 20, 39-42.

Southwell, T.; Lim, T.H.; Ogra, R. Endoscopic therapy for treatment of staple line leaks post-laparoscopic sleevegastrectomy
(LSG): Experience from a large bariatric surgery centre in New Zealand. Obes. Surg. 2016, 26, 1155-1162. [CrossRef]

van Boeckel, P.G.; Dua, K.S.; Weusten, B.L.; Schmits, R.].; Surapaneni, N.; Timmer, R.; Vleggaar, F.P.; Siersema, P.D. Fully covered
self-expandable metal stents (SEMS), partially covered SEMS and self-expandable plastic stents for the treatment of benign
esophageal ruptures and anastomotic leaks. BMC Gastroenterol. 2012, 12, 19. [CrossRef]

Iglesias Jorquera, E.; Egea Valenzuela, J.; Serrano Jiménez, A.; Carrilero Zaragoza, G.; Ortega Sabater, A.; Sanchez Velasco, E.;
Ruiz de Angulo, D.; Munitiz, V.; Parrilla, P.; Alberca de Las Parras, F. Endoscopic treatment of postoperative esophagogastric
leaks with fully covered self-expanding metal stents. Rev. Esp. Enferm. Dig. 2021, 113, 14-22. [CrossRef]

Puig, C.; Waked, T.M.; Baron, TH., Sr.; Wong Kee Song, L.M.; Gutierrez, J.; Sarr, M.G. The role of endoscopic stents in the
management of chronic anastomotic and staple line leaks and chronic strictures after bariatric surgery. Surg. Obes. Relat. Dis.
2014, 10, 613-619. [CrossRef] [PubMed]

Fischer, A.; Bausch, D.; Richter-Schrag, H.J. Use of a specially designed partially covered self-expandable metal stent (PSEMS)
with a 40-mm diameter for the treatment of upper gastrointestinal suture or staple line leaks in 11 cases. Surg. Endosc. 2013, 27,
642-647. [CrossRef] [PubMed]

Wei, W.; Ramaswamy, A.; De La Torre, R.; Miedema, B.W. Partially covered esophageal stents cause bowel injury when used to
treat complications of bariatric surgery. Surg Endosc. 2013, 27, 56—60. [CrossRef]

Sharaiha, R.Z.; Kumta, N.A.; Doukides, T.P; Eguia, V.; Gonda, T.A.; Widmer, ]J.L.; Turner, B.G.; Poneros, ].M.; Gaidhane, M.;
Kahaleh, M.; et al. Esophageal stenting with sutures: Time to redefine our standards? . Clin. Gastroenterol. 2015, 49, 57-60.
[CrossRef]

Fujii, L.L.; Bonin, E.A.; Baron, T.H.; Gostour, C.J.; Wong Kee Song, L.M. Utility of an endoscopic suturing system for prevention of
covered luminal stent migration in the upper GI tract. Gastrointest. Endosc. 2013, 78, 787-793. [CrossRef] [PubMed]

Law, R.; Prabhu, A.; Fujii-Lau, L.; Shannon, C.; Singh, S. Stent migration following endoscopic suture fixation of esophageal
self-expandable metal stents: A systematic review and meta-analysis. Surg. Endosc. 2018, 32, 675-681. [CrossRef] [PubMed]
Jena, A.; Chandnani, S.; Jain, S.; Sharma, V.; Rathi, P. Efficacy of endoscopic over-the-scope clip fixation for preventing migration
of self-expandable metal stents: A systematic review and meta-analysis. Surg Endosc. 2023. [CrossRef]

Licht, E.; Markowitz, A.].; Bains, M.S.; Gerdes, H.; Ludwig, E.; Mendelsohn, R.B.; Rizk, N.P.; Shah, P,; Strong, V.E.; Schattner,
M.A. Endoscopic management of esophageal anastomotic leaks after surgery for malignant disease. Ann. Thorac. Surg. 2016, 101,
301-304. [CrossRef]

Schweigert, M.; Dubecz, A.; Stadlhuber, R.J.; Muschweck, H.; Stein, H.J. Risk of stent-related aortic erosion after endoscopic stent
insertion for intrathoracic anastomotic leaks after esophagectomy. Ann. Thorac. Surg. 2011, 92, 513-518. [CrossRef]


http://doi.org/10.1111/dote.12298
http://www.ncbi.nlm.nih.gov/pubmed/25604136
http://doi.org/10.3109/00365521.2012.737362
http://doi.org/10.1007/s11605-018-4000-x
http://doi.org/10.1007/s11605-015-2847-7
http://doi.org/10.1093/dote/doy060
http://www.ncbi.nlm.nih.gov/pubmed/29939229
http://doi.org/10.1093/dote/doaa132
http://www.ncbi.nlm.nih.gov/pubmed/33479749
http://doi.org/10.1177/17562848211032823
http://doi.org/10.1007/s00464-013-3379-4
http://www.ncbi.nlm.nih.gov/pubmed/24380994
http://doi.org/10.1016/j.athoracsur.2012.05.047
http://www.ncbi.nlm.nih.gov/pubmed/22795060
http://doi.org/10.1016/j.athoracsur.2011.02.016
http://doi.org/10.1007/s11695-015-1931-0
http://doi.org/10.1186/1471-230X-12-19
http://doi.org/10.17235/reed.2020.6821/2019
http://doi.org/10.1016/j.soard.2013.12.018
http://www.ncbi.nlm.nih.gov/pubmed/24680763
http://doi.org/10.1007/s00464-012-2507-x
http://www.ncbi.nlm.nih.gov/pubmed/22955898
http://doi.org/10.1007/s00464-012-2406-1
http://doi.org/10.1097/MCG.0000000000000198
http://doi.org/10.1016/j.gie.2013.06.014
http://www.ncbi.nlm.nih.gov/pubmed/23871095
http://doi.org/10.1007/s00464-017-5720-9
http://www.ncbi.nlm.nih.gov/pubmed/28726147
http://doi.org/10.1007/s00464-023-09893-z
http://doi.org/10.1016/j.athoracsur.2015.06.072
http://doi.org/10.1016/j.athoracsur.2011.02.083

Life 2023, 13, 966 15 of 15

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Lange, J.; Dormann, A.; Bulian, D.R.; Hiigle, U.; Eisenberger, C.F.; Heiss, M.M. VacStent-Combining the benefits of endoscopic
vacuum therapy and covered stents for upper gastrointestinal tract leakage. Endosc. Int. Open 2021, 9, E971-E976. [CrossRef]
Chon, S.H.; Tox, U.; Lorenz, E; Rieck, I.; Wagner, B.J.; Kleinert, R.; Fuchs, H.E; Goeser, T.; Quaas, A.; Bruns, C.]. A novel
hybrid stent with endoscopic vacuum therapy for treating leaks of the upper gastrointestinal tract. Visc. Med. 2021, 37, 403—409.
[CrossRef] [PubMed]

Lange, J.; Kdhler, G.; Bernhardt, J.; Knievel, J.; Dormann, A.; Hiigle, U.; Eisenberger, C.F.; Heiss, M.M. The VacStent trial:
Combined treatment of esophageal leaks by covered stent and endoscopic vacuum therapy. Surg. Endosc. 2023. [CrossRef]
[PubMed]

Famiglietti, A.; Lazar, J.; Henderson, H.; Hamm, M.; Malouf, S.; Margolis, M.; Watson, T.J.; Khaitan, P.G. Management of
anastomotic leaks after esophagectomy and gastric pull-up. J. Thorac. Dis. 2020, 12, 1022-1030. [CrossRef]

Rieder, E.; Dunst, C.M.; Martinec, D.V.; Cassera, M.A.; Swanstrom, L.L. Endoscopic suture fixation of gastrointestinal stents:
Proof of biomechanical principles and early clinical experience. Endoscopy 2012, 44, 1121-1126. [CrossRef] [PubMed]

Kim, S.Y,; Kang, C.H.; Park, L.K.; Kim, Y.T. Esophageal Stent Insertion for Postesophagectomy Anastomosis Site Leakage. Clin.
Exp. Otorhinolaryngol. 2016, 9, 382-384. [CrossRef]

Lazzarin, G.; Di Furia, M.; Romano, L.; Di Sibio, A.; Di Giacomo, C.; Lombardi, L.; Giuliani, A.; Schietroma, M.; Pessia, B.; Carlei, E;
et al. Endoscopic Double-Pigtail Catheter (EDPC) Internal Drainage as First-Line Treatment of Gastric Leak: A Case Series during
Laparoscopic Sleeve Gastrectomy Learning Curve for Morbid Obesity. Minim. Invasive Surg. 2020, 23, 8250904. [CrossRef]

Galloro, G.; Ruggiero, S.; Russo, T.; Telesca, D.A.; Musella, M.; Milone, M.; Manta, R. Staple-line leak after sleeve gastrectomy in
obese patients: A hot topic in bariatric surgery. World . Gastrointest. Endosc. 2015, 7, 843-846. [CrossRef]

Martins, B.C.; Retes, F.A.; Medrado, B.E; e Lima, M.S.; Pennacchi, C.M.; Kawaguti, F.S.; Safatle-Ribeiro, A.V.; Uemura, R.S,;
Maluf-Filho, F. Endoscopic management and prevention of migrated esophageal stents. World ]. Gastrointest. Endosc. 2014, 6,
49-54. [CrossRef]

Wilcox, V.T.; Huang, A.Y;; Tariq, N.; Dunkin, B.]. Endoscopic suture fixation of self-expanding metallic stents with and without
submucosal injection. Surg. Endosc. 2015, 29, 24-29. [CrossRef]

Lai, A.; Naunton Morgan, R.; Tan, J. Secondary aorto-esophageal fistula managed with endoluminal stenting. ANZ J. Surg. 2016,
86, 619-621. [CrossRef]

Malik, M.U.; Ucbilek, E.; Sherwal, A.S. Critical gastrointestinal bleed due to secondary aortoenteric fistula. . Community Hosp.
Intern. Med. Perspect. 2015, 5, 29677. [CrossRef] [PubMed]

Ramsay, A.C.; Ramsay, M.P,; Meekins, P.E. Aortoenteric fistula in a 25-year-old man. J. Emerg. Med. 2013, 45, 533-536. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1055/a-1474-9932
http://doi.org/10.1159/000512320
http://www.ncbi.nlm.nih.gov/pubmed/34722723
http://doi.org/10.1007/s00464-023-09861-7
http://www.ncbi.nlm.nih.gov/pubmed/36639580
http://doi.org/10.21037/jtd.2020.01.15
http://doi.org/10.1055/s-0032-1325730
http://www.ncbi.nlm.nih.gov/pubmed/23188662
http://doi.org/10.21053/ceo.2015.00724
http://doi.org/10.1155/2020/8250904
http://doi.org/10.4253/wjge.v7.i9.843
http://doi.org/10.4253/wjge.v6.i2.49
http://doi.org/10.1007/s00464-014-3640-5
http://doi.org/10.1111/ans.12741
http://doi.org/10.3402/jchimp.v5.29677
http://www.ncbi.nlm.nih.gov/pubmed/26653698
http://doi.org/10.1016/j.jemermed.2013.04.019
http://www.ncbi.nlm.nih.gov/pubmed/23777774

	Introduction 
	Methods (See tabref:life-2260177-t001,tabref:life-2260177-t002) 
	Indication for Esophageal Stenting 
	Types of Esophageal Stents 
	Stenting Associated Procedures 
	The Efficiency of the Method in the Treatment of Fistula 
	The Persistence of the Leak after Stent Placement 
	Contraindications 
	Complications of Esophageal Stenting 
	Stent Migration 
	Tissue Overgrowth 
	Erosion of the Mucosa 
	Perforation in Nearby Organs 

	Perspectives 
	Conclusions 
	References

