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Minimally Invasive Approach to Esophageal Perforation

Eroglu et al.

ABSTRACT

Although esophageal perforation is rare, it is a life-threatening condition. The esophagus is very sensitive to 
rupture and perforation due to the absence of a serosal layer. More than half of the esophageal perfora-
tions are iatrogenic and most occur during endoscopy. Around 55% of esophageal injuries occur in the 
intrathoracic region, 25% in the cervical region, and 20% in the abdominal region. Clinical manifestations 
and mortality are related to various components such as the etiology, localization, type of injury, severity 
of contamination, injury to adjacent mediastinal structures, and time from perforation to treatment. When 
perforation occurs in the esophagus, saliva, stomach contents, bile fluid, and other secretions may pass into 
the mediastinum causing mediastinal emphysema, inflammation followed by mediastinal necrosis, and chemi-
cal mediastinitis. Early clinical suspicion and imaging are essential for successful treatment. Despite advances 
in technology and treatment, the morbidity and mortality rate due to esophageal perforation is still higher 
than 20% according to the reported studies. Until now, the main treatment of esophageal perforation was 
the surgical approach. Nowadays, endoluminal procedures such as endoscopic vacuum therapy, endoscopic 
stent placement, endoscopic clip closure, endoscopic suturing, and tissue adhesives have started to be applied 
more. In this review, the minimally invasive and endoscopic approach methods suitable for esophageal perfo-
ration according to the characteristics of the patients and the structure of the perforation were examined. 

Keywords: Endoscopic management, esophageal leak, esophageal perforation, esophageal stent, minimally 
invasive surgery 

Introduction
The esophagus is a structure exposed to serious injuries located in the neck, mediastinum, and 
abdomen, which is approximately 25 cm long. This structure, through which food is transmitted 
from the oropharynx to the stomach, is adjacent to vital organs. The esophagus does not have a 
serosa layer. It is an organ that can be easily injured and has a low possibility of end-to-end anas-
tomosis due to its thin wall and weak blood supply. An abnormal connection of the esophagus 
with the pleural cavity, mediastinum, or peritoneal cavity is referred to as esophageal rupture or 
perforation.1

Around 55% of esophageal injuries occur in the intrathoracic region, 25% in the cervical region, 
and 20% in the abdominal region.1 Esophageal perforation is a matter of controversy in diagnosis 
and treatment due to its rare occurrence and variability in its occurrence. Until now, the main 
treatment of esophageal perforation was the surgical approach. Nowadays, endoluminal proce-
dures such as endoscopic vacuum therapy, endoscopic stent placement, endoscopic clip closure, 
endoscopic suturing, and tissue adhesives have started to be applied more.2 In this review, the 
minimally invasive approach methods suitable for esophageal perforation according to the char-
acteristics of the patients and the structure of the perforation were examined.

Etiology and Incidence
More than half of the esophageal perforations are iatrogenic, most of which occur while per-
forming endoscopy. The perforation risk is low in diagnostic endoscopy performed by flexible 
endoscopy. However, therapeutic interventions such as foreign body removal, stent placement, 
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pneumatic dilatation, hemostasis, endoscopic 
ablation techniques, and cancer palliation can 
significantly increase the risk of perforation.1,2 
While the esophageal damage risk is 0.18-0.03% 
in flexible endoscopy, this rate is 0.11% in rigid 
esophagoscopy; when therapeutic interven-
tions are added, the rate can rise to 10-15%.3 
Esophageal perforation occurs spontaneously in 
approximately 15% of the cases.1,4 Esophageal 
foreign bodies take third place in perforation 
etiology. Esophageal perforation may occur less 
frequently due to penetrating or blunt trauma, 
intraoperative injury, and malignancy.2,3

Clinical Findings
Physical examination findings and symptoms 
vary according to the reason, location, and time 
of the injury. Clinical findings in esophageal per-
forations are unclear at first and usually become 
apparent after 24 hours. In the first hours of 
the injury, if there are no concomitant compli-
cations such as subcutaneous emphysema or 
pneumothorax, pathology may not be detected 
on physical examination. This seems more com-
mon in patients with iatrogenic perforation and 
those who have not been fed orally. The patient 
may present with sepsis symptoms hours or 
days after the perforation due to oral intake of 
food.5,6

The most common symptoms are dysphagia, 
dyspnea, pain, fever, and subcutaneous emphy-
sema. Pain is the most common but completely 
non-specific symptom. Although fever is not 
specific, it is a sign of the possible infection onset 
and systemic inflammatory response. Pain, ody-
nophagia, and dysphagia in the cervical region 
are common. The patient often has hemateme-
sis. On examination, neck swelling, subcutane-
ous crepitation, and pain in deep palpation can 
be detected. Neck stiffness may occur in flexion 
and extension, and pain may occur after a few 
hours. In the perforation of the thoracic esoph-
agus, substernal and interscapular pain, fever, 
and dysphagia are seen in the early period. The 
patient usually describes the dysphagia close to 
the perforation site. The severity of dyspnoea 
varies according to the degree of pleural con-
tamination, the amount of hydropneumothorax, 
and the presence of airway compression. There 
may be tenderness in the upper abdomen. At 
auscultation, crepitation of the mediastinal air 
can be heard.5,6

Diagnosis
Even nonspecific minimal symptoms should 
not be overlooked in the diagnosis in penetrat-
ing and blunt traumas of the neck and chest, 
ingestion of a caustic substance, ingestion of 
foreign body or foreign body removal from the 

esophagus, in esophageal interventions or inter-
ventions through the esophagus, and in patients 
who have recently undergone surgery.

Chest x-ray radiography is used to discover air 
originating from the perforation. Subcutaneous 
emphysema is seen in cervical esophageal injury, 
and mediastinal emphysema is seen in thoracic 
esophageal rupture. Under the diaphragm, free 
air is a clear marker in abdominal esophageal 
perforation. Furthermore, some findings that 
can be seen on chest x-ray radiography include 
hydropneumothorax, hydrothorax, pleural effu-
sion, the air in the soft tissues of the preverte-
bral space, and pericardial effusion.2-4

Esophagography is required in all esophageal 
perforation cases to support the diagnosis, to 
locate the perforation, and to plan the treat-
ment method. In cases with perforation in the 
lower esophageal part, it is often seen that the 
contrast medium overflows into the mediasti-
num or the pleural space. If doubts are still pres-
ent after esophagography using a water-soluble 
contrast agent or if it cannot be anatomically 
precisely localized, the process can be repeated 
using barium.2-4

Oral contrast administration immediately before 
the computed tomography (CT) scan is alterna-
tive for diagnosis. Computed tomography scan 
can show mediastinal enlargement, pneumo-
mediastinum, pneumothorax, subcutaneous 
emphysema, lesion level, abscess cavities, and 
foreign body if any. Sometimes CT can detect 
even little extravasations of contrast agents 
which are not visible on standard radiographs.3,4,7

The most definitive diagnosis of rupture is to be 
seen endoscopically. Owing to the esophagos-
copy, both additional pathologies and the level 
of rupture are determined and the method to 
be selected is decided. However, it is controver-
sial whether or not to perform an endoscopy in 
case of perforation suspicion. Little perforations 
can be overlooked by even experienced endos-
copists. Besides, accessing the injured area by 
the endoscope can make the perforation even 
larger and lead to further contamination.1,2,6

Selection and Goals of the Treatment 
Method
Successful in the treatment of perforation is 
related to multiple components such as the 
duration between rupture formation and 
the moment of diagnosis, the contamination 
degree, the size and localization of the rupture, 
and the general status of the patient. The most 
important component affecting the outcome 
of esophageal perforation is the time from the 

moment of perforation to diagnosis.6,7 There is 
uncertainty in the optimal treatment of perfora-
tion as there is no single strategy to adequately 
deal with most of these situations.

Prompt diagnosis, antibiotic therapy, appropriate 
hemodynamic monitoring and support, control 
of extraluminal contamination, and restoration 
of luminal integrity constitute the goals of treat-
ment in a patient with esophageal perforation.8,9

Surgery
Although many authors advocated repairing 
the perforation area with supportive tissue in 
the early period in all perforations, the primary 
repair was not recommended in cases with 
late admission. Many reviews and series have 
reported that treatment in the first 24 hours 
produces successful results.10,11 The operative 
approach to be chosen depends on the hemody-
namic status, the convenience of the esophageal 
muscle and mucosa layers for primary repair, 
and the presence of other pathologies. These 
surgical methods are drainage alone, drainage 
and decortication, primary repair with or with-
out tissue support, controlled fistula creation 
by T-tube, esophageal exclusion, or esophageal 
resection.5,6,12

Although many authors line up with the open 
surgical approach of esophageal perforations, 
some authors have also achieved excellent 
results by nonoperative treatment and percu-
taneous control of mediastinal sepsis.2,5,6,13 With 
the development of endoluminal and minimally 
invasive procedures, the usage of minimally 
invasive approaches in perforation treatment is 
increasing today.14,15

Video-Assisted Thoracoscopic/
Laparoscopic Surgery
Thoracoscopic repair causes less trauma to 
patients. Surgery aims to ensure adequate clo-
sure of the defect to allow the esophagus to heal 
and to clear the toxic esophageal contents from 
the mediastinum, thorax, and peritoneal cavity. 
A thoracoscopic approach should be added for 
mediastinal debridement and drainage, even if 
endoscopic closure of the perforation is consid-
ered in cases with severe mediastinal and pleural 
contamination.2,3

Minimally invasive approaches are increasingly 
being used in selected acute esophageal perfo-
ration cases. This method is mostly used for sta-
ble patients that have mild contamination. The 
reports in the literature are mostly limited to 
case reports and small case series that summa-
rize thoracoscopic and laparoscopic methods, 
describing the treatment of Boerhaave syndrome 
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and the repair of perforation caused by balloon 
dilatation in achalasia.16-18 Peng et al16 reported 
that they successfully performed thoracoscopic 
drainage in 6 pediatric cases who developed 
mediastinitis due to esophageal perforation. 
Aiolfi et al17 reviewed 16 articles and 48 cases of 
treatment for Boerhaave syndrome using mini-
mally invasive surgery (thoracoscopy or laparos-
copy). Video-assisted thoracoscopy (VATS) was 
the most frequently reported surgical approach 
(75%), followed by laparoscopy (16.7%) and 
combined thoraco-laparoscopic approach 
(6.2%). In the use of VATS, 91% of patients 
with selective lung ventilation have a left-sided 
approach. In 60% of the cases, repair by inter-
rupted, single or double layer primary suturing 
was performed. Surgical debridement (25%), 
primary repair that augmented with a gastric or 
omental patch (8%), esophageal repair via T-tube 
(6%), and endoscopic stent combined with lapa-
roscopic debridement (2%) were reported. The 
postoperative morbidity rate was 64.5%, fistula 
rate was 19%, and the mortality rate was 8.3%.

Endoscopic Treatment
In the last 2 decades, a significant increase has 
been observed in the use of stent placement, 
endoscopic suturing, clip placement, tissue 
adhesives, and endoscopic vacuum therapy 
in the perforation treatment. Its feature of 
including diagnosis and treatment interventions 
increases the preference for endoscopy. These 
treatments are sometimes used alone, some-
times combined with laparoscopy or thoracos-
copy. In the case of the hybrid approach, the 
perforation area is usually closed endoscopically, 
while the mediastinal and peritoneal drainage 
and debridement can be performed minimally 
invasively by the thoracoscopic or laparoscopic 
approach. The hybrid procedure is most com-
mon today in the form of primary repair or 
thoracoscopic drainage with endoscopic stent 
placement.19-21

Esophageal Stent Placement
Esophageal stents are most commonly used in 
patients with esophageal cancer for whom sur-
gery is not suitable. Also, the use of esophageal 
stents in the treatment of benign oesophageal 
strictures, esophageal perforation, benign-malig-
nant esophago-respiratory fistulas, and postop-
erative anastomotic leaks has been increasing.22,23 
The major advantages of stent placement are 
instant control of perforations, preservation 
of the esophageal wall during mucosal healing, 
prevention of stricture formation, and early oral 
feeding.24-26 Today, expandable stents are gener-
ally used, and the use of rigid stents is extremely 
rare. While the rate of surgical intervention 
has decreased in the esophageal perforation 

treatment in recent years, stent placement has 
become quite common.2,3

Self-Expandable Metallic Stents
Self-expandable metallic stents (SEMS) are the 
first expandable stents designed. These are 
divided into 3 types: uncovered, partially cov-
ered, and fully covered. The classic example 
of uncoated stents is the Ultraflex (Boston 
Scientific, Marlborough, MA) stent. These stents 
are usually permanent. Attempts to remove 
the stent can cause serious morbidity. The fully 
covered stent consists of a membrane that cov-
ers the stent along its length. These are usually 
double funnel-shaped and have a circumferential 
suture-shaped suture at the ends. In the standard 
endoscope, the stent can be retracted by hold-
ing this suture with forceps. The coating is usually 
made of silicone or a polymer that prevents tis-
sue ingrowth. The benefit of using the fully cov-
ered stent is that it rarely becomes embedded 
in the tissue and can be removed more easily in 
the future. It can also close defects such as per-
foration and isolate the injury area. In partially 
covered stents, the proximal and distal ends are 
not covered and the stent body is covered with 
a membrane. Partially covered stents have char-
acteristics of both fully covered and uncovered 
stent types. The uncovered proximal and distal 
extended ends of a partially covered stent help 
complete stent placement and prevent migra-
tion. However, the stent body is covered and 
prevents tissue ingrowth into the stent.27,28

Closing the perforation with an esophageal 
stent is one of the most effective methods 
today. The placement of full covered SEMS in 
esophageal perforations has several important 
functions. The stent covers the perforated area 
and removes the esophageal contents along with 
this site. Thus, the resumption of oral nutrition 
is facilitated and contamination of the extralumi-
nal structures is prevented. Another advantage 
of the stent is that it provides tissue re-epithe-
lization. Fully covered stents are optimum for 
controlling leakage. However, these also have a 
higher probability of migration. It is very impor-
tant to ensure proper drainage of the perfora-
tion area. Because the fully covered stent can 
prevent leakage through the wall of esophagus, 
but it may prevent the cavity from draining suf-
ficiently and may also lead to sepsis.2,29

The location and length of the perforation 
should be demonstrated by contrast-enhanced 
esophagogram or endoscopy before stent place-
ment. The patient can be relieved with sedatives 
and analgesics (intravenous 3-5 mg of mid-
azolam and 50 mg of meperidine). Esophageal 
SEMS can be placed under the guidance of 

endoscopy, with or without fluoroscopy. Partial 
or fully covered SEMS is placed by centering 
the perforation area. The stent can be fixed to 
the esophagus with clips to prevent migration. 
There are ready-made stents with thread and 
the thread can be fixed to the nose wings or 
earlobe after the stent is placed. Stents are usu-
ally removed after 2-3 weeks of placement.24-26

Self-Expandable Plastic Stents
The only self-expandable plastic stents (SEPS) 
available today are Polyflex stents (Boston 
Scientific). It is made of a polyester mesh with an 
inner silicone liner designed to reduce stent tis-
sue reaction. While the middle and lower parts 
of the stent are of the same caliber, the upper 
part of the stent is enlarged to reduce stent 
migration. The stent is first loaded into the deliv-
ery system by the surgeon. This delivery system 
is quite bulky (12-14 mm) and requires steno-
sis dilatation before stent placement in narrow 
structures. The same stent can be removed 
after migration and reloaded into the delivery 
device and reused.30,31

The self-expandable plastic stents have high 
efficiency in the control of esophageal leaks 
and perforations. There are some benefits over 
metal stents in esophageal perforation control. 
The soft material provides a safe and effective 
force to seal the leak, and the silicone membrane 
prevents tissue ingrowth. This allows easy repo-
sitioning and removal of the stent. However, 
SEPS placement is more difficult and the rate of 
migration is higher.2,32 Kamarajah et al33 reported 
the technical and clinical success rates of metallic 
and plastic stents in postoperative anastomotic 
leaks, and spontaneous and iatrogenic oesopha-
geal perforations as 96% and 87%, respectively, 
in their recent review of 1752 cases. Plastic 
stents had higher rates of migration and reposi-
tioning and lower technical success than metallic 
stents. In cases with perforation, plastic stents 
were related with significantly lower technical 
success.

Endoscopic Suturing
Endoscopic sutures can be used for fixation to 
prevent migration of esophageal stents, as well 
as for primary repair of esophageal perforations. 
Endoscopic suturing is used for both acute per-
forations and chronic fistulas. The endoscopic 
suture technique allows the closure of large 
defects that cannot be closed with other endo-
scopic interventions by full-thickness suturing. 
The device requires a dual-channel therapeutic 
endoscope. Tissue approximation and suture 
placement can be facilitated by holding forceps 
that retract the tissue. Additional auxiliary parts 
can be inserted through the working channel 
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of the endoscope. The OverStitch endoscopic 
suturing system allows interrupted or continu-
ous stitches without the need to remove the 
device.34,35

One possible complication of using suture 
devices is mucosal damage. However, this risk 
can be quite avoided by placing an overtube 
before the procedure. Unlike other endoscopic 
techniques for closing esophageal perforations, 
endoscopic suturing requires a learning curve 
for more widespread use.4

Tissue Adhesives and Glue
Fibrin glue and cyanoacrylate have been used 
successfully in the treatment of surgical anas-
tomotic leaks and small diameter fistulas. These 
sealants can be used alone or in conjunction 
with other endoscopic interventions. Fibrin glue 
is applied via a double lumen catheter after the 
cleansing of secretions to dry the targeted area 
to form a fibrin clot. The underlying epithelium 
must be peeled off with a cytology brush before 
fibrin glue is applied.4,36

Cyanoacrylate can be applied to the infected 
area as it has antibacterial properties. 
Cyanoacrylate has a stronger adhesion than 

fibrin glue. Cyanoacrylate is resistant to the 
stomach or pancreatic enzymes and ensures the 
successful closure of fistulas. Moreover, fibrin is 
difficult to use as it performs better in dry areas. 
Fibrin-based sealant prevents the passage of 
gastrointestinal contents through the fistula and 
supports tissue repair. Despite the high success 
rate, a large perforation is unlikely to be success-
fully closed with tissue adhesives alone.36,37

Endoscopic Clip
Clip closure is one of the most commonly used 
endoscopic methods for closing gastrointestinal 
perforations. In some cases, clips may be used 
with stents. However, apart from preventing 
migration of stents, it can be used alone for the 
primary closure of perforation. Small iatrogenic 
perforations that are instantly diagnosed are 
candidates for using the endoscopic clip closure 
method. There are 2 types of endoscopic clip 
applications: through-the-scope clip (TTSC) and 
over-the-scope clip (OTSC).2,4,9,38

While TTSC was originally designed for hemosta-
sis, it was later developed to be used to close iat-
rogenic perforations. Through-the-scope clip can 
be used to cover perforations smaller than 2 cm, 
provided that the tissue surrounding the edges is 

viable and applicable. Clip application may be dif-
ficult if the tissue around the defect is inflamed or 
hardened. It is recommended to continue clos-
ing proximally starting from the distal part of the 
perforation. When the edges of the perforated 
esophagus are brought close enough, the clip is 
placed over the grasped tissue.9,34,39

Over-the-scope clip is another method for 
closing the perforation. The clips come in 
3 sizes: 11 mm, 12 mm, and 14 mm. The clip 
is preloaded on a transparent cover mounted 
at the end of the endoscope. Before the clip 
is placed, the defect is pulled with forceps 
and the clip is placed more effectively. Unlike 
TTSCs, OTSCs have a greater closing force. 
However, OTSC insertion may fail for defects 
greater than 20 mm or for inflammatory or 
necrotic conditions.36,40-42

Endoscopic vacuum therapy (EVT) or 
EndoSponge
Following perforation, endoscopic drainage 
of the mediastinal or peritoneal collection or 
abscess can be achieved by endoscopic vac-
uum therapy (EVT) . The device has parts of a 
sponge and a tube attached to an external vac-
uum absorber. This leads to a gentle, continuous 

Figure 1.  The treatment algorithm in esophageal perforation.
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suction on the tissue that clears secretions and 
induces the formation of granulation tissue. The 
endo-sponge can be inserted into the cavity or 
in the lumen and completely cover the perfora-
tion site. In the case of larger space, more than 
one sponge can be used.34,43,44

After the perforation area is determined, the 
cavity is irrigated and endoscopically debrided. 
Then endo-sponge is chosen depending on 
the size of the injury. A nasogastric tube is 
inserted through the nose and pulled through 
the mouth to insert the endo-sponge. The 
endo-sponge is then fixed to the tube using 
a strong permanent suture. An endoscopic 
grasper is then used to place the endo-sponge 
in the desired position. After proper localiza-
tion is verified, negative pressure is started. 
The endo-sponge usually needs to be changed 
often, in 3-5 days. Endoscopic removal should 
be done by endoscopic vision after the leak has 
been covered.36,45

In a prospective cohort study, the results of clos-
ing upper gastrointestinal defects with EVT were 
evaluated in 52 cases. Recovery was observed in 
94% of the cases without the need for surgical 
revision. Endoscopic vacuum therapy failed in 
three patients. Two of these patients died of 
bleeding from EVT. Post-intervention stenosis 
was observed in 4 cases during follow-up.46 Our 
treatment algorithm for esophageal perforation 
is presented in the figure.

Conclusion
Esophageal perforation requires rapid diagno-
sis and treatment due to high morbidity and 
mortality. Advances in devices and techniques 
for endoscopic closure are hopeful for less 
invasive and easier treatment of esophageal 
perforations. However, the decision of surgi-
cal, endoscopic, conservative treatment should 
be individualized and evaluated by a multidis-
ciplinary team. In some cases, hybrid methods 
combining endoscopic methods and thoracos-
copy or laparoscopy may be required. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – A.E., Y.A., A.B.U.; 
Design – A.E., Y.A., A.B.U.; Supervision – A.E., Y.A.; 
Resources – A.E., A.B.U.; Materials – A.E., Y.A., A.B.U.; 
Data Collection and/or Processing – A.E., A.B.U.; 
Analysis and/or Interpretation – A.E., Y.A., A.B.U.; 
Literature Search – A.E., Y.A.; Writing Manuscript – 
A.E., Y.A., A.B.U.; Critical Review – A.E., Y.A.

Conflict of Interest: The authors have no conflicts of 
interest to declare.

Financial Disclosure: The authors declared that this 
study has received no financial support.

References
1.	 Kassem MM, Wallen JM. Esophageal perforation 

and tears. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2020.

2.	 Eroğlu A, Aydın Y, Yılmaz Ö. Minimally invasive 
management of esophageal perforation. Turk 
Gogus Kalp Damar Cerrahisi Derg. 2018;26(3):496-
503. [CrossRef]

3.	 Eroglu A, Aydin Y, Yilmaz O. Thoracic perfora-
tions-surgical techniques. Ann Transl Med. 
2018;6(3):40. [CrossRef]

4.	 Gurwara S, Clayton S. Esophageal perforations: 
an endoscopic approach to management. Curr 
Gastroenterol Rep. 2019;21(11):57. [CrossRef]

5.	 Eroglu  A, Can Kürkçüogu  IC, Karaoganogu  N, 
Tekinbaş C, Yimaz O, Başog M. Esophageal per-
foration: the importance of early diagnosis and 
primary repair. Dis Esophagus. 2004;17(1):91-94. 
[CrossRef]

6.	 Eroglu  A, Turkyilmaz  A, Aydin  Y, Yekeler  E, 
Karaoglanoglu  N. Current management of 
esophageal perforation: 20 years experience. Dis 
Esophagus. 2009;22(4):374-380. [CrossRef]

7.	 Lampridis S, Mitsos S, Hayward M, Lawrence D, 
Panagiotopoulos  N. The insidious presentation 
and challenging management of esophageal per-
foration following diagnostic and therapeutic 
interventions. J Thorac Dis. 2020;12(5):2724-
2734. [CrossRef]

8.	 Siddiqi  S, Schraufnagel  DP, Siddiqui  HU, et al. 
Recent advancements in the minimally invasive 
management of esophageal perforation, leaks, 
and fistulae. Expert Rev Med Devices. 
2019;16(3):197-209. [CrossRef]

9.	 Watkins  JR, Farivar  AS. Endoluminal therapies 
for esophageal perforations and leaks. Thorac 
Surg Clin. 2018;28(4):541-554. [CrossRef]

10.	 Kaman L, Iqbal  J, Kundil B, Kochhar R. Manage-
ment of esophageal perforation in adults. Gastro-
enterology Res. 2010;3(6):235-244. [CrossRef]

11.	 Karstens KF, Bellon E, Tachezy M, et al. Surgical 
management of non-malignant esophageal per-
forations: A single-center analysis Over a 15-year 
period. Dig Surg. 2020;37(4):302-311. 
[CrossRef]

12.	 Daneshvar Kakhki A, Saghebi SR, Sadegh Bigee F. 
Treatment of esophageal perforation with pri-
mary closure and reinforcement using TachoSil. 
Tanaffos. 2017;16(1):84-87.

13.	 Aloreidi K, Patel B, Ridgway T, Yeager T, Atiq M. 
Non-surgical management of Boerhaave's syn-
drome: a case series study and review of the 
literature. Endosc Int Open. 2018;6(1):E92-E97. 
[CrossRef]

14.	 Ben-David  K, Lopes  J, Hochwald  S, et al. Mini-
mally invasive treatment of esophageal perfora-
tion using a multidisciplinary treatment algo-
rithm: a case series. Endoscopy. 2011;43(2):160-
162. [CrossRef]

15.	 Carrott PW Jr, Low DE. Advances in the man-
agement of esophageal perforation. Thorac Surg 
Clin. 2011;21(4):541-555. [CrossRef]

16.	 Peng L, Quan X, Zongzheng J, et al. Videothora-
coscopic drainage for esophageal perforation 
with mediastinitis in children. J Pediatr Surg. 
2006;41(3):514-517. [CrossRef]

17.	 Aiolfi A, Micheletto G, Guerrazzi G, Bonitta G, 
Campanelli G, Bona D. Minimally invasive surgical 
management of Boerhaave's syndrome: a narra-
tive literature review. J Thorac Dis. 
2020;12(8):4411-4417. [CrossRef]

18.	 Sánchez-Pernaute A, Aguirre EP, Talavera P, et al. 
Laparoscopic approach to esophageal perfora-
tion secondary to pneumatic dilation for acha-
lasia. Surg Endosc. 2009;23(5):1106-1109. 
[CrossRef]

19.	 Fernandez  FF, Richter  A, Freudenberg  S, 
Wendl  K, Manegold  BC. Treatment of endo-
scopic esophageal perforation. Surg Endosc. 
1999;13(10):962-966. [CrossRef]

20.	 Sepesi  B, Raymond  DP, Peters  JH. Esophageal 
perforation: surgical, endoscopic and medical 
management strategies. Curr Opin Gastroenterol. 
2010;26(4):379-383. [CrossRef]

21.	 Vermeulen  BD, van der Leeden  B, Ali  JT, et al. 
Early diagnosis is associated with improved clini-
cal outcomes in benign esophageal perforation: 
an individual patient data meta-analysis. Surg 
Endosc. 2021;35(7):3492-3505. [CrossRef]

22.	 Freeman  RK, Van Woerkom  JM, Vyverberg  A, 
Ascioti  AJ. Esophageal stent placement for the 
treatment of spontaneous esophageal perfora-
tions. Ann Thorac Surg. 2009;88(1):194-198. 
[CrossRef]

23.	 Dasari BV, Neely D, Kennedy A, et al. The role 
of esophageal stents in the management of 
esophageal anastomotic leaks and benign esoph-
ageal perforations. Ann Surg. 2014;259(5):852-
860. [CrossRef]

24.	 Eroğlu  A, Aydın  Y, Altuntaş  B, Türkyılmaz  A. 
Treatment of complications caused by metallic 
stent placement in esophageal cancer. Turk Gogus 
Kalp Dama. 2016;24(4):703-710. [CrossRef]

25.	 Turkyilmaz A, Eroglu A, Aydin Y, Kurt A, Bilen Y, 
Karaoglanoglu N. Complications of metallic stent 
placement in malignant esophageal stricture and 
their management. Surg Laparosc Endosc Percutan 
Tech. 2010;20(1):10-15. [CrossRef]

26.	 Turkyilmaz A, Aydin Y, Eroglu A, Bilen Y, Karaog-
lanoglu  N. Palliative management of esophago-
respiratory fistula in esophageal malignancy. Surg 
Laparosc Endosc Percutan Tech. 2009;19(5):364-
367. [CrossRef]

27.	 John  A, Chowdhury  SD, Kurien  RT, et al. Self-
expanding metal stent in esophageal perfora-
tions and anastomotic leaks. Indian J Gastroen-
terol. 2020;39(5):445-449. [CrossRef]

28.	 D'Cunha J, Rueth NM, Groth SS, Maddaus MA, 
Andrade RS. Esophageal stents for anastomotic 
leaks and perforations. J Thorac Cardiovasc Surg. 
2011;142(1):39-46.e1. [CrossRef]

29.	 Herrera A, Freeman RK. The evolution and cur-
rent utility of esophageal stent placement for the 
treatment of acute esophageal perforation. 
Thorac Surg Clin. 2016;26(3):305-314. 
[CrossRef]

30.	 Anikhindi  SA, Ranjan P, Sachdeva M, Kumar M. 
Self-expanding plastic stent for esophageal leaks 
and fistulae. Indian J Gastroenterol. 2016;35(4):287-
293. [CrossRef]

31.	 Ott C, Ratiu N, Endlicher E, et al. Self-expanding 
polyflex plastic stents in esophageal disease: 

https://doi.org/10.5606/tgkdc.dergisi.2018.15354
https://doi.org/10.21037/atm.2017.04.25
https://doi.org/10.1007/s11894-019-0730-5
https://doi.org/10.1111/j.1442-2050.2004.00382.x
https://doi.org/10.1111/j.1442-2050.2008.00918.x
https://doi.org/10.21037/jtd-19-4096
https://doi.org/10.1080/17434440.2019.1582329
https://doi.org/10.1016/j.thorsurg.2018.07.002
https://doi.org/10.4021/gr263w
https://doi.org/10.1159/000504342
https://doi.org/10.1055/s-0043-124075
https://doi.org/10.1055/s-0030-1256094
https://doi.org/10.1016/j.thorsurg.2011.08.002
https://doi.org/10.1016/j.jpedsurg.2005.11.047
https://doi.org/10.21037/jtd-20-1020
https://doi.org/10.1007/s00464-008-0114-7
https://doi.org/10.1007/s004649901147
https://doi.org/10.1097/MOG.0b013e32833ae2d7
https://doi.org/10.1007/s00464-020-07806-y
https://doi.org/10.1016/j.athoracsur.2009.04.004
https://doi.org/10.1097/SLA.0000000000000564
https://doi.org/10.5606/tgkdc.dergisi.2016.4456
https://doi.org/10.1097/SLE.0b013e3181cdebf4
https://doi.org/10.1097/SLE.0b013e3181ba796d
https://doi.org/10.1007/s12664-020-01078-z
https://doi.org/10.1016/j.jtcvs.2011.04.027
https://doi.org/10.1016/j.thorsurg.2016.04.012
https://doi.org/10.1007/s12664-016-0679-3


106 • Eroglu et al. Minimally Invasive Approach to Esophageal Perforation� Eurasian J Med 2022; 54(1): 101-106

various indications, complications, and outcomes. 
Surg Endosc. 2007;21(6):889-896. [CrossRef]

32.	 Gelbmann CM, Ratiu NL, Rath HC, et al. Use of 
self-expandable plastic stents for the treatment 
of esophageal perforations and symptomatic 
anastomotic leaks. Endoscopy. 2004;36(8):695-
699. [CrossRef]

33.	 Kamarajah SK, Bundred J, Spence G, Kennedy A, 
Dasari BVM, Griffiths EA. Critical appraisal of the 
impact of oesophageal stents in the management 
of oesophageal anastomotic leaks and benign 
oesophageal perforations: an updated systematic 
review. World J Surg. 2020;44(4):1173-1189. 
[CrossRef]

34.	 Singh  RR, Nussbaum  JS, Kumta  NA. Endoscopic 
management of perforations, leaks and fistulas. 
Transl Gastroenterol Hepatol. 2018;3:85. [CrossRef]

35.	 Storm AC, Vargas EJ, Matar R, et al. Esophageal 
overtubes provide no benefit to safety or techni-
cal success in upper gastrointestinal tract endo-
scopic suturing. Endosc Int Open. 
2019;7(7):E919-E921. [CrossRef]

36.	 Bhurwal A, Mutneja H, Tawadross A, Pioppo L, 
Brahmbhatt  B. Gastrointestinal fistula 

endoscopic closure techniques. Ann Gastroen-
terol. 2020;33(6):554-562. [CrossRef]

37.	 Plat VD, Bootsma BT, van der Wielen N, et al. 
The role of tissue adhesives in esophageal sur-
gery, a systematic review of literature. Int J Surg. 
2017;40:163-168. [CrossRef]

38.	 Lázár  G, Paszt  A, Mán  E. Role of endoscopic 
clipping in the treatment of oesophageal perfo-
rations. World J Gastrointest Endosc. 2016;8(1):13-
22. [CrossRef]

39.	 Di Leo  M, Maselli  R, Ferrara  EC, Poliani  L, Al 
Awadhi S, Repici A. Endoscopic management of 
benign esophageal ruptures and leaks. Curr Treat 
Options Gastroenterol. 2017;15(2):268-284. 
[CrossRef]

40.	 Kobara H, Mori H, Nishiyama N, et al. Over-the-
scope clip system: a review of 1517 cases over 
9 years. J Gastroenterol Hepatol. 2019;34(1):22-
30. [CrossRef]

41.	 Chavan  R, Nabi  Z, Karayampudi  A, et al. Out-
comes of over-the-scope clip application in vari-
ous gastrointestinal indications: experience from 
a tertiary care in India. Ann Gastroenterol. 
2020;33(5):473-479. [CrossRef]

42.	 Weiland T, Fehlker M, Gottwald T, Schurr MO. 
Performance of the OTSC System in the endo-
scopic closure of iatrogenic gastrointestinal per-
forations: a systematic review. Surg Endosc. 
2013;27(7):2258-2274. [CrossRef]

43.	 Manfredi MA, Clark SJ, Staffa SJ, et al. Endoscopic 
esophageal vacuum therapy: a novel therapy for 
esophageal perforations in pediatric patients. J Pediatr 
Gastroenterol Nutr. 2018;67(6):706-712. [CrossRef]

44.	 Still  S, Mencio  M, Ontiveros  E, Burdick  J, 
Leeds SG. Primary and rescue endoluminal vac-
uum therapy in the management of esophageal 
perforations and leaks. Ann Thorac Cardiovasc 
Surg. 2018;24(4):173-179. [CrossRef]

45.	 Smallwood  NR, Fleshman  JW, Leeds  SG, 
Burdick  JS. The use of endoluminal vacuum 
(E-Vac) therapy in the management of upper 
gastrointestinal leaks and perforations. Surg 
Endosc. 2016;30(6):2473-2480. [CrossRef]

46.	 Laukoetter MG, Mennigen R, Neumann PA, et 
al. Successful closure of defects in the upper 
gastrointestinal tract by endoscopic vacuum 
therapy (EVT): a prospective cohort study. Surg 
Endosc. 2017;31(6):2687-2696. [CrossRef]

https://doi.org/10.1007/s00464-006-9067-x
https://doi.org/10.1055/s-2004-825656
https://doi.org/10.1007/s00268-019-05259-6
https://doi.org/10.21037/tgh.2018.10.09
https://doi.org/10.1055/a-0953-2152
https://doi.org/10.20524/aog.2020.0543
https://doi.org/10.1016/j.ijsu.2017.02.093
https://doi.org/10.4253/wjge.v8.i1.13
https://doi.org/10.1007/s11938-017-0138-y
https://doi.org/10.1111/jgh.14402
https://doi.org/10.20524/aog.2020.0515
https://doi.org/10.1007/s00464-012-2754-x
https://doi.org/10.1097/MPG.0000000000002073
https://doi.org/10.5761/atcs.oa.17-00107
https://doi.org/10.1007/s00464-015-4501-6
https://doi.org/10.1007/s00464-016-5265-3

