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Introduction 

Oesophageal perforation is a rare, life-threatening 
condition occurring in 3 out of 100,000 people (1). It arises 
more commonly in the intra-thoracic oesophageal tract 
(54%), followed by cervical (27%) and abdominal tracts 
(19%) (1). Oesophageal perforations are burdened by high 
morbidity and mortality rate (19.7%, range, 3–67%) (2). 
The anatomical localization of the oesophagus and its 
contact with vital structures make the oesophageal injury a 
challenging scenario. The mediastinum involvement with 

consequent mediastinitis development, the onset of septic 
complications and the delay in therapeutic management are 
negative prognostic factors leading to an increased mortality 
rate (3). The aetiology can be divided into two main groups: 
non-iatrogenic and iatrogenic perforations. Among the non-
iatrogenic injures, the most common is the spontaneous 
oesophageal rupture (also known as Boerhaave syndrome), 
accounting for 15% of all oesophageal perforations, caused 
by a sudden increase of the intraluminal pressure during 
vomiting (1). Other etiologies are the traumatic perforation 
caused by penetrating injuries, foreign bodies impaction on 
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the oesophageal walls and malignancy (1). The occurrence 
of iatrogenic perforation is raising for the growing use of 
invasive diagnostic and therapeutic procedures, including 
both endoscopy and surgery (4). The risk for perforation 
during flexible endoscopy is low, occurring in 0.03% of 
diagnostic procedures and increasing during therapeutic 
endoscopy (5). After endoscopic pneumatic dilatation 
for achalasia, it ranges between 1% and 6%, the risk for 
perforation after strictures dilatation occurs in 0.09–2.2%, 
and 1–5% after sclerotherapy (4). The occurrence of 
perforation after variceal ligation, although rare, has been 
described when the mucosa is grasped between the overtube 
and the endoscope (6). Nowadays, the new advanced 
endoscopic therapeutic techniques available may increase 
the occurrence of oesophageal injuries. For example, per-
oral-endoscopic-myotomy (POEM) is burdened by mucosal 
tears and perforation occurring in 4.8% of cases. However, 
the need for surgery after POEM is rare (0.3%) (7). 
Moreover, the placement of nasogastric tube, oesophageal 
stents and Sengstaken–Blakemore tube may else lead to 
oesophageal injury and perforation (8,9). 

The risk for oesophageal perforation during surgery has 
also been reported. Orthopaedic surgery on the cervical 
spine is complicated by oesophageal perforation in up 
to 3.4% of cases (3). Pneumectomy, lung transplant and 
bronchial artery embolization are associated with thoracic 
tract oesophageal injuries (5). Anti-reflux surgery and 
Heller myotomy for achalasia are associated with abdominal 
tract oesophageal perforation (10). 

The therapeutic approach in oesophageal perforation is 
multidisciplinary and involves radiologists, surgeons and 
endoscopists. Nowadays, endoscopy is emerging as the 
first-line treatment modality and offers multiple options 
applicable to the specific clinical settings. This study aims 
to review the literature to assess the diagnostic approach 
and the therapeutic role of endoscopy in oesophageal 
perforations and tears. 

Perforation site and clinical presentation

The intra-thoracic oesophageal tract is the most common 
site of perforation, followed by cervical and abdominal 
tracts. In the Boerhaave syndrome, the lower third of the 
oesophagus is involved, the perforation being located 
in 80% of cases on the left border with a longitudinal  
shape (11).  Foreign body impaction occurs at the 
oesophageal narrow tracks, particularly in the cervical  
tract (5). Iatrogenic perforation generally occurs at the 

Killian’s triangle, at the oesophageal narrowing nearby the 
aortic arch and the left bronchus, and at the esophagogastric 
junction (5). The clinical presentation differs depending on 
the perforation site. Cervical tract perforation can present 
with neck pain, subcutaneous emphysema, dysphagia, 
dysphonia, and odynophagia (5). Physical examination 
can show swelling of the cervical region, tenderness and 
crepitus during palpation (1). Thoracic tract perforation can 
present with vomiting, chest pain, dyspnea, epigastralgy, 
subcutaneous emphysema and dysphagia (5).  The 
association between vomiting, chest pain and subcutaneous 
emphysema is called Meckel’s triad and is classically 
associated with the Boerhaave syndrome. However, it is 
present in less than 5% of cases (11). Physical examination 
may show mediastinal crackling on auscultation and signs of 
pleural effusion (1). 

Abdominal tract perforation is associated with abdominal 
pain irradiating to the shoulder and vomiting (5). 
Abdominal examination can document signs of peritoneal 
irritation (1). In case of delayed diagnosis, the clinical 
presentation is mainly associated with septic complications 
such as mediastinitis, pleuritis, peritonitis, and sepsis (5). 

Diagnostic approach 

The clinical presentation is often atypical, requiring a 
high level of suspicion to perform a proper diagnosis (12). 
Vermeulen et al., in a metanalysis involving 576 patients, 
reported that an early diagnosis (defined as a diagnosis 
performed within 24 hours) decreases the overall mortality, 
the risk for reintervention and the length of hospital stay (13). 

The initial radiological assessment consists of plain 
radiography, contrast esophagography and chest computed 
tomography (CT) scan (14). Plain radiography may 
show an indirect sign of oesophageal perforation. The 
presence of air in the prevertebral fascia, subcutaneous 
emphysema in the neck region and tracheal displacement 
is a sign of cervical perforation (15). Pneumomediastinum, 
pneumothorax, hydrothorax and pleural effusion are 
associated with thoracic oesophagus perforation (16,17). 
The presence of pneumoperitoneum can be detected with 
chest radiography as free air in the subdiaphragmatic 
area and can be associated with abdominal oesophagus 
perforation (14). Contrast esophagography is a useful tool 
to confirm the diagnosis and to localize the perforation (18). 
Barium sulphate is generally the most accurate contrast 
media to detect gastrointestinal perforation, particularly 
for cervical oesophagus (19). However, barium can be 
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associated with an inflammatory response when spilling 
out the gastrointestinal lumen in oesophageal perforation 
that can result in a chemical mediastinitis (1). Moreover, 
the extravasation of barium can interfere with further 
radiological investigations (14). To avoid this complication, 
a water-soluble contrast media is generally preferred, 
although less accurate (1). The performance of a contrast 
CT scan is mandatory when an oesophageal perforation 
is suspected (20). The CT scan on one side allows the 
diagnosis and proper localization of the injury, on the other 
provides information on consequent complications such as 
fluid collections (21). The CT scan may report the presence 
of oesophageal communication with adjacent structures, 
oesophageal walls thickening, pneumomediastinum, fluid 
collections, pleural effusion, pneumothorax, a sign of 
mediastinitis, pneumoperitoneum (Figure 1) (20). 

Invasive examination such as gastroscopy should be 
avoided in case of suspected oesophageal perforation 
because air insufflation may worsen the oesophageal  

injury (22). In this setting the diagnostic role of flexible 
endoscopy is limited to iatrogenic perforation: if during an 
endoscopic procedure there is the suspicion of oesophageal 
injury, the endoscopist should avoid air insufflation and 
should carefully examine the lumen to localize the mucosal 
damage before removing the gastroscope (Figure 2) (14-22). 

Endoscopic management 

Classically surgery has been considered the standard of 
care in oesophageal perforation. However, the surgical 
approach may be burdened by a high risk for reintervention, 
morbidity, and mortality (23). Nowadays, the technical 
advances make flexible endoscopy a useful tool to manage 
oesophageal injuries as an alternative to surgery or in 
combination with the percutaneous and the surgical 
approach. 

The endoscopic options include the use of through-
the-scope clips (TTSCs), over-the-scope clips (OTSCs), 
oesophageal stents, endoscopic suturing techniques, 
endoluminal vacuum therapy (EVT) and locoregional 
application of stem cells (24). 

TTSCs 

TTSCs were formally designed for hemostasis  in 
gastrointestinal bleeding (25). However, their new designs 
allow their application in gastrointestinal perforation 
(26,27). Instinct clip (Cook Medical, Bloomington, 
IN, USA), QuickPro clip (Olympus, Center Valley, 
PA) and Resolution clip (Boston Scientific, Natick, 
MA, USA) are the most frequently applied (28). These 
different clips can vary for rotation ability, jaw opening 
capacity, strength, and deployment mechanism (29). 
In a comparative study, Daram et al. reported that 
QuickPro and Instinct clips have better rotation capacity 
when compared with Resolution clips (29). Moreover, 
Instinct clips are mechanically stronger and consequently 
associated with better therapeutic outcomes (29).  
For their limited jaw opening capacity (among 11 and 
16 mm), TTSCs are indicated for small perforations and 
tears measuring few centimeters (30,31) (Figure 3). The 
first TTSCs should be deployed at the distal edge of the 
perforation to reduce the risk for accidental endoscope 
induced clip displacement (28). Further clips can be 
deployed with a sequential “zipper” technique avoiding the 
overlap of opposite edges (24) (Figure 4). 

Several case reports and case series reported the efficacy 

Figure 1 CT-scan showing oesophageal perforation and naso-
oesophageal drains in place. CT, computed tomography.

Figure 2 Endoscopic view of perforation on the site of the upper 
oesophageal sphincter.
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of TTSCs in the management of small oesophageal 
perforations and tears, including both spontaneous and 
iatrogenic aetiology. Lázár et al. in a systematic review of the 
literature reported a success rate of TTSCs in oesophageal 
perforation healing of 88.8% (30). 

Over-the-scope clips 

Over-the-scope clips (OTSCs - Ovesco, Tubingen, Germany) 
were developed to manage full-thickness gastrointestinal 
defects (32). OTSCs are nitinol clips available in 11, 12 and 
14 mm sizes (24). The clip is pre-loaded in a cap that is then 
mounted at the tip of the endoscope (28). The deployment 
procedure provides the suction of the defect into the cap, 
and a twin grasping forceps can be advanced to ensure the 
correct position of the defect into the cap, the OTSC is 
finally deployed (33). OTSCs can be used for larger defects  
(between 10 and 20 mm) compared with TTSCs (34). 

For injuries larger than 20 mm clips are generally not 
applicable, and other techniques should be attempted (31). 
In a multicentric retrospective study, Haito-Chavez et al. 
reported a total of 188 patients with gastrointestinal fistulae, 
perforations and leaks treated with OTSCs (35). The overall 
success rate reported among all GI perforations was 90%, 
particularly in oesophageal perforation, the defect closure 
was achieved in 100% of cases (35). 

Esophageal stents 

Oesophageal stents were developed for palliative management 
of malignant oesophageal stenosis (36). The development 
of fully covered stents allowed removability and expanded 
their application in benign conditions. The oesophageal 
stents available include fully-covered self-expandable metal 
stents (FC-SEMS), partially-covered self-expandable metal 
stents (PC-SEMS), uncovered self-expandable metal stents 
(U-SEMS) and plastic self-expandable stents (SEPS) (37). 
Esophageal perforation, SEMS are the most widely used 
stents (28). The main indications are perforations larger 
than 20 mm, not manageable with clips and perforation 
associated with malignancy (31). The placement of a 
stent allows the diversion of enteral content reducing the 
risk for contamination of adjacent structures, restarting 
the enteral nutrition, and promoting the oesophageal  
re-epithelization (28) (Figure 5). The FC-SEMS presents a 
plastic polymer around the metallic mesh reducing the risk 
for tissue ingrowth and allowing an easier removal (37). 
However, the major concern with FC-SEMS is the risk 
of stent migration (38). PC-SEMS have been developed 
to avoid these adverse events. PC-SEMS presents the 
plastic polymer in the central portion of the stent, but the 

Figure 3 Endoscopic closure with clips of mid-oesophageal 
perforation.

Figure 4 Multiple clips are deployed with a sequential “zipper” 
technique avoiding the overlap of opposite edges. 

Figure 5 Fully-covered self-expandable metal stent placed for a 
distal perforation of the oesophagus. 
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proximal and distal ends are uncovered, allowing a stronger 
anchor (37). This design, on the one hand, reduces the 
risk for migration; on the other, it makes challenging the 
stent removal. In this setting, a “stent-in-stent” removal 
technique may be necessary (39). This procedure implies 
the deployment of FC-SEMS within the PC-SEMS to 
necrotize the tissue ingrowth, and two weeks later, removal 
of both stents (39). Other two techniques have been 
described to reduce the risk for FC-SEMS migration: clips 
stent fixation and suture stent fixation (40,41). 

The stent deployment procedure is performed under 
fluoroscopic guidance to release the stent in the proper 
position and to reduce the risk for adverse events (24). After 
stent deployment, a close X-ray monitoring is required 
for early detection of stent migration (24). The stent is 
left in place for 2 or 3 weeks. After removal, a contrast 
esophagogram is mandatory to confirm the sealing of the 
perforation and to exclude the presence of fistulas (28). 

The efficacy of oesophageal stents in perforation 
management has been demonstrated by several studies. van 
Boeckel et al., in a systematic review involving 25 studies 
and 267 patients with oesophageal perforation, reported a 
technical success rate of 99%, and overall success rate of 
85% and a stent-related adverse events rate of 34% (42). 
Stent migration rate was higher in SEPS and FC-SEMS 
when compared with PC-SEMS (42). No differences among 
FC-SEMS, PC-SEMS and SEPS were documented in term 
of success rate and long-term outcomes (42). Dasari et al., in 
a meta-analysis of 27 studies, reported similar results with 
a technical success rate of 91% and the overall success rate 
of 81% (43). Moreover, they reported a higher risk for stent 

migration with SEPS and for post-procedural strictures 
with metallic stents (43). Johnsson et al., in a prospective 
controlled study, showed that oesophageal stent placement 
within 24 hours from perforation onset reduced the risk for 
septic complications (44). 

Endoscopic suturing

Since their introduction in 1986, the suturing intraluminal 
devices faced rapid development and are nowadays 
available for the management of several gastrointestinal  
conditions (45). The most commonly used endoscopic 
suturing devices are OverStitch™ (Apollo Endosurgery, 
Aust in ,  TX,  USA)  and OverSt i tch  Sx™ (Apol lo 
Endosurgery, Austin, TX, USA). The first one must be used 
with a double-channel endoscope, while the second one can 
be applied to a single-channel endoscope.

The endoscopic procedure involves the introduction 
of the device through the oesophageal lumen until the 
perforation, if necessary, the oesophageal tissue can be 
approximated with a Helix device (Apollo Endosurgery, 
Austin, TX, USA), and then a full-thickness suture is 
performed. Multiple and continuous sutures can be done 
without endoscope retrieval, allowing direct control and 
visualization of the oesophageal injury (Figure 6A,B). 

In oesophageal perforation, the endoscopic suturing 
can have two applications: stents fixation and perforation 
primary closure (46,47). 

As stated above, endoscopic suturing can be a useful 
tool to ensure SEMS fixation and to avoid complication 
related to stent migration. Sharaiha et al. in a multicentric 

Figure 6 Endoscopic suturing with Apollo Overstitich of a small oesophageal perforation.

A B
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retrospective study reported 47 patients that underwent 
endoscopic suturing oesophageal stent fixation with a 
clinical success rate of 91.4% (48). Ngamruengphong et al. 
in a retrospective comparative study reported a significantly 
lower incidence of stent migration in patients undergoing 
oesophageal stent suturing fixation when compared with 
not fixated FC-SEMS (33% vs. 16%) (49). Moreover, 
the endoscopic suturing can be used as a direct treatment 
performing a primary suture of the perforation. Henderson 
et al. reported a case series of 3 patients with oesophageal 
injuries of 15, 25 and 30 mm that were successfully treated 

by endoscopic suturing (47). In another case series, Sharaiha 
et al. reported 13 cases of oesophageal perforations, with 
a size ranging from 25 to 50 mm, treated by endoscopic 
suturing with a technical and clinical success rate of  
100% (48).

EVT

One of the most common complications following 
oesophageal perforations are fluid collections. EVT is 
nowadays available as an alternative or in combination 
with surgical or percutaneous drainage (50). EVT was first 
introduced to manage rectal post-surgical perforations (51).  
EVT consist of a polyurethane sponge that can be modelled 
according to the perforation shape (52). The endoscopic 
procedure involves the introduction of an overtube through 
the oesophagus, the connection of the sponge to a drain 
tube, the placement of the sponge into the cavity of the 
perforation, the connection of the drain tube to a vacuum 
pump system that creates a negative pressure and therefore 
a continuous suction (52) (Figure 7A-7C). The EVT is 
generally changed every 3–4 days until the perforation is 
sealed (52). The negative pressure ensures a continuous 
wound cleaning and promotes the development of 
granulation tissue (53). 

Newton et al., in a systematic review involving 180 
patients with oesophageal perforation, reported a success 
rate of EVT in wound healing of 91% (54). Rausa et al., in 
a meta-analysis of 4 studies (163 patients) comparing SEMS 
and EVT in the management of oesophageal perforations, 
documented that the perforation healing rate is higher in 
patients treated with EVT than SEMS (pooled odds ratio 
5.51, 95% CI 2.11–14.88; P<0.001) (55). Moreover, EVT 
has a shorter treatment duration and a lower incidence of 
major complications and mortality when compared with 
SEMS (55). 

Regenerative medicine

Regenerative medicine implies the use of autologous 
grafts to promote the regeneration of tissues and wounds  
healing (56). This method is emerging as a new opportunity 
in the management of gastrointestinal injuries. One of the 
most used technique is fat grafting that involves harvesting 
of autologous adipose tissue then injected locally under 
endoscopic control (57). Fat grafting has been applied in 
several conditions such as plastic surgery, neurosurgery, 
head and neck surgery, orthopaedic surgery, and fistulizing 

Figure 7 Large oesophageal perforation in Boerhaave syndrome (A). 
Esosponge placed into the perforation (B). Granulation tissue is 
seen at each esosponge exchange (C). 
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B
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Crohn’s disease (58,59). Recently this technique has been 
described in the management of oesophageal injuries (60). 
Nachira et al. reported a case series of 5 patients with 
oesophageal injuries unresponsive to standard treatments, 
successfully managed by local injection of emulsified 
autologous adipose tissue (61) (Figure 8). The fistula 
healing was obtained in all patients within seven days, and 
the follow-up endoscopy (mean time of follow-up eight 
months) confirmed the resolution of the perforation in all 
of cases (61). 

Discussion and conclusions

Oesophageal perforation is a challenging scenario that 
requires a high level of medical attention from the 
diagnosis to the final treatment. Spontaneous oesophageal 
injuries are often diagnosed late mostly due to their non-
specific clinical presentation thus may be life-threatening. 
Differential diagnosis includes all conditions causing chest, 
neck and abdominal pain, subcutaneous emphysema, 
pleural effusion, vomiting and hematemesis. Clinical 
examples are myocardial infarction, aortic dissection, 
pericarditis, pleuritis, pneumonia, pulmonary embolism, 
Mallory-Weiss tears, and peptic ulcer (1). Iatrogenic 
perforations are generally diagnosed immediately and are 
often treated contextually. Once diagnosed, and the patient 
is stabilized and the perforations is closed, treatment of 
eventual septic complications and nutritional support are  
essential (62). Nutrition should be enteral or parenteral 
and a nasogastric tube should be placed to reduce the risk 
for contamination from the gastric content or saliva (14). 
In particular, total parenteral nutrition should be started if 

a long fasting period is predicted (4). Intravenous broad-
spectrum antibiotics and antifungal should be promptly 
initiated and continued for at least 14 days to reduce the 
risk for an overinflection of tissues around the oesophageal  
perforation (1). High dose proton-pump-inhibitors 
may be useful, particularly in perforation involving the 
lower third of the oesophagus (1). Close monitoring of 
general conditions is mandatory for prompt detection of 
complications and clinical deterioration.

Formerly, surgery was considered the standard of care 
of oesophageal injuries (63). Currently, a conservative 
approach is preferred, and endoscopic management is more 
and more employed (63). Oesophageal perforation is a 
complex condition requiring a multidisciplinary approach to 
select the best treatment for the specific patient. Endoscopy 
offers several types of treatment that should be carefully 
chosen with specific indications. When the endoscopist 
faces the oesophageal perforation, few questions should be 
done in order to choose the proper endoscopic treatment: 
location, size and eventual presence of collections. The 
localization of the injury is crucial for the sealing technique 
to use, for example when the perforation is located in 
the upper tract of the oesophagus the application of 
an oesophageal stent may be challenging, and other 
approaches are generally preferred (64). The presence of 
a fluid collections may require the use of EVT to promote 
the peri-oesophageal tissues cleaning and to reduce the risk 
for systemic septic complications (54) or combined surgical 
treatment with drainage. The exact size of the perforation 
must be carefully defined during the esophagogastroscopy 
and/or radiological exams. Injuries <2 cm in diameter can 
be approached with endoscopic clips deployment. More 
specifically, in perforation <1 cm TTSCs can be the first 
choice, while in perforations with a size between 1cm al  
2 cm TTSCs are generally not applicable and OTSCs 
should be preferred (30,31). In perforations larger than  
2 cm clips are not applicable, and other techniques might be 
required. Oesophageal stents and endoscopic suturing alone 
or in combination can be used regardless of the perforation 
size and site (28). 

In conclusion, oesophageal perforations for best 
outcomes require multidisciplinary approach. An internist 
should be involved to stabilize the patient’s general 
conditions, an infectivologist should define the proper 
antimicrobial therapy at the beginning and during 
the hospital stay, the radiologist should describe the 
localization of the injury and the eventual presence of local 
complications or to perform a percutaneous treatment, the 

Figure 8 Chronic esophago-tracheal fistula. Endoscopic closure 
with suturing followed by injection of emulsified autologous 
adipose tissue.
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surgeon is essential to define the need for more aggressive 
treatment, and finally the endoscopist is crucial for the 
final treatment in most of the cases. An early diagnosis, 
proper medical management and a careful choice of the 
appropriate treatment may be the key point to improve 
the success rate in such a complex and life-threatening 
condition.
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