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Treatment options of esophageal perforation/
leaks

Esophageal leaks and perforations span a spectrum 
of severity. Whether benign or malignant, leaks and 
perforations are caused by a transmural disruption of the 
esophagus (1). Most esophageal perforations are iatrogenic 
and occur during diagnostic and endoscopic procedures (2). 
Boerhaave syndrome represents a perforation caused by an 
abrupt increase in the esophageal pressure following emesis 
in the absence of relaxation of the superior esophageal 
sphincter (3-5). It was first described by the Dutch 
physician Herman Boerhaave. Boerhaave presented the 
autopsy findings of Baron von Wassenaer, Grand Admiral 
of the Fleet of Holland (6,7). von Wassenaer presented to 
Boerhaave after a night of overeating, several episodes of 
emesis, and chest pain. In Boerhaave’s report, he described 
classic features noted in esophageal perforations including 
mediastinal emphysema and contamination of the pleural 
fluid (6,7). 

Leaks and perforations can be diagnosed by chest X-ray 

(CXR). However, the gold standard study remains contrast 
esophagram using a water-soluble medium that may have to 
be followed by a barium study if the initial result is negative. 
If there is an issue with performing an esophagram, 
the a l ternat ive i s  a  contrast-enhanced computed 
tomography (CT) scan (8,9). Signs of perforation and 
leaks include mediastinal air, extravasated luminal contrast, 
periesophageal fluid collections, and pleural effusions 
(8,9). An endoscopic procedure is also recommended for 
confirmatory diagnosis as well as diagnostic decision making 
(8,9). The treatment options for esophageal leaks and 
perforations are associated with considerable morbidity and 
mortality (10). Based on work dating back to 1936, Jemerin 
was the first to confirm that drainage surgery should be the 
standard for leaks and perforations. Studies before this time 
showed that no surgical treatment would lead to significant 
death in twenty-four hours (11). Most of these drainage 
procedures occurred in the neck, and perforations were due 
to iatrogenic causes. Collis, in 1944, was the first to perform 
a thoracotomy for rupture (12,13). Barrett, Olsen, and 
Clagett presented other studies to confirm the importance 
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of early surgical treatment (13-16). 
The present-day treatment algorithm consists of empiric 

antibiotics, including antifungal therapy, enteral nutrition, 
drainage of fluid collections, and management of the 
perforation/leak. Management options to consider are stent 
placement, T-tube, excision and diversion, and primary 
repair (17). Freeman et al. published such an algorithm 
based on their institution’s experience with esophageal 
perforations and stent placement (18). D’Cunha et al. also 
created an esophageal treatment algorithm and concluded 
that the success of these patients depends on appropriate 
procedures for source control and surgeon experience (19). 
The choice of treatment modality is weighed heavily and 
is dependent upon the cause, location, size of the defect, 
hemodynamic status, and time from the event. Stents tend 
to be less effective, for more chronic perforations. One 
minimally invasive option, stents, is an effective surgical 
option with shorter length of stay, lower rates of morbidity, 
and lower costs; however, stents can migrate and erode 
adjacent structures (18,20-24). Freeman and colleagues 
have published comprehensive reports on the usage of 
esophageal stents (18,22-24).

Another option, the use of a T-tube, is time intensive 
because the esophagus has no mesentery and no mesothelial 
cells to seal the defect. Closure is dependent upon healing 
around the site of defect, and proper lung expansion to 
close the resulting tract, similar to the management of 
a biliary t-tube application (25). Linden et al. in 2003, 
presented results from an extensive series of patients with 
delayed intrathoracic perforations at Brigham and Women’s 
over 13 years. Most acute thoracic esophageal perforations 
were treated with primary repair. Linden and colleagues 
concluded that treatment of delayed (more than 24 hours) 
thoracic esophageal perforations with a controlled fistula 
through T-tube results in a very low mortality similar to that 
seen with acute perforations (less than 24 hours). However, 
morbidity and length of stay remain high (26). Minimally 
invasive options such as stents and t-tubes do not preclude 
the need for multiple operations to treat underlying 
empyema or to obtain enteral access. Alternative strategies 
such as esophageal excision, and diversion have substantial 
post-op morbidity and mortality (10). Endoluminal wound 
vac therapy (EVT) provides a novel alternative to these 
options that is also non-invasive and successful (17).

Mechanism of action of EVT

The EVT is negative pressure wound therapy (NPWT) 

applied to the gastrointestinal (GI) tract. NPWT is a process 
that involves the placement of a porous material into a wound 
which is connected to a drainage port that is sealed tightly 
with adhesive. The drainage port attaches to a controlled 
vacuum pump that applies negative pressure (27-29). The 
suction leads to primary and secondary wound effects. The 
primary effects are macrodeformation and microdeformation 
of the wound, fluid removal, alteration of the wound 
environment and debridement (30). Macrodeformation 
is wound shrinkage when applying suction to the foam, 
which results in deformational forces applied on the wound 
edges, which draws them together (31,32). Animal model 
studies demonstrate a decrease in the volume of foam 
by approximately 80% resulting in smaller wound size 
from macrodeformation (31,32). Microdeformation is the 
mechanical changes that occur on the microscopic level 
when suction is applied. NWPT is also known to remove 
fluid accumulation (33). Debridement removes the non-
viable tissue from the wound. The alteration of the wound 
environment from macrodeformation, microdeformation, 
debridement and fluid removal results in secondary effects: 
neurogenesis, angiogenesis, hemostasis, and modulation of 
inflammation (33). The use of NPWT varies and is indicated 
in grafts, flaps, chronic and acute wounds, and burns (34). 
The commercial usage of NPWT by KCI (Kinetic Concepts 
Inc., TX USA) was approved in 1995 after decades of 
research done in animal and human models. The application 
of NPWT to the GI tract would follow suit, and the first 
usage of EVT was described by Weidenhagen et al. in a case 
series for rectal anastomotic leaks (35). A few years later, the 
applications to upper GI defects ensued (36,37). 

Indications and contraindications of EVT

EVT has been described in the majority of GI complications 
that range from small defects, large defects, small bowel, 
biliopancreatic, colorectal, gastric, and esophageal 
complications (38-41). Contraindications to EVT are 
unclear. Users should avoid placement close to major 
vessels, and defects in connection to the tracheobronchial 
system (27,42-45). 

EVT appliance composition

There are different types of foams used: open-pore 
polyurethane-foam (OPD), OPD coated with open-pore 
film (OPFD), or the open-pore film drain. OPD are active 
drains that can work against gravity pressure gradient (46). 
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They differ from conventional passive drains, which uses 
gravity to drain fluids along a favorable pressure gradient 
or capillary pressure. The foams are all polyurethane and 
densely packed with pore openings. There are several 
variables involved in suction firmness and tightness of the 
foam to wound bed. These variables are pore size, foam 
surface, and the consistency of the wound surface; they can 
be suctioned very firmly to the wound bed and accordingly 
adhere tightly. When negative pressure is applied under 
suction, the foam pores become adherent to the wound bed 
resulting in collapsing of the wound cavity and intestinal 
lumen around the polyurethane foam. These actions lead to 
fibrin deposition, epithelialization, secondary wound closure 
of the defect (46).

EVT set-up

EVT can be performed under general anesthesia after the 
airway is protected by endotracheal intubation or under 
monitored sedation. Our preference was general anesthesia. 
We use a standard gastroscope with a diameter of 10 mm 
with an instrument channel of 2.8 mm. We utilize either 
a 16–18 Fr nasogastric tube (NGT), or a shortened blake 
drain (Figure 1). The NGT or blake drain should be 
modified and trimmed so that all suction passes though the 
sponge. This is critical to success of the technique. The 
EVT is created by first cutting the OPD to a suitable width. 
A tunnel is created through its center to the tip without 
exiting the sponge (47). The NGT is then placed into 
this tunnel to encompass the fenestrations in the NGT. A 
nonabsorbable monofilament is used to secure the sponge to 
NGT. Another suture is used through the sponge to create 

an air knot. This knot is used to grasp the EVT with forceps 
and facilitate carrying it into place. The gastroscope is 
introduced into the mouth with the forceps in the channel, 
grasping the EVT at the air knot. Both the EVT and 
endoscope are advanced together into the esophagus, and 
the EVT is left in place covering the defect. Another option 
used by one of the authors is the placement of an EVT 
followed by stent placement to anchor the EVT in place. 
This mechanism keeps the lumen open while simultaneously 
facilitating the apposition of the sponge to the esophageal 
mucosa for a tight seal. During removal, the endoscope is 
used to dislodge the foam with gentle forward pressure and 
irrigation with saline. Once dislodged, the EVT is pulled 
up to the oropharynx and cut from the NGT through the 
mouth before removing the rest of the NGT through the 
nose (47). Most of the literature advocates exchange of 
the sponge every few days, but with increasing experience, 
we have increased the interval of EVT to change to every  
7–10 days (Figure 2).

The accompanying video (Video 1) demonstrates the 
setup of the endoluminal wound vac. In a patient, the 
nasogastric would be first passed through the nare, and 
brought out through the mouth. Once brought out through 
the mouth, the NGT is trimmed to eliminate the extra 
venting holes, and the sponge is secured in place with 
prolene suture. A blake drain, appropriately trimmed, may 
also be used.

Supporting data for EVT

The use of EVT has been described in many single center 
retrospective case series. Schorsch et al. performed a 
retrospective cohort study of thirty-five patients that used 
EVT for anastomotic leaks and iatrogenic perforations. 
The majority of these patients had an anastomotic 
leakage. The anastomotic leak healed in 95.2% of 
their patients with a median treatment duration of  
11 days. Patients with iatrogenic injuries had a 100% healing 
of injury with a median treatment time of 5 days (48).  
Schorsch’s study supports the safe and effective use 
in esophageal leaks and perforations (48). Another 
retrospective cohort study by Bludau et al. demonstrates 
the effectiveness of EVT as part of a multimodality 
approach (44). Results showed a complete restoration of the 
esophageal defect in 86% of their patients with the average 
duration of application being 12.1 days (25,44). EVT and 
self-expanding metal stents were used in combination with 
42% of their patients. Laukoetter and colleague highlights 

Figure 1 An alternative set-up for EVT. From left to right: 
blake drain, black sponge, 2-0 ethilon suture, and scissors. EVT, 
endoluminal wound vac therapy.
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the possible complications of EVT application. Fifty-two 
patients were included in the study. EVT failed in 6% of 
the patients. The EVT was changed at an interval of 3 to 
5 days. The defect healed in 94.2%. Two patients died due 
to hemorrhage related to EVT. One patient had an acute 
hemorrhage related to EVT and subsequent intracranial 
hemorrhage and cardiac infarction that lead to death (43). 
The second patient died from hemorrhage during the 
third EVT change while inserting a new appliance (43). 
Stricture complication occurred in 7% of the patients (43). 
Wedemeyer et al. was a prospective study that used EVT 
in eight consecutive leak patients. Success was noted in 
88% of the leaks with no significant complications (49). 
A more extensive study of 366 patients by Schniewind et 
al. showed the superiority of EVT to other modalities. 
In systemically ill patients with an APACHE II score 
mean of 14.4, EVT patients had lower mortality of (12%) 

compared to surgically treated patients (50%, P=0.01) and 
patients managed by stent placement (83%, P=00014) (50). 
Overall, the research is promising on the use of EVT in the 
management of esophageal leaks and perforations (50).

Neuman and colleagues attempted to apply EVT to 
esophagectomy patients in whom the anastomosis was 
deemed to be ischemic and at risk of leak. They noted 
encouraging results with 2 of 8 patients developing a 
leak, and also those patients with a leak using EVT (51). 
Esophageal complications noted in literature amenable 
to EVT are leaks, perforation, and ischemic conduits 
(46,51,52).

Case report

To illustrate the utility of EVT we present the case of a 
62-year-old male diagnosed with T-cell Acute Lymphocytic 
Leukemia and treated with chemotherapy who presented 
to an outside hospital with upper respiratory infection. A 
CT scan of his chest demonstrated a left suprahilar lung 
consolidation for which he was treated with antibiotics. 
However, his symptoms worsened. He presented again 
to the hospital with hemoptysis and dyspnea. A repeat 
CT scan of the chest showed worsening inflammatory 
changes to the left suprahilar consolidation with associated 
necrotic mass versus abscess of the mediastinum (Figure 
3). Blood cultures were positive for Bacteroides fragilis. 
An esophagogastroduodenoscopy (EGD) with biopsy 
was performed which showed a small upper esophageal 
perforation. The esophageal biopsy showed chronic active 
inflammation, presence of acute fibroinflammatory exudate 
and granulation tissue with degenerated fungal organisms 
morphologically suggestive of Candida species. A few 

Figure 2 Our preferred strategy of instruments and supplies 
needed to set-up EVT. From left to right and top to bottom: 3-0 
prolene suture, stapler, scissor, McGill forceps, umbilical tape, 
red rubber catheter, black wound vacuum sponge with suction 
appliance and a 16–18 French NGT. The red rubber catheter 
and umbilical tape are used to bridle the NGT at the nose. EVT, 
endoluminal wound vac therapy; NGT, nasogastric tube.

Video 1 The setup of the endoluminal wound vac.
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days later, the patient had large amounts of hematemesis. 
On CT angiography of the chest, he was found to have a 
pseudoaneurysm of left subclavian artery with extravasation 
into the area of concern (Figure 4). He underwent emergent 
angioplasty and stenting of the left subclavian (Figure 5). An 
esophagram was performed which demonstrated a contained 
leak of the thoracic esophagus via 1.3-cm diameter defect 
with no extension into the pleural space or pulmonary 
parenchyma. A feeding gastrostomy tube was placed, and 
the patient was kept nil per os (NPO). The patient was then 

transferred to our facility for further care of this complex 
upper esophageal perforation caused by lung abscess. 

Upon transfer, an EGD was performed which showed 
a disruption of the esophagus into a blind pouch. In this 
immunocompromised patient, an infection in the left upper 
lobe led to a mediastinal phlegmon and erosion into vascular 
structures and the esophagus. Upon reviewing his risks 
factors and co-morbidities, an esophageal diversion with 
possible reconstruction of the subclavian artery was deemed 
high risk. However, due to the concern for the phlegmon 
and associated inflammatory changes causing erosion in 
the vessels, an intervention was warranted. He underwent 
a total of five EVT changes, done every other day. Each 
session demonstrated gradual improvement on EGD. He was 
discharged home on gastric tube feeds, antibiotics and kept 
NPO for 12 weeks. He was seen in the clinic and his diet was 
advanced slowly after CT scan revealed near resolution of the 
inflammatory changes (Figure 6).

Conclusions

Esophageal leaks and perforations have devastating 
consequences if not treated in a timely fashion. There 
are multiple invasive and non-invasive modalities used 
to control leaks and perforations. Retrospective data are 
encouraging in the use of EVT for this life-threatening 
complication. Excellent patient outcomes have been noted 
in the treatment of iatrogenic injuries, with 100% healing 
rates (37). The acuity of the patient varied cross studies; 
some patients were reportedly critically ill (50). EVT has 
even been noted to work as well as stents or seen to be 
superior to stent placement (20,21,37). It has also been 
shown to function as a bridge to other modalities such as 
surgery (53). The most severe complication published from 

Figure 3  Axial CT image demonstrating left suprahilar 
inflammatory changes (red arrow) seen next to the left subclavian 
artery (white arrow). CT, computed tomography.

Figure 4  Axial CT image demonstrating left suprahilar 
inflammatory changes with extravasation from the left subclavian 
artery (arrow). CT, computed tomography.

Figure 5  Axial CT image demonstrating left suprahilar 
inflammatory changes (red arrow) with a stent in the left subclavian 
artery (white arrow). CT, computed tomography.

Figure 6 Axial CT image 3 months after EVT treatments 
demonstrating near complete resolution of the left suprahilar 
inflammatory changes (arrow). EVT, endoluminal wound vac 
therapy; CT, computed tomography.
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EVT usage is bleeding, though rare overall (43).
The decision to use EVT in the treatment algorithm at 

times can be challenging; there are no standard guidelines 
to follow. We recommend against the use of EVT in 
patients deemed unstable or have multi-organ failure (54). 
Clinically unstable patients should proceed to surgery. Also, 
EVT can be utilized by itself or in combination with other 
treatment modalities based on the surgeon’s discretion. The 
tenants of leaks must be upheld overall: control ongoing 
leakage, drain the contaminated space, treat with antibiotics 
and ensure adequate nutrition.

The choice between T-tube, stent, and EVT is less 
clear. We avoid stent placement near the upper esophageal 
sphincter, lower esophageal sphincter injuries spanning the 
gastroesophageal junction and for long segment injuries  
(55-59). T-tubes have a role for injuries that cannot be 
repaired primarily, especially those presenting in a delayed 
manner. In our own practice, we have utilized EVT as 
an alternative to the T-tube method, when a stent is not 
feasible. In general, we do not advise placement of EVT 
near vessels and tracheobronchial system (27,42-45). EVT 
presents as an alternative option for esophageal leaks 
and perforations. Further studies are needed to define 
the limitations of EVT, its optimal role, and perhaps its 
utilization to prevent esophageal anastomotic disruption.
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