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INTRODUCTION

Transmural esophageal defects include those arising due 
to perforation and occurring postoperatively due to anasto-
motic leakage (AL). Esophageal perforation is predominantly 
the consequence of iatrogenic injury, which occurs during 
endoscopy or intraoperatively. Non-iatrogenic perforation is 
predominantly due to spontaneous/effort rupture, accounting 
for approximately 15% of all esophageal perforations. Other 

rare and non-iatrogenic perforations include trauma and 
malignancy. In the United Kingdom, according to hospital ep-
isode statistic data, the 90-day mortality was 38.8%, although 
this was partly dependent on the interval between injury and 
the start of treatment.1,2 AL is a life-threatening complication 
occurring in 5-30% of patients following esophagectomy, with 
a reported mortality rate ranging from 20-50% of cases.3 Leak-
age of gastric contents into the thoracic cavity can result in 
mediastinitis, life-threatening sepsis, and multi-organ failure. 
Management frequently necessitates repeated interventions, 
prolonged hospital, and intensive care stay and is associated 
with substantial healthcare and societal costs. 

Nevertheless, there are no strict guidelines on the manage-
ment approaches to these complex and often life-threatening 
situations, with treatment often differing between clinicians, 
departments, and institutions. In recent years, interventional 
endoscopy has evolved as an effective alternative to surgical re-
vision, and for the most part, is a highly morbid undertaking. 
This typically involves the application of self-expanding metal 
stents (SEMS) for defect closure and cavity exclusion coupled 
with external drainage. Additionally, alternative endoscopic 
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approaches include clipping, endoscopic suturing, and fibrin 
glue injection. While each has had its proponents, reports of 
efficacy and safety have been highly variable.4 

Since its first description in 2008,5 endoscopic vacuum 
therapy (EVT) has emerged as a promising alternative in the 
management of esophageal wall defects. The technique, which 
draws on the principles and experience of topical negative 
pressure in the management of superficial wounds, involves 
the transoral endoscopic placement of a polyurethane sponge 
connected to an external continuous negative pressure device 
via a nasogastric tube to promote defect healing, facilitate cavi-
ty drainage, and ameliorate sepsis.

Since its introduction, the evidence-based approach in the 
context of esophageal defects has grown, with over 400 re-
ported cases in the literature and defect closure success rates 
described to be over 80%.6 As a consequence, the technique 
has gained increasing attention and popularity among gastro-
enterologists and surgeons. In this review, we aimed to discuss 
the emerging role of EVT in the management of gastrointes-
tinal transmural defects, including its mechanisms of action, 
indications, methodology, efficacy, and safety. We also aimed 
to highlight future avenues in which this exciting technique 
may come to the fore. 

MECHANISTIC PRINCIPLES

The mechanistic principles by which negative pressure 
therapy exerts therapeutic effects have been explored pre-
dominantly in the context of superficial wound healing and 
extended to the context of the gastrointestinal tract. Broadly, 
this involves the mechanical apposition of wound edges to 
promote healing, granulation of healthy tissue, neovasculariza-
tion, control of the septic focus through active drainage, and 
the diversion of secretions. 

Continuous negative pressure exerts mechanical deforma-
tion forces that yield macroscopic and microscopic benefits. 
Macrodeformation of the defect edges facilitates their contrac-
tion, closer apposition, and subsequent defect closure through 
the formation of granulation tissue. Microdeformation at the 
cytoskeletal level encourages pro-proliferative and pro-mi-
gratory cell signaling cascades and downstream expression of 
extracellular matrix and contractile molecules that drive defect 
healing.7 The vacuum forces also drive local angiogenesis 
through induction of transient hypoperfusion and activation 
of the hypoxia-inducible factor-vascular endothelial growth 
factor pro-angiogenic pathway, manifesting as increased blood 
vessel density and flow in the region.8 Such enhanced perfu-
sion is fundamental to healing due to increased delivery of ox-
ygen and nutrients and clearance of waste by-products. EVT 

may further enhance perfusion by promoting clearance of 
accumulated extracellular fluid and tissue edema which, taken 
together, serve to reduce external microvascular pressure.9 A 
key feature of EVT is the ability to divert salivary, gastric, and 
local secretions which may be irritants away from the site of 
healing. Furthermore, active drainage of intracavitary content 
serves to control septic focus. However, in instances of com-
plex loculated cavities, simultaneous percutaneous drainage 
may be performed. 

PROCEDURAL APPROACHES

Approaches to EVT insertion vary and reflect the range of 
equipment used, operator/center experience, and available 
resources. In addition, the nature of the defect and the patient’s 
clinical condition must be considered. Nevertheless, all inser-
tions and exchanges should follow certain basic principles. 
Initial insertion is predominantly performed in the operating 
room under general anesthesia with endotracheal intubation 
for securing the airway and minimizing aspiration risk. This 
facilitates a comprehensive assessment of defects and any asso-
ciated cavity. On occasion, EVT exchanges can be performed 
in the endoscopy suite or by the bedside and, if appropriate, 
under sedation. Vacuum sponges have been custom-made 
by clinicians as previously described;10 however, most units 
now employ kits, among which the Eso-SPONGE® (B. Braun, 
Melsungen, Germany) is commonly used (Fig. 1). Eso-
SPONGE® insertion begins with a comprehensive endoscopic 
assessment, then an overtube is passed over the endoscope. 
Once in position, the endoscope is removed, and the sponge 
is advanced down the length of the overtube using the pusher. 
The position of the sponge can be checked endoscopically, 
and correction can either be achieved by gentle traction on the 
tubing for withdrawal or by using endoscopic graspers. Trans-
nasal passage of the EVT tubing is then performed, and finally, 
continuous suction is applied using an external vacuum pump 
device set to a pressure of 125 mmHg typically.

The sponge element can be placed in one of two positions 
relative to the defect: transmurally within the cavity itself (in-
tracavity), or lying over the defect while remaining within the 
gastrointestinal tract (intraluminal). This decision is guided by 
several factors relating to both patient and practitioner prefer-
ences; however, key considerations include the defect size and 
cavity characteristics. Regular reassessment at the time of EVT 
exchange should be performed to confirm whether intracavity 
or intraluminal placement is best suited to the clinical context. 
In our practice, intraluminal placement is preferred when-
ever possible. Thus, we tend to aim for distal deployment of 
the sponge device at the gastroesophageal junction and then 
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withdraw the sponge by gentle traction on the tubing while 
under endoscopic imaging for the final placement overlying 
the pre-identified defect. Factors that preclude intraluminal 
placement include defects that are too large to be covered by 
the sponge provided in the kit. Fundamental to the efficacy 
of both intracavity and intraluminal EVT is the simultaneous 
closure of the defect and drainage of gastrointestinal secretions 
to provide a contaminant-free environment conducive to heal-
ing. A prerequisite for successful defect closure is the presence 
of a closed compartment because this allows for the establish-
ment and maintenance of the negative pressure. Effective heal-
ing depends on adequate collapse of the wound defect under 
suction and intact regional perfusion.6

EVT exchange should occur between 48 and 72 hours. 
While many reports suggest the feasibility of longer placement 
periods, shorter-interval serial exchange regimens are associ-
ated with numerous advantages, such as easier removal due 
to less time for granulation tissue infiltration and tethering of 
the sponge to the lumen wall, and avoidance of loss of suction 
forces, which inevitably occur over time as gastrointestinal 
secretions exceed the drainage capacity of the foam fenestra-
tions. When performing EVT exchange, following disconnec-
tion of the continuous negative pressure, Leeds and colleagues 
described a technique wherein the endoscope is used in a 
circumferential manner at the sponge-tissue interface to aid 
dislodgement from new granulation tissue, followed by gentle 
longitudinal traction on the tube to disengage the sponge fully 
back into the gastrointestinal tract lumen.11 Infusion of water 

or saline via the nasogastric tube can also facilitate the process. 
The device is then retrieved via the mouth and, finally, the 
tubing can be cut with scissors for the sponge to be discarded 
and the remaining tubing to be withdrawn from the nose. 

Regular assessment should be made with regard to patient 
progress, the efficacy of EVT therapy, and whether ongoing 
therapy is appropriate. In the early period, it is important to 
confirm that the approach is to achieve diversion of enteric 
content through monitoring of drainage outputs. In the first 
week or two therapy, it must be determined whether effec-
tive sepsis control is achieved using clinical and biochemical 
parameters. Finally, successful cavitary/defect healing should 
be performed via regular endoscopic assessment. The above 
should be performed with concurrent optimization of nutri-
tional supplementation, external drainage wherever appropri-
ate, and concomitant antimicrobial/antifungal therapy. 

INDICATIONS

Since the first reported use of EVT in the upper gastroin-
testinal tract in 2008, specifically in the context of intratho-
racic anastomotic leak, the range and scope of utility of the 
approach has widened substantially to include perforations, 
anastomotic leaks, and fistulae in a variety of clinical settings.5 
This has been demonstrated in multiple case reports across 
countries and institutions (Table 1),1,5,12-30 with Germany being 
a particular focus of expertise and progress in the field. The 

Fig. 1. (A) Eso-SPONGE® kit contents. A.Overtube with an inner diameter of 13 mm to allow passage of endoscope. B. Sponge pusher. C. Eso-SPONGE® unit.  
D. Y connecting piece. (B) Endoscopic vacuum therapy of anastomotic leak. A. Anastomotic suture line. B. Intraluminal sponge. C. Tubing. 
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approach has been increasingly demonstrated to be efficacious 
across a spectrum of etiologies, ages, comorbidities, and pa-
tient conditions. Regarding age specifically, while the bulk of 
published evidence relates to the use of EVT in adults, there 
are reports of its use in pediatric cohorts.22,31 The largest of 
these is by Manfredi et al.,31 who described 17 cases with a 
median age of 24 months that underwent EVT in the context 
of either endoscopic or surgical perforation of the esophagus. 
The outcomes were excellent, with successful defect closure 
achieved in 88% of cases. An additional benefit of EVT is 
that it can be used in critically ill individuals to achieve sepsis 
source control. In our experience, as well as those reported 
by others, there have been cases in which EVT was the only 
viable option in instances where surgical intervention was pre-
cluded by the severity of the patient’s condition. The potential 
for EVT to serve as a temporizing measure in optimizing a pa-
tient prior to a planned definitive surgical intervention is also 
becoming increasingly recognized. 

Although consensus on the indications for EVT therapy is 
yet to be established, contained and non-loculated cavities <8 
cm in maximal dimension are particularly suited for intracavi-
tary device placement. If a luminal defect is small but is associ-
ated with a contaminated cavity with the above characteristics, 
it may be appropriate to dilate the defect to enable intracavi-
tary sponge positioning. Small defects that can be traversed by 
the length of the sponge, which either have a small associated 
cavity or being drained by other (e.g., percutaneous) means, 
can be managed by intraluminal device placement. However, 
there is no agreement regarding the upper limit of the defect 
size that can be treated intraluminally. 

Although absolute and relative contraindications to EVT are 
not fully established, it is clear that its efficacy is limited in cer-
tain scenarios. First, there are certain defect- and cavity-related 
concerns that may preclude application. Among these are the 
presence of large food debris within the cavity, development 
of large multiloculated collections, and defects of greater size 
than can be traversed by the sponge device. While EVT could 
be applied in instances of complete or near-complete anas-
tomotic dehiscence for control of sepsis, definitive surgical 
reintervention is required. Absolute contraindications include 
the proximity of visible large blood vessels, which poses a risk 
for hemorrhage or fistulation, and any scenario in which the 
continuous application of negative pressure is disrupted, such 
as cutaneous fistulation. 

It is important that prior to performing an EVT, a com-
prehensive assessment of a patient’s pre-morbid state and 
treatment-related prognosis should be performed, and we 
recommend taking into account P-Possum (or similar) scor-
ing. Specifically, considerations should include whether or not 
several procedures under anesthesia would be tolerated, and 

the relative merits of alternative strategies should be weighed. 
Multidisciplinary discussions involving surgeons, intensivists, 
and anesthetists, as well as the nursing staff and patient fam-
ilies, are central to making the best decisions regarding the 
appropriateness of continued EVT therapy. 

EFFICACY

In our early experience at our tertiary center in Oxford, we 
published the largest case series of EVT in the UK and demon-
strated an 86% success rate of defect closure with a median du-
ration of treatment of 13 days.30 Since this time, our experience 
has continued to grow, and we continue to observe similar 
rates of success. These results are consistent with previously re-
ported EVT success rates, including the retrospective analysis 
of Brangewitz and colleagues, in which 34 patients demon-
strated an 84% closure rate of intrathoracic esophageal leaks,32 
and Bludau et al.,17 who successfully closed 86% of esophageal 
perforations in a group of 14 patients using this technique. 
Another group achieved a 78% closure rate among the largest 
esophageal wall defect cohort managed with EVT to date of 
77 patients, which included spontaneous perforations, iatro-
genic injury, and post-operative leaks.21 Others have reported 
higher success rates of 100% closure of esophageal leaks using 
EVT.23  In contrast, Ooi et al.25 reported a lower success rate of 
60%, which was attributed to the complexity and severity of 
illness in their patient cohort. However, other studies involving 
critically ill patients and those who failed to respond to other 
treatment modalities revealed excellent success rates of up to 
100%.27 

EVT is effective not only in facilitating closure of esophageal 
wall defects but also in rapidly controlling sepsis by efficiently 
draining the associated infected wound cavities. This effect is 
highlighted by studies in which monitoring of inflammatory 
markers and patient condition have shown a significant reduc-
tion in white cell count and C-reactive protein following initi-
ation of EVT treatment.12,20,25,30 This rapid source control helps 
to stabilize patients who are critically ill at the onset of EVT 
treatment, thus reducing the need for intensive care support, 
which is a major advantage of the approach.27 

The timing of EVT initiation must also be considered, and 
prompt treatment is widely acknowledged as a major factor 
influencing its therapeutic outcome. In a case series focusing 
on acute iatrogenic endoscopic perforations, Loske et al.19 
reported a success rate of 100%, which is an impressive result 
partly attributed to the quick diagnosis of perforation and 
commencement of treatment within 24 hours in all cases. 
The treatment duration in these patients was also remarkably 
quick, with a median duration of 5 days and no reported com-
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plications. These findings are supported by reports of a signif-
icant difference in outcomes for patients in whom treatment 
was started before and after 24 h of defect onset.18

The efficacy of EVT has also been directly compared with 
the use of SEMS, a widely implemented alternative manage-
ment option for esophageal wall defects. Table 2 summarizes 
the systematic reviews performed comparing these interven-
tions.33-35 Overall, EVT has demonstrated superiority to SEMS 
for treating esophageal leaks across multiple domains, includ-
ing a higher closure rate (84% vs. 53%), a lower mortality rate 
(15% vs. 25%), shorter treatment duration (median 23 days vs 
33 days), and a lower complication rate with regard to stric-
tures (9% vs. 28%).32 Moreover, in systemically unwell patients 
with post-esophagectomy anastomotic leak, EVT was report-
edly associated with a much lower mortality (12%) compared 
to SEMS (83%) or surgical (50%) management,36 highlighting 
its potential clinically significant benefits for patient outcomes. 
These results have not been replicated in all studies. Berlth et 
al.37 reported on a large cohort of 111 patients, in which a clo-
sure rate of 85.7% for EVT vs. 72.4% for SEMS was not found 
to be statistically significant (p =0.152). Their study had the 
advantage of only including patients who were experiencing 
leaks after esophagectomy for cancer, whereas previous studies 
have included a much more heterogeneous group of patients. 
However, the first systematic review and meta-analysis com-
paring EVT to SEMS confirmed the therapeutic benefits of 
EVT, including a significantly higher success rate in healing 
esophageal leaks and perforations resulting in fewer compli-
cations and reduction in in-hospital mortality compared to 
SEMS.34

EVT has also been used in combination with surgery. 
Kuehn et al.1 reported that 9 out of 21 patients receiving EVT 
treatment also underwent surgical intervention, with the au-
thors viewing the two modalities as complementary. In these 
cases, esophageal wall defects that could not be closed with su-
turing were tackled with EVT, while concomitant mediastini-
tis was controlled with an established surgical approach. EVT 
has also been used in combination with SEMS, with the stent 
placed after starting EVT therapy and removed 5-6 weeks lat-
er. However, the indications for this dual treatment approach 
and its potential outcomes are yet to be defined.17,21

Another important considerations are the long-term out-
comes following EVT, along with patient experience. Heits et 
al.38 conducted a prospective longitudinal study in a cohort 
of patients undergoing esophagectomy for cancer and com-
pared the health-related quality of life outcomes (HRQOL) of 
patients treated with EVT for postoperative anastomotic leaks 
to that of patients without anastomotic leaks. Surprisingly, the 
results showed that patients who had undergone EVT follow-
ing an anastomotic leak had better HRQOL scores than those 

without. Similarly, Dhavat et al.39 did a prospective survey 
to compare the gastrointestinal quality of life index (GIQLI) 
between patients treated with EVT and those treated with 
esophagectomy but did not experience any leak. The median 
GIQLI score was lower in patients who underwent EVT treat-
ment (83 vs 96.5, p =0.185) but comparable between groups 
for most domains assessed, including symptoms and physical 
functions. Overall, these results tentatively support EVT as 
a successful and acceptable approach to patients in the long 
term without a detrimental impact on subsequent quality of 
life. 

SAFETY

Safety is a primary concern in the introduction of any novel 
technique. So far, EVT has been demonstrated to be associated 
with a few major complications. The greatest concern lies in 
the potential for major hemorrhage. Laukoetter et al.20 report-
ed on a large case series of 52 patients, in which there were two 
patient deaths attributed to hemorrhage associated with EVT 
treatment. One of these patients died following the removal of 
the EVT sponge during a sponge exchange procedure, which 
was believed to be a catastrophic rupture of the descending 
aorta. Ahrens et al.12 also reported a patient death caused by 
major bleeding after a bougie dilatation of a stricture caused 
by EVT therapy, where there was creation of an aortoesoph-
ageal fistula. Finally, our colleagues in Cambridge reported 
major bleeding in two patients; in one case, there was a direct 
communication of an aortic branch to the cavity, and in the 
other case, there was bleeding of the pancreas secondary to 
severe pancreatitis. Both patients were subsequently stabilized 
and successfully treated with EVT.26 Evidence of major bleed-
ing during EVT may include the appearance of fresh blood in 
the EVT output fluid. In the case of any major bleeding, EVT 
should be stopped immediately, and triple-phase computed 
tomography (CT) is indicated to guide further management. 
Some have advocated for a CT scan of the thorax to be per-
formed as a standard when initiating EVT treatment to assess 
the relationship of the esophageal defect to any major cardio-
vascular structures; hence, the risk of erosion causing major 
hemorrhage.20

Other reported minor adverse events include sponge dislo-
cation, minor bleeding, and anastomotic strictures. Although 
not life-threatening, these complications can have a significant 
impact on patients; for example, anastomotic strictures have 
been demonstrated to have a negative and long-lasting im-
pact on the quality of life despite treatment with endoscopic 
dilatation.38 It is important to note that many of these safety 
considerations are made on the basis of case reports and case 
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series involving limited numbers of patients. A large, multina-
tional, prospective registry of EVT use will be crucial to gather 
further data and generate a greater understanding of outcomes 
and safety (NCT02662777). 

COSTS AND IMPEDIMENTS TO 
IMPLEMENTATION

With the development of any new procedure in healthcare, 
the feasibility with which it can be widely adopted in clinical 
practice will inevitably be partly dependent on the cost. Cost 
calculations are complex; they need to be understood in re-
lation to alternative treatment strategies, such as stenting or 
definitive surgical intervention. However, complexity also 
exists as EVT can be performed in various settings (operating 
room, endoscopy suite, or bedside). Moreover, its impact on 
the length of hospital stay, number of exchanges necessary, and 
the rate of complications associated with further intervention 
(e.g., stricture) also play a role.

These factors were considered in a study by Ooi et al. 
(2019),25 who estimated that the total cost of EVT was approx-
imately $10,188 (£5,416) per patient over a median treatment 
duration of 25 days. Among the eight items considered in this 
calculation, time in the operating room and the costs of gener-
al anesthesia were the two greatest contributors to the overall 
cost of the procedure. Additionally, the patients considered 
were critically ill; it is unlikely that costs would be equally high 
in patients who can be treated at the bedside and for shorter 
periods of time. In a retrospective analysis of 50 EVT cases, 
Ward et al.40 found that endoscopy suite-based procedures 
were associated with a 2.5-fold lower cost than those in the op-
erating room (with an average total cost of $4,528 vs. $11,889 
USD, respectively). 

Another cost-escalator for EVT is the potentially high num-
ber of exchange procedures required. The average number of 
procedures can range from three to five per patient, each of 
which carries a procedure cost in addition to the intervening 
cost for in-patient hospitalization. However, when compared 
with SEMS, the overall duration of hospital stay has been 
found to be comparable or lower with EVT, and the number 
of treatment days to be fewer.34 With regards to personnel and 
training, Ward et al.40 have estimated that the average time to 
EVT proficiency for a skilled endoscopist was only ten cases.

FUTURE DIRECTIONS

Given the established efficacy and safety profile of EVT 
in the management of esophageal leaks and perforations, Ta
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some groups are now exploring novel avenues for expand-
ing the scope of use. One particularly exciting avenue is the 
pre-emptive use of EVT at the site of anastomosis following 
esophagectomy to minimize the risk of leaks (Table 3).3 This 
strategy relies upon the presence of an identifiable feature that 
predicts the onset of esophageal wall compromise. In this re-
gard, Neumann et al.3 explored the emergence of anastomotic 
ischemia post-esophagectomy as a precursor to the onset of 
an anastomotic leak to identify patients in whom pre-emptive 
EVT could promote mucosal recovery. In their case series of 
eight patients, 75% (6/8) exhibited complete mucosal recov-
ery after EVT, and 25% who developed small anastomotic 
leaks were successfully resolved with ongoing EVT. These 
early reports helped pave the way for a large multicenter ran-
domized controlled trial developed and led by the team at the 
University Hospital Zurich known as the ‘preSPONGE’ trial 
(NCT04162860). This will explore the efficacy of pre-emptive 
EVT at the anastomotic site in high-risk patients undergoing 
minimally invasive esophagectomy postoperatively, including 
the duration of hospitalization, morbidity, mortality, and 90-
day anastomotic leak rates. 

CONCLUSIONS

EVT has been extensively demonstrated to be a safe, 
well-tolerated, effective, versatile, and practicable procedure 
in the management of selected patients with esophageal wall 
defects. Furthermore, EVT has demonstrated a superior safety 
profile compared with alternative treatment strategies. Never-
theless, a number of questions remain regarding the optimal 
duration of therapy, long-term outcomes, cost-effectiveness, 
and patient satisfaction. Given the paucity of reported experi-
ence globally, we support the implementation of national and 
international prospective registries of EVT use in esophageal 
leaks and perforations. Randomized controlled trials, some of 
which are already underway, will be crucial to further explore 
the utility, efficacy, and safety of this promising novel tech-
nique. 
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