[bookmark: OLE_LINK1896][bookmark: OLE_LINK718][bookmark: OLE_LINK719][bookmark: OLE_LINK1753][bookmark: OLE_LINK1754][bookmark: OLE_LINK1755][bookmark: OLE_LINK1850][bookmark: OLE_LINK1851][bookmark: OLE_LINK1874][bookmark: OLE_LINK1892][bookmark: OLE_LINK1893][bookmark: OLE_LINK1891][bookmark: OLE_LINK1958][bookmark: OLE_LINK2006][bookmark: OLE_LINK2007][bookmark: OLE_LINK2008][bookmark: OLE_LINK2009][bookmark: OLE_LINK2059][bookmark: OLE_LINK2060][bookmark: OLE_LINK1863][bookmark: OLE_LINK350][bookmark: OLE_LINK378][bookmark: OLE_LINK388][bookmark: OLE_LINK392][bookmark: OLE_LINK370][bookmark: OLE_LINK372][bookmark: OLE_LINK139][bookmark: OLE_LINK408][bookmark: OLE_LINK409][bookmark: OLE_LINK410][bookmark: OLE_LINK411][bookmark: OLE_LINK670][bookmark: OLE_LINK458][bookmark: OLE_LINK439][bookmark: OLE_LINK967][bookmark: OLE_LINK968][bookmark: OLE_LINK991][bookmark: OLE_LINK1040][bookmark: OLE_LINK1041][bookmark: OLE_LINK1042][bookmark: OLE_LINK446][bookmark: OLE_LINK486][bookmark: OLE_LINK520][bookmark: OLE_LINK563][bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK617][bookmark: OLE_LINK618][bookmark: OLE_LINK619][bookmark: OLE_LINK620][bookmark: OLE_LINK622][bookmark: OLE_LINK648][bookmark: OLE_LINK697][bookmark: OLE_LINK515][bookmark: OLE_LINK684][bookmark: OLE_LINK753][bookmark: OLE_LINK773][bookmark: OLE_LINK804][bookmark: OLE_LINK815][bookmark: OLE_LINK836][bookmark: OLE_LINK854][bookmark: OLE_LINK855][bookmark: OLE_LINK870][bookmark: OLE_LINK891][bookmark: OLE_LINK920][bookmark: OLE_LINK666][bookmark: OLE_LINK828][bookmark: OLE_LINK930][bookmark: OLE_LINK956][bookmark: OLE_LINK957][bookmark: OLE_LINK1071][bookmark: OLE_LINK1072][bookmark: OLE_LINK1120][bookmark: OLE_LINK1121][bookmark: OLE_LINK1204][bookmark: OLE_LINK1205][bookmark: OLE_LINK1002][bookmark: OLE_LINK1055][bookmark: OLE_LINK1056][bookmark: OLE_LINK1058][bookmark: OLE_LINK1096][bookmark: OLE_LINK1097][bookmark: OLE_LINK1013][bookmark: OLE_LINK1050][bookmark: OLE_LINK1083][bookmark: OLE_LINK1093][bookmark: OLE_LINK1110][bookmark: OLE_LINK1111][bookmark: OLE_LINK1174][bookmark: OLE_LINK1176][bookmark: OLE_LINK1216][bookmark: OLE_LINK1237][bookmark: OLE_LINK1257][bookmark: OLE_LINK1296][bookmark: OLE_LINK1299][bookmark: OLE_LINK1347][bookmark: OLE_LINK1370][bookmark: OLE_LINK1397][bookmark: OLE_LINK1398][bookmark: OLE_LINK1411][bookmark: OLE_LINK1426][bookmark: OLE_LINK1448][bookmark: OLE_LINK1472][bookmark: OLE_LINK1473][bookmark: OLE_LINK1495][bookmark: OLE_LINK1496][bookmark: OLE_LINK132][bookmark: OLE_LINK48][bookmark: OLE_LINK1151][bookmark: OLE_LINK1330][bookmark: OLE_LINK1229][bookmark: OLE_LINK1489][bookmark: OLE_LINK1834][bookmark: OLE_LINK1507][bookmark: OLE_LINK1513][bookmark: OLE_LINK1514][bookmark: OLE_LINK1515][bookmark: OLE_LINK1500][bookmark: OLE_LINK1501][bookmark: OLE_LINK1505][bookmark: OLE_LINK1506][bookmark: OLE_LINK1526][bookmark: OLE_LINK1564][bookmark: OLE_LINK1576][bookmark: OLE_LINK1577][bookmark: OLE_LINK1608][bookmark: OLE_LINK1609][bookmark: OLE_LINK1610][bookmark: OLE_LINK1627][bookmark: OLE_LINK1628][bookmark: OLE_LINK1633][bookmark: OLE_LINK1665][bookmark: OLE_LINK1667][bookmark: OLE_LINK1680][bookmark: OLE_LINK1681][bookmark: OLE_LINK1697][bookmark: OLE_LINK1698][bookmark: OLE_LINK1706][bookmark: OLE_LINK1713][bookmark: OLE_LINK1742][bookmark: OLE_LINK1765][bookmark: OLE_LINK1786][bookmark: OLE_LINK1787][bookmark: OLE_LINK1801][bookmark: OLE_LINK1806][bookmark: OLE_LINK1807]Name of journal: World Journal of Gastrointestinal Endoscopy
ESPS Manuscript NO: 2883
Columns: BRIEF ARTICLE
[bookmark: OLE_LINK1617][bookmark: OLE_LINK1618]
Successful treatment of cervical esophageal leakage by endoscopic-vacuum assisted closure therapy 

Lenzen H et al.  E-VAC therapy and cervical esophageal leakage

Henrike Lenzen, Ahmed A Negm, Thomas J Erichsen, Michael P Manns, Jochen Wedemeyer, Tim O Lankisch


Henrike Lenzen, Ahmed A Negm, Thomas Erichsen, Michael P Manns, Tim O Lankisch, Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, 30625 Hannover, Germany

Jochen Wedemeyer, Department of Internal Medicine, Robert Koch Hospital Gehrden, 30989 Gehrden, Germany

Author contributions: Lenzen H and Lankisch TO wrote the paper; Wedemeyer J and Lankisch TO designed the study; Lenzen H, Negm AA, Erichsen TJ, Manns MP and Wedemeyer J performed the research and analyzed the data.

Supported by the Deutsche Forschungsgemeinschaft in the framework of the “Open Access Publishing” Program

[bookmark: OLE_LINK703][bookmark: OLE_LINK704][bookmark: OLE_LINK706][bookmark: OLE_LINK1358][bookmark: OLE_LINK1625][bookmark: OLE_LINK1626][bookmark: OLE_LINK1528][bookmark: OLE_LINK1529][bookmark: OLE_LINK1521][bookmark: OLE_LINK1522][bookmark: OLE_LINK830][bookmark: OLE_LINK908][bookmark: OLE_LINK1351][bookmark: OLE_LINK1355][bookmark: OLE_LINK1420][bookmark: OLE_LINK1566][bookmark: OLE_LINK1811][bookmark: OLE_LINK1812]Correspondence to: Tim Lankisch, MD, Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, Carl-Neuberg-Str 1, 30625 Hannover, Germany. lankisch.tim@mh-hannover.de

Telephone: +49-511-5322406        Fax: +49-511-5323351 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK145][bookmark: OLE_LINK215][bookmark: OLE_LINK352][bookmark: OLE_LINK364][bookmark: OLE_LINK383][bookmark: OLE_LINK361][bookmark: OLE_LINK444][bookmark: OLE_LINK501][bookmark: OLE_LINK572][bookmark: OLE_LINK573][bookmark: OLE_LINK756][bookmark: OLE_LINK757][bookmark: OLE_LINK805][bookmark: OLE_LINK806][bookmark: OLE_LINK958][bookmark: OLE_LINK1018][bookmark: OLE_LINK1059][bookmark: OLE_LINK1122][bookmark: OLE_LINK1123][bookmark: OLE_LINK1402][bookmark: OLE_LINK1750][bookmark: OLE_LINK1751][bookmark: OLE_LINK1759][bookmark: OLE_LINK1760][bookmark: OLE_LINK1788][bookmark: OLE_LINK1813][bookmark: OLE_LINK1946][bookmark: OLE_LINK1947][bookmark: OLE_LINK1948][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK1382]Received: March 21, 2013       Revised: May 14, 2013 
Accepted:  June 1, 2013
[bookmark: _GoBack]Published online: 

Abstract
[bookmark: OLE_LINK1912][bookmark: OLE_LINK1913]AIM: To evaluate the efficacy and safety of endoscopic-vacuum assisted closure (E-VAC) therapy in the treatment of cervical esophageal leakage.

METHODS: Between May and November 2012, three male patients who developed post-operative cervical esophageal leakage were treated with E-VAC therapy. One patient had undergone surgical excision of a pharyngo-cervical liposarcoma with partial esophageal resection, and the other two patients had received surgical treatment for symptomatic Zenker’s diverticulum. Following endoscopic verification of the leakage, a trimmed polyurethane sponge was fixed to the distal end of a nasogastric silicone tube and endoscopically positioned into the wound cavity, and with decreasing cavity size the sponge was positioned intraluminally to cover the leak. Continuous suction was applied, and the vacuum drainage system was changed twice a week. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]RESULTS: The initial E-VAC placement was technically successful for all three patients, and complete closure of the esophageal leak was achieved without any procedure-related complications. In all three patients, the insufficiencies were located either above or slightly below the upper esophageal sphincter. The median duration of the E-VAC drainage was 29 d (range: 19–49 d), with a median of seven sponge exchanges (range: 5–12 sponge exchanges). In addition, the E-VAC therapy reduced inflammatory markers to within normal range for all three patients. Two of the patients were immediately fitted with a percutaneous enteral gastric feeding tube with jejunal extension, and the third patient received parenteral feeding. All three patients showed normal swallow function and no evidence of stricture after completion of the E-VAC therapy. 

CONCLUSION: E-VAC therapy for cervical esophageal leakage was well tolerated by patients. This safe and effective procedure may significantly reduce morbidity and mortality following cervical esophageal leakage. 

© 2013 Baishideng. All rights reserved.
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Core tip: Traditional methods to treat cervical esophageal leakage close to the upper esophageal sphincter are associated with high morbidity and mortality. The newly developed method of endoscopic-vacuum assisted closure (E-VAC) therapy using polyurethane sponges has been demonstrated as efficacious for treating gastrointestinal tract leakages. We applied E-VAC therapy to three patients with post-operative cervical leakage and achieved complete closure in all, without any procedure-related complications. The E-VAC therapy was well tolerated by patients with cervical esophageal leakage, and its application in this patient population may contribute to a significant reduction in morbidity and mortality. 
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INTRODUCTION
Anastomotic leakage is a potentially life-threatening complication that may follow esophageal surgery. The leakage may range in severity from a minor anastomotic defect to a fulminant leak with systemic sepsis and multiple organ failure[1-3]. Cervical anastomoses have been associated with leakage rates as high as 40% and a mortality rate of 5%[4-6]. The treatment of cervical anastomotic leakage above the upper esophageal sphincter is particularly challenging, and only limited treatment options are available. Traditionally, the repair of cervical leakage has involved surgical intervention[7]; however, re-operation is associated with high morbidity and mortality rates[8]. Placement of self-expandable metal stents in such situations is difficult or even impossible and is associated with a high rate of procedure-related complications, such as globus sensation and/or respiratory insufficiency. Therefore, the procedure is often not performed[9-11]. 
Over the last decade, several endoscopic treatment options for repair of esophageal anastomotic leakages have emerged, including fibrin glue injection, endoscopic transluminal drainage and self-expanding metal stents[12-14]. Endoscopic treatment using self-expandable metal or plastic stents has become the treatment of choice for anastomotic esophageal leakage, and its reported success rates are above 80%[12,15-18]. Most recently, endoscopic-vacuum assisted closure (E-VAC) has been suggested as an effective treatment modality for esophageal anastomotic leakage in the upper gastrointestinal tract[19]. E-VAC therapy involves placing polyurethane sponges into the wound cavity that was induced by the leak, followed by application of an external vacuum through a transnasal tube to drain the infected fluid and induce the formation of granulation tissue. Recent studies of E-VAC therapy for the treatment of leaks following esophageal anastomoses have demonstrated that the procedure is capable of achieving successful wound closure with no associated mortality[20-23]. However, these studies have mainly examined intrathoracic anastomotic leakages. Here, we report the successful application of E-VAC therapy to treat cervical anastomotic leakages in three patients. 
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Patients and procedure description
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Descriptive statistics were used to evaluate the patients’ demographic and clinical characteristics. The data are presented as individual values, median, and ranges. 

RESULTS
Characteristics of patients
We used E-VAC therapy to treat three male patients with post-operative cervical esophageal leakage. The patients were 69-, 71- and 80-years-old (Table 1). Patient 1 had undergone surgical excision of a pharyngo-cervical liposarcoma with partial esophageal resection followed by an insufficiency 3 cm below the upper esophageal sphincter (17 cm from the incisors). Patients 2 and 3 had suffered from cervical esophageal perforation following surgical treatment of a symptomatic Zenker´s diverticulum. Patient 2 had open surgery with a diverticulectomy and myotomy (Figure 1). Patient 3 suffered from recurrent Zenker´s diverticulum and was treated with transoral endoluminal mucomyotomy. The insufficiency in these two cases was located above the upper esophageal sphincter, at 17 cm from the incisors in patient 2 and at 19 cm from the incisors in patient 3. 
Results of E-VAC therapy
[bookmark: OLE_LINK1906][bookmark: OLE_LINK1907][bookmark: OLE_LINK1909]All three patients had endoscopically diagnosed esophageal leakage and their initial E-VAC placement was technically successful. In all three cases, the sponge was initially placed into the extraluminal cavity (intracavitary), which was changed to intraluminal placement with decreasing cavity size. Two patients immediately received a percutaneous enteral gastric feeding tube with jejunal extension (PEG-J tube) and the third patient received parenteral feeding (Table 2). The median duration of E-VAC therapy was 29 d (range: 19-49 d) with a median of seven sponge exchanges (range: 5-12 sponge exchanges) (Table 2). Median hospitalization time was 46 d (range: 42-108 d). In all three patients, complete closure of the leakage was achieved without any procedure-related complications and without the need for surgical re-intervention (Figure 2). Sponge therapy was well tolerated and there was no evidence of residual leakage either clinically or after Gastrografin swallow in patients 2 and 3. Inflammation was assessed by measuring white blood cell (WBC) counts and C-reactive protein (CRP) levels. In two patients, the WBC count was initially elevated but decreased to within the normal range following E-VAC therapy. All three patients had markedly elevated CRP levels (range: 152-296 mg/L) at the beginning of the treatment, which were reduced to almost normal (range: 3-34 mg/L) by the time of discharge (Table 3). Patients were clinically followed-up after hospital discharge and endoscopy was performed in two patients at post-discharge days 47 and 206. All three patients had normal swallow function and no evidence of stenosis after completion of the E-VAC therapy. 

DISCUSSION
Esophageal anastomotic leakage is associated with high morbidity and mortality rates, particularly when surgical repair is required[1,4,8]. Consequently, efforts have been made to devise less invasive treatment modalities. A number of endoscopic techniques have emerged in recent years, including E-VAC therapy. Here, we report the successful use of E-VAC therapy for the treatment of post-operative cervical esophageal leakage.
Previous studies of E-VAC treatment were mainly concerned with the management of thoracoabdominal esophageal leakages; although, cervical esophagogastric anastomoses have a higher incidence of leaks compared to thoracic anastomoses[5]. Cervical leakages treated with E-VAC therapy have been rarely described[20,26]. Here, we examined two cases of Zenker´s diverticulum perforation with insufficiencies above the upper esophageal sphincter and one case of surgical excision of a pharyngo-cervical liposarcoma with partial esophageal resection followed by an insufficiency just below the upper esophageal sphincter. Due to high cervical localization of the perforation, stent placement was not considered. In all three patients, complete closure of the leakage was achieved without any procedure-related complications. None of the patients required further surgical intervention, and all three patients displayed regular swallow function after completion of the E-VAC therapy. Follow-up endoscopy in patients 2 and 3 demonstrated complete healing of the esophagus. 
These case series indicate that E-VAC therapy has clinical utility in the repair of cervical esophageal leakage. These data justify conducting further studies to examine the potential of E-VAC therapy for treating other iatrogenic cervical esophageal perforations, such as perforations after transesophageal echocardiography, foreign body impaction, or endoscopic and surgical procedures. Compared to the previous studies of E-VAC therapy for treating thoracic esophageal leakage[20,26], our case studies of E-VAC therapy for treating cervical esophageal leakage required longer treatment times and a higher number of sponge changes. Therefore, we recommend early PEG placement for enteral feeding. However, despite the longer treatment times, the E-VAC therapy was well tolerated by all of our patients. 
Our case studies suggest that use of E-VAC therapy allows for rapid removal of infected tissue. Prior to E-VAC therapy, all three patients displayed high levels of inflammatory markers that were indicative of systemic inflammatory complications from the esophageal leakage. Notably, a considerable reduction in the levels of these inflammatory markers was observed following treatment, which suggests that the E-VAC therapy resulted in rapid drainage of the infected wound cavity and control of inflammation. 
In summary, we report that E-VAC therapy is a safe and efficacious treatment option for cervical esophageal leakage. E-VAC therapy appears to provide adequate wound drainage, promotion of tissue granulation within the wound cavity, and closure of the cervical esophageal defect. Despite the high localization of the vacuum placement, sponge therapy was well tolerated by our patients. Application of this therapy may contribute a significant improvement in morbidity and mortality. A multidisciplinary approach, involving the coordinated efforts of abdominal and/or ear-nose-throat surgeons, may further enhance E-VAC therapy as a treatment modality for cervical esophageal leakage. 
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COMMENTS
[bookmark: OLE_LINK614][bookmark: OLE_LINK615][bookmark: OLE_LINK843][bookmark: OLE_LINK844]Background
Traditionally, the repair of cervical esophageal leakage has involved surgical intervention, as placement of self-expandable metal stents in this situation is difficult or even impossible. Most recently, endoscopic-vacuum assisted closure (E-VAC) has been suggested as an effective treatment modality for esophageal leakage. Therefore, the authors investigated the efficacy of E-VAC therapy for cervical leakage above or slightly below the upper esophageal sphincter. 

Research frontiers
Cervical esophageal leakage is associated with high morbidity and mortality rates, particularly when surgical repair is required. Therefore, this study evaluated the effectiveness and safety of a non-invasive endoscopic treatment using E-VAC therapy for treating cervical esophageal leakage. 

Innovations and breakthroughs
This study demonstrates that E-VAC therapy is an efficacious and safe treatment option for treating cervical esophageal leakage. Despite the high localization of the vacuum placement, the sponge therapy is well tolerated. 

Applications 
E-VAC therapy can be used as an alternative treatment option for cervical esophageal leakages above or slightly below the upper esophageal sphincter. These findings indicate the benefit of future studies addressing whether E-VAC therapy may also be useful for treatment of other iatrogenic cervical esophageal perforations, such as perforations after transesophageal echocardiography, foreign body impaction, or endoscopic and surgical procedures.

Terminology
The VAC technique is an established treatment modality for chronic and infected cutaneous wounds. Recently, the endoscopic placement of a vacuum-assisted closure system (endoscopic-vacuum assisted closure, E-VAC) in the gastrointestinal tract has been shown to be an effective treatment option for anastomotic leaks. The trimmed polyurethane foam with an open-cell structure (sponge) is fixed to the distal end of a silicone duodenal tube and endoscopically introduced into the necrotic cavity of the upper or the lower gastrointestinal tract. A continuous negative pressure of 125 mmHg is applied using a vacuum pump and the sponge is replaced two to three times per week. 

Peer review
The authors conclude that E-VAC therapy is a safe and effective treatment option for cervical esophageal leakage. 
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Figure 1 Radiographic findings of the second patient with Zenker’s diverticulum. A: Barium swallow showing the Zenker’s diverticulum (arrow) out-pouching from the posterior wall of the esophagus. Computed tomography scan showing the cervical esophageal leakage with periesophageal mediastinal abscess and extraluminal air (arrow); B: Contrasted esophagus (asterisk) with extravasation; C: Gastrografin swallow after endoscopic-vacuum assisted closure treatment showing a small residual saccular protrusion (arrow), but no leakage and no stenosis, clip in situ. 
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Figure 2 Endoscopic images of cervical esophageal leakage after surgical diverticulectomy and cricopharyngeal myotomy and subsequent treatment with endoscopic-vacuum assisted closure. A: The defect was large enough to be intubated with a standard endoscope (arrow); B: Sponge positioned in the extraluminal wound cavity and connected to a drainage tube; C: Clean wound ground and formation of fresh granulation tissue with good vascularisation at three days after the endoscopic-vacuum assisted closure (E-VAC) therapy; D: Appearance of esophageal defect (arrow) at 11 days after the E-VAC therapy; E: Complete healing of the leakage at 47 d after completion of the E-VAC treatment.  
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[bookmark: OLE_LINK1923][bookmark: OLE_LINK1924]Table 1 Characteristics of three patients who underwent endoscopic-vacuum assisted closure treatment 
	Patient 
	Sex
	Age, yr
	Diagnosis
	Surgical procedure
	Cause of leakage
	Distance from the dental arch, cm
	Time interval from diagnosis to start of E-VAC therapy, d
	Time interval from surgery to start of E-VAC therapy, d

	1
	Male
	80
	Liposarcoma
	Thoracic esophageal resection
	Anastomotic insufficiency
	17
	11
	25

	2
	Male
	71
	Zenker´s diverticulum
	Diverticulectomy and myotomy
	Anastomotic insufficiency
	17
	0
	13

	3
	Male
	69
	Zenker´s diverticulum
	Mucomyotomy
	Iatrogenic perforation
	19
	0
	2


E-VAC: Endoscopic-vacuum assisted closure.
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	Patient 
	Treatment type
	Sponge exchanges, n
	E-VAC treatment duration, d
	Hospitalization duration, d
	[bookmark: OLE_LINK1931][bookmark: OLE_LINK1932][bookmark: OLE_LINK1933]Endoscopic follow-up2 duration, d
	Feeding method

	[bookmark: OLE_LINK1925][bookmark: OLE_LINK1926][bookmark: OLE_LINK1927]11
	Intracavitary/
intraluminal
	[bookmark: OLE_LINK1928][bookmark: OLE_LINK1929][bookmark: OLE_LINK1930]1 × 9
1 × 3
	1 × 34
1 × 15
	108
	none
	PEG-J tube

	2
	Intracavitary/
intraluminal
	5
	19
	42
	47
	intravenously

	3
	Intracavitary/
intraluminal
	7
	29
	46
	206
	PEG-J tube


1Patient did not achieve complete healing after the first treatment cycle and underwent a second treatment; 2Days after sponge removal. E-VAC: Endoscopic-vacuum assisted closure; PEG-J tube: Percutaneous endoscopic gastrostomy with jejunal extension. 



Table 3 Inflammation markers monitored during the endoscopic-vacuum assisted closure treatment
	Patient 
	WBC 
	CRP

	
	1st sponge placement
	Sponge removal
	1st sponge placement
	Sponge removal

	1
	11.6
	4.3
	152
	34

	2
	8.2
	8.8
	244
	34

	3
	14.3
	9.9
	296
	3
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WBC: White blood cell count, normal range: 4.4–11.3 Tsd/μL; CRP: C-reactive protein, normal range: < 8 mg/L. 
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