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Abstract
The commonly used conduits for oesophageal reconstruction are stomach, colon and jejunum. Gastric and colon grafts are the most
frequently used to reconstruct diseased esophagus. Oesophageal anastomotic leaks are a feared and devastating postoperative com-
plication. The severity of leaks depends in part on the anastomotic site and intrathoracic leaks are morbid and potentially fatal. The
clinical presentation of leak varies depending on the anastomosis location and dehiscence. The diagnosis of cervical leak is easier and
it becomes obvious when there is saliva or air in cervical drain. The intrathoracic leak diagnosis can be difficult and investigations
including contrast study, chest scan and endoscopy are necessary to accurate the diagnosis. Early diagnosis and adapted therapeutic
option lead to successful resolution of leak. Multiple therapeutic options are available and tailored to clinical form of leak and patient
conditions. The introduction of anastomotic stenting and radiologic or mini-invasive drainage of collections has decreased the need
for re-surgery. The cause of leak is multifactorial and several factors predispose i to the development of anastomotic leaks following
esophageal reconstruction. The prevention is the best way and optimizing modifiable risk factors prior to surgery and applying a

careful surgical technique are the key to successful esophageal reconstruction with decreased risk of esophageal anastomotic leaks.
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Introduction

The reconstruction of gut continuity following Oesophagectomy needs the pull up through different routes an abdominal digestive
organ to achieve intrathoracic or cervical anastomosis. The commonly used conduits for esophageal reconstruction are stomach, colon
and jejunum. Gastric and colon grafts are the most frequently used to reconstruct diseased esophagus. Oesophageal anastomotic leak
after esophageal reconstruction is a feared and potentially devastating postoperative complication. The severity of leaks depends in part
on the anastomotic site and intrathoracic leak is a major concern for surgeons because leak is dreaded, morbid and potentially mortal.
The cervical leak is likely to be more frequent but benign without risk of fatality. The intrathoracic leakage is often associated with septic

meadiastinitis, pneumonia, respiratory failure and the need to surgical revision leading to prolonged hospital stay and increased risk of
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postoperative death [1,2]. Cervical leak is only associated with wound sepsis and increased hospital stay, and the leak heals spontane-
ously without need to reoperation [3]. The incidence of anastigmatic leak varied between reported studies depending on the diagnosis
vigor and definition of leak [4]. Recent reports do not reveal a sharp decrease in leak rates and cervical anastomosis is associated with
higher incidence of leak (10%-25%) than intrathoracic anastomosis (< 12.3%) [5-11]. Although intrathoracic leaks remain a fatal com-
plication with high rate of related-mortality (> 20%). A slight decrease in mortality rate was recently reported in relation with improve-
ment in surgical technique (stabled anastomosis, use of adjunctive measures), anesthetic progress, early diagnosis and management
(stent) [12,13]. In additionally healing of anastomotic leak may result in further subsequent stricture causing dysphagia with need to
endoscopic dilations or surgical revision. Regarding the frequency and morbidity and related-death of esophageal anastomotic leaks,
understanding their cause, identifying the predisposing factors, applying preventive measures and knowledge of management strate-

gies are fundamental for the surgical team to minimize the risk and to optimize management of leaks.

Diagnosis

The clinical presentation of leak varies depending on the location of anastomotic site and the importance of anastomotic dehis-
cence. The first evocative elements of leaks are postoperative fever and leukocytosis. Importantly, the presence of septic signs in the
early postoperative period is a high index of suspicion of anastomotic leak. The diagnosis of leak is easier when anastomosis is located
in the neck. Erythema, induration and fluctance development along the cervical incision often announces an underlying leak of cervical
anatomosis. The presence of saliva or air in the cervical drain signifies a likely anastomotic leak and the diagnosis becomes obvious. In
case of intrathoracic anastomosis, the development of pleural effusion in immediate postoperative days, particularly in the vicinity of
the anastomosis should be considered as a leak until proved otherwise. The diagnosis of leak may be obvious and certain if presence of
bile or saliva in the thoracic drainage. However the differential diagnosis arises with the chylothorax in the presence of pleural effusion
and further investigations are necessary to accurate the diagnosis. Contrast study has been commonly used to detect anastomotic leak
following esophageal reconstruction. It provides an assessment of anastomotic integrity and additional informations on the contour,
straightness and emptying of the transposed graft. The contrast study is often performed between 5 and 8 postoperative days which

correspond to time period of the development of most leaks.

A water-soluble contrast agent such as Gastrografin is the most used to check the anastomosis integrity in the postoperative phase
because of fear of exacerbating mediastinal or pleural sepsis with leaked barium. This exam is more easier to be realized, it can be per-
formed at the bedside, in patients with difficulty swallowing or mechanical ventilator support. However, care must be taken to prevent
aspiration because if aspirated, Gastrografin May cause chemical pneumonia. Chest scan with oral water-soluble contrast provides more
information on magnitude of anastomotic dehiscence and extent of the abscess and it is helpful for placement of the chest flush and
drainage tube [14-16]. Endoscopy has been introduced as a diagnosis option for anastomotic leak especially intrathoracic leak [16,17].
It allows assessing the anastomotic integrity by diagnosing disruption not discernible on imaging studies .in addition; endoscopy pro-
vides more information on graft viability by identifying graft is chemical and necrosis that can be helpful to guide therapeutic strategy.
Despite the concerns about the risk of anastomotic trauma, performing flexible endoscopy has been demonstrated to be safe even in
early postoperative period. However, air insufflation during the endoscopic procedure can predispose to tension pneumothorax in
presence of anastomotic disruption, so in order to prevent this problem, an appropriate chest drainage should be in place, or immedi-
ately available. Determination of amylase levels in the drain fluid and measurement of serum C-reactive protein are helpful to diagnose

anastomotic leaks.

Management Strategy

The management of leak depends on the anastomosis location; the extent of anastomotic dehiscence; the adequacy of graft perfu-

sion; the involvement of adjacent organs such as the airway and lung; the severity of sepsis and the hemodynamic stability of patient.
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Cervical leak

The cervical anastomotic leak is generally confined to the cervical soft tissue with less risk of intrathoracic or mediastinal exten-
sion. However leak of anastomosis located in the lower area of the neck immediately obvious to the sternal manubrium can extend to
the mediastinum resulting in extensive mediastinitis. The cervical leak is often treated conservatively and in the presence of abscess,
wound opening, packing and drainage become more necessary to avoid intrathoracic or mediastinal diffusion. The spontaneous closure
is often obtained after introduction of nutritional support and suspension of oral intake. Enteral feeding is the first choice because of

its efficiency and safety [18-21].

Intrathoracic leak
The intrathoracic leak is less common than the cervical leak. However leak in the chest can result in severe sepsis and mediastinitis.
The treatment of intrathoracic leak is not standardized and there is a controversy about the most effective treatment method. Therefore

the strategy of management is guided by the severity of clinical signs, magnitude of leak, patient conditions and experience of surgeon.

The non-operative approach or conservative management more indicated in case of occult anastomotic leak (grade I) detected dur-
ing routine postoperative endoscopy or imaging studies in asymptomatic patients and in subclinical or contained leaks [22]. Conserva-
tive strategy consists of delaying the oral intake, continuing enteral nutrition via jejunostomy or nasogastric/nasoduodenal feeding
tube and administration of broad-spectrum antibiotics. Spilled saliva or gastric secretions are controlled with previously placed surgi-
cal drains, or the introduction of percutaneous drains into the involved areas Surgery is required in intrathoracic leak associated with
sepsis and mediastinitis. The surgical management options are guided by the circumference of disruption, the extent of graft necrosis
and sepsis severity. Small disruptions with minor sepsis can be managed with delayed oral intake, enteral or parenteral nutritional sup-
port, drainage of adjacent fluid collections, antibiotics. The anastomosis repair should be reinforced by buttressing the suture line with
viable tissue, such as omentum, pericardial fat, or muscle flap. Surgical reparation is more risked and hazardous in moderate and large
disruption because the factors resulting in leak are still present such as anastomotic tension and compromised blood flow of graft or of
remnant esophagus. Additionally, contamination of surgical field, hemodynamic instability, respiratory infection and effects of systemic
sepsis complicate re-operation. Therefore, in such conditions, repair of anastomosis is not recommended and management options
include wide local drainage, placement of a large, exteriorized T-tube across the defect, or takedown of the anastomosis and cervical
esophageal diversion (esophagostomy) with or without resection of the remaining intrathoracic graft (stomach or colon) and esopha-
gus. If the conduit necrosis is extensive and anastomotic disruption is complete, partial or complete conduit excision and performing
cervical esophagostomy are required. The remnant gastric graft can be used as a feeding —-gastrostomy in immediate postoperative

period and latter in the combined subsequent foregut reconstruction.

When the graft is positioned in the posterior mediastinum, the anastomosis is closely situated to the lung parenchyma and membra-
nous airway and if a leak occurs, there is a risk for development of an aero digestive fistula. Such fossilization is associated with aspira-
tion of saliva and gastric secretions into the lungs leading to pulmonary infection and respiratory compromise. In such circumstances,
an emergency intervention is required to temporarily close the aero digestive communication and controlling contamination by placing
a stent through the esophageal anastomosis. However stenting is a court-term solution and surgical management is required including
primary repair of esophageal anastomosis and closure of the wall airway defect. Pericardium or aortic homograft have been as a but-
tress or patch when repairing airway defect. Interposing vascularized soft tissues such as omentum or muscle flap between repaired
esophageal anastomosis and airway sutures lines is highly recommended to prevent refistulization. However if the graft necrosis is
enough extensive, graft resection and cervical esophageal diversion is required after airway repair. Recently a non-surgical treatment
option of anastomotic esophageal leaks have been introduced and consisted of stent placement to avoid issues associated with re-
operation [23-29]. The goal of anastomotic stenting is to obtain an anastomotic defect closure; however, image-guided percutaneous or
surgical drainage may be required in the presence of associated fluid collections. Properly placed, stent can seal the defect area allowing
healing .The appropriate indication for stent placement is leak involving less than 30% of anastomosis circumference. In the presence

of significant graft ischemia revealed by endoscopy, the indication of stenting is not appropriate and the excision of necrosis is required.
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After anastomotic healing, the stent must be removed and so the fully covered self-expanding metal, plastic, or hybrid stent of a large
diameter is the appropriate choice. The later removal of uncovered or partially covered stent may pose difficulties and so its use is
not appropriate. Adherence of covered stent to mucosa is further compromised however uncovered or partially covered stent permits
tissue growth and adherence. Stent migration is a common problem after stent placed across an anastomosis and endoscopic clipping
or suturing have been advocated as adjuncts to prevent migration. Other complications can occur after stent placement including inad-
equate coverage of the leak; plugging; and erosion into surrounding structures, such as the airway or major blood vessels, particularly
if the stent is left in place for a prolonged time [24-27]. The reported results revealed a successful control of leaks with stent placement
[27,30].

If patient survives, the re-establishment of digestive continuity can be considered usually months later after full recovery and con-
dition improvement of patient. The colon (right or left), jejunal or gastric (if available) graft can be used and substernally interposed to
establish digestive continuity. In such circumstances, re-dissecting the posterior mediastinum is difficult and highly risked exposing to

operative complications, so the substernal is highly recommended [31-33].

Risk factors and prevention

Several factors can impact the anastomotic healing including patient or systemic factors and technical or surgical factors (Table 1).
Preoperative identification of predisposing factors to anastomotic leak, optimization of the modifiable patient risk factors and meticu-

lous surgical technique are highly recommended to reduce the risk of leak.

Patient factors

_ Severe malnutrition
_Hypovolemia/hypotension
_Chemotherapy
_Diabetes

_Smoking

_Renal insufficiency

_ Heart failure
_Hypertension
_Coronary disease
_Vascular disease
Surgical factors

_ Graft ischemia and necrosis
_Venous compromise

_ Extrinsic compression
_ Graft distention

_ Infection

_Radiation therapy

_Anastomotic tension

_Anastomotic location

_Anastomotic technique

_Route of reconstruction

Table 1: Risk factors of esophageal anastomosis leak.
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Patient factors (Systemic Factors)

Healing process of esophageal anastomosis can be impaired by well-known multiple patient factors [8,34]. These risk factors in-

clude:

Poor nutritional status

Severe malnutrition is associated with high rate of anastomotic leak and sepsis. The definition of severe malnutrition varied, how-
ever a weight loss greater than 20% of usual body weight or a serum albumin less than 3.0 g/dL are commonly accepted criteria to
determine a severe nutritional depletion [35], and studies demonstrated that low serum albumin (< 3.5 g/dL) has been found to be
an independent predictor of anastomotic leak [36]. Esophageal surgical patients are often nutritionally depleted because they have
a poor oral intake related to dysphagia or anorexia from an underlying esophageal malignant conditions and effects of chemo radia-
tion therapy. Therefore the preoperative nutritional status evaluation is highly recommended in these patients to detect malnutrition.
Correction of severe malnutrition prior to surgery is highly recommended by authors and acceptable nutritional patient conditions
is primordial to improve surgical outcomes particularly surgical site infections, infectious complications [37-41]. The introduction
of preoperative nutritional supports were greatly debated and their use is supported by most published studies only in patients with

severe malnutrition [19, 38-40].

Both enteral and parenteral can be used to optimize patient nutritional status. However enteral nutrition via feeding tube is pre-
ferred over parenteral nutrition (PN) if the gastrointestinal tract is functional [42]. The feeding jejunostomy is now placed during the
staging laparoscopy in many centers and it is used for nutrition supplementation during neo adjuvant therapies and in post-esoph-
agectomy setting [43]. As demonstrated by meta-analyses, preoperative enteral nutrition intervention in malnourished patients had
decreased major morbidity including anastomotic keak [42,44]. Parenteral nutrition is used when enteral nutrition is not feasible. The
duration of preoperative nutritional therapy is variable and the goal of nutrition is to optimize the nutritional status of patient allowing
to perform surgery in acceptable nutritional conditions. Hyper metabolism induced by major surgery entails a significant protein loss
of lean body mass, primarily from muscle in the postoperative period. Therefore introducing a Postoperative nutrition has become a
necessity to provide caloric and nitrogenous support to optimize wound and anastomosis healing, to avoid excessive loss of lean body

mass and to attenuate the hyper metabolic response to surgery, and thus optimizing healing and recovery.

Graft hypo perfusion

Blood supply to the graft is an important paramount in esophageal reconstruction. Preventing perioperative hypotension and hy-
povolemia is primordial to maintain a good graft perfusion [35, 45-47]. Although the definition of hypotension and the assessment of
hypovolemia are not precise, perioperative hypotension and use of inotropes have been shown to be an independent predictive factors
of anastomotic leak and patients who required inotropic support or developed hypotension in the postoperative period had a risk of

leak four and three times greater respectively [36].

Other predictive factors of anastomotic leak in esophageal surgery had been found such as anemia (hemoglobin < 8 g/dL), blood
transfusion, blood loss, heart failure, coronary disease, vascular disease, diabetes, hypertension, renal insufficiency, smoking, neodju-

vant chemotherapy, procedure duration greater than 5 hours, and type of procedure [2,11,36,48].

Surgical factors (technical factors)

Several factors contribute to the development of anastomotic leak but surgical technique and in adequacy of graft blood supply are

the major contributing factors esophageal leaks.

Graft ischemia and necrosis

Adequacy perfusion of digestive graft and esophageal remnant is the most important factors impacting the esophago-digestive
anastomotic integrity. However graft ischemia or necrosis remain the most important causes of leaks and graft blood supply insuffi-

ciency is the major cause of ischemia and necros is. The blood supply of the esophageal segment remaining after resection of diseased
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esophagus is not usually a concern for surgeon. However, the vasculature of esophageal extremity to be anastomosed with graft may be
impaired and thus predisposing to anastomotic leak, if a long portion of esophagus has been mobilized during esophageal dissection.

Ischemia of the proximal part of graft is a major risk factor for poor anastomotic healing.

When the stomach is used, the creation of an optimal graft is the most important factor. So it is important to create a gastric tube of
an adequate shape, diameter and length. The fundal tip is the most common site of esophago gastric anastomosis. Blood supply to the
tip of the gastric tube has been identified as a main issue in esophageal reconstruction. Therefore maintaining an adequate blood sup-
ply to the future graft particularly the cranial part (fundal tip) is an important factor to reduce risk of ischemia and necrosis. The gastric
graft blood supply is derived mainly from the right gastroepiploic vessels and the left gastroepiploic vessels and left gastric artery are
ligated during the graft creation procedure. A too narrow gastric tube results clearly in fundal tip ischemia or necrosis, so the ideal

width of gastric graftis 4 to 5 cm of transverse diameter.

Compared to cervical leak, intrathoracic leak is associated with high rate of mortality and complications. In fact, various adjunctive
measures have been proposed to prevent or control intrathoracic leaks. Improving blood perfusion of the esophagogastric anastomosis
site (fundal tip) may reduce increasingly the rate of anastomotic leaks. Various techniques and modalities that potentially increase the
blood perfusion of the gastric graft have been proposed including ischemic preconditioning of stomach and delayed cervical esopha-

gogastric anastomosis.

Ischemic preconditioning of stomach consists of partially fundus devascularization prior to esophageal reconstructive surgery by
dividing the left gastric and short gastric vessels to improve gastric microcirculation (the “delay phenomenon”) [49]. Ischemic precon-
ditioning can be induced by several approaches: partial devascularization of stomach by dividing left gastric and shorts gastric vessels
by laparoscopy or laparotomy or angio embolization. The animal studies showed an increase in gastric neovascularization after 4
weeks [50], and relative preservation of gastric blood flow to the fundal tip [51]. The impact of gastric ischemic preconditioning on the
severity of leaks has not been studied thoroughly and the recent published reports concluded that the current and available evidence
remains insufficient to draw a conclusion and support its widespread use outside of a clinical research protocol [52,53]. So further
comprehensive investigation on the real impact of gastric ischemic preconditioning prior to esophageal reconstruction on the esopha-

gogastric anastomosis leaks is more warranted [52].

Delayed cervical esophagogastric anastomosis consists of pulling up the gastric graft to the neck through the posterior mediasti-
num with delaying cervical anastomosis and performing a cervical esophagostomy. The esophagogastric anastomosis is performed 3
months later. This procedure has the same physiologic principles as preoperative partial gastric devascularization aiming to improve
the gastric graft blood flow [54]. The reported results showed no anastomotic leaks occurred with using the method in high-risk pa-
tients [54].

Colon interposition for esophageal reconstruction is associated with relatively a high risk of graft ischemia and necrosis. The causes
of graft ischemia are arterial insufficiency or venous stasis and intraoperative injury to the arterial supply or venous drainage of the
graft. Optimized colon graft is consisted of the selection of colon segment with good blood supply and adequate length. Vascular graft
supercharge has been used to optimize arterial and venous blood flow to the graft reducing thus the risk of ischemia and necrosis. Vas-
cular augmentation techniques have been used to optimize colon graft perfusion during colon interposirion for esophageal reconstruc-
tion. The micro vessel anastomosis is mostly performed between the graft mesenteric vessels and the left internal mammary artery;
however transverse cervical artery, branches of the external carotid artery, and the internal or external jugular vein can be used. The
vascular augmentation is mostly performed on the right colon graft. The reported results showed the clear advantage of microvascular
reinforcement of colon graft in preventing ischemia and anastomotic leaks. A significant reduction of leaks was observed in patients

who received a colon interposition with additional microvascular anastomosis of graft [55-57].
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Venous obstruction constitutes an obstacle to venous drainage and may cause graft ischemia and adversely impact the anastomotic
integrity. The causes include extrinsic compression, twisting, or kinking, excessive traction or inadequate exposure of the vascular
feeding pedicle, and distension of graft. These technical mismanagement are often happened during the pull up of graft through the
route of reconstruction. When the substernal route is used, it is highly recommended to widen the thoracic inlet to ensure there is no

risk of graft compression [58].

Graft distension in postoperative period may impair blood supply resulting in anastomotic healing impairment. So in order to
prevent graft distension (colon or stomach) and aspiration of gastric contents, the graft is intubated by a tube left in place for several

days after reconstruction.

Anastomotic reconstruction factors
Careful surgical technique reconstruction of anastomosis is an important technical paramount when reconstructing a gastrointes-

tinal anastomosis.

Anastomotic tension

Anastomotic tension is a detrimental factor for anastomotic healing and integrity of anastomosis. Anastomotic tension results in
impairment of tissue healing and increasing risk of ischemia of fundal tip and proximal extremity of colon graft. Therefore the creation
of a gastric graft or the selection of colon graft with adequate length in order to easily reach the neck is important paramount to per-
form a free tension cervical anastomosis. An appropriately created gastric tube has a sufficient length to reach cervical level without
excessive tension. However, the reconstruction distance must be measured intra operatively to select a colon graft with appropriate

length.

Anastomotic technique

A variety of methods to construct the anastomosis between esophagus and digestive graft exists and includes hand-sewn (con-
tinuous or interrupted, single- or double-layer), stapled (circular or linear), and hybrid approaches combining sutures and staples. In
addition, the anastomosis can be performed in an end-to-end, end-to-side, or side-to-side fashion. Regardless of the used technique,
meticulous and careful reconstruction of anastomosis includes the incorporation of all layers of the esophagus and digestive graft
walls, avoiding excessive tissue strangulation and creating a watertight closure with free tension. Choosing an anastomotic technique
depends on the surgeon preference and operative conditions and surgeon is able to apply the best one in any specific situation. Mul-
tiple studies have investigated anastomotic leak by comparing various anastomotic techniques. The recent reported meta-analysis
comparing completely hand-sewn and linear stapled techniques found lower leak rates with linear stapled anastomosis [59]. However
no difference in leak rates between linear and circular stapled anastomoses was found in reported meta-analysis [60]. Independently
of the used technique to reconstruct anastomosis, the leak incidence of cervical anastomosis is higher than that of intrathoracic anas-
tomosis [61,62].

Wrapping of the esophageal anastomosis with omentum in order to reinforce suture lines has been used to reduce the leak rate.
Buttressing the anastomosis with pedicled omental flap increases neovascularization of the anastomotic site and reduces leak rate and
severity. The published reports of systematic reviews showed lower leak rate with omen to plasty compared to unwrapped anastomo-
ses [13, 63-65].

The tissue adhesives such as fibrin sealants (FS) and cyanoacrylates (CA) have been used to re-in force the anastomotic suture lines
and thus preventing leaks in esophageal surgery. A recent report of a systematic review of studies assessing the role of using tissue
adhesives in esophageal surgery showed a positive impact on reducing leak however quality of studies was poor due to a high degree of
bias and lack of homogeneity [66]. Therefore the efficacy of tissue adhesive is a subject in need of further investigations. Further stud-
ies are needed to evaluate the combined use of the preventive measures previously described in deceasing the leak rates of esophageal

anastomoses.
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The route of reconstruction

The graft placement during esophageal reconstruction is an important factor in the development of anastomotic leaks. Compared
to posterior mediastinum, the substernal route is associated with higher leak rate of cervical anastomosis [3,67] and some reports re-
vealed that the substernal route was a predisposing factor for cervical leak [3,68]. The substernal route has two major disadvantages;
it is the longer route with potential risk of graft compression at the level of thoracic inlet. Therefore the longer distance of reconstruc-
tion and the risk of graft compression are the major causes of the high incidence of cervical leak during substernal graft interposition
[69-72]. Many authors suggested to enlarge the thoracic inlet during substernal digestive graft interposition following esophagectomy
[69-73]. The posterior route or posterior mediastinum is shorter, direct without angulations and it is the preferred route for immediate
reconstruction after esophagectomy. However substernal route is used in delayed reconstruction or when posterior mediastinum is

technically inaccessible.

Summary

Anastomotic leak following esophageal reconstruction remains a major clinical concern for both patient and surgeon. Despite the
increased understanding of the several contributive factors, advances made in perioperative optimization of modifiable risks, improve-
ment in surgical, endoscopic, and percutaneous management techniques, leaks remain a major cause of death and morbidity in esopha-
geal reconstructive surgery. The prevention is the best way to reduce rate leak. Therefore identifying and optimizing the risk factors,
and using operative adjunctive measures are highly recommended to minimize leak occurrence. Early diagnosis of leak and best treat-

ment strategy adapted to patient circumstances result mostly in successful resolution of leaks following esophageal reconstruction.
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