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Introduction

Esophageal cancer is a highly aggressive digestive tract 
tumor. Due to early lymph node metastasis and distant 
organ metastasis, it has a poor prognosis. Esophagectomy 
is a curative treatment for esophageal cancer; however, 
it is associated with significant morbidity and mortality 

risks. Anastomotic leakage, including cervical anastomotic 
leakage and intrathoracic anastomotic leakage, is one of 
the most serious complications of esophageal cancer and 
a leading cause of death (1). Additionally, anastomotic 
leakage can increase the risk of the local recurrence of 
tumors, and severe esophageal anastomotic leakage has 
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an adverse effect on tumor prognosis (2). The incidence 
of anastomotic leakage after esophagectomy has been 
reported to range from 3% to 21%, and the mortality rate 
from 0% to 35% (1). As for intrathoracic anastomotic 
leakage, if it is not diagnosed and treated immediately, 
the mortality rate increases. Anastomotic leakage has 
preoperative, intraoperative, and postoperative risk factors. 
The intraoperative risk factors include surgical-related 
techniques (3), such as the esophagectomy surgical approach 
(open versus mini-invasive surgery), anastomosis location 
(intrathoracic versus cervical), anastomosis approach (hand-
sewn versus stapled), the type of gastric conduit (gastric-tube 
versus whole-stomach), and the reconstruction route (anterior 
versus posterior mediastinal). Surgery technique is a key risk 
factor of anastomotic leakage, and improvements in surgery 
technique can lower the incidence of anastomotic leakage (4).

After esophagectomy, anastomotic leakage is a severe 
complication; however, there are many methods for 
managing it. At present, the mortality rate of anastomotic 
leakage is very low. Methods for managing anastomotic 
leakage include surgical and non-surgical treatments. The 
timely detection of anastomotic leakage and the adoption 
of a proper approach are keys to the successful treatment 
of anastomotic leakage. In relation to the non-surgical 
treatment of intrathoracic anastomotic leakage, drainage, 
especially naso-leakage drainage, plays an important role, 
because naso-leakage drainage results in minimal trauma 
and has a good tolerance. This review analyzed and assessed 
the intraoperative surgical technique-related risk factors 
of anastomotic leakage and a number of proper treatment 
methods. The ultimate goal was to provide guidance in the 
prevention of anastomotic leakage, and reduce the mortality 
rate of patients who have undergone esophagectomy. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/jgo-21-45).

Literature search

In this review, the PubMed database was searched. 
To identify surgical technique-related risk factors of 
anastomotic leakage, we included the following terms in 
our search: “open versus minimally invasive,” “cervical 
versus intrathoracic,” “hand-sewn versus stapled,” “gastric-
tube versus whole-stomach,” “anterior versus posterior 
mediastinal,” “esophageal cancer,” “esophagectomy,” and 
“anastomotic leakage.” We also included the synonyms and 
abbreviations of these terms in our search. In relation to 

the management of anastomotic leakage, we included the 
following terms in our search: “surgical treatment,” “non-
surgical treatment,” “drainage,” “stent,” “negative pressure 
therapy,” and their synonyms and abbreviations. We 
analyzed sufficient and comprehensive literatures to avoid 
errors caused by insufficient data.

Surgical methods: minimally invasive 
esophagectomy (MIE) versus open 
esophagectomy

MIEs include the da Vinci robot-assisted minimally 
invasive esophagectomy (RAMIE) and the video-assisted 
minimally invasive esophagectomy (VAMIE). In terms of 
the complications that arise following these procedures, no 
differences between the two types of esophagectomy have 
been reported (P>0.05) (5,6). However, the question as to 
whether an open esophagectomy (OE) or a MIE affects 
anastomotic leakage after esophagectomy needs to be 
examined. Zhou et al. assessed the superiority of MIE over 
OE in relation to the occurrence of anastomotic leakage. 
Specifically, Zhou et al. conducted a meta-analysis of 43 
studies involving 5,537 patients, of whom 2,527 (45.6%) 
had undergone MIEs and 3,010 (54.4%) OEs (7). The 
results showed that there was no statistically significant 
reduction in the incidence of anastomotic leakage between 
patients who underwent MIEs and those who underwent 
OEs [odds ratio (OR) =0.97, 95% confidence interval (CI) 
=0.80–1.17] (7). Zhou et al. also undertook a meta-analysis 
of 48 studies of 14,311 patients with esophageal cancer, 
and found that there was no significant difference in the 
occurrence of anastomotic leakage between patients who 
underwent MIEs and those who underwent OEs (OR=0.93, 
95% CI =0.78–1.11) (8). We analyzed the effects of OEs 
and MIEs on anastomotic leakage after esophagectomy in 
papers published between 2011 to 2019 as identified by our 
PubMed database search (see Table 1). One in eight articles 
reported that MIE increased the incidence of anastomotic 
leakage; however, the differences between OE and MIE 
were not significant (OR =0.94, 95% CI =0.88–1.21) (9-16). 
Thus, there was no evidence to suggest that MIEs are more 
likely to reduce the incidence of anastomotic leakages after 
esophagectomy than OEs.

Anastomosis sites: cervical versus intrathoracic 
anastomosis

The location of an esophageal tumor determines the 
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location of the esophagogastric anastomosis (EGA), which 
includes cervical esophagogastric anastomosis (CEA) and 
intrathoracic esophagogastric anastomosis (IEA). For upper 
thoracic and partial mid-thoracic esophageal cancer, it is 
more suitable to use CEA in radical resection. In our search 
of the PubMed database for papers published between 2011 
and 2019, we included the following keywords: “cervical 
anastomosis,” “intrathoracic anastomosis,” “esophageal 
cancer,” “esophagectomy,” “anastomotic leakage,” and their 
synonyms and abbreviations (see Table 2), and found six 
relevant articles. Of the six articles, all six reported that the 
incidence of anastomotic leakage in cervical anastomosis 
was higher than that in intrathoracic anastomosis (17-22). 
Actually, anastomosis in the cervical region must undergo a 
longer distance in the mediastinum and the greater tension, 
which will be easy to damage the periphery vascular 
integrity of the gastric tube, so that makes blood supply of 
cervical anastomosis is poorer than that of intrathoracic 
anastomosis. Compared to intrathoracic anastomotic 
leakage, cervical anastomotic leakage has a relatively low 

mortality rate; thus, cervical anastomoses are safer for 
patients (19). However, van Workum et al. reported that IEA 
has better functional results than CEA. Specifically, IEA 
has a lower benign anastomotic stricture rate and a lower 
incidence of recurrent laryngeal nerve palsy than CEA (23). 
Thus, compared with cervical anastomosis, intrathoracic 
anastomosis has a lower incidence of anastomotic leakage, a 
higher quality of life, and a higher mortality rate.

Anastomosis methods: hand-sewn versus 
stapled anastomosis

EGA approaches include hand-sewn (HS) and stapled 
anastomoses; stapled anastomoses may be either circularly 
stapled or linearly stapled (LS). Compared with HS 
anastomoses, stapled anastomoses have a lower leakage rate 
(P<0.05). As stapling produces even stitches and ensures 
a good blood supply, it is a relatively safe and reliable 
procedure (24). Deng et al.’s meta-analysis showed that the 
LS technique was more likely to reduce the incidence of 

Table 1 Comparison of the incidence of anastomotic leakage after esophagectomy: OE versus MIE

Author Year OE (%) MIE (%) P value

Seesing (9) 2017 15.5 21.2 0.028

Skancke (10) 2017 17 11 0.703

Findlay (11) 2017 Unknown 17.9 0.08

Tapias (12) 2016 1.4 0 1.0

Kauppi (13) 2015 6 7 >0.05

Mu (14) 2014 6.8 2.8 >0.05

Noble (15) 2013 4 9 0.241

Singh (16) 2011 Unknown Unknown 1.0

OE, open esophagectomy; MIE, minimally invasive esophagectomy.

Table 2 Comparison of the incidence of anastomotic leakage after esophagectomy: CEA versus IEA

Author Year CEA (%) IEA (%) P value

Gooszen (17) 2018 21.9 17.0  0.025

Bolca (18) 2018 13.8 1.5 <0.05

Huang (19) 2015 8.8 2.2 0.048

Zhai (20) 2015 30 9.4 0.032

Kassis (21) 2013 12.3 9.3 0.006

Klink (22) 2012 31 11 0.04

CEA, cervical esophagogastric anastomosis; IEA, intrathoracic esophagogastric anastomosis.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Skancke MD%5BAuthor%5D&cauthor=true&cauthor_uid=28636829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang HT%5BAuthor%5D&cauthor=true&cauthor_uid=24715527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhai C%5BAuthor%5D&cauthor=true&cauthor_uid=26793358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kassis ES%5BAuthor%5D&cauthor=true&cauthor_uid=24075499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klink CD%5BAuthor%5D&cauthor=true&cauthor_uid=22866813
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anastomotic leakage and stenosis than the HS method (25).  
However, Markar et al. conducted a meta-analysis of 
936 patients and reported that there was no significant 
difference between HS and stapled anastomosis cohorts (3).  
The difference in results might be attributable to the 
different methods of HS anastomoses used (i.e., single-
layer versus two-layer anastomoses). Maciver et al. reported 
that the two-layer anastomosis is a robust technique and 
has a lower leakage rate than the single-layer anastomosis 
technique (26). The triangulating stapled anastomoses 
(TSA) method has been reported to be a safe and effective 
alternative method for EGA, and has the advantage of 
a lower incidence of leakage and stenosis. The end-to-
end anastomosis preserves the integrity of the gastric wall 
vascular network and ensures additional blood supply 
to the anastomotic site (27). In fact, whether hand-sewn 
anastomosis or stapled anastomosis, even mucosa suturing 
and tension-free anastomosis contributes to prevent the 
occurrence of anastomotic leakage. Viklund reported that 
the risk of anastomotic leakage did not differ between HS 
and stapled anastomoses unless the anastomosis caused 
excessive tension (28). However, compared to a HS 
anastomosis, a stapled anastomosis represents a safer and 
simpler method, and is recommended for surgeons at low-
volume institutions (i.e., institutions at which <5 operations 
per year are performed) (28).

Types of gastric tube: gastric tube versus whole 
stomach

Compared to the whole-stomach technique, esophageal 
reconstruction with a gastric tube reduces the incidence 
of anastomotic leakage, the manifestation of intrathoracic 
syndrome, and the occurrence of reflux esophagitis (22,29). 
Shu et al. reported that the probability of anastomotic 
leakage in the tubular stomach is lower than that in the 
whole stomach in three-field esophagectomy (30). Both 
gastric acid and anastomotic tension are important factors 
in the occurrence of anastomotic leakage. The more gastric 
tissue removed from the gastric tube, the less stomach acid 
secreted and the lower the risk of anastomotic leakage. As 
the area of the gastric tube is less than half of the gastric 
tissue, its area for acid secretion is also less. Further, as 
a result of the gastric tube, the lesser curvature and the 
greater curvature of the reconstructed stomach have the 
same length, and the anastomosis and pylorus are placed in 
a straight line, which solves the problems of anatomical and 
mechanical gastric retention and emptying problems, and 

thus, lowers the anastomotic tension and reduces the risk 
of anastomotic leakage (31). Conversely, the procedure can 
easily result in anastomotic leakage due to increased gastric 
acid secretion, greater anastomotic tension, and poorer 
blood supply to the stomach bottom. Indeed, the distal 
fundus in the gastric tube with worse circulation should be 
resected, which makes the anastomosis closer to the start 
of the right gastroepiploic artery. Further, in relation to the 
width of the gastric tube, it is more appropriate to create a 
2–4-cm wide gastric tube, as a too-narrow tube increases 
the risk of gastric-tube ischemia (32).

Reconstruction route: anterior versus posterior-
mediastinal reconstruction

Gastric-tube reconstruction routes have important effects 
on anastomotic leakage after esophagectomy. To minimize 
the irradiation of the gastric tube, the anterior (retrosternal) 
route is a better choice for esophageal reconstruction. 
However,  compared  wi th  pos ter ior-media s t ina l 
reconstruction, it has a longer route and a higher incidence 
of cervical anastomotic leakage, which have hindered its 
widespread use (33). Bartels et al. strongly recommended 
the posterior-mediastinal route in 1993, particularly for 
patients with poor cardiopulmonary function (34). Fang 
et al. also reported that the leakage rate in a retrosternal 
route group (19.4%) was significantly higher than that in 
a posterior-mediastinal route group (11.9%, P<0.05) (35).  
Due to the two angulations that are used to locate the 
gastric tube under xiphoid and at the inlet of the thoracic 
cavity from the abdomen to the neck, gastric-tube 
reconstruction in the retrosternal routeis more difficult to 
perform. The gastric tube is more easily damaged through 
the retrosternal route, and the retrosternal route affects the 
blood supply of the gastric tube, which can lead to gastric-
tube ischemia. Thus, anterior mediastinal reconstruction is 
not recommended for surgeons at low-volume institutions. 
However, Urschel et al. reported that the modifications 
of retrosternal reconstruction, such as expanding the 
retrosternal tunnel, widening the gastric tube, resecting the 
sternothyroid muscle, and the fixation of the gastric tube, 
decreased the incidence of cervical anastomotic leakage (36).

The management of anastomotic leakage after 
esophagectomy

Anastomotic leakage is defined as a disruption of the 
EGA, it is graded from I–IV (24) and can be divided into 
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the following three stages: (I) early leakage (which occurs 
1–3 days after esophagectomy); (II) mid-term leakage 
(which occurs 4–14 days after esophagectomy); and (III) 
late leakage (which occurs >14 days after esophagectomy). 
If anastomotic leakage cannot be identified and treated 
in time, it may endanger the patient’s life. In fact, upper 
gastrointestinal radiography using diatrizoate meglumine 
is an important method for the diagnosis of anastomotic 
leakage after esophagectomy. Anastomotic leakage 
treatments may be surgical or non-surgical. Surgical 
anastomotic leakage treatments are associated with greater 
trauma, more complications, and a higher mortality 
rate than non-surgical anastomotic leakage treatments. 
Thus, non-surgical methods play an important role in the 
treatment of anastomotic leakage. Currently, the major 
methods of non-surgical treatment are drainage, stent 
implantation, and negative pressure therapy. However, 
appropriate and optimal management is the key to 
improving cure rates and reducing mortality rates.

Surgical treatment

In relation to cervical anastomotic leakages, it is simpler 
to open a cervical wound at the bedside and initiate 
twice-daily dressing changes. Additionally, anastomotic 
leakages heal more easily. Conversely, intrathoracic 
leakages, including intrathoracic manifestations of 
cervical anastomotic leakages, are more complex and 
difficult to manage. Due to greater trauma and more 
complications, we usually do not recommend that 
intrathoracic anastomotic leakages be treated with 
surgery. In our experience, the early surgical repair of 
anastomotic leakages is effective in treating early leakage. 
In relation to mid-term or late leakage, surgical repair 
is not recommended. In respect of major intrathoracic 
leakages without serious pleural adhesion, thoracoscopic 
explorations can improve drainage and eliminate cellulose 
on the trapped lung surface, which can promote lung 
recruitment. In relation to major leakages with serious 
pleural adhesion, open thoracic exploration is required 
in selected cases, which can improve drainage, clean 
the separated abscess and promote lung recruitment. 
On occasion, we used omentum or muscle flaps in large 
anastomotic leakages or staple line defects, but the 
likelihood of success is limited. Reconstructions can be 
performed using colon and retrosternal routes to treat 
some late leakages; however, this increases the mortality 
rate. Thus, for patients with anastomotic leakages or tube 

necrosis-required reoperations, non-surgical treatments 
have been shown to be feasible in the majority of cases (37).

Non-surgical treatment: naso-leakage drainage

Intrathoracic anastomotic leakage after esophagectomy 
is accompanied by high morbidity and mortality. Indeed, 
the intrathoracic manifestation of cervical anastomotic 
leakage occurs in more than 50% of patients and immediate 
and sufficient drainage is required to prevent further 
contamination of the content of the gastrointestinal tract (38).  
Drainage includes naso-leakage drainage and pleural 
drainage. In circumstances in which percutaneous abscess 
drainage is technically impossible or ineffective, naso-
leakage drainage plays an important role. A naso-leakage 
tube is placed through the anastomotic leakage at the 
bottom of the abscess cavity under the guidance of an ultra-
slim electronic gastroscope or using the interventional 
radiology technique. The naso-leakage tube is connected to 
a negative vacuum device for drainage and irrigation. When 
the abscess cavity diminishes, the drainage appears clean, 
and after confirmation that the leakage is healing through 
upper gastrointestinal radiography using diatrizoate 
meglumine, the naso-leakage tube can be gradually 
removed. Shuto et al. examined 25 patients who underwent 
naso-esophageal extraluminal drainage accompanied with 
enteral nutrition. Of the patients, 21 (84%) patients had 
major leakages, 1 (4%) had a minor leakage, and 3 (12%) 
had tube necrosis. None of the naso-esophageal drainage 
cases (100%) required reoperation or reintervention, 
and all patients were completely cured (100%) during 
hospitalization without any death (39).

In addition to being minimally invasive, naso-esophageal 
drainage and concomitant enteral nutritional support 
have been shown to be effective and reliable methods for 
treating major leakages after esophagectomy (39,40). In 
our experience, adequate drainage is key to the successful 
treatment of anastomotic leakages, while naso-leakage 
extraluminal drainage with or without pleural drainage 
combined with fasting, water, antibiotics, and enteral 
nutrition is safe and effective. From 2010 to the present, 
all patients with anastomotic leakages after esophagectomy 
have been cured with naso-leakage extraluminal drainage, 
and the mortality rate has been 0. Figure 1 shows a major 
leakage, by interventional radiology, whereby a naso-
leakage tube was placed into the abscess cavity through the 
leakage. After three months of naso-leakage drainage, the 
anastomotic leakage healed successfully.
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Non-surgical treatment: stent

Stent implantation is another method of non-surgical 
treatment. It can significantly reduce the morbidity and 
mortality associated with intrathoracic leakages (but not 
cervical leakages) after esophagectomy. Cervical leakages can 
be treated by opening the wound in the neck; however, the 
intrathoracic manifestation of cervical anastomotic leakages 
requires further treatment. Types of stents include partially 
and fully covered self-expanding metal stents (SEMS) and 
self-expanding plastic stents (SEPS). Stents are used to 
diminish the extra-anastomotic contamination of the pleura 
and mediastinum and promote leakage healing. However, 
the application of a stent may be accompanied by some 
complications, including bleeding, stent migration, leakage 
deterioration, tissue ingrowth, gastric-tube wall perforation, 
and death from aorto esophageal fistula. Schweigert et al. 
reported that endoscopic stent implantation increased the 
incidence of postoperative aorto esophageal fistulas due to 
the stent-related erosion of the thoracic aorta, and that the 
mean time of aorto esophageal fistula occurrence after stent 
insertion was approximately 26 days (41). Thus, the risk 
of life-threatening complications after stent implantation 
needs to be acknowledged (41).

Dasari et al. reported that endoscopic stent treatment 
is safe and effective for esophageal anastomotic leakages 
and perforations accompanied by adequate pleural and 
mediastinal drainage (42).Thus, stent applications are 
usually limited to patients with 30% leakages around the 
esophageal circumference and without extensive necrosis of 

the gastric tube. Further, stent applications should be used 
in combination with drainage to prevent the aggravation 
of the infection and anastomotic tissue necrosis. If a stent 
treatment does not lead to any clinical improvement, the 
removal of the stent or surgical re-exploration should be 
considered.

Non-surgical treatment: negative pressure 
therapy

Recently, endoscopic vacuum-assisted closure (E-VAC) 
therapy was introduced as a novel treatment for anastomotic 
leakages after esophagectomy; however, it has not been 
widely used due to a lack of corresponding equipment 
and experience (43,44). We conducted a search for a 
number of terms, including “esophagus,” “esophageal,” 
“esophagectomy,” “anastomotic leakage,” “endoscopic 
VAC,” “negative pressure therapy”, in the PubMed database, 
and found that only a few articles on E-VAC have been 
published. In a VAC acts, a vacuum device is applied to the 
wound via a vacuum-sealed sponge. The vacuum drainage 
can be positioned through the defect into the extraluminal 
wound cavity. The intraluminal vacuum drainage is 
connected to an electronically controlled vacuum device, 
and a continuous negative pressure of 100–125 mmHg 
is maintained for several days. The esophageal lumen or 
wound cavity then collapses around the drainage, resulting 
in an intraluminal evacuation and the closure of the defect. 
The sponge continuously removes wound secretions 

Figure 1 Naso-leakage drainage. (A) An interventional radiology procedure showed a major leakage at the esophagogastric anastomosis; (B) 
a naso-leakage tube was placed into the abscess cavity through the leakage. 

A major leakage
Naso-leakage tube

A B
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and interstitial edemas, improves microcirculation, 
promotes granulation tissue formation, and thus results 
in the healing of leakage. E-VAC is an effective treatment 
method for intrathoracic anastomotic leakages and has 
been shown to be more effective than stent implantation 
(45,46). The combination of E-VAC and stent application 
represents a successful and novel method for improving 
the healing rates of intrathoracic anastomotic leakages (47).  
However, E-VAC is more suitable for early and relatively 
small anastomotic leakages and perforations (48).  
Further, it should be noted that the efficacy of E-VAC in 
treating anastomotic leakages requires further study.

Summary

There are many risk factors related to intraoperative 
techniques, such as the whole-stomach technique, anterior 
mediastinal route, and cervical anastomosis, which are 
associated with the incidence of anastomotic leakage after 
esophagectomy, while the site of anastomosis is plays an 
important role in affecting anastomotic leakage. The better 
esophagectomy surgical techniques to reduce anastomotic 
leakage appear to be the gastric tube, posterior-mediastinal 
route, and stapled anastomoses. In relation to the treatment 
of anastomotic leakages, different treatment methods should 
be selected according to the anastomotic leakage stage and 
grade. As far as possible, non-surgical treatments such as 
naso-leakage drainage, which cause less trauma and fewer 
complications, should be adopted.
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