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Introduction

The incidence of esophageal cancer is increasing globally (1). 
The main modality of treatment, esophagectomy, shows 
high morbidity and mortality rates despite advances in 
modern surgical techniques such as a minimally invasive 
surgery (2-4). Anastomotic leakage (AL) is one of the 
most critical and detrimental complications in esophageal 
surgery (2,3). The incidence of AL is about 10%, is 
often unpredictable in nature, and varies widely among 
institutions and surgeons, with a significantly higher 
incidence of cervical AL of 10% to 20% compared 
with intrathoracic AL (5-8). Given the high incidence 
and morbidity of AL, identification of the causes and 
precipitating factors, techniques for prevention, early 
diagnosis, and management strategies is critical (9-12). AL 
results in high mortality, requires repetitive therapeutic 
intervention and prolonged hospitalization, and is associated 
with poor oncological consequences from the interruptions 
or delays in adjuvant treatment (2,4,6,13). Early diagnosis 
and timely therapeutic action are necessary if patients are to 
avoid AL-related problems (14). However, early diagnosis 

and recognition of AL are difficult due to the various clinical 
presentations, which are often indistinguishable from the 
symptoms caused by physiological inflammatory response, 
infection, and especially pneumonia after esophagectomy 
(9,15). In addition, these signs and symptoms may vary from 
clinically silent to severely septic (11). AL usually occurs 
within 10 days after esophagectomy, but in some cases, it 
may show development as late as a few postoperative weeks 
(11,16). Clinical assessment alone is generally considered 
inadequate in early diagnosis or detection (9). Therefore, 
multiple methods including clinical assessments, image 
examinations, laboratory biomarkers, and endoscopic 
examinations have been proposed for early diagnosis of 
AL (8,9). However, there is no gold standard or consensus 
for early diagnosis (17,18). In this review, we focus on 
summarizing the definition and types of AL and modalities 
for early diagnosis of AL after esophagectomy.

Definitions, classifications, and risk factors

Many studies have researched AL in hopes of preventing 
and performing timely therapeutic intervention (8,9,14). 
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To discuss AL, a standardized definition and descriptions 
of AL are helpful (19). The Esophagectomy Complications 
Consensus Group has defined AL as full-thickness defects 
involving the esophagus, anastomosis, staple line or 
conduit, irrespective of the presentation or method of 
identification (6,20,21). For adequate management, AL is 
classified according to time onset, management strategy, 
and severity of AL (6,21,22). It can be divided into three 
categories according to time of onset, with dividing points 
at the second and seventh days after esophagectomy (22). 
Management of AL differs also according to time of onset; 
AL that develops within the first two postoperative days is 
likely resulted from either a technical problem or a conduit 
ischemia (22). This condition requires early reoperation 
before onset of sepsis (22). AL is also classified into three 
types based on treatment strategy (6,20,23). Type 1 AL is 
a local defect demanding no change in treatment and is 
treated medically or with dietary modification. Type 2 AL is 
also a localized defect demanding radiologic or endoscopic 
intervention (interventional radiology drain, stent, etc.) but 
not surgical therapy. Type 3 AL is a defect requiring surgical 
re-intervention. In addition, AL can be divided into four 
grades according to severity of symptoms (21,24). Grade 1 
(no clinical) is diagnosed radiologically or endoscopically. 
Grade 2 (minor clinical) shows a local inflammatory lesion. 
Grade 3 (major clinical) shows severe disruption with sepsis. 
Grade 4 (conduit necrosis) is diagnosed by endoscopy. The 
following points should be considered when diagnosing 
AL because diagnosis and treatment of AL differ based on 
the variety of the disease (21,22,25). First, AL should be 
confirmed and classified simultaneously (21,22). Second, 
there is a significant difference between diagnosing 
suspected AL, for which the more effective tests are 
necessary for accuracy, and diagnosing an unsuspected case, 
for which the usefulness of routine tests should be assessed 
(21,22,24). 

Understanding risk factors is an essential premise for 
early diagnosis of AL (26,27). High-risk cases need a more 
proactive approach for early diagnosis (26). Many previous 
studies have proposed risk factors for AL (11,14,27-30).  
Three types of risk factors affect development: (I) general 
factors, such as severe malnutrition, hemodynamic 
instability, chronic renal disease, coronary and vascular 
disease, steroid intake, diabetes mellitus, smoking history, 
and neoadjuvant therapy; (II) local factors, such as arterial 
and venous flow insufficiency, conduit problems, infection; 
and (III) technical factors, including anastomotic tension, 
location, and technique. 

Early recognition and diagnosis

AL is diagnosed by either postoperative demonstration of 
saliva and bile via the cervical wound, or visualization of 
anastomotic disruption or fistula during endoscopy or re-
operation (11). Initial diagnosis of AL depends on surgeon 
clinical experience and patient clinical manifestations, such 
as increased drain volume, odor, and turbidity (11,21,31). 
However, clinical presentations of AL can be various and 
range from silent to fulminant sepsis (11,14,32,33). A 
clinical assessment alone is inadequate for early recognition 
or detection (9,21). Various modalities to diagnose AL have 
been proposed, but a gold standard has not been established 
(17,18,21). Furthermore, early diagnosis of AL is very 
difficult, particularly in case of silent AL (9,15). Therefore, 
diagnosis should be early and multidisciplinary (11,14,33). 
Currently, early diagnosis and advanced non-surgical 
therapy have led to a paradigm shift in the treatment of 
AL, from aggressive surgical intervention to non-surgical 
management (3,7,33,34). Because the mortality rate of 
re-operations is up to 60%, most surgeons prefer non-
surgical treatment (31). Surgical re-intervention should be 
performed only in the event of life-threatening conditions, 
such as conduit necrosis, diffuse peritonitis or pleurisy, 
and failure of non-surgical treatment (33). The need is 
emphasized for the introduction of novel, non-invasive 
tests, with high accuracy for diagnosing AL during early 
postoperative days (35,36). Many studies have proposed 
early diagnosis using clinical assessment, examination 
of drain fluid, and laboratory tests, endoscopy, image 
study, contrast esophagogram, and others. Each option is 
summarized below.

Clinical assessment and drain analysis

Clinical presentation of AL can be divided into nonspecific 
and specific cases (31,37). Nonspecific issues include 
tachycardia, arrhythmia, unexplained leukocytosis and 
respiratory failure, which are indistinguishable from other 
conditions such as pneumonia and infection (9,15,31,37). 
Signs of sepsis resulted from mediastinitis or pneumonia, 
are occasionally associated with arrhythmia, subcutaneous 
emphysema, chest pain, pneumothorax, or pleural effusion 
(12,31). In addition, specific issues include redness and 
swelling in the associated neck and chest incisions, and 
a change in drain nature (31). Clinical presentations of 
AL can be various and AL is usually initially clinically 
silent (11,14,33). Changes in cardiac rhythm, frequently 
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in the form of atrial fibrillation, can be the first and only 
indicator of AL (11). Therefore, clinical assessment alone 
is inadequate for early diagnosis or detection (9,21,38). 
Early diagnosis, before clinical presentation is overt, offers 
the best opportunity for improved prognosis and reduced 
sequelae (14). An early diagnosis is made mainly based on 
abnormal digestive fluid or pus in the drains (22,24,39). In 
cases of cervical AL, development of redness and swelling 
along the cervical wound may indicate an underlying AL 
(11,12). The drainage of bile, enteric content, saliva, or air 
via a surgically positioned drain adjacent to the anastomosis 
indicates a possible AL (12,14,24). With early diagnosis 
and treatment of AL, a tube adjacent to the anastomotic 
stoma can be placed at the time of surgery (22,25,39). The 
methylene blue swallow test is a simple and convenient 
method of identification—immediate discoloration of 
the drain will be observed after swallowing methylene 
blue—and is usually used for bedside diagnosis (22,31). 
It can prove the existence of anastomotic leaks but not 
determine the location or size of AL. However, this may 
not be proper for diagnosing late AL, as adhesions formed 
after esophagectomy may result in localized collection of 
the dye and make it difficult to identify AL (40). Recently, 
a mediastinal microdialysis has been reported as one of 
possible tools for an early diagnosis of AL (36). These 
clinical presentations should motivate further diagnostic 
studies. 

Laboratory markers and findings 

AL often initially presents with postoperative fever or 
leukocytosis (12). In addition to clinical signs, several 
diagnostic methods are available to help determine whether 
AL will develop (12). Unexplained fever or leukocytosis and 
erythema or induration along a cervical wound may suggest 
an underlying AL, and confirmatory studies for positive 
diagnosis will be needed (11,12). Unexplained high levels of 
inflammation markers (white blood cells, C-reactive protein, 
and lactate) in the blood may also indicate AL (8,37,41). 
These markers can alert surgeons to AL on the third or 
fourth postoperative day (9,42). Saliva or bile in a drain are 
also overt presentations of AL, but the level of drain amylase 
on the fourth postoperative day may also indicate AL 
earlier, a test that is reportedly more reliable than contrast 
esophagogram (15,20,43). In addition, recent studies have 
showed significant numerical correlations between AL and 
levels of C-reactive protein, white cell count, and albumin 
measured on the fourth postoperative day (10). The use 

of postoperative laboratory findings to predict AL is 
inherently difficult (and possibly not very useful) as elevated 
acute-phase reactant tend to be more diagnostic rather 
than predictive (8,9). When AL is suspected by clinical 
presentation and laboratory findings, both endoscopic 
examination and CT scan should be considered (16,17). 
Recently, an analysis using oral and gastric microbiome has 
shown that variance in the preoperative oral and gastric 
flora is increased when AL develops (1). Other biochemical 
predictor such as urinary volatile organic compounds, which 
reflect the metabolic status and associated with a systemic 
immunological response in an individual, has been reported 
as a possible tool for early identification of AL (35). 

Endoscopy

As reported in the literatures, the first four days after 
esophagectomy is an exudative phase, anastomosis is 
unstable, and completion of mucosal resurfacing takes 
at least seven days (31). Most surgeons are reluctant to 
conduct endoscopy because of the theoretical risk of 
injury to the anastomosis or worsening AL (18). However, 
endoscopy performed within one week, even on the first 
operative day, after esophagectomy is safe and feasible 
because intraluminal pressure greater than 80 cmH2O is 
known to be required to disrupt the anastomosis, while the 
intraluminal maximum insufflation at the anastomosis never 
exceeds 9 cmH2O and rarely disturbs blood flow in the 
conduit (21,31,38,44-46). In addition, the procedure can be 
conducted at bedside, even in a patient who is on ventilation 
without worsening an already existing AL (12,45). The 
diagnostic accuracy of endoscopy is relatively high not only 
for evaluating the anastomosis, but also identifying the 
change of the integrity of the conduit, and for providing 
information on the vitality of the gastric conduit (21,34,43). 
It is also helpful in making decisions on management 
strategies (21,34,43). However, an endoscopic examination 
must be conducted with low insufflation pressure by 
an experienced gastroenterologist or surgeon to ovoid 
worsening AL (21,38). Routine examination in patients 
without clinical suspicion of cervical AL is controversial, 
because endoscopic examination with sedation may result 
in aspiration, and it is still not recommended as a routine 
method of identifying AL postoperatively (21,24,32,38). 
Endoscopy after esophagectomy may be necessary in cases 
in which the results of CT-scan are not confirmatory (16,17). 
In summary, endoscopy offers the advantages of possible 
repetitive examinations, early diagnosis, guiding further 
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treatments, shortening natural healing time, and reducing 
complications (21,31,44). Recently, fluorescence endoscopy 
using matrix metalloproteinase, which plays a crucial role 
in regulation of wound healing, have been reported as a 
promising tool for early identification of AL in a murine 
model (47).

Contrast esophagogram

Esophagectomy can lead to impaired swallowing function, 
and esophagogram should be performed in with great care, 
especially in case of impaired consciousness, because of 
the risk of aspiration (17,24,43). Contrast esophagogram 
involves a water-soluble contrast agent to prevent 
aggravation of sepsis by the barium leakage, followed by 
barium administration to improve the diagnosis accuracy 
for diagnosing AL (12,22,43). However, even a negative 
esophagogram finding does not exclude AL because 
of a false-negative rate of 57%, especially in cervical 
anastomosis (5,48). Consequently, this method is regarded 
as a questionable diagnostic modality to diagnose AL (5). 
Some studies have reported that patients without signs or 
symptoms suggestive of AL do not benefit from a contrast 
esophagogram (24,32). However, contrast esophagogram 
can provide information on the integrity and passage 
disturbance of the esophagus, a conduit, and a pyloroplasty 
(5,21). The examination is most commonly performed on 
the fifth to seventh postoperative days, which is usually 
considered too late for early diagnosis (32). 

Image study 

Even normal radiographic results  on the seventh 
postoperative day do not exclude the occurrence of a life-
threatening AL a few days later (14). The first sign of AL is 
a pleural effusion or infiltration on chest radiography (14).  
The occurrence of a new pleural effusion, especially 
adjacent to an intrathoracic anastomosis, within the first 
days after esophagectomy should be considered evidence 
of AL until other causes such as chylothorax are ruled out 
(12,14). CT scan provides visualization of the neck, thorax, 
and abdomen on one single examination (12,21). It allows 
not only identification of an AL, but also helps determine 
the degree and location of extra-luminal fluid collections 
demanding drainage and can diagnose conditions such as 
pneumonia (12,24). Sensitivity of CT scan in identifying 
fistula, wall discontinuity, and mediastinal fluid or air 
approaches 80% (21). However, interpretation of CT scan 

findings immediately after esophagectomy is challenging 
due to the anatomic changes and those of residual fluid 
and air and a lack of consensus on CT scan findings 
associated with AL (12,18,21). Standardization of CT 
findings has been suggested to overcome these limitations 
(18,21). Fistula, mediastinal fluid and air collection, and 
esophagogastric wall discontinuity are reported to be 
independently associated with AL, irrespective of clinical 
and treatment-related patient characteristics (18,21). 
This allows early diagnosis and leads to a reduction in 
treatment delays during other tests (49). If the CT scan 
findings are uncertain, endoscopy should be performed 
immediately, as this has been considered accurate and 
safe for diagnosis of AL (11). Recently, a CT-based score 
provided better diagnostic performance for diagnosis of 
AL (18). CT scanning is usually conducted for detecting 
postoperative complications, as it is non-invasive and safe 
to perform in critically ill patients, irrespective of time and 
help to detect other associated findings (18,33). Recently, 
positron emission tomography-CT has been reported to 
be a possible tool for early detecting ischemia of the gastric 
conduit in a rat model (50). 

Conclusions

A gold standard for diagnosing AL, aside from early 
diagnosis, has not yet been established. Early diagnosis, 
while the cornerstone of a timely therapeutic approach 
to avoiding AL-related problems, has proven extremely 
challenging. Multidisciplinary approaches including 
identification of risk factors, clinical assessments, laboratory 
findings, endoscopy, and imaging techniques can help 
surgeons to establish an accurate and timely diagnosis of 
AL. Currently, early diagnosis and advanced non-surgical 
therapy are driving a paradigm shift in the management 
of AL from aggressive surgical re-intervention to non-
surgical management. Further studies should be performed 
to establish a consensus on optimal approaches for early 
diagnosis of AL.
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