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Background: Cervical anastomotic leakage (CAL) is one of the most common complica-
tions that occur minimally invasive esophagectomy (MIE). It is associated with high post-
operative mortality. Some risk factors still remained controversial and so accurate 
prediction of risk groups for CAL remained very difficult. This study aimed to identify 
the risk factors of CAL after McKeown MIE to predict the accuracy of the technique as 
early as possible.
Material and Methods: A total of 129 patients with esophageal cancer who underwent 
McKeown MIE at the Department of Thoracic Surgery, the Fourth Hospital of Hebei 
Medical University, between January 2018 and June 2019 were retrospectively reviewed. 
Multivariate logistic regression analysis was used to identify the risk factors for CAL and 
receiver operating characteristic (ROC) curve analysis was used to predict the accuracy 
for each quantitative data variable and determine the cutoff value.
Results: There were statistically significant differences between Group CAL and 
Group NCAL in FEV1 (p = 0.031), neoadjuvant chemotherapy (p = 0.001), intraoper-
ative minimum PaCO2 (p = 0.002), and hospital stays (p <0.001). In multivariate logis-
tic regression, FEV1 (OR = 0.440, p = 0.047), neoadjuvant chemotherapy (OR = 4.425, 
p = 0.003), and intraoperative minimum PaCO2 (OR = 1.14, p <0.001) were identified 
to be three risk factors of CAL. The ROC curve analysis showed that FEV1 <2.18L 
(p = 0.029) and intraoperative minimum PaCO2 >45.5 mmHg (p = 0.002) demon-
strated good accuracy.
Conclusion: FEV1, neoadjuvant chemotherapy, and intraoperative minimum PaCO2 in arte-
rial blood gas (ABG) were considered as risk factors of CAL after McKeown MIE for esoph-
ageal cancer. Preoperative FEV1 <2.18L and intraoperative minimum PaCO2 >45.5 mmHg 
in ABG showed good accuracy in predicting risk factors for CAL.
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Introduction

Esophageal cancer ranks sixth among all cancer-related 
deaths worldwide.1,2) Esophagectomy is still considered as 
the primary curative treatment for esophageal cancer.1–4) 
With the continuous development of minimally invasive 
technology, the approach of minimally invasive esophagec-
tomy (MIE) has been widely used.3) According to several 
previous studies, MIE is associated with lower in-hospital 
mortality, morbidity of postoperative complications, 
and postoperative hospital stays than open esophagec-
tomy.3,5) However, cervical anastomotic leakage (CAL) 
is one of the most common complications that occur after 
MIE.2,4,6,7) Among these, anastomotic tissue hypoperfu-
sion is regarded as the major risk factor of anastomotic 
leakage.2,4,8,9) Despite several advances in surgical treat-
ment and perioperative care in recent years, the incidence 
of CAL after esophagectomy still remained high, ranging 
from 8 to 35%.2,10–15) CAL after esophagectomy is associ-
ated with high postoperative mortality.2,4)

Previous studies have identified various risk factors 
for CAL, such as neoadjuvant chemotherapy,4,15,16) chronic 
obstructive pulmonary disease (COPD),2) smoker at diag-
nosis,6) pneumonia,17,18) calcification of arteries,9,19) diabetes 
mellitus,2,6,20) body mass index (BMI),1) and arrhyth-
mia.2,6,19,21) Some risk factors still remained controversial 
and so accurate prediction of risk groups for CAL remained 
very difficult. This study aimed to identify the risk factors of 
CAL after McKeown MIE via preoperative, intraoperative, 
and postoperative first day data and also offered the cutoff 
values. This subsequently assists in predicting the accuracy 
of the technique as early as possible and in decision-making 
regarding the surgical treatment and perioperative care.

Materials and Methods

A total of 129 patients with esophageal cancer who 
underwent McKeown MIE at the Department of Tho-
racic Surgery, the Fourth Hospital of Hebei Medical Uni-
versity, between January 2018 and June 2019 were 
retrospectively reviewed.

This study was approved by the Institutional Ethics Board 
of the Fourth Hospital of Hebei Medical University and 
an exemption from informed consent was obtained. This 
study was conducted according to the approved guidelines.

The inclusion criteria were as follows: (1) pathologi-
cal confirmation of esophageal malignancy; (2) patients 
who underwent McKeown esophagectomy with left 
cervical anastomosis; and (3) patients with complete 

clinical data. Patients with incomplete clinical data were 
excluded, such as the lung function examination cannot 
be completed due to poor coordination of patients.

The information regarding gender, age, BMI, FEV1, 
FEV1/FVC, diabetes mellitus, hypertension, coronary 
artery disease, smoker at diagnosis, neoadjuvant therapy, 
tumor location, duration of operation, the count of red 
blood cell, hemoglobin, blood platelet, alanine transam-
inase, albumin, D-dimer, histology, venous thrombosis, 
arrhythmia, TNM stages, hospital stays and intraopera-
tive maximum, minimum, mean values of pH, PaO2, 
PaCO2 in arterial blood gas (ABG) were collected as 
potential risk factors of CAL after McKeown MIE.

TNM stages of the patients were determined accord-
ing to the eighth edition of the Union for International 
Cancer Control (UICC) staging system. Venous throm-
bosis contained deep vein thrombus and intermuscular 
vein thrombosis. Arrhythmia contained atrial fibrillation, 
tachycardia, and ventricular fibrillation.

Surgical procedures
All 129 patients who received thoracoscopic-laparo-

scopic McKeown MIE with left cervical anastomosis 
were included. First, the esophagus was separated by 
performing right video-assisted thoracoscopic surgery. 
After that, laparoscopic gastric resection and cutting off 
of the esophageal cervical region were performed simul-
taneously. Finally, the gastric tube reconstruction and 
cervical anastomosis of esophagus and gastric tube were 
performed. Left gastric vessels, common hepatic artery, 
and short gastric vessels were divided and right gastro-
epiploic artery was remained. A slender conduit (a width 
of 3–5 cm) was reconstructed and an end-to-side esoph-
agogastric anastomosis was performed in the left neck 
by circular stapled anastomotic technique. Straight line 
stapler was used to remove the tubular gastric remnant at 
2 cm from the anastomosis. The anastomotic stoma was 
interrupted suture, and suspended at the neck. Single 
lumen intubation and continuous CO2 insufflation were 
performed during the thoracic phase to obtain a better 
surgical vision. ABG was detected per hour during the 
operation and if a patient had low oxygen saturation or 
abnormal blood gas analysis, more blood gas analysis 
should be added. Nasal feeding tube or jejunostomy tube 
was used for nutritional support after esophagectomy.

Diagnosis of CAL
The diagnosis of CAL was determined according to 

the imageological examinations, which include the upper 
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gastrointestinal radiography and computed tomography 
(CT) scan with oral contrast medium. All patients under-
went imageological examination. Of the 129 patients, 
104 underwent imageological examinations on day 7 
after esophagectomy, and 21 patients were found to be 
diagnosed with CAL. Eight of the 129 patients who 
underwent imageological examinations before day 7 
after esophagectomy had flow of pus, saliva, or digestive 
juice from the site of cervical anastomosis, and all 
patients were diagnosed with CAL. In all, 17 of the 129 
patients were unable to undergo imageological examina-
tions before day 7 after esophagectomy because they 
were transferred to intensive care unit ward due to respi-
ratory failure, and imageological examinations were per-
formed after their return to the thoracic surgery ward. 
Two of these patients were diagnosed with CAL.

Statistical analysis
SPSS program (version 22.0; SPSS Inc., Chicago, 

IL, USA) was used to analyze the differences in the 
data. P values of <0.05 were defined as statistically sig-
nificant. Quantitative data between Group CAL and 
Group NCAL was tested by Student's t-test or Mann–
Whitney U-test, as appropriate. Qualitative data were 
tested by Chi-square test or its continuous correction. 
Fisher’s exact test was used if any expected value was 
less than 1. Multivariate logistic regression analysis 
was used to identify the risk factors of CAL and the 
factors with p <0.05 in univariate analysis entered into 
multivariate model. The adjusted odds ratios (ORs), 
95% confidence intervals (CIs) and P values of respec-
tive risk factors were shown. Finally, the receiver oper-
ating characteristic (ROC) curve analysis was used to 
predict the accuracy of quantitative data and determine 
the cutoff value.

Results

McKeown MIE was successfully performed in 129 
patients, with an average age of 64.05 ± 7.71 years. Four 
patients who were converted to thoracotomy and one 
patient who was converted to laparotomy were excluded 
from the study. Two patients who were unable to cooper-
ate the lung function examination were also excluded. 
Of the 129 patients, 85 were males and 44 were females. 
The number of patients with diabetes mellitus, hyperten-
sion, coronary artery disease, smoke at diagnosis, neoad-
juvant therapy, venous thrombosis, and arrhythmia was 
11 (8.5%), 52 (40.3%), 2 (1.6%), 63 (48.8%), 29 (22.5%), 

24 (18.6%), and 34 (26.4%), respectively. The histology 
of most of the patients was confirmed to be squamous 
cell carcinoma, which accounted for 119 (92.2%) 
patients, while other histologies including adenocarci-
noma, large cell carcinoma, small cell carcinoma, and 
mixed types accounted for 10 (7.8%). Intraoperative 
ABG showed maximum pH (7.36 ± 0.06), minimum pH 
(7.23 ± 0.06), mean pH (7.29 ± 0.05), maximum PaCO2 
(60.22 ± 10.93 mmHg), minimum PaCO2 (45.65 ± 6.89 
mmHg), mean PaCO2 (49.99 ± 7.17 mmHg), maximum 
PaO2 (393.64 ± 87.61 mmHg), minimum PaO2 (126.15 ± 
74.51 mmHg), and mean PaO2 (262.94 ± 78.25 mmHg). 
The average hospital stay was 23.42 (± 14.01) days.

The patients were divided into two groups: Group 
CAL (patients with postoperative complications of 
CAL) and Group NCAL (patients without postopera-
tive complications of CAL). Complications were 
observed in 31 (24.0%) patients in Group CAL. Com-
parison of patient characteristics between the two 
groups is presented in Table 1. No statistical differ-
ences were found in the BMI (p = 0.429), FEV1/FVC 
(p = 0.090), arrhythmia (p = 0.186), and TNM stages 
(p = 0.063) in both the groups. FEV1 in Group CAL 
(2.31 ± 0.55L) was significantly smaller than that in 
Group NCAL (2.58 ± 0.62L) (p = 0.031). There was a 
statistically significant difference in neoadjuvant che-
motherapy (p = 0.001). In addition, statistically signifi-
cant difference was also found in intraoperative 
minimum PaCO2 in ABG between the two groups (p = 
0.002). The complications associated with CAL have 
significantly prolonged the hospital stay from 19.42 ± 
11.42 days to 35.94 ± 14.59 days (p <0.001).

Univariate analysis showed significant differences 
between the two groups in FEV1 (p = 0.034), neoadju-
vant chemotherapy (p = 0.001), and intraoperative mini-
mum PaCO2 in ABG (p = 0.001). These factors were 
selected for multiple logistic regression analysis. In mul-
tivariate logistic regression (Table 2), FEV1 (OR = 
0.440, 95% CI = 0.196–0.987, p = 0.047), neoadjuvant 
chemotherapy (OR = 4.425, 95% CI = 1.639–11.948, 
p = 0.003), and intraoperative minimum PaCO2 in ABG 
(OR = 1.14, 95% CI = 1.052–1.236, p <0.001) were 
identified as the three risk factors for CAL.

The ROC curve (Table 3) (Fig. 1) showed that two 
factors demonstrated good accuracy in predicting the 
risk factors for CAL, which included the FEV1 (area 
under the curve: 0.630, p = 0.029) and the intraoperative 
minimum PaCO2 in ABG (area under the curve: 0.686, 
p = 0.002). The cutoff value was defined as the value 
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Table 1 Characteristics of patients with esophageal cancer according to CAL

Variable Total CAL (n = 31) NCAL (n = 98) t/z p value

Preoperative
 Age (years) 64.05 ± 7.71 64.77 ± 6.69 63.82 ± 8.02 0.602 0.549a

 Gender 1.251 0.263b

  Male  85 (65.9%) 23 (74.2%) 62 (63.3%)
  Female  44 (34.1%) 8 (25.9%) 36 (36.7%)
 BMI (kg/m2) 23.25 ± 2.94 23.70 ± 3.02 23.10 ± 2.92 0.791 0.429c

 FEV1 (L)  2.52 ± 0.61  2.31 ± 0.55  2.58 ± 0.62 2.177 0.031a

 FEV1/FVC (%) 75.75 ± 9.66  72.88 ± 10.36 76.66 ± 9.29 1.695 0.090c

 Diabetes mellitus 0.069 0.792b

  Yes 11 (8.5%) 3 (9.7%) 8 (8.2%)
  No 118 (91.5%) 28 (90.3%) 90 (91.8%)
 Hypertension 2.157 0.142b

  Yes  52 (40.3%)  9 (29.0%) 43 (43.9%)
  No  77 (59.7%) 22 (71.0%) 55 (56.1%)
 Coronary heart disease 0.424d

  Yes  2 (1.6%) 1 (3.2%) 1 (1.0%)
  No 127 (98.4%) 30 (96.8%) 97 (99.0%)
 Smoker at diagnosis 1.390 0.238b

  Yes  63 (48.8%) 18 (58.1%) 45 (45.9%)
  No  66 (51.2%) 13 (41.9%) 53 (54.1%)
 Neoadjuvant chemotherapy 12.045 0.001b

  Yes  29 (22.5%) 14 (45.2%) 15 (15.3%)
  No 100 (77.5%) 17 (54.8%) 83 (84.7%)
 Tumor location 0.273 0.873b

  Upper  17 (13.2%)  4 (12.9%) 13 (13.3%)
  Middle  67 (51.9%) 15 (48.4%) 52 (53.1%)
  Lower  45 (34.9%) 12 (38.7%) 33 (33.7%)
Intraoperative
 Duration of operation (minutes) 290.40 ± 46.99 298.35 ± 46.69 287.89 ± 47.04 1.182 0.237c

 Maximum pH in ABG  7.36 ± 0.06  7.34 ± 0.07  7.37 ± 0.06 1.386 0.166c

 Minimum pH in ABG  7.23 ± 0.06  7.22 ± 0.06  7.23 ± 0.06 1.127 0.260c

 Mean pH in ABG  7.29 ± 0.05  7.28 ± 0.06  7.30 ± 0.05 1.546 0.125a

 Maximum PaCO2 in ABG (mmHg)  60.22 ± 10.93  61.52 ± 10.85  59.82 ± 10.98 1.123 0.262c

 Minimum PaCO2 in ABG (mmHg) 45.65 ± 6.89 44.58 ± 7.34 39.41 ± 6.28 3.128 0.002c

 Mean PaCO2 in ABG (mmHg) 49.99 ± 7.17 52.10 ± 8.17 49.33 ± 6.73 1.657 0.098c

 Maximum PaO2 in ABG (mmHg) 393.64 ± 87.61 402.10 ± 86.02 390.96 ± 88.73 0.626 0.532c

 Minimum PaO2 in ABG (mmHg) 126.15 ± 74.51 120.87 ± 63.25 127.82 ± 77.95 0.196 0.845c

 Mean PaO2 in ABG (mmHg) 262.94 ± 78.25 266.5 ± 71.7  261.8 ± 80.51 0.551 0.581c

Postoperative first day
 Red blood cell (×1012/L)  3.88 ± 0.58  3.94 ± 0.46  3.87 ± 0.61 0.565 0.573a

 Hemoglobin (g/L) 121.58 ± 17.04 121.35 ± 15.45 121.66 ± 17.59 0.807 0.931a

 Blood platelet (109/L) 200.26 ± 60.26 195.26 ± 56.82 201.84 ± 61.51 0.240 0.810c

 Alanine transaminase (U/L) 40.87 ± 32.6  45.94 ± 51.52  39.27 ± 23.98 0.466 0.641c

 Albumin (g/L) 30.32 ± 3.58 32.11 ± 3.71 32.39 ± 3.91 0.355 0.723a

Postoperative
 D-dimer (mg/L) 30.23 ± 2.30  3.22 ± 1.96  3.24 ± 2.41 0.309 0.758c

 Venous thrombosis 0.015 0.902b

  Yes  24 (18.6%)  6 (19.4%) 18 (18.4%)
  No 105 (81.4%) 25 (80.6%) 80 (81.6%)
 Arrhythmia 1.751 0.186b

  Yes  34 (26.4%) 11 (35.5%) 23 (23.5%)
  No  95 (73.6%) 20 (64.5%) 75 (76.5%)
 Histology 0.006 0.940e

  Squamous cell carcinoma 119 (92.2%) 28 (90.3%) 91 (92.9%)
  Others 10 (7.8%) 3 (9.7%) 7 (7.1%)
 TNM stages 7.299 0.063b
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with maximum Youden index, representing the best com-
promise between the sensitivity and specificity. The cutoff 
values were 2.18L and 45.5mmHg in FEV1 and intraoper-
ative minimum PaCO2 in ABG, respectively (Table 3).

Discussion

McKeown MIE is the main procedure of MIE that has 
been widely used in patients with esophageal cancer.5,11,19) 
The main anastomotic method of esophagectomy included 
intrathoracic anastomosis and cervical anastomosis and 
left CAL has been the main complication of McKeown 
MIE. It provided a wider range of lymphadenectomy, 
especially the bilateral para-laryngeal recurrent nerve 
lymph nodes.3) However, this surgical method also had 
some disadvantages, such as long duration of operation 
and high incidence of CAL.2–4,6,7) The therapy of CAL 
included continuous drainage, enhanced nutrition support 
and anti-infection. Even though the treatment is known, 
four patients had mediastinal infection and two patients 
died due to this procedure. CAL increased the length of 
hospital stay and increased the postoperative mortality.2,4) 
Hence, it is imperative to predict the risk factors for CAL 
early and accurately after undergoing McKeown MIE.

In this study, the preoperative FEV1 <2.18L and intra-
operative minimum PaCO2 >45.5mmHg in ABG were 

identified as risk factors for CAL after undergoing McK-
eown MIE procedure. For patients whose FEV1 lower 
than 2.18L, preoperative preparation strategies could be 
adjusted to further improve patients' lung function and 
reduce the risk of CAL. The intraoperative minimum 
value of PaCO2 could help predict the risk groups for 
CAL early. For patients whose intraoperative minimum 
PaCO2 higher than 45.5 mmHg, postoperative diagnosis 
and treatment strategies can be adjusted, such as delay 
the time of oral feeding or giving more nutrition intake to 
reduce the risk of CAL. Previous studies have shown that 
anastomotic tissue hypoperfusion led to postoperative 
anastomotic leakage and insufficient oxygen supply 
caused tissue hypoperfusion.2,4,8,9) Adequate tissue oxy-
gen supply is considered as a prerequisite for successful 
anastomotic healing, and this has been established pre-
viously.8) Both lower preoperative FEV1 and higher 
intraoperative PaCO2 decrease anastomotic tissue 
hypoperfusion, which cause insufficient perfusion of 
anastomotic tissue and eventually lead to CAL. Recently, 
a meta-analysis revealed that CAL was associated with 
hemodynamic instability caused by atrial fibrillation.21) 
Only one study involved intraoperative blood gas analy-
sis.17) Another factor that caused changes in the homeo-
static environment, which was a postoperative high 
serum lactate level,4) was found to be risk factors for 

Variable Total CAL (n = 31) NCAL (n = 98) t/z p value

  I  5 (27.1%) 3 (9.7%) 32 (32.7%)
  II 36 (27.9%) 10 (32.3%) 26 (26.5%)
  III 40 (31.0%) 11 (35.5%) 29 (29.6%)
  IVA 18 (14.0%)  7 (22.6%) 11 (11.2%)
 Hospital stays (days) 23.42 ± 14.01 35.94 ± 14.59 19.42 ± 11.42 6.606 <0.01c

aIndependent t-test, bChi-square test, cMann–Whitney U-test, dFisher exact test, eContinuous correction Chi-square test. ABG: arterial 
blood gas; BMI: body mass index; CAL: cervical anastomotic leakage

Table 2  Result of multiple logistic regression analysis in FEV1, neoadjuvant chemotherapy, 
intraoperative minimum PaCO2 in ABG

Variable Adjusted OR 95% CI p value

FEV1 0.440 0.196–0.987 0.047
Neoadjuvant chemotherapy 4.425 1.639–11.948 0.003
Intraoperative minimum PaCO2 in ABG 1.14 1.052–1.236 0.001

ABG: arterial blood gas; CI: confidence interval; OR: odds ratio

Table 3 Sensitivity, specificity, AUC, and cutoff of predictors

Variable Sensitivity Specificity AUC Cutoff p value

FEV1 73.5% 51.6% 0.630  2.18 0.029
Intraoperative Minimum PaCO2 in ABG 41.9% 86.7% 0.686 45.5 0.002

ABG: arterial blood gas; AUC: area under the curve
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CAL. More importantly, no relationship between intra-
operative pH in ABG and CAL was found. The factors 
that led to decreased lung function,22) including the 
COPD,2) smoker at diagnosis,6) and pneumonia,17,18) 
were identified as risk factors for CAL. This study only 
focused on CAL and McKeown MIE, while other previ-
ous studies included the above discussed intrathoracic 
anastomotic leakage, open esophagectomy, and other 
surgical methods of MIE and the definitions of CAL 
were not exactly the same in all the studies. These fac-
tors might cause differences in the results of these stud-
ies. Severe tissue hypoperfusion also led to tissue 
necrosis, subsequently causing subcutaneous infection 
of the neck, and increasing the probability of anasto-
motic leakage. Vasopressors are used to treat tissue 
hypoperfusion caused by hypotension, but it has been 
proved that the application of vasopressor does not 
reduce the incidence of CAL, and appeared to increase 
the risk by three-fold.23) Perioperative use of inotropes 
increased cardiac output, but did not reduce the risk of 
CAL.24) Intraoperative artificial pneumothorax and sin-
gle lumen intubation increase the value of PaCO2. But 
artificial pneumothorax and single lumen intubation 
were applied among all patients during the MIE. The 
continuously high value of intraoperative minimum 
PaCO2 indicates poor lung function, which suggests that 
CO2 continues to accumulate in the body. The 

conclusion of a previous study showed that postoperative 
high serum lactate level increased the probability of 
anastomotic leakage4) which is similar to this study. 
Intraoperative artificial pneumothorax and single lumen 
intubation only increased the value of PaCO2, not 
decreased it, so it had no influence on the value of intra-
operative minimum PaCO2. On the contrary, the value of 
intraoperative mean and maximum PaCO2 were greatly 
affected. This study did not find the value of intraopera-
tive mean and maximum PaCO2 contribute to CAL. The 
value of PaO2 and tissue oxygenation decreased because 
of intraoperative artificial pneumothorax and single 
lumen intubation. According to recent studies,25–27) low 
tissue oxygenation during or after operation was found 
to be one of the factors of CAL. Although the reduction 
of PaO2 is able to decrease the tissue oxygenation, no 
study has shown an association between PaO2 reduction 
and CAL. In this study, for patients who cannot keep 
SPO2 above 90 during the operation received high flow 
oxygen supply. In this case, this study was not found the 
maximum, minimum and mean PaO2 were associated 
with CAL. In these recent studies, the value of tissue 
oxygenation has been evaluated by optical fiber spec-
troscopy25,26) and Indocyanine dye.27) There is no study 
describing how PaO2 reflects the tissue oxygenation.

In the study of Morita, esophagectomy was performed 
in 310 patients and the 27.9% of patients with 

Fig. 1  The receiver operating characteristic (ROC) curve of FEV1 and intraoperative minimum PaCO2 in ABG. ABG: arterial 
blood gas 
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preoperative neoadjuvant chemotherapy had CAL. But 
only 16.5% of patients without preoperative neoadjuvant 
chemotherapy had CAL, and the results concluded close 
association of neoadjuvant chemotherapy with CAL.16) 
The same result was found in the study of Ip.4) In our 
study, the results of multivariate logistic regression con-
firmed neoadjuvant chemotherapy as one of the risk fac-
tors. Neoadjuvant chemotherapy affected the overall 
nutritional status, especially immune function,18) increas-
ing the risk of postoperative infection and finally affecting 
the anastomotic healing negatively. However, some stud-
ies showed contrast results. Preoperative neoadjuvant che-
motherapy had more survival benefits,28,29) and showed no 
correlation with CAL.2,13,14) The differences in indications 
of neoadjuvant chemotherapy, choice of chemotherapeu-
tics, and methods of operation caused differences in the 
results. Furthermore, patients receiving neoadjuvant che-
motherapy also demonstrated more postoperative com-
plications and greater impact on cardiopulmonary 
function,14,30) which, in turn, reduced tissue perfusion and 
increased the risk of poor anastomotic healing.

More risk factors for CAL after esophagectomy have 
been identified, which included diabetes mellitus,2,6,20) 
BMI,1) arrhythmia,2,6,19,21) and smoker at diagnosis.6) How-
ever, these factors were not identified in this study as no 
uniform conditions were followed. Arrhythmia contained 
atrial fibrillation, tachycardia, and ventricular fibrillation. 
Other studies have only confirmed atrial fibrillation as a 
risk factor of CAL.21) During the perioperative period, 
blood glucose was measured four times a day in all patients, 
and blood glucose was controlled within the normal range, 
so the relationship between diabetes mellitus and CAL 
was not found. Only one study included 82 patients and 
mentioned the relationship between pH and anastomotic 
leakage.17) The small sample size may lead to the differ-
ence from this study. Different surgical methods and loca-
tions of anastomosis resulted in variations in the results. 
Few studies have focused on one surgical approach, and 
included a large sample size as well. Tiny CAL and its 
influence on the results were ignored because of different 
definitions of CAL. Moreover, a considerable discrepancy 
between Asians and Europeans is observed,19) and so it is 
hard to study them together.

The incidence of postoperative CAL in this study 
accounted for 24.0% of all patients, and was higher than 
those shown in some recent studies.2,12–14) This is because 
the definition of CAL is kept in a very loose position and 
contained all the tiny CAL, which could be proved by 
any imageological evidence. Moreover, a recent 

multicenter randomized study reported that the inci-
dence of CAL was 22%–30%, and the incidence of CAL 
in this study has fallen within this range.10) Hospital stays 
for patients without CAL is 23.42 ± 14.01 days. It is lon-
ger than some studies2,6) and similar to one study.4) 
Patients without CAL began oral feeding on the 7th day 
after MIE, with a gradual transition from a liquid to a 
semi-liquid diet. The food intake is increased by 500 ml 
per day. If there are no other symptoms after reaching 
3000 ml food intake, the patient can be discharged from 
the hospital, which takes about 7 days. Thus, a patient 
can recover and being discharged from the hospital in 
about 14 days. Patients without CAL also include the 
ones with serious lung diseases or digestive tract dis-
eases, and their hospital stays seemed to be longer.

For those patients with high risk of CAL, it is import-
ant to take corresponding measures actively. First, 
patients with preoperative FEV1 <2.18L are necessary to 
accept the treatment to improve the lung function before 
esophagectomy. Next, during esophagectomy, the surgi-
cal procedure is improved to reduce the incidence of 
pneumonia. Moreover, after esophagectomy, pneumonia 
is treated by aggressive anti-infective therapy, and high 
nutrition support is also considered. However, to what 
extent is preoperative pulmonary function controlled, 
how to improve surgical procedure and how to choose 
postoperative antibiotics are still unclear, and requires 
confirmation by other studies.

However, this study had several limitations that 
require consideration. First, the sample size in this study 
was small. Second, this study was limited by single-cen-
ter retrospective trial. Third, this study focused on a sin-
gle surgical approach, McKeown MIE with left cervical 
anastomosis, and it might no longer be applicable when 
the surgical approach or anastomotic location was 
changed. Therefore, according to these limitations, the 
results should be validated in a larger sample size and 
multicenter studies.

Conclusion

This study included 129 patients who received McKe-
own MIE with cervical anastomosis and the incidence of 
CAL was 24.0%. FEV1, neoadjuvant chemotherapy, and 
intraoperative minimum PaCO2 in ABG were considered 
as risk factors of CAL after McKeown MIE for esopha-
geal cancer. Preoperative FEV1 <2.18L and intraopera-
tive minimum PaCO2 >45.5mmHg in ABG showed good 
accuracy in predicting risk factors for CAL.
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