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Introduction

The new patients and deaths of esophageal cancer in China 
accounted for over half of the total new patients and deaths 
in the world, and surgery remains to be the first treatment 
choice (1,2). With the popularization of thoracoscopy and 
laparoscopy, the combination of laparoscopic-thoracoscopic 
esophagectomy for the treatment of esophageal cancer has 
achieved good efficacy and good surgical outcome, and has 
been widely used. During the surgical process, anastomosis 
of the digestive tract is considered as an important step (3).  

In the present study, the incidence of anastomosis-
related complications, such as symptomatic anastomosis 
leakage, anastomosis bleeding, anastomotic fistula, was 
reported to be above 10%, implying high risk of severe 
cervical anastomotic leakage into the pleural cavity (4). To 
investigate the clinical efficacy of the pleural flaps during 
esophageal cancer surgery, we collected the clinical data 
from 619 patients, who receive laparoscopic-thoracoscopic 
esophagectomy in our department from January 2012 to 
January 2018. In this present study, we will retrospectively 
review and analyze the whole data, which aim to provide 
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the guidance in surgical process and improve the patents’ 
welfare and surgical outcome.

Methods 

Operative technique

In the three-field operation for esophageal cancer, we firstly 
dissociated the esophagus through the right chest and then 
dissected the regional lymph nodes especially the left and 
right recurrent para laryngeal lymph nodes. Subsequentially, 
the stomach was supine and dissociated, and then made 
into a tubular stomach. The thoracic cavity and abdominal 
cavity were completed by endoscopy. In the perioperative 
process, a neck anastomotic fistula may be shaped at the 
at the anastomosis of neck esophagus and stomach. If the 
anastomotic fistula is confined to the neck, the patient’s 
systemic infection symptoms were mild. If the anastomotic 
fistula leaked into the chest, the patient’s systemic infection 
symptoms were severe and the mortality rate was high. 
Patients often have cavities in the cervical-thoracic junction. 
The incidence of intrathoracic leakage and subcutaneous 
emphysema in the neck anastomotic approach was 
significantly increased due to the application of fine tube 
stomach and the dissection of bilateral recurrent laryngeal 
nerve lymph nodes. When the chest pleural triangular flap 
jacking is free in the surgery on mediastinal, we would 
open on the right side of front and azygos vein arch on the 
edge of the vagus nerve pleura, keep the lateral wall on the 
front of the pleura, line into the chest pleural triangular 
flap. After the surgery, we interrupted the suture pleural, 
covered on the later of the tubular stomach, gastric tube 
and promoted the lift wall layer pleural adhesion as soon as 
possible, closed chest and cleared the neck traffic forms.

Baseline data 

A retrospective case-control study was conducted by 
collecting the clinical data of 619 patients with stage T1–3 
esophageal cancer who received surgical treatment at the 
Department of Thoracic Surgery of Fujian Provincial 
Cancer Hospital from January 2012 to January 2018. Among 
them, 488 were males and 131 were females, and were 
aged 57.45±7.08 years old. All of them were preoperatively 
confirmed as having esophageal squamous cell carcinoma 
by gastroscopy. Of the 619 patients, 95 had lesions in the 
upper segment, 411 had lesions in the middle segment, 
and 113 in the lower segment. Randomized concurrent 

control study was performed for retrospective analysis. All 
619 patients received mechanical anastomosis (side-to-end 
anastomosis between the esophagus and posterior wall of the 
stomach, with Johnson & Johnson circular stapler). According 
to the inclusion and exclusion criteria, pleural flaps were 
used in 304 patients (study group, 240 males and 64 females, 
aged 18–75 years, with an average of 55.56±7.92 years),  
and were not used in 315 patients (control group, 248 males  
and 67 females, aged 20–70 years, with an average of 
53.78±8.64 years). The present study was approved by the 
ethics committee, and the informed consent was signed by 
all patients before undergoing surgery. 

Inclusion and exclusion criteria 

Inclusion criteria: patients (I) who were pathologically 
diagnosed as esophageal cancer by preoperative gastroscopy; 
(II) who received preoperative barium meal examination, 
contrast-enhanced CT scan of the chest and abdomen, 
ECT, chest X-ray and B-mode ultrasonography of the 
abdomen. The external invasion and distant metastasis of 
the tumor, and cervical, mediastinal and celiac lymph node 
enlargement were assessed. The preoperative staging was 
T03N02M0l; (III) who received preoperative ECG and 
lung function test and assessment of anesthetic and surgical 
tolerance; (IV) who underwent subtotal resection of the 
esophagus via the right chest incision + gastric dissociation 
in the upper abdomen + esophagogastric anastomosis, with 
cervical, thoracic and abdominal lymph node dissection; and 
who achieved R0 resection as indicated by postoperative 
pathology (i.e., there were no residual tumor cells by 
gross observation or under the microscope). Patients with 
the following conditions were excluded: (I) who received 
preoperative neoadjuvant radiochemotherapy; (II) had severe 
complications of heart, lungs, liver or kidneys; (III) who have 
received palliative resection; (IV) who received lymph node 
dissection, including systematic mediastinal and abdominal 
lymph nodes; (V) who had stage T4a by postoperative 
pathology. TNM staging was performed according to the 
eighth version of AJCC/UICC TNM staging system.

Surgery and anastomosis

Surgical methods: Gastrointestinal decompression tube 
was inserted before surgery and general anesthesia was 
performed. All staplers used in the surgery were purchased 
from Johnson & Johnson, and all the surgeries were 
performed by the same group of thoracic surgeons. The 
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details of laparoscopic-thoracoscopic esophagectomy were 
described in the previous literature (2). Pleural flaps were 
harvested in the pleural cavity, i.e., the upper mediastinal 
pleura was opened in front of the right vagus nerve and 
on the superior margin of the arch of azygos vein within 
the pleural cavity. Specifically, the parietal pleura was not 
opened on the lateral margin of the spine, and only the 
pleura in front of the right vagus nerve and on the superior 
margin of the arch of azygos vein was opened to form a 
pleural flap (Figure 1A,B). The flap could be immobilized to 
the lateral chest wall with sutures during surgery to avoid 
disturbance to the mediastinal exposure and lymph node 
dissection (Figure 1C,D). When the thoracic surgery was 
completed, the pleura was sutured intermittently to restore 
its original state (Figure 1E). The flap was then covered 
on the tubular stomach, which was then pulled up to form 
the pleural flap. Jejunostomy was performed and enteral 
nutrition was started at 24 h after surgery. 

Main equipment such as stapler (Johnson & Johnson, 
Beijing Fangdahezhong Technology Development Co., 
Ltd., China), model ec60a/ec45a; thoracoscope (Leica, 
Wuhan Tianzeweiye Medical Equipment Co., Ltd., China), 
model SY-SHREK, medicine (device) license: Hubei 2015 
(No. 0286); laparoscope (Nanjing Sufutong Technology 
Co., Ltd., China), model LNS230/LNS231/L. 

Mechanical anastomosis: End-to-side anastomosis was 
performed between the esophagus and posterior wall of stomach 
(Johnson & Johnson, circular stapler, 25#). The stub was closed 
and embedded with a closer (Changchou, disposable). 

Diagnostic criteria 

Anastomotic leakage was highly suspected if fever 
along with redness, swelling and exudation from the 
cervical incision and with drainage of turbid liquid. 
The diagnosis was made and the fistula was identified 
based on the gastrointestinal tract radiography, CT scan 
and gastroscopy. Thoracic-gastric fistula was excluded. 
Anastomotic leakage into the mediastinum was defined 
as communication between the anastomotic fistula and 
mediastinum, which was only confined to the mediastinum, 
but not communicated with the pleural cavity. Anastomotic 
leakage into the pleural cavity was defined as the 
communication between the anastomotic fistula and pleural 
cavity, and with the drainage of pus or digestive juice via 
the chest tube and systematic infection, surgery or puncture  
and drainage. 

Observation indicators

The number and percentage of patients with cervical 
subcutaneous emphysema, fistula of cervical anastomosis, 
and anastomotic leakage into the pleural cavity were 
calculated. 

Statistical analysis 

Statistical analysis was performed using SPSS 20.0 software. 
The rates were compared by four-fold table χ2 test or 
Fisher’s exact test. Quantitative data were analyzed by t 

A B C
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Figure 1 The operation of pleural flaps.
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test and expressed as x ± SD. P<0.05 indicated statistically 
significant differences.

Results

Comparison of baseline information between the two 
groups

There was no significant difference in age, gender, tumor 
position, differentiation degree, T staging, N staging and 
TNM staging between the two groups (P>0.05, Table 1). 

Comparison of postoperative complications between the two 
groups

The study group had 5 patients with cervical subcutaneous 
emphysema (1.64%) when compared to 38 patients 
(12.06%) in the control group, and showed significant 
differences (P<0.05). There were 12 patients (3.95%) with 

fistula of cervical anastomosis in the study group compared 
to 14 patients (4.44%) in the control group, and showed no 
significant difference (P>0.05). There was 1 case (0.33%) 
of anastomotic leakage into the pleural cavity in the study 
group compared to 8 patients (2.54%) in the control group, 
showing significant difference (P<0.05) (Table 2). 

Correlation between complications and surgical approach 

Whether the occurrence of postoperative complications 
was taken as the dependent variable (0 = no, 1 = yes), and 
covariates including gender, age, TNM staging, tumor 
position, T staging, N staging and differentiation degree 
were controlled. The factor of whether the pleural flaps 
were used or not in the laparoscopic-thoracoscopic 
esophagectomy was included into the unconditional 
multivariate logistic regression model. Compared with the 
“yes” group, the variables of the logistic model in the “no” 

Table 1 Comparison of clinicopathological data between the two groups

Clinicopathological data Study group (n=304) Control group (n=315) t/χ2 value P value

Age (years), (x±s) 55.56±7.92 53.78±8.64 0.765 0.301

Gender

Male 240 (78.95) 248 (78.73) 0.194 0.697

Female 64 (21.05) 67 (21.27)

Tumor position 

Upper segment 43 (14.14) 52 (16.51) 0.208 0.501

Middle segment 210 (69.08) 201 (63.81)

Lower segment 51 (16.78) 62 (19.68)

T staging

T0–T1 129 (42.43) 136 (43.17) 0.562 0.334

T2–T3 175 (57.57) 179 (56.83)

N staging

N0–N1 153 (50.33) 169 (53.65) 0.093 0.832

N2–N3 151 (49.67) 146 (46.35)

TNM staging

I–II 103 (33.88) 115 (36.51) 0.201 0.497

III–IV 201 (66.12) 200 (63.49)

Differentiation degree

Moderate to high differentiation 246 (80.92) 232 (73.65) 0.432 0.391

Low differentiation 58 (19.08) 83 (26.35)
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group were shown as followings: β −1.203; OR 0.331; 95% 
CI, 0.478–0.944; P value <0.001. The results showed that 
the use of pleural flaps in the laparoscopic-thoracoscopic 
esophagectomy was a protective factor for postoperative 
complications. 

Discussion 

Along with the advances and popularization of hysteroscopy, 
the laparoscopic-thoracoscopic esophagectomy has achieved 
good efficacy. Multi-center, randomized control studies have 
shown that the minimally invasive surgery for esophageal 
cancer outperforms the conventional open surgery in 
terms of the incidence of pulmonary complications (5-7). 
Moreover, the patients’ quality of life at 1 year after surgery 
was also superior to that of conventional open surgery 
during the follow-up period (6). Digestive tract anastomosis 
during surgery is regarded as an important step in the 
reconstruction of digestive tract. It has been reported that 
the incidence of cervical anastomosis-related complications 
was over 10% (8,9). Fistula of cervical anastomosis mainly 
presented local infection, subcutaneous emphysema and 
abscess. When lying superficially, the fistula can be more 
likely discovered timely and drained. The cervical blood 
supply restores after surgery, the infection disappears and 
the anastomotic fistula remains easy to be healed (10). In 
clinic, cervical anastomotic leakage into the mediastinum 
and pleural cavity requires special attention, especially for 
severe complications such as leakage into the pleural cavity. 
Infections caused by complications further cause chest 
pain, breathing difficulty, high fever, rapid pulse and septic 
shock, prolonging the hospital stay and costs, aggravating 
the patient’s conditions and increasing mortality (11). It 
has been shown that the mortality related to complications 
varied between 11% and 35.7% (12,13).  

Fistula is the prerequisite for leakage, and hence it is 
necessary to reduce the anastomotic fistula. However, 
in the laparoscopic-thoracoscopic esophagectomy for 
esophageal cancer, the reasons for postoperative fistula of 

the cervical anastomosis are very complex. Surgical time, 
anastomotic methods and pathway, preoperative nutritional 
status, underlying diseases, preoperative neoadjuvant 
radiotherapy and postoperative nutritional support may 
play a role (14). Along with the progression of surgical 
skills and experience, the relevant complications can be 
reduced. But whatever the anastomotic technique is used, 
it is still impossible to completely avoid anastomotic fistula. 
Based on the long-term clinical experience of our center, 
whether for manual anastomosis or mechanical anastomosis, 
the probability of fistula usage of cervical anastomosis 
is controlled by about 3% and 5.8%, respectively (15). 
In recent years, tubular stomach, especially thin tubular 
stomach has gradually replaced the whole or almost the 
whole stomach in esophagogastric anastomosis. The 
former has achieved a satisfactory effect in reducing or 
avoiding leakage into the pleural cavity and thoracic-gastro 
syndrome (16-18). But after the laparoscopic-thoracoscopic 
esophagectomy for esophageal cancer, anastomotic leakage 
into the mediastinum and pleural cavity seemed to occur 
more frequently. This is probably due to the residual 
cavity formed by lymph node dissection along the right 
recurrent laryngeal nerve in the apex (Figure 1F) and the 
use of thin tubular stomach. Conventionally, the upper 
and posterior mediastinal pleura are usually resected along 
with the esophagus. However, the local cavity formed 
by the resection communicates with the cervicothoracic 
junction. The air likely spreads to the neck via the pleural 
cavity during the early stage after surgery. If anastomotic 
fistula occurs at the later stage, the resulting infection is 
less likely to be confined, but spreads to the mediastinum 
and the pleural cavity. To prevent this, the pleural flaps 
were prepared during surgery and were immobilized to the 
lateral chest wall using sutures, avoiding disturbance to the 
subsequent exposure of upper and posterior mediastinum 
and lymph node dissection. The pleura was sutured 
intermittently after surgery to restore the original state. The 
flap was covered on the tubular stomach, which was then 
pulled up. This method can promote adhesion between 

Table 2 Comparison of postoperative complications between the two groups

Type of complications Study group (n=304) Control group (n=315) χ2 P

Cervical subcutaneous emphysema 5 38 16.15 <0.05

Fistula of cervical anastomosis 12 14 0.10 >0.05

Anastomotic leakage into the pleural cavity 1 8 0.04 <0.05*

*, using Fisher’s exact test. 
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the pulled-up tubular stomach and parietal pleura, closing 
the gap formed by communication between apex and the 
neck. This in turn reduces the early incidence of cervical 
subcutaneous emphysema. Singla (19) reported that after 
the mediastinum becomes a part of the pleura, the tubular 
stomach can be well immobilized into the mediastinum, 
reducing the tension of tubular stomach. As a result, the 
tubular stomach does not move and can be subjected to 
traction with gravity, swallowing and peristalsis. A better 
protection can be offered to the anastomosis as the tension 
of the anastomosis is reduced, which is conducive to the 
healing of anastomotic fistula. The parietal pleural deltoid 
flap itself cannot reduce the incidence of neck anastomotic 
fistula. Even if anastomotic fistula occurs, the infection 
can be confined to the neck and systemic poisoning 
symptoms can be reduced by pleural flaps. Besides, logistic 
regression indicated that the use of pleural flaps to cover 
the upper mediastinum in the laparoscopic-thoracoscopic 
esophagectomy for esophageal cancer effectively reduced 
the postoperative complications. This was probably due to 
the restoration of the upper mediastinum to the original 
state with the use of flaps by eliminating lacuna, and this 
remains conducive to early atresia of pleural cavity. For 
this reason, the pleural flaps are used to cover the upper 
mediastinum and can reduce the incidence of anastomotic 
leakage into the mediastinum, thus avoiding thoracic 
cavity leakage and the adverse systemic impact of the 
complications. Moreover, this procedure is easy to perform 
and does not prolong surgical time or add to the difficulty 
of lymph node dissection or the overall risk of the surgery. 
Based on the hints from Gottlieb-Vedi et al., the long-
term survival after MIE may be improved by pleural flaps 
preservation (20). Besides, it is possible that patients can 
have better global quality of life, physical function, fatigue 
and pain after minimally invasive surgery (20,21). 

Although there are different advantages by using this 
method, there are some limitations. The preservation of 
pleural flaps was only applied to stage T0-3 patients. The 
patients were already present in stage T4a if the tumor had 
affected the mediastinal pleura, and the affected pleural 
must be completely resected (22,23). Moreover, while 
dissociating the pleural flaps, the surrounding adipose 
tissues must be completely resected as well to avoid residual 
lymphatic and adipose tissues. The pleural flaps must be 
kept intact in order to have a sealing effect. In addition, 
the operation cannot be performed if no enough pleura is 
retained in some patients with esophageal cancer invasion 
into the upper mediastinal pleura. Meanwhile, the parietal 

pleural deltoid flap itself can’t reduce the incidence of neck 
anastomotic fistula.

To conclude, the application of pleural flaps to cover 
the upper mediastinum may reduce the risk of anastomotic 
leak to pleural cavity and emphysema after laparoscopic-
thoracoscopic esophagectomy for esophageal cancer. It 
is extremely possible that this method could effectively 
prevent postoperative cervical subcutaneous emphysema and 
cervical anastomotic leakage into the pleural cavity without 
disrupting the progression of surgery. The analysis of the 
application of this method would hopefully contribute to its 
clinical popularization. 
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