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Background: To explore the risk factors and prevention methods of cervical mechanical anastomotic fistula
and stenosis after the radical resection of esophageal cancer.

Methods: From March 2018 to November 2018, 128 patients undergoing mechanical anastomosis of
esophageal cancer were selected from the Department of Thoracic Surgery of The First Affiliated Hospital
of Zhengzhou University. All the enrolled patients were operated on using the Mckeown method, and a
retrospective study was conducted. Data for preoperative and postoperative test indices, intraoperative
embedding materials, postoperative complications, and preoperative and postoperative treatment were
collected, and the relationship between various factors and the incidence of cervical anastomotic fistula and
stenosis was analysed. Univariate analysis was conducted using t tests or Fisher’s exact probability method,
and multivariate analysis was conducted using logistic regression models.

Results: All 128 patients successfully underwent surgery without dying. The enrolled patients were
evaluated using the Stooler classification, with 28 patients having grade 0, 41 patients having grade 1,
34 patients having grade 2, 21 patients having grade 3, and 4 patients having grade 4 stenosis. Patients
with stenosis of grade 3 or above had obvious choking sensation, which could only be relieved by balloon
dilation. Symptoms in all patients with stenosis were relieved by balloon dilation. There were no significant
differences between the two groups regarding embedding materials, preoperative choking history, history
of alcohol consumption, history of hypertension, history of coronary heart disease, history of diabetes,
postoperative calcium concentration, average albumin concentration, average platelet concentration, body
mass index, anastomotic fistula, preoperative chemotherapy, postoperative chemotherapy, or postoperative
cough (P>0.05). There were significant differences in postoperative reflux (;'=11.338, P<0.05) and scar
constitution (x’=12.497, P<0.05). The effects of embedding materials in patients with anastomotic fistula
were significantly different (x’=4.372, P<0.05).

Conclusions: Postoperative reflux and scar constitution may be risk factors for postoperative anastomotic
stenosis after resection of esophageal cancer. There was almost no difference in the effects on esophageal
anastomotic stenosis between embedding materials and the omentum majus, but Neoveil® may have certain

advantages in preventing cervical anastomotic fistula, and thus may have certain clinical application value.
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Introduction

Cervical esophagogastric anastomosis and thoracic
esophagogastric anastomosis are the two most commonly
used surgical methods for esophageal cancer (1,2). The
two anastomosis methods have their own advantages and
disadvantages. The procedure of cervical esophagogastric
anastomosis is simple, and the required traditional surgical
skills are low; thus, this technique is more popular among
young doctors. However, cervical anastomosis is more likely
to cause stenosis and fistula than intrathoracic anastomosis (3).
Data show that the incidence of cervical anastomotic
stenosis is approximately 15-35% (4,5), the incidence of
fistula is approximately 5-10% (6,7), and the incidence of
thoracic anastomotic mediastinal fistula is approximately
3-5% (8). The use of a mechanical stapler in the neck reduces
postoperative stenosis caused by manual operation to a
certain extent, but esophageal stenosis is a composite result of
multiple factors. The use of a single staple plays a limited role
in reducing anastomotic stenosis, and cervical anastomotic
fistula is also a comprehensive result of multiple factors (9).
Based on the use of a mechanical stapler, in this study, we
creatively employed Neoveil® (10) during embedding at
the esophageal anastomotic orifice to find a new method
to reduce anastomotic stenosis and fistula after esophageal
cancer surgery. The relevant results are summarized below.

Methods
Study subjects

A total of 128 patients with esophageal cancer admitted to
the Department of Thoracic Surgery of The First Affiliated
Hospital of Zhengzhou University from March 2018 to
November 2018 were selected. The inclusion criteria for
patients were as follows: undergoing cervical anastomosis
with a mechanical stapler; tubular stomach used as the
esophageal substitute; survival during the follow-up period;
and with complete preoperative and postoperative medical
records. The exclusion criteria were as follows: full manual
end-side anastomosis; undergoing Sweet or Ivor-Lewis
surgery; death during the follow-up period; and missing
intraoperative and postoperative case data. There were 90
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males and 38 females. There was no significant difference
in age, sex, body mass index, blood type, tumour location,
tumour differentiation, tumour stage, or other relevant data
between the two groups (P>0.05). All patients underwent
an enhanced chest CT plus abdominal plain scan before
surgery in addition to ultrasound gastroscopy and thoracic
duct imaging to determine the lesion site and infiltration
level. The patients were screened for metastasis and serious
cardiovascular diseases. The patients were divided into
two groups according to the embedding materials, and the
relative data distribution is shown in Table 1.

Surgical method

The operation was divided into two stages. In the first
stage, the patient was in the left lateral position, and
observation windows were established in the 7 rib of the
right midaxillary line, the 4" intercostal space of the right
axillary front, the 5" intercostal space of the midaxillary
line, and the 9™ intercostal space of the posterior axillary
line. In the second stage, the patient returned to the supine
position and raised his left shoulder. An observation window
was established 1 cm to the left and below the umbilicus,
and another 4 operation windows were established around
the abdomen. The lower esophagus and stomach were
dissociated according to routine methods, and the tubular
stomach was isolated. The pruned omental membrane
was tied to the end of the tubular stomach and pulled out
of the abdominal cavity through the thoracic cavity for
neck anastomosis. The omentum majus embedding group:
Interstitial embedding of the residual gastric muscle layer
was performed along the anastomotic site. The omentum
majus head was lifted and cut open by 2-3 cm along a
circular path, and an anastomotic window was created
below the omentum majus to stitch the cut ends together
with a suture needle tip to complete embedding. The
Neoveil® embedding group: No part of the omentum majus
was reserved. After the completion of mechanical neck
anastomosis, lamellar Neoveil® repair scissors were wrapped
around the anastomotic site, and both ends of Neoveil®
were sutured on the plasma muscle layer of the anastomotic
site to complete embedding (Figure I).

7 Thorac Dis 2019;11(7):3084-3092 | http://dx.doi.org/10.21037/jtd.2019.07.28



3086

Table 1 Distribution of general characteristics of the enrolled
esophageal cancer patients

Embedding material

Project

Neoveil® Omentum majus
Sex (example)
Male 49 (76.56) 41 (64.06)
Female 15 (23.44) 23 (35.94)
Age (years) 64+7.82 63.16+8.43
BMI (kg/m”) 23.32+2.67 23.58+3.34
Tumour location
Upper 3 (4.69) 6 (9.38)
Above the midline 4 (6.25) 4 (6.25)
Middle 34 (53.13) 39 (60.94)
Lower 12 (18.75) 8 (12.50)
Tumour differentiation grade
Low 4 (6.25) 6 (9.38)
Lower-middle 4 (6.25) 3 (4.69)
Medium 39 (60.94) 39 (60.94)
Medium-to-high 5(7.81) 5(7.81)
High 12 (18.75) 11 (17.19)
Tumour stage (TNM 8th edition)
0 11 (17.19) 8 (12.50)
I 13 (20.31) 17 (26.56)
I 29 (45.31) 30 (46.88)
M 11(17.19) 9 (14.06)

BMI, body mass index; TNM, classification of malignant tumors.

Assessment criteria

Stenosis was classified into 5 levels according to the Stooler
classification: grade 0, anastomotic diameter >9 mm, can eat
normal food; grade 1, 7 mm < anastomotic diameter <9 mm,
obstruction in the consumption of soft food; grade 2, 5 mm
< anastomotic diameter <7 mm, can consume a semi-liquid
diet; grade 3, 3 mm < anastomotic diameter <5 mm, can
consume a liquid diet; and grade 4, anastomotic diameter
<3 mm, difficulty or inability in ingesting liquids. In this
study, the anastomotic diameter was combined with the
patient’s symptoms. Patients with anastomotic stenosis who
could not eat solid food and whose symptoms could only be
relieved by balloon dilation were included (7zble 2).
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Statistical analysis

Statistical data for this study were analysed using SPSS
21.0 software. Measurement data are expressed as Xs.
Independent sample t tests were performed for both
groups. The relationship between embedding materials
and anastomotic fistula and stenosis was evaluated using
x tests (Tuble 3). P<0.05 was statistically significant. The
distribution of anastomotic stenosis in the two groups is
shown in Tuble 4.

Results

In this study, no deaths occurred among the 128 patients.

Findings for the omentum majus embedding group
were as follows: grade 3 and above anastomotic stenosis
occurred in 12 cases (18.75%), and cervical anastomotic
fistula occurred in 6 cases (9.38%). All patients with severe
stenosis improved after balloon dilation, and all patients
with anastomotic fistula were cured after incision drainage,
dressing change, fasting, and anti-infection therapy. Findings
for the Neoveil® embedding group were as follows: grade
3 and above anastomotic stenosis occurred in 13 patients
(20.31%). No cervical anastomotic fistula occurred in the
enrolled patients (0), and all stenosis patients improved after
balloon dilatation.

According to the Stooler classification, no significant
differences were observed between patients with stenosis
and patients with grade 2 or below stenosis (P>0.05) in
terms of choking sensation (t=0.21, P=0.647), drinking
(t=2.47, P=0.116), hypertension (t=0.47, P=0.493), CHD
(t=0.12, P=0.729), diabetes mellitus (t=0.12, P=0.729),
postoperative calcium concentration (t=1.17, P=0.262),
platelet concentration (t=1.05, P=0.420), BMI (t=1.03,
P=0.458), anastomotic fistula (t=0.12, P=0.729), preoperative
adjuvant chemotherapy (t=0.89, P=0.345), postoperative
adjuvant chemotherapy (t=1.74, P=0.187) or postoperative
cough (t=0.15, P=0.696). The differences were significant
(P<0.01) regarding scar diathesis (t=18.12, P=0.00002) and
reflux (t=17.87, P=0.0002). Reflux (t=7.002, P=0.008) and
scar diathesis (t=5.361, P=0.021) in the omentum majus
embedding group and reflux (t=5.336, P=0.021) and scar
diathesis (t=9.389, P=0.002) in the Neoveil® embedding
group were likely the risk factors for anastomotic stenosis.

Comparison of related factors between the Neoveil®
group and the omental stenosis group revealed no
significant differences (P>0.05) in choking sensation (P1,
P2>0.05), hypertension (P1, P2>0.05), diabetes mellitus
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Figure 1 The process of mechanical anastomosis during neck embedding Neoveil®.

(P1, P2>0.05), postoperative calcium concentration (P1,
P2>0.05), platelet concentration (P1, P2>0.05), BMI (P1,
P2>0.05), anastomotic fistula (P1, P2>0.05), preoperative
adjuvant chemotherapy (P1, P2>0.05), postoperative
adjuvant chemotherapy (P1, P2>0.05) or postoperative
cough (P1, P2>0.05). It is possible that these factors had
little effect on anastomotic stenosis. However, drinking
(P1>0.05, P2<0.05) may be a risk factor for stenosis
in omentum majus embedding. The differences were
significant for reflux (P1, P2<0.05) and scar diathesis (P1,
P2<0.05), which were likely risk factors for stenosis in both
groups.

The distribution of the effect of embedding materials
on anastomotic fistula and stenosis showed significant
differences in patients with anastomotic fistula (x’=4.372,
P<0.05), and the Neoveil® group was superior to the
omentum majus group. The difference in embedding
materials in patients with anastomotic stenosis was not
significant (x°=0.05, P>0.05).
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Discussion

Esophageal cancer is the most common malignancy of
the digestive tract. According to a survey of 177 cancer
registries in China in 2011, the incidence of esophageal
cancer is 0.022%, and the mortality rate is 0.016%. During
the same period, the standardized incidence of esophageal
cancer worldwide was 0.016%, and the mortality was
0.012% (11). Morbidity and mortality have been on the rise
in recent years (12). Currently, surgical resection is still the
first choice for the treatment of esophageal cancer. Radical
resection of esophageal cancer mainly involves Sweet (13),
Ivor-Lewis (14), and Mckeown (15) methods, among which
Mckeown has gradually become the predominant technique
in recent years (16). With the continuous development
and improvement of endoscopic techniques, traditional
thoracotomy is gradually being retired from use. Compared
with traditional surgical techniques, endoscopic radical
resection of esophageal cancer offers vital advantages in
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Table 2 Distribution of factors related to esophageal stenosis

Stooler classification

Project P
Grade 3 and above (n=25) Grade 2 and below (n=103)
Choking sensation >0.001
Yes 17 65
No 8 38
Drinking >0.001
Yes 13 36
No 12 67
Keloid diathesis <0.001
Yes 8 4
No 17 99
Hypertension >0.001
Yes 8 26
No 17 77
CHD >0.001
Yes 2 4
No 23 99
Diabetes mellitus >0.001
Yes 1 5
No 24 98
BMI (kg/mz) 23.23+3.06 23.45+3.02 >0.001
Postoperative calcium concentration (mmol/L) 2.06+0.12 2.05+0.13 >0.001
Platelet (10°/L) 173+62 175260 >0.001
Alb (g/L) 33.4+4.0 33.5+3.9 >0.001
Preoperative adjuvant chemotherapy >0.001
Yes 7 20
No 18 83
Postoperative adjuvant chemotherapy >0.001
Yes 17 55
No 8 48
Cervical fistula >0.001
Yes 1 5
No 24 98
Postoperative cough >0.001
Yes 7 33
No 18 70
Reflux <0.001
Yes 16 29
No 9 74

CHD, coronary heart disease; BMI, body mass index; Alb, albumin.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(7):3084-3092 | http://dx.doi.org/10.21037/jtd.2019.07.28



Journal of Thoracic Disease, Vol 11, No 7 July 2019

3089

Table 3 Effect of embedding materials on anastomotic fistula and stenosis

Group Neoveil®, (n=64) Omentum majus, (n=64) N P
Anastomotic fistula <0.05
Yes 0(0) 6 (9.38) 6
No 64 (100.00) 58 (90.62) 122
Anastomotic stricture >0.05
Yes 13 (20.31) 12 (18.75) 25
No 51 (79.69) 52 (82.25) 103

Table 4 Distribution of stenosis-related factors in patients with esophageal cancer in the two groups

Embedding material

Factor Neovei|® Omentum majus P
™ P1 T2 P2

Choking sensation 0.121 0.728 0.438 0.509 P1, P2>0.05
Drinking 0.038 0.845 4.363 0.037 P1>0.05, P2<0.05
Hypertension 0.012 0.914 2.188 0.14 P1, P2>0.05
CHD 0.161 0.688 0.053 0.818 P1, P2>0.05
Diabetes mellitus 0.553 0.457 0.273 0.602 P1, P2>0.05
BMI 1.076 0.385 1.207 0.227 P1, P2>0.05
Postoperative calcium concentration (mmol/L) 1.21 0.223 1 0.5 P1, P2>0.05
Platelet (1 OQ/L) 1.069 0.395 1.065 0.402 P1, P2>0.05
Alb (g/L) 1.064 0.403 1.098 0.356 P1, P2>0.05
Preoperative adjuvant chemotherapy 0.715 0.398 0.056 0.813 P1, P2>0.05
Postoperative adjuvant chemotherapy 1.248 0.264 0.015 0.902 P1, P2>0.05
Anastomotic fistula 0.024 0.983 0.170 0.680 P1, P2>0.05
Postoperative cough 0.06 0.807 0.089 0.765 P1, P2>0.05
Scar diathesis 9.389 0.002 5.361 0.021 P1, P2<0.05
Reflux 5.336 0.021 7.002 0.008 P1, P2<0.05

CHD, coronary heart disease; BMI, body mass index; Alb, albumin.

reducing postoperative symptoms, shortening hospital stay,
and alleviating pain in patients (17).

Anastomotic stenosis and fistula are the most common
postoperative complications of esophageal cancer (18).
These two complications not only lead to a low quality of
life of patients but also endanger their lives (19). Therefore,
it is extremely important to reduce the risk factors of
anastomotic stenosis and fistula, and it is particularly urgent
to find new embedding materials. In this study, Neoveil®
was applied in the embedding of cervical anastomosis of

© Journal of Thoracic Disease. All rights reserved.

esophageal cancer as a new method to reduce postoperative
cervical anastomotic stenosis and fistula of esophageal
cancer.

Neoveil® is a new type of hemostasis reinforcement
material processed with absorbable polyglycolic acid (PGA)
as the raw material (20). It is made into sheets or tubes
according to different usages and has been widely used
in various lung surgeries since its advent. This product is
mainly used to reinforce the suture site and prevent air
leakage at the lung incision, and it has been widely used
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in the repair of bronchopleural fistula (21) and various
refractory pneumothoraces (22). The effect of tubular
Neoveil® combined with an automatic cutting instrument
in cutting lung tissue can effectively reduce the incidence
of postoperative air leakage at the incision site (23,24).
Furthermore, its high biocompatibility can effectively
reduce the immune response induced by it being a foreign
body (25). Scholars have attempted to apply Neoveil® in the
reinforcement and stabilization of the liver, the intestinal
tract, glands, meninges, and other vulnerable tissues, the
results of which have shown that its performance is better
than that of traditional materials, with a significantly
reduced postoperative infection rate (26-30). Another study
suggested that the rate of anastomotic fistula could be
reduced by using Neoveil® as the support material (31).

Cicatricial constitution may be one of the risk factors for
anastomotic stenosis in the neck, and is in no way related to the
kind of embedding materials used. Scar constitution refers to
the possibility of even minor trauma causing the formation of
skin tissue larger than the original wound, leading to a keloid
scar that does not easily fade (32). Scar constitution is related to
certain genetic factors, but there are still no specific indicators to
diagnose this condition, and it can only be diagnosed according
to the clinical manifestations in patients. The size of the scar
is related to the degree of injury, allergic constitution, and
blood supply to the injured region. Deep and large wounds will
cause strong immune responses, and people with allergies are
more likely to experience a strong immune response, resulting
in the accumulation of immune cells; additionally, excessive
proliferation of fibroblasts is an important mechanism for scar
growth (33,34). The venous reflux system at the injured site
is closely related to scar formation. In general, poor venous
reflux is more likely to cause scar enlargement and growth. The
original venous reflux path after esophageal reconstruction is
mostly cut off, and continuous hyperemia at the anastomotic site
and strong inflammatory reactions may be important causes of
stenosis (35).

Gastroesophageal reflux is one of the most common
complications after digestive tract reconstruction (36), and
it may also be a high-risk factor for cervical anastomotic
stenosis according to data. At present, thoracoscopy
combined with laparoscopy to free the thoracic esophagus
and abdominal proximal gastric body, along with the final
external reconstruction with tubular stomach tissue, are
relatively mature surgical methods (37). However, after
resection of the proximal gastric body, the anti-reflux
mechanism is lost, and digestive juices of the patient can
easily migrate upward when the patient is lying flat (38).

© Journal of Thoracic Disease. All rights reserved.

Song et al. A new technology for esophageal cancer surgery

Digestive juices are highly acidic, and the newly formed
granular tissue at the esophagogastric anastomosis is
more vulnerable to corrosion (39). The damaged site will
cause an inflammatory response, which will lead to tissue
deposition on the anastomotic site and eventually narrow
the anastomotic site.

Data show that different embedding materials have little
effect on anastomotic stenosis in the neck, and internal
factors of the human body may be an important cause of
stenosis. Embedding materials wrapped around the outside
of the official cavity have little effect on the stenosis inside
the official cavity (4).

Anastomotic fistula is related to the embedding material,
and Neoveil® has been shown to be superior to the
omentum majus in preventing anastomotic fistula. Pedicled
omentum majus is an excellent embedding material, is
derived from the patient, and has no possibility of rejection
(40,41). However, the omentum majus is prone to fat
liquification, and it is difficult for the incision to heal in
the liquid, which also increases the risk of anastomotic
infection and fistula (42). After the occurrence of fistula, the
omentum majus may not be able to form a strict isolating
layer to prevent the spread of inflammation. Neoveil® can
not only ensure efficacy but also overcome the limitations
of traditional embedding materials. It can effectively
strengthen the anastomotic site and simultaneously form
a barrier against stimulation from the external exudate.
Even if microfistula occurs after surgery, it can be wrapped
locally, which is conducive to the healing mechanism of
fistula (43,44).

Currently, Neoveil® is mainly used in the field of lung
surgery. In this study, a limited attempt was made to apply
Neoveil® to the embedding of the anastomotic site in the
neck of esophageal cancer patients, and its value in clinical
application needs to be explored and confirmed by more
studies.
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