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Abstract

Introduction: The incidence of anastomotic leakage is relatively high (6-26%) in esophagogastrocervical anastomo-
sis. The traditional anastomotic mode has high tissue tension in the process of anastomosis, which can easily cause
tissue tear in the anastomotic area and increase the incidence of anastomotic leakage.

Aim: To investigate the usefulness of reversely connecting circular stapler technique for reducing anastomotic ten-
sion and injury of the esophageal and gastric wall, preventing anastomotic leakage in minimally invasive McKeown
esophagectomy.

Material and methods: A total of 133 patients with esophageal cancer who underwent minimally invasive McKeown
esophagectomy from January 2021 to December 2021 were collected. Characteristics, surgical data, and outcomes of
patients were recorded and retrospectively analyzed. There were 83 patients in the reverse order connecting circular
stapler group and 50 patients in the conventional order connecting group.

Results: Anastomotic leakage was observed in 2 (2.4%) cases in the reverse order connecting circular stapler group.
Compared with the conventional connection group, the reverse connecting group had lower incidence of anastomot-
ic leakage, shorter anastomotic time, shorter hospital stay, and lower incidence of pulmonary and chest infections
and hoarseness.

Conclusions: The reversely connecting circular stapler technique could reduce the incidence of anastomotic leakage.
The technique is simple to perform and easy to learn. Therefore, it is useful for the prevention of anastomotic leakage.
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Cervical esophagogastric anastomosis is the
most important step in minimally invasive McKeown
esophagectomy [1], but the incidence of anastomotic
leakage is relatively high (6-26%) [2]. Anastomotic
leakage can increase perioperative mortality and af-
fect the postoperative quality of life and long-term
survival [3, 4].There are many causes of anastomot-
ic leakage, among which anastomotic technology
includes anastomotic mode, anastomotic tension,

etc. [5]. Therefore, it is necessary to improve the
anastomotic mode, reduce the tension of the esoph-
agus and stomach wall during anastomosis, and re-
duce the tears of the mucosa and muscle layer, so as
to reduce the incidence of anastomotic leakage. At
present, anastomotic devices are widely used in clin-
ical practice. The operation methods of using the de-
vices in the process of anastomosis are not uniform,
and each has its own advantages and disadvantages.
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Aim

The purpose of this retrospective study was to in-
vestigate the usefulness of the reversely connecting
circular stapler technique for reducing anastomotic
tension and injury of the esophageal and gastric wall
during anastomosis, preventing anastomotic leakage
in minimally invasive McKeown esophagectomy.

Material and methods
General data

Patient characteristics and surgical data were
retrospectively analyzed. A total of 133 patients who
underwent McKeown esophagectomy from January
2021 to December 2021 in the Department of Tho-
racic Surgery were collected and divided into the
observation group (connecting the circular stapler in
reverse order) and the control group (connecting the
circular stapler in conventional order). There were
83 cases in the observation group and 50 cases in
the control group. There was no significant differ-
ence in general clinical data between the two groups
(p > 0.05) (Table I). This study was approved by the
Ethics Committee of our hospital.

Surgical procedure

The general procedure of the operation was to
dissociate the esophagus through the right thorax
by the video-assisted thoracoscope, dissociate the
stomach by the laparoscope, shape the stomach
into a tube, and dissect the corresponding regional
lymph nodes. Finally, esophagogastric anastomosis
was performed on the left neck. Technical opera-
tion of reversely connecting the circular stapler: The
cervical esophagus was carefully separated to avoid
injury to the recurrent laryngeal nerve. The broken
esophagus was sewn with purse strings and prear-
ranged with purse strings. The tubular stomach was
pulled approximately 4 to 6 cm outside the cervical
incision (Photo 1). An incision of about 2 cm in di-
ameter was made at the top of the tubular stomach,
and the stapler body was inserted. At the scheduled
anastomosis site, the full thickness of the gastric
wall was cut in a microhole, and the central rod of
the stapler body was fully perforated from the tubu-
lar stomach (Photo 2). The casing of the anvil head
was connected exactly with the central rod of the
stapler body (Photo 3). Then the central rod was

Table I. Comparison of general clinical data between the two groups

Clinicopathological features Number Observation group Control group e P-value
of cases 48 cases 50 cases

Gender: 0.277 0.599
Male 94 60 34
Female 39 23 16

Age [years]: 0.012 0.912
>65 62 39 23
<65 71 44 27

Preoperative complications: 0.152 0.697
Yes 48 31 17
No 85 52 33

Site of tumor: 1.363 0.506
Upper thoracic 29 19 10
Middle thoracic 74 48 26
Lower thoracic 30 16 14

Stage of tumor: 0.550 0.760
I 44 28 16
Il 67 40 27
A 22 15 7
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withdrawn into the body of the stapler and retract-  (Photo 5). The central rod was further withdrawn so
ed into the tubular stomach together with the anvil  that the esophageal wall and gastric wall were close-
head cannula, exposing the cannula about 1.5 cm  ly combined, and the safety anastomosis label was
outside the stomach wall (Photo 4). The anvil head clearly revealed (Photo 6). The front end of the sta-
was placed in the broken end of the esophagus, and  pler and the tubular stomach were fixed to maintain
the purse string line was tightened and knotted the gastric wall in a tension-free state to complete

Photo 1. Preset esophageal purse-string su- Photo 2. The central rod of the stapler body was
ture. The tubular stomach was pulled approxi- fully perforated from the tubular stomach
mately 4 to 6 cm outside the cervical incision

Photo 3. Connecting exactly the anvil head and Photo 4. The central rod of the stapler body was
the central rod of the stapler body withdrawn into tubular stomach, exposing the
cannula about 1.5 cm outside the stomach wall
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Photo 5. Place the anvil head in the esophagus
and tighten the purse-string suture

Photo 7. The anastomosis was sutured well
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Photo 6. Complete the annular anastomosis of
the esophagus and tubular stomach

the esophagogastric anastomosis (Photo 7). Finally,
the tubular stomach was closed about 1.5 cm from
the anastomosis with a linear suture device, and the
broken end was sutured with absorbable suture and
embedded in the seromuscular layer. Full-thickness
or seromuscular layer suture of the anastomosis was
no longer performed.

Operation process of conventional order con-
necting stapler: Firstly, the nail anvil was placed in
the broken end of the esophagus in the cervical re-
gion, and the purse string was tightened. Secondly,
the tubular stomach was pulled out through the cer-
vical incision. An incision of about 2 cm in diameter
was made at the top of the tubular stomach, and the
stapler body was inserted. At the planned anasto-
mosis site, the full thickness of the gastric wall was
cut in a microhole, and the central rod of the stapler
body was fully perforated from the tubular stomach.
Thirdly, the central rod was connected with the an-
vil head cannula to complete the esophagogastric
anastomosis. Finally, a linear cutting suture device
was used to close the opening at the tip of the tu-
bular stomach, and the broken end was sutured by
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the muscular and serosa layer. For those with poor
anastomotic tissue fit, dehiscence of the esophageal
muscle layer, or hematoma in the gastric wall, the
absorbable suture was used for reinforcement and
suture.

On the 5™ to 7™ postoperative day, esophageal
angiography was performed, and cervical incision
was performed for patients with anastomotic leak-
age or tubular gastric leakage. The juice diet was pre-
scribed for patients without leakage before discharge,
and those without discomfort were discharged.

Observational index

The anastomotic time, incidence of anastomot-
ic leakage, postoperative hospital stay, hoarseness,
pulmonary infection, and chest infection of the two
groups were observed.

Statistical analysis

SPSS 26.0 statistical software was used for sta-
tistical analysis. Measurement data were expressed
as median, and the Mann-Whitney U test was
used. The y? test or Fisher’s exact test was used for
enumeration data with the test level o = 0.05.

Results

The median anastomotic time of the observation
group and control group was 11 (7-25) min and 17.5
(14-21) min, respectively, and the difference was
statistically significant (p < 0.001). The postopera-
tive hospital stay in the two groups was 10 (7-35)
days and 11 (9-82) days, respectively, and the differ-
ence was statistically significant (p < 0.001). There
were 2 (2.4%) cases and 10 (20%) cases of anas-
tomotic leakage in the two groups, respectively,
and the difference was statistically significant (p =

0.002). There were 2 (2.4%) cases and 8 (16%) cas-
es of postoperative hoarseness in the two groups,
respectively, and the difference was statistically sig-
nificant (p = 0.011). There were 6 (7.2%) cases and
10 (20%) cases of postoperative pulmonary infec-
tion in the two groups, respectively, and the differ-
ence was statistically significant (p = 0.028). There
was 1 (1.2%) case and 6 (12%) cases of postopera-
tive chest infection in the two groups, respectively,
and the difference was statistically significant (p =
0.011). There was no perioperative death in the two
groups (Table II).

Discussion

Esophageal cancer has a high incidence and mor-
tality in China, and surgery is still the main treat-
ment [6]. With the socioeconomic level elevation
and lifestyle modification, the population of esoph-
ageal cancer patients with high body mass index
(BMI) values has increased in the past decades. High
BMI is associated with prolonged operative time and
increased blood loss. It also increases the incidence
of anastomotic leakage [7]. With the application of
thoracoscopy and robot-assisted techniques in min-
imally invasive McKeown resection of esophageal
cancer, the incidence of trauma and cardiopulmo-
nary complications caused by surgery has gradually
decreased, but the incidence of anastomotic leakage
is still high. Therefore, improving the anastomotic
technique to reduce the incidence of anastomotic
leakage is in demand and a difficult topic in thoracic
surgery at home and abroad.

The three most widely used anastomotic tech-
niques for esophagogastric anastomosis after
esophagectomy are manual anastomosis, circular
anastomosis, and linear anastomosis [8]. Manual
anastomosis is the most classic surgical method,

Table Il. Comparison of surgery-related indicators between the two groups

Groups Time of Postoperative ~ Anastomotic Hoarseness Pulmonary Chest
anastomosis hospital stay leakage (cases) infection infection

[min] [days] (cases) (cases) (cases)

Observation group 11 (7-25) 10 (7-35) 2 2 6 1

48 (cases)

Control group 17.5 (14-21) 11 (9-82) 10 8 10 6

50 (cases)

Statistical value U=4875 U =1108.50 x> =10.025 ¥’ =6.449 ¥’ =4.809 -

P-value < 0.001 < 0.001 0.002 0.011 0.028 0.011
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which has the advantages of flexible operation and
low cost. However, it is greatly influenced by the
anastomotic experience and suture technique of the
surgeon, and the operation time is relatively long.
Due to uneven needle spacing and ligation intensity,
the blood microcirculation around the anastomosis
is damaged, and there is still controversy in the pre-
vention and reduction of anastomotic leakage. A no-
mogram prediction model study found that manual
anastomosis was a high-risk factor for increasing
anastomotic leakage of cervical esophagogastros-
tomy [9]. Another retrospective study found that
esophagogastric anastomotic leakage was 14.67%
in the manual anastomosis group and 5.33% in the
stapler anastomosis group [10]. The semi-mechani-
cal anastomosis is performed by suturing the pos-
terior wall of the tubular stomach and the posterior
wall of the esophageal stump with a linear suture
device and then suturing the anterior wall of the tu-
bular stomach and esophagus with manual suture
or a linear suture device [11]. To some extent, the
technical difficulty of manual anastomosis has been
reduced [12]. However, the anastomosis requires
a long and tumor-free esophagus, so this method

Photo 8. Conventional anastomotic sequence
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is not suitable for resection of esophageal cancer at
the thoracic entrance. Relevant studies have shown
that this method has not reduced the incidence of
anastomotic leakage [13]. Tan et al. [14] stated that
triangular cervical anastomosis was a safe and ef-
fective method with an incidence of anastomotic
leakage of 3.9%. However, the residual esophagus
in the cervical region was required to be more than
3 cm, so the method is also not suitable for esoph-
ageal cancer at the thoracic entrance. Some stud-
ies have named this method T-anastomosis [15].
The incidence of anastomotic leakage was similar
between circular anastomosis and triangular anas-
tomosis [16]. In this study, the incidence of anasto-
motic leakage was 2.4% with the reverse connecting
circular stapler technique, which was not statistical-
ly significant compared to 3.9% (3/77) in triangu-
lar anastomosis. However, the anastomotic time of
11 min was shorter than the triangular anastomosis
time of 18.0 £3.9 min, and the difference was statis-
tically significant (p < 0.05).

With the widespread use of the tubular stomach
in esophageal cancer surgery, it is very important to
maintain good blood flow to the gastric wall during
surgery to reduce anastomotic leakage. The use of
a circular stapler for esophagogastric anastomosis
has the advantages of reducing the difficulty of op-
eration, shortening the anastomosis time, keeping
the anastomosis of esophageal and gastric mucosa
neat, and reducing the chance of infection around
the anastomosis, which is conducive to the heal-
ing of the anastomosis [17]. However, in the clinical
operation of the conventional anastomotic stapler
method, due to the small cervical incision and rel-
atively deep anatomical position of the esophagus,
especially for esophageal cancer near the thoracic
entrance, the residual esophagus is relatively short,
and the range of motion is limited after the nail
head is placed in advance. When connecting the
body of the stapler and the anvil head, the linear
distance between the esophageal stump and the
intended anastomosis of the tubular stomach was
5 cm to 7 cm (Photo 8). In this process, the tubular
stomach is subjected to excessive traction, which
could easily cause gastric wall tear at the puncture
site of the central rod. Especially when the length of
tubular stomach is exposed shortly, the anastomotic
effect of the posterior wall is often not ideal. Due
to the small space of the cervical operation field, it
is not easy to suture and repair. In clinical practice,
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we found that the posterior wall of the anastomo-
sis had a slightly higher probability of leakage than
the anterior wall, causing mediastinal or thoracic
infection. Excessive stretching can also cause vaso-
spasm and thrombosis in the gastric wall around the
anastomosis, resulting in poor blood supply to local
tissues, and eventually increasing the incidence of
anastomotic leakage [18].

Therefore, it is necessary to improve the method
of using the circular stapler to reduce the tissue ten-
sion in the anastomosis, prevent tears, and reduce
the incidence of anastomotic leakage and gastric
leakage caused by gastric wall necrosis. A previous
study showed that the incidence of anastomotic
leakage was increased by the ulcer of the stomach
wall [19]. Chu et al. [20] improved the use of the cir-
cular stapler with the head of the nail anvil placed
in the esophagus through the cervical incision and
the stapler body placed in the stomach through the
chest incision, which is completed through the two
incisions of the cervical and chest. Although this
method reduces the strain of the gastric wall and
esophageal wall to a certain extent, it is not appli-
cable in minimally invasive McKeown. Liang et al.
[21] adopted a similar reverse piercing method, the
specific operation method, where the hammer anvil
casing head was introduced into the stomach cavity
from the posterior wall of the tubular gastric, then
the anvil head was placed into the residual esoph-
ageal cavity and the purse string was ligated, and
the stapler host and the nail anvil head were merged
in the stomach cavity for anastomosis. This method
can reduce the tension to some extent, but the ma-
nipulation of the anvil head is poor, the visual field is
narrow, the connection is difficult, and the operation
field can easily be polluted.

Therefore, we performed the cervical esophago-
gastrostomy with an inverted junction stapler. The
central rod of the stapler host was threaded from
the tubular stomach to directly connect the nail
anvil head, which reduced the probability of con-
tamination of the operation field. The part of the
central rod is turned back into the stapler host,
which shortens the distance between the broken
end of the esophagus and the tube stomach during
the connection process, reduces the traction on the
esophagus and gastric wall, prevents tearing, and
effectively protects the blood supply of the gastric
wall. Then the nail anvil head was placed into the
residual esophageal cavity, and the purse string
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was ligated. Especially for the short residual esoph-
agus, the nail head is inserted at the end, which
can shorten the prolonged stress of the mucosa
and protect the good blood supply of the esopha-
gus. The incidence of anastomotic leakage after us-
ing this method was significantly lower than that of
the conventional order connecting stapler group. In
conclusion, this technique has strong controllability,
no tension, and reduced contamination and anasto-
motic leakage.

Regarding perioperative complications, com-
pared with the conventional order connecting sta-
pler group, the inverse order connecting stapler
method does not need the long cervical esophagus
to be dissociated. This method not only protects the
esophageal blood supply and benefits the healing
of anastomosis, but also protects the recurrent la-
ryngeal nerve in the tracheoesophageal groove and
reduces the occurrence of hoarseness and complica-
tions such as lung and chest infection.

This study had some limitations. In addition to
the anastomotic method, the occurrence of anas-
tomotic leakage is also affected by postoperative
nutritional support and other factors. No statistical
analysis was conducted on nutrition-related indexes
in this paper. Furthermore, since it is a retrospective
study, there may have been selection bias in the pa-
tients enrolled.

Conclusions

The reversely connecting circular stapler tech-
nique could reduce the incidence of anastomotic
leakage and tissue tension of the tubular stomach
during the anastomosis process and shorten the
anastomotic time. The technique is simple to per-
form and easy to learn. Therefore, it is useful for the
prevention of anastomotic leakage.
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