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Background: The surgical treatment of Siewert type II adenocarcinoma of the esophagogastric junction
(AEG) is controversial, and no systematic technology has been established. The aim of this retrospective
study is to introduce the technology of transthoracic single-port assisted laparoscopic esophagogastrectomy.
Methods: Data from patients with Siewert type II AEG who underwent transthoracic single-port assisted
laparoscopic esophagogastrectomy in Guangdong Provincial Hospital of Chinese Medicine from May 2017
to December 2020 were analyzed.

Results: A total of 35 patients, including 30 males and 5 females, were enrolled in this study. Eight
patients underwent proximal gastrectomy while the other 27 patients underwent total gastrectomy. The
median operative times were 247.5 (195.0-275.0) min and 290.0 (173.0-530.0) min for proximal and
total gastrectomy, respectively. The median lower mediastinal lymph node dissection (LMLD) time was
41.5 (20.0-57.0) min and the median estimated blood loss was 100.0 (20.0-200.0) mL. The median number
of harvested mediastinal lymph nodes was 5 [2-13]. Lower mediastinal lymph node metastasis occurred in 9
patients (25.7%). The lower mediastinal lymph node metastasis rate was significantly higher in patients with
esophageal involvement exceeding 2 cm [>2 vs. <2 em : 55.6% (5/9) vs. 15.4% (4/26), P=0.03]. The median
postoperative hospital stay was 10 [6-73] days. Overall morbidity was 11.8% (4 patients), including 2 cases of
pleural effusion, 1 case of pancreatic fistula, and 1 case of anastomotic leakage.

Conclusions: Transthoracic single-port assisted laparoscopic esophagogastrectomy is safe and feasible. It
has the advantages of reducing the difficulty of LMLD and digestive tract reconstruction.
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Introduction

In recent years, with the incidence rate of adenocarcinoma
of the esophagogastric junction (AEG) increasing, its
treatment has gained more and more attention. Although
chemotherapy and chemoradiotherapy play important
roles, surgery is still the primary curative treatment for
advanced AEG (1). However, the surgical approach for
AEG is controversial. Traditional surgical approaches
include transthoracic approach, transabdominal approach
and thoracoabdominal approach. The Siewert classification
has important guiding significance for the selection of AEG
surgical methods, and is used worldwide (2). Among them,
the surgical treatment of Siewert type II AEG is the most
controversial.

According to the 5th edition of the Japanese Gastric
Cancer Treatment Guidelines, the resection extent of AEG
include proximal gastrectomy + lower esophagectomy, total
gastrectomy + lower esophagectomy, esophagectomy, total
gastrectomy and upper gastrectomy. Lower mediastinal
lymph node dissection (LMLD) is recommended for
AEG which less than 40 mm in diameter, located at the
esophagogastric junction (EGJ) or above (3). Based on the
results of the JCOG9502 trial, the abdominal-transhiatal
(TH) approach was recommended for Siewert type II and
IIT AEG (4,5). The CLASS-01 trial (6) and KLASS-02
trial (7) have provided strong evidence for laparoscopic
distal gastrectomy for advanced gastric cancer. With the
development of laparoscopic technology and the minimally
invasive concept, laparoscopic techniques have been widely
used for AEG (8-10). However, laparoscopic surgery for
Siewert type II AEG is still technically difficult in terms
of LMLD and digestive tract reconstruction. Herein, we
propose a novel technique, transthoracic single-port assisted
laparoscopic esophagogastrectomy, for advanced Siewert
type II AEG. The purpose of this study is to explore the
feasibility and efficacy of this technique. We present the
following article in accordance with the STROBE reporting
checklist (available at https://dx.doi.org/10.21037/atm-21-
4574).

Methods

Between May 2017 and December 2020, 35 patients with
advanced Siewert type II AEG who underwent transthoracic
single-port assisted laparoscopic esophagogastrectomy at
the Department of Gastrointestinal Surgery, Guangdong
Provincial Hospital of Chinese Medicine were included in
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this study. The eligibility criteria included: (I) the tumor
center was located between lcm above and 2 cm below
the EGJ; (II) no upper and middle mediastinal lymph
node enlargement was detected on the preoperative
imaging examination; (III) no distant metastasis; (IV) the
clinicopathological data are complete. The intraoperative
(including operative time, blood loss, the number of
harvested lymph gland and so on) and postoperative data
(including postoperative complication, postoperative
hospital stay and so on) were collected and analyzed to
evaluate the safety and feasibility of this technique. All
patients were given details about the operative procedure
and potential risks before surgery, and provided written
informed consent. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics committee of Guangdong Provincial
Hospital of Chinese Medicine (ZF2018-219). It has been
registered at Clinical Trials.gov (NCT04423354).

Special definition

The time of LMLD was defined as the time from entry into
the hiatus to transection of the esophagus.

Surgical procedures

Surgical position and port arrangement

After the induction of general anesthesia, patients were
placed in a supine position with their legs apart and 20°
head-up tilt. Pneumoperitoneum was established after the
insertion of a 10 mm trocar at the subumbilical incision.
Four trocars were placed in the upper abdomen (Figure 1A).
Perigastric lymph nodes were dissected through the main
operating hole of abdominal cavity (Figure 1B). A trocar
would be put into the thoracic cavity as the auxiliary port of
LMLD (Figure 1C).

Perigastric lymph node dissection

The liver was retracted to expose the esophageal hiatus
before lymphadenectomy. Total or proximal gastrectomy
was performed based on the tumor staging and the
clinician’s judgment. Perigastric lymphadenectomy was
performed in the order of No.4sb, 4sa — No.l11d, 2 —
No.4d, 6 —» No.5, 12a — No.7, 8a, 9,11p — No.1, 3
during total gastrectomy and in the order of No.4sb, 4sa
— No.11d, 2 — No.7, 8a, 9,11p — No.12a — No.l, 3
during proximal gastrectomy. The signal of the completion
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Figure 2 Lower mediastinal lymph node dissection. (A) Exposure of the infracardiac bursa; (B) opening the left diaphragm; (C) lower

mediastinal lymphadenectomy; (D) transection of the esophagus. LMLN, lower mediastinal lymph nodes; LIPV, left inferior pulmonary

vein.

of perigastric lymphadenectomy was the exposure of the
abdominal esophagus and diaphragmatic crus.

Paraesophageal laceration and LMLD

After exposing the infracardiac bursa, the partial
mediastinum tissue (No.112pulR, No.112a0A)
was dissected (Figure 24). After dividing the
phrenicoesophageal ligament surrounding the esophagus,
the No.19, 20 lymph nodes were removed. Then, the left
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diaphragm was incised 5-7 cm and the left thoracic cavity
was connected with the mediastinum, which expanded
the surgical field (Figure 2B). Subsequently, a 12 mm
trocar was inserted into the 6-7th intercostal space of
the left anterior axillary line as the main operation hole
of the thoracic cavity. The upper boundary of LMLD
was the left inferior pulmonary vein, the lower boundary
was the esophageal hiatus, the anterior boundary was the
pericardium, the posterior boundary was the thoracic
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Table 1 Preoperative data

Variables

Number (n=35)

Sex (male/female)

Age (years)

BMI (kg/m?)

Neoadjuvant therapy (+/-)
ASA score (I/11/111)

30/5
67.0 (50.0-83.0)
22.5 (15.2-27.7)
2/33
0/22/13

BMI, body mass index; ASA, American Society of

Anesthesiology.

Table 2 Operative and pathological data

Variables

Statistical value

Operative time (min)

Proximal (8 cases)

Total gastrectomy (27 cases)
Lower mediastinal LN dissection time (min)
Blood loss (mL)

Length of diaphragm incision (cm)
No. of harvested LNs

Proximal (8 cases)

Total gastrectomy (27 cases)
No. of abdominal harvested LNs

Proximal (8 cases)

Total gastrectomy (27 cases)
No. of harvested mediastinal LNs
Rate of metastatic mediastinal LNs (n, %)
pT stage (n, %)

T

T2

T3

T4
pN stage (n, %)

NO

N1

N2

N3

247.5 (195.0-275.0)
290.0 (173.0-530.0)
41.5 (20.0-57.0)
100.0 (20.0-200.0)

6 [5-7]

26 [21-43]
37 [21-63]

21[16-32]
32 [16-52]
5 [2-13]
9 (25.7)

11 (31.4)
5(14.3)
8 (22.9)
11 (31.4)

LN, lymph node.
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aorta, and the bilateral boundary was the bilateral pleura.
The supradiaphragmatic nodes (No. 111) were dissected
primarily from the abdominal operation hole, while the
lower thoracic paraesophageal nodes (No. 110) and the
posterior mediastinal nodes (No.112a0A, 112pul) were
dissected from the thoracic operation hole (Figure 2C).
The esophagus was transected 5 cm above the tumor

(Figure 2D).

Reconstruction

Digestive tract reconstruction was performed after the
negative margin was confirmed by intraoperative rapid
frozen section. We put a drainage tube in the chest routinely
and closed the diaphragm incision using an absorbable
suture to prevent a hiatus hernia.

Statistical analysis

The data were analyzed using SPSS 23.0. Enumeration
data were expressed as numbers and percentages, whilst the
measurement data were expressed as medians (min-max).

Results

From May 2017 to December 2020, transthoracic
single-port assisted laparoscopic esophagogastrectomy
was performed in 35 patients (30 males and 5 females)
with Siewert type II AEG. The median age was
67.0 (50.0-83.0) years old, and the median BMI was
22.5 (15.2-27.7) kg/m’. Two patients received neoadjuvant
therapy. Detailed clinical characteristics of the participants
are shown in 7able 1.

Table 2 shows the surgical and pathological results.
There were no conversions to open surgery. Eight
patients underwent proximal gastrectomy while the other
27 patients underwent total gastrectomy. The median
operative times were 247.5 (195.0-275.0) min for proximal
and 290.0 (173.0-530.0) min for total gastrectomy. The
median time of LMLD was 41.5 (20.0-57.0) min and the
median estimated blood loss was 100.0 (20.0-200.0) mL.
As for lymphadenectomy, the median numbers of total
harvested lymph nodes in proximal and total gastrectomy
were 26 [21-43] and 37 [21-63], respectively. The median
number of harvested mediastinal lymph nodes was 5 [2-13].
Lower mediastinal lymph node metastasis occurred in 9
patients (25.7%). There were 9 patients with esophageal
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Table 3 Metastasis rates in lower mediastinal lymph nodes
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Length of esophageal involvement

Variables Lower mediastinal lymph nodes metastasis
>2 cm <2cm
Lower mediastinal lymph nodes Yes 5(14.3) 4(11.4)
metastasis (n, %) No 4(11.4) 22 (62.9)
P 0.030

Table 4 Postoperative data

Variables Number (n=35)
Mortality (+/-) 0/35
Postoperative complication (+/-) 4/31
Anastomotic leakage (+/-) 1/34
Pleural effusion (+/-) 2/33
Pancreatic fistula (+/-) 1/34
Reoperation (+/-) 1/34
Time to flatus (days) 3 [2-6]
Time to oral intake (days) 6 [2-14]
Extraction time of thoracic drainage tube (days) 5 [3-51]
Postoperative hospital stay (days) 10 [6-73]

involvement exceeding 2 cm. Among them, 5 (55.6%) had
lower mediastinal lymph node metastasis. In patients with
esophageal involvement no more than 2 cm, the lower
mediastinal lymph node metastasis rate was 15.4% (4/26).
The lower mediastinal lymph node metastasis rate was
significantly higher in patients with esophageal involvement
exceeding 2 cm (P=0.03). The data of lower mediastinal
lymph node metastasis is shown in Table 3.

Postoperative complications were classified according
to the Clavien-Dindo classification (11). Four patients
suffered postoperative complications. One patient
underwent reoperation due to an abdominal infection and
anastomotic leakage, which were defined as Clavien-Dindo
IIIb complications. Two patients suffered grade II events,
including 1 case of pleural effusion and 1 case of pancreatic
fistula. Another 1 patient underwent thoracocentesis due
to pleural effusion, which was defined as a Clavien-Dindo
[ITa complication. The median postoperative hospital stay
was 10 [6-73] days. The median times to flatus and oral
intake were 3 [2-6] and 6 [2-14] days, respectively. Detailed
postoperative data are shown in Tible 4.
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Discussion

Laparoscopic distal gastrectomy can be considered as
an alternative to treat early gastric cancer and advanced
gastric cancer (6,12). There is no prospective trial reported
on laparoscopic total gastrectomy and laparoscopic
esophagogastrectomy at present. With the development
of laparoscopic technology and the popularization of the
minimally invasive concept, laparoscopic techniques have
been gradually used for advanced Siewert type II AEG
(8,9,13). Compared with traditional open transabdominal
and the left thoracoabdominal (LTA) approach surgery,
laparoscopic surgery has obvious advantages of minimal
invasiveness. However, a standard procedure for Siewert
type II AEG has not yet been established. Based on the
experience of esophagogastrectomy through the I'TA, our
center has explored the application of the transthoracic
single-port assisted laparoscopic approach for the treatment
of advanced Siewert type II AEG, which can reduce the
difficulty of LMLD and digestive tract reconstruction by
the incision of the diaphragm and enhancement of the
thoracic auxiliary port.

"The survival benefit of LMLD has been a debatable issue
for Siewert Il AEG (14,15). Riidiger Siewert ez a/. (16) found
that the metastasis rate of lower mediastinal lymph nodes
was 15.6% after a retrospective analysis of 1,002 consecutive
AEG patients. Another multicenter retrospective study
reported that the lower mediastinal lymph node metastasis
rate was 17.7% in Siewert type II AEG (17,18). The
metastasis rate of lower mediastinal lymph nodes was
related to the length of esophageal invasion and the T stage
of the tumor (17). Lower mediastinal lymph node metastasis
predicts poor outcomes (19). According to the 13th edition
of the Japanese Classification of Gastric Carcinoma, when
the lymph node metastasis rate is >10%, dissection is
strongly recommended. On the contrary, if the lymph node
metastasis rate is <5%, it is not recommended (20). In our
study, lower mediastinal lymph node metastasis occurred in
9 (25.7%) patients who had a pT3-4 tumor. The metastasis
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rate in patients with esophageal invasion exceeding 2 cm
was significantly higher than in patients with esophageal
invasion no more than 2 cm (P=0.030). Therefore, complete
LMLD is recommended.

For the surgical approach of AEG, the right
thoracoabdominal approach has more advantages in
dissecting mediastinal lymph nodes, ensuring negative
esophageal margin and gastrointestinal reconstruction.
However, it needs to change the position during the
operation (21,22). The Dutch trial demonstrated that there
was no significant overall survival benefit for extended
transthoracic resection or transhiatal resection for Siewert
type I and II AEG (23). The JCOG9502 trial revealed that
the LTA approach conferred no survival benefit but increased
the in-hospital mortality and postoperative morbidity for
Siewert type II AEG compared with the TH approach.
Hence, the TH approach was recommended to patients
with Siewert type Il AEG when the esophageal invasion was
within 3 cm (5). These 2 randomized trials have provided a
good evidence-based medical foundation for the selection of
open surgical approaches for Siewert type Il AEG. Currently,
the laparoscopic TH approach has been widely used in
Siewert type II AEG (24). Due to the obstruction of the
diaphragm and surrounding tissue, LMLD, high esophageal
denudation, and reconstruction of the digestive tract can
be challenging. The open left diaphragm approach was
developed to overcome these problems (25). However, owing
to the deep position of the mediastinum and the obvious
obstruction of the heart and thoracic aorta, it is still difficult
to perform the operation by laparoscopy alone. Therefore,
we inserted a 12 mm trocar where the thoracic drainage tube
would be put to address these problems.

For digestive tract reconstruction, the commonly used
reconstruction methods include esophagogastrostomy,
roux-en-Y reconstruction, double tract reconstruction
and so on. Esophagogastrostomy is the simplest and most
widely used one. But severe reflux esophagitis may occur
after operation, leading to poor postoperative quality
of life (26). Roux-en-Y reconstruction and double tract
reconstruction can effectively reduce the incidence of
postoperative reflux esophagitis. Compare with roux-en-Y
reconstruction, double tract reconstruction takes longer
time in reconstruction, but the antireflux effect is better.
There was no significant difference in long-term survival
(27,28). The way of digestive tract reconstruction can
be selected according to the situation of patients. As for
esophagogastrostomy and esophagojejunostomy, Overlap
method, which is safer more feasible with a low incidence
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of complications (29), is commonly used in our center. The
advantages of our technique are that the incision of the left
diaphragm expanded the operation space, and the additional
thoracic auxiliary port reduced interference between hands
of operator.

The postoperative morbidity rate was 11. 4% in our
study, including 1 case of pancreatic fistula, 1 case of
anastomotic leakage, and 2 cases of pleural effusion,
lower than reported previously (18,30). No patient used a
ventilator after the operation. This meant than even if the
diaphragm was incised to enter the thoracic cavity, there
was no increase in thoracic complications. However, some
experts doubt that overlong diaphragm incision will affect
diaphragm movement and the lung function of patients.
We are in the process of conducting relevant postoperative
examinations to clarify this problem. In some cases, upper
gastrointestinal angiography was performed after the
operation, and it was found that the movement of the
bilateral diaphragm was balanced, which had little effect on
the respiratory movement.

In conclusion, transthoracic single-port assisted
laparoscopic esophagogastrectomy for Siewert type II AEG
is safe and feasible. However, the number of cases in this
study is small. The long-term survival prognosis of patients
is not yet clear, and further large-scale research is needed to
confirm this.
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