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Abstract
Background: Surgical resection is still the main treatment option for patients
with resectable Siewert type II adenocarcinoma of the esophagogastric junction
(AEG). This retrospective study evaluated the significance of minimally invasive
Sweet esophagectomy (MISE) for the treatment of Siewert type II AEG.
Methods: We retrospectively evaluated 174 patients with Siewert type II AEG
who received a Sweet esophagectomy in our center between October 2013 and
September 2017. Of these patients, 73 underwent MISE and 101 underwent open
Sweet esophagectomy (OSE). The clinicopathologic factors, operational factors
and postoperative complications were compared.
Results: The two groups were similar in terms of age, sex, American Society of Anes-
thesiologists grade, preoperative staging and incidence of comorbidities (P > 0.05).
Relative to the OSE approach, the MISE approach was associated with a significant
decrease in surgical blood loss (P < 0.001), chest tube duration (P = 0.003) and post-
operative admission duration (P = 0.002). Theminimally invasive approach was asso-
ciated with significantly less total morbidity and fewer respiratory complications than
the open approach (P = 0.015 and P = 0.016, respectively). Relative to the open
approach, the MISE approach was associated with a significant increase in the num-
ber of total lymph nodes removed and the locations of the total lymph nodes removed
(P < 0.001 and P < 0.001, respectively).
Conclusions: Our MISE technique can be safely and effectively performed for
intrathoracic anastomosis with favorable early outcomes.

Introduction

Adenocarcinoma of the esophagogastric junction (AEG) is
considered a challenging therapeutic problem with high
morbidity and a poor prognosis. The incidence of AEG has
increased worldwide.1–4 The Siewert classification for these
tumors is now widely accepted and the disease is divided
into three types.5 In Asian countries, especially in China,
most tumors in the esophagogastric junction are classified
as Siewert type II and III, whereas in Western countries,
type I is more prevalent.3,6 Surgical resection is still the
main treatment option for patients with resectable AEG.7,8

For patients with Siewert type II AEG, because the tumor

is located between the thoracic and abdominal cavities,

cancer cells can metastasize to the abdominal or mediasti-

nal lymph nodes through the lymphatic system. In China,

most surgeons currently prefer Sweet esophagectomy for

patients with Siewert type II AEG.8,9

Because of the relatively high mortality and morbidity
associated with radical surgery for esophageal cancer and
AEG, there have been many efforts to reduce its invasive-
ness. Since 1992, when Cuschieri et al. first reported mini-
mally invasive esophagectomy (MIE) as a thoracoscopic
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esophagectomy procedure,10 many institutions have
described various methods for the MIE approach. Mini-
mally invasive McKeown esophagectomy (MIME) and
minimally invasive Ivor Lewis esophagectomy (MIILE)
have been reported for many years,11–13 but until now,
there has been no report regarding minimally invasive
Sweet esophagectomy (MISE). Since October 2013, we have
used laparoscopic and thoracoscopic methods with Sweet
anastomosis (MISE). The objective of this retrospective
study was to describe our MISE technique and compare
the short-term clinical outcomes of this approach with
those for the open Sweet esophagectomy (OSE) approach.

Methods

Patients

This study was approved by the Ethics Committee of the
First Affiliated Hospital of the University of Science and
Technology of China. Written informed consent was
obtained from all patients prior to the operation. We retro-
spectively evaluated 206 consecutive patients with Siewert
type II AEG who underwent Sweet esophagectomy
between October 2013 and September 2017. We verified
and updated the clinical data from patient records through
December 2017 using the database. Patients were selected
based on the following eligibility criteria: (i) patients with
histopathologically proven Siewert type II AEG;
(ii) patients who received Sweet esophagectomy (MISE or
OSE); (iii) patients who did not receive neoadjuvant ther-
apy; (iv) patients with clinical T1-3N0-1M0 disease prior
to operation; and (v) patients with no known distant
metastasis. Patients were excluded based on the following
criteria: (i) patients who received palliative resection or
(ii) patients with incomplete medical records. Based on
these criteria, 174 patients were enrolled for analysis in this
retrospective study (Fig 1).
The routine preoperative evaluation included chest radio-

graphs, barium swallow examinations, Doppler ultrasound
examinations of the abdomen, computed tomography scans
from the chest to the upper abdomen, endoscopy with biopsy,
electrocardiograms, lung function tests, complete blood
counts, blood biochemistry analyses and liver and renal func-
tion evaluations. All patients underwent Sweet esophagectomy
with curative intent and were staged according to the TNM
staging system of the American Joint Committee on Cancer
(AJCC StagingManual, eighth edition). The surgical team con-
sisted of six thoracic surgeons trained in advanced surgical
MIE techniques. Records of complications were kept according
to the Clavien-Dindo classification operative technique
forMISE.

Laparoscopic phase

All procedures were performed under general anesthesia
with the patient placed in a supine position. Five abdomi-
nal ports were used (Fig 2). The greater curvature of the
stomach was mobilized along the anterior lobe of the
transverse mesocolon, and the right gastroepiploic vessels
were preserved. The left gastric vessels were then divided
with a linear stapler (Ethicon Endo-surgery, Inc., Cincin-
nati, OH, USA). The esophagus was then circumferentially
mobilized into the mediastinum up to the level of the infe-
rior pulmonary vein. After gastric mobilization, a linear
stapler (Ethicon Endo-surgery, Inc.) was used along the
lesser curvature of the stomach (Fig 3). A jejunostomy tube
was then routinely placed to secure the jejunum to the
anterior abdominal wall. Finally, the five ports were closed
and dressed. Of note, D2 lymph node dissection was also
performed during gastric mobilization.

Thoracoscopic phase

In part two of the operation, the patient was repositioned in
the right lateral decubitus position with single-lung ventila-
tion. Two ports and a 4 cm incision were made in the left chest
wall (Fig 4). The left lung was anteriorly retracted in order to
expose the mediastinal esophagus. The mediastinal pleura
overlying the esophagus was divided. The esophagus was then
circumferentially mobilized from the esophageal hiatus below
the aortic arch (Fig 5). During esophageal mobilization, the
middle and lower paraesophageal lymph nodes, subcarinal

Figure 1 Flow diagram of the study. (MIILE = minimally invasive Ivor-
Lewis esophagectomy; OILE = open Ivor-Lewis esophagectomy).
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nodes, nearby hilar nodes and paralymphatic fat tissues were
routinely explored and completely dissected.
A purse-string clamp device (Shanghai Medical Instru-

ments, Shanghai, China) was inserted through the incision
and secured with a purse-string suture (Fig 6). Next, an
esophagotomy was created at the level of the inferior

pulmonary vein, and the anvil of a 25 mm Premium Plus
CEEA device (Covidien Ltd., Dublin, Republic of Ireland)
was passed into the esophagus and pushed above the level
of the purse-string suture. The purse-string was tied in a
standard fashion using a knot pusher. The distal esophagus
was resected, and the patient’s gastric was manipulated

Figure 2 Locations of the abdominal port sites.

Figure 3 Creation of the gastric conduit.

Figure 4 Location of the thoracoscopic ports.

Figure 5 The esophagus was circumferentially mobilized from the
esophageal hiatus below the aortic arch.

Figure 6 A purse-string clamp device was inserted through the incision
and secured with a purse-string suture.

Figure 7 A circular stapler was inserted into the gastric conduit and an
esophagogastric anastomosis was created.
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into the left thoracic cavity. The gastric near the cardia and
the omentum majus were resected, and the specimen was
removed.
A gastrostomy was created at the tip of the distal gastric

conduit. Lastly, the circular stapler was inserted into the gas-
tric conduit and an esophagogastric anastomosis was created
(Fig 7). The gastrostomy was then stapled closed with a linear
stapler (Ethicon Endo-surgery, Inc.) (Fig 8). A 32-Fr chest
tube was placed in situ for chest drainage, and a Jackson Pratt
drain was placed in the esophageal bed for mediastinal drain-
age. All ports and incisions were closed and dressed.
OSE was performed in a standard fashion as previously

described.14 All procedures were carried out under general

anesthesia. A posterolateral thoracotomy (15–30 cm) at the sev-
enth intercostal space was performed, and subtotal
esophagectomy with superior polar gastrectomy was adopted.
Lymph node dissection was performed mainly in the middle
and lower mediastinal and lymph nodes around the stomach.
The location of the anastomosis was the same as the MISE
approach.

Statistical analysis

Statistical analysis was performed with SPSS 16.0 (SPSS
Inc., Chicago, IL, USA). All data are expressed as the
mean � standard deviation. Differences between groups
with continuous variables were assessed using the χ2 test
or Fisher’s exact test. Statistical significance was confirmed
as P < 0.05 throughout the study.

Results

Between October 2013 and September 2017, 174 patients with
Siewert type II AEG underwent Sweet esophagectomy at our
hospital. Of these patients, 73 underwentMISE and 101 under-
went OSE. In the MISE group, four patients were converted
from laparoscopic surgery to open surgery. One patient was
converted because the pancreas was invaded, and the patient
received total gastrectomy and partial pancreatectomy. Three

Figure 8 The gastrostomy was stapled closed with a linear stapler.

Table 1 Patient clinical characteristics

MISE group (n = 73) OSE group (n = 101) χ2 P-value

Sex 0.121 0.728
Male 51 (69.9%) 73 (72.3%)
Female 22 (30.1%) 28 (27.7%)

Age 0.452 0.501
≤60 years 16 (21.9%) 18 (17.8%)
>60 years 57 (78.1%) 83 (82.2%)

ASA grade 0.440 0.803
I 30 (41.1%) 39 (38.6%)
II 34 (46.6%) 46 (45.5%)
III 9 (12.3%) 16 (15.8%)

Preoperative T stage 1.458 0.482
T1 12 (16.4%) 20 (19.8%)
T2 33 (45.2%) 51 (50.5%)
T3 28 (38.4%) 30 (29.7%)

Preoperative N stage 3.265 0.071
N0 39 (53.4%) 40 (39.6%)
N1 34 (46.6%) 61 (60.4%)

Comorbidity
Hypertension 9 (12.3%) 15 (14.9%) 0.227 0.634
Diabetes mellitus 8 (11.0%) 13 (12.9%) 0.146 0.702
COPD 8 (11.0%) 9 (8.9%) 0.202 0.653
Arrhythmia 6 (8.2%) 12 (11.9%) 0.613 0.414
Other 3 (4.1%) 5 (5.0%) 1.000 0.549

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; Other, brain and/or peripheral vascular lesions; MIILE,
minimally invasive Ivor Lewis esophagectomy; OILE, open Ivor Lewis esophagectomy.
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patients were converted because the stomach was widely
invaded; these patients received total gastrectomy. There were
no conversions from thoracoscopic surgery to open surgery. In
the OSE group, six patients received total gastrectomy because
the stomach was widely invaded. The two groups were similar
in terms of age, sex, American Society of Anesthesiologists
(ASA) grade, preoperative staging and incidence of com-
orbidities (Table 1).
All 174 patients were shown to have Siewert type II

AEG by two pathologists and were staged according to the
TNM staging system of the American Joint Committee on

Cancer (AJCC Staging Manual, eighth edition). There were
no significant differences in the postoperative histologic
features or operation times between the two groups. How-
ever, surgical blood loss of the MISE group was less than
that of the OSE group (P < 0.001), and the MISE group
had a significantly shorter chest tube duration and postop-
erative admission duration than the OSE group (P = 0.003
and P = 0.002, respectively) (Table 2).
The MISE approach was associated with a significant

increase in the number of total lymph nodes removed and the
locations of the total lymph nodes removed (22.34 � 2.631

Table 2 Surgical and pathologic data

MISE group (n = 73) OSE group (n = 101) χ2 P-value

T stage χ2 = 2.017 0.569
T1 9 (12.3%) 18 (17.8%)
T2 31 (42.5%) 46 (45.5%)
T3 26 (35.6%) 27 (26.7%)
T4 7 (9.6%) 10 (9.9%)

N stage χ2 = 4.174 0.243
N0 37 (50.7%) 39 (38.6%)
N1 19 (26.0%) 41 (40.6%)
N2 11 (15.1%) 13 (12.9%)
N3 6 (8.2%) 8 (7.9%)

Operation time (minutes) 190.29 � 36.615 195.42 � 25.806 t = 1.084 0.280
Blood loss (mL) 74.32 � 25.226 112.23 � 39.746 t = 7.170 <0.001
Chest tube duration (days) 8.67 � 2.651 10.50 � 4.780 t = 2.963 0.003
Postop admission duration (days) 9.74 � 2.824 11.76 � 4.858 t = 3.188 0.002
Number of DN 22.34 � 2.631 15.87 � 1.553 t = 20.312 <0.001
Thoracic 8.08 � 1.351 8.37 � 1.046 t = 1.563 0.120
Abdominal 14.26 � 2.433 7.50 � 1.622 t = 21.966 <0.001

Number of DNL 11.08 � 1.730 7.45 � 1.410 t = 15.250 <0.001

Data are n (%) or median � SD unless otherwise indicated. DN, dissected nodes; DNL, dissected nodal locations; MIILE, minimally invasive Ivor-Lewis
esophagectomy; OILE, open Ivor-Lewis esophagectomy; Postop, postoperative.

Table 3 Postoperative complications

MISE group (n = 73) OSE group (n = 101) χ2 P-value

Minor complications
Pulmonary air leak 2 (2.7%) 7 (6.9%) 0.783 0.376
Pneumonia 3 (4.1%) 9 (8.1%) 0.592 0.442
Atelectasis 2 (2.7%) 4 (4.0%) 1.000 0.503
Wound infection 0 (0%) 4 (4.0%) 0.140 0.111
Arrhythmia 3 (4.1%) 7 (6.9%) 0.211 0.646
Incomplete intestinal obstruction 2 (2.7%) 0 (0%) 0.175 0.175

Major complications
Pneumonia 0 (0%) 3 (3.0%) 0.265 0.193
Chylothorax 0 (0%) 1 (1.0%) 1.000 0.580
Leak 3 (4.1%) 4 (4.0%) 1.000 0.625
Delayed gastric emptying 3 (4.1%) 4 (4.0%) 1.000 0.625
Reoperation for bleeding 2 (2.7%) 3 (3.0%) 1.000 0.650

Total morbidity 20 (27.4%) 46 (45.5%) 5.927 0.015
Total respiratory complications 7 (9.6%) 24 (23.8%) 5.814 0.016
Mortality, in-hospital 0 (0%) 3 (3.0%) 0.265 0.193

Minor complications, Clavien - Dindo 1–2 grade; Major complications, Clavien-Dindo 3–5 grade; MIILE, minimally invasive Ivor-Lewis esophagectomy;
OILE, open Ivor-Lewis esophagectomy.
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per patient in the MISE group vs. 15.87 � 1.553 per patient in
the OSE group, P < 0.001, and 11.08 � 1.730 per patient in
theMISE group vs. 7.45 � 1.410 per patient in the OSE group,
P < 0.001) relative to the open approach. For the thoracic
lymph node, there were no significant differences between the
two groups (8.08 � 1.351 per patient in the MISE group
vs. 8.37 � 1.046 per patient in the OSE group, P = 0.120).
However, for the abdominal lymph node, the MISE approach
was better than the OSE approach (14.26 � 2.433 per patient
in the MISE group vs. 7.50 � 1.622 per patient in the OSE
group, P < 0.001; Table 2).
No deaths occurred during surgery for either group.

Complications according to the Clavien-Dindo classifica-
tion were reported in 66 patients (37.9%). Major complica-
tions (Clavien-Dindo grade 3–5) occurred in 23 (13.2%) of
the 174 patients (including three deaths), and minor com-
plications (Clavien-Dindo grade 1–2) occurred in
43 (24.7%) patients. The minimally invasive approach was
associated with significantly less total morbidity and fewer
respiratory complications than the open approach (27.4%
in the MISE group vs. 45.5% in the OSE group, P = 0.015,
and 9.6% in the MISE group vs. 23.8% in the OSE group,
P = 0.016). There was no significant difference in the inci-
dence of anastomotic leaks between the two groups
(P = 0.625; Table 3).
No deaths occurred in the MISE group, but there were

three deaths in the OSE group. Two patients died from an
anastomotic leak and multiorgan failure, and a third died
from severe pneumonia and acute respiratory distress syn-
drome (ARDS). There were no significant differences in
in-hospital mortality between the two groups (0% in the
MIILE group vs. 3.0% in the OILE group, P = 0.193;
Table 3).

Discussion

Almost 20 years after the development of MIE, the practice
of minimally invasive procedures has been used to mini-
mize surgical trauma and reduce postoperative complica-
tion rates compared with open procedures. However, the
number of single-institution reports of MIILE and MIME
continues to increase,11–13 and to our knowledge, this is the
first study to report the MISE approach in patients with
Siewert type II AEG. Compared with OSE, MISE has two
theoretical advantages. First, this approach avoids thoracot-
omy and the incision of the diaphragm and has a smaller
influence on postoperative respiration and pain. Second,
this approach incorporates the supine position to perform
an abdominal approach, which means that it is better for
disection of abdominal lymph nodes. This retrospective
study found that the number of abdominal lymph nodes
was higher in the MISE group than those in the OSE
group. In addition, the MISE approach was associated with

a significant decrease in surgical blood loss, chest tube
duration, postoperative stay and postoperative complica-
tions relative to the OSE approach. These data indicate that
MISE may be a safe and effective approach for patients
with Siewert type II AEG due to its better lymph node dis-
section, lower morbidity and lower mortality.
The conversion rate is typically higher for institutions

that have begun to perform thoracoscopy and laparoscopy
operations. Major reasons for intraoperative conversion
include extensive adhesion, extensive bleeding, operational
injury and tumor invasion of important organs.11,15 We
confirmed that all operators were skilled in MIME and
MIILE before MISE was performed. Compared with
MIILE, MISE changes the location of the anastomosis to
the left thoracic cavity and enlarges the extent of the dis-
sections of the gastric and abdominal lymph nodes. In the
present study, MISE was successfully completed in
69 (94.5%) patients. Four patients required conversion to
open laparotomy because the tumor was invading impor-
tant organs, or because the range of the tumor was very
large. We are of the opinion that the majority of pleural
adhesions can be performed under thoracoscopy and that
only a minority of patients with a history of severe tuber-
culosis require thoracotomy. Due to improvements in tech-
nology and instruments, many operational injuries and
bleeding can be repaired endoscopically. We advocate the
use of MISE for patients with cT1-3N0-1M0 Siewert type
II AEG if the range of the tumor or lymph node metastasis
is very wide, or if conversion to open laparotomy or open
thoracotomy is needed.
To date, a number of studies have demonstrated accept-

able short-term outcomes of MIE in terms of operating
time, blood loss and postoperative complications. Some
studies have demonstrated that the incidence of respiratory
complications was significantly lower with MIE than that
with open esophagectomy (OE).12,16–18 Straatman et al.12

conducted a randomized controlled trial to compare MIE
with OE to treat patients with esophageal cancer and found
significantly fewer pulmonary infections after MIE com-
pared with those after OE. Nagpal et al. performed a meta-
analysis and showed significantly fewer respiratory compli-
cations after MIE compared with those after OE.16 In the
current study, the minimally invasive approach was associ-
ated with a significant decrease in surgical blood loss, chest
tube duration, postoperative admission duration, total
morbidity and respiratory complications relative to the
OSE approach. We believe that since the MISE approach
avoids thoracotomy and the incision of the diaphragm and
the integrity of the thorax and abdomen is maintained,
MISE has a lesser influence on postoperative respiration
and pain. Meanwhile, the minimally invasive approach
avoids touching the lungs, reduces the inflammatory
response, and promotes postoperative pulmonary
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retention, which leads to a significant reduction in postop-
erative respiratory complications. In addition, thoracoscopy
has an amplification effect, the anatomy is more precise in
the operation, minor injuries associated with the operation
are reduced, and the recovery time is accelerated.
With regard to the number of retrieved total lymph

nodes, most studies have demonstrated that MIE is almost
equivalent to OE.11,13,15 At present, the range of lymph
node dissection for gastric cancer requires the removal of
the omentum majus and D2 nodes. Siewert type II AEG is
a special type of proximal gastric cancer. Therefore, for
patients with Siewert type II AEG, the range of lymph
node dissection should be equal to that of proximal stom-
ach cancer. Because of the right lateral decubitus position,
patients who received traditional OSE only had the para-
cardial, greater curvature, lesser curvature, suprapyloric
and left gastric artery lymph nodes removed because it is
difficult to remove the infrapyloric, splenic hilum and
hepatoduodenal ligament lymph nodes. Most surgeons can
perform D1 dissection for patients in this position. Chen
et al. reported that the range of abdominal lymph node
dissection for OSE was significantly lower than that for the
abdominal-transhiatal approach.9 Meanwhile, an increasing
number of studies have reported that the range of lymph
node dissection with the laparoscopic approach was com-
parable to open surgery.19,20 The results of this study show
that the numbers and locations of dissected lymph nodes
were better in the MISE group than those in the OSE
group. For the thoracic lymph node, there were no signifi-
cant differences between the two groups; for the abdominal
lymph node, however, the MISE approach was better than
the OSE approach. Furthermore, the rate of lymph node
metastasis was higher for the MISE group than that for the
OSE group, although the difference was not significant. We
believe that the main reason for this difference is that the
supine position of the laparoscopic approach is better for
dissecting the abdominal lymph nodes. In addition, the
endoscope provides a better view of local blood vessels and
lymph nodes; therefore, it is advantageous for lymph node
dissection.
The surgical approach and extent of lymph node dis-

section in Siewert type II AEG is controversial. Some sur-
geons believe that Ivor Lewis esophagectomy is the best
choice for patients with Siewert type II AEG. Other sur-
geons, however, believe that Sweet esophagectomy or the
abdominal-transhiatal approach is better. Until now, there
has been no literature regarding different survival rates
between these three approaches. Hulscher et al.21 con-
ducted a randomized controlled trial to compare the Ivor
Lewis approach with the abdominal-transhiatal approach
to treat patients with AEG and found no significant differ-
ence in the survival rate between the two groups. Sasako
and associates22 also completed a randomized controlled

trial to compare the left thoracoabdominal approach with
the abdominal-transhiatal approach for gastric cancer of
the cardia or subcardia and found that the left
thoracoabdominal approach did not improve the survival
rate compared with the abdominal-transhiatal approach.
Chen et al. reported no significant difference between Ivor
Lewis esophagectomy and Sweet esophagectomy in the
five-year survival rate.9 In addition, most studies reported
that for patients with Siewert type II AEG who received
Ivor Lewis esophagectomy, the range of thoracic lymph
node dissection was restricted to the middle and lower
mediastinum,9,21,22 which is similar to the range for the
Sweet approach. Compared with MIILE, MISE has four
advantages: (i) the approach avoids the need for exposure
and injury of the upper mediastinum; (ii) the range of
esophageal resection is reduced; (iii) the range of gastric re-
section is enlarged; and (iv) the operation is more simple,
and the operation time is reduced.
This study had several limitations. First, it was subject to

a potential selection bias due to its retrospective nature.
Second, the MISE approach was not directly compared
with MIILE. Third, there were incomplete long-term sur-
vival data. Therefore, a multicenter, prospective, random-
ized controlled trial is required to further demonstrate the
effectiveness of this operation.
In conclusion, the MISE approach was considered safe

and feasible for patients with Siewert type II AEG. Com-
pared with OSE, the MISE technique could result in a sig-
nificant improvement in short-term outcomes for patients
with resectable Siewert type II AEG.
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