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ABSTRACT
Background: Inflatable mediastinoscopy synchronous laparoscopic radical 
esophagectomy is not widely used domestically and internationally. In order to explore 
the technological innovation and application effects of inflatable mediastinoscopy 
synchronous laparoscopic radical esophagectomy, our team summarizes our surgical 
experience and hopes to further promote its application in clinical practice.
Objective: To explore the technical innovation and application effect of inflatable 
mediastinoscope synchronous laparoscopic radical resection of esophageal cancer. 
Methods: From January 2017 to December 2018, 120 patients with esophageal 
cancer admitted by the same surgical team were retrospectively analyzed. A total 
of 64 patients were randomly divided into two groups: The experimental group 
with inflatable mediastinoscopy and the conventional group with McKeown (control 
group). Preoperative baseline data, perioperative index, postoperative index, near 
and long term survival rate and other indexes of patients in 2 groups were recorded, 
and statistical analysis was performed. 
Results: The operation was completed successfully in both groups. In the experimental 
group, the operation time was (116.26 ± 43.34) min, the intraoperative blood loss 
was (33.28 ± 19.78) ml, the lymph nodes were removed (32.77 ± 2.23), and the 
hospital stay was (9.62 ± 3.33) d. Esophagogastric anastomotic leakage occurred in 
2 cases, recurrent laryngeal nerve injury in 1 case and chylous leakage in 1 case. All 
120 patients were followed up until December 2023. None of the 120 cases had 
tumor recurrence and metastasis, and no death. 
Conclusion: Synchronous laparoscopic radical resection of esophageal cancer with 
inflatable mediastinoscope has no postoperative chest complications, shorter 
operation time, less pain and faster recovery. It can be used as a new supplement 
to the mainstream McKeown surgery for radical resection of esophageal cancer, 
and has a good development prospect. It is recommended to actively promote its 
application in clinical practice.

Introduction
Esophageal cancer is a prevalent malignancy that 
is observed globally, and within China, esophageal 
squamous cell carcinoma is particularly common, 
mostly associated with an unfavorable prognosis [1]. 
At present, surgery remains the primary therapeutic 
approach, particularly for patients in the initial and 
intermediate phases, which can achieve the purpose 
of radical treatment [2]. At present, surgery remains 
the primary therapeutic approach, particularly for 

patients in the initial and intermediate phases, which 
can achieve the purpose of radical treatment [3]. 
The evolution of surgical techniques for esophageal 
cancer resection has progressed from the initial left 
thoracotomy with a large incision using the sweet 
technique, to the adoption of the Ivor-Lewis tech-
nique involving a right thoracotomy and abdominal 
double incision. Subsequently, the McKeown tech-
nique emerged, which entails a triple incision in the 
neck, right thorax, and abdomen for esophageal can-
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of 56 patients, and the inflatable mediastinoscopy 
synchronized laparoscopic esophagectomy group 
consisting of 64 patients. The criteria for inclusion in 

1) All enrolled patients were diagnosed as esophageal 
squamous cell carcinoma by preoperative gastrosco-
py and pathology.
2) All patients underwent either minimally invasive 
McKeown esophagectomy or inflatable mediastinos-
copy synchronized laparoscopic esophagectomy pro-
cedures, which were successfully completed. 
3) Patients were in tumor stage T1-2N0-1M0 or 
T3N1M0 (IIIa) without cervical lymph node enlarge-
ment and distant metastasis, or for surgically resect-
able T1-2 esophageal cancer. The presence of bulky 
type tumors in T3 was also excluded. 
4) Patients had not undergone previous gastrointes-
tinal tumor surgery or thoracic surgery, or patients 
with a history of thoracic surgery didn’t have dense 
adhesion of the pleural cavity, marginal lung function, 
and thoracic deformity. However, patients with a his-
tory of induction therapy were not contraindicated 
for surgery, and the evaluation of the tumor boundary 
is necessary. 
5) The clinical data of the patients was complete. 
The exclusion criteria for the patients in this study are 
as following. 
1) Patients had tumor adjacent to the lower part of 
cardia and esophagus or gastroesophageal junction, 
which could be operated through single left thoracic 
approach. 
2) Patients were converted to conduction minimally 
invasive esophagectomy or conventional transthorac-
ic esophagectomy. 
3) Patients were re-operation during the patient’s 
hospital stay. 
4) Patients were absence of suitable gastrointestinal 
replacement organs. 
5) There were not sufficient clinical data for the pa-
tient. This study was approved by the Ethics Com-
mittee of Henan University，under the permission 
number HUSOM2023-348. All patients provided their 
informed consent by signing the necessary documen-
tation. According to the above criteria, a total of 120 
eligible esophageal cancer patients were enrolled in 
this study (Figures 1A,1B and 1C). All the enrolled 
patients successfully completed the surgery and no 
deaths occurred during the perioperative period.
Surgical method
Preoperative preparation: 100 ml of olive oil or 
1000 ml of pure milk was ingested at 23:00 on the 

cer resection. Presently, the thoracoabdominal lapa-
roscopic combined esophagectomy has become the 
prevailing technique for esophageal cancer resection. 
Transthoracic esophagectomy is widely utilized as 
the primary clinical approach for treatment. How-
ever, this procedure is associated with large surgical 
trauma, significant postoperative pain, high incidence 
of postoperative respiratory complications, and ele-
vated perioperative mortality rate [4]. Moreover, the 
performance of transthoracic esophagectomy is as-
sociated with a lengthened duration of postoperative 
hospitalization, heightened hospital mortality rates, 
impeded post-surgical recovery, and potentially af-
fected long-term patient survival rates.
At present, only a few hospitals in China carry out in-
flatable mediastinoscopy synchronized laparoscopic 
esophagectomy. Inflatable mediastinoscopy synchro-
nized laparoscopic esophagectomy is a surgical tech-
nique employed for the purpose of dissecting, disso-
ciating and excising the esophagus located within the 
mediastinum, and of excising entire mesoesophageal 
as well as lymph node. It has the potential to mitigate 
pleural cavity damage, alleviate postoperative pain, 
and facilitate expedited recovery following surgery. 
In addition, transmediastinal esophagectomy emerg-
es as an optimal option for a subset of older individ-
uals or those with compromised cardiopulmonary 
function due to its notable advantages, including a 
reduced duration of surgery, absence of chest trau-
ma-induced pain, fewer postoperative complications 
and rapid recovery. In October 2018, a single-center 
study was original proposed by the surgical team 
from the Department of Thoracic Surgery at Huaihe 
Hospital of Henan University. The study aimed to in-
vestigate the efficacy of inflatable mediastinoscopy 
synchronized laparoscopic esophagectomy as a treat-
ment for esophageal cancer. This proposal was based 
on the team’s extensive experience in performing in-
flatable mediastinoscopy synchronized laparoscopic 
esophagectomy for the treatment of esophageal can-
cer. To date, a total of 120 patients have been recruit-
ed for the study. Now, we summarize our surgical ex-
perience, hope to further promote the application in 
clinical, so that more patients with esophageal cancer 
can really benefit from it.

Materials and Methods
General information 
From January 2017 to January 2018, 20 patients diag-
nosed with esophageal cancer and treated with mini-
mally invasive laparoscopic esophagectomy by a con-
sistent surgical team were included in the study. The 
study according to different surgical methods classi-
fied into two groups: The McKeown group consisting 

this study were as follows.
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evening prior to the surgical procedure. In order to 
empty stomach contents as much as possible, a gas-
tric tube was introduced during the early morning on 
the day of the surgical procedure. 600 ml of plasma 
was prepared and preoperative cleansing enema was 
performed. A single stomach tube, two duodenal nu-
tritional tubes, and a circular stapler with size of 33 
and 26 were prepared. 6-8 sets of linear cutter sta-
plers with a length of either 75 mm or 100 mm, 12-15 
purple Home-lock plastic clips, and an operating table 
with detachable legs were prepared. 
The operation position: Put “person” figure open leg 
supine position, and placed in the dorsal elevated po-
sition. The following equipment were also prepared. 
1) disposable puncture device: Two 5-mm and three 
10-mm; 2) 4-0 and 3-0 absorbable sutures; 3) medi-
astinoscopy and laparoscopy, preferably of ultra-high 
definition, and two pneumoperitoneums, preferably 
Kangmei high-end machines; 4) one multi-channel 
protective sleeve for neck; 5) prepare an ultrasonic 
scalpel, an Medtronic energy platform mainframe, 
and a matching vertical card cutting head; 6) the me-
diastinal instruments used during surgery may need 
to be rapidly disinfected.
Surgical procedure: Under general anesthesia, sin-
gle-lumen intubation was performed in the supine 
position with leg apart. Positive pressure ventilation 
was given to both lungs. During the surgical procedure, 
the vital signs of pulse, blood pressure, and oxygen 
saturation were continuously monitored. The shoul-

der of the patient was appropriately cushioned, and 
the positioning of the head to the right in order to ad-
equately expose the left side of the neck. The patient’s 

-
vated position. The arms were positioned alongside 
the upper body, the extension tube for the deep vein 
puncture of the neck was located at the feet and the 

the skin at the neck and abdominal surgical sites, the 
area from the upper to lower lip, along both sides of 
the trapezius muscle extending to approximately 1/3 
of the left upper arm, along the midaxillary line on 
both sides extending to approximately 1/3 of the up-
per leg, and the surgical spreading sheets and drapes. 
Two sets of high-definition machines were placed on 
the right side of the bed and the distal end of the bed. 
The instrument nurses were also divided into two 
groups, specifically positioned at the cephalosome 
and abdominal portions. The preparation of surgical 
equipment, including two 5 mm lenses and mediasti-
nal retractors, was required for the cephalosome part. 
The abdominal group required a set of three 10 mm 
lenses. The surgeons were divided into two distinct 
groups, one group performed neck mediastinoscopy 
procedures, while the other group performed ab-
dominal laparoscopic surgeries concurrently, in the 
cervical mediastinoscopy group, there were two doc-
tors; one surgeon, one assistant, and one laparoscope 
hand; The abdominal laparoscopy group consisted of 
two doctors, one surgeon and one laparoscope.

Figure 1. A) Inflatable mediastinoscopy combined with laparoscopic esophageal cancer resection; B) Pneumatic me-
diastinoscope combined with laparoscopic esophagectomy; C) Postoperative recovery of inflatable mediastinoscopy 
combined with laparoscopic esophageal cancer resection; D) Free upper thoracic esophageal.
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head raised to 30° and maintained in the dorsal ele

legs were split at 45°. Iodophor was used to sterilize 
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recurrent laryngeal nerve at the inferior border of the 
aortic arch. Finally, the left recurrent laryngeal nerve 
was dissected out with sharp endoscopic scissors, and 
the surrounding tissues and lymph nodes were left on 
the esophagus. The surgeon completely separated the 
nerve from the esophagus at the origin of the left re-
current laryngeal nerve, and proceeded to dissociate 
the esophagus in a downhill direction until further 
dissociation was not possible. At the same time, the 
presence of the right recurrent laryngeal nerve was 
detected, and only the lymph nodes next to the right 
recurrent laryngeal nerve and the surrounding soft 
tissue were excised (Figure 2C). Esophageal mobili-
zation was not performed because the adequate mo-
bilization of the esophagus achieved through the left 
neck incision. The procedure of recurrent laryngeal 
nerve lymph node dissection had been successfully 
performed.
Laparoscopy operation group (synchronized me-
diastinoscopy surgery): The site of puncture was 
located 1 cm superior to the umbilicus, and CO2 gas 
was introduced into the abdominal cavity at a pres-
sure range of 10 to 14 mm Hg in order to create an 
artificial pneumoperitoneum. There were five lapa-
roscopic surgical incisions (Figures 2D and 3A): 1) A 
laparoscopic observation port was created by making 
a 2 cm incision located 1 cm superior to the umbili-
cus. 2) Two incisions, one 1cm and the other 5 mm, 
were created above the previously formed apertures 
described in step 1. 3) The primary surgical incision 
was made at a distance of 3 cm from the paraum-
bilical area. 4) A 1 cm incision was made just below 
the right costal margin. 5) A 5 mm incision was per-
formed below the xiphoid process, serving as an addi-
tional surgical incision. Gastric and abdominal lymph 
node dissection was performed under conventional 
laparoscopy. The gastrocolic ligament, spleen-stom-
ach ligament, hepatogastric ligament, phrenogastric 
ligament and left gastric artery were dissected and 
dissociated under laparoscopy (Figure 3B). The left 
gastric vessel was ligated with a Home-lock clip and 
the associated lymph nodes were dissected (Figure 
3C). The mediastinal retractor was employed to facil-
itate the visualization and mobilization of the lower 
esophagus up to the carina. A vertical incision mea-
suring 5 cm was performed below the xiphoid pro-
cess. This incision allowed for the extraction of drain-
age tubes from the esophagus, cardia, stomach, and 
mediastinum out of the abdomen, and then a 3-4 cm 
wide tubular stomach was made parallel to the great-
er curvature of the stomach with a cutting stapler. A 
gastric tube and nutrition tube were inserted, and the 
abdominal incision was closed using sutures.
Cervical anastomosis: A purse-string suture was em-

Inflatable mediastinoscopy synchronized lapa-
roscopic esophagectomy
Mediastinal operation group: A 4 cm incision was 
performed with a curvature aligned parallel to the 
clavicle, situated 2 cm above the left clavicle in the 
neck. The anterior edge of the sternocleidomastoid 
muscle was dissected layer by layer to expose the 
left recurrent laryngeal nerve, clear the perineural 
lymph nodes, and to achieve complete mobilization 
of the neck esophagus, which was then appropriate-
ly labeled (Figure 1D). A neck incision protector was 
placed, followed by the closure of the lid of the desig-
nated protector. Subsequently, two specialized trocars 
with a diameter of 5 mm were inserted and connected 
to a CO2 gas. The mediastinum was then insufflated 
with CO2 gas at a pressure of 10-12 mmHg, resulting 
in the induction of an artificial mediastinal emphy-
sema. A 30° scope with 5 mm in diameter, Liga Sure 
(model: LF1537), and a specially made superior me-
diastinal retractor were inserted through 2 trocars, 
respectively. Firstly, along the left side of the esoph-
agus, the mediastinal retractor was assisted to close-
ly dissect the esophagus under the carina or even in 
front of the pericardium. During the operation, the 
surgeon should try to dissect the lower pulmonary 
vein as close as possible to the level of the lower pul-
monary vein, so as to minimize the challenges associ-
ated with mobilizing the esophagus from the abdom-
inal cavity and facilitate the thorough cleaning of the 
subcarinal lymph nodes (Figure 2A). Meanwhile, it 
was crucial to exercise caution in order to safeguard 
the thoracic duct in the deeper anatomical structures. 
Then, the tracheoesophageal groove on the right side 
of the esophagus was continued in a downward direc-
tion, and the periesophageal and tracheal tissues and 
lymph nodes were bluntly dissociate and excised. The 
lymph nodes and adjacent tissues were repositioned 
laterally to the esophagus, extending as far as feasible, 
and afterwards dissected downwards until reaching 
the inferior border of the left major bronchus. The 
surgeon was advised to exercise caution while per-
forming dissection of the lymph nodes located pos-
terior to the primary trachea, as well as the tissues 
situated on the left side of the primary trachea (Fig-
ure 2B). Additionally, it was imperative to prioritize 
the preservation of the azygos vein and the tracheal 
membrane during the procedure. Additionally, the 
left recurrent laryngeal nerve was observed and the 
direction of the nerve was determined. The nerve was 
bluntly dissected anteriorly to the esophagus, and the 
surrounding tissue was excised. The nerve was ana-
tomically juxtaposed with the left recurrent laryngeal 
nerve in close proximity to the esophagus, and was 
then dissected till reaching the beginning of the left 
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ployed to secure the proximal neck of the esophagus, 
followed by the insertion of a stapler head pad and cut 
of the esophagus. A surgical procedure involved cre-
ating a 5 cm incision beneath the middle xiphoid pro-
cess in the upper abdominal region, followed by the 
extraction of the esophagus and stomach from the ab-
dominal cavity. The blood supply of the stomach wall 
was satisfactory. The stapler was excised at the cardia, 
and a tubular stomach was conducted 5 cm from the 
greater curvature. The right gastroepiploic artery was 
retained, the seromuscular layer was strengthened lo-
cally, and the stomach was sutured within the abdom-
inal cavity. The tubular stomach was sent to the neck 
via the esophageal bed, and a distinct incision was 
performed at the lower portion of the stomach. A sta-
pler was utilized to perform an anastomosis between 
the fundus of the stomach and the cervical esophagus, 
and additional sutures were employed to strengthen 
the incision made in the neck-stomach region (Figure 
3D). The tubular stomach was suspended and fixed 
with several stitches. A nasogastric tube and jejunos-
tomy tube were inserted via the nasal route. After in-
spection, it was observed that there was no evidence 
of ongoing hemorrhaging within the abdominal cavity 
and neck. Once the equipment and gauze were thor-
oughly inspected for accuracy, the abdominal drain-
age tube was carefully inserted, followed by suturing 
abdomen layer by layer. A drainage tube was inserted 
subcutaneously beneath the skin of the neck, and the 
incision on the neck was closed using sutures.
Control McKeown group: The patient was placed 
in the left lateral position at a 30° anterior tilt. Stan-
dard disinfection procedures were followed, and the 
patient was covered with sterile surgical drapes and 
towels. A 1.5 cm incision was made at the 7th inter-
costal space along the right mid-axillary line, followed 
by the insertion of a thoracoscope to visualize the 
thoracic cavity. In order to insert the operating instru-
ments, three incisions were made. The first incision, 
measuring 0.5 cm, was performed in the 5th intercos-
tal space beneath the right subscapular corner. The 
second incision, measuring 1.5 cm, was made in the 
9th intercostal space along the posterior axillary line. 
Lastly, a 0.5 cm incision was created in the 4th inter-
costal space along the anterior axillary line insertion 
device. The posterior mediastinal pleura was incised 
with an electric hook, allowing for exploration of the 
tumor. The posterior superior mediastinal pleura 
was incised using an electric hook and an ultrasonic 
scalpel. Dissecting and isolating the right recurrent 
laryngeal nerve by hollowing out method, along with 
the removal of the lymph nodes in close proximity to 
the right recurrent laryngeal nerve. The distal and 
proximal terminations of the Azygos vein arch were 
mobilized and secured with double Home-lock clips 

and were severed. The dissection of the esophagus 
and tumor was performed, followed by the mobiliza-
tion of the esophagus towards the superior thoracic 
aperture and its placement into an esophageal sleeve. 
Next, the dissection of the esophagus continued in a 
downward direction until reaching the esophageal 
diaphragmatic hiatus. The esophagus was anteriorly 
displaced, followed by the dissection and mobiliza-
tion of the left recurrent laryngeal nerve, along with 
the subsequent removal of the left recurrent laryngeal 
nerve para-lymph nodes. The subcarinal lymph nodes 
were examined, and in the event of enlargement, they 
were excised with careful consideration given to pre-
serving the integrity of the tracheobronchial mem-
brane. A thoracic drainage tube was inserted adjacent 
to the esophageal bed, and subsequent closage of the 
chest incision was performed. The patient rolled over 
to supine position with a 30° elevation of the chest. 
The left neck and upper middle abdomen were re-dis-
infected, followed by the placement of a sterile drape. 
A 1.5 cm transverse incision was made above the um-
bilicus. After pneumoperitoneum was established, a 
laparoscope was introduced into the abdominal cavi-
ty to conduct an exploration. A pair of incisions were 
performed along the midline and on either side of the 
upper abdomen to facilitate the insertion of gripping 
forceps, an electric hook, and an ultrasonic scalpel. 
The ultrasonic scalpel was employed for the purpose 
of dissecting the greater curvature of the stomach 
and the short gastric arteries (Figure 4A). The gastro-
splenic ligament was dissected to expose the cardia. 
It was important to prioritize the preservation of the 
right stomach vascular arch during the surgery. After 
the lesser omentum was incised, the left stomach ar-
tery was dissected and mobilized, and its base was 
occluded with a double Home-lock clip. Subsequently, 
the artery was transected using an ultrasonic scalpel. 
The dissociation of the minor curvature of the stom-
ach was performed (Figure 4B), followed by dissec-
tion of the lesser omentum in the direction towards 
the pylorus and extending up to the esophageal hiatus. 
An oblique incision was made at the medial border 
of the left sternocleidomastoid, and all layers of neck 
muscles were incised. The esophagus was dissected 
along the medial aspect of the vascular sheath in the 
left neck, allowing for mobilization of the esophagus 
via the esophageal bed and subsequent removal. The 
esophagus was incised using a purse-string clamp, 
the traction line was ligated at its distal end, and a cir-
cular stapler was positioned at its proximal end. A 4 
cm small incision was made in the middle of the up-
per abdomen in order to remove the tumors located 
in the gastric and esophageal regions. A linear cutting 
stapler was employed to perform the incision and clo-
sure of the gastric wall, specifically along the lesser 
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absence of bleeding, the surgical process involved the 
insertion of a stomach tube and a duodenal nutrition-
al tube. The stump was sutured utilizing a linear cut-
ting stapler, and an absorbable suture was embedded 
in the anastomosis following intermittent embedding 
of silk suture. A drainage tube was inserted into the 
incision in the neck, and further suturing was per-
formed in a layered manner for both the neck and 
abdomen incisions. The region and quantity of lymph 
nodes that were excised were delineated and thereaf-
ter submitted for pathological analysis.

curvature in a downward direction, parallel to the 
greater curvature, until reaching the second branch 
of the right gastric artery. A tubular stomach, about 
3-4 cm wide, was made. At the same time, the esopha-
geal tumor was resected and the lesser curvature was 
embedded by continuous suture. The tube stomach 
reached the neck incision by traction upward through 
the esophageal bed (Figures 4C, 4D). The posteri-
or wall of the remnant stomach was mechanically 
anastomosed with the esophagus. Following the as-
sessment of the tightness of the anastomosis and the 

Figure 2. A) Dissection of subcarina lymph nodes; B) Dissection of left tracheobronchial lymph nodes; C) Dissection of 
lymph nodes adjacent to right recurrent laryngeal nerve; D) Inflatable mediastinoscope abdominal stab incision.

Figure 3. A) Pneumatic mediastinoscope comined with laparoscopy for body surface incision; B) Free gastric arterio-
venous dissection; C) Dissection of short gastric artery and dissection of short gastric artery lymph nodes; D) Tubular 
stomach fabrication and cervical anastomosis.
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In accordance with the principle of expedited reha-
bilitation, patients were encouraged to get out of bed 
early after surgery. All patients were administered 
nutritional support via a nasogastric tube, in addition 
to receiving symptomatic care including anti-inflam-
matory medication and electrolytes replenishment. 
Following the surgical procedure, the patients fast-
ed for 2-3 weeks postoperatively. Upon discharge, a 
nasogastric tube was provided to facilitate nutrition. 
Afterwards, a re-examination was conducted after 2 
weeks to extubation.
Statistical analysis
SPSS 26.0 statistical software was used to analyze 
the data. The measurement data were expressed as 
mean ± standard deviation (x ± s), and the count data 
were expressed as the number of cases and percent-
age (%). The t-test was employed to assess the differ-
ences in measurement data between the two groups, 
while the χ2 test was used to compare the count data. 
P<0.05 was considered statistically significant.

Results
Comparison of general information between the 
two groups of patients
Table 1 illustrated that no statistically significant 
changes were seen in any of the indicators between 
the two groups (P>0.05). There was comparability 
between the two groups.
Comparison of perioperative indicators be-
tween the two groups of patients
The operation time, intraoperative blood loss, 24-

hour thoracic drainage volume, total drainage volume 
in 3 days after surgery, and length of postoperative 
hospital stay were shown to be significantly short-
er in the group that underwent inflatable mediasti-
noscopy synchronized laparoscopic esophagectomy 
compared to the group that underwent minimally 
invasive McKeown surgery (P<0.05). However, no 
statistically significant differences were observed in 
terms of recurrent laryngeal nerve lymph node ex-
cision, paraesophageal lymph node excision, total 
lymph node excision, the time of getting out of bed 
for the first time after surgery, the time of eating after 
surgery, and the hospital stay after surgery between 
the two groups (P>0.05). Please refer to Table 2 for 
further information.
Comparison of postoperative complications be-
tween the two groups of patients
Table 3 showed that there was no perioperative death 
observed in both groups. The inflatable mediasti-
noscopy synchronized laparoscopic esophagectomy 
group experienced a total of 8 complications, result-
ing in an overall incidence rate of 12.50%. There were 
a total of 8 complications in the minimally invasive 
McKeown group, with a total incidence of 14.29%. It 
was also found that the occurrence of postoperative 
pulmonary complications was significantly reduced 
in the group that underwent inflatable mediasti-
noscopy synchronized laparoscopic esophagectomy 
compared to the McKeown group (P<0.05). However, 
there was no statistically significant difference in the 
overall incidence of complications between the two 
groups (P>0.05).

Figure 4. A) Open the esophageal hiatus and clean the cardiac lymph nodes; B) Free the lesser curvatures of the stomach 
and clear the lesser curvature lymph nodes; C) Inflatable mediastinoscope neck incision; D) Pneumatic mediastinoscope 
combined with laparoscopic esophagectomy neck operation hole.
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Comparison of postoperative short-term and 
long-term survival rates between the two groups 
of patients
There were no statistically significant differences ob-
served in the overall survival rates between the two 

groups at 30 days, 3 months, 6 months, 1 year, and 3 
years post-surgery (P>0.05). There was a statistical-
ly significant difference in the 5-year overall survival 
rate between the two groups (P<0.05), see Table 4.

Table 1. 120 cases of esophageal cancer patients general clinical data comparison.

Indicators Inflatable mediastinoscopy-assist-
ed laparoscopic group

McKeown group t/X2 P

(64 cases)

(56 cases)

Gender(cases) - - 2.011 0.156
Male 38 26 - -
Female 26 30 - -
Age[years, `x ± s (range)] 52.19 ± 7.15 54.69 ± 8.31 - -
Tumor location - - 1.405 0.495
Upper thoracic 6 9 - -
Mid-thoracic 32 25 - -
Lower thoracic 26 20 - -
Basic diseases of the chest - - 2.916 0.088
Yes 21 30 - -
No 35 26
Tumor staging - - 2.912 0.233
Ⅰ 16 11 - -
Ⅱ 28 19 - -
Ⅲa 20 26 - -
Tumor diameter(cm) - - 2.912 0.233
<3 21 13 - -
3-5 28 31 - -
>5 15 12 - -
Pathological type 0.264 0.607
Squamous cell carcinoma 34 29 - -
Adenocarcinoma 18 19 - -
Other 12 8 - -
Preoperative neoadjuvant therapy - - 0.146 0.115
Yes 20 16 - -
No 44 40 - -

Table 2. Comparison of perioperative indicators between two groups of esophageal cancer patients.

Packet Inflatable mediastinoscopy-as-
sisted laparoscopic group

McKeown group t/X2 P

(64 cases)
(56 cases) Operation time(min) 134.53 ± 16.43 174.23 ± 29.54 9.244 <0.01**

Intraoperative blood loss(ml) 29.85 ± 11.71 106.17 ± 27.82 19.102 <0.01**

(64 cases) (56 cases)

(64 cases) (56 cases)
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Thoracic drainage volume 
24hours  postoperation (ml)

0 251.84 ± 67.19 8.234 <0.01**

Thoracic drainage volume 3 days 
postoperation (ml)

102.34 ± 21.95 346.29 ± 31.76 48.271 <0.01**

Time out of bed postoperation(d) 1.34 ± 0.95 6.29 ± 0.76 31.679 <0.01**

Lymph nodes para-recurrent la-
ryngeal nerve (number)

25.34 ± 1.25 19.48 ± 2.76 74.421 <0.01**

Paraesophageal lymph nodes 
(number)

31.47 ± 3.16 28.62 ± 2.26 113.685 <0.01**

Total number of lymph nodes re-
moved (number)

54.13 ± 1.56 51.49 ± 1.24 116.971 <0.01**

Postoperative hospitalization (d) 6.68 ± 1.64 15.27 ± 1.76 113.25 <0.01**

Hospitalization expenses (ten 
thousand)

31571 ± 365.7 33596  ±  452.4 118 <0.01**

Note: The surgical time is calculated from the start of skin cutting to the completion of skin stitching; In-
traoperative bleeding volume statistics: The total amount of hemostatic gauze and suction tubes; The flow 
rate is accurate to ml; The drainage tube time and hospitalization time are accurate to days; All postop-
erative complications were clinically confirmed; The total hospitalization cost is accurate to 10000 yu-
an.*P<0.05**P<0.01,***P<0.001.

Table 3. Comparison of postoperative complications between two groups of esophageal cancer patients.

Table 4. Comparison of the short-term and long-term survival rates between the two groups.

Packet McKeown group Mediastinoscope group t/X2 P

(64 cases)
(56cases)Lung infection 2（3.12%） 0（0%） - -

Hoarseness 2（3.12%） 2（3.57%） - -
Anastomotic/tubular gastric fistula 2（3.12%） 1（1.79%） - -
Anastomotic stenosis 1（1.56%） 1（1.79%） - -
Chylothorax 1（1.56%） 1（1.79%） - -
Pleural effusion 1（1.56%） 1（1.79%） - -
Emphysema 2（3.12%） 0（0%） - -
Arrhythmia 1（1.56%） 1（1.79%） - -
Heart failure 1（1.56%） 1（1.79%） - -
Incision infection 0（0%） 0（0%） - -
Gastric emptying disorder 1（1.56%） 3（5.36%） - -
Total pulmonary complications 1（1.56%） 0（0%） - -
Overall incidence of complications 14（21.88%） 8（14.29%） 4.727 0.030*

Note: There was no perioperative death and common postoperative complications between the two groups
.*P<0.05**P<0.01,***P<0.001.

Packet McKeown group Mediastinoscope group t/X2 P
(64 cases) (56cases)

30 days postoperation 64（100%） 56（100%） 0.094 0.9336
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Discussion
Esophageal cancer is one of the malignant tumors 
treated by thoracic surgery [5]. However, surgical 
treatment of esophageal cancer is traumatic. This is 
mostly due to the deep anatomical location of esopha-
geal cancer, which is in close proximity to vital organs 
like the aorta and trachea. Therefore, intraoperative 
risk is high [6].
The advantages associated with inflatable mediasti-
noscopy synchronized laparoscopic esophagectomy 
is its avoidance of entry into the pleural cavity. This 
characteristic allows for the prevention of compres-
sion on pulmonary tissue and the displacement of 
surgical instruments, which are common occurrences 
in traditional thoracoscopic surgery [7]. However, at 
present, surgery for inflatable mediastinoscopy syn-
chronized laparoscopic esophagectomy lacks pop-
ularity both domestically and internationally, with 
just a decade of use observed even in prominent local 
medical institutions. With effective collaboration be-
tween the Department of Anesthesiology and the sur-
gical operating team, the surgical team employs medi-
astinoscopy to dissect the esophagus via the neck, and 
laparoscopy to dissect the stomach and lower esoph-
agus through the abdomen. Ultimately, the mediasti-
noscopy and laparoscopy procedures will be integrat-
ed in the thoracic region, resulting in the full removal 
of the esophagus. Additionally, a cervical anastomosis 
was performed [8].
Our surgical team believes that the utilization of in-
flatable mediastinoscopy synchronized aparoscopic 
esophagectomy not only results in a notable reduction 
in operation time, but also facilitates lymph node exci-
sion with comparable efficacy to the widely accepted 
McKeown approach. This surgical approach enables 
surgeons to achieve a learning curve of over 50 cases. 
It is particularly applicable to patients with esopha-
geal cancer who have impaired lung function, signif-
icant tuberculosis-related alterations in the thoracic 
cavity, and extensive thoracic adhesions. By opting for 
surgical treatment, these patients can potentially at-
tain a longer survival period.
Our team proposed that mediastinoscope and lapa-

roscope are performed simultaneously. During the 
operation, the patient’s position does not need to be 
changed, and the patient only needs to rotate the neck 
around and around to cooperate with the operation, 
which significantly reduces the total operation time 
(generally completed within 2.5-3.0 hours). The si-
multaneous execution of operations by two groups of 
surgeons and two groups of instrument nurses result-
ed in several benefits. These included a reduction in 
anesthesia time and intraoperative blood loss, as well 
as a decrease in the waiting time for patient postural 
changes and re-disinfection of towels. Therefore, this 
technique significantly shortened the overall opera-
tion time, the patient’s surgical trauma time, and the 
occurrence of postoperative complications. In addi-
tion, the absence of a thoracic incision and thoracic 
vascular damage resulted in little surgical bleeding 
and a reduction in the duration of the procedure due 
to decreased need for repeated hemostasis. Further-
more, the utilization of this technique in current clin-
ical practice extended the surgical indications of the 
widely accepted McKeown procedure for the compre-
hensive treatment of esophageal cancer. This was due 
to its ability to avoid the need for single-lung venti-
lation, without damaging the intercostal nerves, and 
provide notable benefits in terms of patient comfort 
and expedited postoperative recovery. Hence, our 
surgical team maintained that the selection criteria 
for surgical patients should encompass the following 
indications.
1) early-stage esophageal cancer (stage 0 and stage 
I); 2) patients diagnosed with upper esophageal can-
cer exhibiting a lesion length measuring less than 3.0 
cm, middle esophageal cancer with a lesion length 
less than 5.0 cm, and lower esophageal cancer with a 
lesion length less than 7.0 cm, all falling under stage 
II and III of esophageal cancer, and displaying no evi-
dent external invasion of the tumor; 3) some patients 
diagnosed with stage III esophageal cancer, present-
ing preoperative external invasion, who demonstrat-
ed favorable health status subsequent to preopera-
tive induction radiotherapy. The contraindications for 
surgery should encompass the following criteria.
1) The cancer exhibits extensive invasion or demon-

3 months postoperation 64（100%） 56（100%） 0.094 0.9336
6 months postoperation 62 （96.88%） 53 （94.64%） 0.373 0.542
1year postoperation 59 （92.19%） 50（89.29%） 0.302 0.583
3year postoperation 50 （78.13%） 43（76.79%） 0.031 0.861
5year postoperation 39 （60.94%） 36（60.71%） 0.143 0.705
Note: There was no significant difference between the two groups at 30 days postoperation, 3 months post-
operation, 6 months postoperation, 1 year postoperation, 3 year postoperation and 5year postoperation.
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strates evident external infiltration, or its removal 
becomes unfeasible due to invasion of nearby vital or-
gans. 2) The esophagus presents symptoms of pene-
tration or distant metastasis. 3) Patients with serious 
heart, lung, liver, and kidney dysfunction cannot toler-
ate surgery. In addition, patients with severe cachexia 
are also unable to undergo surgery.
Two transverse neck incisions effectively excised 101 
or 104 bilateral lymph nodes. The surgical procedure 
relied upon the exposure and dissection of the left re-
current laryngeal nerve via the incision made on the 
left side of the neck. It is advised to exercise caution 
when dissecting and exposing the left recurrent laryn-
geal nerve, as excessive manipulation might lead to 
demyelination damage of the nerve and subsequent 
postoperative hoarseness. The utilization of special-
ized upper and lower mediastinal retractors was im-
perative for conducting dissections within narrow 
anatomical regions. Maryland forceps were used to 
separate and excise tissues during operation, which 
generate minimal smoke during thermal conduction, 
hence preserving the visual clarity of the surgical 
field. The inflation pressure of artificial mediastinal 
emphysema was controlled at 10-12 mmHg, and the 
abdominal inflation pressure was controlled at 12-14 
mmHg [9]. It not only facilitated the visualization of 
the surgical region, but also mitigated the risk of sig-
nificant CO2 accumulation [10].
The creation of an artificial environment for medias-
tinal inflation resulted in several benefits, including 
improved eyesight, enlarged operating area, and en-
hanced visibility of the intact exposed trachea, tho-
racic duct, and other structures [11].
The utilization of inflatable mediastinoscopy demon-
strated efficacy in overcoming challenges associated 
with a constricted mediastinal area, restricted surgi-
cal maneuverability, and intricate lymph node exci-
sion. At the same time, it completely removed the sur-
rounding lymph nodes, including-mediastinal lymph 
nodes, recurrent laryngeal nerve lymph nodes, subca-
rinal lymph nodes, periesophageal lymph nodes, dia-
phragm and abdominal lymph nodes above the upper 
edge of the pancreas. Currently, there is a significant 
debate about the completion of regional lymph node 
dissection in the context of inflatable mediastinosco-
py synchronized laparoscopic esophagectomy. The 
number of lymph nodes excised in the middle and up-
per mediastinum is few, especially the lymph nodes 
along the right recurrent laryngeal nerve [12]. Our 
team suggested the utilization of inflated mediasti-
noscopy synchronized laparoscopic esophagectomy, 
employing a pair of transverse incisions in the neck. 
Under direct visualization, it was possible to perform 
dissection of the lymph nodes located along the right 

recurrent laryngeal nerve. Additionally, the lymph 
nodes situated beneath the aortic arch, namely those 
adjacent to the left tracheobronchial region, could be 
visualized in a more unobstructed vertical manner, 
devoid of interference from the aortic arch.  Further-
more, it had the potential to successfully perform a 
thorough excision of the left paratracheobronchial 
lymph nodes (No.106tbL group), which are typically 
considered inoperable, with a single incision on the 
left side. The right cervical approach enabled the exe-
cution of a comprehensive excision of the right middle 
and upper mediastinal lymph nodes under direct vi-
sualization. This technique offered a wide visual field, 
facilitating the dissection of para-esophageal and bi-
lateral recurrent laryngeal nerve lymph nodes with 
relative ease. One notable advantage of employing 
this method was its ability to avoid the need for tho-
racotomy, hence preserving the structural integrity of 
the thoracic cavity. Additionally, this strategy entailed 
reduced surgical trauma, diminished pain, and expe-
dited postoperative recuperation. After surgeons suc-
cessfully completing the learning curve of 50 cases, 
the surgeon could completely achieve the same effect 
as the mainstream McKeown’s approach. In certain 
cases, inflatable mediastinoscopy synchronized lap-
aroscopic esophagectomy may be considered as an 
alternative treatment option for patients with esoph-
ageal cancer, particularly those who have cardiopul-
monary dysfunction and for whom the conventional 
McKeown technique is not appropriate.
In summary, the technique of inflatable mediasti-
noscopy synchronized laparoscopic esophagectomy 
involved the creation of a mediastinal tunnel to com-
plete the procedure. Additionally, a tubular stomach 
was constructed through a minor incision in the up-
per abdomen, followed by an anastomosis in the left 
neck. Notably, this approach has been found to be as-
sociated with a minimal risk of chest complications. 
Therefore, the proposed surgical procedure can serve 
as a supplementary procedure to the existing McKe-
own esophagectomy technique, and can be effectively 
implemented in clinical practice.

Conclusion
Our surgical team believes that the inflatable medi-
astinoscopy synchronous laparoscopic radical resec-
tion of esophageal cancer not only greatly shortens 
the surgical time during the process, but also achieves 
homogenized therapeutic effects with mainstream 
McKeown procedures through lymph node dissec-
tion. Its advantages lie in avoiding thoracotomy and 
maintaining the integrity of the chest, as well as its 
minimal surgical trauma, mild patient pain, and fast 
postoperative recovery. The inflatable mediastinosco-
py synchronous laparoscopic surgery for esophageal 
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tumors and lymph node dissection is completed in the 
mediastinal tunnel, and the tubular stomach is made 
through a small incision in the upper abdomen, with 
left neck anastomosis and no chest complications. It 
can be used as a new supplementary surgery to the 
mainstream McKeown surgery for esophageal cancer, 
and actively promoted and applied in clinical practice.
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