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Background: This study assessed the efficacy of transcervical and transhiatal esophagectomy versus thoracoscopic esophagectomy in
patients with esophageal carcinoma (EC).

Methods: A total of 80 patients with EC were enrolled in this study, including 40 cases in the observation group that received
transcervical combine transhiatal esophagectomy and the rest 40 cases of the group that underwent thoracoscopic esophagectomy. The
preoperative, intraoperative, and postoperative data were analyzed between the two surgeries, regarding perioperative bleeding, the
total number of dissected mediastinal lymph nodes, operative time, number of lymph nodes in the left para-recurrent laryngeal nerve
(para-RLN) or the right para-RLN, time in the intensive care unit (ICU), postoperative pain score, the length of postoperative stay
(LOPS), POy/fraction of inspired oxygen (PO,/FiO2), pulmonary infection, and lymphatic metastasis.

Results: The operations were successfully performed in all 80 patients. The results showed that patients who underwent transcervical
and transhiatal esophagectomy had shorter operations than those with transthoracic esophagectomy (200 minutes vs 235 minutes,
Kruskal-Wallis test [Z] = —3.700, P < 0.001). The number of dissected mediastinal lymph nodes in the left para-RLN in the
observation group was higher than in the control group (25.0% vs 2.5%, Z = 2.568, P = 0.010). The postoperative pain score day 1
(0.0% vs 17.5%, Z=-4.292, P < 0.001), postoperative pain score day 3 (12.5% vs 37.5%, Z=-3.363, P < 0.001) and 48-h PO,/FiO2
(290 minutes vs 255 minutes, Z = 3.747, P < 0.001) were significant between the two groups. The LOPS of patients with EC in the
observation group was shorter than the control group (7 vs 8, Z=-2.119, P = 0.034). The number of patients receiving transcervical
and transhiatal esophagectomy that developed postoperative pulmonary infections was less than the controls (chi-square [}°] = 4.114,
P =0.043). Moreover, the transcervical and transhiatal esophagectomy was an independent protect factor for postoperative pulmonary
infection (odds ratio [OR] =7.801, P = 0.037).

Conclusion: The transcervical and transhiatal esophagectomy is a good operation for treating patients with EC, which may offer an
opportunity to treat cases who cannot have thoracotomy.

Keywords: esophageal carcinoma, transcervical and transhiatal esophagectomy, thoracoscopic esophagectomy, efficacy,
esophagectomy

Background
Esophageal carcinoma (EC) is a common gastrointestinal cancer with a high incidence and mortality in developing
countries." Studies reported that EC has a poor prognosis with a 5-year survival rate of <20%.> To date, esophagectomy
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is the gold standard treatment for the early, intermediate, and locally advanced-stage EC, after which the survival rate was
around 50%.* The classic surgical method for esophageal cancer is subtotal esophagectomy + lymph node dissection through
three incisions in the neck, chest and abdomen, which takes a long time, causes great trauma and has an incidence of
postoperative complications as high as 13.4-38.2%.> In recent years, minimally invasive esophagectomy through thoracic
cavity has been gradually applied in the treatment of EC. Compared with classical esophagectomy, minimally invasive
esophagectomy has similar lymph nodes removed number and the complication rate is lower.” ' However, EC patients with
severe thoracic deformities or poor lung function who cannot tolerate the Surgery may lost the opportunities for survival.

Esophageal stripping and transhiatal esophagectomy has been developed to cure EC patients with severe thoracic
deformities or poor lung function and cannot tolerate thoracotomy. According to the data from the Society of Thoracic
Surgeons Database (2015-2017), more than 1000 operations were reported as transhiatal.'> However, neither of these
two methods can effectively clear mediastinal lymph nodes. We believe that although these treatments can lower
cardiopulmonary complications, failure to dissect the chest lymph nodes increases the risk of lymph node
metastasis.'* Transcervical and transhiatal esophagectomy is a novel operation process without thoracotomy, which
may dissect the chest lymph nodes and improve the prognosis of EC. We carried out this surgical method since 2014, and
preliminarily observed that the number of dissected lymph nodes was similar to that of conventional minimally invasive
resection of EC, while pulmonary complications were significantly reduced. To further verify this result, we conducted
this study. This study was approved by the Institutional Review Board (IRB) of Chongqing Cancer Hospital, and the
approval number was No. 2019 (177).

Methods

This is a 1 year single center, prospective, randomized, open and parallel controlled trial, which aims to compare the
perioperative clinical results of transcervical and transhiatal esophagectomy with thoracoscopic esophagectomy in
patients with EC. According to the previous transcervical and transhiatal esophagectomy carried out in our department,
the incidence rate of lung infection was about 5%. According to the literature, the incidence rate of lung infection in
minimally invasive esophagectomy for EC was 24.8%.'> Choosing o was 0.05, bilateral, p was 0.1, unilateral, and the
required sample size was 14 cases. It was planned to select 20 cases in the experimental group and 20 cases in the control
group. Considering many factors that need to be compared, 80 cases were finally selected and randomly divided into the
observation group and the control group according to 1:1.

Patients

This present study screened 80 patients with EC admitted to the Thoracic Surgery Department at Chongqing Cancer
Hospital between September 2018 and November 2019. These cases were divided into the observation group (n = 40)
and the control group (n = 40). Patients in the observation group received transcervical and transhiatal esophagectomy,
and the control group underwent thoracoscopic esophagectomy. The operation of the experimental group was performed
by the medical group with 100 cases experience of transcervical and transhiatal esophagectomy, while the operation of
the control group was performed by the medical group with more than 200 cases experience of transcervical and
transhiatal esophagectomy.

Inclusion criteria: (1) 65-70 years old; (2) patients with EC whose clinical stage was cT1-3 NO-1 MO. Clinical stage
mainly relies on enhanced CT and ultrasound. PET-CT was not used as a routine preoperative examination due to the lack
of funding. (3) moderate or severe impairment of lung function; (EV1 accounts for 30-80% of the estimated value) (4)
Willing to accept surgical treatment and willing to participate in this experiment.

Exclusion criteria: (1) severe or extensive pleural adhesions; (2) adjacent organs invaded by the tumor; (3) pulmonary
function could not tolerate unilateral pulmonary ventilation; (4) patients with other diseases, such as liver failure. (5)
Lymph nodes were enlarged and fused into mass with a short diameter greater than 2.5cm. (6) received neoadjuvant
chemotherapy or neoadjuvant chemoradiotherapy before.
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Clinical Indicators

A number of baseline preoperative, intraoperative, and postoperative indicators were noted, including age, gender, body
mass index (BMI), forced expiratory volume in one second (FEV1), maximal voluntary ventilation (MVYV), partial
pressure of oxygen (PO,, mmHg,), partial pressure of carbon dioxide (PCO,, mmHg), Pulmonary complications
(respiratory failure, pulmonary infection, and atelectasis)(respiratory failure: the criterion is that oxygen absorption
alone cannot guarantee oxygen balance, and non-invasive or invasive ventilator is required to assist ventilation,
pulmonary infection diagnosis is based on symptoms and signs, laboratory tests, and CT images, diagnosis of atelectasis
is determined by CT), nutrition risk screening 2002 (NRS-2002), T stage, N stage, tumor location, tumor length (cm),
perioperative bleeding, the total number of dissected mediastinal lymph nodes, operative time (min), number of lymph
nodes in the left para-recurrent laryngeal nerve (para-RLN) or right para-RLN, time in the intensive care unit (ICU,
days), postoperative pain score (the highest pain score was selected for the first three days after surgery), the length of
postoperative stay (LOPS), 24-h PO,/fraction of inspired O, (PO,/Fi02), 48-h PO,/Fi02, fiberoptic bronchoscopy
(FOB), and lymphatic metastasis. The primary outcomes were the total number of dissected mediastinal lymph nodes

and lymph nodes in the left or right para-RLNs. The flow chart for the trial is shown in Figure 1.

Eligible for including:

a. Esophageal SCC T1-3N0-0M0

b. 65-70 years old

c. FEV1 accounts for 30-80% of the estimated value

Exclusion:

a.Severe pleura adhesion;

b..Cannot tolerate trans-thoracic surgery

c.The short diameter of lymph nodes is

greater than 2.5cm.
Inform consent signed d. Have been treated with neoadjuvant therapy.

Inform consent signed

randomization
Control group Observation group
(n=40) (n=40)

Main endpoints:
Intraoperative results:a.Intraoperative bleeding;b.Operative time;c.Number of
lymph nodes removed

Postoperative results:a.ICU, days:b. LOPS;c.PO,/FiOxd.Postoperative pain
score, e.Pulmonary complications:f.lymphatic metastasis.

Figure | The flow chart for the trial.
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Transcervical and Transhiatal Esophagectomy

Abdominal Operation

(1) A single-lumen endotracheal tube was placed, and the patient was placed in a supine position with a slightly elevated
head. (2) The surgeon was on the patient’s right side, and an incision about 1 cm in length was made at the lower left side
of the umbilicus, which was a laparoscopic observation port. Two holes were made in the ventral midline of the upper
abdomen as the main and auxiliary operation holes for the surgeon. The middle point of the lower edge of the left costal
arch and the upper right part of the exploration hole were the operation holes for the assistant. (3) Pneumoperitoneum
was established with a CO, pressure of 8—10 mmHg. (4) The stomach was mobilized from the greater omentum side to
the esophageal hiatus, and the splenic artery was exposed, after which the lymph nodes around the splenic artery and the
greater curvature under the cardia were dissected. Then the esophageal hiatus was widened, and the left esophagus was
mobilized using the descending aorta, posterior border of the pericardium, and left pleura as anatomical landmarks. The
mobilization of the left esophagus through the esophageal hiatus was ended when the subcarinal lymph nodes, the left
main bronchus, and the carina were exposed. (5) The hepatogastric ligament was incised, and the lesser curvature was
mobilized, after which the left gastric artery was cut with a hem-o-lok. Afterward, the lymph nodes of the celiac trunk
and the lesser curvature in the subcardia, as well as those along the left gastric and hepatic arteries, were dissected. The
right esophageal mobilization was performed using the right pleura, the posterior border of the pericardium, and the
descending aorta as anatomical landmarks. The mobilization of the right esophagus was ended after exposure of the right
main bronchus. Then, lymph nodes in the upper cardia and adjacent to the left and right lower pulmonary veins were
dissected. After the abdominal esophagus was mobilized, the descending aorta, left and right pleurae, tracheal carina, left
and right main bronchi, azygos vein, posterior border of the pericardium, and left and right inferior pulmonary veins
could be clearly exposed. (6) After the above steps, an incision about 8 cm in length was made in the upper abdomen.
The abdominal operation was suspended, and the neck operation was performed.

Neck Operation

(1) An incision about 5 cm in length was made along the anterior border of the left sternocleidomastoid muscle, and the
esophagus was mobilized under direct vision, while the left para-RLN was exposed, and the esophagus was transected to
create a space for the neck operation. An incision about 1 cm in length was made along the anterior border of the right
sternocleidomastoid muscle, and a 5S-mm trocar was inserted to connect with the left mobilized cervical esophageal space. (2)
A gastric tube was inserted into the distal end of the esophagus as a traction tube. One side of the traction tube was sutured
and fixed with the esophagus, and the other side was inserted into the gastric cavity. Then, the stomach was prolapsed from
the epigastric incision, and a small incision was made in the gastric wall of the lesser curvature to prolapse the traction tube,
after which the small curved side incision was sutured to avoid gastric juice overflow. (3) A self-made inflator was placed in
the neck incision to establish an artificial pneumoperitoneum with a CO, pressure of 8 mmHg (Figure 2). (4) The assistant
pulled the gastric tube from the abdominal side to turn the esophagus in an inverted state and performed the mobilization of
the esophagus. Unlike an ordinary mediastinoscopic esophagectomy, we transected the esophagus to create a larger surgical
field, which greatly simplified the difficulty of esophageal mobilization through the neck. After the mobilized esophagus met
the one in the abdominal cavity, the mobilization ended. The left and right sides of the laryngeal nerve lymph nodes and the
carinal lymph nodes were dissected from the neck incision. After mobilization, the left and right para-RLNs, thoracic duct,
tracheal membrane, left and right main bronchi, and left and right pleurae could be clearly exposed.

Tubular Stomach Production and Anastomosis

(1) The distal esophagus and stomach were prolapsed from the upper abdominal incision, and a tubular stomach with
a width of 3 cm was made with a linear cutting stapler. (2) The tubular stomach was dragged along the esophageal bed to
the neck for the “side-to-side, end-to-end, embedded anastomosis” of the esophagus and stomach (Figure 3). The
anastomosis process includes four main steps. Step 1. We pull out the gastric tube and esophageal stump were from
cervical incision, they should be long enough, generally the extracorporeal stumps of gastric tube and esophagus should
be more than 5cm. Suture and fix at the root of gastric tube and esophagus (Figure 3Aa). Step2. We use the linear cut
stapler to make a “side-side” anastomosis (Figure 3Bb). Step 3. Using sutures to close the stumps of the esophagus and
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Figure 2 A self-made inflator.

gastric tube discontinuously, it is a “end-end” anastomosis (Figure 3Cc). Step 4. Making a “sleeve” anastomosis at last.
We perform a semi-pouch suture on the area which is S5cm far away from the junction of esophagus and gastric tube, push
the anastomotic stoma into the gastric tube. Fix the anastomotic stoma with inverting suture patterns (Figure 3Dd).

The characteristics of the transcervical and transhiatal esophagectomy are as follows: 1. no incisions on the chest
wall; 2. no changes of the intraoperative body position during the operation; 3. single-lumen bronchial intubation used for
completing the operation sufficiently.

Statistical Analysis

Statistical analyses were performed using SAS software (version 9.4, IBM Corp.). Continuous data were presented as the
mean = standard deviation (X & s) or [M(Q,s, Q75)] and analyzed by the #test or Kruskal-Wallis test. Categorical data
were presented as frequency (N) and percentage (%) and analyzed using y* or Kruskal-Wallis tests. P < 0.05 was
considered a statistically significant difference.

Results

Preoperative Assessment

A total of 80 patients with EC were enrolled in this study, with a mean age of 70.10 = 2.95 years. Among these cases,
there were 52 males (65%) with an average age of 70.13 + 2.88 years and 28 females (35%) with an average age of 70.04
+ 3.13 years. The participants were divided into the observation group (n = 40) and the control group (n = 40), with
a mean age of 70.30 = 2.95 and 69.90 + 2.98 years, respectively.

There were no significantly statistical differences in preoperative age (Z=-0.643, P =0.520), gender (> < 0.001, P = 1.000),
BMI (=-1.405, P=0.164), FEV1% (¢ = 0.328, P=0.744), MVV % (¢ = 0.000, P = 1.000), PO, (¢ =—0.226, P = 0.822), PCO,
(Z=1.078, P = 0.281), the incidence of complications (y* = 0.058, P = 0.809), NRS-2002 (Z = 0.693, P = 0.488), T stage
(Z=0.922, P =0.357), N stage (x* = 0.205, P = 0.651), tumor location (> = 0.554, P = 0.758), and tumor length (¢t = 1.355,
P =0.179) between the two groups (Table 1).
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Figure 3 The “side-to-side, end-to-end, embedded anastomosis” of the esophagus and stomach. (A)a.Suture and fix at the root of gastric tube and esophagus.
(B)b “side-side” anastomosis of the gastric tube and esophagus. (C)c “end-end” anastomosis of gastric tube and esophagus. (D)d “sleeve” anastomosis.

Intraoperative Findings

The parameters containing perioperative bleeding, the total number of dissected mediastinal lymph nodes, operation time,
left para-RLN, and right para-RLN were analyzed. The results showed that patients who underwent transcervical and
transhiatal esophagectomy had shorter operations than those with transthoracic esophagectomy (Z = -3.700, P < 0.001).
The number of dissected mediastinal lymph nodes in the left para-RLN in the observation group was higher than in the
control group (3.65 = 1.00 vs 3.08 £ 0.80, £ = 2.815, P = 0.006). No differences were discovered in perioperative bleeding
(Z=-1.024, P = 0.306), total number of dissected mediastinal lymph nodes (Z =—-0.620, P = 0.535) and right para-RLN
(Z=-0.932, P = 0.352) between the two groups (Table 2).

Postoperative Outcomes

The operation was successfully performed in all 80 patients. The postoperative outcomes were recorded, including time
in ICU, postoperative pain score (days 1, 2 and 3), LOPS, 24-h PO,/Fi02, 48-h PO,/FiO2, pulmonary infection, FOB,
and lymphatic metastasis. As shown in Table 3, there were no statistical differences for time in ICU (Z = —-1.642, P =
0.101), postoperative pain score day 2 (Z =-1.367, P = 0.172), 24-h PO,/FiO2 (¢ = 1.811, P = 0.074), FOB (P = 0.359),
and lymphatic metastasis (y* = 1.526, P = 0.217), while the postoperative pain score day 1 (Z = —4.292, P < 0.001),
postoperative pain score day 3 (Z = —3.363, P < 0.001) and 48-h PO,/FiO2 (Z = 3.747, P < 0.001) were significantly
different between the two groups. The LOPS of patients with EC in the observation group was shorter than in the control
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Table | The Preoperative Assessment for Patients with EC

Variables Observation (n=40) Control (n=40) Statistics P
Age, years, M(Q3s, Q7s) 69.50 (68.00, 72.50) 71.00 (68.00, 72.50) Z7=—-0.643 0.520
Gender, n (%) 27<0.001 1.000
Male 26 (65.00) 26 (65.00)
Female 14 (35.00) 14 (35.00)
BMI, Kg/m% X + s 20.70+2.47 21.41£2.05 t=—1.405 0.164
FEVI, %, X £ 5 42.23+4.97 41.85+5.25 t=0.328 0.744
MWV, %, X £ 5 39.03+4.35 39.03+3.58 t=0.000 1.000
PO,, mmHg, X £ 5 68.30+3.98 68.50+3.94 t= —0.226 0.822
PCO,, mmHg, M(Qzs, Q7s) 46.00 (42.00, 48.00) 45.00 (42.00, 47.50) Z=1.078 0.281
Complications, n (%) 27*=0.058 0.809
0 27 (67.50) 28 (70.00)
| 13 (32.50) 12 (30.00)
NRS 2002, n (%) 7=0.693 0.488
| 1 (2.50) 2 (5.00)
2 14 (35.00) 10 (25.00)
3 14 (35.00) 25 (62.50)
4 10 (25.00) 3 (7.50)
5 1 (2.50) 0 (0.00)
T-stage, n (%) 7=0.922 0.357
| 11 (27.50) 12 (30.00)
2 19 (47.50) 23 (57.50)
3 10 (25.00) 5 (12.50)
N-stage, n (%) %*=0.205 0.651
0 16 (40.00) 18 (45.00)
| 24 (60.00) 22 (55.00)
Tumor location, n (%) )(2=0.554 0.758
Top 13 (32.50) 16 (40.00)
Middle 20 (50.00) 17 (42.50)
Bottom 7 (17.50) 7 (17.50)
Tumor length, cm, X & 5 3.41+0.84 3.15+0.89 t=1.355 0.179

Abbreviations: EC, esophageal carcinoma; BMI, body mass index; FEVI, forced expiratory volume in one second; MVV, maximal voluntary ventilation; PO,, partial
pressure of oxygen; PCO,, partial pressure of carbon dioxide; NRS, nutrition risk screening.

group (Z=-2.119, P = 0.034). The number of patients receiving transcervical and transhiatal esophagectomy developing
postoperative pulmonary infections was less than the controls (* = 4.114, P = 0.043).

The results of logistic regression analysis

A logistic regression model was established to identify independent factors for postoperative pulmonary infection. We
identified that the operation route through transcervical and transhiatal was an independent protect factor for post-
operative pulmonary infection (Odds ratio [OR] =7.801, P = 0.037) (Table 4).

Discussion

With the development of medical technologies and instruments, the minimally invasive esophagectomy has become an
increasingly acceptable surgical treatment for thoracic surgeons. Previous studies have reported minimally invasive
surgery has obvious advantages compare open method in postoperative complications, such as less blood loss, rapid
postoperative recovery, and earlier discharge.'®'® Thoracoscopic esophagectomy has been used in clinics for treating
EC, which provides better visualization of the operative field and allows a more thorough dissection of the
esophagus.?’2! However, this approach is often linked to high postoperative morbidity and mortality.**° The most
important reason for perioperative deaths is pulmonary complications. For those patients who has chronic diseases of the
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Table 2 The Intraoperative Assessment for Patients with EC

Variables Observation (n=40) Control (n=40) Statistics P
Perioperative bleeding, M(Q3s, Q7s) 50.00 (50.00, 62.50) 50.00 (50.00, 75.00) Z=-1.024 0.306
Total number of dissected mediastinal lymph 13.00 (12.00, 14.50) 14.00 (12.00, 15.00) Z=-0.620 0.535
nodes, M(Qas, Q7s)
Operative time, min, M(Q3s, Q7s) 200 (175, 220) 235 (195, 250) Z=-3.700 <0.001
Left para-RLN, n (%) 3.65%1.00 3.08+0.80 t= 2815 0.006

2 5 (12.50) 10 (25.00)

3 14 (35.00) 18 (45.00)

4 Il (27.50) 11 (27.50)

5 10 (25.00) 1 (2.50)
Right para-RLN, n (%) 2.70+0.76 2.88+0.82 t=1.018 0.312

2 19 (47.50) 15 (37.50)

3 14 (35.00) 16 (40.00)

4 7 (17.50) 8 (20.00)

5 0 (0.00) I (2.50)

Abbreviations: EC, esophageal carcinoma; RLN, recurrent laryngeal nerve.

respiratory system with pulmonary dysfunction, the concerns about the risks of high incidence of pulmonary complica-
tions may lead doctors and patients to choose non-surgical treatment plan. As a result, this part of patients lost the
opportunity of surgical treatment. Herein, we introduced a new minimally invasive esophagectomy surgery that is
a transcervical combined with a transhiatal esophagectomy. Our findings showed that this novel operation had a shorter
LOPS, lower postoperative pain, and lower pulmonary infection compared with thoracoscopic esophagectomy.

The transhiatal esophagectomy is different from the mediastinoscopic esophagectomy that has been reported.”* > In
this study, the operation was performed using a standard thoracoscopic lens instead of a traditional mediastinoscope. The
esophagus was cut off during the operation and the stump of dorsal esophagus is introversive during the dissociation,
which was not the same as the mediastinoscopy. Routine thoracoscopic energy instruments such as an ultrasonic knife
and a suction device for the endoscope were used in the dissociation process. Our results showed that the LOPS of
patients with EC who underwent transcervical and transhiatal esophagectomy was shorter than those who had thoraco-
scopic esophagectomy. Due to the small diameter and low localization requirements of endotracheal intubation, single-
lumen intubation was adopted in the transcervical and transhiatal esophagectomy, with an intubation time that was
significantly shorter than double-lumen intubation. During the whole surgery, patients maintained double-lung ventilation
without single-lung ventilation; thereby, the stability of the intraoperative blood gas was better. Thoracoscopic esopha-
gectomy requires double-lumen intubation or single-lumen intubation plus artificial pneumothorax, and the double-lumen
intubation has a thicker diameter, deeper intubation location, and higher requirement and repeated adjustment of the
position, easily leading to more serious endotracheal injury. The lung tissues of patients undergoing thoracotomy have
conducted traction to better expose the esophagus in the posterior mediastinum, which may inevitably cause mechanical
damage to lung tissues. In our study, transcervical and transhiatal esophagectomy has no thoracic incision, lower
pulmonary infection, and lower postoperative pain of cough and sputum excretion, leading to better cooperation with
medical staff to complete respiratory nursing.

Squamous cell carcinoma (SCC), a primary histologic type of EC, usually occurs in the thoracic esophagus,
extensively spreads to the mediastinal lymph nodes, especially along the bilateral RLNs.?’ At present, the mediastinal
lymphadenectomy is an essential part of radical esophagectomy for esophageal SCC or thoracic EC.%**° Fujiwara et al
reported a single-port mediastinoscope- assisted transhiatal esophagectomy (MATHE) for the treatment of thoracic EC.*'
Okumura et al explored the clinical significance of MATHE among 67 patients with EC and found the lymph node
metastasis and blood loss were independent prognostic factors.>* Although the pleural lymph node dissection under the
thoracoscopic esophagectomy has been widely applied, the visual range of surgery is relatively small. It is difficult during
thoracoscopic surgery to remove the lymph nodes near the para-RLN, which are not often visualized clearly.*° In our
study, the transcervical esophagectomy was performed in the upper mediastinum, and the transhiatal esophagectomy was
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Table 3 The Postoperative Assessment for Patients with EC
Variables Observation (n=40) Control (n=40) Statistics P
Time in ICU, n (%) 7= —1.642 o0.101
| 20 (50.00) 14 (35.00)
2 20 (50.00) 23 (57.50)
3 0 (0.00) 3 (7.50)
Postoperative pain score Dayl, n (%) Z=—4.292 <0.001
3 12 (30.00) 5 (12.50)
4 12 (30.00) 4 (10.00)
5 16 (40.00) 14 (35.00)
6 0 (0.00) 10 (25.00)
7 0 (0.00) 7 (17.50)
Postoperative pain score Day2, n (%) Z=—1.367 0.172
3 19 (47.50) 13 (32.50)
4 9 (22.50) 13 (32.50)
5 12 (30.00) 9 (22.50)
6 0 (0.00) 5 (12.50)
Postoperative pain score Day3, n (%) Z= —-3.363 <0.001
2 14 (35.00) 4 (10.00)
3 21 (52.50) 20 (50.00)
4 5 (12.50) 15 (37.50)
5 0 (0.00) I (2.50)
LOPS, days, M(Qzs, Q7s) 7.00 (7.00, 8.00) 8.00 (7.00, 8.50) Z=-2.119 0.034
24-h PO,/FIO,, X £ 5 296.50+33.71 282.75+34.19 t=1.811 0.074
48-h PO,/FIO,, M(Qs, Q7s) 290.00 (265.00, 315.00) 255.00 (245.00, 280.00) Z=3.747 <0.001
Pulmonary infection, n (%) 7=4.114 0.043
No 38 (95.00) 32 (80.00)
Yes 2 (5.00) 8 (20.00)
FOB, n (%) - 0.359
No 39 (97.50) 36 (90.00)
Yes 1 (2.50) 4 (10.00)
Lymphatic metastasis, n (%) 7*=1.526 0.217
No 9 (22.50) 14 (35.00)
Yes 31 (77.50) 26 (65.00)

Note: Using Fisher test.

Abbreviations: EC, esophageal carcinoma; ICU, intensive care unit; LOPS, the length of postoperative stay; PO,/FIO,, partial pressure of oxygen /fraction of inspiration

oxygen; FOB, fiberoptic bronchoscopy.

conducted in the middle and lower mediastinum. The left and right para-RLNs could be completely exposed during the

dissection, which completes the lymph node dissection and protects the RLN.

The strength of our study was that transcervical and transhiatal esophagectomy, a novel concept of minimally invasive

surgery for EC, does not change the body position and requires no thoracotomy, which provides opportunities for patients

Table 4 Independent Factors for Postoperative Pulmonary Infection Based on Logistic Regression

Analysis
OR (95% CI) P value
Operation route through transcervical and transhiatal 7.801(1.13-53.731) <0.001
Operation time 1.002(0.981-1.024) 0.83
Perioperative bleeding 1.004(0.972-1.037) 0.8l
Left para-RLN 2.154(0.87-5.33) 0.10
Right para-RLN 1.071(0.439-2.614) 0.88

Abbreviations: OR, odds ratio; Cl, confidence interval; RLN, recurrent laryngeal nerve.
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who cannot tolerate thoracotomy. The application of single-lumen bronchial intubation can reduce the risk of anesthesia
and the incidence of perioperative pulmonary infection. However, some limitations should be warranted as a caution for
the explanation of the data. This surgery has a small operating space for the surgeons and a high requirement for
assistants to help the surgeons expose the surgical field in the small space as much as possible. Using the current energy
platform is prone to smoke generation that interferes with the operative vision, so it is necessary to continuously apply
the suction device for smoke extraction, which may affect the smoothness of the operation. Patients who underwent
surgery needed the complete data of preoperative CT or ultrasound diameter. Compared with thoracoscopic esophagect-
omy, the transcervical and transhiatal esophagectomy shows no significant advantage in lymph node dissection because
of the immaturity of the technology and the imperfection of equipment, which may result in an increase of the recurrence
rate. Thus, this surgery may currently serve as a supplement and is unable to replace thoracoscopic esophagectomy.
Operation skills and standardized surgical procedures should be further improved in future clinical work. Meanwhile, the
corresponding surgical instruments are needed, such as a lens and separating pliers with radians and energy platforms
with less smoke.

The limitations of the study are as follow: 1) this was a non-randomized control investigation with a small sample size
that may have an impact on the statistical power of our results. More studies with well-designed, large samples and
randomized controlled trials should be considered to further assess the therapeutic efficacy of this surgery. 2) Due to the
difficulty of the operation, we selected patients with clinical stage cT1-3 NO-1 M0. Some patients with later stage or with
enlarged and fused lymph nodes may not be suitable for this operation. According to the latest guidelines, neoadjuvant
therapy is recommended for patients with clinical stage T3 and above or N+°> and it is not clear whether this surgical
method is safe and feasible for patients after neoadjuvant therapy. 3) This is a clinical study on the surgical method of
EC, the surgical method is completely different from the conventional minimally invasive esophagectomy through
thoracic cavity. The surgical method is very difficult, and the surgeons need a re-learning process. Moreover, there are not
many cases that have to choose this surgical method, so it may be difficult to repeat this study.

Conclusion

In this study, we developed a new minimally invasive esophagectomy surgery (transcervical and transhiatal esophagect-
omy) and assessed the therapeutic efficacy of this operation among patients with EC. Our results showed that the
transcervical and transhiatal esophagectomy. Tumor resection rate and lymph node dissection rate can achieve the same
surgical effect as thoracoscopic esophagectomy, which is safe and feasible. Postoperative pulmonary complications are
reduced, and it can be used for EC patients whose clinical stages were cT1-3 NO-1 MO with chronic lung disease, low
lung function, or difficult thoracic surgery.
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