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Abstract: Objective: To explore the effects of minimally-invasive thoracoscopic esophagectomy on the pulmonary 
function and postoperative complications of esophageal carcinoma patients. Methods: A total of 93 patients with 
esophageal carcinoma admitted to the oncology department of our hospital from May 2018 to October 2019 were 
enrolled in this study. Among the patients, 48 were treated with thoracoscopic esophagectomy (Group A), and the 
rest were treated with open esophagectomy (Group B). The operations of the two groups were evaluated, and their 
pain situations, adverse reactions, and pulmonary functions after the surgeries were also evaluated. In addition, 
the two groups’ postoperative stress, inflammatory cytokines, and quality of life were analyzed. Results: After the 
surgeries, the patients in Group A experienced milder pain and showed better pulmonary function indexes than 
the patients in Group B (all P < 0.05), and Group A also showed lower adverse reactions, stress, and inflammatory 
cytokine levels than Group B (all P < 0.05). In addition, Group A had higher quality of life scores than Group B (P < 
0.05). Conclusion: Minimally-invasive thoracoscopic esophagectomy can reduce the effects of pulmonary function 
damage and can reduce postoperative complications. 

Keywords: Thoracoscopic esophagectomy, esophageal carcinoma, minimally-invasive surgery, pulmonary func-
tion, complications, open esophagectomy

Introduction

Esophageal carcinoma is an aggressive can- 
cer with a high mortality rate [1]. It is usually  
a locally-advanced cancer, and patients with it 
often have a poor survival rate [2]. The overall 
5-year survival rate of esophageal carcinoma 
patients is 15% to 20% [3]. Esophagectomy is 
still the main radical treatment for most eso- 
phageal carcinoma patients [4], and open 
esophagectomy is a commonly-used invasive 
surgery, but it has relatively high recurrence 
and mortality rates [5]. Moreover, one study 
pointed out that being overweight and under- 
going an open esophagectomy are indepen-
dently-related to a significant increase in the 
incidence of postoperative respiratory tract 
infections, i.e. pneumonia [6]. Esophagectomy 
is a complicated procedure with a high inci-
dence of complications, because esophageal 

carcinoma is often accompanied by an exten-
sive invasion of the cervical, thoracic, and ab- 
dominal lymph nodes, and the esophagus is 
located deep in the posterior midline of the 
mediastinum [7]. Therefore, researchers have 
been looking for surgical methods that will 
improve the perioperative outcome. Thoracos- 
copic esophagectomy is a minimally-invasive 
surgery that used endoscopic technology [8], 
which minimizes thoracic trauma [9]. It has  
the potential advantages of minimizing res- 
piratory function damage and reducing sur- 
gical pressure. Some studies point out that 
minimally-invasive esophagectomy is a better 
choice for esophageal carcinoma because it is 
superior to open esophagectomy in reducing 
blood loss and respiratory complications and 
improving overall survival, but more trials are 
still needed to verify these advantages [10]. 
This study aimed to explore the effects of mini-
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mally-invasive thoracoscopic esophagectomy 
on the pulmonary function and postoperative 
complications of esophageal carcinoma pati- 
ents.

Materials and methods

General data

A total of 93 patients with esophageal car- 
cinoma admitted to the oncology department 
of Shanxi Tumour Hospital from May 2018 to 
October 2019 were enrolled in this study, 
among which 48 of the patients were treated 
with thoracoscopic esophagectomy (Group A), 
and the rest were treated with open esopha-
gectomy (Group B).

Exclusion and inclusion criteria

The inclusion criteria: Patients confirmed to 
have esophageal carcinoma through endos- 
copic ultrasound elastography [11]. This study 
was carried out with permission of the Ethics 
Committee of Shanxi Tumour Hospital. We 
obtained signed, written informed consent 
forms from the patients or their family mem-
bers prior to the study. 

The exclusion criteria: Patients with communi-
cation obstacles, patients who had received 
treatment before the study, patients with other 
comorbid tumors, and patients with a severe 
cardiac or renal insufficiency.

Methods

The patients in both groups were treated with 
combined anesthesia and double lumen en- 
dotracheal catheter intubation to ensure one-
lung ventilation during the surgery. The pati- 
ents in Group A received thoracoscopic eso- 
phagectomies as follows: The thoracic eso- 
phagus of each patient was separated under  
a thoracoscope in the left lateral position to 
remove the lymph nodes, and then the stom-
ach of the patient was separated under the  
thoracoscope in a supine position to remove 
the lymph nodes. Subsequently, the esopha- 
gus at the neck was cut off along the leading-
edge incision of the left sternocleidomastoid 
muscle, and a tubular stomach was formed at 
the deeper site 2 cm away from the superior 
abdomen xiphoid process under the endosco- 
pe. Finally, the stomach bottom was anasto-
mosed with the cervical esophagus end to end.

The patients in Group B received traditional 
open esophagectomies as follows: A 15-20  
cm incision was cut between the fifth rib of 
each patient in a left lateral position to direct- 
ly observe the downstream esophagus and 
remove the lymph nodes, and then a 15 cm 
incision was cut in the abdomen of the patient 
in a supine position to separate the stomach 
and remove the lymph nodes. The esophagus 
was cut off at the cardia to form a tubular  
stomach, and finally the stomach bottom was 
anastomosed with the cervical esophagus end 
to end. 

Outcome measures

(1) The visual analog scale (VAS), with a total 
possible score of 10 points, was applied to 
score and compare the two groups’ degrees of 
pain at 3 days and 5 days after the surgeries 
[12], respectively, and the scores were propor-
tional to the patients’ degrees of pain. (2) The 
pulmonary function was compared between 
the two groups before and after the treatment, 
including forced expiratory volume in 1 second 
(FEV1) and forced vital capacity (FVC). (3) 
Venous blood (5 ml) was sampled from each 
patient in the two groups after the treatment, 
let to stand at 20 min, and then centrifuged at 
10 × g and 4°C for 15 min with a centrifuge 
(Beijing BMH Instruments Co., Ltd.) to separate 
the serum, and the serum was quickly frozen 
using liquid nitrogen and stored at -80°C for 
later use. The serum interleukin-6 (IL-6), tumor 
necrosis factor-α (TNF-α), white blood cell 
(WBC), and C-reactive protein (CRP) levels were 
determined using an enzyme-linked immuno-
sorbent assay (ELISA) (Suzhou Elisa Biotech- 
nology Co., Ltd.). (4) The patients’ body func-
tions, life functions, psychological function, and 
quality of life in the two groups were scored 
using the MOS 36-Item Short-Form Health 
Survey (SF-36) scale [13], with a total possible 
score of 100 points. A higher score indicated 
better life quality.

Statistical analyses

In this study, the data were statistically ana-
lyzed using SPSS 21.0 (SPSS, Inc., Chicago, 
Illinois, United States). The quantitative data 
were expressed as the mean ± standard devia-
tion (x ± sd) and compared between groups 
using t tests. The enumeration data were 



Minimally-invasive thoracoscopic esophagectomy

176 Int J Clin Exp Med 2021;14(1):174-182

expressed as [n (%)] and compared between 
groups using chi-square tests, and the data at 
multiple time points were compared within the 
groups using F tests. P < 0.05 indicated a sig-
nificant difference.

Results

Comparison of the general data between the 
two groups

There were no significant differences in the 
general patient data between the two groups 
(all P > 0.05). As shown in Table 1.

Comparison of the surgeries between the two 
groups

The operation times of group A and Group B 
were (246.23±24.58) min and (248.37±25.26) 
minutes, respectively, and the intraoperative 
blood losses of Group A and Group B were 
(168.29±11.48) ml and (193.32±15.59) ml, 
respectively. In addition, the hospitalization 
times of Group A and Group B were (11.48± 
2.53) days and (16.29±3.62) days, respective-
ly, and the catheter retention times of Group  
A and Group B were (4.23±1.22) days and 
(7.78±1.45) days, respectively. Therefore, there 
were no significant differences between the 
two groups in their operation times (all P > 
0.05), but the other surgical indicators of  
Group A were better than they were in Group  
B (all P < 0.05). Figure 1.

Comparison of the two groups’ degrees of pain

The pain scores in Group A at 3 d and 5 d af- 
ter the surgery were (2.24±0.67) points and 
(1.14±0.35) points, respectively, and the pain 
scores in Group B at 3 d and 5 d after the sur-
gery were (4.52±1.24) points and (2.76±0.97) 
points, so Group A experienced milder pain 
than Group B after the surgery (P < 0.05). 
Figure 2.

Comparison of the postoperative pulmonary 
function between the two groups

The postoperative FEV1 values in Group A  
and Group B were (82.49±5.24)% and (65.39± 
4.20)%, and the postoperative FVC values in 
Group A and Group B were (79.49±6.19)% and 
(61.41±4.53)%, so the pulmonary function of 
Group A was better than the pulmonary func-
tion in Group B (P < 0.05). Figure 3.

Comparison of the postoperative stress be-
tween the two groups

The postoperative CRP levels in Group A and 
Group B were (25.29±3.24) mg/L and (31.32± 
3.77) mg/L, and the postoperative WBC levels 
in Group A and Group B were (12.58±2.34) × 
109/L and (17.39±2.66) × 109/L, so the stress 
index levels in Group A were lower than they 
were in Group B (P < 0.05). Figure 4.

Comparison of the inflammatory cytokine lev-
els in the two groups after the surgery

The postoperative IL-6 levels in Group A and 
Group B were (62.48±6.24) ng/L and (73.19± 
7.28) ng/L, and the postoperative TNF-α levels 
in Group A and Group B were (32.57±3.12) 
ng/L and (47.29±4.21) ng/L, respectively, so 
the inflammatory cytokine levels in Group A 
were lower than they were in Group B (P <  
0.05). Figure 5.

A comparison of the complications in the two 
groups

The overall incidence of adverse reactions in 
Group A was lower than it was in Group B 
(10.42% vs. 28.89%, P < 0.05). Table 2.

A comparison of the quality of life in the two 
groups

The body function scores in Group A and  
Group B were (87.35±14.27) points and 
(76.76±13.28) points. The life function scores 
in Group A and Group B were (93.24±10.72) 
points and (82.44±12.47) points. The psycho-
logical function scores in Group A and Group  
B were (88.26±8.18) points and (81.58±9.27) 
points. The life quality scores in Group A  
and Group B were (94.35±9.26) points and 
(83.68±10.78) points. The life quality scores  
in Group A were higher than they were in Group 
B (P < 0.05). Table 3.

Discussion

In the past, patients undergoing esophageal 
surgery experienced relatively long hospitaliza-
tion times and a long overall recovery periods, 
and when they suffered a severe complication, 
their hospitalization times and overall recovery 
periods were usually doubled at least [14]. In 
addition, conventional surgery usually brings 
about serious complications, but minimally-
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Table 1. General data of the patients in the two groups (x ± sd) [n (%)]
Item Group A (n = 48) Group B (n = 45) t/χ2 value P-value
Sex 1.206 0.272
    Male 33 (68.75) 26 (57.78)
    Female 15 (31.25) 19 (42.22)
Age (Y) 45.29±3.29 46.13±3.54 1.186 0.238
Height (cm) 173.18±5.49 172.48±5.24 0.628 0.531
Weight (kg) 63.18±4.24 64.13±4.23 1.081 0.282
Place of residence 0.419 0.651
    Rural area 21 (43.75) 16 (35.56)
    Urban area 27 (56.25) 29 (64.44)
Educational background 1.250 0.263
    Has a junior high school diploma or below 8 (16.67) 4 (8.89)
    Has a junior high school diploma or above 40 (83.33) 41 (91.11)
Nationality 2.816 0.093
    Han nationality 41 (85.42) 32 (71.11)
    Minority nationality 7 (14.58) 13 (28.89)
Economic level 0.509 0.775
    Poor 12 (25.00) 10 (22.22)
    Well-off 21 (43.75) 23 (51.11)
    Rich 15 (31.25) 12 (26.67)
Stays up late 0.014 0.904
    Yes 23 (47.92) 21 (46.67)
    No 25 (52.08) 24 (53.33)
Exercise 0.000 0.978
    Yes 30 (62.50) 28 (62.22)
    No 18 (37.50) 17 (37.78)
Obese 0.522 0.469
    Yes 26 (54.17) 21 (46.67)
    No 22 (45.83) 24 (53.33)
Diabetes mellitus 0.815 0.366
    Yes 19 (39.58) 22 (48.89)
    No 29 (60.42) 23 (51.11)
Hypertension 0.542 0.461
    Yes 23 (47.92) 25 (55.56)
    No 25 (52.08) 20 (44.44)
Smoking history 0.000 0.999
    Yes 32 (66.67) 30 (66.67)
    No 16 (33.33) 15 (33.33)
Drinking history 0.182 0.668
    Yes 35 (72.92) 31 (68.89)
    No 13 (27.08) 14 (31.11)
Location of esophageal carcinoma 0.499 0.778
    Upper esophagus 14 (29.17) 11 (24.44)
    Middle esophagus 15 (31.25) 17 (37.78)
    Lower esophagus 19 (39.58) 17 (37.78)
Pathological type 0.225 0.893
    Mucoepidermoid carcinoma 12 (25.00) 10 (22.22)
    Small cell carcinoma 19 (39.58) 17 (37.78)
    Large cell carcinoma 17 (35.41) 18 (40.00)
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invasive surgery can reduce the postopera- 
tive complications, shorten the hospitalization 
time, relieve pain, and improve the cosmetic 

effects involved with treating the esophagus, 
so minimally-invasive surgery has generated 
great interest [15]. In this study, we compared 

Figure 1. Comparison of the surgeries between the two groups. A. Comparison of the operation times in the two 
groups: There was no significant difference in the operation time between Group A and Group B (P > 0.05). B. 
Comparison of intraoperative blood loss between the two groups: The intraoperative blood loss of Group A was sig-
nificantly less than it was in Group B (P < 0.05). Note: *P < 0.05 vs. Group B. C. Comparison of the hospitalization 
times in the two groups: The hospitalization times in Group A were significantly shorter than they were in Group B (P 
< 0.05). Note: *P < 0.05 vs. Group B. D. Comparison of the catheter retention times in the two groups: The catheter 
retention times in Group A were significantly shorter than they were in Group B (P < 0.05). Note: *P < 0.05 vs. Group  
B.

Figure 2. Comparison of the pain situations in the 
two groups. The pain scores in Group A were signifi-
cantly lower than they were in Group at 3 d and 5 d 
after the surgeries (both P < 0.05). Note: *P < 0.05 
vs. Group B.

Figure 3. Comparison of the postoperative pulmo-
nary function indexes between the two groups. The 
postoperative FEV1 and FVC in Group A were signif-
icantly better than they were in Group B (both P < 
0.05). Note: *P < 0.05 vs. Group B.
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the general situations of the two groups during 
the perioperative period, and found that, ex- 
cept for there being no differences in the op- 
eration times, the operation situation of Group 
A was better than it was in Group B. A similar 
study revealed that minimally-invasive esopha-
gectomy for esophageal carcinoma is associat-
ed with moderate improvement of the periop-
erative outcomes without compromising the 
survival rate [16], which indicates that minimal-
ly-invasive esophagectomy can shorten hospi-
talization times and reduce blood loss. We  
suspect that this result may be due to minimal-
ly-invasive surgery’s smaller wounds and less 
invasion, which contribute to a faster recovery. 
The development of the postoperative inflam-
matory index levels after esophagectomy lar- 
gely depends on the operation method. Esoph- 
agectomy for esophageal carcinoma is a highly 

invasive operation that can lead to a strong  
systemic inflammatory response. Postopera- 
tive infectious complications will compromise 
patient survival after esophagectomy through 
inflammatory reactions [17]. One of the func-
tions of IL-6 is to support immune ability, which 
is defined as the host’s ability to respond to 
infections [18]. When the steady state is dam-
aged by an infection or tissue damage, IL-6  
will be generated immediately to activate the 
acute phase and the immune response to help 
the host resist this emergency situation. How- 
ever, an excessive imbalance of IL-6 and the 
continuous synthesis of IL-6 pose pathological 
effects on the acute systemic inflammatory 
response syndrome and on chronic immune-
mediated diseases, respectively [19]. TNF-α is 
a multi-effect cytokine with multiple functions, 
and it is not only beneficial to the steady-state 
for pathogen defense, but it also has the pa- 
thogenic function of triggering inflammation 
and damaging tissues [20]. One study reveal- 
ed that the relationship between the severity  
of postoperative complications and poor long-
term survival depends at least in part on the 
degree of systemic inflammatory response 
after surgery [21]. In this study, the inflamma-
tory cytokine and stress factor levels in Group  
A were lower than they were in Group B, and 
there were fewer pulmonary complications in 
Group A than there were in Group B. One stu- 
dy pointed out that minimally-invasive esoph- 
agectomy is especially good at reducing post-
operative respiratory complications [22], and 
one other study found that minimally-invasive 
esophagectomy brings about fewer major com-
plications and does not affect the overall sur-

Figure 4. Comparison of the postoperative stress levels between the two groups. A. Comparison of the CRP levels in 
the two groups: The CRP level in Group A was significantly lower than it was in Group B (P < 0.05). Note: *P < 0.05 
vs. Group B. B. Comparison of WBC levels in the two groups: The WBC level in Group A was significantly lower than 
it was in Group B (P < 0.05). Note: *P < 0.05 vs. Group B.

Figure 5. Comparison of the inflammatory cytokines 
in the two groups after the surgeries. The IL-6 and 
TNF-α levels in Group A were significantly lower than 
they were in Group B (both P < 0.05). Note: *P < 0.05 
vs. Group B.
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vival and disease-free survival rates of pati- 
ents within 3 years [23]. A serious post-eso- 
phagectomy complication is pneumonia, and 
thoracotomy itself may be the cause of pulmo-
nary infections, because a large thoracic inci-
sion prevents patients from taking deep 
breaths early after surgery and increases the 
risk of pulmonary infection caused by pulmo-
nary atelectasis [24]. This suggests that the 
lower rate of complications from minimally-
invasive esophagectomy may be due to the 
small incision, the reduction in the inflammato-
ry factor and stress factor levels, and the 
decreased probability of infection. In addi- 
tion, minimally-invasive esophagectomy has a 
smaller impact on pulmonary function. In addi-
tion, one other study found that thoracosco- 
pic esophagectomy in the prone position can 
improve postoperative oxygenation and exert 
less influence on respiratory function, so it is  
a potentially superior surgical method [25]. All 
the above indicate that minimally-invasive eso- 
phagectomy can reduce the impact on the pul-
monary function. One study found that the tra-
ditional open esophagectomy is accompanied 
by relatively severe postoperative chest pain, 
which is mainly due to the large intercostal in- 
cision. It may lead to pulmonary complications 
and delayed recovery [26]. Some other studies 
have shown that inflammation is an ordered 
sequence of events designed to maintain the 
dynamic balance of tissues and organs. Timely 

tomy is safe and effective, and its role in 
improving the quality of life of patients has 
been confirmed [28].

This study still has some deficiencies. For 
example, we have not yet found a safer and 
more effective surgical site for patients, nor 
have we found a more suitable method to 
reduce the anastomotic leakage at the surgi- 
cal segments. We will continue to carry out 
research and update our results.

Conclusion

Minimally-invasive thoracoscopic esophagec-
tomy can lower the influence of surgery on the 
pulmonary function and postoperative compli-
cations of esophageal carcinoma patients.
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