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Abstract. This study aimed to investigate the effect of 
video‑assisted thoracoscopic surgery (VATS) on pain stress 
indicators nitric oxide (NO), interleukin‑1β (IL‑1β) and IL‑6 in 
the treatment of mediastinal tumor in children, so as to explore 
the clinical application value of this surgery. A retrospective 
analysis was performed on 82  children with mediastinal 
tumor undergoing operation in Children's Hospital Affiliated 
to Zhengzhou University from January 2012 to January 2016. 
Among them, 48 children undergoing VATS were enrolled as 
an observation group, and 34 children undergoing conventional 
thoracotomy were enrolled as a control group. Enzyme‑linked 
immunosorbent assay (ELISA) was used to detect the preop-
erative and postoperative expression levels of NO, IL‑1β and 
IL‑6. The intraoperative clinical data, postoperative pain 
degree and infection rate were observed and recorded in real 
time, and then compared between the two groups. Before 
operation (T0), there were no statistically significant differ-
ences between the two groups in serum NO, IL‑1β and IL‑6 
expression levels, which were lower in the observation group 
than those in the control group at 12 h (T1) and 24 h (T2) after 
operation (P<0.05). The visual analog scale (VAS) score in 
the observation group was lower than that in the control group 
at T1 (P<0.05). Compared with the control group, the largest 
blade opening, intraoperative blood loss, drainage duration and 
postoperative pain degree were significantly improved in the 
observation group. The postoperative infection rate was 4.17% 
in the observation group, significantly lower than 17.64% in the 
control group. VATS is effective for postoperative pain stress 
indicators and infection control in children with mediastinal 

tumor, which is therefore more suitable for children with the 
disease and has a higher clinical value.

Introduction

Mediastinal tumor is a common chest tumor. Mediastinum, 
an area defined by anatomy (1), contains all organs and tissues 
of the chest from the sternum to the spine and between the 
lungs. These organs and tissues are derived from different 
viviparous tissues, so there is no specific pathogenic factor 
and obvious disease zone of a high incidence in mediastinal 
tumor. So far, there are no clear data showing the number of 
patients with mediastinal tumor in the world, and it was only 
reported that there were 2,800 patients with the disease in 
the United States in 2017 (2). Mediastinal tumor grows in the 
mediastinal region that basically covers the whole thoracic 
cavity of human body, so mediastinal tumors are various. 
At present, mediastinal tumors are divided into neurogenic 
tumor (21%), thymoma (19%), mediastinal cyst (21%), tera-
toma (15%) and others  (24%) (3). The main early clinical 
features of children with mediastinal tumor include cough, 
dyspnea and dysphagia (4), which are the result of the tumor 
obstructing the respiratory, nervous, digestive and circulatory 
systems in the body (5). The prevalence of mediastinal tumor 
in children is lower than that in adults, but the tumor growth 
rate and the carcinogenic rate in children are much higher 
than those in adults due to the small thoracic volume and the 
immaturity of tissues and organs in children (6). Therefore, 
there is no time to delay the treatment of mediastinal tumor 
in children.

At present, the main treatment of mediastinal tumor is 
surgical resection (7). Thoracotomy, a conventional resec-
tion operation (8), has an intuitive and clear visual field and 
is convenient to remove the tumor. However, during the 
operation, thoracotomy causes serious damage to human 
bone structure and exposes the tissues and organs for a 
long time, which leads to a high postoperative infection 
rate and incidence of complications and thereby prolongs 
the cure cycle. As the era of minimal invasiveness comes, 
video‑assisted thoracoscopic surgery  (VATS) makes up 
for the above shortcomings (9) and fundamentally reduces 
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postoperative infection. In addition, VATS has small wound 
and does not damage the cutaneous branch of the intercostal 
nerve, so patients have milder pain, less bleeding and faster 
postoperative recovery. However, VATS is a traumatic opera-
tion, so there is still postoperative infection and pain stress, 
especially in children. The postoperative trauma leads to stress 
in the body, among which, the increase in nitric oxide (NO), 
interleukin‑1β (IL‑1β) and IL‑6 levels activates the phago-
cytosis of phagocytes and granulocytes, thereby stimulating 
inflammation. Therefore, the observation and study of infection 
and pain stress indicators after the VATS surgery in children 
with mediastinal tumor, especially postoperative serum NO, 
IL‑1β and IL‑6 levels, may improve the surgical effect and the 
well‑being of patients (10,11). In this study, serum pain stress 
indicators were detected to evaluate the application value of 
VATS in the clinical treatment of mediastinal tumor in chil-
dren.

Patients and methods

Clinical information. In this study, a retrospective analysis 
was performed on 82  children with mediastinal tumor 
undergoing operation in Children's Hospital Affiliated to 
Zhengzhou University (Zhengzhou, China) from January 2012 
to January 2016, including 43 males and 39  females, aged 
5‑8 years. Of them, 48 children undergoing VATS were enrolled 
as the observation group and 34 children undergoing traditional 
thoracotomy were enrolled as the control group. Clinical records 
of the children in Children's Hospital Affiliated to Zhengzhou 
University, Henan Children's Hospital were recalled, and the 
basic clinical information was collected, including demo-
graphic data, lesion location and lesion diameter. This study 
was approved by the Ethics Committee of Children's Hospital 
Affiliated to Zhengzhou University, and the informed consent 
was signed by subjects' parents or their guardians.

Inclusion and exclusion criteria. Inclusion criteria (12): All 
the  patients admitted were aged less than 14 years, and the 
mediastinal tumor was clinically diagnosed as positive by 
CT; the patients included and their family members were 
informed of the treatment and consented before operation. 
Exclusion criteria: Patients undergoing secondary medias-
tinal tumor resection; patients who refused to receive surgery; 
patients with a tumor that could not be completely resected 
with surgery or who were unable to receive resection surgery; 
patients who had undergone chemotherapy and radiotherapy 
before operation; patients who were unwilling to participate 
in this study or with understanding disorder; patients with 
severe cardiovascular disease, cardiac dysfunction, and 
abnormal lung function; patients with obvious intestinal 
obstruction in the gastrointestinal tract, and dilatation of the 
intestine; patients who were suffering from various types of 
hernia; patients with coagulopathy, massive ascites, internal 
bleeding, hepatitis, and obesity; patients who had other serious 
medical diseases, including hyperthyroidism, and diabetes; 
and patients who were unable to tolerate tube intubation were 
excluded.

Study methods. The mediastinal tumor resection was clini-
cally carried out based on the clinical surgical guidelines (13) 

in accordance with the specifications, with intraoperative 
operation time and blood loss and other clinical real‑time 
data observed and recorded. The fasting venous blood from 
the children enrolled was collected before operation (T0), at 
12 h (T1) and 24 h (T2) after operation and sent for examina-
tion to detect serum with ELISA. The specific steps were as 
follows: the serum was separated at room temperature, stored 
at ‑70˚C and then slowly defrosted at 37˚C when used. An 
automatic biochemical analyzer and corresponding reagents 
(Mindray BS‑220) were used to determine the expression 
levels of serum NO (KS10788; Shanghai Keshun Biological 
Technology Co., Ltd.), IL‑1β (HL10417; Shanghai Haling 
Biological Technology Co., Ltd.) and IL‑6 (SBJ‑H0465; 
Nanjing Senbeijia Biological Technology Co., Ltd.), with 
the above operations carried out in strict accordance with 
the instructions. The pain degree of the children at  T1 
was observed, and then recorded using visual analogue 
scale (VAS) (14), and the length of stay and postoperative 
infection were recorded.

Statistical analysis. SPSS 20.0 statistical software package 
(Yonghong Technology Co., Ltd.) was used for processing 
the data. Measurement data were expressed as mean ± stan-
dard deviation (mean  ±  SD), and t‑test was used for 
comparison between groups. Count data were expressed 
as percentage  [n/(%)], and Chi‑square test was used for 
comparison between groups. At P<0.05, the difference was 
considered statistically significant.

Results

Comparison of basic clinical information. In this study, 
82 children with mediastinal tumor were enrolled as subjects 
and separated into the observation group (48 children) under-
going VATS and the control group (34 children) undergoing 
conventional thoracotomy according to operation methods. 
t‑test and Chi‑square test were used to analyze the clinical 
information. The results showed that the differences were not 
statistically significant in terms of age, sex or lesion between 
the two groups (P>0.05) (Table I). The two groups of patients 
were comparable.

Figure 1. Changes in serum NO level before and after operation. Serum NO 
level in the control group was significantly higher than that in the observa-
tion group at T1 and T2, with statistically significant differences (*P<0.05 and 
**P<0.05). NO, nitric oxide; T1, 12 h after operation;  T2, 24 h after operation.
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Comparison of stress indicators after different opera-
tions. Pain stress indicators in the serum were detected at 
T0 to T2 after operation (Table II and Figs. 1‑3). At T0, there 
were no significant differences between the two groups 
with respect to NO, IL‑1β and IL‑6 (P>0.05), which were 
lower in the observation group than those in the control 
group at T1  and T2, with statistically significant differ-
ences (P<0.05). The difference was the most significant 
at T1 compared with that at T0. It showed that VATS can 
effectively relieve postoperative pain thereby leading to 
less pain stress.

Intraoperative and postoperative clinical indicators of chil-
dren in the two groups. The intraoperative and postoperative 
clinical data of children in the two groups were recorded, 
including operation time, intraoperative blood loss, and pain 
score at T2 (Table III). Compared with the control group, the 
largest blade opening, intraoperative blood loss, drainage 
duration, length of stay and postoperative pain were signifi-
cantly improved in the observation group (P<0.05), and the 
operation time was also shortened, indicating that VATS has 
a higher clinical application value for the clinical resection of 
mediastinal tumor in children within a certain range.

Table I. Basic clinical information sheet of patients [mean ± SD or n/(%)].

Items	 Observation group (n=48)	 Control group (n=34)	 t/χ2 value	 P-value

Sex			   0.006	 0.939
  Male	 25 (52.08)	 18 (52.94)
  Female	 23 (47.92)	 16 (47.06)
Age (years)	 5.1±1.6	 5.5±1.2	 0.186	 0.853
BMI (kg/m2)	 21.3±1.5	 22.1±1.3	 0.382	 0.703
Lesion diameter (cm)	 3.7±0.6	 3.8±0.7	 0.108	 0.914
Tumor metastasis			   0.009	 0.909
  Yes	 12 (25.00)	 8 (23.53)
  No	 36 (75.00)	 26 (76.47)
Tumor type
  Neurogenic tumor	 11 (22.92)	 11 (32.35)	 0.486	 0.486
  Teratoma	 16 (33.33)	 10 (29.41)	 0.018	 0.893
  Thymoma	 9 (18.75)	 7 (20.89)	 0.012	 0.904
  Others	 12 (25.00)	 6 (17.35)	 0.272	 0.602
Lesion location
  Anterior mediastinum	 34 (70.83)	 26 (76.48)	 0.099	 0.753
  Middle mediastinum	 9 (18.75)	 4 (11.76)	 0.299	 0.585
  Posterior mediastinum	 5 (10.42)	 4 (11.76)	 0.088	 0.918

Table II. Serum NO, IL-1β and IL-6 levels before and after operation (mean ± SD).

Indicators	 Time	 Observation group	 Control group	 t value	 P-value

NO (normal range, 28.00-50.00 µmol/ml)
	 T0	 121.63±10.65	 121.56±10.78	 0.0005	 0.996
	 T1	 152.69±16.86	 207.11±18.50	 2.145	 0.035
	 T2	 137.35±13.66	 184.60±17.28	 2.168	 0.033
IL-1β (normal range, 0.01-0.25 pg/ml)
	 T0	 1.63±0.14	 1.61±0.16	 0.0934	 0.926
	 T1	 2.45±0.21	 3.25±0.27	 2.371	 0.020
	 T2	 2.40±0.17	 3.11±0.23	 2.539	 0.013
IL-6 (normal range, 1.00-3.00 pg/ml)
	 T0	 5.71±0.43	 5.65±0.46	 0.0936	 0.926
	 T1	 8.39±1.23	 12.87±1.53	 2.300	 0.024
	 T2	 7.08±1.12	 11.24±1.40	 2.341	 0.022

NO, nitric oxide; IL, interleukin; T0, before operation; T1, 12 h after operation;  T2, 24 h after operation.
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Postoperative infection rate. The infection in children was 
recorded within 1 month after operation. The results showed 
that there were 8 cases of postoperative infection in the two 
groups. Two cases were in the observation group, and both 
cases were pulmonary infection. Six cases were in the control 
group, including 3 cases of wound infection, 1 case of pulmo-
nary infection, and 2 cases of other infection. IL‑1β, NO and 
IL‑6 were significantly higher in children with infection than 
those without infection (P<0.001) (Table IV).

Discussion

Due to the promotion of medical knowledge in recent years, 
people's awareness of minimally invasive surgery has gradually 
developed. For operation methods, most parents of children 

with mediastinal tumor are more likely to choose VATS (15) 
that has a small wound area and non‑direct contact operation, 
with low trauma and infection (16). However, VATS has some 
known and unknown adverse effects on the quality of operation. 
Therefore, paying close attention to the postoperative relevant 
indicators remains a hot issue in medical studies. It has been 
shown that (17) NO, IL‑1β and IL‑6 are clinically common 
indicators for inflammatory pain stress, mainly because they 
can better reflect the contraction and relaxation of the smooth 
muscle during the inflammatory response. When the content 
exceeds a certain amount, they stimulate the muscle to contract 
and reflex, and reflect the pain in real time.

Table III. Clinically relevant indicators of children in the two groups (mean ± SD).

Clinical information	 Observation group (n=48)	 Control group (n=34)	 t value	 P-value

Largest blade opening (cm)	 5.13±0.48	 15.32±3.46	 3.442	 0.0009
Operation time (min)	 90.49±29.00	 173.94±28.72	 1.999	 0.050
Intraoperative blood loss (ml)	 81.99±30.28	 172.37±32.64	 1.996	 0.049
Postoperative thoracic drainage duration (days)	 2.56±0.47	 4.03±0.57	 1.997	 0.049
Postoperative length of stay (days)	 4.25±0.34	 6.46±0.53	 3.674	 0.0004
VAS score at T2	 2.93±0.66	 5.37±0.63	 2.530	 0.013

VAS, visual analog scale; T2, 24 h after operation.

Table IV. Comparison of infection.

Indicators	 Infection (n=8)	 No infection  (n=74)	 t value	 P-value

NO (µmol/ml)	 107.62±15.74	 86.93±8.24	 6.079	 <0.001
IL-1β (pg/m)	 6.32±1.58	 3.06±0.79	 9.868	 <0.001
IL-6 (pg/m)	 5.12±2.24	 2.13±1.05	 6.683	 <0.001

NO, nitric oxide; IL, interleukin.

Figure 2. Changes in serum IL‑1β level before and after operation. Serum IL‑1β 
level in the control group was significantly higher than that in the observa-
tion group at T1 and T2, with statistically significant differences (*P<0.05 and 
**P<0.05). IL‑1β, interleukin‑1β; T1, 12 h after operation;  T2, 24 h after operation. Figure 3. Changes in serum IL‑6 level before and after operation. Serum IL‑6 

level in the control group was significantly higher than that in the observa-
tion group at T1 and T2, with statistically significant differences (*P<0.05 and 
**P<0.05). IL‑6, interleukin-6; T1, 12 h after operation;  T2, 24 h after operation.
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Because pediatric mediastinal tumor is not common 
in clinical practice, existing studies mainly focus on the 
comparison of the clinical efficacy of different treatment for 
mediastinal tumors. For example, Fuchs et al (18) proposed 
that the laparoscopic minimally invasive surgery has a good 
clinical effect in the treatment of mediastinal tumors, and 
Christison‑Lagay et al (19) compared the effects of different 
openings on pediatric mediastinal tumors. The significance of 
the clinical indicators of postoperative pediatric medial tumors 
is relatively rare. In this study, subjects were enrolled through 
rigorous inclusion of exclusion criteria. The differences 
between VATS and conventional thoracotomy in the treatment 
of children with mediastinal tumor were compared, and the 
significance of inflammatory factors NO, IL‑1β and IL‑6 for 
perioperative period was analyzed, which provides reference 
for future clinical treatment of pediatric mediastinal tumors. 
Monitoring of common inflammatory factors may improve the 
quality of surgical treatment. In this study, serum NO, IL‑1β 
and IL‑6 levels were used to investigate the adaptability of 
VATS or traditional thoracotomy to mediastinal tumors.

The results of the study showed that postoperative NO, IL‑1β 
and IL‑6 levels in the observation group (VATS) were lower 
than those in the control group (conventional thoracotomy) 
(P<0.05). Patients undergoing conventional thoracotomy have 
a stronger postoperative stress response than those under-
going VATS, suggesting that VATS can effectively reduce the 
postoperative pain in children. Under normal circumstances, 
the human body responds to external trauma, and opera-
tive trauma stimulates the patient to secrete NO, IL‑1β, IL‑6 
and other stress factors that stimulate the nerve ending and 
thereby shows pain once exceeding normal content (20,21). 
Rondón  et  al  (22) have found that in the central nervous 
system, NO, glutamic acid and polyamines are commonly 
mediated by N‑methyl‑D‑aspartate (NMDA) receptor, and the 
increase in NO enhances the sensitivity to pain in the body. 
Gopalsamy et al (11) reported that the inhibition of IL‑1β and 
IL‑6 expression effectively inhibits the pain stress response. In 
the study of different operation methods for mediastinal tumor 
resection, Uchida et al (23) and Kamata et al (24) found that 
VATS is the first choice for tumor resection. In the present 
study, a judgement of pain stress indicators was added in the 
confirmation of results, which enhanced the real‑time control 
of operation. The VAS score at T2 also reflected that VATS was 
more suitable for children, and the pain value was lower in the 
observation group at T2 (P<0.05). This is because the operative 
trauma of VATS is weak and the recovery of children is better 
in a short time. The levels of NO, IL‑β and IL‑6 in patients with 
postoperative infection were significantly higher than those in 
patients without postoperative infection, suggesting that the 
future clinical monitoring of NO, IL‑β and IL‑6 concentrations 
in children can be used to judge the occurrence of perioperative 
infections, so the recovery of patients could be improved.

There is a study showing that painkillers reduce cytokine 
levels (25). In this study, children with a VAS score greater 
than 3 points were treated with 0.15‑0.20% ropivacaine (initial 
dose, 6‑10 ml; maintenance dose, 4‑6 ml/h; aggressive dose: is 
2‑4 ml; the lockout time, 20‑30 min; and the maximum dose, 
12 ml/h). In this study, the analgesic dose was selected in refer-
ence to the study of Kim et al (26) who applied this dose in 
the investigation of children with lower extremity orthopaedic 

surgery, which significantly reduced the pain of children and 
has extremely high application value. The VAS score at T2 
was 2.93±0.66 in the observation group and 5.37±0.63 in 
the control group. It can be seen that children in the control 
group generally take more analgesic drugs than those in the 
observation group, so NO, IL‑1β and IL‑6 levels measured 
in the control group should be lower than their actual levels. 
However, postoperative NO, IL‑1β and IL‑6 levels in the 
observation group were significantly lower than those in the 
control group, indicating that their levels in the observation 
group are significantly lower than the actual levels in the 
control group.

The study of VATS in children with mediastinal tumor is 
of great importance and value, and further in‑depth research 
is expected. Of course, not all children with mediastinal tumor 
are suitable for VATS (27). For example, children with a large 
tumor area, tumor metastasis and proliferation and children 
who are too young (the body volume is too small) can only 
choose thoracotomy or chemotherapy. Therefore, the promo-
tion of VATS in the clinic still needs to take the condition 
of the patient into consideration. Since the pathogenesis of 
pediatric mediastinal tumor is not completely clear, the exact 
mechanism of NO, IL‑1β, IL‑6 in mediastinal tumor requires 
to be further explored. Because pediatric mediastinal tumor is 
not common, we are unable to expand the sample size, and the 
results could be slightly different with more subjects included.

In conclusion, compared with thoracotomy, VATS is more 
suitable for children with the disease, the recovery and infection 
of children could be monitored by detecting the inflammatory 
factors NO, IL‑1β, IL‑6, which has a higher promotion value 
in clinical practice.
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