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Abstract

Background: In thoracoscopic surgery under spontaneous
respiration, patients could breathe spontaneously during
surgery without the need for mechanical ventilation via tra-
cheal intubation. This technique can effectively avoid the
injuries caused by tracheal intubation and mechanical ven-
tilation and the side effects of muscle relaxants, thus reduc-
ing postoperative complications and benefitting patients.
This study aims to explore the application of thoracoscopic
surgery under spontaneous respiration in the elderly with
primary spontaneous pneumothorax (PSP) and its effect
on inflammatory indices and postoperative complications.
Methods: The medical records of 181 elderly patients with
PSP who underwent thoracoscopic surgery in our hospital
from June 2021 to June 2022 were chosen for retrospec-
tive analysis. After excluding 15 patients who did not meet
inclusion criteria, 80 patients receiving spontaneous respi-
ration via laryngeal mask ventilation were included in the
study group and 86 patients undergoing pulmonary ventila-
tion via single-lumen tracheal intubation were included in
the control group in accordance with the different schemes
used in the surgery. Preoperative anaesthesia induction,
surgical and hospitalisation times were compared, and the
haemodynamics and inflammatory indices and complica-
tion incidences of the two groups were analysed. Results:
Recovery time and hospitalisation time significantly dif-
fered between the two groups (p < 0.001). Compared with
the control group, the study group had significantly lower
mean arterial pressure at T2 and faster heart rates at T2 and
T3 (p< 0.001). At T5, T6 and T7, the levels of interleukin-
6, interleukin-8 and C-reactive protein in the study group
were significantly lower than those in the control group (p
< 0.05). The incidence of intraoperative and postoperative
complications did not significantly differ between the two
groups (p> 0.05). Conclusion: Thoracoscopic surgery un-
der spontaneous respiration is safe and effective in the treat-
ment of elderly patients with PSP. It reduces the levels of
inflammatory factors and accelerates postoperative rehabil-
itation, showing certain value for clinical promotion.
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Introduction

Spontaneous pneumothorax (SP) is a common and
major acute disease in thoracic surgery. Its pathological
mechanism is as follows: the rupture of pulmonary bul-
lae caused by the sudden increase in intrapulmonary pres-
sure after excessive coughing, breath holding or exercise
induces the entry of gas into the pleural cavity, leading to
an increase in intrathoracic pressure [1]. This effect, in turn,
produces respiratory and circulatory dysfunctions. SP is di-
vided into primary and secondary pneumothorax in accor-
dance with the presence or absence of pulmonary diseases
prior to the occurrence of pneumothorax [2,3]. In primary
pneumothorax, the lung parenchyma is normal because in
the absence of exogenous factors and primary pulmonary
disease in lung parenchyma and/or pleura, the spontaneous
rupture of pulmonary bullae causes the entry and accumula-
tion of gas into the pleural cavity [4]. Primary spontaneous
pneumothorax (PSP), a common pulmonary emergency in
clinic, shows annually increasing morbidity and is charac-
terised by recurrent attacks. It seriously threatens the life
and health of the elderly.

Thoracoscopic surgery, a main method for the treat-
ment of PSP, adopts general anaesthesia under tracheal in-
tubation; however, this anaesthesia method has high com-
plication incidences and surgical cost, delays postoperative
recovery and affects hospitalisation turnover rate and thus
does not meet the clinical needs of patients [5]. Nonin-
tubated anaesthesia is a new anaesthesia method that has
emerged in recent years. It improves patients’ intraop-
erative compliance and reduces postoperative complica-
tions by enabling spontaneous respiration by patients with-
out intubation. Anaesthesia technology under spontaneous
respiration has been applied in thoracic surgery [6]. A
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Table 1. Case data of selected patients.
Projects Proportion (%)

Male 166 (75.90)
Female 40 (24.10)
Smoking history 137 (82.53)
Right pneumothorax 81 (48.80)
Left pneumothorax 83 (50.00)
Bilateral pneumothorax 2 (1.20)
Incentives -
Severe coughing 31 (18.67)
Moving weight 16 (9.64)
Vomiting 14 (8.43)
Sternutation 7 (4.22)
Forced defaecation 1 (0.60)
Imaging data on chest -
Changes in chronic bronchitis and emphysema 143 (86.14)
Changes in pulmonary bullae 128 (77.11)
Changes in obsolete pulmonary tuberculosis 89 (53.61)
Changes in contralateral destroyed lung 1 (0.60)
Changes in bilateral abnormal density shadow 2 (1.20)
Pleural adhesions 116 (69.88)

growing number of clinical studies have provided strong
evidence-based medical evidence for the safety and supe-
riority of spontaneous respiration anaesthesia in thoracic
surgery. The objectives of clinical anaesthesia include rapid
and complete recovery, early hospital discharge caused by
adequate postoperative analgesia and minimised costs asso-
ciated with postoperative hospitalisation services [7]. How-
ever, only a few reports on the application of thoracoscopic
surgery under spontaneous respiration in the treatment of el-
derly patients with PSP exist. Therefore, this study aims to
explore the clinical efficacy of thoracoscopic surgery under
spontaneous respiration in the treatment of elderly patients
with PSP to formulate efficient clinical plans.

Materials and Methods

Research Subjects

The medical records of elderly patients with PSP who
underwent thoracoscopic surgery in our hospital from June
2021 to June 2022 were chosen for retrospective analysis.

Inclusion criteria: (1) patients were definitively di-
agnosed on the basis of chest films and/or lung computed
tomography (CT) examination; (2) patients without con-
traindication to anaesthesia; and (3) patients with complete
clinical data. Exclusion criteria: (1) patients with coagu-
lopathy; (2) patients with secondary pneumothorax; and (3)
patients with malignant tumours and infectious diseases.

Case Data

The data of 166 elderly patients with PSP are shown
in Table 1.

Methods

Preoperative Preparation

Prior to surgery, liver and kidney function, blood
routine, urine routine and other examinations, as well
as echocardiography and electrocardiography, were per-
formed to evaluate the cardiopulmonary functions of the pa-
tients. Preoperative education was given to the patients and
their families to inform them of perioperative precautions.

Preoperative Sedation

Atropine sulphate injection (Jiangsu Lianshui Phar-
maceutical Co., Ltd.; NMPA approval No.: H32020166;
batch number: TT201106964; specification: 1 mL: 0.5 mg;
origin: Huai’an, China) at a dose of 0.01 mg/kg was ad-
ministered through intramuscular injection within half an
hour before anaesthesia. After entering the operating room,
electrocardiographic examination was performed to moni-
tor patients’ heart rate (HR), blood pressure and blood oxy-
gen saturation. Subsequently, a venous channel of the upper
limb was established.

Anaesthesia Methods in the Study Group

Patients were injected with dexmedetomidine
(Sichuan Guorui Pharmaceutical Co., Ltd.; NMPA ap-
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proval No.: H20143195; batch number: 19060633-854;
specification: 1 mL: 0.1 mg; origin: Leshan, China) at
a dose of 0.3 µg/kg; propofol (Zhejiang Jiuxu Pharma-
ceutical Co., Ltd.; NMPA approval No.: H20084531;
batch number: F96-200110-E; specification: 20 mL: 0.2
g; origin: Jinhua, China) at a dose of 2.5 mg/kg and
sufentanil (Yichang Humanwell Pharmaceutical Co., Ltd.;
NMPA approval No.: H20054172; batch number: 6369-
200816TN; specification: 1 mL: 50 µg × 10/bottle; origin:
Yichang, China) at a dose of 0.3 µg/kg for anaesthesia
induction. A laryngeal mask was placed by the anaesthetist
when the patients were unconscious and the bispectral
index (BIS) was less than 50. After the laryngeal mask
was placed, propofol was continuously provided through
target injection at an initial dose of 0.1–0.2 mg/kg, which
was later adjusted until the desired effect was achieved,
and 1% sevoflurane (Shanghai Hengrui Medicine Co.,
Ltd.; NMPA approval No.: H20070172; batch number:
33-6654-200312; origin: Shanghai, China) was inhaled to
maintain anaesthesia. The intraoperative BIS of patients
was maintained between 40 and 60.

Anaesthesia Methods in the Control Group

Patients were successively injected with 0.3 µg/kg
dexmedetomidine, 2.5mg/kg propofol, 0.3 µg/kg sufentanil
and 0.2 mg/kg cisatracurium (Jiangsu Hengrui Pharmaceu-
tical Co., Ltd.; NMPA approval No.: H20060869; batch
number: C53-0918-N2O12; specification: 20mg; location:
Lianyungang, China) for anaesthesia induction. When the
patients had lost consciousness and the BIS value was<50,
the anaesthesiologist placed a single-lumen bronchial tube,
accurately positioned the tube through fiberoptic bron-
choscopy, fixed the tube and connected the ventilator for
one-lung ventilation. The continuous targeted infusion of
propofol, inhalation of 1% sevoflurane and intermittent in-
jection of homeopathic atracuriumwere performed tomain-
tain anaesthesia in accordance with the needs of surgical
time. The intraoperative BIS was maintained at 40–60.

Surgical Procedure

The details of the surgical procedure are shown in
Fig. 1.

Observation Indicators

Observation Time Points

Eight time points were set: T0 (before anaesthesia),
T1 (15 min after one-lung ventilation), T2 (30 min after
one-lung ventilation), T3 (30 min after intrathoracic opera-
tion completion), T4 (1 h after intrathoracic operation com-
pletion), T5 (2 h after surgery), T6 (12 h after surgery) and
T7 (24 h after surgery).

Fig. 1. Procedures of thoracoscopic surgery.

Indicator Data

The baseline data of the two groups were compared.
The data included age, gender, haemoglobin, anaesthesia
time, surgical time, infusion volume, bleeding volume, dif-
fusing capacity of lung for carbon monoxide (DLCO) and
forced expiratory volume in one second (FEV1). An au-
tomatic biochemical analyser (Shenzhen Mindray Biomed-
ical Electronics Co., Ltd.; batch number: 2019-0091-BS;
model: BS-600M; origin: Shenzhen, China) was applied
to detect haemoglobin. A detection kit (batch number:
P0381M; manufacturer: Beyotime Biological Co., Ltd.; lo-
cation: Shanghai, China) was also used.

The changes in mean arterial pressure (MAP) and HR
at T0–T4were collected and recorded for comparative anal-
ysis.

Blood samples were collected by using tubes without
pyrogen and endotoxin. The tubes were placed at room
temperature for natural coagulation to separate serum. The
obtained serum was centrifuged at 2 °C–6 °C for approxi-
mately 20 min (2000–3000 r/min), and the resulting super-
natant was collected. An automatic enzyme immunoassay
analyser (brand: Biobase; manufacturer: Biobase Biotech
[Jinan] Co., Ltd.; batch number: BIO200911-100-96; ori-
gin: Jinan, China) was employed to detect the levels
of interleukin-6 (IL-6; normal range: 0.37–0.46 ng/L),
interleukin-8 (IL-8; normal range: 0.26–0.38 ng/mL) and
C-reactive protein (CRP; normal range: 5–10 mg/L) at T5–
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Table 2. Comparison of baseline data between the two groups.
Indicators Study group (n = 80) Control group (n = 86) z/χ2 p

Age [M (P25, P75), years] 67.00 (63.00, 70.75) 66.00 (62.00,70.00) 0.969 0.333
Gender 0.030 0.863
Male (cases) 38 (47.50) 42 (48.84)
Female (cases) 42 (52.50) 44 (51.16)
Haemoglobin [M (P25, P75), g/L] 121.42 (106.43, 132.61) 124.54 (109.78, 137.54) 1.399 0.162
Anaesthesia time [M (P25, P75), min] 55.60 (47.13, 62.80) 55.80 (45.73, 63.20) 0.124 0.901
Surgical time [M (P25, P75), min] 42.10 (34.60, 48.58) 41.30 (35.18, 46.43) 0.771 0.441
Bleeding volume [M (P25, P75), mL] 16.00 (14.00, 18.00) 16.00 (14.00, 18.00) 0.376 0.707
DLCO [M (P25, P75), %] 84.30 (79.75, 87.78) 84.15 (78.78, 87.68) 0.953 0.340
FEV1 [M (P25, P75), %] 81.75 (77.00, 86.18) 81.20 (77.93, 85.55) 0.566 0.572
Recovery time [M (P25, P75), min] 8.9 (8.03, 9.68) 12.45 (10.48, 15.30) 9.478 <0.001
Hospitalisation time [M (P25, P75), day] 5.00 (4.00, 6.00) 7.00 (5.00,8.00) 7.942 <0.001
DLCO, diffusing capacity of lung for carbon monoxide; FEV1, forced expiratory volume in one second.

T7 in each group. The kits (manufacturer: Huamei Bioengi-
neering Co., Ltd.; location: Wuhan, China; catalog number
of IL-6: IL-6-2245-0514, catalog number of IL-8: IL-8-
8543-0401; cata-log number of CRP: A-5241-1214) were
used for detection.

The incidences of complications in the two groups
were compared and analysed. The analysed complications
included introperative coughing, reflux aspiration and hy-
poxaemia during the surgery and re-expansion pulmonary
oedema, pulmonary infection, pulmonary alveolar air leak-
age and throat discomfort after surgery.

Statistical Analysis

SPSS 25.0 software (International Business Machines
Corporation; Armonk, NY, USA) was used to analyse
and process the collected data. Firstly, the Shapiro–Wilk
method was used to test whether continuous variables con-
formed to the normal distribution. Data meeting non-
normal distribution were subjected to nonparametric test
and were represented by [M (P25, P75)]. For categorical
variables, chi-square test or Fisher’s test was used and were
expressed as [n (%)]. p < 0.05 indicates a statistically sig-
nificant difference. Fig. 1 was drawn by using Microsoft
Office Word 2020 (manufacturer: Microsoft Corporation,
origin: Redmond, WA, USA).

Results

Comparison of Baseline Data

The comparison and calculation of baseline data
revealed no significant differences in age, gender,
haemoglobin, anaesthesia time, surgical time, bleeding
volume, DLCO and FEV1 between the two groups (p >

0.05) and significant differences in recovery and hospi-
talisation times between the two groups (p < 0.001), as
detailed in Table 2.

Comparison of Haemodynamics

At T2, the MAP in the study group decreased signifi-
cantly relative to that in the control group (p< 0.001). MAP
did not significantly differ between the two groups at other
times (p> 0.05). TheHR levels in the study group at T2 and
T3 were significantly lower than those in the control group
(p< 0.001) and did not significantly differ between the two
groups at other times (p > 0.05), as shown in Table 3.

Comparison of Inflammatory Indices

Table 4 clearly shows the levels of inflammatory fac-
tors in the two groups at different times. The levels of IL-6,
IL-8 and CRP in the control group were significantly higher
than those in the study group at T5, T6 and T7 (p < 0.01).

Incidence of Perioperative Complications

The incidence of intraoperative and postoperative
complications did not show significant differences (p >

0.05), as depicted in Table 5.

Discussion

This study found that the study group had significantly
lower recovery and hospitalisation times than the control
group (p < 0.001). Moreover, at T2, the MAP of the study
group was significantly lower than that of control group.
Compared with those of the control group, the HR levels
of the study group at T2 and T3 were significantly lower
than those the control group (p < 0.001). In terms of in-
flammatory indices, the levels of IL-6, IL-8 and CRP in
the study group were significantly lower than those in the
control group at T5, T6 and T7 (p < 0.01). However, the
present results did not reveal significant differences in intra-
operative and postoperative complications between the two
groups (p > 0.05). This finding appears to contradict ex-
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Table 3. Comparison of MAP and HR in both groups (M [P25, P75]).
Variables Groups T0 T1 T2 T3 T4

MAP (mmHg) Study group 86.90 (79.80, 93.00) 90.50 (85.20, 99.10) 94.50 (87.10, 100.80) 85.60 (80.40, 93.10) 86.20 (81.20, 88.30)
Control group 86.50 (80.60, 92.50) 91.40 (84.20, 97.90) 95.50 (89.70, 101.90) 86.70 (80.20, 91.80) 85.60 (80.10, 89.80)

z 0.788 1.210 15.506 0.891 1.658
p 0.431 0.226 <0.001 0.373 0.097

HR (times/min) Study group 69.00 (63.00, 76.00) 70.00 (62.00, 76.00) 76.00 (66.00, 83.00) 72.00 (66.00, 77.00) 71.00 (66.00, 76.00)
Control group 70.00 (62.00, 78.00) 70.00 (64.00, 75.00) 76.00 (68.00, 86.00) 76.00 (69.00, 84.00) 71.00 (65.00, 78.00)

z 1.878 0.927 12.953 28.836 0.123
p 0.060 0.354 <0.001 <0.001 0.902

MAP, mean arterial pressure; HR, heart rate.

Table 4. Comparison of inflammatory indices in both groups at different time points [M (P25, P75)].
Variables Groups T5 T6 T7

IL-6 (µg/L) Study group 12.65 (10.13, 14.88) 11.14 (9.20, 12.90) 10.01 (8.55, 12.24)
Control group 14.56 (13.27, 15.81) 11.62 (10.66, 13.54) 11.71 (9.88, 13.37)

z −5.392 −2.595 −3.700
p <0.001 0.009 <0.001

IL-8 (µg/L) Study group 12.16 (11.01, 13.79) 12.40 (10.86, 13.41) 10.79 (9.60, 12.32)
Control group 14.46 (12.28, 16.36) 12.84 (11.72, 14.02) 11.47 (10.18, 13.27)

z −5.392 −2.348 −2.469
p <0.001 0.019 0.014

CRP (mg/L) Study group 14.74 (12.52, 17.82) 12.92 (11.52, 15.69) 11.40 (10.24, 14.20)
Control group 17.90 (14.85, 19.34) 14.59 (12.60, 17.07) 13.45 (11.14, 14.94)

z −4.284 −2.207 −2.085
p <0.001 0.027 0.037

IL, interleukin; CRP, C-reactive protein.

pectations. Thoracoscopic technology under nonintubated
local anaesthesia and sedation has been gradually applied
in the clinic to avoid complications related to tracheal intu-
bation and mechanical ventilation and reduce the hospitali-
sation cost of patients. Thoracoscopic surgery under spon-
taneous respiration requires anaesthesiologists to retain the
patients’ spontaneous respiration under general anaesthesia
and no longer uses traditional single-lumen tracheal intuba-
tion and ventilator-assisted respiration to avoid the injuries
of the trachea and glottis and the barotrauma inflicted by
the ventilator on pulmonary alveoli as well as reduce a se-
ries of postoperative complications caused by tracheal in-
tubation and ventilator-assisted ventilation [8,9]. Thoraco-
scopic surgery under spontaneous respirationmainly adopts
laryngeal mask ventilation, which could not stimulate the
glottis during anaesthesia, by utilising open pneumothorax
formed after thoracotomy, showing simple placement, low
stimulation to patients’ respiratory tracts and good tolerance
[10,11].

This study introduced spontaneous respiration via la-
ryngeal mask anaesthesia and emphasised the preservation
of the patients’ spontaneous respiration to maintain their
normal nerve, heart, lung and muscle states [12] and avoid
tracheal intubation under anaesthesia. It thus greatly re-
duces the trauma caused by surgery and anaesthesia opera-
tions to patients [13]. This situation is conducive to shorten-

ing the postoperative recovery time. In this study, the data
showed that the study group had notably lower recovery and
hospitalisation times than the control group. This result re-
flects the superiority of the anaesthesia scheme used in this
study. The data also revealed that the MAP and HR of the
two groups were statistically significant at T2 and T3 but
did not remarkably change in the two groups because their
fluctuations were within the normal range. Notably, in the
patients in the study group, MAP decreased at 30 min after
nerve block, and HR accelerated 30 min after nerve block
and at the end of intrathoracic operations, indicating drastic
fluctuations in haemodynamics at this time and requiring
the close observation of vital signs by anaesthesiologists.

IL-6 induces liver cells to synthesise CRP, acceler-
ating the proteinisation of macrophages and damaging the
liver function of patients [14,15]. IL-18 activates T cells
and macrophages [16], and the produced cytokines play a
certain role in the formation and development of inflamma-
tory responses. The results of this study showed that the
inflammatory indices in the study group were significantly
lower than those in the control group at T5, T6 and T7 (p<
0.05), indicating that thoracoscopic surgery under sponta-
neous respiration can reduce inflammatory reactions. The
levels of inflammatory factors in the two groups gradually
decreased with time, suggesting that the postoperative in-
flammatory status of patients reduces with the prolongation
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Table 5. Comparison of complications in both groups [n, %].
Complications Study group (n = 80) Control group (n = 86) R p

During surgery 1.942 0.679
Intraoperative cough 2 (2.50) 1 (1.16)
Reflux aspiration 1 (1.25) 1 (1.16)
Hypoxaemia 3 (3.75) 0 (0.00)
After surgery 1.799 0.802
Recurrent pulmonary oedema 0 (0.00) 1 (1.16)
Pulmonary infection 1 (1.25) 3 (3.49)
Pulmonary alveolar air leakage 0 (0.00) 3 (3.49)
Throat discomfort 2 (2.50) 4 (4.65)

of time until it returns to within the normal range. This
conclusion is consistent with that reported by Janík et al.
[17], who concluded that the anaesthesia method of sponta-
neous respiration results in less stimulation to the body than
tracheal intubation because in contrast to traditional venti-
lation through tracheal intubation, general anaesthesia un-
der spontaneous respiration via a laryngeal mask avoids tra-
cheal stimulation, decreases pulmonary damage and injury-
induced inflammatory reactions [18,19] and promotes post-
surgical recovery.

Nonintubated anaesthesia retains spontaneous respira-
tion under the state of pneumothorax. This condition vio-
lates patients’ natural physiological states to a certain ex-
tent. Therefore, the incidence of intraoperative coughing
and hypoxaemia in patients under nonintubated anaesthesia
is higher than that in patients with tracheal intubation [20].
The data of this study revealed no significant difference in
intraoperative and postoperative complications between the
two groups (p> 0.05). The reason for this result may be re-
lated to the small sample size selected in this study, suggest-
ing that future research should expand the sample size and
deeply analyse the effect of this clinical anaesthesia regi-
men on perioperative complications in patients.

Although this study obtained some results, it still has
limitations, such as its limited sample size and the presence
of confounding factors (comorbidities, medication and vari-
ables that could not be clearly controlled during the study)
due to the nature of retrospective analysis. These limi-
tations may introduce potential biases. Furthermore, this
study has a short follow-up and lacks in-depth analysis of
the patients’ long-term prognosis. Given the specific de-
mographic characteristics of the study samples, applying
the results of this work to different patient groups may have
some limitations, and these factors will have an effect on the
further promotion of the study results. As a consequence,
subsequent works will expand the sample size, improve the
research design, conduct prospective studies and extend the
follow-up to obtain conclusions with increased objectivity.

Conclusion

Spontaneous respiration anaesthesia can provide cer-
tain benefits to elderly patients with PSP undergoing thora-
coscopy. Its application effectively reduces inflammatory
response and has a positive importance for improving post-
operative rehabilitation.
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