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Background: Thoracoscopic-assisted Nuss repair is a commonly used method for treating pectus 
excavatum, which has always been performed under tracheal intubation and general anesthesia. However, 
general anesthesia with endotracheal intubation can produce intubation and anesthetic drug related 
complications. In non-intubation anesthesia, laryngeal mask is used instead of tracheal intubation without 
muscle relaxants and small doses of sedative and analgesic drugs. Therefore, non-intubation anesthesia can 
reduce complications and speed up postoperative recovery. This study retrospectively analyzed the clinical 
impact of these two anesthesia methods on thoracoscopic-assisted Nuss repair for the treatment of pectus 
excavatum.
Methods: A total of 115 pectus excavatum patients who underwent thoracoscopic-assisted Nuss procedure 
repair in the Department of Thoracic Surgery of Yunnan First People’s Hospital from January 2017 
to January 2022 were included. All subjects in this study underwent thoracoscopic assisted Nuss repair 
in the same thoracic surgical team. According to different anesthesia methods, they were divided into 
non-intubation anesthesia group (n=62) and intubation anesthesia group (n=53). The intubation time, 
intraoperative mean heart rate, postoperative complications, postoperative first oral food intake, water intake, 
ambulation, defecation time, postoperative blood drawing results, postoperative hospital stay and total 
hospitalization cost were compared between the two groups.
Results: There were no significant differences in clinical characteristics and preoperative examination 
indexes between the two groups, which were comparable. Compared with the intubation anesthesia group, 
the non-intubation anesthesia group had less anesthesia intubation time, lower intraoperative mean heart 
rate, less postoperative complications, such as pneumothorax, pleural effusion, and lung infection. In the 
non-intubation anesthesia group, the first time to eat, drink, get out of bed, and defecate were all earlier. 
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Introduction

Pectus excavatum (PE) is the most common congenital 
chest wall malformation, accounting for 90% of all 
anterior chest wall malformations (1,2). Surgical repair 
of chest depression has always been the most effective 
treatment for PE (3). Previous methods of PE repair 
included Ravitch surgery (4), sternal costal cartilage 
lifting surgery (5), and sternal turnover surgery (6), all of 
which were invasive, had more complications, and had a 
high recurrence rate for patients (7). In 1998, Professor 
Nuss et al. (8,9) reported a minimally invasive and easy-
to-master technique for repairing chest wall depression 
malformation from the back of the sternum with a pectus 
bar, characterized by minimal trauma, a short operation 
time, and fast postoperative recovery. Since then, with 
some refinements, minimally invasive repair of PE 
(MIRPE, also known as the Nuss procedure) has been 
primarily used in the surgical repair of PE (10).

Endotracheal intubation combined with muscle relaxant 
general anesthesia is the standard anesthesia used in the 
Nuss procedure repair of PE (11). However, adverse events 
arising from intubation-related injuries, such as an increased 
risk of pneumonia, impaired cardiac function, postoperative 
nausea and vomiting, and hoarseness, have been associated 
with endotracheal intubation (12,13). It has been reported 
(14,15) that surgical treatment under non-tracheal 
intubation anesthesia has the advantages of less trauma, 
less anesthetic dose, less postoperative complications, 
and fast recovery. In non-tracheal intubation anesthesia 
in the Nuss procedure repair of PE, the use of laryngeal 
mask instead of tracheal intubation will not damage the 
tracheal mucosa of patients, and patients in the spontaneous 
breathing state close to the normal physiological state of 
the lung. In addition, non-intubation anesthesia without the 

use of muscle relaxants has little effect on the diaphragm, 
digestive system and limb muscle function. Therefore, 
this study aims to investigate whether thoracoscopic-
assisted Nuss procedure repair of pectus excavatum under 
non-intubated anesthesia has the advantages of reducing 
intraoperative risks, postoperative complications and 
accelerating postoperative recovery of patients. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1150/rc).

Methods

Study population and data collection

A total of 121 PE patients who underwent thoracoscopic-
assisted Nuss procedure repair in the Department of 
Thoracic Surgery of Yunnan First People’s Hospital from 
January 2017 to January 2022 were eligible for inclusion. 
Six patients with incomplete information were excluded; 
hence, 115 PE patients were finally included in this study. 
All patients completed preoperative examinations, such as 
routine blood tests, biochemical blood index, chest CT, 
electrocardiogram, and color doppler echocardiography. 
Patients were randomly divided into intubation anesthesia 
(IN) group and non-intubation anesthesia (N-IN) 
group before surgery according to different anesthesia 
methods as long as they met the operation and anesthesia 
guidelines. Then the same surgical team performed the 
same thoracoscopic-assisted Nuss repair procedure. Chest 
X-rays were performed on the first and third postoperative 
days, and routine blood and biochemical examinations were 
performed on the third postoperative day. No postoperative 
complications, such as fever or infection, were found, and 
the patients were discharged after recovery. According to 

Routine blood results 24 h after surgery indicated that the non-intubation anesthesia group had lower 
white blood cell, neutrophil and lymphocyte, an earlier postoperative discharge time, and lower total 
hospitalization expenses.
Conclusions: Non-intubation anesthesia in thoracoscopic-assisted Nuss procedure for the repair of pectus 
excavatum can make the postoperative recovery of patients faster and has better safety and efficacy.
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the different anesthesia methods, 53 patients in the IN 
group and 62 patients in the N-IN group were finally 
included in this study. Preoperative, intraoperative, and 
postoperative indicators were recorded and retrospectively 
analyzed (Figure 1).

Ethical approval for the study was granted by the Ethics 
Committee of The First People’s Hospital of Yunnan 
Province (No. KHLL2022-KY012). In addition, written 

informed consent was obtained from all patients who 
participated in the study. All procedures performed in this 
study were in accordance with the Declaration of Helsinki 
(as revised in 2013).

We compared the relevant indicators recorded in the IN 
and N-IN groups. Their baseline clinical characteristics and 
preoperative indicators are shown in Table 1. There was no 
significant difference in the baseline clinical characteristics 

Patients who underwent thoracoscopic-assisted Nuss 
procedure repair from January 2017 to January 2022 

(n=121)

Patients with incomplete information were 
excluded from the study

(n=6)

Patients with intubated anesthesia
(n=53)

Patients were enrolled in the study and relevant 
clinical indicators were collected

(n=115)

Patients with non-intubated anesthesia
(n=62)

Figure 1 Flowchart of patient inclusion in this study.

Table 1 Patient clinical characteristics and preoperative indicators 

Variable N-IN group IN group P value

Age (years) 8.69±4.21 9.00±3.82 0.525

Sex (male/female) 17 (27.4)/45 (72.6) 7 (15.2)/46 (84.8) 0.058

Haller index 3.44±0.18 3.99±0.19 0.088

Preoperative electrocardiogram (normal/abnormal) 28 (45.2)/34 (54.8) 26 (49.1)/27 (51.9) 0.677

BMI (kg/m2) 22.16±2.49 22.00±2.52 0.480

ASA classification (I/II) 30 (45.2)/32 (54.8) 28 (45.2)/25 (54.8) 0.635

Preoperative WBC, ×109 6.37±1.62 6.54±1.06 0.09

Preoperative NEUT, ×109 4.92±1.38 4.91±1.17 0.654

Preoperative LYMPH, ×109 1.98±0.68 2.01±0.57 0.216

Preoperative mean SBP (mmHg) 107.26±7.09 104.70±7.53 0.071

Preoperative mean DBP (mmHg) 66.65±5.91 68.09±6.46 0.128

Preoperative mean heart rate (min−1) 76.94±9.71 77.32±12.59 0.532

Continuous data are presented as mean ± SD and categoric variables as number (frequency and/or %). P<0.05 is considered significant. 
Haller index is the transverse diameter of the chest at the lowest depression/the distance from the lowest depression to the anterior 
vertebral body as measured by chest CT. N-IN, non-intubation anesthesia; IN, intubation anesthesia; BMI, body mass index; ASA, 
Anesthesiologists; WBC, white blood cell; NEUT, neutrophil; LYMPH, lymphocyte; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; SD, standard deviation; CT, computerized tomography.
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between the two groups, which was comparable. The 
Haller index is the transverse diameter of the chest at the 
lowest depression divided by the distance from the lowest 
depression to the anterior vertebral body as measured by 
chest CT (Figure 2). Anesthesia intubation time refers to 
the time the anesthesiologist takes to accurately insert the 
endotracheal intubation or laryngeal mask (China Zhejiang 
Dawning Technology Co. Ltd., China) and fix the patient’s 
position once they lose consciousness. The operative 
time was recorded from the first skin incision to the final 
skin suturing. Intraoperative blood loss was measured by 
the volume of all fluid in the container connected to the 
aspirator during surgery minus the fluid irrigating the chest. 

In addition, the mean intraoperative oxygen saturation, 
heart rate, blood pressure, and End-Tidal Carbon Dioxide 
(ETCO2) values, and whether arrhythmias occurred were 
recorded.

Bedside chest X-rays (Figure 3) were performed on the 
first and third postoperative days, and the presence of any 
pectus bar displacement, lung infection, pneumothorax, 
or pleural effusion was recorded. The first postoperative 
ambulation time referred to the first time the patient could 
get out of bed independently after returning to the thoracic 
surgical care unit. Similarly, the time of postoperative first 
oral food and water intake and the time of postoperative 
first defecation were, respectively, the time when the patient 
tolerated a liquid diet or water without choking and the 
time of the first postoperative defecation after returning 
to the thoracic surgical care unit. Routine blood results, 
such as white blood cell count, neutrophils, and absolute 
lymphocyte count, were recorded on the third day after 
surgery. 

Inclusion criteria

(I)	 Patients with pectus excavatum whose Haller index 
was greater than 3.25 as measured by chest CT;

(II)	 American Society of Anesthesiologists Standard 
(ASA) grade of ≤ II;

(III)	 Patients with complete information;
(IV)	 The deformity causes poor body-image and 

psychosocial impairments for the patient.

Exclusion criteria

(I)	 The patient had contraindications for surgery, such 
as severe congenital heart disease;

(II)	 The patient was younger than 3 or older than 18 years;
(III)	 Body mass index (BMI) >30 kg/m2;
(IV)	 Difficult airway management;
(V)	 The patient or authorized client did not consent to 

the Nuss repair.

Preoperative preparation

All patients underwent preoperative routine blood 
examination, X-ray, electrocardiogram, color doppler 
echocardiography, lung function, chest CT, and other 
examinations. In the patient’s natural standing position, 
the lowest point of the PE depression, the entry points of 
the pectus bar, and the incision sites from the axillary front 

Figure 2 Haller index: (A) transverse thoracic diameter of the 
lowest depression; (B) distance from the lowest depression to the 
anterior vertebral body.

Figure 3 A bedside chest X-ray is performed on the first day of 
thoracoscopic-assisted Nuss repair for PE patients. PE, pectus 
excavatum.

13 cm

[P]
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to the midaxillary line were marked. Then, a soft ruler 
was used to measure the distance between the midaxillary 
line on both sides of the lowest point of the depression 
to evaluate the degree of depression and to ascertain the 
appropriate length of the pectus bar (Shenzhen Pty Medical 
Device Co. Ltd., China). 

Anesthesia

Indications for non-intubation anesthesia are as follows: 
(I) BMI ≤30 kg/m2; (II) there was no airway abnormality 
or foreseeable difficult airway; (III) the patient had no 
cardiovascular or cerebrovascular disease, asthma, or 
chronic obstructive pulmonary disease; (IV) there was 
no serious adhesion to the pleural cavity. Indications for 
intubation anesthesia are as follows: (I) the patient’s blood 
pressure was ≤140/90 mmHg; (II) laryngeal anatomy 
was normal or without laryngeal edema. Patients in both 
groups fasted for 8 h and abstained from drinking for 4 h 
before anesthesia (16). After the patients were admitted 
to the anesthesia operating room, intravenous access was 
opened, oxygen was inhaled, electrocardiogram (ECG), 
blood pressure, heart rate, ETCO2, and blood oxygen 
saturation were routinely monitored (17). After the 
anesthesiologist prepared the anesthesia-related drugs 
and equipment, the following drugs were administered 
through intravenous channels to induce anesthesia in the 
N-IN group patients: midazolam 0.1 mg/kg, etomidate  

0.3 mg/kg, dexamethasone 10 mg, and atropine 0.5 mg. 
After loss of consciousness, disappearance of the eyelash 
reflex, and relaxation of the jaw were observed, the 
appropriate type of laryngeal mask was selected and inserted 
into the oral pharynx. The laryngeal mask was adjusted to 
the appropriate position and then inflated into the balloon, 
then the laryngeal mask was connected to the anesthesia 
machine to maintain a 30–40% oxygen concentration 
to keep the patient breathing spontaneously (Figure 4). 
The anesthesiologist performed the third and the fourth 
intercostal nerve blocks with 0.5% ropivacaine 1 mL and 
serratus anterior muscle blocks with 0.5% ropivacaine  
20 mL under the guidance of an ultrasound probe. Propofol 
10 mg/kg/h and remifentanil 0.4 μg/kg/h were pumped 
intravenously to maintain anesthesia, and the drug dosage 
was adjusted according to EEG consciousness depth and 
hemodynamics (18).

Anesthesia induction and maintenance methods were 
the same for the IN group as the N-IN group, but the 
intercostal and serratus anterior nerve blocks were not 
performed in the IN group. After induction of anesthesia 
for patients in the IN group, the anesthesiologist injected 
vecuronium 0.1 mg/kg intravenously and, after the muscle 
relaxants took effect, placed the appropriate type of trachea 
using a visual laryngoscope and connected it to a ventilator.

After surgery, both groups of patients were sent to the 
Department of Anesthesiology resuscitation room. The 
airway device was removed if the patient met the criteria 
for removal, such as restored airway reflexes and normal 
spontaneous breathing with inhaled air oxygen saturation 
≥95%. If the patient met the criteria for being transferred 
out of the anesthesia resuscitation room (Steward score 
>4, good state of consciousness, etc.), the patient was 
transferred from the anesthesia resuscitation room to the 
thoracic surgical care unit (19).

Surgery

The surgical methods of the two groups were identical, 
and the same surgical team performed the Nuss repair. All 
patients were placed in the supine double arm abduction 
position and close to the right side of the operating table. 
The thoracic surgeon evaluated the prepared pectus bar and 
the patient’s chest deformity (Figure 5) and reshaped the 
steel bar based on the assessment (Figure 6). The thoracic 
surgeon determined the lowest point of the patient’s sternal 
depression and made an incision of 1.5–3.0 cm in length 
from the right axillary front to the midaxillary line. The 

Figure 4 A patient with pectus excavatum is placed in a laryngeal 
mask under non-intubated anesthesia. This image is published with 
the patient’s consent.
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submuscular space was separated from the incision. Then 
vascular forceps were used to blunt through the intercostal 
muscle to enter the pleural cavity at the highest point of 
the right edge of the depression. Blunt expansion was 
performed to make a tunnel towards the edge of the sternal 
depression, which was the entry point of the pectus bar. A 
thoracoscopic sheath was inserted in the intercostal space 
below the right incision, and a 5 mm diameter thoracoscope 
was inserted. Under thoracoscopic visualization, the guiding 
instrument was inserted via a right incision through the 
chest wall tunnel, which penetrated through the intercostal 

margin of the depression into the right thoracic cavity and 
then slowly through the nadir of the sternum depression 
and the anterior mediastinum of the pericardium into 
the left thoracic cavity to the marker of the left margin of 
the depression. Special attention was paid to the gentle 
movement of the guiding instrument during its penetration 
to avoid damage caused by close contact with the heart and 
pericardium. In addition, the ECG waveform and heart rate 
were closely observed. If there was no apparent interference 
or fluctuation, there was no risk of heart injury.

After removal of the guiding instrument, the pectus bar 
that had been prepared in advance was placed along the 
tunnel, with the concave surface of the bar facing upward. 
After slowly maneuvering it into the appropriate position, 
the steel bar was rotated 180° and adjusted to the chest 
shape to achieve the desired effect. The pectus bar was 
fixed with a grooved plate on the right side and attached 
to the rib periosteum and chest wall tissue using dacron 
wire, leaving the left side unfixed. Then, the thoracoscope 
and thoracic cannula were removed, and a catheter was 
placed at the tunnel position of the thoracoscope cannula. 
The skin and subcutaneous tissues were sutured layer by 
layer, and after the lung was inflated to drain the gas in 
the thorax, the catheter was removed, and the skin was 
sutured, completing the thoracoscopic-assisted Nuss 
procedure repair for PE (20).

Statistical analysis

IBM SPSS Statistics 26.0 statistical software was used for 
the data analysis. If both groups met normality, the mean ± 
standard deviation (SD) was used for statistical description, 
and the T-test was used for comparison between groups. 
Otherwise, the median was used for statistical description, 
and the nonparametric test was used for comparison 
between groups. The categorical variables were expressed as 
percentages (%), and the Mann-Whitney U-test was used 
to examine the differences between the two groups. The 
test level was α=0.05, and P<0.05 was considered statistically 
significant.

Results

A tota l  of  115 pat ients  with  PE who underwent 
thoracoscopic assisted NUSS repair were enrolled in 
this study, including 62 patients in the N-IN group and 
53 patients in the IN group. There was no statistical 
significance between the two patient groups in age 

Figure 5 The thoracic surgeon evaluates the patient’s chest 
deformity with the prepared steel bar.

Figure 6 The thoracic surgeon evaluates the patient’s chest 
deformity and remolds the steel bar.
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(8.69±4.21 vs. 9.00±3.82 years, P=0.525), gender (P=0.058), 
Haller  index (3.44±0.18  vs .  3.99±0.19,  P=0.088), 
preoperative electrocardiogram (P=0.677), BMI (22.16±2.49 
vs. 22.00±2.52 kg/m2, P=0.480), ASA classification  
(I/II) (P=0.635), preoperative white blood cell (WBC) 
[(6.37±1.62)×109 vs. (6.54±1.06)×109, P=0.09], preoperative 
neutrophil (NEUT) [(4.92±1.38)×109 vs. (4.91±1.17)×109, 
P = 0 . 6 5 4 ] ,  p r e o p e r a t i v e  l y m p h o c y t e  ( LY M P H ) 
[(1.98±0.68)×109 vs. (2.01±0.57)×109, P=0.216], preoperative 
mean systolic blood pressure (SBP) (107.26±7.09 vs. 
104.70±7.53 mmHg, P=0.071), preoperative mean diastolic 
blood pressure (DBP) (66.65±5.91 vs. 68.09±6.46 mmHg, 

P=0.128) and preoperative mean heart rate (76.94±9.71 vs. 
77.32±12.59 min, P=0.532) (Table 1).

There were significant differences between the two 
groups (Figures 7,8) in anesthesia intubation time (2.68±1.24 
vs. 5.98±1.25 min, P<0.001), intraoperative mean ETCO2 
(56.48±5.83 vs. 37.72±3.49 mmHg, P<0.001) and intraoperative 
mean heart rate (76.39±9.14 vs. 84.57±14.67 min, P=0.003). 
However, the operative time (63.60±15.95 vs. 61.91± 
15.31 min, P=0.902), intraoperative blood loss (16.00±9.61 
vs. 15.09±13.10 mL, P=0.109), intraoperative mean SpO2 
(97.21%±1.62% vs. 97.02%±1.59%, P=0.064), intraoperative 
arrhythmia (P=0.911), postoperative drainage tube placement 
(P=0.376), intraoperative mean SBP (108.44±8.03 vs. 
104.17±7.25 mmHg, P=0.071), and intraoperative mean DBP 
(65.48±6.81 vs. 66.92±5.54 mmHg, P=0.153) of the two groups 
were not statistically significant (Table 2).

Postoperative complications in the two groups, such as 
pneumothorax (P=0.03), pleural effusion (P=0.028), lung 
infection (P=0.013), postoperative first oral food intake 
(2.47±0.45 vs. 5.08±0.74 h, P<0.001), postoperative first 
oral water intake (1.89±0.49 vs. 4.44±0.48 h, P<0.001), 
postoperative first ambulation (2.52±0.57 vs. 14.23±3.65 h,  
P<0.001), postoperative first defecation (12.31±2.37 vs. 
19.89±2.29 h, P<0.001), and postoperative discharge time 
(4.84±1.37 vs. 7.58±2.76 days, P<0.001) were all statistically 
significant (Figure 9), except for plate displacement. In 
addition, 24-hour postoperative routine blood results, such 
as WBC [(6.76±1.31)×109 vs. (8.79±1.92)×109, P<0.001], 
NEUT [(5.04±1.62)×109 vs. (6.46±2.35)×109, P=0.001], and 
LYMPH [(1.92±0.81)×109 vs. (2.30±0.71)×109, P=0.014] 
were significantly different (Figure 10). Total hospitalization 
expenses (22,060.89±6,859.96 vs. 31,923.43±4,642.00 CNY, 
P<0.001) were also statistically significant (Table 3).

Discussion

Fast track surgery (FTS) is the latest rehabilitation concept 
proposed in recent years (21). It is an evidence-based 
medical approach using surgery, anesthesia, care, nutrition, 
and cooperation with other departments to optimize the 
perioperative management of the clinical pathway so as to 
alleviate perioperative stress reactions, reduce postoperative 
complications, shorten the length of stay, and promote the 
recovery of patients (22,23). With the development of the 
FTS concept, PE repair has evolved from the traditional 
Ravitch sternal elevation to thoracoscopic-assisted Nuss 
minimally invasive repair (24). 

In the past, Ravitch surgery was performed with an 

Figure 8 Error bar graph. Data are presented as mean ± standard 
deviation (box) and 95% CI (whiskers). N-IN, non-intubation 
anesthesia; IN, intubation anesthesia; Anesthesia intubation 
time, time taken for the anesthesiologist to successfully place the 
laryngeal mask or trachea; CI, confidence interval.

Figure 7 Error bar graph. Data are presented as mean ± standard 
deviation (box) and 95% CI (whiskers). N-IN, non-intubation 
anesthesia; IN, intubation anesthesia; mean ETCO2, mean End-
Tidal Carbon Dioxide; CI, confidence interval.

In
tr

ao
pe

ra
tiv

e 
m

ea
n 

E
TC

O
2,

 m
m

H
g

60

50

40

30

20

10

0
N-IN group IN group

A
ne

st
he

si
a 

in
tu

ba
tio

n 
tim

e,
 m

in

6

4

2

0
N-IN group IN group



Liu et al. Advantage of non-intubation anesthesia for NUSS procedure4038

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(10):4031-4043 | https://dx.doi.org/10.21037/jtd-22-1150

8–15 cm incision in the chest wall depression to cut 
and dissociate the abnormal costal periosteum, remove 
bilateral excess costal cartilage, and cut off the sternum in 
a V-shape (25). Compared with Ravitch sternal elevation, 
thoracoscopic-assisted Nuss repair has a smaller and more 
concealed incision, shorter operation time, easier operation, 
less bleeding, earlier postoperative activity, and no need to 

remove the costal cartilage or sternum (26,27). In addition, 
thoracoscopic monitoring can obtain a better surgical 
field of vision, look directly into the chest, and effectively 
avoids damage to the pleura, pericardium, liver, or other 
organs from the guide instrument or steel bar, making the 
operation safer and more reliable (28). In this study, thoracic 
surgeons performed the Nuss repair via a single incision 
on the right side of the patient’s chest wall. Compared with 
previous bilateral chest wall incisions, there was less trauma, 
less intraoperative bleeding, a shorter operative time, and 
a lower risk of exposure to the internal fixation plate (12). 

Table 2 Patient clinical characteristics and intraoperative indicators

Variable N-IN group IN group P value

Anesthesia intubation time (min) 2.68±1.24 5.98±1.25 <0.001

Operation time (min) 63.60±15.95 61.91±15.31 0.902

Intraoperative blood loss (mL) 16.00±9.61 15.09±13.10 0.109

Intraoperative mean ETCO2 (mmHg) 56.48±5.83 37.72±3.49 <0.001

Intraoperative mean SpO2 (%) 97.21±1.62 97.02±1.59 0.064

Intraoperative mean heart rate (min−1) 76.39±9.14 84.57±14.67 0.003

Intraoperative arrhythmia (yes/no) 1 (1.6)/61 (98.4) 1 (1.9)/52 (98.1) 0.911

Postoperative drainage tube placement (yes/no) 3 (5.1)/59 (94.9) 1 (1.9)/52 (98.1) 0.376

Intraoperative mean SBP (mmHg) 108.44±8.03 104.17±7.25 0.071

Intraoperative mean DBP (mmHg) 65.48±6.81 66.92±5.54 0.153

Continuous data are presented as mean ± SD and categoric variables as number (frequency and/or %). P<0.05 is considered significant. 
N-IN, non-intubation anesthesia; IN, intubation anesthesia; ETCO2, End-Tidal Carbon Dioxide; SpO2, peripheral oxygen saturation; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation.

Figure 9 Error bar graph. Data are presented as mean ± standard 
deviation (box) and 95% CI (whiskers). N-IN, non-intubation 
anesthesia; IN, intubation anesthesia; CI, confidence interval.

Figure 10 Error bar graph. Data are presented as mean ± 
standard deviation (box) and 95% CI (whiskers). Routine blood 
results on the third day after surgery: WBC, white blood cell; 
NEUT, neutrophil; LYMPH, lymphocyte. N-IN, non-intubation 
anesthesia; IN, intubation anesthesia; CI, confidence interval.
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Therefore, it can obtain a satisfactory thoracic appearance 
with less trauma, which is in line with the concept of FTS 
and has been widely used in clinical practice (29).

Anesthesia is an important part of FTS, so it is necessary 
to constantly optimize anesthesia management to reduce the 
significant impact of anesthesia on the body’s physiological 
function (30). General anesthesia with single endotracheal 
intubation is the traditional anesthesia method for Nuss PE 
repair (31). Endotracheal intubation is usually guided by video 
laryngoscope, and intubation is performed after the glottis is 
located (32). The laryngeal mask is a new, minimally invasive 
ventilation device, and since laryngeal mask intubation is 
relatively easy, an effective airway can be established in a very 
short time without the guidance of a laryngoscope (33,34). 
Therefore, the duration of laryngeal mask placement is shorter 
than that of endotracheal intubation. The results of this study 
showed that the intubation time of the N-IN group was also 
shorter than that of the IN group.

The results of this study showed no statistically 
significant difference between the N-IN and IN groups 
in terms of surgery time, intraoperative blood loss, and 
postoperative thoracic drainage tube placement. These 

results indicate that the two anesthesia techniques have no 
significant effect on the operation of thoracoscopic-assisted 
Nuss PE repair, and non-intubated anesthesia does not 
increase the surgery time, surgical process, or injury to PE 
patients (35). This study found no significant difference 
in intraoperative mean SpO2 between the two groups, 
indicating that airway ventilation via a laryngeal mask can 
meet patients’ basic oxygen supply needs during surgery, 
providing the possibility of a safe operation.

Endotracheal intubation needs to make contact with the 
trachea. After the trachea capsule dilates, it compresses the 
bronchial mucosa, which strongly stimulates the sympathetic 
nerve, resulting in increased catecholamine secretion, 
rapid heart rate, and other cardiovascular reactions (36,37). 
Therefore, the average intraoperative heart rate of the N-IN 
group in this study was lower than that of the IN group 
and showed a statistically significant difference. In addition, 
endotracheal intubation creates a great burden on the 
heart and can easily cause blood pressure fluctuations (38).  
Although increasing the anesthetic dose can alleviate 
this effect (there was no significant difference in mean 
intraoperative blood pressure between the two groups), it 

Table 3 Patient clinical characteristics and postoperative indicators 

Variable N-IN group IN group P value

Postoperative complications

Steel bar displacement (yes/no) 0 (0.0)/62 (100.0) 1 (1.9)/52 (98.1) 0.277

Pneumothorax (yes/no) 1 (1.6)/61 (98.4) 6 (11.3)/47 (88.7) 0.03

Pleural effusion (yes/no) 0 (0.0)/62 (100.0) 4 (7.5)/49 (92.5) 0.028

Lung infection (yes/no) 0 (0.0)/62 (100.0) 5 (9.4)/48 (90.6) 0.013

Postoperative first oral food intake (h) 2.47±0.45 5.08±0.74 <0.001

Postoperative first oral water intake (h) 1.89±0.49 4.44±0.48 <0.001

Postoperative first ambulation (h) 2.52±0.57 14.23±3.65 <0.001

Postoperative first defecation (h) 12.31±2.37 19.89±2.29 <0.001

Postoperative discharge time (days) 4.84±1.37 7.58±2.76 <0.001

Blood routine results on the third day after surgery

WBC, ×109/L 6.76±1.31 8.79±1.92 <0.001

NEUT, ×109/L 5.04±1.62 6.46±2.35 0.001

LYMPH, ×109/L 1.92±0.81 2.30±0.71 0.014

Total hospitalization expenses (CNY) 22,060.89±6,859.96 31,923.43±4,642.00 <0.001

Continuous data are presented as mean ± standard deviation (SD) and categoric variables as number (frequency and/or %). P<0.05 is 
considered significant. N-IN, non-intubation anesthesia; IN, intubation anesthesia; WBC, white blood cell; NEUT, neutrophil; LYMPH, 
lymphocyte.
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will deepen the anesthesia and prolong the time to awaken. 
However, the placement of the laryngeal mask in the N-IN 
group did not affect the trachea, avoided the stimulation 
of the sympathetic nerve by tracheal mucosal injury, and 
was conducive to the protection of the cardiovascular, 
cerebrovascular, and circulatory systems (39,40), thus 
resulting in more stable anesthesia hemodynamics in the 
laryngeal mask group.

From the general clinical data, it can be seen that most 
of the patients in this study were children or adolescents, 
and their tracheal mucosa is delicate and easily damaged 
by tracheal intubation (41). In addition, thoracoscopic-
assisted Nuss repair usually involves endotracheal intubation 
connected to a ventilator for intraoperative ventilation at 
a low tidal volume, and mechanical ventilation can easily 
lead to ventilator-related lung injury (42,43). Therefore, 
the incidence of postoperative complications such as 
pneumothorax, pleural effusion, and lung infection in the IN 
group in this study was greater than that in the N-IN group. 

WBC, NEUT, and LYMPH are usually infectious 
markers in routine blood examinations (44). There was no 
difference in surgical procedure or operation time between 
the two groups. However, there were differences in WBC, 
NEUT, and LYMPH the third day after surgery. It may be 
that the laryngeal mask in the N-IN group was only placed 
on the throat, without direct contact with the vocal cords, 
trachea, and bronchus, and did not stimulate the epiglottis, 
vocal cords, and tracheal mucosa (45,46). The N-IN group 
had a lower postoperative inflammatory response than the 
IN group and a shorter duration of the stress state due to 
the aseptic inflammatory response caused by mechanical 
stimulation during tracheal intubation anesthesia (47). In 
addition, the N-IN group anesthesia process did not require 
muscle relaxants and only a small dose of analgesic sedation. 
The reduction in drug dosage can reduce the side effects of 
narcotic drugs. This allows patients to get out of bed earlier, 
reduces gastrointestinal reactions, and facilitates the rapid 
recovery of digestive system function, allowing patients to 
start drinking and eating as early as possible (48,49). The 
faster postoperative recovery of patients in the N-IN group 
resulted in a reduced length of hospitalization and medical 
costs and was more acceptable to patients and their families, 
displaying significant social value.

Study limitations

Compared with traditional PE surgery, thoracoscopic-
assisted Nuss repair has definite advantages in treating 

PE, although there are also some complications due to 
limitations in the design principle (50). The Nuss procedure 
uses metal fixation, which is nonabsorbable and often 
requires surgical removal (51). In addition, because the 
metal cannot expand as the body develops, it limits the 
development of the rib cage and pushes the bony structure 
underneath the metal toward the rib cage, creating a new 
depression (52). Serious complications associated with Nuss 
repair include heart injury, lung injury, cardiac tamponade, 
and pericarditis (53). This study found that the mean 
intraoperative ETCO2 in the N-IN group was significantly 
higher than that in the IN group, suggesting that non-
intubation anesthesia had a certain CO2 accumulation 
compared with mechanical ventilation due to its special 
ventilation mode. This may have a detrimental effect on the 
patient's physiological function (54,55).

Future directions

With the continuous progress of science and technology and 
the update of ideas, the development of medical technology 
makes people have higher requirements for surgery 
and anesthesia. “Holistic minimally invasive” and rapid 
rehabilitation have become the goal pursued by doctors 
and patients (56). Therefore, non-intubation anesthesia 
is increasingly used in thoracic surgery anesthesia (57).  
Thoracoscopic-assisted Nuss procedure PE repair under 
non-intubation anesthesia can reduce postoperative 
complications to a certain extent. However, the effect 
of elevated interoperative ETCO2 on the physiological 
function of patients with non-intubation anesthesia is still 
unclear and needs further exploration.

Conclusions

In conclusion, compared with endotracheal intubation 
anesthesia, PE repair under non-intubation anesthesia 
is simpler to perform, with a lower incidence of various 
intraoperative and postoperative complications, a faster 
recovery for patients, and without affecting the operation 
of thoracoscopic-assisted Nuss procedure, all of which are 
consistent with the concept of FTS.
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