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Early removal of chest tubes leads to better short-term outcome 
after video-assisted thoracoscopic surgery lung resection
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Background: Currently, some studies have shown that early removal of a chest tube after video-assisted 
thoracoscopic surgery (VATS) lobectomy is safe and can shorten the length of hospital stay. The purpose of 
our study was to retrospectively analyze the association between early chest tube removal and hospital stay in 
patients who have undergone lobectomy.
Methods: This retrospective analysis included patients undergoing different types of lung resections 
including lobectomy and wedge resection. Consecutive patients who underwent VATS lobectomy or 
wedge resection (March 2018 to April 2019) for lung tumor were analyzed. Patients were divided into two 
groups according to the drainage time: those in whom the chest tube was removed within 48 hours and the 
traditional management group.
Results: All 931 patients were included. After propensity score matching (PSM). There are no statistically 
significant differences between the two groups. Compared with the traditional management group, the 
hospital stay in the early removal group was significantly shorter (5.05±2.27 vs. 7.17±3.03; P<0.001). 
Regarding complications, compared with the traditional management group, the rates of both lung infection 
and no complication in the early removal group were less (0.2% vs. 2.3%, 93.0% vs. 91.1%; P=0.005), and 
the necessity of re-operation was also less (0% vs. 1.2%; P<0.001). Regarding both pleural effusion and 
thoracentesis, a slight increase in the patient number was observed in the early removal group compared with 
the traditional management group (4.7% vs. 4.0%, 1.2% vs. 0.9%; P=0.005).
Conclusions: Compared with the traditional management group, early removal of the chest tube after 
VATS lobectomy and wedge resection is safe and feasible, and could decrease morbidity and postoperative 
complications, importantly, resulting in a shorter hospital stay.
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Introduction

Recently, advances in minimally-invasive techniques for 
thoracic surgery, including lobectomy and wedge-resection 
by video-assisted thoracoscopic surgery (VATS), have 

accelerated the post-operative recovery of patients by 

decreasing pain after surgery and reducing the incidence of 

complications, allowing surgeons to remove drainage tubes 

as soon as possible (1,2).
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For patients after thoracic surgery, insufficient re-dilation 
of the residual lung is one of the most important factors 
after lobectomy, and may lead to post-operative hemothorax 
and persistent air leakage. In conventional surgical 
procedures, with patients who underwent lobectomy or 
wedge resection by VATS, surgeons would like to use two 
drains—one at the tip of the pleura, and the other posterior 
and basal (3). However, a chest tube in the pleural cavity 
can cause various complications including increasing the 
degree of pain and the risk of infection, thus prolonging the 
hospital stay (4). The most frequent complication following 
a pulmonary resection is an alveolar air leak. In patients 
who suffered from an alveolar air leak after thoracic surgery 
this is the most important determinant of length of hospital 
stay (5,6).

In light of earlier findings, some surgeons believed that 
early removal of a chest tube reduces length of hospital stay 
and decreases complications after VATS lobectomy with 
no air leakage when drainage is 500 mL/day or less (7). 
The purpose of our study was to retrospectively analyze 
the association between early removal of a chest tube and 
length of hospital stay in patients treated by lobectomy.

Methods

Study design and patient inclusion

All patients with lung tumors who were continuously 
hospitalized in the First Affiliated Hospital of Guangzhou 
Medical University from April 2018 through March 2019 
were retrospectively identified and collected. All initial 
patients were evaluated to select patients who were likely 
to undergo thoracic surgery including wedge-resection 
and lobectomy by VATS when they were admitted to 
our center, the criteria for admission were as follows: no 
cardiopulmonary insufficiency such as coronary artery 
abnormality, no underlying disease such as diabetes 
coagulation abnormality or liver cirrhosis, no obvious 
surgical contraindications, no metastatic tumors in any 
other organs by positron emission tomography (PET) or 
computed tomography (CT). Exclusion criteria: patients 
who changed surgical procedure during operation, patients 
who were found to have total pleural adhesion during the 
operation, patients with malignant tumors with obvious 
invasion to the adjacent organs such as reconstructive 
vascular operation, patients who did not have a chest tube 
placed after surgery.

This was a retrospective study. A total of 931 patients 
were divided into two groups: the experimental group and 
the control group, and whether the chest tube was removed 
early or not was determined according to the drainage time. 
For the purposes of this study, early removal was defined 
as within the first 48 hours. In the experimental group, the 
chest tube was removed within 48 hours after VATS lung 
resection (drainage time ≤2 days). In the control group, the 
chest tube remained in place inside the thoracic cavity for 
more than 48 hours (drainage time >2 days) (Figure 1).

Surgical procedures

Under spontaneous respiration anesthesia or intubation 
anesthesia, wedge-resection and lobectomy were performed 
with one or two incisions without traction of surrounding 
muscle tissue, following the procedure described in 
previous studies (8). However, normally, two incisions 
were routinely chosen in our hospital. Sometimes, some 
of the surgeons preferred to use the uniportal technique as 
their first choice in our center. Usually, two incisions were 
selected, at the fourth and sixth intercostal or fifth and 
seventh intercostal spaces according to the tumor position. 
All patients in this study accepted the intercostal block 
which is a type of anesthesia and the blocking drug was 

Eligible patients 

(n=935)

VATS lobectom 

(n=931)

Early chest tube removal 

group (n=484)

Tradition management group 

(n=447)

1:1 Propensity score 

matching

Early chest tube removal 

group (n=429)

Tradition management 

group (n=429)

No chest tube (n=4)
Excluded

Figure 1 Schema of patient grouping and matching. The 
experimental group: the drainage time ≤2 days; the control group: 
drainage time >2 days. VATS, video-assisted thoracoscopic surgery.
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selected as lidocaine, the pharmacodynamic effect of which 
continued for 3–5 hours to control the breathing. Next, 
all surgeons would block the phrenic nerve using 8–10 mL 
of lidocaine to reduce the movement of the mediastinum. 
Similar surgical procedures were performed by different 
surgeons in each department. More and more detailed 
surgical procedures have been described in other articles (9).  

After pneumonectomy, complete thoracic lymph node 
dissection was performed in patients with non-small cell 
lung cancer (10-12). Following adequate hemostasis, a chest 
tube of the same size was placed in the remaining space in 
the thoracic cavity through the wound on the mid-axillary 
line (13). The incision was closed. In all cases, each chest 
tube was connected to a water-sealed bottle until the chest 
tube was removed, to reduce the size of the wound cavity. It 
was worth noting that the chest tube and the water-sealed 
bottle were removed together. The volume of drainage was 
recorded by residents or nurses. All patients in this study 
accepted suction immediately after the end of surgery to 
extract residual gas and liquid in the thoracic cavity. In 
some cases, patients were kept on suction (negative pressure 
10  cmH2O) by some surgeons for several hours after 
surgery.

Chest tube protocol

All patients in this study were treated by lobectomy and 
wedge-resection using minimally invasive techniques by 
VATS. The surgical procedures were as previously described 
(5,11,12). The surgeon used suction to remove residual gas 
or liquid from the thoracic cavity using a negative pressure 
drainage device within the recovery room. Then, the surgeon 
confirmed that the lungs were completely expanded before 
the patients were taken back to the ward. The volume of fluid 
drained from the chest tube was recorded every morning at 
nine o’clock by residents in our center. At the same time, 
the color of the liquid was recorded by nurses. The resident 
recorded any complications such as infection after surgery, 
large pleural effusion or pain during hospitalization.

Postoperative management

There were some clinical criteria for early removal of the 
chest tube, as follows: (I) no air leakage from the thoracic 
cavity; (II) the absence of purulent pleural effusion or 
chylous; (III) patients without atelectasis on a chest 
roentgenogram the first day after operation. The chest tube 
was removed on the day after VATS lung resection when 

patients fulfilled those criteria; we did not need to consider 
the drainage volume. All patients from whom the chest tube 
was removed underwent chest X-ray within 24 hours to 
estimate lung expansion.

Postoperative data were collected from all patients 
during hospitalization, which consisted of daily assessment 
of the drainage volume from the thoracic cavity until 
the chest tube was removed (performed every morning), 
no obvious air leakage, and complete expansion of the 
lung determined by chest X-ray. Drainage time and 
postoperative hospital stay were recorded until the patient 
recovered and left the hospital. As well as intraoperative 
bleed, tumor diameter (the pathological specimen after 
surgery), total drainage, anesthesia [including intubated 
VATS (I-VATS) and non-intubated VATS (NI-VATS)] 
and number of chest tubes were recorded during 
hospitalization. Postoperative complications (including 
re-operation, lung infection, pleural effusion, no 
complications, others or re-placing of a chest tube) were 
also recorded. Other complications included subcutaneous 
emphysema, pneumothorax caused by the clinical 
procedure, unexplained persistent air leakage, pneumonia 
affecting the length of stay in hospital and many more. 
Chest X-rays were performed after the chest tube was 
removed. All procedures were used to determine the 
amount of fluid in the pleural space after the chest tube 
was removed. In each patient it was necessary to empty 
the accumulated fluid by doing a thoracentesis when the 
fluid in the pleural cavity filled more than 10–30% of the 
pleural cavity, which could affect the patient’s quality of 
life. In addition, patients with pneumothorax and recurrent 
effusion were identified by patient symptoms, chest X-rays 
and even CT. All patients’ conditions were recorded in this 
study by nurses and residents truthfully.

Statistical analysis

The subjects were divided into two groups according to 
the drainage time before the chest tube was removed. The 
variables that were selected included preoperative data and 
postoperative variables.

Continuous data are expressed as mean and standard 
deviation (SD), and were analyzed by 2-sample Student’s 
t-test of independent data. Categorical variables are given 
as a count and percentage of patients and compared using 
the χ2 or Fisher’s exact test. All tests were 2-sided, with an 
A-level of 0.05. SPSS software was used for all statistical 
evaluations.
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Results

Baseline data

Between April 2018 and March 2019, a total of 935 
consecutive patients underwent lobectomy and wedge-
resection. Four of the patients were excluded from the 
research because a chest tube was not inserted after the 
surgery, according to the exclusion criteria. The remaining 
931 patients were eventually included in this analysis. 
The mean age at surgery was 59.91±10.2 years for the 
experimental group and 61.14±10.5 years for the control 
group. The baseline data of all patients are shown in 
Table 1. After 1:1 propensity score matching (PSM), 858 
(429 vs. 429) patients remained in the analysis, and the 
baseline demographic and clinical variables were perfectly 
balanced between the experimental group and the control 
group. In total, 697 patients (81.24%) were diagnosed with 
adenocarcinoma and 654 (76.22%) with early-stage tumor 
including stage I and stage II. The experimental group and 
control group were comparable with regard to mean age 
at surgery, forced vital capacity (FVC), forced expiratory 
volume in 1 s (FEV1), family history, basic disease, 
comorbidity, surgical approach, blood and tumor position, 
with no significant difference (P>0.05). The baseline data of 
all patients for both experimental group and control group 
are shown in Table 2.

Postoperative complications and hospital stay

All postoperative complications were recorded by 
residents during hospitalization. For the hospital stay, the 
experimental group had a significantly shorter length of 
stay than the traditional management group (5.05±2.27 vs. 
7.17±3.03; P<0.001) (Figure 2).

Regarding complications, a significant decrease in the 
number of patients developing lung infections after removal 
of the chest tube was observed in the early removal group 
compared with the traditional management group (0.2% 
vs. 2.3%, P=0.005). There were more patients without 
complications in the early removal group compared to the 
traditional management group (93.0% vs. 91.1%, P=0.005) 
(Figure 3). Furthermore, 5 (1.2%) patients required repeated 
surgery (P=0.005). However, both pleural effusion and 
thoracentesis showed a significant increase in patient number 
in the early removal group compared with the traditional 
management group (4.7% vs. 4.0%, 1.2% vs. 0.9%; P=0.005) 
(Figure 4). Perioperative data for both experimental group 
and control group are presented in Table 3.

Discussion

Minimally-invasive surgical techniques, particularly 
thoracoscopic surgery, have been performed since 1990 (14).  
On this background, a number of disciplines have also 
made great progress and development, and these subjects 
included anesthesia, pain control, perioperative support 
and many other areas (13). In some patients undergoing 
elective surgery, the concept of rapid recovery from 
surgery combines the advantages of nursing operation 
and perioperative period. The methods include different 
methods of anesthesia, advances in minimally-invasive 
surgery,  reasonable pain management and act ive 
postoperative rehabilitation (15).

Recently, for patients undergoing surgery, the fast-
tracking protocols, cost containment measures, and cost 
containment measures have been discussed (16-18). Both 
Robert JM and Robert JC reported that by using a fast-
tracking protocol combined with VATS lobectomy, surgery 
can be conducted with minimal complications, resulting 
in a shorter length of stay in hospital, and decreased costs 
(19,20). There is no doubt that with the development of 
minimally-invasive surgical techniques, most surgeons 
are interested not only in the management of chest tubes, 
but also in specific procedures for rapid recovery after 
surgery. In addition, in safe surroundings, most surgeons 
could remove a chest tube as soon as possible after surgery 
because it can significantly shorten the length of hospital 
stay and thus reduce costs, as stated in a previous study (19).

From a theoretical point of view, advances in thoracic 
surgical techniques have reduced postoperative pain; 
currently therefore, the degree of pain caused by the chest 
tube is even more prominent (21). Many surgeons believe 
that chest tubes are also a risk factor for pain. All thoracic 
surgeons try to reduce the degree of pain after surgery 
in patients using a variety of treatments. Most thoracic 
surgeons reduce pain by improving medical procedures 
and nursing level. The problem of postoperative pain has 
gradually attracted the awareness of surgeons. Recently, the 
safety of early removal of the chest tube has been discussed 
and reported in several published studies (19,20,22,23).

At present, there is no detailed statement on the optimal 
time to remove the chest tube according to the drainage 
volume after VATS lung resection, and at the same time, 
there have been no relevant studies of this problem (24). 
Clinically, most surgeons will remove the chest tube when 
they consider it suitable, according to the clinical criteria 
in our center. Most surgeons regard drainage volume from 
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Table 1 Demographic characters of study before 1:1 PSM

Chest tube (days)
Drainage time ≤2 days 

(N=484)
SD/%

Drainage time >2 days 
(N=447)

SD/% P

Age (year) 0.710

Mean 59.91 10.2 61.14 10.5

Gender 0.001

Male 240 49.6 278 62.2

Female 244 50.4 169 37.8

FVC (L) 0.554

Mean 2.92 1.04 2.95 0.93

FEV1 (L) 0.273

Mean 2.23 0.81 2.18 0.74

CT-diameter (cm) 0.006

Mean 2.92 1.45 3.2 1.64

Smoking 0.002

Yes 134 27.7 167 37.4

No 350 72.3 280 62.6

Family history 0.864

Yes 6 1.2 5 1.1

No 478 98.8 442 98.9

Basic disease 0.779

Yes 155 32.0 147 32.9

No 329 68.0 300 67.1

Comorbidity 0.792

Yes 21 4.3 21 4.7

No 463 95.7 426 95.3

Surgical approach 0.208

Lobectomy resection 452 93.4 426 95.3

Wedge resection 32 6.6 21 4.7

Blood 0.262

A 120 24.8 135 30.3

B 139 28.7 113 25.3

O 185 38.2 159 35.6

AB 40 8.3 39 8.7

Mutation state 0.003

Yes 83 17.1 78 17.4

No 26 5.4 51 11.4

Unknow 375 77.5 318 71.1

Table 1 (continued)
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Table 1 (continued)

Chest tube (days)
Drainage time ≤2 days 

(N=484)
SD/%

Drainage time >2 days 
(N=447)

SD/% P

Tumor position 0.628

Right upper 149 30.8 145 32.4

Right middle 39 8.1 43 9.6

Right lower 86 17.8 86 19.2

Left upper 132 27.3 111 24.8

Left lower 78 16.1 61 13.6

Pathology 0.001

Squamous cell carcinoma 36 7.4 63 14.1

Adenocarcinoma 418 86.4 343 76.7

Others 30 6.2 41 9.2

Pathological staging 0.001

I 347 71.7 272 60.9

II 45 9.3 54 12.1

III 84 17.4 98 21.9

IV 8 1.7 23 5.1

PSM, propensity score matching; SD, standard deviation; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; CT, 
computed tomography.

Table 2 Demographic characters of study after 1:1 PSM

Chest tube (days)
Drainage time ≤2 days 

(N=429)
SD/%

Drainage time >2 days 
(N=429)

SD/% P

Age (year) 0.740

Mean 59.61 10.2 60.88 10.5

Gender 0.166

Male 240 55.9 260 60.6

Female 189 44.1 169 39.4

FVC (L) 0.642

Mean 2.98 1.0 2.95 1.0

FEV1 (L) 0.073

Mean 2.27 0.8 2.17 0.8

CT-diameter (cm) 0.032

Mean 2.97 1.5 3.12 1.6

Smoking 0.148

Yes 134 31.2 154 35.9

No 295 68.8 275 64.1

Table 2 (continued)
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Table 2 (continued)

Chest tube (days)
Drainage time ≤2 days 

(N=429)
SD/%

Drainage time >2 days 
(N=429)

SD/% P

Family history 0.738

Yes 4 0.9 5 1.2

No 425 99.1 424 98.8

Basic disease 1.000

Yes 136 31.7 136 31.7

No 293 68.3 293 68.3

Comorbidity 0.873

Yes 20 4.7 21 4.9

No 409 95.3 408 95.1

Surgical approach 0.208

Lobectomy 400 93.2 408 95.1

Wedge resection 29 6.8 21 4.9

Blood 0.160

A 104 24.2 132 30.8

B 122 28.4 112 26.1

O 167 38.9 147 34.3

AB 36 8.4 38 8.9

Tumor position 0.638

Right upper 134 31.2 137 31.9

Right middle 36 8.4 41 9.6

Right lower 71 16.6 83 19.3

Left upper 121 28.2 107 24.9

Left lower 67 15.6 60 14.0

Pathology 0.014

Squamous cell carcinoma 35 8.2 57 13.3

Adenocarcinoma 365 85.1 332 77.4

Others 29 6.8 40 9.3

Pathological staging 0.003

I 300 69.9 260 60.6

II 44 10.3 50 11.7

III 78 18.2 96 22.4

IV 7 1.6 23 5.4

PSM, propensity score matching; SD, standard deviation; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; CT, 
computed tomography.
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the chest tube before removal as evidence for the removal 
of the chest tube (7,19,25). They suggest that a threshold 
of 100–250 milliliters per day is a safe threshold but this 
remains a controversial point of view. Thoracentesis was 
performed when the amount of pleural effusions in the 
pleural cavity, and the proportion of patients requiring 
intervention after the chest tube was removed. Several 
experts have reported that the threshold for safe removal of 
chest tubes is as high as 300 (19), 400 (25), or 500 mL per 
day (7), while some surgeons consider it safe even with an 
unlimited drainage threshold as long as there are no obvious 
complications such as air leakage or chylothorax (9). Many 

surgeons regard a drainage volume of 100–250 mL per day 
as an important factor in removing chest tubes after VATS 
lung resection. Of course, there are other deciding factors 
such as no air leakage, but a threshold is mainly based on 
the experience of the surgeon’s predecessors and their own 
intuition more than evidence (23). This can lead to over-
treatment which in turn induces other diseases such as lung 
infection. However, in this study, the experimental group 
had a satisfactory outcome with a lower rate of infection, 
compared with the control group.

Recently, according to several published studies, experts 
found no obvious correlation between drainage volume and the 
risk of complications, thus drainage volume is an independent 
factor and does not contribute to complications (9). However, 
several articles have also reported that the outcome after 
removal of the chest tube with high rates of effusion are 
not exciting, and the authors believed that if the chest tube 
was removed early this would lead to an increased rate of 
readmittance and a higher intervention rate (26). According 
to current research, no study has discussed the relationship 
between high-output drainage volume and the risk of 
complications. Therefore, in this study, drainage time 
became more prominent. As in previous research, drainage 
volume was the focus of the study. However, unfortunately, 
a consensus on when to remove the chest tube after 
VATS pulmonary resection has not yet been achieved. In 
this study, we changed the focus of our research, as we 
believed it is important to explore the relationship between 
drainage time and the risk of complications. We found that 
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Figure 2 The days in hospital between two procedures. The 
experimental group: the drainage time ≤2 days; the control group: 
drainage time >2 days.

Figure 3 The complications between two procedures. The 
experimental group: the drainage time ≤2 days; the control group: 
drainage time >2 days.
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Figure 4 Without complications between two procedures. The 
experimental group: the drainage time ≤2 days; the control group: 
drainage time >2 days.
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Table 3 Post-operative index comparison between two groups

Chest tube (days) Drainage time ≤2 days (N=429) SD/% Drainage time >2 days (N=429) SD/% P

Intraoperative bleed 0.238

Mean 57.11 183.87 77.63 267.76

Tumor diameter 0.311

Mean 2.97 1.58 3.09 1.69

Total drainage 0.000

Mean 489.8 295.01 982.04 511.89

Days in hospital 0.000

Mean 5.05 2.27 7.17 3.03

Anesthesia 0.599

I-VATS 375 87.4 380 88.6

NI-VATS 54 12.6 49 11.4

Tube 0.000

One 371 86.5 331 77.2

Two 58 13.5 98 22.8

Complications 0.005

Surgery again 0 0 5 1.2

Thoracentesis 5 1.2 4 0.9

Lung infection 1 0.2 10 2.3

Pleural effusion 20 4.7 17 4.0

Nothing 399 93.0 391 91.1

SD, standard deviation; NI-VATS, non-intubated video-assisted thoracoscopic surgery; I-VATS, intubated video-assisted thoracoscopic 
surgery;

early removal of the chest tube led to a better short-term 
prognosis such as significantly shortened length of stay in 
hospital and low rates of infection.

The procedure of removing the chest tube early plays 
an important role at the stage of postoperative recovery 
after surgery, especially thoracic surgery. Also, patients 
in whom the chest tube is removed early have a potential 
decrease in the costs of hospitalization, since those patients 
have a shorter in-hospital stay (27). Therefore, in this 
study, the patients were divided into two groups in terms 
of drainage time; an experimental group and a control 
group. Regarding hospital stay, the experimental group 
was significantly shorter than the control group, and the 
rate of complications was also less than the control group. 
Comparing rates of lung infection and the necessity for 
reoperation, pleural effusion was not a very important 

factor. Lung infection could lead to many other problems 
such as increased costs and prolonged in-hospital stay, and 
it could induce other unexpected complications.

In addition, an article published by Lars stated that one 
could hypothesize that high drainage before the chest tube 
was removed caused accumulation of an amount of liquid 
in the pleural cavity, creating an ideal environment for 
bacterial breeding (7). This environment can easily lead to 
lung infections and chylothorax. Thus, it affects the patient’s 
postoperative recovery time. However, the results showing 
low rates of postoperative infection in this study contradict 
this hypothesis. Furthermore, some articles suggest that the 
absorption of pleural fluid is probably conducted through 
the lymphatic circulatory system rather than through the 
visceral pleura (28). Compared with the control group, 
the proportion of complications in the experimental group 
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was lower. In addition, a chest tube may cause pain and 
affect the mobility of the chest, thus it has been suggested 
that removal of the chest tube improves lung function 
such as FEV1 (29), and may be beneficial to the recovery 
of vital capacity and physical fitness (30). The procedure 
of early removal of the chest tube after VATS should be 
encouraged based on this analysis which shows that it is 
safe and feasible. Early removal reduces the degree of pain, 
shortens hospital stay, improves lung function and reduces 
complications.

In conclusion, the procedure of early removal of the 
chest tube after VATS can result in a good short-term 
prognosis when the surgeon confirms that there is no air 
leakage, and the remaining lungs are completely expanded. 
Furthermore, early removal results in a shorter hospital stay 
and, importantly, decreases morbidity without the added 
risk of postoperative complications.

Limitation

Of course, in this study, some limitations were discovered. 
Firstly, this was a retrospective study and patients were 
collected based on historical controls. This could result 
in bias in the statistical results. Secondly, for chest tubes, 
according to the tumor position, surgeons could choose 
one or two tubes. The choice of one or two tubes may 
cause different influences on the experimental outcome. We 
should establish a unified standard during the experimental 
procedure. Third, this study is a single center experience-
based analysis, thus we need to work together with more 
hospitals to obtain more evidence to prove that the result 
is reliable. Finally, because this is a retrospective study, of 
course, there will be some inevitable deviation in this study 
even though we tried to avoid it.
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