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Original Article
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Background: The aim of this systematic review and meta-analysis was to determine the efficacy and
safety of omitting chest drains compared to routine chest drain placement after video-assisted thoracoscopic
surgery (VATS).
Methods: Five bibliographic databases, ClinicalTrials.gov and PROSPERO were comprehensively
searched from inception to July 29, 2020 (no language restrictions). Postoperative outcomes were extracted
and synthesized complying with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA). Risk of bias (RoB) including non-reporting bias, heterogeneity, and sensitivity were assessed.
Subgroup analyses were performed based on study design.
Results: Of 7,166 identified studies, 10 studies [four randomized controlled trials (RCTs) and six nonRCTs] with 1,079 patients were included. There were 561 patients in the no chest drain group (NCD) and
518 patients in the standard chest drain group (CD). In pairwise analysis the NCD group had significant
shorter length of stay (LOS) [weighted mean difference (WMD) −1.53 days, P<0.001], less postoperative
pain scores (WMD −1.09, P=0.002), but higher risk of drain insertion or thoracocentesis [risk radio (RR)
3.02, P=0.040]. There were no significant differences on the incidence of minor pneumothorax (RR 1.77,
P=0.128), minor pleural effusion (RR 1.88, P=0.219), minor subcutaneous emphysema (RR 1.37, P=0.427)
or pneumonia (RR 0.53, P=0.549). No mortality was observed in either group during the observation period
(in-hospital or 30-day mortality).
Conclusions: Omitting chest drains in selected patients after VATS seems effective leading to enhanced
recovery with shorter length of postoperative stay and less pain but with a higher risk of drain insertion or
thoracocentesis. However, a major part of the evidence comes from observational studies with high RoB.
Further RCTs are needed to improve the current evidence.
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Introduction

the mid-1990s, when the concept of fast-track surgery or

Video-assisted thoracoscopic surgery (VATS) has become
standard of care for many thoracic procedures with
favourable results on perioperative outcomes (1-4). Since

enhanced recovery after surgery (ERAS) emerged, ERAS

© Journal of Thoracic Disease. All rights reserved.

has been introduced into the majority of surgical areas
resulting in reduced length of postoperative stay (LOS),
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pain and postoperative complications (5,6). In thoracic
surgery, these benefits have been demonstrated in the
recent publication of ERAS® guidelines (7). Chest drains
are associated with pain, reduced pulmonary function,
infectious complications and prolonged LOS, however with
limited high-level evidence (8-10). After the shift from open
thoracotomy to VATS, management of chest drains has
been revised to enhance patient recovery concerning: size,
removal criteria, level of suction and number of chest drains
(11-15).
Due to advances in equipment and surgical technique,
preliminary studies have described the feasibility of
omitting chest drains after VATS resulting in shorter LOS,
less pain and reduced incidence of complications (16,17).
However, high-level evidence from randomised controlled
trials is scarce. One systematic review (18) published in
2010 including one randomized controlled trial (RCT) (19)
and three observational studies (20-22), and another with
meta-analysis (23) of nine observational studies (20,24-31)
was published in 2018. Subsequently, additional three RCTs
(32-34) and six observational studies (35-40) were published.
This updated systematic review and meta-analysis
comply with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (41). The
aim of the study was to investigate whether intraoperative
removal of chest drains leads to shorter LOS, and reduced
pain, and to assess if the procedure is safe with regards
to postoperative complications and short-term mortality
compared to conventional treatment with a standard use of
a chest drain.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3130).
Methods
We registered the protocol of this systematic review and
meta-analysis in the International prospective register of
systematic reviews (PROSPERO) database (registration
number: CRD42020201291).
Inclusion criteria
 Patients aged ≥15 years undergoing any VATS
procedure.
 Intervention group undergoing intraoperative removal
of chest drains after an air leakage test (no chest drain,
NCD).
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 Comparator group treated with conventional chest drain
placement (CD).
 Information on at least one of the following outcomes:
LOS, postoperative pain, complications and readmission.
Exclusion criteria
 Thoracotomy.
 Chest drain removal outside of operation room.
 Trial based on other intervention than intraoperative
chest drain removal such as type of surgical procedure
or anaesthesia.
 Letter to editor, commentary, conference abstracts,
experience sharing, animal trials, case series, case
reports, review and meta-analyses.
Information sources and search strategy
A systematic and comprehensive literature search was
conducted via MEDLINE, EMBASE, Web of Science,
and Cochrane Library from inception to July 29, 2020. We
scanned the reference lists of included studies or relevant
systematic reviews to identify potentially eligible studies.
ClinicalTrials.gov and PROSPERO was searched for
ongoing or unpublished trials and systematic reviews. The
medical subjective heading term (MeSH) and index term
were used to develop detailed search strategies. If necessary,
they could be modified according to requirement of variable
databases. Table S1 provides full details of our search
strategies.
Study selection
Initial search records were imported into Covidence
(https://www.covidence.org/). The articles were screened
twice based on title and abstract by one reviewer (LH)
and duplicates were excluded, and eligible full-text
articles were subsequently assessed by the same reviewer.
The results of aforementioned progress were checked
by two reviewers (RHP and BLH). Any controversy
was handled by discussion among all researchers. When
multiple publications were performed on the same group
of participants, the study with the highest number of
participants was included.
Data extraction
A standard data extraction form was created using REDCap
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(Vanderbilt University, USA). One reviewer (LH) extracted
the data twice. Another two reviewers (RHP and BLH)
checked the results of data extraction. The data of interest
included study characteristics (name of first author,
chronology of publication, country in which the study was
conducted, study design, study period), case characteristics
(surgical procedures, anaesthetic method, number of
ports, sample size, age, sex, method of air leakage test,
eligibility criteria) and outcomes (LOS, pain, postoperative
complications, readmission). In case of missing or unclear
data, we contacted the corresponding author of the study
for details of interpretation or additional data. Continuous
variables summarised as median and interquartile range
were converted to mean and standard deviation.
We recorded pain scores at postoperative day 1 (POD
1). If the study reported scores multiple times per day, the
max pain score would be extracted, because this score is
considered relevant for supplementary pain medication. If
pain scores were reported as visual analogue scale (VAS)
or numerical rating scale (NRS), data were combined.
Regarding postoperative complications, we recorded
pneumothorax without intervention, pleural effusion
without intervention, subcutaneous emphysema without
intervention, pneumonia, drain insertion or thoracocentesis
(for air pneumothorax, subcutaneous emphysema or
exudate), reoperation and mortality.
Quality appraisal
Two investigators (LH and RHP) independently assessed
the risk of bias (RoB) for each included RCT and nonRCT respectively using RoB 2 tool and ROBINS-I tool
from the Cochrane Handbook for Systematic Reviews of
Interventions, then showing the results by robvis (42). A
third author (HK) acted as an arbiter when differences
occurred between two investigators.
Statistical analysis
Weighted mean difference (WMD) and corresponding 95%
confidence interval (95% CI) were used for continuous
variables. The risk ratio (RR) with 95% CI was calculated
for categorical variables. The data extracted from individual
studies and the results of synthesis was displayed in tables
and forest plots. Heterogeneity among studies was evaluated
by Cochran’s Q test and the I2 statistic. The values of I2
were considered high (I2>75%), medium (I2>50%) and low
(I2<25%) heterogeneity (43). A random-effect model was
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used if heterogeneity (Q test P<0.1 or I2>50%) was found,
otherwise, a fixed-effects model was applied (43). Subgroup
analyses based on study design (RCTs and non-RCTs) were
conducted. In analysis, if comparable groups had zero risk
ratios or relative risks undefined, the study was not included
in the meta-analysis. In addition, sensitivity analyses were
performed by removing each individual study in sequence
from each meta-analysis group. Funnel plots were used to
assess for publication bias. Then inclined funnel plots were
further evaluated by Egger’ s test. Two-sided P values of
0.05 or less were considered statistically significant. The
statistical analyses were conducted using Stata software
(version 15.0, StataCorp, TX, USA).
Results
Study selection
The flowchart of study selection was shown in Figure 1.
Initially, a cumulative number of 7,166 citation records were
screened from MEDLINE (n=2,267), EMBASE (n=2,403),
Web of Science (n=2,099) and Cochrane Library (n=397).
No citations were retrieved from ClinicalTrials.gov and
PROSPERO. No unpublished data was found. No citations
were obtained by cross-reference or related articles search.
After removal of duplicates, records were screened based
on inclusion and exclusion criteria on title and/or abstract.
Seventeen full-text records were retrieved, of which seven
records were excluded.
Characteristics of studies and cases
Ten studies with 1,079 patients were included, comprising
561 (52.0%) classified as NCD and 518 (48%) as CD.
Among these, four (19,32-34) were RCTs including 353
patients (33%) and six (27-30,38,39) were non-RCTs
including 726 patients (all retrospective but one). The
number of patients for each individual study ranged from 49
to 333. None of the studies included anatomical resections.
Details of included studies is summarised in Table 1.
Additionally, duration of chest drainage in the CD group
was reported by eight studies (27-29,32-34,38,39), of which
range of mean was from 1 day to 4.23 days.
Quality assessment
Overall, 30% included studies were moderate RoB and 70%
were high risk. The graph and details of RoB for included
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Records identified through
database searching
n=7,166

Additional records identified
through other sources
n=0

Records after duplicate removed
n=4,581

Screening

Indentification
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Excluded studies based on title and
abstract n= 4,564

Eligibility

Full-text articles assessed for eligibility
n=17

Full-text articles excluded n=7

Included

Studies included in qualitative synthesis
n=10

-Patients overlapped n=2
-Wrong patient population n=2
-Wrong route of chest drain removal n=1
-Conference abstract n=2

Studies included in quantitative synthesis
(meta-analysis)
n=10

Figure 1 The Preferred Reporting Item for Systematic Reviews and Meta-Analysis (PRISMA) flowchart of selection procedure for the
studies.

Table 1 Basic characteristics of included studies
Chronology

Country

Study
design

Study period

Anaesthetic
method

Surgical procedures
[number of ports]

Luckraz et al. (19)

2007

UK

RCT

NA

I

Park et al. (32)

2018

Korea

RCT

2015–2016

Lesser et al. (33)

2019

Germany

RCT

Liao et al. (34)

2020

China

Steunenberg et al. (27)

2017

Nakashima et al. (28)

Author

Sample size
NCD

CD

LB [3]

30

30

I

LWR [3]

58

61

2015–2018

I

LB [3]

37

37

RCT

2016–2017

I

LWR [1]

50

50

Netherlands

P

2011–2014

I

LWR [3]

28

21

2011

Japan

R

2000–2009

I

LWR [3]

132

201

Yang et al. (29)

2017

China

R

2015–2016

NI

LWR [1]

30

30

Lu et al. (30)

2017

China

R

2013–2015

I

LWR [3]

44

45

‡

Liu et al. (38)

2019

China

R

2016–2018

I

MTR [3 ]

30

30

Liu et al. (39)

2020

China

R

2016–2019

NI

LWR [1]

122

13

‡

, most patients received three-ports thoracoscopic surgery while selective patients received reduced-port technique. CD, chest drain group; I,
intubated anaesthesia; LB, lung biopsy; LWR, lung wedge resection; MTR, mediastinal tumour resection; NCD, no chest drain group; NI, nonintubated anaesthesia; NA, not available; P, prospective study; R, retrospective study; RCT, randomized controlled trial; UK, United Kingdom.

studies is shown in Figure 2.
Outcomes
All included studies reported LOS (Table 2). The overall
result showed that individuals in the NCD group had
© Journal of Thoracic Disease. All rights reserved.

1.53 days shorter LOS than that in the CD group. RCT
subgroup analysis showed patients with NCD had 1.59
shorter LOS and non-RCTs subgroup analysis showed
patients with CD had 1.48 days shorter LOS. Overall
and subtotal analyses showed medium heterogeneity, and
heterogeneity of the RCT subgroup analysis was low
J Thorac Dis 2021;13(2):1130-1142 | http://dx.doi.org/10.21037/jtd-20-3130
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A

B

Study

D2

D3

D4

D2

D3

D4

D5

Risk of bias domains
D6

D7

Low

Overall

Some concerns

Hight
0%

0%

Overall risk of bias

Bias in selection of the reported result

Liu CY et al. 2020

Bias due to missing data

Bias due to deviations from intended interventions

Bias in classification of interventions

Bias due to selection of participants

Bias due to confounding

Overall risk of bias

Bias in selection of the reported result

Bias in measurement of the outcome

Bias due to missing outcome data

Bias due to deviations from intended interventions

Bias arising from the randomization process

Bias in measurement of outcomes

Domains:
Judgement
D1: Bias due to confounding.
Serious
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
Moderate
D4: Bias due to deviations from intended interventions.
Low
D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

D1

Overall

Judgement

D5

Liu YW et al. 2019

Steunenberg BE et al. 2017

Lu TY et al. 2017

Yang SM et al. 2016

D1

Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Nakashima S et al. 2011

Liao et al. 2020

Lesser et al. 2019

Park et al. 2018

Luckraz H et al. 2007

Risk of bias domains

Low risk

25%

Low risk

25%

Moderate
risk

Serious
risk

75%

Hight risk

Some
concerns

50%

75%

50%

100%

100%

of bias.

data”, “measurement”, “selection of the reported result”. All domains and overall results are judged as “low”, “some concerns” or “moderate”, “high” or “serious/critical” risk

ROBINS-I tool evaluates seven domains “confounding”, “selection of participants”, “classification of interventions”, “deviations from intended interventions”, “missing

RoB 2 tool evaluates five domains “randomization process”, “deviations from intended intervention”, “missing data”, “measurement”, “selection of the reported result”.

Figure 2 Graph of the risk of bias summary for (A) included randomized controlled trials using RoB 2 tool; (B) included observational studies using ROBINS-I tool.
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Table 2 Main outcomes of included studies
Author

Groups Participants

LOS§

PP on POD 1§ Pneumothorax PE

SE Pneumonia DIT RO Mortality¶ Readmission¶

Luckraz et
al. (19)

NCD

30

1.36 (0.79)

5.36 (2.72)

1

–

–

–

0

–

–

–

CD

30

3 (1.56)

5.98 (3.7)

9

–

–

–

0

–

–

–

Park et al.
(32)

NCD

58

3.57 (0.79)

1.37 (0.78)

4

1

–

–

2

–

0

–

CD

61

5.39 (0.97)

2.53 (0.63)

0

0

–

–

0

–

0

–

Lesser et al.
(33)

NCD

37

1.74 (2)

1.78 (2.12)

2

0

2

0

1

0

–

–

CD

37

2.93 (4)

5.47 (1.85)

0

0

0

1

0

0

–

–

Liao et al.
(34)

NCD

50

1.2 (0.5)

0.9 (0.7)

18

4

11

–

2

–

–

0

CD

50

2.6 (0.9)

1.3 (0.9)

5

3

6

–

0

–

–

0

Steunenberg
et al. (27)

NCD

28

3.62 (2.24)

–

3

0

–

1

3

–

0

–

CD

21

4.29 (1.59)

–

1

0

–

1

0

–

0

–

Nakashima
et al. (28)

NCD

132

4.6 (2.2)

–

10

1

–

–

4

0

–

–

CD

201

6.7 (4.4)

–

8

1

–

–

3

1

–

–

Yang et al.
(29)

NCD

30

3.1 (0.7)

1 (0.8)

12

1

2

–

0

–

–

0

CD

30

4.4 (1.3)

1.5 (1.1)

4

0

0

–

0

–

–

0

Lu et al. (30)

NCD

44

3.14 (0.98)

–

0

–

15

–

0

–

–

–

CD

45

4.13 (0.87)

–

0

–

24

–

0

–

–

–

NCD

30

1.8 (1.23)

2 (1.47)

6

5

7

–

0

–

–

0

CD

30

3.8 (0.49)

2.3 (1.96)

3

2

4

–

0

–

–

0

NCD

122

2.19 (0.93)

–

14

8

–

–

3

–

–

–

13

4.08 (2.69)

–

–

–

–

–

–

–

–

–

Liu et al. (38)

Liu et al. (39)

CD
§

¶

–, no reported data; , data presented as mean (standard deviation); , in 30 days after surgery. CD, chest drain group; LOS, length of
postoperative stay; NCD, no chest drain group; PE, pleural effusion; POD1, postoperative day 1; PP, postoperative pain; DIT, drain
insertion or thoracocentesis; RO, reoperation; SE, subcutaneous emphysema.

(Table 3, Figure 3).
Of the ten included studies, six reported data on
postoperative pain by VAS or NRS with eleven points,
comprising four RCTs (19,32-34) and two non-RCTs
(30,38) (Table 2) with 249 patients in the NCD-group and
253 patients in the CD-group. Patients with NCD had 1.09
lower pain scores than CD in overall result. In RCT and
non-RCT subgroup analysis, patient in the NCD group had
respectively 1.46 and 0.45 lower pain scores than in the CD
group. There was high heterogeneity in the overall analysis
and RCT subgroup analysis; non-RCT subgroup analysis
did not show heterogeneity (Table 3, Figure 4).
Eight studies reporting postoperative pneumothorax,
which did not require drain insertion or thoracocentesis was
included in the analysis, comprising four RCTs (19,32-34)
and four non-RCTs (27-29,38) (Table 2). There were 395
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patients with NCD and 460 with CD. The difference
between the NCD group and CD group was not statistically
significant, except the result of non-RCT subgroup
showed patients in the NCD group with high risk. The
heterogeneity of overall analysis was close to medium,
as well as the RCT subgroup analysis showed medium
heterogeneity. Non-RCT subgroup analysis did not show
heterogeneity (Table 3, Figure 5).
Eight studies reported postoperative pleural effusion
without the need for drainage or thoracocentesis
(27-29,32-34,38,39). From four studies (one was RCT
and two were non-RCTs) comprising each 110 patients
in both the NCD group and the CD group (29,34,38),
with no significant difference between the two groups
and not difference on subgroup analysis. There was no
heterogeneity among analyses (Table 3, Figure 5).

J Thorac Dis 2021;13(2):1130-1142 | http://dx.doi.org/10.21037/jtd-20-3130

1136

Huang et al. Systematic review and meta-analysis of omitting chest drains after VATS

Table 3 Outcomes of meta-analysis
Outcomes

LOS

PP on POD 1

Pneumothorax

Pleural effusion

Subcutaneous
emphysema

Pneumonia

Drain insertion or
thoracocentesis

Heterogeneity test

Studies

Participants

Effects
model

RCT

353

Random

−1.59

−1.85, −1.33

12.15

Non-RCT

726

Random

−1.48

−1.96, −1.01

Total

1,079

Random

−1.53

RCT

353

Random

Non-RCT

120

Total

RR/WMD

95% CI

Z value Significance

Chi2

I2

Q test
P value

<0.001

4.04

25.8%

0.257

6.09

<0.001

16.48

69.7%

0.006

−1.80, −1.26

11.11

<0.001

21.52

58.2%

0.011

−1.46

−2.45, −0.47

2.89

0.004

49.35

93.9%

<0.001

Random

−0.45

−0.88, −0.03

2.09

0.037

0.15

0.0%

0.696

473

Random

−1.09

−1.78, −0.39

3.07

0.002

54.47

90.8%

<0.001

RCT

353

Random

1.52

0.22, 10.54

0.43

0.671

9.81

71.3%

0.015

Non-RCT

502

Random

2.07

1.11, 3.86

2.27

0.023

2.31

0.0%

0.509

Total

855

Random

1.77

0.85, 3.67

1.52

0.128

12.11

44.5%

0.082

RCT

100

Fixed

1.33

0.31, 5.65

0.39

0.696

Non-RCT

120

Fixed

2.59

0.64, 10.49

1.33

0.182

0.01

0.0%

0.919

Total

220

Fixed

1.88

0.69, 5.13

1.23

0.219

0.43

0.0%

0.807

RCT

174

Random

2.00

0.83, 4.79

1.55

0.121

0.40

0.0%

0.527

Non-RCT

209

Random

1.10

0.41, 2.97

0.20

0.844

4.32

53.7%

0.115

Total

383

Random

1.37

0.63, 2.97

0.79

0.427

8.46

52.7%

0.076

RCT

72

Fixed

0.33

0.01, 7.93

0.68

0.497

Non-RCT

49

Fixed

0.75

0.05, 11.31

0.21

0.835

Total

121

Fixed

0.53

0.07, 4.18

0.60

0.549

0.15

0.0%

0.703

RCT

293

Fixed

4.34

0.74, 25.42

1.63

0.104

0.08

0.0%

0.963

Non-RCT

382

Fixed

2.47

0.66, 9.26

1.35

0.179

0.33

0.0%

0.564

Total

675

Fixed

3.02

1.05, 8.71

2.05

0.040

0.66

0.0%

0.956

CI, confidence intervals; LOS, length of postoperative stay; non-RCT, no randomized controlled trial; POD1, postoperative day 1; PP,
postoperative pain; RCT, randomized controlled trial; RR, risk ratio; WMD, weighted mean difference.

Data of subcutaneous emphysema was extracted from
two RCTs (33,34) and three non-RCTs (29,30,38), which
comprised 191 cases in the NCD group and 192 cases in
the CD group. The difference between the two groups was
not significant in overall and subtotal analyses. There was
medium heterogeneity in the overall analysis and non-RCT
subgroup analysis; no heterogeneity was found in the RCT
subgroup analysis (Table 3, Figure 5).
Only two studies (one RCT and one non-RCT) reported
data on pneumonia rate, which comprised 65 patients with
NCD and 58 with CD (27,33), the difference between
two groups was not significant, and with no indications of
heterogeneity (Table 3, Figure 5).
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Five studies reporting data about drain insertion or
thoracentesis were synthesized and analysed (27,28,32-34)
comprising 305 patients with NCD and 370 with CD.
All the procedures were performed during the in-hospital
stay. The NCD group had higher risk of drain insertion or
thoracentesis (3.93%) than the CD group (0.81%) in overall
analysis but not in either subgroup analysis, which did not
show heterogeneity (Table 3, Figure 5). Data of reoperation
was extracted from two studies, of which only one showed
a patient who was reoperated because of bleeding (28)
(Table 3).
Follow up was very variable in the included studies. One
study had only seven days follow up (33). One study had
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Figure 3 Meta-analysis of length of postoperative stay (LOS) and subgroup analyses. WMD, weighted mean deviation; CI, confidence
intervals. The red dotted line indicates the overall result.

only 2 weeks follow up (39). Six studies had one month
follow up (19,27-30,38) and the remaining two studies
followed up 6 to 12 months (32,34).
The 30-day mortality after surgery was reported in two
studies, without mortality in any group (Table 3).
Readmission in 30-day after surgery was reported in
three studies, without readmission in any group (Table 3).
Sensitivity analysis and publication bias
Sensitivity analyses showed that all studies could be included
for analysis. Funnel plots did not show any publication
bias (Figure S1). Simultaneously, Egger’ s test was further
testified for asymmetry funnel plots without significant bias
(P>0.05).
Discussion
Management of chest drain is a critical component of an
enhanced recovery pathway (6). In this updated systematic
review, five additional studies (3 RCTs and 2 non-RCTs)
were analysed compared to a previous review from 2018
(32-34,38,39). This updated meta-analysis includes variable
thoracic surgical procedures performed with VATS. It
is highlighted that the current study explored the effect
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of postoperative complications on patients after VATS
in depth. Despite an increasing number of publications
demonstrating the beneficial outcomes by omitting chest
drain after thoracic surgery, few studies focused on adverse
events with NCD.
Omitting chest drain after VATS has only been applied
in selective patients. Based on reviewing the included
literature combined with our own practice, patient selection
is mainly separated into two parts: baseline characteristics
and intraoperative air leakage test (Table S2).
Omitting chest drain contributed to shorter LOS ranging
from 0.99 day to 2.10 days among included studies. As for
heterogeneity in overall and subtotal analyses, we find that
study design and surgical procedure are limiting factors for
the conclusion.
Different criteria for removal of chest drains may lead to
different duration of drainage. For instance, few institutions
applied removal of chest drain within 24 after surgery, so
we decided to record and analyse pain scores on POD 1.
Overall, patients had less pain on POD 1 in the NCD group
than in the CD group among all relevant studies. According
to our analyses, high heterogeneity was associated to
different study design.
As for postoperative pneumothorax, NCD was not
associated to an increased risk based on results of the
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Figure 4 Meta-analysis of pain scores. WMD, weighted mean deviation; CI, confidence intervals. The red dotted line indicates the overall
result.

overall and RCT subgroup analyses. However, regarding
other postoperative complications, NCD increased drain
insertion or thoracocentesis. Recently, Liu et al. (39)
reported drain insertion or thoracocentesis in the NCD
group (0.8% because of pneumothorax and 1.6% because
of pleural effusion), but this was not included in our
analysis. According to our synthesis, 3.28% drain insertion
or thoracocentesis was for pneumothorax and 0.65%
for pleural effusion in the NCD group, while 0.54%
drain insertion or thoracocentesis was for pneumothorax
and 0.27% for pleural effusion in the CD group. We
consider that prolonged air leakage or unexpected pleural
effusion could be drained quickly for patients through
chest drain while patients with NCD have to absorb
slowly by themselves. Requirement of drain insertion or
thoracocentesis did not affect the overall difference in
patient discharge between groups, however for the single
patient the LOS was prolonged. Meanwhile, it is critical
that surgeons are capable to cure severe pneumothorax or
pleural effusion once occurring. The risk of not discovering
a massive haemorrhage is a concern, when omitting a chest
drain and careful selection of patients and postoperative
monitoring including additional chest X-ray is advisable.
The present updated systematic review and meta-analysis
has limitations. First, due to the small number of included
studies, covering a minority of high-quality studies, RCTs
and non-RCTs were synthetically analysed and may be
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influenced by potential selection and reporting bias. Also,
confounding by indications cannot be excluded in nonRCTs. Several included studies could not be included in
the meta-analyse because both groups had event rates
of zero odds ratios and relative risks undefined, which
further increased the rate of bias. In addition, parts of the
subgroups prevented enough power, as some results of the
meta-analysis were defined by a single study. Furthermore,
interquartile range converted into mean and standard
deviation may result in statistical bias. Finally, included
studies lacking major surgery, for example, lobectomy and
segmentectomy, might add to bias.
Other factors such as the type and size of a chest drains,
additional anesthesia (epidural or inter-costal block) may
impact the pain scores.
The strength of this study is the up-to-date analysis with
detailed literature search.
Conclusions
Omitting chest drain in selected patients undergoing VATS
procedures may be effective leading to shorter LOS and
less pain with no observed increase in minor complications,
reoperation, mortality or readmission, except increasing drain
insertion or thoracocentesis. However, majority of evidence
is not high quality, so larger well-designed prospective RCT’s
are required to strengthen the current evidence.

J Thorac Dis 2021;13(2):1130-1142 | http://dx.doi.org/10.21037/jtd-20-3130

Journal of Thoracic Disease, Vol 13, No 2 February 2021

1139

A

B

C

© Journal of Thoracic Disease. All rights reserved.

J Thorac Dis 2021;13(2):1130-1142 | http://dx.doi.org/10.21037/jtd-20-3130

1140

Huang et al. Systematic review and meta-analysis of omitting chest drains after VATS

D

E

Figure 5 Meta-analysis and subgroup analyses of (A) pneumothorax; (B) pleural effusion; (C) subcutaneous emphysema; (D) pneumonia; (E)
drain insertion or thoracentesis. RR, risk ratio; CI, confidence intervals. The red dotted line indicates the overall result.
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Supplementary
Table S1 Search strategy
Database

Details of search strategy

MEDLINE

#1 video-assisted thoracoscopic surgery[MeSH Terms],,,"""thoracic surgery, video-assisted""[MeSH Terms]"
#2 video-assisted thoracoscopic surgery[Title/Abstract],,,"""video assisted thoracoscopic surgery""[Title/Abstract]"
#3 VATS[MeSH Terms],,,"""thoracic surgery, video-assisted""[MeSH Terms]"
#4 VATS[Title/Abstract],,,"""VATS""[Title/Abstract]"
#5 thoracoscopic surgery[MeSH Terms],,,"""thoracoscopy""[MeSH Terms]"
#6 thoracoscopic surgery[Title/Abstract],,,"""thoracoscopic surgery""[Title/Abstract]"
#7 thoracoscope[MeSH Terms],,,"""thoracoscopes""[MeSH Terms]"
#8 thoracoscope[Title/Abstract],,,"""thoracoscope""[Title/Abstract]"
#9 video-assisted thoracic surgery[MeSH Terms],,,"""thoracic surgery, video-assisted""[MeSH Terms]"
#10 video-assisted thoracic surgery[Title/Abstract],,,"""video assisted thoracic surgery""[Title/Abstract]"
#11 minimally invasive thoracic surgery[MeSH Terms],,,"(""minimally""[All Fields] AND ((((((((""invasibility""[All Fields] OR
""invasible""[All Fields]) OR ""invasion""[All Fields]) OR ""invasions""[All Fields]) OR ""invasive""[All Fields]) OR ""invasively""[All
Fields]) OR ""invasiveness""[All Fields]) OR ""invasives""[All Fields]) OR ""invasivity""[All Fields])) AND (""thoracic surgical
procedures""[MeSH Terms] OR ""thoracic surgery""[MeSH Terms])"
#12 minimally invasive thoracic surgery[Title/Abstract],,,"""minimally invasive thoracic surgery""[Title/Abstract]"
#13 thoracoscopy[MeSH Terms],,,"""thoracoscopy""[MeSH Terms]"
#14 thoracoscopy[Title/Abstract],,,"""thoracoscopy""[Title/Abstract]"
#15 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)
#16 chest tube[MeSH Terms],,,"""chest tubes""[MeSH Terms]"
#17 chest tube[Title/Abstract],,,"""chest tube""[Title/Abstract]"
#18 chest drain[MeSH Terms],,,"""chest tubes""[MeSH Terms]"
#19 chest drain[Title/Abstract],,,"""chest drain""[Title/Abstract]"
#20 chest drainage[MeSH Terms],,,"((((""chested""[All Fields] OR ""thorax""[MeSH Terms]) OR ""thorax""[All Fields]) OR
""chest""[All Fields]) OR ""chests""[All Fields]) AND ""drainage""[MeSH Terms]"
#21 chest drainage[Title/Abstract],,,"""chest drainage""[Title/Abstract]"
#22 pleural drainage[MeSH Terms],,,"((""pleura""[MeSH Terms] OR ""pleura""[All Fields]) OR ""pleural""[All Fields]) AND
""drainage""[MeSH Terms]"
#23 pleural drainage[Title/Abstract],,,"""pleural drainage""[Title/Abstract]"
#24 thorax drainage[MeSH Terms],,,"((""thorax""[MeSH Terms] OR ""thorax""[All Fields]) OR ""thoraxes""[All Fields]) AND
""drainage""[MeSH Terms]"
#25 thorax drainage[Title/Abstract],,,"""thorax drainage""[Title/Abstract]"
#26 (#16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25)
#27 (#15 AND #26)

EMBASE

#1 video-assisted thoracoscopic surgery.ti. or video-assisted thoracoscopic surgery.ab. or video assisted thoracoscopic
surgery.ti. or video assisted thoracoscopic surgery.ab. or thoracic surgery, video-assisted.ti. or thoracic surgery, video-assisted.
ab. or VATS.ti. or VATS.ab. or thoracoscopic surgery.ti. or thoracoscopic surgery.ab. or thoracoscopy.ti. or thoracoscopy.ab.
or thoracoscope.ti. or thoracoscope.ab. or thoracoscopes.ti. or thoracoscopes.ab. or video-assisted thoracic surgery.ti. or
video-assisted thoracic surgery.ab. or video assisted thoracic surgery.ti. or video assisted thoracic surgery.ab. or minimally
invasive thoracic surgery.ti. or minimally invasive thoracic surgery.ab. or minimally invasibility thoracic surgery.ti. or minimally
invasibility thoracic surgery.ab. or minimally invasible thoracic surgery.ti. or minimally invasible thoracic surgery.ab. or minimally
invasion thoracic surgery.ti. or minimally invasion thoracic surgery.ab. or minimally invasions thoracic surgery.ti. or minimally
invasions thoracic surgery.ab. or minimally invasively thoracic surgery.ti. or minimally invasively thoracic surgery.ab. or
minimally invasives thoracic surgery.ti. or minimally invasives thoracic surgery.ab. or minimally invasiveness thoracic surgery.ti.
or minimally invasiveness thoracic surgery.ab. or minimally invasivity thoracic surgery.ti. or minimally invasivity thoracic surgery.
ab. or minimally invasivity thoracic surgical procedures.ti. or minimally invasivity thoracic surgical procedures.ab. or minimally
invasiveness thoracic surgical procedures.ti. or minimally invasiveness thoracic surgical procedures.ab. or minimally invasives
thoracic surgical procedures.ti. or minimally invasives thoracic surgical procedures.ab. or minimally invasive thoracic surgical
procedures.ti. or minimally invasive thoracic surgical procedures.ab. or minimally invasively thoracic surgical procedures.ti. or
minimally invasively thoracic surgical procedures.ab. or minimally invasion thoracic surgical procedures.ti. or minimally invasion
thoracic surgical procedures.ab. or minimally invasions thoracic surgical procedures.ti. or minimally invasions thoracic surgical
procedures.ab. or minimally invasibility thoracic surgical procedures.ti. or minimally invasibility thoracic surgical procedures.ab.
or minimally invasible thoracic surgical procedures.ti. or minimally invasible thoracic surgical procedures.ab.
#2 chest tube.ti. or chest tube.ab. or chest tubes.ti. or chest tubes.ab. or chest drain.ti. or chest drain.ab. or chest drainage.
ti. or chest drainage.ab. or chested drainage.ti. or chested drainage.ab. or chests drainage.ti. or chests drainage.ab. or thorax
drainage.ti. or thorax drainage.ab. or pleural drainage.ti. or pleural drainage.ab. or pleura drainage.ti. or pleura drainage.ab. or
thoraxes drainage.ti. or thoraxes drainage.ab.
#3 (#1 AND #2)

Web of
Science

#1 TS=(video-assisted thoracoscopic surgery) OR TS=(video assisted thoracoscopic surgery) OR TS=(thoracic surgery,
video-assisted) OR TS=(VATS) OR TS=(thoracoscopic surgery) OR TS=(thoracoscopy) OR TS=(thoracoscope) OR
TS=(thoracoscopes) OR TS=(video-assisted thoracic surgery) OR TS=(video assisted thoracic surgery) OR TS=(minimally
invasive thoracic surgery) OR TS=(minimally invasibility thoracic surgery) OR TS=(minimally invasible thoracic surgery) OR
TS=(minimally invasion thoracic surgery) OR TS=(minimally invasions thoracic surgery) OR TS=(minimally invasively thoracic
surgery) OR TS=(minimally invasives thoracic surgery) OR TS=(minimally invasiveness thoracic surgery) OR TS=(minimally
invasivity thoracic surgery) OR TS=(minimally invasivity thoracic surgical procedures) OR TS=(minimally invasiveness thoracic
surgical procedures) OR TS=(minimally invasives thoracic surgical procedures) OR TS=(minimally invasive thoracic surgical pro
cedures) OR TS=(minimally invasively thoracic surgical procedures) OR TS=(minimally invasion thoracic surgical procedures) O
R TS=(minimally invasions thoracic surgical procedures) OR TS=(minimally invasibility thoracic surgical procedures) OR TS=(mi
nimally invasible thoracic surgical procedures)
#2 TS=(chest tube) OR TS=(chest tubes) OR TS=(chest drain) OR TS=(chest drainage) OR TS=(chests drainage) OR
TS=(chested drainage) OR TS=(thorax drainage) OR TS=(thoraxes drainage) OR TS=(pleura drainage) OR TS=(pleural drainage)
#3 (#1 AND #2)

Cochrane
Library

#1 (video-assisted thoracoscopic surgery):ti,ab,kw (Word variations have been searched)
#2 (video assisted thoracoscopic surgery):ti,ab,kw (Word variations have been searched)
#3 (thoracic surgery, video-assisted):ti,ab,kw (Word variations have been searched)
#4 (VATS):ti,ab,kw (Word variations have been searched)
#5 (thoracoscopic surgery):ti,ab,kw (Word variations have been searched)
#6 (thoracoscopy):ti,ab,kw (Word variations have been searched)
#7 (thoracoscope):ti,ab,kw (Word variations have been searched)
#8 (thoracoscopes):ti,ab,kw (Word variations have been searched)
#9 (video-assisted thoracic surgery):ti,ab,kw (Word variations have been searched)
#10 (video assisted thoracic surgery):ti,ab,kw (Word variations have been searched)
#11 (minimally invasive thoracic surgery):ti,ab,kw (Word variations have been searched)
#12 (minimally invasibility thoracic surgery):ti,ab,kw (Word variations have been searched)
#13 (minimally invasible thoracic surgery):ti,ab,kw (Word variations have been searched)
#14 (minimally invasion thoracic surgery):ti,ab,kw (Word variations have been searched)
#15 (minimally invasions thoracic surgery):ti,ab,kw (Word variations have been searched)
#16 (minimally invasively thoracic surgery):ti,ab,kw (Word variations have been searched)
#17 (minimally invasives thoracic surgery):ti,ab,kw (Word variations have been searched)
#18 (minimally invasiveness thoracic surgery):ti,ab,kw (Word variations have been searched)
#19 (minimally invasivity thoracic surgery):ti,ab,kw (Word variations have been searched)
#20 (minimally invasivity thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#21 (minimally invasiveness thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#22 (minimally invasives thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#23 (minimally invasive thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#24 (minimally invasively thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#25 (minimally invasion thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#26 (minimally invasions thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#27 (minimally invasibility thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#28 (minimally invasible thoracic surgical procedures):ti,ab,kw (Word variations have been searched)
#29 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR
#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28)
#30 (chest tube):ti,ab,kw (Word variations have been searched)
#31 (chest tubes):ti,ab,kw (Word variations have been searched)
#32 (chest drain):ti,ab,kw (Word variations have been searched)
#33 (chest drainage):ti,ab,kw (Word variations have been searched)
#34 (chests drainage):ti,ab,kw (Word variations have been searched)
#35 (chested drainage):ti,ab,kw (Word variations have been searched)
#36 (thorax drainage):ti,ab,kw (Word variations have been searched)
#37 (thoraxes drainage):ti,ab,kw (Word variations have been searched)
#38 (pleural drainage):ti,ab,kw (Word variations have been searched)
#39 (pleura drainage):ti,ab,kw (Word variations have been searched)
#40 (#30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39)
#41 (#29 AND #40)
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Figure S1 Funnel plot of (A) length of stay in hospital; (B) postoperative pain; (C) pneumothorax; (D) pleural effusion; (E) subcutaneous
emphysema; (F) pneumonia; (G) drain insertion or thoracentesis.
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Table S2 Criteria for intervention group and air leakage text of included studies
Author

Criteria for intervention group

Air leakage test

Luckraz et al. (19)

• No air leak was demonstrated

• Water sealing test

Park et al. (32)

• No previous ipsilateral thoracic surgery and secondary spontaneous pneumothorax
associated with underlying lung diseases such as pulmonary tuberculosis, empyema, cystic
fibrosis, and chronic obstructive pulmonary disease
• No air leak was demonstrated

• Water sealing test

Lesser et al. (33)

• No pulmonary nodules larger than 3 cm in diameter or location deeper to the visceral pleura
than the nodule diameter
• No more than one resection required
• No bullous emphysema or preoperative pleural effusion
• No intraoperative air fistula or diffuse pleural adhesions or bleeding or air leakage
• No injury of the visceral pleura, visible intraoperatively

• Thoracoscopic
inspection
• Digital
measurement

Liao et al. (34)

• Nodule located within 2 cm of the visceral pleura and having a diameter <2 cm
• Water sealing test
• No moderate-to-severe obstructive or restrictive pulmonary diseases (GOLD guidelines:
• Vacuum ball
presence of post-bronchodilator forced expiratory volume in one second (FEV1) <80% in
combination with a FEV1/forced vital capacity (FVC) <70%)
• No multiple wedge resections
• No air leaks following pulmonary resection
• No previous ipsilateral thoracic operation or pregnancy or lactation
• No other serious concomitant illnesses or medical conditions such as congestive heart failure,
bleeding tendency, liver cirrhosis, chronic renal disease, a condition requiring long-term use of
anticoagulants or steroids, or active infection requiring intravenous antibiotics

Steunenberg et al. • No air leak during the perioperative sealing test
• No bullous or emphysematous changes of the lung
(27)
• No dense pleural adhesions

• Water sealing test

Nakashima et al.
(28)

• No air leaks during an intraoperative sealing test without additional suturing for endostaple
lines
• No bullous or emphysematous changes in the lung or dense pleural adhesion or preoperative
pleural effusion requiring chest drainage
• No high risk for postoperative bleeding
• For simultaneous bilateral resections, only the second side was considered for the study

• Water sealing

Yang et al. (29)

• Peripheral pulmonary nodules within 2 cm of the visceral pleura and smaller than 2 cm
• Wedge resection of less than 12 cm in the longest dimension of the resected lung
• No obstructive ventilatory defects, anticipated difficulty in airway management or previous
segmentectomy or lobectomy
• Body mass index ≥28
• No air leak was demonstrated

• Water sealing test
• Vacuum ball

Lu et al. (30)

•
•
•
•

• Water sealing test

Liu et al. (38)

• No tumour invasion to the great vessels or bilateral mediastinal surgery
• No unanticipated intraoperative bleeding or severe dense adhesion or accidental lung injuries
or air leaks
• No myasthenia gravis history
• No concomitant pulmonary wedge resections, pericardial window, or pleural biopsies

• Water sealing test

Liu et al. (39)

•
•
•
•
•

• Digital
measurement/
thoracoscopic
inspection and
water sealing test

Lesion located in the outer third of the lung field
No bullous or emphysematous changes in the lung
No air leaks, seen grossly or during a water sealing test
No dense adhesion of pleura or oozing or accumulation of pleural effusion

Lesion of size ≤2 cm
No severe intrapleural adhesions observed during surgery
No malignant or infectious pleural diseases or a history of thoracic surgery
No anatomic pulmonary resection or ≥3 individual unilateral wedge resections
For primary spontaneous pneumothorax, including those with identifiable blebs or bullae
under thoracoscopic vision and excluding those with haemothorax, pleural adhesions, lung
parenchymal disease and a history of thoracic surgery
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