
Cite this article as: Zhou J, Chen N, Hai Y, Lyu M, Wang Z, Gao Y et al. External suction versus simple water-seal on chest drainage following pulmonary surgery: an
updated meta-analysis. Interact CardioVasc Thorac Surg 2019;28:29–36.

External suction versus simple water-seal on chest drainage following
pulmonary surgery: an updated meta-analysis

Jian Zhoua,b,†, Nan Chena,b,†, Yang Haia,b, Mengyuan Lyub,c, Zihuai Wanga,b, Yuanjing Gaob,

Long Pangb, Hu Liaoa,d and Lunxu Liua,d,*

a Department of Thoracic Surgery, West China Hospital, Sichuan University, Chengdu, China
b West China School of Medicine, Sichuan University, Chengdu, China
c Department of Laboratory Medicine, West China Hospital, Sichuan University, Chengdu, China
d Western China Collaborative Innovation Center for Early Diagnosis and Multidisciplinary Therapy of Lung Cancer, Sichuan University, Chengdu, China

* Corresponding author. Department of Thoracic Surgery, West China Hospital, Sichuan University, No. 37, Guoxue Alley, Chengdu, Sichuan 610041, China.
Tel: +86-28-85422494; fax: +86-28-85422494; e-mail: lunxu_liu@aliyun.com (L. Liu).

Received 30 January 2018; received in revised form 7 June 2018; accepted 12 June 2018

Abstract

OBJECTIVES: The decision to apply simple water-seal drainage or the addition of an external suction to the simple water-seal drainage fol-
lowing pulmonary surgery is made based on the surgeon’s experience or preference and has remained controversial. This meta-analysis
aimed to assess the effects of the addition of suction to simple water-seal on the postoperative outcomes.

METHODS: PubMed, EMBASE and Web of Science were searched from their inception to 30 August 2017. The risk ratio and the weight
mean difference were calculated for dichotomous and continuous outcomes, respectively, each with 95% confidence intervals (CIs).
The heterogeneity and risk of bias were also assessed.

†The first two authors contributed equally to this work.
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RESULTS: A total of 10 randomized controlled trials enrolling 1601 patients were included. Overall, compared with simple water-seal, the
addition of external suction reduced the occurrence of postoperative pneumothorax (risk ratio 0.35, 95% CI 0.13–0.93; P = 0.04) and other
cardiopulmonary complications (risk ratio 0.65, 95% CI 0.48–0.89; P = 0.008), and increased the duration of chest tube drainage (weight
mean difference 0.92 days, 95% CI 0.04–1.81, P = 0.04). However, the effect difference between the 2 groups was not significant regarding
air leak duration, length of hospital stay and the occurrence of prolonged air leak. The stability of these studies was strong. No evidence of
publication bias was detected.

CONCLUSIONS: The addition of suction to simple water-seal made no difference to air leak duration, hospital stay or the occurrence of
prolonged air leak following pulmonary surgery. In patients where there is concern about a residual or increasing pneumothorax, the addi-
tion of suction may be applied selectively.

Keywords: Suction • Simple water-seal • Chest drains • Pulmonary surgery

INTRODUCTION

The essential principles of a chest drainage system are to permit
drainage of fluid and air, to eliminate the residual pleural space,
facilitate lung re-expansion and to maintain negative pressure [1].

There are 2 different concepts of chest tube management cur-
rently in use: simple water-seal (non-suction drainage) or water
seal with the addition of external suction (suction drainage) [2].
The choice is made based on the clinician’s preference without
much consideration of sound evidence [3]. Some hold the idea
that the addition of suction might reduce the air leak and, there-
fore, accelerate lung rehabilitation, whereas other surgeons assert
that simple water-seal could shorten the air leak duration after
pulmonary surgery [4–6]. The difference in opinion is related to
whether there is an advantage in the addition of external suction
to water seal. There can be no doubt that mechanistical suction
results in more rapid removal of air and fluid and re-expansion
of the lung. The question that remains is which provides the bet-
ter overall outcome for the patient [4]. We conducted this further
meta-analysis to answer this question.

MATERIALS AND METHODS

Search strategy

The articles were searched by 2 independent reviewers in the
PubMed, EMBASE and Web of Science from their inception to 30
August 2017 with the following terms: ‘lung surgery’, ‘lung resec-
tion’, ‘pulmonary surgery’, ‘pulmonary resection’, ‘lobectomy’,
‘segmentectomy’, ‘wedge resection’ AND ‘chest drain’, ‘chest
tube’, ‘chest drainage’, ‘air leak’, ‘air leakage’, ‘suction’. Both
reviewers also manually searched the reference lists of eligible
studies to identify potential relevant publications.

Inclusion and exclusion criteria

For inclusion, the studies need to (i) be randomized controlled
trials; (ii) focus on patients who had undergone pulmonary sur-
gery and (iii) compare the addition of suction drainage and sim-
ple water-seal. The studies were excluded if they met one of the
following criteria: (i) essential information was incomplete, (ii)
were conference abstracts, letters, review, case reports and ani-
mal experiments and (iii) the article was not written in English.
Two researchers assessed the suitability of studies independently.
Any disagreement was solved by further discussion, and if neces-
sary, a third assessor would arbitrate.

Quality assessment

The risk of bias of each eligible study was evaluated according to
the Cochrane Handbook for Systemic Reviews of Interventions.
The criteria for evaluating the risk of bias includes sequence gen-
eration and concealment of allocation (selection bias), blinding
of participants and personnel (performance bias), blinding of
outcome assessors (detection bias), incomplete outcome data
addressed (attrition bias), free of selective reporting (reporting
bias) and other bias. Also, this work was independently assessed
by 2 reviewers (J.Z. and N.C.). Any disagreement was solved by
consensus.

Data extraction and management

The following information was extracted from each eligible
study: the first author, publication year, country, disease type,
surgery type, grade of air leak, number of subjects, pressure of
suction and postoperative outcomes including air leak dura-
tion, length of hospital stay, the duration of chest tube drain-
age, the occurrence of prolonged air leak and postoperative
pneumothorax.

Statistical analysis

We summarized dichotomous or continuous outcomes as the
risk ratio (RR) or the weight mean difference (WMD), respec-
tively, and each with 95% confidence intervals (CIs). The
results were considered statistically significant if P-value was
<0.05. We pooled all the data with the random effects model
as the starting point instead of using the fixed-effect model.
The fixed-effect model, by requiring that the true effect size
not vary from study to study, poses a constraint that is not
plausible in this (and most) meta-analysis. Further subgroup
analyses were performed to identify the potential heteroge-
neity, including ethnicity (White or mixed), the drainage vol-
ume threshold for removal (200 ml/day or 300 ml/day) and
the definition of prolonged air leak (persistent air leak longer
than 7 days or 5 days). We also performed sensitivity analysis
to identify the robustness of the study by re-meta-analysis
with one involved excluded each time. Publication bias was
evaluated using the Begg’s test and visualization of funnel
plots. All statistical analyses were performed by Review
Manager V.5.3 (The Cochrane Collaboration, Software
Update, Oxford, UK).
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RESULTS

Characteristics of studies

A total of 1827 references were found from the initial search.
After 2 independent researchers screened the titles and abstracts,
and if necessary, found full text to confirm, only 10 randomized
controlled trials [5–14] recruiting 1568 patients were included.
Included articles were published between 2001 and 2016. The
sample size of these studies ranged from 31 to 500. Most
researchers recruited participants who underwent lung resection

for lung disease, whereas Ayed et al. [8] enrolled patients who
underwent video-assisted thoracic surgery for primary spontane-
ous pneumothorax (PSP). The drainage systems used were con-
ventional water-seal chest drainage systems except Leo et al. [12]
and Brunelli et al. [9] who applied an electronic drainage system,
which could record air leaks digitally. The postoperative outcome
parameters included the occurrence of prolonged air leak and
postoperative pneumothorax, the duration of chest tube drain-
age, air leak duration and length of hospital stay. The PRISMA
flow diagram of literature retrieval is shown in Fig. 1. The main
characteristics of the included studies are presented in Table 1.

Figure 1: The PRISMA flow diagram of literature retrieval.

Table 1: Main characteristics of the included randomized controlled trials

Study Sample
size

Ethnicity Participant Disease Number of
tubes

Initial
suction

Suction pressure
(cmH2O)

Drainage
system

Definition of
PAL (days)

Drainage threshold
of removal (ml/day)

Alphonso et al. [7] 239 White Lung surgery Lung disease 1–2 No -20 Regular >6 <200
Ayed et al. [8] 100 White VATS PSP 1 No -20 Regular >5 <100
Brunelli et al. [5] 145 White Lobectomy Lung cancer 2 Yes -20 Regular >7 <200
Brunelli et al. [9] 100 White Lobectomy Lung cancer 1 NA -11 to -20 Digital >7 NA
Cerfolio et al. [10] 33 Mixed Lung surgery Lung cancer NA NA -20 Regular >5 NA
Gocyk et al. [6] 294 White Lung surgery Lung disease 1–2 Yes -20 Regular >7 <150
Kakhki et al. [11] 31 White Lung surgery Lung disease 1 Yes -10 to -18 Regular >7 NA
Leo et al. [12] 500 White Lung resection Lung disease 1–2 Yes -15 Digital >6 <300
Marshall et al. [13] 68 Mixed Lung resection Lung disease NA Yes -20 Regular >8 <300
Prokakis et al. [14] 91 White Lobectomy Lung cancer 2 No -15 to -20 Regular >7 <200

PAL: prolonged air leak; PSP: primary spontaneous pneumothorax; VATS: video-assisted thoracic surgery.
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Risk of bias across studies

Two independent researchers assessed the risk of bias of the in-
cluded studies. Ayed et al. [8] and Brunelli et al. [9] did not report
enough details of sequence generation and concealment of allo-
cation, whereas Kakhki et al.[11], Leo et al. [12] and Marshall et al.
[13] performed randomization-based clinical decision, which
indicates a potential of high risk of bias. The graph of the risk of
bias for the included studies is shown in Table 2 and Fig. 2.

Occurrence of prolonged air leak

Ten studies assessed the occurrence of prolonged air leak: 795
individuals received the simple water-seal in addition to suction,

whereas 806 received simple water-seal on chest drains. There
was no significant difference between the 2 groups concerning
the occurrence of prolonged air leak (Fig. 3A) (RR 1.23, 95% CI
0.79–1.92; P = 0.36). No significant difference was revealed in sub-
group analysis.

Occurrence of postoperative pneumothorax

From 5 studies comprising 262 patients with suction and 269
with simple water-seal, we concluded that the patients in the
suction group had a lower occurrence of postoperative pneumo-
thorax compared with the simple water-seal group (RR 0.35, 95%
CI 0.13–0.93; P = 0.04) (Fig. 3B). No significant difference was
found in subgroup analysis.

Figure 2: Assessment of risk of bias. (A) Graph of the risk of bias for the included studies and (B) graph of the risk of bias summary for the included studies.

Table 2: Risk of bias assessment

Study Sequence
generation

Concealment of
allocation

Blinding of participants
and personnel

Blinding of outcome
assessors

Incomplete outcome
data addressed

Free of selective
reporting

Other
bias

Alphonso et al. [7] Low Low Low Low Low Low Low
Ayed et al. [8] Unclear Unclear Low Low Low Low Low
Brunelli et al. [5] Unclear Unclear Low Low Low Low Low
Brunelli et al. [9] Low Low Low Low Low Low Low
Cerfolio et al. [10] Low Low Low Low Low Low Low
Gocyk et al. [6] Low Low Low Low Low Low Low
Kakhki et al. [11] High Low Low Low Low Low Low
Leo et al. [12] High Low Low Low Low Low Low
Marshall et al. [13] High Low Low Low Low Low Low
Prokakis et al. [14] Low Low Low Low Low Low Low
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Duration of chest tube drainage

A total of 6 studies measured the duration of chest tube drainage.
Results indicated that simple water-seal may significantly shorten
the duration of chest tube drainage compared with the addition
of suction drainage (WMD 0.92 days, 95% CI 0.04–1.81; P = 0.04)
(Fig. 4A).

Air leak duration

Four studies assessed the duration of air leak, with 304 patients
on suction drainage and 303 on simple water-seal drainage. The
effect difference between the 2 groups was not significant (WMD
0.81 days, 95% CI -0.21 to 1.82; P = 0.12) (Fig. 4B).

Length of hospital stay

Five studies assessed the length of hospital stay, with no statisti-
cally significant difference between the suction drainage and sim-
ple water-seal (WMD 1.57 days, 95% CI -0.83 to 3.98; P = 0.20)
(Fig. 4C). Subgroup analyses were conducted based on the drain-
age volume threshold for removal: 4 studies removed the chest
tube when drainage volume was less than 200 ml/day, whereas 1
study removed the chest tube when drainage volume was less
than 300 ml/day. Our analysis indicated that a lower drainage
volume threshold for removal was significantly associated with
an increased hospital stay (I2 0%, WMD 1.02 days, 95% CI 0.41–
1.62, P = 0.001).

Occurrence of other cardiopulmonary
complications

We also analysed the incidence of other cardiopulmonary com-
plications including pneumonia, empyema, atelectasis, arrhyth-
mia and bleeding. We found that the addition of suction had a
lower incidence of postoperative cardiopulmonary complications
compared with simple water-seal (RR 0.65, 95% CI 0.48–0.89;
P = 0.008). We were unable to draw any significant conclusions
regarding specific cardiopulmonary complications.

Other parameters

For other parameters, we looked at effusion and staple line (length
of the stapled parenchyma for each patient). However, we found no
significant difference in effusion volume within the first 24 h or 48 h.
The results from 2 studies recruiting 213 patients indicated that the
suction group had bigger ‘air leak days/cm of the staple line’ com-
pared with the simple water-seal group (WMD 0.07, 95% CI 0.01–
0.13, P = 0.03), which meant that suction drainage may prolong air
leak days per centimetre of staples. No significant difference was
found concerning the value ‘chest tube days/cm of the staple line’.
All the main results of our analysis are listed in Table 3.

Sensitivity analysis and publication bias

From derived forest plots, we found that none of the displayed
outcomes were outside of the estimated range. Also, no

Figure 3: Meta-analysis of the effect of the addition of suction to simple water-seal or simple water-seal on the occurrence of (A) prolonged air leak and (B) postoper-
ative pneumothorax.
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significant discoveries were identified in sensitivity analyses.
Furthermore, we found no significant publication bias by visual
inspection of the funnel plot and Begg’s test (P = 1.00).

DISCUSSION

Compared with simple water-seal, the addition of external suction
increased the duration of chest tube drainage, decreased the occur-
rence of postoperative pneumothorax and other cardiopulmonary
complications and increased ‘air leak days/cm of the staple line’.
However, between simple water-seal and external suction, no sig-
nificant differences were found regarding air leak duration, length
of hospital stay and the occurrence of prolonged air leak. The dif-
ferences between the 2 groups, including the criteria for chest tubes
removal (especially the drainage volume threshold for chest tube
removal), the definition of prolonged air leak, the onset time of
suction drainage, the disease type (lung cancer, pneumothorax and
other lung disease) and whether discharged home on device, may
affect the results. However, the lack of sufficient data prevented us
from performing a further analysis of these differences.

The duration of chest tube drainage was an important issue
that might affect postoperative success [15]. We found that the
addition of suction increased the duration of chest tube drainage
compared with simple water-seal, and this was in accordance
with the study by Ayed et al. [8] and Marshall et al. [13]. However,

Brunelli et al. [9] found no significant differences between the
effects of the 2 groups. The drainage device was digital, which
was not the same with other research studies. Miller et al. [16]
and our previous study [17] showed that the use of a digital
drainage system may change the duration of chest tube drainage.

The occurrence of postoperative pneumothorax was associated
with the surgical lesions and the quality of the operation [18]. We
found that suction drainage was beneficial in reducing the incidence
of postoperative pneumothorax compared with simple water-seal.
Meanwhile, some previous meta-analyses arrived at the same con-
clusion [19, 20]. However, Ayed et al. [8] drew a different conclusion.
They recruited 100 consecutive participants who underwent video-
assisted thoracic surgery for PSP, equally assigned into external suc-
tion and simple water-seal in a 1:1 ratio and found no significant
difference between the 2 groups. Although Ayed et al. [8] only in-
cluded PSP patients, the previous presence of air leak may have in-
fluence on the incidence of postoperative pneumothorax [21].
Furthermore, they removed the chest tubes according to the re-
moval criteria ‘lung was fully recovered with no air leak and less
than 100-ml pleural fluid drainage for 24 h’. This lower drainage vol-
ume (compared to other studies) was rational as the PSP patients
have less pleural fluid than lung patients in other studies.

There was no widely accepted definition of prolonged air leak
in the included studies. Most researchers considered ‘prolonged
air leak’ to be a persistent air leak longer than 7 days, whereas
other authors regarded ‘prolonged air leak’ as a persistent air leak

Figure 4: Meta-analysis of the effect of the addition of suction to simple water-seal or simple water-seal on (A) the duration of chest tube drainage, (B) air leak dura-
tion and (C) length of hospital stay.
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longer than 8, 6 or 5 days. Initially, we thought that the difference
in definitions among the included studies may impact the inci-
dence of prolonged air leak. However, no significant difference
was identified in subgroup analyses. Based on the recent litera-
ture, several authors have recommended defining a prolonged
air leak as a postoperative air leak lasting >5 days, and this defini-
tion is consistent with the Society of Thoracic Surgeons (STS)
database definition for a prolonged air leak as an air leak exceed-
ing the otherwise necessary length of stay [22, 23].

We found patients with chest tubes placed to the addition of suc-
tion had a lower incidence of postoperative pneumothorax com-
pared with simple water-seal. Herein, we propose 2 possible reasons
for how suction drainage could have decreased the occurrence of
postoperative pneumothorax. First, applying chest tubes to suction
might accelerate the elimination of excessive air and drainage in the
pleural cavity directly. Second, chest tubes connected to suction
could be more stable to ensure the drainage function and avoid
complications.

Staples are widely used to close stumps during operations
such as sleeve gastrostomy and are considered to be a main

cause of staple-line bleeding, staple-line leaks and dehiscence
[24]. Some researchers pointed out that buttressing the staple
lines could decrease the air leak duration after pulmonary sur-
gery [25, 26]. The length of the staple line reflects the extent of
the resection, which, of course, impacts on the incidence of post-
operative air leakage. To help control for this, we assessed the ra-
tio of air leak duration and the length of the staple line between
the 2 groups. Our results indicated that suction drainage is asso-
ciated with higher air leak days/cm of the staple line. That meant
that in the condition where the length of the staple line is same
between the 2 groups, the suction group would have longer air
leak days.

In China, thoracic surgeons do not apply suction drainage sys-
tems routinely. There are several possible reasons for this. First,
the lack of guidelines for when and how to use suction drainage.
Second, it may be inconvenient to use. Third, the clinical effect of
the addition of suction drainage is not definite. The higher cost
of suction drainage (compared to simple water-seal) is also a
possible reason. Our meta-analysis may help promote evidence-
based medicine in this field in China.

Table 3: Main results of our analysis

Outcomes No. of studies No. of participants Results Heterogeneity

RR/WMD 95% CI P-value I2 (%) PH Model

Occurrence of PAL 10 1601 RR 1.23 0.79 1.92 0.36 52 0.03 Random
Ethnicity

White 8 1500 RR 0.98 0.67 1.43 0.90 27 0.21 Random
Mixed 2 101 RR 2.81 1.46 5.39 0.002 0 0.97 Random

Drainage threshold of removal
200 ml/day 5 869 RR 1.26 0.64 2.50 0.50 49 0.10 Random

The definition of PAL
>7 days 6 729 RR 1.10 0.73 1.64 0.65 0 0.47 Random
>6 days or 5 days 4 872 RR 1.42 0.59 3.43 0.43 79 0.002 Random

Occurrence of postoperative pneumothorax 5 531 RR 0.35 0.13 0.93 0.04 24 0.26 Random
Ethnicity

White 3 430 RR 0.46 0.15 1.47 0.19 33 0.23 Random
Drainage threshold of removal

<200 ml/day 3 430 RR 0.46 0.15 1.47 0.19 33 0.23 Random
Duration of chest tube 6 798 WMD 0.92 0.04 1.81 0.04 78 0.0004 Random

Ethnicity
White 5 730 WMD 0.73 0.12 1.34 0.02 14 0.33 Random

Drainage threshold of removal
<200 ml/day 4 630 WMD 0.73 0.02 1.44 0.04 28 0.24 Random

Duration of air leak 4 607 WMD 0.81 -0.21 1.81 0.12 81 0.001 Random
Ethnicity

White 3 539 WMD 0.37 -0.26 1.01 0.25 0 0.79 Random
Length of hospital stay 5 504 WMD 1.57 -0.83 3.98 0.2 92 <0.0001 Random

Ethnicity
White 4 436 WMD 0.62 -0.27 1.51 0.17 27 0.25 Random

Drainage threshold of removal
200 ml/day 3 336 WMD 1.02 0.41 1.62 0.001 0 0.72 Random

Effusion volume in the first 24 h 2 354 WMD 43.62 -34.47 121.72 0.27 88 0.003 Random
Effusion volume in the first 48 h 3 499 WMD 10.42 -124.77 145.61 0.88 80 0.007 Random
Air leak days/cm of the staple line 2 213 WMD 0.07 0.01 0.13 0.03 85 0.01 Random
Chest tube days/cm of the staple line 2 213 WMD 0.09 -0.02 0.20 0.11 93 <0.0001 Random
Cardiopulmonary complications 3 745 RR 0.65 0.48 0.89 0.008 0 0.68 Random

Pneumonia 3 736 RR 0.64 0.34 1.22 0.17 0 0.58 Random
Empyema 2 591 RR 1.44 0.24 8.74 0.69 0 0.68 Random
Atelectasis 2 591 RR 0.57 0.24 1.35 0.20 0 0.45 Random
Arrhythmia 3 736 RR 0.93 0.47 1.86 0.84 43 0.18 Random
Bleeding 2 591 RR 0.98 0.37 2.57 0.96 0 0.65 Random

CI: confidence interval; PAL: prolonged air leak; PH: P-value of heterogeneity; RR: risk ratio; WMD: weighted mean difference.
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Limitations

Compared with previous published meta-analyses, the strengths of
this analysis included (i) updating published articles and recruiting
more studies; (ii) further discussion on more postoperative
outcome parameters such as the occurrence of cardiopulmonary
complications and (iii) clear inclusion and exclusion criteria, careful
screening of studies, independent collection of data, complete as-
sessment of studies quality and reliable tests to identify heterogene-
ity. However, we also had some limitations. (i) Heterogeneity among
included studies. We assessed the risk of bias of each eligible studies
and found 3 studies that had a high risk of bias due to randomiza-
tion based on clinical experience. The heterogeneity test for each
analysis was well accepted. In addition, we conducted a subgroup
analysis and a sensitivity analysis to explain heterogeneity based on
some potential source of heterogeneity; (ii) lack of standard proce-
dure for chest tube management. For example, there was still no
universally accepted definition of prolonged air leak; (iii) insufficient
sample size for some data items. For example, when we analysed
the occurrence of arrhythmia and bleeding, only 2 studies were ho-
mogeneous and used in the final analysis. The low number of stud-
ies for this data item might unfairly affect our results. Therefore,
more large-sample randomized controlled trials are needed.

CONCLUSIONS

The addition of suction to simple water-seal made no difference
to air leak duration, hospital stay or the occurrence of prolonged
air leak following pulmonary surgery. In patients where there is
concern about a residual or increasing pneumothorax, the addi-
tion of suction may be applied selectively.
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