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Management of chest tubes after pulmonary
resection: a systematic review and meta-analysis

Background: We performed a systematic review and meta-analysis to determine the
effect of suction with water seal, compared with water seal alone, applied to intra pleural
chest tubes on the duration of air leaks in patients undergoing pulmonary surgery.

Methods: We searched MEDLINE, EMBASE and the Cochrane Central Register of
Controlled Trials to find randomized controlled trials (RCTs) comparing the effect of
the 2 methods on the duration of air leaks. Trials were systematically assessed for eli-
gibility and validity. Data were extracted in duplicate and pooled across studies using a
random-effects model.

Results: The search yielded 7 RCTs that met the eligibility criteria. No difference
was identified between the 2 methods in duration of air leak (weighted mean differ-
ence [WMD] 1.15 days, favours water seal; 95% confidence interval [CI] –0.64 to
2.94), time to discharge (WMD 2.19 d, favours water seal; 95% CI –0.63 to 5.01),
duration of chest tubes (WMD 0.96 d, favours water seal; 95% CI –0.12 to 2.05) or
incidence of prolonged air leaks (absolute risk reduction [ARR] 0.04, favours water
seal; 95% CI –0.01 to 0.09). Water seal was associated with a significantly increased
incidence of postoperative pneumothorax (ARR –0.14, 95% CI –0.21 to –0.07).

Conclusion: No differences were identified in terms of duration of air leak, incidence
of prolonged air leak, duration of chest tubes and duration of hospital stay when chest
tubes were placed to suction rather than water seal. Chest tube suction appears to be
superior to water seal in reducing the incidence of pneumothorax; however, the clin -
ical significance of this finding is unclear.

Contexte : Nous avons procédé à une revue systématique et à une méta-analyse dans
le but de comparer l’effet de 2 méthodes de drainage thoracique intrapleural (la pre-
mière, scellée sous eau avec succion et l'autre, scellée sous eau, mais sans succion) sur
la durée des fuites d’air chez les patients soumis à une chirurgie pulmonaire.

Méthodes : Nous avons interrogé les bases de données MEDLINE, EMBASE et le
registre central Cochrane des essais randomisés et contrôlés (ERC) pour recenser les
ERC ayant comparé l’effet des 2 méthodes sur la durée des fuites d’air. Nous avons
évalué de manière systématique l'admissibilité et la validité des ERC. Nous avons
extrait en double les données des essais retenus et nous les avons regroupées selon un
modèle à effets aléatoires.

Résultats : L'interrogation a permis de recenser 7 ERC qui répondaient aux critères
d’admissibilité. Nous n’avons observé aucune différence entre les 2 méthodes quant à
la durée des fuites d’air (différence moyenne pondérée [DMP] 1,15 j, favorisant le sys-
tème scellé sous eau; intervalle de confiance [IC] à 95 % –0,64 à 2,94), durée du séjour
hospitalier (DMP 2,19 j, favorisant le système scellé sous eau; IC à 95 %  0,63 à 5,01),
la durée du drainage thoracique (DMP 0,96 j, favorisant le système scellé sous eau; IC
à 95 % 0,12 à 2,05) ou l'incidence des fuites d’air prolongées (réduction du risque
absolu [RRA] 0,04, favorisant le système scellé sous eau; IC à 95 %  0,01 à 0,09). Le
système scellé sous eau a été associé à une augmentation significative de l’incidence
des pneumothorax postopératoires (RRA  0,14, IC à 95 %  0,21 à  0,07).

Conclusion : Nous n’avons noté aucune différence sur le plan de la durée des fuites
d’air, de l’incidence des fuites d’air prolongées, de la durée du drainage thoracique et
de la durée du séjour hospitalier lorsque les drains thoraciques étaient placés sous suc-
cion plutôt que simplement scellés sous eau. Les drains thoraciques sous succion sem-
blent supérieurs aux drains thoraciques scellés sous eau pour ce qui est de réduire l’in-
cidence du pneumothorax. Toutefois, la portée clinique de cette observation reste à
déterminer.
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C hest tubes are placed postoperatively in patients
undergoing thoracic surgery to prevent pneumo -
thorax and to monitor for air leak and hemothor -

aces. Air leaks from resection margins are a common com-
plication.1 Persistent air leaks can result in prolonged
hospital stay and complications, such as empyema,2 in
patients undergoing lung resection. Many surgeons keep
chest tubes to –20 cm H2O suction postoperatively, whereas
some use water seal to minimize the duration of postopera-
tive air leaks. Placing the chest tube to suction has a theor -
etical advantage of improving apposition of the pleura to
the chest wall; however, this negative intrathoracic pressure
may also serve to maintain the flow of air through an alveo-
lar pleural fistula, resulting in its persistence.2

A descriptive review,3 and more recently a systematic
review,,4 on this topic were published. The systematic
review by Deng and colleagues,4 however, had some limita-
tions. Its search was limited to MEDLINE, and only
1 reviewer selected studies for full assessment. Further-
more, no subgroup analysis was performed to explain het-
erogeneity among studies. We therefore felt it was worth-
while repeating this systematic review and meta-analysis
with more rigorous methodology.

METHODS

Study selection

We searched MEDLINE, EMBASE and the Cochrane
Central Register of Controlled Trials for potentially rel -
evant randomized controlled trials (RCTs) using the
medical subject headings “pulmonary surgical proced -
ures” and “respiratory tract fistula” as search terms. We
then searched using the following keywords: “lobectomy,”
“segmentectomy,” “lung resection,” “wedge resection,”
“air leak” and “alveolar fistula.” Our search included for-
eign language publications. We reviewed the reference
lists of all articles obtained as well as bibliographies of
2 major textbooks in thoracic surgery5,6 to identify any
other missed articles. To uncover unpublished but poten-
tially relevant trials, we searched 2 indices of conference
proceedings (proceedingsfirst, papersfirst) and the data-
base of registered trials at www.clinicaltrials.gov. Two
reviewers assessed all articles obtained to determine
whether they met our inclusion criteria. To be included, a
study must have been an RCT comparing intrapleural
chest tubes placed to suction versus water seal following
pulmonary surgery. Outcomes of interest were duration
of air leak, incicidence of prolonged air leak, duration of
chest tubes, postoperative complications and length of
hospital stay.

Agreement between reviewers was measured using the κ
statistic. Any disagreements between reviewers were dis-
cussed and resolved by consensus when possible. A third
reviewer adjudicated if consensus could not be obtained.

Validity assessment

Two independent reviewers assessed each eligible study to
determine the risk of bias for each outcome. Six criteria
were evaluated for each study. These were sequence gen-
eration, allocation concealment, blinding of outcome as -
sessors, incomplete outcome data, selective outcome re -
porting and other sources of bias. For each criterion, each
reviewer judged whether it was adequately addressed in
the study based on the criteria for judging risk of bias in
the Cochrane handbook’s “risk of bias” assessment tool.7

An overall assessment for risk of bias for each study was
then made. Low risk of bias required that all categories of
the risk of bias tool be adequately addressed. High risk of
bias was assigned to any study with at least 1 category that
was inadequately addressed. An unclear risk of bias was
assigned to any study with at least 1 category assigned as
unclear and no inadequately addressed categories.

Data extraction

Two investigators collected relevant information in dupli-
cate regarding the population, intervention and outcomes
from each selected article using standardized data extrac-
tion forms. When any of this information was missing
from a study, an attempt was made to contact the authors
to obtain these data.

Statistical analysis

We began the analysis with a visual inverted funnel plot of
each study outcome with data from 5 or more trials, compar-
ing the magnitude of the relative risk (including confidence
intervals [CIs]) against the log standard error.8 An inverted,
funnel-shaped, symmetric appearance suggests that no
study has been left out, whereas an asymmetric appearance
suggests the presence of publication or other systematic bias.

Data across studies were pooled using a random-effects
model9 to calculate absolute risk reduction (ARR) for
dichotomous outcomes and weighted mean differences
(WMDs) for continuous outcomes. As part of our sensitiv-
ity analysis, data were also analyzed using a fixed-effects
model. We tested homogeneity of the estimates using the
Breslow–Day test with a significance threshold of p < 0.110

and the I2,11 which estimates the proportion of total vari-
ability that is owing to true between-study differences
rather than chance alone. We explored heterogeneity (I2 > 0)
with subgroup and sensitivity analyses based on pre -
determined hypotheses. Hypothesized sources of hetero-
geneity were length of time used to define prolonged air
leak, presence of suction before random assignment of
patients, indication for surgery and type of lung resection.

We conducted all analyses using Revman version 5. This
paper adheres to the guidelines for reporting of systematic
reviews proposed by the QUORUM Group.12
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RESULTS

Characteristics of included studies

Our initial search yielded 1061 citations (Fig. 1). Of these,
1051 were excluded because they did not meet our eligi-
bility criteria. This left 10 articles for full text evaluation.
Three of these did not meet eligibility criteria, and
7 RCTs were ultimately included in our analysis (Table 1).
All of the included studies were published in English.

Reviewers achieved perfect agreement in the application
of eligibility criteria (κ = 1).

All included studies were published between 2001 and
2008. Sample sizes ranged from 31 to 254 patients. Most
studies included patients undergoing lung resections for
lung cancer. One study included only patients with spon -
tan eous pneumothorax.14 Six studies used –20 cm of water
for the strength of intrapleural suction, whereas 1 used
between –10 and –18 cm of suction.16 Four of the studies
included a period of intrapleural suction postoperatively to
expand the lung before random assignment of patients.
These times ranged from the time required for patient
transport to the recovery room to postoperative day 2.

All of the included papers used the incidence of pro-
longed air leak as one of the study outcomes. The defini-
tion of prolonged air leak, however, differed among studies.
This varied from as little as 3 days in 1 paper, to more than
7 days in 3 papers.

The risk of bias was deemed unclear in 6 studies,
whereas 1 study was deemed to have a high risk for bias
owing to incomplete outcome data (Table 2). In all of the
studies, there was blinding of surgeons; however, blinding
of outcome assessors in each study was not reported.
Reporting was generally poor in terms of concealment of
allocation and sequence generation. Only 2 studies ade-
quately described their method of random assignment.
Three studies were deemed to be free of selective report-
ing, as they provided outcome data for all relevant patient
outcomes addressed in this study, whereas the remaining 4
did not. The κ value for interobserver agreement for valid-
ity assessment was 0.70. All of the funnel plots demon-
strated relative symmetry.

Initial search, 
n = 1061 

Articles reviewed 
for full text 

evaluation, n = 10

Articles selected 
for inclusion, 

n = 7

Excluded 
n = 1051

Excluded 

• Did not !t eligibility 
requirements, n = 3

Fig. 1. Selection of randomized controlled trials comparing the
effect of suction with water seal versus water seal alone on the
duration of air leaks for inclusion in our systematic review and
meta-analysis.

Table 1. Characteristics of randomized controlled trials comparing the effect of suction with water seal versus water seal alone 
included in our systematic review and meta-analysis 

Study Sample size Eligibility criteria Intervention Outcomes 

Alphonso et al.13 254 • Pulmonary surgery 
• Exclusion: lung volume reduction 

–20 cm suction v. water seal • Prolonged air leak 

Ayed14 100 • Spontaneous pneumothorax –20 cm suction v. water seal • Prolonged air leak 
• Duration of chest tube 
• Length of hospital stay 

Brunelli et al.15 145 • Lobectomy with air leak on POD 1 –20 cm suction v. water seal, 
random assignment of 
patients on POD 1 

• Prolonged air leak 
• Duration of air leak 
• Length of hospital stay 
• Duration of chest tube 

Cerfolio et al.1 140 • Pulmonary resection 
• Exclusion: VATS, volume reduction, pneumonectomy 

–20 cm suction v. water seal, 
random assignment of 
patients on POD 2 

• Prolonged air leak 

Daneshvar et al.16 31 • Pulmonary resection 
• Exclusion: volume reduction 

–10 to –18 cm suction v. water 
seal, random assignment of 
patients on POD 1 

• Prolonged air leak 

Marshall et al.2 68 • Pulmonary resection 
• Exclusion: volume reduction 

–20 cm suction v. water seal, 
random assignment of 
patients in recovery room 

• Prolonged air leak 
• Duration of air leak 
• Length of hospital stay 
• Duration of chest tube 

Prokakis et al.17 91 • Lobectomy 
• Exclusion: chemotherapy/radiation 

–15 to –20 cm suction v. 
water seal 

• Prolonged air leak 
• Duration of chest tube 
• Length of hospital stay 

POD = postoperative day; VATS = video-assisted thoracic surgery. 
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Duration of air leak

All 7 of the studies included incidence of prolonged air
leak as an outcome (Fig. 2). There was a nonsignificant
trend toward a decreased incidence of prolonged air leak
in the water seal group (ARR 0.04, 95% CI –0.01 to
0.09). Only 2 of the 7 studies specifically included the
duration of air leaks in their analysis. There was no statis-
tical difference between suction and water seal identified
(WMD 1.15 d, 95% CI –0.64 to 2.94; Fig. 3). Both of
these studies reported the duration of air leak adjusted for
the length of the staple line. When this adjustment was
made, there was a statistically significant improvement in
the duration of air leak in favour of water seal (0.07 d/cm,

95% CI 0.01–0.13). There was a trend toward decreased
duration of chest tubes in the water seal group (WMD
0.96 d, 95% CI –0.12 to 2.05); however, this was not sta-
tistically significant. There was no significant difference
in terms of length of hospital stay (WMD 2.19 d, 95% CI
–0.63 to 5.01) despite a trend toward a shorter stay in the
water seal group.

Complications

Four studies compared the incidence of postoperative
pneumothorax. There was a significantly increased inci-
dence in the water seal group (ARR –0.14, 95% CI –0.21 to
–0.07; Fig. 4). For other complications, such as pneumonia

Table 2. Risk of bias assessment 

Study 
Concealment 
of allocation 

Adequate sequence 
generation 

Blinding of outcome 
assessors 

Incomplete outcome 
data addressed 

Free of selective 
reporting 

Free of 
other bias 

Overall risk of 
bias in study 

Alphonso et al.13 Yes Yes Unclear No Unclear Yes High 

Ayed14 Unclear Unclear Unclear Yes Yes Yes Unclear 

Brunelli et al.15 Unclear Unclear Unclear Yes Yes Yes Unclear 

Cerfolio et al.1 Unclear Unclear Unclear Yes Unclear Yes Unclear 

Daneshvar et al.16 Unclear Unclear Unclear Yes Unclear Yes Unclear 

Marshall et al.2 Unclear Unclear Unclear Yes Unclear Yes Unclear 

Prokakis et al.17 Unclear Yes Unclear Yes Yes Yes Unclear 

κ = 0.70. 

Suction Water seal

Study Events Total Events Total Risk ratio (95% CI)* Risk ratio, 95% CI* 

Alphonso et al.13 9 116 13 123 –0.30 (–0.10 to 0.04)  
Ayed14 7 50 1 50 0.12 (0.02 to 0.22)  
Brunelli et al.15 22 73 20 72 0.02 (–0.12 to 0.17)  
Cerfolio et al.1 14 70 6 70 0.11 (–0.00 to 0.23) 

 Daneshvar et al.16 3 13 6 18 –1.10 (–0.42 to 0.21) 
 Marshall et al.2 1 34 0 34 0.03 (–0.05 to 0.11) 
 Prokakis et al.17 7 47 5 44 0.04 (–0.10 to 0.17) 
 

Total  403  411 0.04 (–0.01 to 0.09) 

 

Total events: 63 (suction), 51 (water seal) 
Heterogeneity: Tau2 = 0.00, X 26  = 8.07, p = 0.23, I2 = 26% 
Test for overall effect: Z = 1.53, p = 0.12 
*Mantel-Haenszel test, random. 

–0.2   –0.1   0.0    0.1     0.2 
Favours suction              Favours water seal 

Fig. 2. Incidence of prolonged air leak. CI = confidence interval.

Suction Water seal

Study Mean (SD) Total Mean (SD) Total Mean difference (95% CI)* Mean difference, 95% CI* 

Brunelli et al.15 6.3 (7.2) 73 6.5 (7.5) 72 –0.20 (–2.59 to 2.19)  
Marshall et al.2 3.27 (0.8) 15 1.5 (0.32) 15 1.77 (1.33 to 2.21)  

Total  88  87 1.15 (–0.64 to 2.94)  

Heterogeneity: Tau2 = 1.17, X2
1 = 2.52, p = 0.11, I2 = 60% 

Test for overall effect: Z = 1.26, p = 0.21 
*Inverse variance, random. 

–4     –2      0     2      4 
Favours suction              Favours water seal 

Fig. 3. Duration of air leak (days). CI = confidence interval.
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(ARR –0.03, 95% CI –0.12 to 0.06), arrhythmia (ARR 
–0.04, 95% CI –0.15 to 0.08) and death (ARR –0.01, 95%
CI –0.04 to 0.03), there were no differences identified
between the suction and water seal groups.

Subgroup analysis

All of the above outcome measures, apart from death and
the incidence of pneumothorax, demonstrated significant
heterogeneity (I2 > 0). Subgroup analysis was performed in
an attempt to eliminate both clinical and statistical hetero-
geneity. First, for the incidence of prolonged air leak, sub-
group analysis was performed based on the definition of
prolonged air leak. When only studies that defined this as
greater than or equal to 6 days were used, heterogeneity
was eliminated (I2 = 0). This also eliminated any trend in
treatment effect for this outcome (ARR 0.00, 95% CI 
–0.05 to 0.05). Subgroup analysis based on the indication
for lung resection (including only papers whose inclusion
criteria was cancer) eliminated heterogeneity in the inci-
dence of prolonged air leak but did not alter the failure to
achieve statistical significance in the result (ARR 0.02,
95% CI –0.02 to 0.06). This analysis did not eliminate the
statistical heterogeneity in any other outcomes. Our other
hypothesized sources for heterogeneity did not reduce
heterogeneity in any outcomes.

Sensitivity analysis

Sensitivity analysis was performed by reanalyzing the data
using a fixed-effects model and by removing outlier studies.
A fixed-effects model caused the time to discharge (WMD
1.76 d, 95% CI 1.20–2.32) and duration of air leak (WMD
1.71 d, 95% CI 1.28–2.14) to become significant in favour
of water seal. For the time to discharge, there was 1 outlier
study that was strongly in favour of water seal.2 A post hoc
analysis removing this study caused this outcome to become
significant in favour of water seal (WMD 1.02, 95% CI
0.41– 1.62). This occurred as the CI for this outcome
become much narrower following removal of this study.
Re moval of this study from the analysis also eliminated any

statistical heterogeneity. There were no obvious method-
ological issues in this study that would explain why its
results were so different from those of other studies in this
group. As this analysis was performed post hoc, its results
should be interpreted with caution.

DISCUSSION

Intrapleural chest tubes are routinely placed following
pulmonary surgery. Furthermore, postoperative air leaks
are a common complication following lung resections.
This systematic review was performed to determine if
chest tubes placed to suction compared with water seal
alone resulted in decreased duration of postoperative air
leaks. We found no difference between suction and water
seal alone in terms of duration of air leak, incidence of
prolonged air leak, duration of chest tubes and duration of
hospital stay. Placing chest tubes to suction was, however,
superior with respect to the incidence of pneumothorax.
The ARR of pneumothorax found in this meta-analysis
translates into a number needed to treat of 7.14. This
means that roughly 7 patients would need to be managed
with suction to prevent 1 pneumothorax. Despite this sig-
nificant improvement in the incidence of pneumothorax,
suction did not decrease length of hospital stay or dura-
tion of chest tubes. This suggests that the pneumothoraces
seen in the water seal group were not clinically important
enough to affect these outcomes. This makes clinical sense
given that these patients had chest tubes in place, which
would make management of pneumothorax fairly simple.
Subgroup analysis suggested that statistical heterogeneity
could be partially explained by the definition of prolonged
air leak used in various studies. When only those studies
defining it as more than 6 days were included, heterogen -
eity was eliminated. No difference between the 2 groups
in this analysis was identified.

We analyzed our data with a random-effects model and
then later with a fixed-effects model as part of our sensitiv-
ity analysis. A fixed-effects model assumes that every study
in the analysis is measuring the same treatment effect. The
assumption is therefore made that if every study in the

Suction Water seal

Study Events Total Events Total Risk ratio (95% CI)* Risk ratio, 95% CI* 

Ayed14 0 50 8 50 –0.16 (–0.27 to –0.05)  
Cerfolio et al.1 0 15 5 18 –0.28 (–0.50 to –0.06)  
Marshall et al.2 0 34 4 34 –0.12 (–0.24 to 0.00)  
Prokakis et al.17 6 47 9 44 –0.08 (–0.23 to 0.08) 

 

Total  146  146 –0.14 (–0.21 to –0.07) 
 

Total events: 6 (suction), 26 (water seal) 
Heterogeneity: Tau2 = 0.00 ,X 23 = 2.44, p = 0.49, I2 = 0% 
Test for overall effect: Z = 4.15, p < 0.0001 
*Mantel-Haenszel test, random. 

–0.50     –0.2   0.00  0.25   0.50 
Favours suction              Favours water seal 

Fig. 4. Incidence of pneumothorax. CI = confidence interval.



                                                                                                                                                          Can J Surg, Vol. 55, No. 4, August 2012        269

RESEARCH

analysis were infinitely large, they would all have the same
result. A random-effects model, on the other hand, assumes
that there are differences in each study, such as differences
in study design or patient population, that result in true
differences in treatment effect.7 The random-effects model
may perform better when there is statistical heterogeneity
among studies, as was the case in our meta-analysis. Fur-
thermore, the results using a random-effects model were
more conservative than those using a fixed-effects model.
For these reasons, the results using a random-effects model
were favoured in this review.

A previous review examining chest tube suction follow-
ing pulmonary surgery was performed by Sanni and col-
leagues;3 however, no meta-analysis was performed. This
review included 5 RCTs, all of which were included in our
paper. The authors concluded that water seal alone was a
reasonable approach to managing postoperative air leaks,
with the possible exception of large air leaks or in the pres-
ence of a large pneumothorax. The papers included in our
study did not generally report data regarding the size of air
leaks or pneumothoraces. We were therefore unable to
perform any analysis regarding these possible subgroups.

Another systematic review on this topic has also been
published.4 There are some notable differences between
the present study and that review. The review by Deng and
colleagues4 included only 6 trials. This is because they used
a much more limited search strategy, including only studies
from MEDLINE. Despite the inclusion of 1 extra study by
Daneshvar,16 the results of this review and that by Deng
had similar results. The 2 reviews differed significantly in
the assessment of study quality. Deng and colleagues used
the Jadad scoring system to assess quality and concluded
that the studies were generally of high quality. The
Cochrane handbook, however, specifically recommends
avoiding the Jadad scale owing to its “strong emphasis on
reporting rather than conduct” and its failure to address
concealment of allocation.7 In the present review, a risk of
bias assessment was performed based on the presence of

adequate randomized sequence generation, blinding of
outcome assessors, concealment of allocation, the presence
of incomplete outcome data, selective outcome reporting
and other sources of bias. We concluded that the overall
risk of bias was unclear in 6 of the studies and high in 1.
Although blinding of outcome assessors in these studies
would be technically challenging, the lack of blinding does
allow for the potential introduction of bias in any of the
subjective outcomes addressed in these studies. The meth-
ods used in our review to assess risk of bias were in keeping
with the recommendations of the Cochrane collaboration.7

Limitations

Strengths of our study include the systematic and explicit
application of eligibility criteria, the careful consideration
of study quality, the generation and testing of a priori
hypotheses to explain heterogeneity, the standardized data
extraction and the rigorous analytical approach. One
weakness of this review is the heterogeneity found among
studies. Subgroup analysis was performed based on our
a priori hypothesis of possible sources of heterogeneity in
an attempt to reduce it. The heterogeneity in the inci-
dence of prolonged air leak and length of hospital stay
could be explained and eliminated through subgroup and
sensitivity analysis; however, this was not the case for any
other outcomes. This review was also limited by incom-
plete reporting of methodology. For most of the studies
concealment of allocation, patient blinding and outcome
assessor blinding were not reported. This leaves the possi-
bility of bias affecting the results of the studies.

The GRADE system was used to rate the overall quality
of evidence. Using this system, RCTs are rated as high-
quality evidence unless they have serious limitations in
study quality, important inconsistency, uncertainty about
directness, imprecise or sparse data or high probability of
reporting bias.18,19 The data quality of the studies included in
our review ranged from very low, as seen in the duration of

Table 3. GRADE evidence summarizing the effectiveness of chest tubes placed to suction or water seal: positive values favour 
water seal, negative values favour suction 

Outcome No. studies No. participants Results (95% CI) Quality of the evidence 

Duration of air leak, d 2 175 WMD 1.15 (–0.64 to 2.94) Very low*†‡ 

Duration of air leak/length of staple line, d/cm 2 175 WMD 0.07 (0.01 to 0.13)§ Very low*†‡ 

Incidence of prolonged air leak 7 814 ARR 0.04 (–0.01 to 0.09) Low*‡ 

Duration of chest tube, d 4 404 WMD 0.96 (–0.12 to 2.05) Low*‡ 

Duration of hospital stay, d 4 404 WMD 2.19 (–0.63 to 5.01) Low*‡ 

Incidence of pneumothorax 4 292 ARR –0.14 (–0.21 to –0.07)§ Moderate‡ 

Incidence of arrhythmia 2 236 ARR –0.04 (–0.15 to 0.08) Very low*†‡ 

Incidence of death 2 191 ARR –0.01 (–0.04 to 0.03) Low†‡ 

Incidence of pneumonia 2 236 ARR –0.03 (–0.12 to 0.06) Very low*†‡ 

ARR = absolute risk reduction; CI = confidence interval; WMD = weighted mean difference. 
*Evidence limited by heterogeneity between studies. 
†Evidence limited by imprecise data (small sample size or event rate). 
‡Evidence limited by high or unclear risk of bias in studies. 
§Statistically significant. 



air leak, incidence of arrhythmia and incidence of pneu-
monia, to moderate quality, as seen with the incidence of
pneumothorax (Table 3). Very low-quality evidence sug-
gests that we are very uncertain about the treatment
effect estimates, whereas low-quality evidence indicates
that further research is very likely to have an important
impact on our confidence in the estimate of effect and is
likely to change the estimate.20 Moderate quality evidence
suggests that further research is likely to have an import -
ant impact on our confidence in the estimate of effect and
may change the estimate. The quality was limited in most
outcomes by potentially high or unclear risk of bias in
included studies and by inconsistency owing to substan-
tial heterogeneity among studies. For the duration of air
leak and the incidence of pneumonia, the data were lim-
ited both by inconsistent and by sparse data, resulting in
low-quality evidence.

CONCLUSION

No differences were identified in terms of duration of air
leak, incidence of prolonged air leak, duration of chest tubes
and length of hospital stay when chest tubes were placed to
suction rather than water seal. The quality of evidence for
these outcomes was low or very low. There is moderate-
quality evidence that chest tube suction is superior to water
seal in the incidence of pneumothorax; however, the clinical
significance of this finding is unclear. Based on the results of
this analysis, we are unable to make any recommendations
for the management of chest tubes following pulmonary
resection. A future large, well-designed RCT would there-
fore be useful in addressing this clinical issue.
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