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Abstract

BACKGROUND: chest tube insertion is recommended after cardiac surgery, and chest tube inserted annually for a large number

of these patients. In addition to its benefits, the chest tube may have risks that are mismanaged. One of these risks is the

possibility of pleural effusion, which involves relatively high rates. Therefore, we conducted a systematic review to properly

manage the chest tube and reduce its complications. METHODS: This systematic review of cohort study asked the question:

Is there enough evidence to determine the right time to remove the chest tube? We search ISI Web of Science, PubMed, Scopus

and Embase through 1 January 2015 to 30 September 2019 to identify retrospective or prospective cohort studies. RESULTS:

Three studies of the studies reviewed recommended early chest tube removal and two studies recommending delaying. Of course,

early and late in the studies had different meanings and time frames that were examined. CONCLUSIONS: More and more

evidence and studies are needed to determine the right timing and management of the chest tube removal but our systematic

review is based on the available evidence revealed that if the chest tube removal occurs about 24 hours postoperatively, and

with less than 100 ml drainage within the last 8 hours, it reduced the risk of pleural effusion and improve many other outcomes.

INTRODUCTION

The importance of chest tube insertion after open-heart surgery is not covered. Chest tube insertion is
routine after heart surgery, according to statistics published by the International Classification of Diseases,
chest tube placement is performed annually for 133,000 US hospitalized patients, that is contemplative1,2

and yet there is no guideline for management of chest tube removal.3Proper management of chest tube
improves factors such as reduced pericardial and pleural effusion rates, decreases patient pain, chest tube
replacement, and length of hospital stay, and on the other hand, it improves respiratory status and many
more.3-5 Given the fact that timely management of chest tube removal has many benefits and there are
indeed prediction models for heart surgery6,7 but there is controversy over the right time for nurses and
surgeons because these models are not specific and practical.8-10 For example, some surgeons find it helpful
from the empirical evidence to remove the chest tube early, and others believe that delaying it has more
benefits.11This is strongly influenced by the fact that perhaps there is a lack of credible evidence and research
about this issue.12-14However, we know that pleural effusion is likely after the chest tube removal, but there is
no consensus on the choice of the appropriate diagnostic test to identify pleural effusion.15,16This is another
reason that makes it difficult to decide the right time to chest tube removal. It has even been suggested that
taking X-ray after chest tube removal does not help the patient’s management and is recommended in the
presence of clinical symptoms.17-19

Given the above, it is difficult to make decisions about the timing of chest tube removal, so the present
systematic review aimed to compare the effect of early and late chest tube removal on pleural effusion in
patients undergoing coronary artery bypass graft surgery.

Materials and Methods
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This systematic review based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. A wide search of databases including ISI Web of science, PubMed, Scopus and EmBase
was performed from January 2015 to September 2019 Which were published in English.20 A preliminary
search of all of the mentioned sites revealed 290 studies and in our study, two studies from Google Scholar
were added by expert opinion. Full details of the search strategy are provided in Supplement 1. Only studies
in English were included.

Study Eligibility

Studies that compared early vs. late chest tube removal in patients undergoing open heart surgery were
included. The main outcome was pleural effusion after remove of the chest tube, and other outcomes of
interest were: pericardial effusion length of hospital stay. Case reports, abstracts only, meeting abstract,
letters, reviews, and incomplete reports were excluded.

Data extraction

Two reviewers independently evaluated the relevance of the identified studies, by scanning the titles and
abstracts and if a study met the inclusion criteria, the full text will be obtained. Then eligible studies
extracted information such as first author, year of publication, study design, type of surgery, methods of
study, type of intervention, and outcomes. The details of the studies and data were abstracted in the table
1 (supplement 2).

Study Quality

Two reviewers assessed the quality of all studies based on a Newcastle-Ottawa Quality Assessment Form
for Cohort Studies in table 2 (supplement 3).21 The maximum score was 9, and the minimum score was 0.
The score of 7 or more indicated high quality, a score of 4 to 6 indicated moderate quality, and a score 3
or less indicated low quality. The reviewers resolved the disagreement through discussion until they reached
consensus.

Result

A total of 391 citations were identified through database searches (Figure 1). Then, 124 studies were removed
for being duplicate. A number of 267 titles and abstracts were screened. Finally, 25 full-text articles were
studied, of which five were selected for inclusion.

Early vs. Late chest tube removal

Studies that recommend early chest tube removal

Three studies from the reviewed studies showed that early chest tube removal did not affect the increase in
pericardial effusion. In the first group of Abramov et al. (2005), study meantime of removal of chest tubes
was 25 hour and drainage was less than 100 ml over the past eight hours there was less pericardial effusion
than the second group, which meantime of removal of chest tubes was 48 hour and drainage was less than
100 ml.

The study by Gercekoglu et al. (2003) conducted in both retrospective and prospective phases, showed that
there was no statistically significant difference about pleural effusion between the two study groups and early
chest tube removal does not affect the occurrence of pleural effusion. The mean time for chest tube removal
in the early group was 23 hours and for the late group 48 hours with drainage of less than 50 mL in the last
5 hours.

The last study in the group recommending the early removal of the chest tube was the study of Mir-
Mohammad Sadeghi et al. (2009). In this study, the meantime for chest tube removal was 23 hours
postoperatively for the early group, and 40 hours for the late group. No pleural effusion was observed in
either group.

Studies that recommend late chest tube removal
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The Andersen et al. (2015) study showed that there was a correlation between early chest tube removal and
the development of pleural effusion. The time for early chest tube removal was midnight or maximum was
two o’clock in the morning after surgery which is less time consuming than the studies mentioned above and
this time for late chest tube removal was the next morning (Maximum 24 hours).

Gür et al. (2018) study showed that there was a significant relationship between early chest tube removal
and pleural effusion as a complication. There were also two groups in this study with a mean time of 2.3
days for early removal with less than 150 ml drainage for the last 24 hours and a mean time 4.1 days for late
removal with less than 50 ml drainage in the last 24 hours.

Discussion

We have presented the results of cohort studies that compare early versus late chest tube removal following
open-heart surgery. We judged three studies to be high quality15,22,23, and two studies to be of moderate
quality.11,24 Articles with a relatively lower quality level emphasized on late chest tube removal.

There is no sufficient evidence on the timing of chest tube removal after open-heart surgery. Hence, some
authors suggest removing them after 24 hours postoperative and some authors recommended to remove the
chest tube after 48 hours postoperative.11,15,22-24

Three studies from the studies reviewed showed that early chest tube removal does not increase risk of pleural
effusion.15,22,23. But two studies have stated that there is a link between early chest tube removal and pleural
effusion.11,24

This variation in results is probably since that in the first three studies that recommended early chest tube
removal, the timeframe for early in these studies were 24 hours and for late 48 hours while, this is different
in the Andersen et al. (2015) study and the time to early chest tube removal in this study is up to 14 hours,
which is shorter and earlier than the first three studies and maybe the reason for more occurrence pleural
effusion. On the other hand, the timeframe for group late Chest tube removal of Andersen et al. (2015) study
that approximately 24 hours, is consistent with timeframe of the early chest tube removal group in the three
studies agree with the early chest tube removal in this systematic review. In this group of Andersen et al.
(2015) study less pleural effusion has been observed which is in line with the results of the group early chest
tube removal in three studies agrees with the early chest tube removal.

A recent systematic review of a similar issue in our study has shown that other properties, such as the
chemical composition of pleural fluid, can be a predictor for the timing of chest tube removal. Also, the
removal of chest tubes can occur only when the fluid is completely serosanguineous and lacks blood and
chylous.14

According to our query, no intervention study was found on this issue and if available, it appears to be very
low or not in English. Due to the growing perspective of evidence-based treatment, interventional studies are
referred to as the gold standard for evaluating the effectiveness of an intervention or treatment.25Therefore,
it is necessary to conduct interventional studies with high validity and controlled conditions on this topic
to suggest the precise time to remove the chest tube in patients undergoing open-heart surgery. It is also
recommended that writing a guideline can help improve the treatment process for these patients.

Another issue to consider is the diagnosis of pleural effusion after chest tube removal. In the studies inves-
tigated in our review, there was a disagreement that some study used Chest X-ray as a diagnostic test and
some used CT scans. Even in the Abramov study, which used both diagnostic tests to detect pleural effusion,
there were variations in results.15,16 Therefore, further research is needed to clarify this issue.

Because of the complexity of the issue and the relevance of multiple factors to pleural effusion, it is also
recommended to look for other indicators to determine when to remove the chest tube. However, it has
been suggested that the occurrence of pleural effusion may vary depending on the geographical location of
individuals.26,27

Conclusion
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There is not adequate evidence to support the right time to discontinue of a chest tube in a patient with
heart surgery. However, this systematic review revealed that if the chest tube removal occurs about 24 hours
postoperatively, and with less than 100 ml drainage within the last 8 hours, it reduced the risk of pleural
effusion and improve many other outcomes such as hospital stay, and decrease need for analgesia, physio-
therapy, oxygen and decrease nursing care hours. Further multicenter trials with standardized methodology
and even a guideline are needed to specify the best time for chest tube removal and proper care from a chest
tube.
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