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Abstract
After heart surgery, the chest tube removes lost mediastinal blood. Clogging of the chest tube may induce inadequate evacua-
tion of fluids surrounding the lungs and heart, leading to deadly consequences. This meta-analysis compared the effectiveness 
of active chest tube clearance (ATC) with conventional chest tube (CT) in lowering the incidence of retained blood complica-
tions after heart surgery. We conducted a systematic search of the available databases to identify cohort studies or clinical 
trials that met our inclusion criteria. Studies that compared active tube clearance and conventional tube in cardiac surgery 
were included. The fixed or random-effects model was used to determine the pooled effect estimates upon the heterogeneity 
of collected data. This review included 7003 people from five cohort studies and three clinical trials. As regard to retained 
blood, there was no significant difference between chest tube types in matched group (RR = 0.67, 95% CI = [0.44, 1.04], 
P = 0.08) or unmatched group (RR = 0.64, 95% CI = [0.39, 1.04], P = 0.07). Re-exploration favored ATC in the matched 
group (RR = 0.64, 95% CI = [0.43, 0.95], P = 0.03). The incidence of postoperative atrial fibrillation was significantly lower 
in ATC in both matched (RR = 0.73, 95% CI = [0.61, 0.87], P = 0.0005) and unmatched groups (RR = 0.72, 95% CI = [0.61, 
0.84], P = 0.0005). This meta-analysis provides evidence on the positive effect of active maintenance of chest tube patency 
during the first hours of cardiac surgery, which resulted in reducing the incidence of complications.

Keywords Chest tube · Active tube clearance · Cardiac surgery · Re-exploration · Retained blood · Postoperative atrial 
fibrillation

Introduction

In the first few hours following heart surgery, almost all 
patients are suffering from mediastinal bleeding [1]. A sig-
nificant increase in in-hospital death, duration of hospitaliza-
tion, and the necessity for postoperative intensive care have 
been observed in retained blood syndrome after heart sur-
gery [2]. This can give rise to bloody effusion, hemothorax, 
or even cardiac tamponade. A localized proinflammatory 
reaction inside the pericardium by the trapped blood may 
cause postoperative atrial fibrillation (POAF) [3].

To stop blood accumulations around the heart and lungs, 
almost all patients who undergo heart surgery get chest tubes 
placed into the pericardial and pleural cavities following 
the procedure to help with blood drainage. However, chest 
tubes are vulnerable to obstruction, which can affect drainage 
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efficiency and lead to complications such as retained blood 
syndrome x [2, 4, 5]. The term “retained blood syndrome” 
refers to the accumulation of blood or a hematoma in the peri-
cardial or pleural spaces that requires evacuation [3]. Chest 
tube manipulation techniques are thus applied by both nurses 
and surgeons to eliminate obvious obstructions in the chest 
tubes [6]. In meta-analyses, chest tube manipulation tech-
niques have been determined to be ineffective or even harmful 
as the negative pressure on the tissue structures may contrib-
ute to the triggering of POAF in susceptible individuals [6, 7].

There have been complications related to conventional 
chest tubes (CT), and as a result, the ATC (active tube clear-
ance) technology was developed [8, 9]. The use of ATC 
enables the routine clearance of chest tubes at the patient’s 
bedside in the intensive care unit (ICU) without breaking the 
sterile internal environment inside the tubes [10]. It may pro-
vide ongoing chest tube patency in the ICU or rapid access 
to a chest tube occlusion with tamponade. ATC was linked 
to decreased bleeding or bloody effusion interventions with 
lower POAF incidence [11–13].

Guidelines released by the ERAS (enhanced recovery 
after surgery) advocated for maintaining the patency of chest 
tubes while avoiding the breach of the sterile field in cardiac 
surgery patients and stated that milking of the chest tube was 
discouraged [14]. According to Vasileios et al. [15], there 
was no significant difference in postoperative bleeding or 
degree of pericardial effusion for patients who had under-
gone valve surgery with the use of ATC when compared to 
those who used CT. The present study is being conducted 
to assess whether ATC affects cardiac surgical complica-
tions such as retained blood syndrome and the necessity for 
re-exploration.

Materials and Methods

This systematic review and meta-analysis (SR/Mas) were 
done in accordance with the Cochrane Handbook for Sys-
tematic Reviews of Interventions [16]. It is also reported fol-
lowing the PRISMA statement guidelines [17].

Literature Search

We searched PubMed, Scopus, and Web of Science for pub-
lished articles from inception till June 2021, using the fol-
lowing search terms: “Active tube clearance,” “Chest tube,” 
“Cardiac surgery,” and “Retained blood.”

Eligibility Criteria

We used the Endnote X8 (Thompson Reuter, CA, USA) to 
import collected records and to eliminate duplicates. Sub-
sequently, we screened titles and abstracts of the included 

studies as well as the full texts of relevant publications for 
further evaluation. The references cited in those articles 
were reviewed. There are at least two authors who worked 
independently to select studies, extract the data, and analyze 
them. We included studies that matched the following crite-
ria: (I) population, adult or older adults who underwent any 
type of cardiovascular operations; (II) intervention, active 
tube clearance; (III) comparator, conventional chest tube; 
(IV) outcomes, retained blood, re-exploration, postoperative 
atrial fibrillation, pneumothorax, pneumonia, stroke, mortal-
ity, urinary tract infection (UTI), ICU time, hospital stay, 
total ventilation time, pneumonia, plural interventions, peri-
cardial interventions, cardiac tamponade, pleural effusion, 
sternal infection and cardiac arrest; and (V) study design, 
clinical trials and cohort studies. Only articles available in 
English were included. Our criteria for exclusion were as 
follows: (1) editorials, abstracts, thesis, letters, books, and 
chapters, (2) studies with unreliable data for extraction and 
analysis, and (3) study data gained from an abstract only.

Data Extraction

According to the eligible research, the following informa-
tion was gleaned: (1) summary and overview of the included 
studies: authors, publication date, geographic area, sample 
size, study arms, and research design; (2) baseline features 
of included study participants: age, gender weight, diabe-
tes, hypertension, type of cardiac operation, type of ATC 
system, preoperative arrhythmia and prior percutaneous 
cardiac surgery; and 3) outcomes: including retained blood, 
re-exploration, postoperative atrial fibrillation, pneumotho-
rax, pneumonia, stroke, mortality, UTI, ICU time, hospital 
stay, and total ventilation time.

Risk of Bias Assessment

The risk of bias tool developed by the Cochrane Collabora-
tion was used to appraise the methodological quality of the 
studies included in this review [18]. Selection, performance, 
detection, attrition bias, reporting, and other possible biases 
are assessed by this tool. Third-party reviewers assigned 
each bias domain a value of “low,” “high,” or “unclear.” 
Cohort studies’ quality was assessed using the Modified 
Newcastle–Ottawa scale [19]. We could not assess the pub-
lication bias using Egger’s test for funnel plot asymmetry, 
because the number of included studies was less than ten.

Statistical Analysis

The data were statistically analyzed with Review Manager 
(version 5.4). For continuous outcomes, data were presented 
as mean difference (MD) and 95% confidence interval (CI). 
While for dichotomous outcomes, data were presented as 
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relative risk (RR) and 95% CI. The chi-square and I-square 
tests were used to determine heterogeneity. When the chi-
square P-value was less than 0.1 and the I-value was greater 
than 50%, then heterogeneity was taken into consideration. 
The fixed-effects model was applied to conduct the analy-
sis. Once the pooled data were heterogeneous, we used a 
random-effects model then we attempted to fix the hetero-
geneity by sensitivity analysis.

Results

Screening Process and Study Selection

The databases’ electronic search and references lists review 
identified 113 articles. After duplicate removal, 97 articles 
were assessed through screening. Of those, 17 articles were 
included after the primary screening. The full texts of these 
articles underwent secondary screening in which only eight 

articles [11–13, 20–24] were found to have completely 
met the inclusion criteria. The process of identifying the 
included articles is demonstrated in Fig. 1.

Description of Studies

Table  1 provides an overview of the studies that were 
included. Three [20–22] of the included studies are clinical 
trials, while the other five studies are cohort studies [11–13, 
23, 24]. A total of 7003 patients were investigated, includ-
ing 5083 patients who underwent conventional chest tube 
(CT) after cardiac surgery and 1920 patients who underwent 
active chest tube clearance (ATC). The mean ages of patients 
ranged between 65.1 and 68.9 years. All included studies 
used ATC or CT for pleural cavity drainage. The studies 
included patients with urgent and elective cardiac surgeries 
like coronary artery bypass grafting (CABG), valve replace-
ment, and thoracic aortic surgery (Table 2).

Fig. 1  The study flow diagram

Records identified from: 

- PubMed (n = 6) 

- Scopus (n = 11) 

- Cochrane (n = 7) 

- Web of science (n = 88) 

- Other sources (n = 1) 

Duplicate records removed (n = 16) 

Records screened (n = 97) Records excluded (n = 80) 

Reports assessed for eligibility 

(n = 17) 

Reports excluded: 

- Review (n = 3) 

- Editorial comment (n = 2) 

- Full text not found (n = 1) 

- Different comparison (n = 3) 

Studies eligibility for meta-

analysis (n = 8) 
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Quality Assessment

According to the Cochrane tool [18], one RCT was free from 
any source of bias [21]. In terms of detection bias, Malge-
rud et al. [20] have a high risk of bias, whereas Grieshaber 
et al. [22] have a high risk of bias in terms of selection bias 
(Supplementary Figs. 7, 8). According to the Modified New-
castle–Ottawa scale [19], the most common methodologi-
cal weakness in all cohort studies was the way of outcome 
assessment. However, the risk of bias related to participant 
selection, comparability of cohorts based on the design or 
analysis, and the reporting of outcomes was generally con-
sidered low (Supplementary: Table 3).

Outcomes Measure

Retained Blood (RB)

The RB data were reported in six studies [11, 13, 21–24] 
(Fig. 2). Statistically, there was no difference between the 
two chest tubes in the pooled RR, regardless of whether 
the patients were matched (RR = 0.67, 95% CI = [0.44, 
1.04], P = 0.08) or not (RR = 0.64, 95% CI = [0.39, 1.04], 
P = 0.07), with significant heterogeneity in matched I2 = 85% 
(P = 0.0002) and unmatched I2 = 92% (P < 0.00001). The 
detected heterogeneity was resolved by leaving Vasileios 
et al. [24] out, which significantly affects the results in 
matched (RR = 0.57, 95% CI = [0.45, 0.72], P < 0.00001) and 
unmatched (RR = 0.53, 95% CI = [0.43, 0.66], P < 0.00001).

Re‑exploration

The re-exploration data were available in all included stud-
ies [11–13, 20–24] (Fig. 3). Re-exploration was found to 
be significantly improved when the results were pooled 
favoring the ATC group in matched group (RR = 0.64, 95% 
CI = [0.43, 0.95], P = 0.03) and the results were homogenous 
in matched I2 = 26% (P = 0.24) (Fig. 3A). Also, it was found 
to be significantly improved in unmatched group (RR = 0.58, 
95% CI = [0.35, 0.96], P = 0.03) and the results were heter-
ogenous I2 = 56% (P = 0.04) (Fig. 3B). The detected hetero-
geneity was resolved by leaving Maltais et al. [11] out, and 
the results became insignificant (RR = 0.69, 95% CI = [0.41, 
1.16], P = 0.17, I2 = 34% (P = 0.19)).

Postoperative Atrial Fibrillation (POAF)

The data of POAF were reported in six studies [11–13, 20, 
21, 23] (Fig. 4). As compared to the CT group, the pooled 
RR of POAF occurrence was lesser in ATC group in both 
matched (RR = 0.73, 95% CI = [0.61, 0.87], P = 0.0005) 
and unmatched groups (RR = 0.74, 95% CI = [0.63, 0.85], 

P < 0.0001). The results were homogenous in matched 
I2 = 35% (P = 0.20) and unmatched groups I2 = 0% (P = 0.51).

Pneumothorax

Three studies [13, 21, 24] reported the incidence of pneu-
mothorax in patients undergoing cardiac surgery (Fig. 5). 
No difference was seen in the RR between the two types 
of chest tubes when they were pooled together in both 
matched (RR = 0.88, 95% CI = [0.54, 1.43], P = 0.60) and 
unmatched groups (RR = 1, 95% CI = [0.7, 1.43], P = 0.99). 
The results were homogenous in matched I2 = 0% (P = 0.58) 
and unmatched groups I2 = 0% (P = 0.79).

Stroke

Four studies [11–13, 23] reported the data of stroke inci-
dence after cardiac surgery (Fig. 6). The pooled estimates 
revealed that there was no significant disparity between CT 
and ATC in stroke in both matched and unmatched groups 
(RR = 1.14, 95% CI [0.42, 3.13], P = 0.80) and (RR = 1.74, 
95% CI [0.62, 4.87], P = 0.29), respectively. The pooled esti-
mates were homogenous in matched (P = 0.88, I2 = 0%) and 
unmatched (P = 0.97, I2 = 0%) groups.

Mortality

Data regarding the mortality were reported by all studies except 
Vasileios et al. [24] and Malgerud et al. [20] 1756 patients for 
ATC and 1645 patients for CT (Supplementary Fig. 9). The 
pooled results showed a non-significant increase in mortality rate 
in matched group (RR = 1.44, 95% CI [0.89, 2.33], P = 0.13) and 
unmatched group (RR = 1.03, 95% CI [0.62, 1.71], P = 0.91). 
The heterogeneity was (P = 0.06, I2 = 59%) and (P = 0.92, 
I2 = 0%) in matched and unmatched groups, respectively.

ICU Time (Hours)

The mean hours of patients’ ICU stay time was reported in 
four studies [11, 12, 21, 23] (Supplementary Fig. 10). The 
pooled (unmatched) results showed a non-significant decrease 
in ICU stay time, with a MD of − 6.96 (95% CI, − 17.57 to 
3.64; P = 0.2). The heterogeneity was statistically significant 
(P < 0.0001); I2 = 86%. By omitting Baribeau et al. [23], we 
were able to get rid of this heterogeneity without any signifi-
cant effect on the results (MD =  − 1.91, 95% CI = [− 9.13, 
5.31], P = 0.6) with heterogeneity I2 = 47% (P = 0.15).

Hospital Stay (Days)

Four studies [11, 12, 21, 23] reported the data of hospital stay 
duration after cardiac surgery during the use of chest tube (CT 
versus ATC) (Supplementary Fig. 11). The pooled (unmatched) 
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MD for duration of hospital stay was insignificant between 
groups (MD =  − 0.61, 95% CI = [− 1.31, − 0.08], P = 0.08) 

with heterogeneity I2 = 80% (P = 0.002). To resolve the hetero-
geneity, St-Onge et al. [21] was excluded. The pooled estimate 

Table 2  Shows cardiac surgery status

CT, conventional tube; ATC , active tube clearance

Study ID Study arms Operation status n (%) Coronary 
artery 
bypass 
surgery 
(CABG) 
n(%)

Valve 
replacement 
n (%)

CABG + valve 
replacement 
n (%)

Cardiopul-
monary 
bypass 
(CPB) n (%)

Chronic 
obstructive 
pulmonary 
disease 
(COPD) n 
(%)

Other n (%)

Elective 
Surgery

Non-Elec-
tive Surgery

Baribeau 
et al. 2019

CT 130 (43%) 172 (57%) 167 (55%) 49 (16%) 38 (13%) 140 (46%) - 48 (16%)
ATC 139 (41%) 198 (59%) 192 (57%) 30 (8.9%) 40 (12%) 155 (46%) - 75 (22%)

Grieshaber 
et al. 2018

CT 202 (56%) 157 (64%) - - - - - -
ATC 133 (60%) 89 (40%) - - - - - -

Sirch et al. 
2016

CT 1246 (67%) - 1011 
(54.7%)

436 (23.6%) 260 (14.1%) - 264 (14%) 142 (7.7%)

ATC 178 (70%) - 148(57.8%) 65 (25.4%) 20 (7.8%) - 42 (16%) 23 (9.0%)
St-Onge 

et al. 2017
CT 138 (87%) - 93 (59%) 55 (35%) 22 (14%) - 18 (11%) -
ATC 127 (89%) - 89 (63%) 45 (32%) 17 (12%) - 26 (18%) -

St-Onge 
et al. 2021

CT 110 (42%) - 182 (69%) 63 (24%) 38 (14%) - 42 (16%) -
ATC 101 (39%) - 174 (68%) 70 (27%) 42 (16%) - 48 (19%) -

Vasileios 
et al. 2020

CT 1609 (81%) - 883 (45%) 337 (17%) 235 (12%) 984 (50%) - 525 (27%)
ATC 367 (76%) - 228 (47%) 69 (14%) 51 (11%) 264 (55%) - 133 (28%)

Malgerud 
et al. 2020

CT - - - - - - - -
ATC - - - - - - - -

Maltais et al. 
2016

CT - - - - - - - 77 (100%)
ATC - - - - - - - 175 (100%)

Fig. 2  The pooled risk ratio of Retained Blood (RB) in ATC compared with CT
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of the remaining three studies [12, 23] showed a significant 
decrease in hospital stay favoring ATC (MD =  − 0.99, 95% 

CI = [− 1.35, − 0.62], P < 0.00001) and no heterogeneity I2 = 0% 
(P = 0.83) detected.

Fig. 3  The pooled risk ratio of Re-exploration in ATC compared with CT

Fig. 4  The pooled risk ratio of Postoperative atrial fibrillation (POAF) in ATC compared with CT
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Total Ventilation Time (Hours)

Only three studies [11, 12, 21] reported the total ventilation 
time in patients with chest tube after cardiac surgery (Supple-
mentary Fig. 12). The results of pooled estimate (unmatched) 
showed no significant difference between CT and ATC in 
ventilation time favoring CT (MD = 0.05, 95% CI = [− 0.35, 
0.44], P = 0.82) with heterogeneity I2 = 40% (P = 0.19).

Pneumonia

The data of pneumonia incidence after cardiac surgery 
was available in only two studies [21, 23] (Supplementary 
Fig. 13). The pooled (unmatched) results showed a signifi-
cant decrease in the incidence of pneumonia in ATC group 
compared with CT group (RR = 0.41, 95% CI = [0.21, 0.82], 
P = 0.01) with heterogeneity I2 = 66% (P = 0.08).

Pleural Interventions

Four studies [12, 13, 21, 23] reported the data of pleural inter-
ventions after cardiac surgery (Supplementary Fig. 14). It 
was found to be significantly improved when the results were 
pooled favoring the ATC group in matched group (RR = 0.51, 
95% CI = [0.27, 0.95], P = 0.03) and the results were homog-
enous I2 = 54% (P = 0.11) (Fig. 14A). It was found to be insig-
nificantly improved in unmatched group (RR = 0.63, 95% 
CI = [0.32, 1.24], P = 0.18) and the results were heterogenous 
I2 = 72% (P = 0.01) and the heterogeneity was resolved after 
removing Baribeau et al. [23] and Sirch et al. [13] (RR = 1.57, 
95% CI = [0.51, 4.8], P = 0.61, I2 = 26% (P = 0.21)).

Pericardial Interventions

Four studies [12, 13, 21, 23] reported the data of precardial 
intervention (Supplementary Fig. 15). Statistically, there was 
no difference between the two chest tubes in the pooled RR, 
regardless of whether the patients were matched (RR = 0.58, 
95% CI = [0.23, 1.47], P = 0.25) or not (RR = 0.57, 95% 
CI = [0.25, 1.29], P = 0.18), with insignificant heterogeneity in 
matched I2 = 40% (P = 0.19) and unmatched I2 = 0% (P = 0.45).

Cardiac Tamponade

Two studies [12, 21] reported unmatched data of cardiac tam-
ponade (Supplementary Fig. 16). The pooled (unmatched) results 
showed an insignificant difference in the incidence of cardiac tam-
ponade in ATC group compared with CT group (RR = 0.46, 95% 
CI = [0.03, 6.85], P = 0.57) with heterogeneity I2 = 75% (P = 0.05).

Pleural Effusion

Four studies [15, 20, 22, 23] reported the data of pleural 
effusion (Supplementary Fig. 17). Pleural effusion was found 
to be insignificantly different when the results were pooled in 
matched group (RR = 0.58, 95% CI = [0.29, 1.17], P = 0.13) 
and the results were heterogenous I2 = 82% (P = 0.004). The 
detected heterogeneity was resolved by leaving Grieshaber 
et al. out, and the results became significant (RR = 0.39, 95% 
CI = [0.3, 0.5], P < 0.00001, I2 = 0% (P = 0.51)). Also, it was 
found to be insignificantly different in unmatched group 
(RR = 0.62, 95% CI = [0.16, 2.37], P = 0.49) and the results 
were heterogenous I2 = 99% (P < 0.00001).

Fig. 5  The pooled risk ratio of Pneumothorax incidence in ATC compared with CT
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Sternal Infection

Two studies [15, 21] reported unmatched data of sternal 
infection (Supplementary Fig. 18). The pooled (unmatched) 
results showed an insignificant difference in the incidence 
of sternal infection in ATC group compared with CT group 
(RR = 0.57, 95% CI = [0.05, 6.38], P = 0.65) with heteroge-
neity I2 = 81% (P = 0.02).

Cardiac Arrest

Two studies [11, 12, 21] reported unmatched data of cardiac 
arrest (Supplementary Fig. 19). The pooled (unmatched) 
results showed an insignificant difference in the incidence 
of cardiac arrest in ATC group compared with CT group 
(RR = 0.97, 95% CI = [0.3, 3.17], P = 0.96) with insignificant 
heterogeneity I2 = 22% (P = 0.28).

Discussion

This SR/MAs study is focusing on eight trials; five cohort 
studies [11–13, 23, 24] and three clinical trials [20–22] 
including 7003 patients who underwent cardiac surgery. 
In our meta-analysis, we analyzed the available evidence 
of included studies regarding the management of chest 
tubes after cardiac surgery. Our SR/MAs revealed that ATC 
improves the clinical conditions of cardiac patients and 
reduces post-surgery complications compared to CT. The 
statistical comparisons of outcomes between the ATC and 

CT groups were performed postoperatively and included 
retained blood, re-exploration, POAF, pneumothorax, stroke, 
mortality, ICU time, hospital stay, total ventilation time, 
pneumonia, pleural interventions, pericardial interventions, 
cardiac tamponade, pleural effusion, sternal infection, and 
cardiac arrest. Our study revealed that the ATC has more 
benefits for patients with fewer complications.

The meta-analysis findings demonstrate that cardiac 
patients in the ATC group have the same risk of RB incidence 
after surgery compared to CT. The higher RB level reflects an 
increase in accumulation of blood, blood clot, or fluid after 
cardiac surgical procedure and this requires a post-operative 
intervention to drainage the blood clots and fluid using addi-
tional chest tube, pericardial drainage, and other interven-
tions [23]. Maltais et al. [11] conveyed that the relevant risk 
of the retained blood was reduced by 59% in a mechanical 
assist cohort of patients, also both Baribeau et al. [23] and 
Sirch et al. [13] reported a 59% and 43% relative risk reduc-
tion in the retained blood treated with ATC, respectively.

When it comes to cardiac surgery, POAF is regarded to 
be a common arrhythmia that happens in anywhere from 
10 to 65% of instances, depending on the patient’s features, 
the surgical procedure, and the patient’s monitoring [25]. 
Our SR/MAs exhibited a significant decline in POAF and 
re-exploration after cardiac surgery after using ATC in com-
parison with CT. Several studies have linked the incidence 
of POAF after cardiac surgery with increased risk of heart 
failure and stroke as well as prolonged ICU and hospital 
stay and increased mortality [26–29]. Also, other studies 
confirmed the detrimental relevance of re-explorations and 

Fig. 6  The pooled risk ratio of Stroke incidence in ATC compared with CT
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postoperative mortality [22, 30, 31]. This explains the results 
of our meta-analysis, which showed a significant reduction 
in the length of hospital stay in the ATC group compared to 
the CT group. Furthermore, the analysis showed a reduction 
in the length of ICU stays with ATC, but the results were 
not significant. However, LaPar et al. [26] reported that the 
POAF finding could have an impact on reducing the hospital 
resource utilization, therefore, reducing hospital costs.

According to our results, there has been no significant 
decline in stroke incidence, mortality rate, total ventilation 
time, and pneumothorax incidence after cardiac surgery. 
While the incidence of pneumonia was significantly lesser 
in the ATC group in comparison with the CT group.

From our included study’s findings, Grieshaber et al. 
[22] concluded that the ATC could not improve the over-
all survival, but it is linked with reduced re-exploration in 
patients undergoing cardiac surgery, as it is the only retained 
blood syndrome (RBS) component related to mortality. Bar-
ibeau et al. [23] concluded that ATC has been associated 
with a reduction in RB, POAF, blood loss, ICU stays, and 
reduced hospital costs. Sirch et al. [13] pointed out a sig-
nificant reduction in the interventions for pleural effusions, 
RBS composite endpoint, and POAF. In 2017, St-Onge [12] 
reported that the use of an ATC protocol might be associated 
with reduced POAF. While in 2021, according to St-Onge 
et al. [21], ATC reduced the need for re-exploration and the 
likelihood of chest tube obstruction in patients who had had 
cardiac surgical procedures. In 2020, Vasileios et al. [24] 
discovered that placing the ATC in a retrosternal position 
lowered chest tube output without affecting the rate at which 
patients were treated for retained blood syndrome. In addi-
tion, Baribeau et al. [23], Sirch et al. [13], and St-Onge et al. 
[12] have advocated that the patency of the chest tube should 
be maintained in the early hours following cardiac surgery 
in order to improve postoperative outcomes.

Our results revealed that pleural interventions (thoracen-
tesis or supplemental chest tube placed after surgery, thora-
cotomy or thoracoscopy for hemothorax) and pericardial 
interventions (pericardial window or pericardiocentesis) 
after surgery have the same risk in the ATC group com-
pared to CT.

Baribeau et al. [23] showed that 8.1% reduction in plural 
interventions in ATC group and 22% reduction in CT group 
and the incidence of pericardial interventions were similar 
in both groups 4.1%. Sirch et al. [13] reported 12.5% inci-
dence of plural interventions, 1.9% incidence of pericardial 
interventions in CT group but in ATC group, the incidence 
was 6.6% in pleural interventions, and 0.4% in pericardial 
intervention.

St-Onge et al. [12] and St-Onge et al. [21] were the only 
studies that reported the cardiac tamponade. St-Onge et al. 
[12] reported that three patients in ATC group and two in 
CT group developed cardiac tamponade with insignificant 

difference, but St-Onge [21] reported that the significant 
lower incidence of cardiac tamponade in ATC group is 0.4% 
versus 3.4% in CT group. Our analysis revealed that there is 
no difference between ATC and CT in decreasing incidence 
of cardiac tamponade after cardiac surgery.

Baribeau et  al. [23] reported that ATC was better in 
the reduction of pleural effusion after cardiac surgery, but 
Vasileios et al. [24], Grieshaber et al. [22], and Malgerud 
et al. [20] showed that there is no significant difference 
between ATC and CT. After pooling these results, there was 
no difference in decreasing the incidence of pleural effusion.

In St-Onge et al. [21], there were no difference between 
the two groups in sternal infection and cardiac arrest. Also in 
Vasileios et al. [24], the ATC and CT were nearly similar in 
decreasing the incidence of sternal infection. St-Onge et al. 
[12] and Maltais et al. [11] showed that the ATC and CT did 
not significantly differ from each other.

To our knowledge, it is the first SR/MAs to compare ATC 
with CT in patients after cardiac surgery to find out if ATC 
decreases RBS in a collective series of all participants and 
then to implement a universal protocol using ATC. For this 
SR/MAs, we followed the Cochrane Handbook of System-
atic Reviews and PRISMA checklists.

The limitations were that the meta-analysis is based on 
the published articles only; non-English, non-indexed, or 
unpublished articles were not included in our meta-analysis, 
which may affect our conclusion and raise a possible publi-
cation bias. Other study limitations were the small number 
of the included studies with only three clinical trials (two 
randomized [20, 21] and one non-randomized [22]), het-
erogeneity regarding type of cardiac surgery, and no adjust-
ment for demographic and clinical parameters. In addition, 
some studies [12, 13, 21, 23] received funds or grants or 
discounts from ClearFlow, Inc., the provider of ATC system 
(PleuraFlow Active Clearance Technology; Clear Flow, Inc., 
Anaheim, CA); so, there is a possibility of funding bias. 
However, these studies declared that the authors had abso-
lute authority over the study design, collection, and entry 
of data, data analysis, and other study processes. Therefore, 
we must take these limitations together into consideration 
during the interpretation of the results. To confirm these 
observations, additional research is needed.

Conclusion

The clinical findings support the usage of ATC. Patients who 
underwent active chest tube clearance had lower rates of 
re-exploration, pneumonia, and postoperative atrial fibrilla-
tion as compared to those who underwent conventional chest 
tube clearance. There was no difference between ATC and 
CT in the retained blood, pneumothorax, stroke, mortality, 
urinary tract infection (UTI), ICU time, hospital stay, total 
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ventilation time, pneumonia, plural interventions, pericardial 
interventions, cardiac tamponade, pleural effusion, sternal 
infection, and cardiac arrest.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s42399- 022- 01257-3.

Author Contribution Conception and design of the work by Khaled 
Mohamed Ragab and Ahmed Bostamy Elsnhory.

Selection process and data collection by Mohammed Tarek Hasan, 
Mohamed Nabil Elkhrashy, Mohamed Hamouda, Noura Mohamed 
shada, and Sarah M. Hashem.

Data analysis and interpretation by Abdulrahman Ibrahim Hagrass 
and Khaled Mohamed Ragab.

Drafting the article by Mohammed Al-kafarna and Hossam Waleed 
Madhoon.

Critical revision and editing of the article by Abdulrahman Ibrahim 
Hagrass, Ahmed Bostamy Elsnhory, and Anas Zakarya Nourelden.

Data Availability The data that support the findings of this study are 
available on request from the corresponding author.

Code Availability Not applicable.

Declarations 

Ethics Approval Not applicable.

Consent to Participate Not applicable.

Consent for Publication Not applicable.

Conflict of Interest The authors declare no competing interests.

References

 1. Christensen MC, Dziewior F, Kempel A, von Heymann C. 
Increased chest tube drainage is independently associated with 
adverse outcome after cardiac surgery. J Cardiothorac Vasc 
Anesth. 2012;26(1):46–51.

 2. Balzer F, von Heymann C, Boyle EM, Wernecke KD, Grubitzsch 
H, Sander M. Impact of retained blood requiring reintervention 
on outcomes after cardiac surgery. J Thorac Cardiovasc Surg. 
2016;152(2):595-U778.

 3. Tauriainen T, Kinnunen E-M, Koski-Vähälä J, Mosorin M-A, 
Airaksinen J, Biancari F. Outcome after procedures for retained 
blood syndrome in coronary surgery. Eur J Cardiothorac Surg. 
2017;51(6):1078–85.

 4. Shalli S, Saeed D, Fukamachi K, Gillinov AM, Cohn WE, Perrault 
LP, et al. Chest tube selection in cardiac and thoracic surgery: a 
survey of chest tube-related complications and their management. 
J Card Surg. 2009;24(5):503–9.

 5. Karimov JH, Gillinov AM, Schenck L, Cook M, Sweeney DK, 
Boyle EM, et al. Incidence of chest tube clogging after cardiac 
surgery: a single-centre prospective observational study. Eur J 
Cardiothorac Surg. 2013;44(6):1029–36.

 6. Halm MA. To strip or not to strip? Physiological effects of chest 
tube manipulation. Am J Crit Care. 2007;16(6):609–12.

 7. Day TG, Perring RR, Gofton K. Is manipulation of mediastinal 
chest drains useful or harmful after cardiac surgery? Interact Car-
diovasc Thorac Surg. 2008;7(5):888–90.

 8. Shiose A, Takaseya T, Fumoto H, Arakawa Y, Horai T, Boyle EM, 
et al. Improved drainage with active chest tube clearance. Interact 
Cardiovasc Thorac Surg. 2010;10(5):685–8.

 9. Arakawa Y, Shiose A, Takaseya T, Fumoto H, Kim HI, Boyle 
EM, et al. Superior chest drainage with an active tube clearance 
system: evaluation of a downsized chest tube. Ann Thorac Surg. 
2011;91(2):580–3.

 10. Shalli S, Boyle EM, Saeed D, Fukamachi K, Cohn WE, Gillinov 
AM. The active tube clearance system a novel bedside chest-tube 
clearance device. Innovations-Technol Tech Cardiothorac Vasc 
Surg. 2010;5(1):42–7.

 11. Maltais S, Davis ME, Haglund NA, Perrault L, Kushwaha SS, 
Stulak JM, et al. Active clearance of chest tubes reduces re-explo-
ration for bleeding after ventricular assist device implantation. 
Asaio J. 2016;62(6):704–9.

 12. St-Onge S, Ben Ali W, Bouhout I, Bouchard D, Lamarche Y, Per-
rault LP, et al. Examining the impact of active clearance of chest 
drainage catheters on postoperative atrial fibrillation. J Thorac 
Cardiovasc Surg. 2017;154(2):501–8.

 13. Sirch J, Ledwon M, Puski T, Boyle EM, Pfeiffer S, Fischlein T. 
Active clearance of chest drainage catheters reduces retained 
blood. J Thorac Cardiovasc Surg. 2016;151(3):832-838.e2.

 14. Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, 
Arora RC, et al. Guidelines for perioperative care in cardiac sur-
gery: enhanced recovery after surgery society recommendations. 
JAMA Surg. 2019;154(8):755–66.

 15. Vasileios N, Achim H, Nestoras P, Dragan O, Patricia F, Dan-
iele B, et al. Active clearance of chest tubes after cardiac sur-
gery: a propensity score matched analysis. Swiss Med Wkly. 
2020;150:w20394. https:// doi. org/ 10. 4414/ smw. 2020. 20394

 16. Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch 
VA (editors). Cochrane handbook for systematic reviews of inter-
ventions version 6.3 (updated February 2022). 2022.

 17. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred report-
ing items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6(7): e1000097.

 18. Higgins JPT, Savović J, Page MJ, Elbers RG, Sterne JAC. Chap-
ter 8: Assessing risk of bias in a randomized trial. In: Higgins JPT, 
Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA 
(editors). Cochrane Handbook for Systematic Reviews of Inter-
ventions version 6.3. Cochrane. 2022. Available from www. train 
ing. cochr ane. org/ handb ook.

 19. Wells GA, Wells G, Shea B, Shea B, O'Connell D, Peterson J, 
Welch Losos M, Tugwell P, Ga SW, Zello GA, & Petersen JA 
(2014) The Newcastle-Ottawa Scale (NOS) for assessing the qual-
ity of nonrandomised studies in meta-analyses.

 20. Malgerud L, Maret E, Reitan C, Ivert T. Active chest tube clear-
ance after aortic valve surgery did not influence amount residual 
pericardial fluid after aortic valve replacement in a randomised 
trial. Scand Cardiovasc J. 2020;54(3):200–5.

 21. St-Onge S, Chauvette V, Hamad R, Bouchard D, Jeanmart H, 
Lamarche Y, et al. Active clearance vs conventional management 
of chest tubes after cardiac surgery: a randomized controlled 
study. J Cardiothorac Surg. 2021;16(1):44.

 22. Grieshaber P, Heim N, Herzberg M, Niemann B, Roth P, Boen-
ing A. Active chest tube clearance after cardiac surgery is 
associated with reduced reexploration rates. Ann Thorac Surg. 
2018;105(6):1771–7.

 23. Baribeau Y, Westbrook B, Baribeau Y, Maltais S, Boyle EM, 
Perrault LP. Active clearance of chest tubes is associated with 
reduced postoperative complications and costs after cardiac 
surgery: a propensity matched analysis. J Cardiothorac Surg. 
2019;14(1):192. https:// doi. org/ 10. 1186/ s13019- 019- 0999-3

 24. Ntinopoulos V, Haeussler A, Papadopoulos N, Odavic D, Fodor 
P, Brugnetti D, et al. Active clearance of chest tubes after cardiac 

https://doi.org/10.1007/s42399-022-01257-3
https://doi.org/10.4414/smw.2020.20394
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.1186/s13019-019-0999-3


 SN Comprehensive Clinical Medicine           (2022) 4:177   177  Page 12 of 12

surgery: a propensity score matched analysis. Swiss Med Wkly. 
2020;150: w20394.

 25. Maisel WH, Rawn JD, Stevenson WG. Atrial fibrillation after 
cardiac surgery. Ann Intern Med. 2001;135(12):1061–73.

 26. LaPar DJ, Speir AM, Crosby IK, Fonner E, Jr., Brown M, Rich 
JB, et al. Postoperative atrial fibrillation significantly increases 
mortality, hospital readmission, and hospital costs. Ann Thorac 
Surg. 2014;98(2):527–33; discussion 33.

 27. Maesen B, Nijs J, Maessen J, Allessie M, Schotten U. Post-
operative atrial fibrillation: a maze of mechanisms. Europace. 
2012;14(2):159–74.

 28. Lahtinen J, Biancari F, Salmela E, Mosorin M, Satta J, Rainio P, 
et al. Postoperative atrial fibrillation is a major cause of stroke 
after on-pump coronary artery bypass surgery. Ann Thorac Surg. 
2004;77(4):1241–4.

 29. Burgess DC, Kilborn MJ, Keech AC. Interventions for prevention 
of post-operative atrial fibrillation and its complications after car-
diac surgery: a meta-analysis. Eur Heart J. 2006;27(23):2846–57.

 30. Biancari F, Mikkola R, Heikkinen J, Lahtinen J, Airaksinen 
KE, Juvonen T. Estimating the risk of complications related to 

re-exploration for bleeding after adult cardiac surgery: a sys-
tematic review and meta-analysis. Eur J Cardiothorac Surg. 
2012;41(1):50–5.

 31. Hall TS, Brevetti GR, Skoultchi AJ, Sines JC, Gregory P, Spotnitz 
AJ. Re-exploration for hemorrhage following open heart surgery 
differentiation on the causes of bleeding and the impact on patient 
outcomes. Ann Thorac Cardiovasc Surg. 2001;7(6):352–7.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement  with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.


	Effectiveness of Active Chest Tube Clearance Versus Conventional Chest Tube in Reducing Postoperative Complications After Cardiac Surgery: a Systematic Review and Meta-analysis
	Abstract
	Introduction
	Materials and Methods
	Literature Search
	Eligibility Criteria
	Data Extraction
	Risk of Bias Assessment
	Statistical Analysis

	Results
	Screening Process and Study Selection
	Description of Studies
	Quality Assessment
	Outcomes Measure
	Retained Blood (RB)

	Re-exploration
	Postoperative Atrial Fibrillation (POAF)
	Pneumothorax
	Stroke
	Mortality
	ICU Time (Hours)
	Hospital Stay (Days)
	Total Ventilation Time (Hours)
	Pneumonia
	Pleural Interventions
	Pericardial Interventions
	Cardiac Tamponade
	Pleural Effusion
	Sternal Infection
	Cardiac Arrest


	Discussion
	Conclusion
	References


