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ABSTRACT
Objective: Postoperative atrial fibrillation (POAF) is one of the most frequent
complications encountered after heart surgery, and significantly increases complications and mortality. An obstructed chest tube, leaving unevacuated blood
around the heart and lungs, can lead to atrial inflammation, which can trigger
POAF. The aim of this study was to assess the effectiveness of chest drainage
incorporating an active tube clearance (ATC) system in reducing the rate of POAF.
Methods: This retrospective analysis based on 300 consecutive patients undergoing heart surgery compared 142 patients allocated to an ATC drainage protocol
with 158 controls managed with standard chest drainage. Using a 1:1 propensity
score match, 214 patients were included in paired analysis (107 in each group).
The primary endpoint was POAF.
Results: Unmatched patients managed with ATC chest drainage protocol had a
reduction of 34% in their POAF rate compared with those managed with standard
drains (23% vs 35%, P ¼ .01). In the matched cohort, ATC was associated with a
reduction of 31% in the rate of POAF (24% vs 35%, P ¼ .09) and a trend toward
shorter postoperative length of stay (5.0 [4.0; 7.0] vs 6.0 [5.0; 8.0], P ¼ .08). In
multivariable analysis, chest drainage with ATC showed a protective effect on
POAF with odds ratio of 0.5 (95% confidence interval, 0.1-0.9; P ¼ .02).
Conclusions: The use of an ATC chest drainage protocol may be associated with
reduced POAF. Our results suggest that efforts to maintain chest tube patency
could be useful to reduce the incidence of POAF. (J Thorac Cardiovasc Surg
2017;154:501-8)

A chest tube clearance device that could potentially
prevent postoperative atrial fibrillation.
Central Message
Active chest tube clearance may be associated
with reduction of postoperative atrial fibrillation after heart surgery.
Perspective
Chest tube clogging is a common and potentially harmful issue after cardiac surgery. We
evaluated a drainage protocol using preventive
active clearance aimed at alleviating catheter
obstruction and demonstrated potential association with reduced postoperative atrial fibrillation. Our findings highlight the relevance of
maintaining chest tube patency to improve outcomes after heart surgery.

See Editorial Commentary page 509.

Postoperative atrial fibrillation (POAF) is the most common
complication after cardiac surgery, with an incidence
ranging from 10% to 65% depending on the procedure, patient characteristics, definition, and monitoring.1 It is associated with hemodynamic compromise, stroke, increased
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mortality, prolonged hospital stay, and higher health care
expenditure.2,3 Given the high incidence and important
consequences of POAF in this population, prevention
strategies have long been sought. Multiple studies tried to
demonstrate a reduction in POAF by using
pharmacological prophylaxis directed toward modifying
neurohormonal regulation of the heart or tapering
systemic inflammation and oxidative stress.4-9 However,
most of these measures have failed to provide sufficient
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Abbreviations and Acronyms
AF
¼ atrial fibrillation
ATC
¼ active tube clearance
CABG ¼ coronary bypass graft
CI
¼ confidence interval
COPD ¼ chronic obstructive pulmonary disease
ICU
¼ intensive care unit
IQR
¼ interquartile ranges
LVEF ¼ left ventricular ejection fraction
OPCAB ¼ off-pump coronary artery bypass
OR
¼ odds ratio
POAF ¼ postoperative atrial fibrillation
ROS
¼ reactive oxygen species
effectiveness or are limited in daily clinical practice by
their adverse effects, hence the need for a practical,
efficient, and widely applicable prevention strategy for
POAF.
There is growing evidence that the generation of a proinflammatory and pro-oxidant pericardial milieu driven by
blood pooling around the heart is favorable to the generation of arrhythmias in susceptible individuals.10-13 In
meta-analyses, posterior pericardiotomy proved to be an
effective method to prevent POAF by simply shunting blood
from the pericardium to the pleura.3,14,15 The addition of
chest tubes for posterior pericardial drainage was found to
provide similar benefits; thus, an alternative to this
surgical method could be provided by enhancing chest
tube patency, as an association also has been drawn
between clogged drainage catheters and higher POAF
incidence.15,16 Furthermore, a recent propensity-matched
investigation demonstrated that the implementation of a
universal chest drainage protocol using active tube clearance (ATC), a technology intended to mechanically break
up clots in the chest tube lumen and prevent clogging at
the bedside in the intensive care unit (ICU), led to a 33%
reduction in the rate of POAF.17 To provide further proof
confirming that POAF could be prevented by improving
actual chest tube management and to emphasize local
pericardial inflammation as a new target for prevention,
the present study aimed to evaluate the specific effect of a
drainage protocol using ATC on POAF incidence in patients
undergoing cardiac surgery.
MATERIAL AND METHODS
Study Population
The study was undertaken at Montreal Heart Institute. From June
16 to August 11, 2014, 160 consecutive patients were allocated to
an ATC chest drainage protocol as part of a special project to
evaluate the clinical impact of this technology. After reverting to
standard drainage techniques, an unselected cohort of 200 patients
meant for comparison was identified from August 12 to September
25, 2014. In total, 60 patients were excluded, 18 (11%) in the
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ATC cohort and 42 (21%) in the standard drainage cohort, according
to exclusion criteria presented in Figure 1. Data from 300 patients
admitted for cardiac surgery in 2014 were analyzed. A total of 142
patients allocated to an ATC drainage protocol were compared with
158 patients managed with standard chest drainage. Moreover, to
mitigate the effects of measurable cofounders, patients were matched
into 107 pairs according to propensity score matching based on
baseline and operative characteristics.

Study Design
This was a retrospective study of patient data collected in medical records. The primary endpoint was defined as the incidence of an episode
of POAF lasting at least 60 minutes or recurrent episodes refractory to standard treatment, on telemetry or electrocardiogram, at any time between
post index surgeries through hospital discharge.18 Secondary endpoints
included mortality, cardiac arrest, permanent stroke, total chest tube output
(in milliliters), transfusion requirement, postoperative hospital length of
stay, and invasive procedure for intrathoracic fluid removal, a composite
outcome including reexploration for bleeding or tamponade, interventions
for hemothorax, and drainage procedure for pericardial or pleural effusion,
during a time frame ranging from discharge from the operating room to
30 days after index surgery.10,17,19 This composite outcome was a way to
retrospectively compare the rate of complications that are believed to be
related to retained intrathoracic blood and severe enough to require
invasive treatment. Our institutional ethics committee approved the
use of de-identified data for this study, and a waiver of consent was
obtained.

Chest Drainage Technique
The PleuraFlow Active Tube Clearance Technology System
(ClearFlow, Inc, Anaheim, Calif) is a device designed to maximize the
permeability of drainage catheters by mechanically breaking up clots or
fibrinous debris. It consists of 2 parts: a silicone chest tube positioned in
the typical manner and a guide tube inserted between the chest tube and
the extension duct to the drainage canister (Figure 2).20 Within the guide
tube travels an internal guidewire ending with a small loop set at a 105
angle. This guidewire is magnetically coupled with the external shuttle.
By advancing and retracting the external shuttle, the inner wire is moved
back and forth inside the lumen, allowing the distal loop to break up clots
and enabling nurses to periodically clear the chest tube lumen without
compromising sterility.21
Patients undergoing cardiac surgery through median sternotomy had 1
or more mediastinal drains positioned anterior to the heart. In the ATC
group, one of these drains was a PleuraFlow sized 28 F. Additional pleural
tubes were allowed, according to surgeon’s preference. In the conventional
drainage group, patients had at least 1 standard mediastinal drain sized 28 F
or 32 F positioned anterior to the heart. Additional Blake drains (Ethicon,
Inc, Somerville, NJ) were used, at the discretion of the surgeon, in patients
undergoing valvular or aortic procedures. In both groups, when the
approach was minimally invasive (n ¼ 31), either ministernotomy or right
minithoracotomy, a Blake drain was used combined with a PleuraFlow or a
standard chest tube.
The ICU nurses were accustomed and trained to use the ATC system
since a pilot study was held at our institution in January 2011.20 They
were instructed to use the device every 15 minutes during the first 8 hours,
the most critical period for postoperative hemorrhage, every 30 minutes for
the next 16 hours, and finally every hour until removal of the drain.
Because current methods used to clear visible clots from standard
chest tubes, such as milking, stripping, and tapping, lack clinical or
physiological advantages and are associated with risks of infection and
tissue damage, the nurses were instructed not to use these manipulations.22
However, if a severe internal occlusion was suspected in standard
catheters, direct aspiration was performed by a physician when deemed
necessary.
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FIGURE 1. Population flow chart. VAD, Ventricular assist device.

Atrial Fibrillation Management
Patients were all monitored by continuous telemetry from index surgery
through hospital discharge as part of the usual practice. Our local prophylaxis protocol was designed in collaboration with the electrophysiology
department and advocated the use of b-blockade when there was no contraindication, as it constitutes the dominant pharmacological prophylaxis established by both the Canadian Cardiovascular Society and the American
Heart Association.23,24 Amiodarone, although recommended as a
second-line prophylactic agent, was not part of our protocol to avoid
adverse effects. Management therapy for an episode of atrial fibrillation
(AF) involved amiodarone intravenous, eventually converted to oral
administration, and further addition of b-blocker when not contraindicated.

Statistical Analysis
A logistic regression predicting the choice of drainage protocol (ATC vs
standard) was conducted for all baseline and operative characteristics
presented in Table 1 and Table 2. Seven variables significantly different
between ATC and standard drainage in the unmatched population were
identified (P < .10). Accordingly, a propensity score was computed to
match the ATC group with the standard group (1:1) according to sex, left

FIGURE 2. Active Tube Clearance System (ClearFlow, Inc, Anaheim,
Calif) positioning.

ventricular ejection fraction (LVEF) <30%, preoperative use of statin
and b-blocker, discontinued antiplatelet therapy, off-pump coronary artery
bypass (OPCAB), and aortic crossclamp time >60 minutes. Patients were
matched by using the nearest neighbor method without replacement and a
caliper width of 0.25. The C-statistic for the propensity score model was
0.730 and the Hosmer-Lemeshow test for goodness of fit was 0.827. The
propensity scores kernel density estimation is shown in Figure 3.
As a second step, to include the greater amount of data in the analysis, a
logistic regression was used in the general population to estimate the risk of
POAF according to the patient’s group. Both demographic and operative
characteristics were screened as potential confounders. All variables with
a P <.20 on univariate analysis were considered as having a confounding
effect. Variables deemed to be of clinical significance were also considered
as potential confounders and were forced in the multivariable model. Moreover, the propensity score was included in the multivariable model as a
confounder. A nonautomated variable selection was performed.
Continuous variables were compared between groups using independent t test and presented as mean  standard deviation unless normality
was ruled out using the Kolmogorov-Smirnov test: in those cases, MannWhitney U test was used and data were expressed as median and interquartile ranges (IQRs). Discrete variables were characterized by frequency with
percent and compared using c2 or Fisher exact test when appropriate.
Within the matched pairs, comparison of continuous variables used paired
t tests for symmetrically distributed variables and Mann-Whitney U test for
skewed variables as categorical variables were compared using McNemar
test. A 2-tailed P<.05 was considered statistically significant. All analyses
were performed with SPSS v. 23.0 (IBM Corp, Armonk, NY).

RESULTS
Baseline and Operative Characteristics
Unmatched cohort. Main demographic characteristics are
presented in Table 1 as operative characteristics are shown
in Table 2. At baseline, there were significant differences
with regard to the proportion of men within groups (78%
vs 63%, P ¼ .01), preoperative b-blocker therapy (56%
vs 68%, P ¼ .04), and antiplatelet therapy discontinuation
(46% vs 32%, P ¼ .01) when comparing the ATC and standard drainage group, respectively. LVEF (55.0 [45.0; 60.0]
% vs 60.0 [55.0; 60.0] %, P ¼ .07) and preoperative use of
statin (68% vs 78%, P ¼ .06) differed between groups,
although not statistically significantly.
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TABLE 1. Baseline characteristics
Unadjusted data

Propensity score matched data

Variable

ATC (n ¼ 142)

Standard (n ¼ 158)

P

ATC (n ¼ 107)

Standard (n ¼ 107)

P

Age, y
Male
Body mass index, kg/m2
LVEF
Arterial hypertension
Diabetes mellitus
Coronary artery disease
Peripheral arterial disease
Liver dysfunction
COPD
Dyslipidemia
NYHA  III
Unstable angina
Recent MI
Chronic kidney disease stage 3
Dialysis
Medication
Statin
b-blocker
CCB
Amiodarone
Aspirin
Warfarin
Heparin
Discontinued antiplatelet therapy
Discontinued heparin

66.1  11.0
110 (78)
29.8  5.1
55.0 (45.0; 60.0)
120 (85)
48 (34)
107 (75)
19 (13)
4 (3)
26 (18)
114 (80)
10 (7)
51 (36)
30 (21)
22 (16)
1 (<1)

65.7  12.1
100 (63)
28.7  6.0
60.0 (55.0; 60.0)
132 (84)
64 (41)
128 (81)
20 (13)
3 (2)
18 (11)
127 (80)
9 (6)
61 (39)
36 (23)
23 (15)
2 (1)

.79
.01
.10
.07
.82
.23
.24
.85
.71
.09
.98
.63
.63
.73
.82
>.99

66.8  11.1
76 (71)
28.3  5.1
55.0 (50.0; 60.0)
90 (84)
33 (31)
80 (75)
13 (12)
2 (2)
18 (17)
90 (84)
9 (8)
37 (35)
19 (18)
14 (13)
1 (1)

65.1  12.6
78 (73)
29.3  5.3
56.0 (50.0; 60.0)
93 (87)
43 (40)
87 (81)
9 (8)
1 (1)
14 (13)
85 (79)
7 (7)
45 (42)
24 (22)
16 (15)
1 (1)

.39
.76
.15
.50
.56
.15
.25
.37
>.99
.44
.38
.60
.26
.39
.69
>.99

97 (68)
80 (56)
36 (25)
2 (1)
106 (75)
1 (<1)
68 (48)
65 (46)
19 (13)

121 (78)
105 (68)
49 (32)
0 (0)
121 (77)
4 (3)
63 (40)
50 (32)
21 (13)

.06
.04
.23
.23
.70
.37
.16
.01
.98

80 (75)
66 (62)
28 (26)
1 (1)
80 (75)
1 (1)
43 (40)
43 (40)
15 (14)

83 (78)
67 (63)
27 (26)
0 (0)
79 (74)
2 (2)
40 (37)
36 (34)
13 (12)

.63
.89
.94
>.99
.88
>.99
.67
.32
.69

Categorical variables are presented as frequency (%); continuous variables are presented as mean  SD when they were normally distributed or as median (IQR) otherwise.
ATC, Active tube clearance; LVEF, left ventricular ejection fraction; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Association; MI, myocardial
infarction; CCB, calcium channel blocker.

More patients underwent OPCAB in the standard
drainage group (4% vs 17%, P ¼ .01). Aortic crossclamping times were significantly longer in the standard
drainage group (46.0 [29.0; 65.0] minutes vs 54.5 [37.0;
73.0] minutes, P ¼ .03).

Matched cohort. The propensity score matching resulted
in a total cohort of 214 patients allocated to ATC chest
tube management or standard drainage protocol. Both
groups of 107 patients were well balanced in terms of baseline (Table 1) and operative characteristics (Table 2).

TABLE 2. Operative characteristics
Unadjusted data

Propensity score matched data

Variable

ATC (n ¼ 142)

Standard (n ¼ 158)

P

ATC (n ¼ 107)

Standard (n ¼ 107)

P

Elective status
Previous cardiac surgery
OPCAB
CPB time, min
Aortic crossclamp time, min
Valve replacement
Aortic valve
Mitral valve
CABG alone
CABG þ Valve replacement
Ascending aortic procedure
Minimally invasive approach
Ministernotomy
Right minithoracotomy

127 (89)
7 (5)
6 (4)
69.0 (51.0; 88.5)
46.0 (29.0:65.0)
45 (32)
38 (27)
8 (6)
89 (63)
17 (12)
6 (4)
11 (8)
7 (5)
4 (3)

138 (87)
9 (6)
26 (17)
74.0 (56.0; 92.5)
54.5 (37.0; 73.0)
55 (35)
44 (28)
14 (9)
93 (59)
22 (14)
7 (4)
14 (9)
7 (4)
7 (4)

.57
.77
.01
.21
.03
.57
.83
.28
.50
.62
.93
.73
.84
.46

100 (94)
6 (6)
6 (6)
74.5 (52.0; 96.3)
51.0 (32.0; 69.0)
40 (37)
33 (31)
8 (8)
64 (60)
16 (15)
5 (5)
10 (9)
6 (6)
4 (4)

98 (92)
4 (4)
4 (4)
69.0 (52.0; 92.0)
48.0 (30.0; 72.0)
40 (37)
31 (29)
11 (10)
61 (57)
18 (17)
4 (4)
9 (8)
4 (4)
5 (5)

.60
.52
.52
.60
.94
>.99
.77
.47
.68
.71
>.99
.81
.52
>.99

Categorical variables are presented as frequency (%); continuous variables are presented as median (IQR). ATC, Active tube clearance; OPCAB, off-pump coronary bypass;
CPB, cardiopulmonary bypass; CABG, coronary artery bypass graft.
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was found to be an independent protective factor for
POAF with an odds ratio (OR) of 0.5 (95% confidence interval [CI], 0.1-0.9: P ¼ .02). Moreover, age was revealed as
a risk factor for POAF with an OR of 1.07 (95% CI, 1.031.10: P <.001).

FIGURE 3. Propensity scores kernel density estimation (A) before and
(B) after matching. ATC, Active tube clearance.

Outcomes
Unmatched cohort. Postoperative outcomes are presented in
Table 3. Within the general populations, patients managed with
ATC chest drainage protocol had a reduction of 34% in their
POAF rate compared with those managed with standard drains
(23% vs 35%, P ¼ .01). They required less amiodarone use for
AF episode (28% vs 39%, P ¼ .03) and had shorter hospital
length of stay (5.0 [4.0; 7.0] days vs 6.0 [5.0; 8.0] days, P ¼ .04).
Matched cohort. In the matched cohort, the ATC group
exhibited a trend toward lower incidence of POAF (24%
vs 35%, P ¼ .09) with a relative reduction of 31%. Postoperative hospital length of stay tended to be shorter (5.0 [4.0;
7.0] days vs 6.0 [5.0; 8.0] days, P ¼ .08). Total chest tube
output (730.0 [500.0; 1250] vs 810.0 [560.0; 1190],
P ¼ .46) was similar between ATC and standard drainage
groups. There was no difference between groups regarding
mortality, cardiac arrest, permanent stroke, transfused allogeneic blood products, or rate of invasive procedure for
intrathoracic fluid removal.
Multivariable Analysis
In the multivariable analysis including the propensity
score as a confounder (Table 4), ATC drainage protocol

DISCUSSION
POAF is the most common arrhythmia complicating
heart surgery, with an incidence ranging from 10% to
65% depending on the procedure, patient characteristics,
definition, and monitoring.1 Development of POAF after
heart surgery has been associated with higher risk of hemodynamic compromise, heart failure, and stroke, as well as
with longer ICU and hospital stay, greater health care expenditures, and increased mortality.2,25-27 Considering
these adverse outcomes, prevention of POAF to reduce
the aforementioned complications and burdens associated
with cardiac surgeries is warranted.
The pathophysiological mechanisms leading to POAF are
complex. A trigger able to initiate the tachyarrhythmia and
vulnerable atrial substrate capable of sustaining POAF are
essential for its generation and can be related to multiple predisposing factors.2 Chronic atrial remodeling and fibrosis,
such as advancing age and structural heart disease, are preoperative factors increasing the susceptibility to
POAF.25,28 Intraoperatively, in surgeries involving valvular
or aortic procedures, the extensive tissue trauma
exacerbates the risk of POAF over coronary artery bypass
graft (CABG) alone.1,2 In the postoperative setting,
transient factors related to surgery predispose to
tachyarrhythmias. Sympathetic activation, inflammation,
and oxidative stress are all reversible intervention-related
mechanisms that account for the generation of POAF after
cardiac surgery.25 Because they are transitory and alterable,
these postoperative factors are the aim for POAF prevention.
Approaches targeting sympathetic activation (b-blocker,
amiodarone) are actually the only recommended prophylaxis for POAF, but are limited by their adverse effects,
such as hypotension and bradycardia.29 Meta-analyses
have showed corticosteroids and statins can effectively
reduce the rate of POAF; however, side effects are deemed
too great to justify broad use, and the effect of statins may
be limited to specific populations (isolated CABG).4-6
Other pharmacological agents aimed at tapering the
inflammatory response and oxidative stress (ie,
colchicine, vitamins C and E, N-acetylcysteine, and
omega-3 polyunsaturated fatty acids), have shown promising results in clinical trials but lack satisfactory efficacy
to be extensively introduced in clinical practice.7 Thus,
there is a clear unmet need to find safe and effective prevention strategies for POAF widely applicable without major
side effects or specific restriction.
The purpose of this study was to assess whether a modification in drainage protocol aimed at maximizing chest
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TABLE 3. Postoperative outcomes
Unadjusted data
ATC (n ¼ 142)

Variable
Atrial fibrillation
Invasive procedure for intrathoracic
fluid removal (composite)
Reexploration
Bleeding
Tamponade
Hemothorax
Pericardial interventions
Pleural interventions
Total chest tube output, mL
Postoperative allogeneic blood products
Erythrocytes
Thrombocytes
Fresh frozen plasma
Amiodarone for AF episode
Warfarin for recurrent AF
Stroke
Cardiac arrest
Acute kidney injury
Sternal infection
Total ventilation time, h
Total ICU time, h
Total hospital length of stay, d
Mortality

Propensity score matched data

Standard (n ¼ 158)

32 (23)
9 (6)

56 (35)
6 (4)

4 (3)
1 (1)
3 (2)
1 (1)
2 (1)
4 (3)
730.0 (500.0; 1235)
53 (37)
42 (30)
31 (22)
10 (7)
39 (28)
7 (5)
2 (1)
1 (<1)
16 (11)
1 (<1)
4.83 (3.48; 8.13)
27.8 (23.3; 50.6)
5.0 (4.0; 7.0)
5 (4)

P

ATC (n ¼ 107)

.01
.31

2 (1)
0 (0)
2 (1)
3 (2)
1 (<1)
1 (<1)
855.0 (537.5; 1215)
67 (42)
58 (37)
30 (19)
10 (6)
61 (39)
7 (5)
1 (<1)
0 (0)
10 (6)
4 (3)
5.00 (4.15; 6.25)
26.9 (22.3; 70.7)
6.0 (5.0; 8.0)
4 (3)

.43
.48
.67
.63
.61
.19
.41
.37
.19
.54
.81
.03
.87
.61
.47
.15
.37
.73
.74
.04
.74

26 (24)
6 (6)
3 (3)
1 (1)
2 (2)
0 (0)
2 (2)
3 (3)
730.0 (500.0; 1250)
37 (35)
31 (29)
19 (18)
7 (7)
31 (29)
6 (6)
2 (2)
1 (1)
13 (12)
0 (0)
5.29 (3.77; 9.17)
27.8 (23.0; 51.0)
5.0 (4.0; 7.0)
5 (5)

Standard (n ¼ 107)
37 (35)
4 (4)
1 (1)
0 (0)
1 (1)
2 (2)
1 (1)
1 (1)
810.0 (560.0; 1190)
43 (40)
36 (34)
17 (16)
5 (5)
37 (35)
5 (5)
1 (1)
0 (0)
7 (7)
3 (3)
5.20 (4.33; 7.19)
27.0 (22.3; 70.5)
6.0 (5.0; 8.0)
1 (1)

P
.09
.52
.62
>.99
>.99
.50
>.99
.62
.46
.40
.46
.72
.55
.33
.78
>.99
>.99
.19
.25
.66
.88
.08
.21

Categorical variables are presented as frequency (%); continuous variables are presented as median (IQR). ATC, Active tube clearance; AF, atrial fibrillation; ICU, intensive care
unit.

tube patency could effectively and safely prevent POAF,
thus providing the same benefits as posterior pericardiotomy, but without the risk of vein graft compression and
bleeding from the additional pericardial incision, as well
as long-term adherences and cardiac herniation.15,30 Our
investigation did, in fact, when comparing the 300
patients of the general population, demonstrate a
statistically significant reduction in the rate of POAF of
34% in favor of chest drainage using ATC (23% vs
35%). The propensity-matched cohort, analyzing 214 patients, exhibited similar incidence rates of POAF (24% vs
TABLE 4. Predictors of postoperative atrial
multivariable analysis in the unmatched cohort
Variable
Active tube clearance
Age, y
Arterial hypertension
NYHA  III
Preoperative CCB
Valve replacement
Ascending aortic
procedure
Propensity score
Intercept

Coefficient (b) Odds ratio
2.3
3.7
1.1
1.7
0.9
3.7
0.5

0.5
1.07
1.8
2.5
1.4
1.2
1.4

0.6
4.7

1.8
—

fibrillation
95% CI

on
P

0.1-0.9
.02
1.03-1.10 < .001
0.6-4.9
.27
0.8-7.5
.10
0.7-2.7
.36
0.4-4.2
.75
0.4-4.9
.60
0.3-10.3
—

.53
—

Likelihood ratio c2 of 42 with a P value<.001 and a C-statistic of 0.7. CI, Confidence
interval; NYHA, New York Heart Association; CCB, calcium channel blocker.
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35%) representing a reduction of 31% with ATC, while
not reaching statistical significance. The multivariable
analysis integrating the propensity score as covariate
allowing for maximized statistical power and lessened
loss of data, however, demonstrated a significant effect
related to ATC with the odds of an event of POAF
being 50% less in the ATC group than in the standard
drainage group. These results correlate with the 33%
reduction associated with active clearance of chest tubes
revealed in a recent propensity-matched investigation by
Sirch et al.17
The mechanism by which ATC drainage reduces POAF
remains to be defined. The original assumption rested on
the rationale that more patent catheters would reduce blood
pooling within the pericardial space by extracting more
fluid, thus reducing cardiomyocyte damage from inflammation and oxidative stress.11,31,32 However, our measures of
drainage efficiency (ie, total chest tube output, transfusion
requirement, and invasive procedure for intrathoracic fluid
removal) remained similar between ATC and standard
drainage. Furthermore, in Sirch et al.,17 ATC was even associated with a smaller quantity of drained blood. This does
not rule out the possibility that the composition of the
pericardial blood rather than its quantity could be the predominant factor driving POAF generation in susceptible
individuals.
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particular economic interest and, if confirmed by other investigations, might help to justify the cost of this
technology.

VIDEO 1. Active clearance of chest drainage catheters, an encouraging
method to prevent postoperative atrial fibrillation at bedside. Video available
at: http://www.jtcvsonline.org/article/S0022-5223(17)30556-1/addons.

In fact, we hypothesize that for the same amount of
drained blood, an unobstructed catheter could allow
steadier drainage giving less opportunity for blood to pool
around the heart and undergo pro-oxidative modification inside of the thoracic cavity.12,13 Such alterations in the
composition of pericardial fluid after cardiac surgery (ie,
high concentration of oxidized hemoglobin, lipid
peroxidation products, cardiac injury markers, and
inflammatory cell migration) have been demonstrated
Kramer et al.11 According to their work, pooling blood
could result in erythrocyte hemolysis, releasing cell-free hemoglobin within the pericardium, which would induce the
migration of neutrophils and subsequent release of reactive
oxygen species (ROS) as part of the oxidative burst. Inadequately drained blood could also, by activation of the coagulation cascade and generation of thrombin and fibrin,
which have strong chemotactic properties, crosstalk with
inflammatory response mediators, thus promoting migration of neutrophils and ensuing oxidative stress.10,16,33,34
Through both mechanisms, the lipid peroxidation caused
by ROS would then result in the breakdown of
cardiomyocyte cell membrane and electromechanical
disturbances of the atrial tissue, rendering it more prompt
to trigger arrhythmia after cardiac surgery. Further
investigations are necessary to demonstrate whether or not
ATC, by keeping clear and functional catheters, is able to
exert better control on local pericardial inflammation and
reduce cardiomyocyte exposition to oxidative stress
caused by pooling blood, explaining the reduced
incidence of POAF.3
This study provides more insight on a new potential device that could be used to prevent the triggering of
arrhythmia after heart surgery and improve patients’ recovery. This is of particular interest in light of the new study by
Gillinov and colleagues18 showing no net advantage between rate control and rhythm control for the management
of POAF and the tapering of its burden, therefore increasing
the importance of adequate upstream prevention. Moreover,
the trend toward reduction in hospital length of stay is of

Limitations
This retrospective study of prospectively collected data
has several limitations. The sample size of patients who
were allocated to ATC drainage was small, and after matching was reduced by more than 25%, which likely impaired
statistical power regarding the matched cohort. Also,
despite the matching process and multivariable analysis,
there probably remain hidden differences between the 2
groups, perhaps related to observer bias and nonsynchronous control, which only the prospective randomized trial
currently being carried out at our institution could overcome. The management of standard chest tubes (ie,
numbers and locations) was not protocolized and could
have partly accounted for the observed difference in the
rate of POAF between groups. The lack of consistent preoperative pharmacologic prophylaxis in either group could be
a cause of concern and needs to be recognized. Moreover, in
the retrospective setting, it has been difficult to assess the
exact duration of POAF episodes. The fact that the
definition for POAF is variable in the literature must be
acknowledged when comparing studies. Finally, some
data elements that could have given more insight about
the pathophysiological effect of ATC were not collected
in this study, especially retained pericardial blood
directly measured by imaging techniques and analysis of inflammatory and oxidative injury markers within the
drainage fluid. These are important considerations for
further investigations.
CONCLUSIONS
Implementation of an ATC chest drainage protocol may
be associated with a reduction of POAF. Our findings highlight the importance of maintaining chest tube patency after
cardiac surgery and unveil the use of ATC as a potential
method of chest tube management to prevent POAF
(Video 1). Because all patients need chest tubes after heart
surgery, this shows promise as a potentially safe and efficacious preventive measure that can be widely applied
without the side effects that limit the use of b-blockers
and other pharmacological approaches or the risks associated with posterior pericardiotomy. A randomized
controlled trial is needed to confirm our findings. Further
studies will be useful to evaluate the extent of the benefits
provided by this system and demonstrate explicitly the
physiological effect by which active clearance of drainage
catheters might confer protection against POAF.
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