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Abstract
Background: Atrial fibrillation (AF) is associated with adverse events after cardiac surgery. Multiple studies have
reported that posterior pericardiotomy (PP) may be effective for preventing AF after coronary artery bypass grafting
(CABG), but some conflicting results have been reported and the quality of evidence from previous meta-analyses has
been limited. The present study aimed to systematically evaluate the safety and efficacy of PP for preventing AF after
CABG in adults.
Methods: We conducted a quantitative meta-analysis of randomized controlled trials (RCTs) published before May
31, 2021. The primary outcome was AF after CABG under cardiopulmonary bypass. Secondary outcomes included
early pericardial effusion, late pericardial effusion, pericardial tamponade, pleural effusion, length of hospital stay,
length of intensive care unit (ICU) stay, pulmonary complications, intra-aortic balloon pump use, revision surgery for
bleeding, and mortality.
Results: Ten RCTs with 1829 patients (910 in the PP group and 919 in the control group) were included in the current
meta-analysis. The incidence of AF was 10.3% (94/910) in the PP group and 25.7% (236/919) in the control group.
A random-effects model indicated that incidence of AF after CABG significantly lower in the PP group than in the
control group (risk ratio = 0.45, 95% confidence interval 0.29–0.64, P < 0.0001). PP also effectively reduced the postCABG occurrence of early pericardial effusion (RR = 0.28, 95% CI 0.15–0.50; P < 0.05), late pericardial effusion (RR = 0.06,
95% CI 0.02–0.16; P < 0.05), and pericardial tamponade (RR = 0.08, 95% CI 0.02–0.33; P < 0.05) as well as the length of
ICU stay (weighted mean difference [WMD] = 0.91,95% CI 0.57–1.24; P < 0.05), while increasing the occurrence pleural
effusion (RR = 1.51, 95% CI 1.19–1.92; P < 0.05). No significant differences length of hospital stay (WMD =  − 0.45, 95%
CI − 2.44 to 1.54, P = 0.66), pulmonary complications (RR = 0.99, 95% CI 0.71–1.39, P = 0.97), revision surgery for bleed‑
ing (RR = 0.84, 95% CI 0.43–1.63, P = 0.60), use of IABP (RR = 1, 95% CI 0.61–1.65, P = 1.0), or death (RR = 0.45, 95% CI
0.07–3.03, P = 0.41) were observed between the PP and control groups.
Conclusions: PP may be a safe, effective, and economical method for preventing AF after CABG in adult patients.
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Background
Postoperative atrial fibrillation (POAF) is one of the most
common complications after cardiac surgery [1–3]. The
true incidence of AF following cardiac surgery is controversial, ranging from 17 to 33% in the literature [4–6].
The incidence of POAF following coronary artery bypass
grafting (CABG) surgery ranges between 20 and 40% [6,
7]. Although most POAF cases (> 90%) are cured within
4–6 weeks after surgery [8], the occurrence of POAF
is related to increased risks of neurocognitive impairment [9], sepsis [10], embolic disease [11], congestive
heart failure, and mortality [12], which in turn increases
patients’ length of stay in the intensive care unit (ICU)
[13] or the length of hospitalization, leading to greater
costs [14, 15]. Therefore, a novel therapeutic approach for
preventing POAF is a matter of high priority for reducing
the duration of hospital stay, saving medical and material resources, reducing the occurrence of adverse events,
and improving treatment outcomes. Over the past few
decades, as interest in mediating risk factors and the use
of anti-arrhythmic drugs have increased, more attention
has been given to early-onset events related to the occurrence of POAF [16]. The pathophysiological mechanism
of AF after CABG remains unclear though, even as studies have revealed that the main causes of POAF include
inflammation, oxidative stress, autonomic dysfunction,
and structure and electric remodeling [2]. Many drug
interventions have been tested for their ability to reduce
the incidence of POAF, but so far all have limitations and
adverse effects [16] and are associated with significantly
increased costs. Based on previous studies demonstrating a clear relationship between pericardial effusion and
supra-ventricular arrhythmias, Mulay et al. [17] invented
the technique of posterior pericardiotomy (PP). With
this technique, at the end of surgery, a longitudinal incision is made parallel and posterior to the phrenic nerve,
extending from the left inferior pulmonary vein to the
diaphragm. Two chest drains are inserted, one in the left
pleural cavity and the other in the anterior mediastinum,
to fully drain the pericardial effusion, thereby reducing POAF. Multiple studies have confirmed that PP is a
promising, economical, and effective technique for preventing POAF after cardiac surgery [17–20], because it
can drain pericardial effusion to the left pleural cavity,
which should reduce the risk of AF. However, conflicting results have been reported regarding the ability of PP
to reduce the incidence of AF after CABG, with several
studies finding that PP cannot reduce the incidence of
AF after CABG [21–23] and two meta-analyses showing

that PP can significantly reduce the incidence of AF after
CABG [24, 25]. Notably, these previous meta-analyses
contained insufficient research data and did not account
for a lack of oral β-receptor blockade before surgery. In
addition, the sample sizes of these studies were small, and
they also did not analyze clinical heterogeneity. In order
to evaluate more comprehensively the effectiveness of PP
for preventing POAF, we conducted the present metaanalysis of a randomized trials to systematically evaluate
the safety and effectiveness of PP for preventing AF after
CABG in adults.

Material and methods
We performed this meta-analysis in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement [26]. Because all
analyses were based on previous published studies, the
requirements for ethical approval and patient consent
were waived.
Search strategy

The search strategy was based on the Cochrane System Review Manual [27]. Using the PICOS (Population,
Intervention, Comparison, Results, and Study Design)
standard search, we searched the PubMed, EMBASE,
and Cochrane Library (including the Cochrane Central
Registry of Controlled Trials) databases to retrieve all
relevant articles published through May 2021. The free
text and subject headings were combined. The search
terms included “postpericardiotomy”, “pericardial fenestration”, “pericardial fenestration”, “CABG”, “coronary
artery bypass grafting”, “heart surgery”, “cardiothoracic
surgery”, “heart surgery”, “extracorporeal circulation”,
and “CAB”. In order to maximize sensitivity, no language
restrictions were applied. In addition, a manual search of
the reference lists of the included studies was performed
to identify other relevant publications. A more detailed
description of the search strategy is provided in an Additional file 1: Appendix: search strategy.
Eligibility criteria

The following inclusion criteria were used: (1) study
design of randomized controlled trial (RCT); (2) study
population of adult patients (≥ 18 years old) undergoing
CABG surgery under cardiopulmonary bypass (CPB); (3)
intervention based on random assignment to receive PP
or conventional treatment (no PP); (4) comparison of PP
group to control group (no PP); and (5) outcome measurement related to occurrence of AF.
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Exclusion criteria

The exclusion criteria were: treatment with surgery other
than CABG, treatment without CPB, a non-randomized
design, an animal study, and patients age < 18 years.
Data extraction

All data were independently extracted by two researchers
(M.Y.F and Z.Y.L) in duplicate. The following data were
independently extracted using standardized and pilot
data spreadsheets: first author, year of publication, type
of surgery, study design, sample size, patient characteristics (age and percentage of males), intraoperative data,
length of stay, length of ICU stay, AF, early pericardial
effusion, late pericardial effusion, pleural effusion, pulmonary complications, intra-aortic ballon pump (IABP)
use, pericardial tamponade, revision surgery for bleeding, death in the PP group, and number of individuals
in the control group. The extracted data were checked
by another investigator, and any inconsistencies were
resolved through consensus and discussion. The primary
outcome was the occurrence of AF.
Risk of bias and strength of evidence assessments

The quality of evidence provided by each included study
was evaluated using the recommended Cochrane bias
risk assessment tool. The tool evaluates randomization
(selection bias), allocation concealment (selection bias),
blinding of research participants and personnel (performance bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), selective
reporting (reporting bias), and blinding of non-results
information (other bias). Each study was assessed as having a low, unclear, or high risk of bias.
The Grades of Recommendations Assessment Development and Evaluation (GRADE) scale was used to assess
the level and strength of evidence for recommendations,
as follows: high quality: further research is unlikely to
change our confidence in the estimation of effects; moderate quality: further research may affect our confidence
in the effect estimate and may change the estimate; low
quality: further research is likely to have an important
impact on our confidence in the effect estimate and may
change the estimate; and very low quality: we are very
uncertain about this estimate.
Trial sequential analysis (TSA)

To avoid the increased risk of Type I errors in this
meta-analysis due to the scarcity of data and repeated
cumulative data testing, TSA was used to determine
whether evidence was reliable and conclusive. When
the cumulative z-curve crosses the test sequence
monitoring boundary or an invalid area, the level of
evidence for intervention is sufficient and no further
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testing is required. If the z-curve does not cross any
boundaries, there is not enough evidence to draw a
conclusion, indicating that further research is still
needed. In the current study, we used an alpha error
of 0.05, a beta error of 0.20, a 20% reduction in the
expected risk ratio (RR) of POAF, and the proportion
of events from the control group in our meta-analysis
to calculate the information sample size required for
TSA.
Outcome measures

We chose the main outcome to be the occurrence of
POAF. Secondary outcomes included in-hospital or outof-hospital mortality, pulmonary complications, early
pericardial effusion, late pericardial effusion, pericardial
tamponade, pleural effusion, length of stay in the hospital, length of stay in the ICU, use of IABP, and revision
surgery for bleeding.
Statistical analysis

For each basic hypothesis, the statistical significance
level of the two-tailed test was 0.05. All statistical analyses were performed using Review Manager version 5.4
(The Cochrane Collaboration, Software Update, Oxford,
UK) and STATA version 14 (Stata Corporation, College
Station, TX, USA). The results are expressed with the
Mantel–Haenszel RR and 95% confidence interval (CI)
(using a fixed effects method, unless there was significant
heterogeneity, in which case a random effects statistical
model was used) [28]. We applied I2 and χ2 tests to test
the heterogeneity between test results. Statistical heterogeneity was determined by evaluating the I2 value [29],
according to the following ranges: 0–40%, possibly negligible heterogeneity; 30–60%, possibly moderate heterogeneity; 50–90%, possibly substantial heterogeneity; and
75–100%, potentially considerable heterogeneity [27].
All meta-analyses were performed using fixed or random
effects models. Visual observation of Begg’s funnel chart
along with Begg’s and Egger’s tests [30, 31] were used to
assess publication bias.

Results
Literature search

Figure 1 shows the flow chart of the literature research
and study selection for this meta-analysis. The initial
database search produced 289 related publications. After
the exclusion of 65 duplicate studies and 265 studies
deemed irrelevant based on titles and abstracts, the full
text of remaining 24 studies was reviewed for detailed
evaluation. Of these, 18 RCTs were included in the qualitative synthesis. Finally, a quantitative analysis of 10 studies (selected documents) was carried out, and the reasons
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Fig. 1 Flow chart of the selection process for studies included in the systematic review and meta-analysis

Table 1 Reasons for exclusion of eight studies
Study

Reasons for exclusion

Mulay [17]

Not a randomized controlled trial

Goh [49]

Not a randomized controlled trial

Sperling [50]

Not a randomized controlled trial

Haddadzadeh [23]

Use of off-pump technology

Gulmen [51]

Outcome was not new onset of atrial fibrillation

Meza [52]

Outcome was not new onset of atrial fibrillation

Cakalagaoglu [53]

Outcome was not new onset of atrial fibrillation

Bakhshandeh [54]

Outcome was not new onset of atrial fibrillation

for the exclusion of the eight studies are presented in
Table 1.

Trial characteristics

The characteristics of the 10 included RCTs and their participants are presented in Table 2, and the data reported
by each included trial are described in Additional file 2:
Table S1, and the actual mode of PP and the use of posterior pericardial drains are described in Additional file 2:
Table S2. The included studies were published between
1995 and 2015, and the sample size for each ranged from
20 to 458, with a total of 1829 patients included in all
10 studies. All patients received CABG under CPB; the
patients in four studies did not take β-blockers before
the operation; and 6 studies were conducted in Turkey.
Although the definition of AF varies, its main feature
is that onset exceeding a certain period of time. Of the
10 included studies, all reported AF events as the main
outcome [18–22, 29, 32–35], including early pericardial effusion in 9 studies [18–22, 29, 33–35], advanced
pericardial effusion in 4 studies [18–20, 34], pulmonary

2010.6–2012.5

2012.1–2013.1

Egypt

Fawzy [35]

2012.3–2013.1

Turkey

2000.5–2000.12

2013.8–2013.12

NR

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

Study design

CABG

CABG

CABG

CABG

CABG

CABG

CABG

CABG

CABG

CABG

Surgery type

63(30/33)

113(54/59)

20(10/10)

150(75/75)

100(50/50)

100(50/50)

200(100/100)

458(228/230)

200(100/100)

425(213/212)

62 ± 8

65 ± 13

64 ± 9

59 ± 9

60 ± 9

57 ± 12

54 ± 16

54 ± 9

57 ± 10

59 ± 11

PP

60 ± 9

59 ± 5

63 ± 5

60 ± 3

60 ± 9

61 ± 8

56 ± 18

56 ± 10

59 ± 11

59 ± 11

Control

No. of patients Age (years)
(PP/control)

83.33

50.00

36

66

NR

77

60.53

64.00

50.23

76.67

PP (%)

Male (%)

74.58

50.00

32

64

NR

73

54.35

68.00

49.53

87.88

Control (%)

67 ± 29

35 ± 11

58 ± 17

84 ± 38

63 ± 19

35

36 ± 12

55 ± 21

> 50

43 ± 16

PP

62 ± 23

40 ± 9

60 ± 19

107 ± 39

62 ± 12

33

43 ± 9

59 ± 17

> 50

46 ± 21

Control

Cross-clamp time
(min)

110 ± 46

58 ± 6

117 ± 32

128 ± 49

89 ± 21

66

48 ± 5

89 ± 29

> 80

80 ± 26

PP

61 ± 9

112 ± 35

152 ± 45

87 ± 26

62

51 ± 4

103 ± 51

> 80

87 ± 23

86 ± 27

Control

CPB time (min)

CABG, coronary artery bypass grafting; POAF, postoperative atrial fibrillation; ICU, intensive care unit; RCT, randomized controlled trial; NR, not reported; CPB, cardiopulmonary bypass; IABP, intra-aortic balloon pump

Arbatli [21]

2000.4–2001.10

Turkey

Thailand

Farsak [19]

Kongmalai [22]

2003.10–2005.7

UK

Turkey

Asimakopoulos [32]

Ekim [20]

1996.6–1997.6

China

Turkey

Zhao [29]

Kuralay [18]

2009.8–2011.2

Turkey

Turkey

Kaya [34]

Operation period

Area

Kaygin [33]

Study ID

Table 2 Main characteristics of randomized controlled trials included in the meta-analysis
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complications in 6 studies [18–20, 22, 33, 34], pericardial tamponade in 7 studies [25, 37, 38, 40–43], pleural
effusion in 6 studies [18–22, 29], length of hospital stay
in 5 studies [18, 21, 22, 34, 35], use of IABP in 5 studies
[24, 25, 36, 40, 43], length of ICU stay in 3 studies [21, 22,
29], revision surgery for bleeding in 3 studies [22, 33, 34],
and mortality rate in 2 studies [32, 34]. All of the included
studies were found to be of sufficient quality based on
Cochrane bias risk assessment (Table 3 and Fig. 2).
PP and POAF

A total of 1829 participants were included in the present analysis (910 in the PP group and 919 in the control group). The cumulative incidence of AF was 10.3%
in the PP group and 25.7% in the control group [18–20,
29, 32–35]. Fixed effects model analysis (I2 = 64%, Q-test
P = 0.003, and effect size RR = 0.40 [95% CI 0.32–0.50,
P < 0.05) indicated heterogeneity among the selected
studies. On sensitivity analysis, further exclusion of any
single study did not substantially change the overall combined RR, which ranged from 0.37 (95% CI 0.29–0.48)
to 0.47 (95% CI 0.37–0.59). The random effects model
combined with RR showed that PP significantly reduced
the incidence of AF after CABG (RR 0.45, 95% CI 0.31–
0.67; P < 0.05; Fig. 3), and moderate heterogeneity was

observed among studies (P = 0.003, I2 = 64%). As shown
in Fig. 4, the z-curve on TSA entered the benefit area and
crossed the conventional benefit boundary as well as the
experimental sequential monitoring benefit boundary,
indicating that the evidence was sufficient and conclusive, requiring no further research.
Sensitivity and subgroup analyses

We next tested the source of heterogeneity via a sensitivity analysis. Upon exclusion of the study with
the smallest sample size [22], the fixed-effects model
showed significant heterogeneity (I2 = 64%, P = 0.004;
Additional file 2: Figure S1). Thus, the random-effects
model was used and provided results similar to the
overall results (I2 = 64%, P = 0.004; RR = 0.45; 95% CI
0.31–0.67, P < 0.0001), which were statistically significant and provided substantial evidence of heterogeneity. In addition, this analysis may be affected by the
use of β-blockers. Four studies in which patients did
not take β-blockers before surgery were analyzed and
no significant heterogeneity was observed (I2 = 35%,
Q-test P = 0.2; Additional file 2: Figure S2). Pooled
analysis of these four studies using the fixed-effect
model showed that PP had a good effect on reducing
the incidence of AF after CABG without being affected

Table 3 Methodological quality of included studies
Study ID

Random sequence
generation (selection bias)

Allocation concealment Blinding of participants and personnel (performance bias)
(selection bias)

Kaya [34]

Random number table

Described blinding

All patients provided informed consent and were treated blindly

Kaygin [33]

Described randomization

Described blinding

All patients provided informed consent and were treated blindly

Fawzy [35]

Described randomization

Not described

All patients provided informed consent

Zhao [29]

Random number table

Opaque envelope

All patients provided informed consent

Kuralay [18]

Random number table

Not described

All patients provided informed consent

Asimakopoulos [32]

Described randomization

Not described

Not described

Ekim [20]

Described randomization

Not described

All patients provided informed consent

Farsak [19]

Random number table

Not described

All patients provided informed consent

Kongmalai [22]

Described randomization

Opaque envelope

Patients provided informed written consent individually

Arbatli [21]

Described randomization

Not described

Not described

Blinding of outcome assessment
(detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Described blinding

Complete

No

No

Described blinding

Complete

No

No

Not described

Complete

No

No

Not described

Complete

No

No

Not described

Complete

No

No

Not described

Complete

No

No

Not described

Complete

No

No

Not described

Complete

No

No

Researchers analyzed data blinded

Complete

No

No

Not described

Complete

No

No

Xiong et al. J Cardiothorac Surg

(2021) 16:233

Page 7 of 15

Fig. 2 Quality assessments according risk of bias. a Risk of bias summary: judgments about each risk of bias item for each included study. b Risk of
bias graph: judgments about each risk of bias item presented as percentages across all included studies

by β-blockers (RR = 0.30, 95% CI 0.20–0.45; P < 0.05),
with statistical significance [18–21]. As mentioned
above, 60% of the included studies were conducted in
Turkish populations. Therefore, we examined the clinical heterogeneity caused by geographic area. When
we pooled and analyzed the Turkish studies only, we
found no significant heterogeneity (I2 = 40%, P = 0.14;
Additional file 2: Figure S3), and using the fixed-effects
model, these studies showed that PP had a good effect
on reducing the incidence of AF after CABG without
being affected by clinical heterogeneity (RR = 0.29,
95% CI 0.21–0.39; P < 0.05) [18–21, 33, 34].

Secondary outcomes

Compared with the control treatment, PP effectively
reduced the post-CABG occurrence of early pericardial effusion (RR = 0.28, 95% CI 0.15–0.50; P < 0.05;
Additional file 2: Figure S4), late pericardial effusion
(RR = 0.06, 95% CI 0.02–0.16; P < 0.05; Additional file 2:
Figure S5), and pericardial tamponade (RR = 0.08, 95%
CI 0.02–0.33; P < 0.05; Additional file 2: Figure S6) as
well as the length of ICU stay (weighted mean difference [WMD] = 0.91,95% CI 0.57–1.24; P < 0.05; Additional file 2: Figure S7), while increasing the occurrence
of pleural effusion (RR = 1.51, 95% CI 1.19–1.92; P < 0.05;
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Fig. 3 Pooled estimates from RCTs evaluating effects of PP on the incidence of AF after CABG surgery with a random-effects model. PP, posterior
pericardiotomy; CI, confidence interval

Fig. 4 Trial sequential analysis of 10 RCTs (black square icons) illustrating that the cumulative z-curve crossed both the conventional boundary for
benefit and the trial sequential monitoring boundary for benefit and entered the area of benefit, establishing sufficient and conclusive evidence
and suggesting further trials are not needed. A diversity adjusted required information size of 5869 patients was calculated using an alpha error of
0.05, a beta error of 0.20 (power 80%), an anticipated RR reduction of 20% in AF, and a control event proportion of 25.3%, as calculated from the
control group in our meta-analysis

Additional file 2: Figure S8). As demonstrated by the
data in Table 4, no significant differences were observed
between the PP and control groups in terms of length
of hospital stay (WMD =  − 0.45, 95% CI − 2.44 to 1.54,

P = 0.66; Additional file 2: Figure S9); incidence of pulmonary complications (RR = 0.99, 95% CI 0.71–1.39,
P = 0.97; Additional file 2: Figure S10), revision surgery
for bleeding (RR = 0.84, 95% CI 0.43–1.63, P = 0.60;
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Table 4 Subgroup analysis of adverse events
Adverse events after surgery

Results of subgroup pool analysis

P value

Early pericardial effusion

RR: 0.28; 95% CI 0.15–0.50

< 0.0001

Late pericardial effusion

RR: 0.06; 95% CI 0.02–0.16

< 0.00001

Pericardial tamponade

RR: 0.08; 95% CI 0.02–0.33

0.0005

Length of stay in intensive care unit (ICU)

MD: 0.91; 95% CI 0.57–1.24

< 0.00001

Pleural effusion

RR: 1.51; 95% CI 1.19–1.92

0.0007

Length of hospitalization

MD: − 0.45; 95% CI − 2.44–1.54

0.66

Pulmonary complications
Revision for bleeding

RR: 0.99; 95% CI 0.71–1.39

RR: 0.84; 95% CI 0.43–1.63

0.97
0.60

Intra-aortic balloon pump (IABP) usage

RR: 1.00; 95% CI 0.61–1.65

1.00

Death

RR: 0.45; 95% CI 0.07–3.03

0.41

RR, risk ratio; MD, mean difference; CI, confidence interval

Additional file 2: Figure S11), use of IABP (RR = 1, 95%
CI 0.61–1.65, P = 1.0; Additional file 2: Figure S12), or
death (RR = 0.45, 95% CI 0.07–3.03, P = 0.41; Additional
file 2: Figure S13).
GRADE assessment and publication bias

The GRADE rating results are shown in Table 5. According to the GRADE system, the strength of evidence was
high for pericardial tamponade, pleural effusion, and
early pericardial effusion; moderate for AF, ICU stay, and
late pericardial effusion; low for pulmonary complications; and extremely low for revision surgery for bleeding, IABP use, hospital stay, and death. Visual inspection
of the funnel chart revealed asymmetry, indicating the
possibility of moderate publication bias (Fig. 5). However, further bias testing via the Egger test and Begg test
resulted in P values of 0.532 and 0.721, respectively. Thus,
there was no statistical evidence of publication bias. The
funnel chart for this study is therefore ambiguous, as the
P values from both tests were > 0.1. We also considered
that the study was moderately heterogeneous. Therefore,
the stability of this study was analyzed by the trim and fill
method. The results in Fig. 6 show that two more studies are needed to improve the stability of the results. This
finding shows that there was a certain publication bias.
Possibly due to the insufficient volume of the literature
and clinical heterogeneity, the effectiveness of the test
was insufficient.

Discussion
In this systematic review and meta-analysis of 10 prospective RCTs on the effectiveness of PP for preventing
AF after CABG in adult patients, the comprehensive
results of the random effects model showed that PP had
a good effect in preventing AF after CABG. Although
some RCTs have reported conflicting results [21–23],
the findings of the present study are similar to the results

of previous meta-analyses [24, 25]. Compared with the
previous meta-analyses, the present study offers the
advantages of an effect size based on RR, the inclusion
of all RCT trials in which CABG was assisted by CPB,
and the inclusion of two additional RCTs, which further
improved upon the quality of the study. Tests for heterogeneity returned an I2 = 64% and Q-test P = 0.003, suggesting that there was heterogeneity between the studies,
which may be due to clinical heterogeneity or variation
in the use of β-blockers before surgery [18–21]. Although
our results are generally consistent with the main results
of the previous meta-analyses [24, 25], the present study
has expanded this line of research in several important
aspects. The present study applied TSA for power analysis, which verified that the evidence was sufficient and
conclusive. In addition, the evidence for the use of PP for
CABG patients was graded and evaluated. The quality of
the evidence for the prevention of POAF was high, and
the previous meta-analyses lacked this evaluation.
While the previous meta-analyses reported that PP significantly reduced the incidence of AF after cardiac surgery [24, 25], those systematic reviews did not control
for the use of β-blockers or for ethnic differences in comparing the PP and control groups. Moreover, previous
research has indicated that non-dihydropyridine calcium
channel blockers [36], magnesium [37], vitamins [38],
polyunsaturated fatty acids [39], corticosteroids [40], colchicine [41], Reynolds Triazine [42], glucocorticoids [43],
antiarrhythmic drugs [44], and statins [45] are all related
to the incidence of AF after cardiac surgery. Based on
their good effects of β-blockers, their use is considered a
Class I recommendation in the guidelines of the American College of Cardiology/American Heart Association,
European College of Cardiology, and American Thoracic
Surgery Association [8, 46, 47]. Therefore, our analysis
multiple studies [18–21] in which patients did not take
β-blockers before surgery showed that PP reduced the
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Table 5 GRADE evidence profile
GRADE evidence of postoperative atrial fibrillation (POAF).

GRADE evidence of postoperative intra-aortic balloon pump (IABP) usage.

GRADE evidence of postoperative length of stay in intensive care unit (ICU).

GRADE evidence of postoperative revision for bleeding.

GRADE evidence of postoperative pulmonary complications.

GRADE evidence of postoperative mortality.
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Table 5 (continued)
GRADE evidence of postoperative late pericardial effusion.

GRADE evidence of postoperative pericardial tamponade.

GRADE evidence of postoperative pleural effusion.

GRADE evidence of postoperative early pleural effusion.

GRADE evidence of postoperative length of hospitalization.

incidence of AF after CABG (RR = 0.30, 95% CI 0.20–
0.45, P < 0.00001; I2 = 35%, P = 0.20), which further clarified the efficacy of PP for preventing AF after CABG. At
the same time, in this study, because the included studies were all RCTs, clinical heterogeneity was the main
source of statistical heterogeneity, with studies in Turkey

accounting for 60% of all studies. To further exclude clinical heterogeneity, we performed a meta-analysis of the
six prospective RCTs from Turkey, and the results again
showed that PP reduced the incidence of AF after CABG
(RR = 0.32, 95% CI 0.23–0.45, P < 0.00001; I2 = 35%,
P = 0.19). While these findings may indicate that PP can
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Fig. 5 Tests for publication bias among the 10 included studies on
the effect of PP on AF after CABG

Fig. 6 Improvement of the stability of the results through the trim
and fill method

improve the incidence of AF after CABG, we cannot rule
out the effects of potential bias in the included studies.
Our analysis of the effects of PP on early pericardial
effusion, late pericardial effusion, pleural effusion, pulmonary complications, length of hospital stay, length
of ICU stay, IABP use, and mortality produced varying
results. With regard to postoperative pericardial effusion,
our study showed that the incidence of early pericardial
effusion (RR = 0.28, 95% CI 0.15–0.50; P < 0.05) and the
incidence of advanced pericardial effusion (RR = 0.06,
95% CI 0.02–0.16; P < 0.05) were significantly lower in
the PP group than in the control group, indicating that
PP can significantly reduce the incidence of pericardial
effusion in patients after CABG. Previous research has
shown that the incidence of supraventricular arrhythmias is higher in patients with pericardial effusion than
in those without pericardial effusion [48], and the earliest studies showed that PP can reduce the incidence of
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supraventricular arrhythmias while reducing pericardial
effusion after CABG [17]. Therefore, pericardial effusion
may be related to the occurrence of AF after CABG.
The present meta-analysis showed that PP effectively
reduced the incidence of postoperative cardiac tamponade compared with that in the control group (RR = 0.08,
95% CI 0.02–0.33; P < 0.05). In addition, the incidence
of pleural effusion in the PP group was significantly
higher than that in the control group (RR = 1.51, 95% CI
1.19–1.92; P < 0.05), indicating that through the PP process, fluid can be discharged freely into the left thoracic
cavity, thereby significantly reducing the incidence of
pericardial tamponade [18–20, 29, 32–35]. Importantly,
the incidence of pulmonary complications did not differ significantly between the PP group and the control
group (RR = 0.99, 95% CI 0.71–1.39, P = 0.97). Therefore,
the present study indicates that PP provides an effective
method for chest drainage to reduce the occurrence of
cardiac tamponade without increasing the risk of pulmonary complications. More trials are needed to confirm
this finding.
Our analysis of the postoperative ICU stay showed that
PP shortened the ICU stay compared with that in the
control group (WMD = 0.91, 95% CI 0.57–1.24; P < 0.05).
Because the duration of treatment in the ICU is related
to total hospitalization expenses [33], PP may be a safe,
effective, and economical method for preventing AF after
CABG surgery that reduces patients’ medical expenses
and saves hospital resources. A large number of similar
trials is still needed to confirm this finding. Our analysis
showed no differences in the postoperative hospital stay
(WMD =  − 0.45, 95% CI − 2.44 to 1.54, P = 0.66), IABP
use (RR = 1, 95% CI 0.61–1.65, P = 1.0), need for revision surgery for bleeding (RR = 0.84, 95% CI 0.43–1.63,
P = 0.60), or mortality (RR = 0.45, 95% CI 0.07–3.03,
P = 0.41) between the PP and control groups. Although
we found no correlation between PP and these outcomes,
these events were very infrequent, which precluded a
comprehensive safety assessment of these results. While
these results may indicate that the PP procedure did not
affect hospital stay, lung complications, revision surgery for bleeding, use of IABP, and mortality, this was
an observational analysis that could produce misleading
results. Therefore, these results should be interpreted
with caution.
Limitations of this study

Our systematic review has certain limitations. First,
although our results are consistent with those of previous systematic reviews, only 3 of the 10 included RCTs
provided high-quality evidence [22, 34], and the inclusion criteria for our analysis did not allow for the inclusion of studies comparing other drugs to surgery. Also,
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the included studies did not strictly control for the effects
of preoperative drugs (β-blockers, CCB, ACEIs, etc.)
on postoperative POAF recurrence. Patients did not
take β-blockers before surgery in only four studies, and
thus, this analysis still cannot provide enough effective
evidence to ensure the validity of the results. Second,
although no differences in pulmonary complications,
IABP use, revision surgery for bleeding, and mortality
were detected between the PP and control groups of the
10 studies, these events were infrequently reported. Thus,
these results may be misleading.
In addition, there was moderate heterogeneity among
the included studies, which can be attributed to differences in patient characteristics, study design, and the
definition of new POAF, resulting in unstable analysis
results. One of the 10 studies [22] had a small sample size
of only 20 patients, which may potentially underestimate
the incidence of AF after CABG. Finally, six included
studies [18–21, 33, 34] were conducted in one geographic
area (Turkey), creating the potential for bias.

Conclusion
In summary, in this systematic review and meta-analysis,
PP showed good effects for preventing pericardial effusion, pericardial tamponade, and new-onset AF after
CABG in adults with few related complications. These
findings indicate that PP is a simple and safe surgical
method without obvious complications. However, the
quality of the included studies was limited, and the mortality and complication data were insufficient. More highquality RCTs are still needed to assess the safety of PP for
preventing AF after CABG.
Abbreviations
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for the comparison of the risk for postoperative pericardial tamponade.
Figure S7. Pooled analysis for the comparison of the risk for postoperative
length of stay in intensive care unit (ICU). Figure S8. Pooled analysis for
the comparison of the risk for postoperative pleural effusion. Figure S9.
Pooled analysis for the comparison of the risk for postoperative length of
hospitalization. Figure S10. Pooled analysis for the comparison of the risk
for postoperative pulmonary complications. Figure S11. Pooled analysis
for the comparison of the risk for postoperative revision for bleeding.
Figure S12. Pooled analysis for the comparison of the risk for postopera‑
tive intra-aortic balloon pump (IABP) usage. Figure S13. Pooled analysis
for the comparison of the risk for postoperative death. Table S1. Main
postoperative data from random controlled trials included in the metaanalysis. Table S2. Actual mode of PP and use of posterior pericardial
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