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Abstract
Background: Atrial fibrillation (AF) associated with postoperative pericardial effusion is the most com-
monly reported adverse event after cardiac surgery.
Aims: We aimed to determine the role of posterior pericardiotomy in preventing postoperative AF (POAF).
Methods: We searched PubMed, Scopus, Web of Science, Ovid, and EBSCO from inception until 30 June 
2022. We included randomised clinical trials (RCTs) that compared posterior pericardiotomy (PP) versus 
control (no PP) in patients undergoing cardiac surgery. The primary endpoint was the incidence of POAF 
after cardiac surgery. The secondary endpoints were supraventricular arrhythmias, early/late pericardial 
effusion, pericardial tamponade, pleural effusion, length of hospital/intensive care unit stay, intra-aortic bal-
loon pump use, revision surgery for bleeding, and mortality.
Results: Twenty-five RCTs comprising 4,467 patients were included in this systematic review and meta-
analysis. The overall incidence rate of POAF was 11.7% in the PP group compared with 23.67% in the no 
PP or control group, with a significant decrease in the risk of POAF following PP (odds ratio [OR] 0.49, 
95% confidence interval [CI]: 0.38-0.61). Compared with the control group, the risk of supraventricular 
tachycardia (OR 0.66, 95% CI: 0.43-0.89), early pericardial effusion (OR 0.32, 95% CI: 0.22-0.46), late 
pericardial effusion (OR 0.15, 95% CI: 0.09-0.25), and pericardiac tamponade (OR 0.18, 95% CI: 0.10-
0.33) were lower in the PP group.
Conclusions: PP is an effective intervention for reducing the risk of POAF after cardiac surgery. Also, PP 
is economically efficient in terms of decreasing the length of hospital stay.
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Abbreviations
AF atrial fibrillation
CABG coronary artery bypass grafting
CPB cardiopulmonary bypass
GRADE  Grading of Recommendations Assessment, 

Development and Evaluation
IABP intra-aortic balloon pump
ICU intensive care unit
NA not assigned
OR odds ratio
PPE postoperative pericardial effusion
POAF postoperative atrial fibrillation
PP posterior pericardiotomy
PRISMA  Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses
RCT randomised controlled trial
SVT supraventricular tachycardia
TSA trial sequential analysis

Introduction
Following cardiac surgery, atrial fibrillation (AF) is the most com-
monly reported arrhythmia. The incidence of AF after cardiac 
surgery affects between 10% and 65% of patients and is more pro-
minent on the second or third postoperative day1. Postoperative 
AF (POAF) has increased morbidity rates, haemodynamic insta-
bility, prolonged hospital stays, and healthcare costs1,2.

The pathophysiology behind AF post-cardiac surgery is multi-
faceted, and multiple aetiologies have been identified. These 
include catecholamine surge, atrial stretch, metabolic abnormali-
ties, electrolyte imbalance, inflammatory response, and postopera-
tive pericardial effusion (PPE)2,3.

Prophylactic beta blockers have been shown to control the 
catecholamine surge in the perioperative period, demonstrating 
a significant decrease in the rate of postoperative AF1,4. Another 
proposed aetiology is the presence of PPE. Earlier reports have 
shown a high incidence of PPE following cardiac surgery in up 
to 64% of patients5, with a decreasing rate over time that went as 
low as 1.5%6.

As PPE has been shown to be associated with an increased inci-
dence of postoperative AF, the drainage of pericardial blood or effu-
sion will consequently decrease the incidence of the associated AF. 
In a retrospective study by Kuvin et al7, 49% of pericardial effu-
sions were posterior and 46% were diffuse. Thus, multiple studies 
have proposed a method for decreasing the incidence of PPE by 
making an incision in the posterior pericardium and opening it to 
the left pleura. This eases the drainage of pericardial fluid and pre-
vents the occurrence of PPE, thus lowering the incidence of AF2,8,9.

Multiple randomised controlled trials have tested the efficacy of 
performing a posterior pericardiotomy (PP) after cardiac surgery 
as a prophylactic measure to prevent postoperative AF (POAF). 
There are conflicting results on the ability of PP to reduce the 
incidence of AF after coronary artery bypass graft (CABG): sev-
eral studies have found that PP did not reduce the incidence of 

AF after CABG2,10,11, whereas other studies and three meta-ana-
lyses have shown that PP significantly reduced the incidence of 
AF after CABG8,12,13. However, the most recent meta-analysis had 
only three high-quality trials and many uncontrolled confounders 
that may have affected their results13.

So, in our study, we are trying to resolve this controversy by 
including more high-quality trials and stratifications of as many 
confounding variables as possible in order to evaluate the role of 
posterior pericardiotomy in preventing postoperative AF.

Editorial, see page 279

Methods
We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement guidelines when perform-
ing this systematic review and meta-analysis14. The methods were 
carried out in accordance with the Cochrane Handbook of Systematic 
Reviews and Meta-analysis of Interventions (version 5.1.0).

ELIGIBILITY CRITERIA
Randomised controlled trials (RCTs) of patients undergoing cardiac 
surgery who were randomly assigned to PP (intervention group) 
compared to conventional procedures (no PP: control group) were 
selected for this systematic review and meta-analysis. Definitions of 
PP and non-PP procedures are illustrated in Supplementary Table 1 
and Supplementary Table 2. We excluded non-English, observa-
tional and animal studies, as well as conference abstracts.

PRIMARY AND SECONDARY OUTCOMES
The primary outcome of interest was the incidence of atrial fibril-
lation, while the secondary outcomes of interest were pleural 
effusion, length of hospital stay, early pericardial effusion, late 
pericardial effusion, pericardial tamponade, length of intensive 
care unit (ICU) stay, pulmonary complications, revision surgery 
for bleeding, intra-aortic balloon pump (IABP) use, and postop-
erative mortality. These outcomes were defined according to the 
study authors’ definitions.

LITERATURE SEARCH
We performed a comprehensive literature search on PubMed, 
Scopus, Web of Science, Ovid, and EBSCO from inception until 
30 June 2022, using the following search terms: [“pericardiotomy” 
OR “posterior left pericardiotomy” OR “post pericardiotomy” OR 
“pericardial fenestration”] AND [“CABG” OR “coronary artery 
bypass grafting” OR “heart surgery” OR “cardiothoracic sur-
gery” OR “cardiac surgery” OR “extracorporeal circulation” OR 
“CAB”] AND [“atrial fibrillation”]. The detailed search terms used 
for each database are illustrated in Supplementary Appendix 1. All 
duplicates were removed with EndNote (Clarivate). Manual back-
ward and forward citation analyses were done for all the refer-
ences of the included studies.

The literature search results were screened in two steps: the titles 
and abstracts of all articles were screened for eligibility and a sub-
sequent full-text screening was performed for the eligible studies.
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DATA EXTRACTION
Data were extracted to a specified data extraction sheet. The 
extracted data included (1) the characteristics of the included stud-
ies, (2) characteristics of the included studies’ population, (3) risk 
of bias domains, and (4) outcome measures: incidence of atrial 
fibrillation, supraventricular tachycardia (SVT), pleural effusion, 
length of hospital stay, early pericardial effusion, late pericardial 
effusion, pericardial tamponade, length of intensive care unit 
(ICU) stay, pulmonary complications, revision surgery for bleed-
ing, IABP use and postoperative mortality in patients who had 
undergone PP versus no PP.

SYNTHESIS OF RESULTS
In the case of studies reporting data with multiple timepoints, we 
considered the most consistent follow-up time for our analysis. For 
outcomes with dichotomous data, the frequency of events and the 
total number of patients in each group were pooled as odds ratios 
(OR) between the two groups (PP vs no PP) in the DerSimonian-
Laird random-effects model. For outcomes with continuous data, 
mean differences (MD) and 95% confidence intervals (CI) were 
pooled in the DerSimonian-Laird random-effects model. All sta-
tistical analyses were done by Stata MP Version 17 for Windows 
(StataCorp).

ASSESSMENT OF HETEROGENEITY
The chi-square test (Cochran’s Q test) was used to assess statis-
tical heterogeneity among studies. Then, the I2 value was calcu-
lated using the chi-square statistic, Cochran Q, according to the 
equation: I2 = x 100%Q−dƒ

Q

A p-value of chi-square of less than 0.1 was considered a signi-
ficant heterogeneity. High heterogeneity was defined as an I2 value 
≥50%. When there was significant heterogeneity, a sensitivity 
analysis using the leave-one-out model was performed to resolve 
this; moreover, for every outcome in the meta-analysis, we ran 
sensitivity analyses in multiple scenarios, excluding one study in 
each scenario to ensure the overall effect size was not dependent 
on any single study. We also used the Galbraith plot to detect for 
any heterogeneity across studies.

QUALITY ASSESSMENT
Two authors independently assessed the quality of included clini-
cal trials according to the Cochrane risk of bias 2 (ROB-2) tool 
for RCTs that involves the following five domains: randomi-
sation process (selection bias), deviation from intended inter-
ventions (performance bias), outcome measurement (detection 
bias), missing outcome data (attrition bias), selection of reported 
results (reporting bias) and other potential sources of bias15,16. The 
authors’ decisions were classified as “low risk of bias”, “high 
risk of bias” or “some concerns”. Any conflicts between the two 
authors were resolved through discussion with a third author. To 
explore the publication bias across studies, funnel plots were con-
sidered to present the relationship between effect size and standard 

error. Egger’s regression test was used to assess evidence of pub-
lication bias.

The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) scale was used to evaluate the strength 
and level of evidence for recommendations and was stratified as fol-
lows: high quality, which indicates no further research is needed and 
unlikely to change the confidence of the effects estimations; moder-
ate quality, which indicates that further studies may affect the confi-
dence of the effects estimation; low quality, which indicates further 
research is likely to have an crucial impact on the confidence of the 
effects estimation and may change the estimation; and very low qual-
ity, which indicates that we cannot be certain about this estimation.

Due to the cumulative pooling of trials in a chronological order, 
there is an increased risk of a type 1 error. Given the limited 
amount of data, we used trial sequential analysis (TSA) to deter-
mine whether the pooled evidence was conclusive and reliable. 
When the cumulative z-line on the curve crosses the boundary 
of sequence monitoring, the level of confidence for the interven-
tion is conclusive and sufficient, indicating that no further studies 
are required. On the other hand, if the z-line on the curve does 
not cross any boundaries, the level of confidence is insufficient 
to draw a conclusion, and further studies are still needed. In this 
meta-analysis, we used an alpha error of 0.05, a beta error of 80% 
power, and a reduction in the risk ratio (RR) of POAF of 20%. We 
calculated the proportion of events from the control group in the 
current meta-analysis to obtain the sample size required for TSA.

Results
A total of 540 unique citations were revealed through the litera-
ture search. After title and abstract screening, only 50 studies 
were deemed eligible, and following further assessment, 25 stud-
ies were included in this systematic review and meta-analysis. 
The PRISMA flowchart for study selection is shown in Figure 1.

CHARACTERISTICS OF INCLUDED STUDIES
Our study included 25 trials of 4,467 patients comparing PP with the 
control group (no PP)2,10,11,17-38. Twenty-two studies of 4,300 patients 
assessed our primary outcome, POAF. Twenty studies assessed early 
pericardial effusion, 20 assessed pericardial tamponade, 16 assessed 
pleural effusion, and 11 assessed pulmonary complications. These 
studies were conducted in nine countries, mostly in Turkey (11 
studies) and Egypt (5 studies). Baseline characteristics and a sum-
mary of the included studies are shown in Table 1 and Table 2.

RISK OF BIAS ASSESSMENTS
A summary and graph of the risk of bias in our included studies are 
shown in Figure 2. Most studies showed an overall unclear risk of bias; 
however, eight studies showed a low risk. The authors’ judgments 
were made according to the Cochrane risk of bias assessment tool39.

POSTOPERATIVE ATRIAL FIBRILLATION (POAF)
POAF was reported in 22 studies included in our analysis. Our 
study’s cumulative incidence of POAF was 11.7% in the PP 
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group and 23.67% in the control group. The pooled OR and 95% 
CI for POAF were 0.49, 95% CI: 0.38-0.61 (p<0.001) favour-
ing PP for the decrease in POAF as shown in Figure 3. Pooled 
studies were heterogeneous (I2=38.74%; p=0.04). Leave-one-out 
sensitivity analysis showed that no single study had a dispro-
portional effect on the pooled OR, which varied between 0.46 
(95% CI: 0.37-057), after excluding Bakhshandeh et al, and 0.52 
(95% CI: 0.42-0.65), after excluding Kaygin et al, as shown in 
Figure 4.

We tested the source of heterogeneity via a sensitivity analysis. 
First, we excluded studies with the smallest sample sizes10,31. Then 
we used the random-effects model, which provided similar results 
to the overall results (OR 0.47, 95% CI: 0.37-0.60; p<0.001) 
with significant heterogeneity (I2=42.46%; p=0.02), as shown in 
Supplementary Figure 1.

We further analysed 16 studies in which the included patients 
did not take preoperative oral beta blockers. Still, significant het-
erogeneity was observed (I2= 34.70%; p =0.14). The pooled analy-
sis of these 16 studies using the random-effects model showed that 
the PP group had a lower incidence of POAF compared to the 
control group (OR 0.47, 95% CI: 0.35-0.62; p<0.001), as shown 
in Supplementary Figure 2.

We also examined the clinical heterogeneity according to geo-
graphical area, as about 41% of the included studies that men-
tioned POAF were conducted in Turkey. When we pooled and 
analysed studies based on geography, studies in Egypt and Turkey 

showed clinical significance (OR 0.45, 95% CI: 0.30-0.67; and 
OR 0.33, 95% CI: 0.24-0.46), respectively. The pooled studies 
were homogenous for Egypt and Turkey (I2= 0.00%; p <0.001 and 
I2= 12.03%; p <0.001), respectively, as shown in Supplementary 
Figure 3.

We performed a subgroup analysis based on the type of sur-
gery, as about 72.7% of the included studies assessing POAF 
had patients who had undergone CABG. Seventeen studies 
were pooled in the CABG group and only 7 studies included 
mixed surgeries, of which the pooled analysis showed that in 
both subgroups, CABG only or mixed surgeries, the PP group 
had a lower incidence of POAF compared to the control group 
(OR 0.41, 95% CI: 0.31-0.54; p<0.001; and OR 0.66, 95% CI: 
0.50-0.87; p<0.001), respectively, as shown in Supplementary 
Figure 4.

We also tested heterogeneity using the Galbraith plot, and four 
studies appeared outside the 95% CI of the regression, indicat-
ing their heterogeneity from other trials (Figure 5). Moreover, 
the use of a trial sequential analysis (TSA) for 22 RCTs revealed 
that the evidence for using PP to decrease the postoperative AF 
was sufficient and conclusive, and no other trials are needed 
(Figure 6).

We conducted a trial sequential analysis (TSA) for 22 RCTs, as 
shown in Figure 6; the cumulative Z-curve crossed both the con-
ventional boundary for the benefit and the trial sequential mon-
itoring boundary for the benefit and entered the area of benefit 

Identification of studies via databases and registries

Records identified from:
PubMed: 46
Scopus: 109
EBSCO: 25
WOS: 85
Ovid: 350

Records screened
(n=540)

Reports sought for retrieval
(n=120)

Reports assessed for eligibility
(n=30)

Reports of included studies
(n=25)

Records excluded
(n=420)

Reports not retrieved
(n=90)

Reports excluded:
Animal studies (n=2)
Non-English studies (n=5)
Conference abstracts (n=5)
etc.

Records removed before
screening:
Duplicate records removed 
(n=60)
Records marked as ineligible
by automation tools (n=15)

Records identified from:
Websites (n=2)
Organisations (n=0)
Citation searching (n=28)

Identification of studies via other methods
Id
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Reports sought for retrieval
(n=30)

Reports assessed for eligibility
(n=20)
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Reports excluded:
Incorrect study 
design (n=13)

Figure 1. PRISMA flowchart for studies included in the systematic review and meta-analysis.
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PP for the prevention of AF

Overall bias

Selection of the reported result

Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomisation process

Quality assessments according to risk of bias.A

Low risk

Some concerns

High risk

D1 Randomisation process

D2 Deviations from the intended interventions

D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

D1Study ID

Abd El-Wahab 2022

Ahmad 2011

Amr 2012

Arbalti 2003

Asimakopoulos 1997
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Benyameen 2020
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Farsak 2002

Fawzy 2015
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Haddadzadeh 2015
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Kaya 2014

Kaya 2015
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Sadeghpour 2011

Uzun 2016

Zhao 2014

D2 D3 D4 D5 Overall
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B

Figure 2. Quality-assessments. A) Quality assessment according to risk of bias for each study. B) Quality assessment according to risk of bias 
as percentage (intention to treat). 
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suggesting that our evidence of the use of PP decreasing postoper-
ative AF was sufficient, conclusive, and no other trials are needed.

SECONDARY OUTCOMES
Compared to the control group, the PP group had significantly 
(p<0.0001) reduced SVT (OR 0.66, 95% CI: 0.43-0.89), early 
pericardial effusion (OR 0.32, 95% CI: 0.22-0.46), late pericardial 
effusion (OR 0.15, 95% CI: 0.09-0.25), pericardiac tamponade 
(OR 0.18, 95% CI: 0.1-0.33), and hospital stay (MD −0.48, 95% 
CI: −0.84 to −0.13) (Supplementary Figure 5-Supplementary 
Figure 9). The pooled studies assessing SVT and late pericar-
dial effusion were slightly heterogeneous (I2=14.55%; p=0.49 
and I2=38.23%; p<0.16). Studies assessing early pericardial effu-
sion and hospital stay were heterogeneous (I2=72.54%; p<0.0001 
and I2=67.74%; p<0.0001). The leave-one-out sensitivity anal-
ysis for early pericardial effusion showed that no single study 
had a disproportional effect on the overall OR, which ranged 
from 0.30 (95% CI: 0.21-0.43), after excluding Cakalagaoglu et 
al, to 0.36 (95% CI: 0.25-0.5), after excluding Bakhshandeh et 
al, as shown in Supplementary Figure 10. In the leave-one-out 

sensitivity analysis for hospital stay, the MD ranged from −0.54 
(95% CI: −0.90 to −0.18), with Bakhshandeh et al21 excluded, to 
−0.39 (95% CI: −0.72 to −0.07) with Benyameen et al22 excluded 
(Supplementary Figure 11).

Our analysis did not detect any significant differences between 
the PP and control groups regarding pulmonary complications (OR 
1.14, 95% CI: 0.85-1.52), need for IABP (OR 1.12, 95% CI: 0.75-
1.66), revision surgery for bleeding (OR 0.86, 95% CI: 0.56-1.34), 
mortality (OR 0.79, 95% CI: 0.43-1.45), or ICU stay (MD 0.02, 
95% CI: −0.24 to 0.29) (Supplementary Figure 12-Supplementary 
Figure 16). The pooled studies assessing pulmonary complica-
tions, need for IABP, revision surgery for bleeding, and mortality 
were homogenous with the following values respectively: (I2=0%; 
p=0.84, I2=0%; p=0.98, I2=0%; p=0.99, and I2=0%; p=1). Regarding 
ICU stay, the studies assessing this outcome were heterogeneous 
(I2=86.7%; p=0.54). Heterogeneity was best removed by sensitivity 
analysis and the exclusion of Ezelsoy et al and Kongmalai et al11,26 
(I2=42.3%; p=0.11) (Supplementary Figure 17).

Pleural effusion was also shown to be significantly higher in the 
PP group (OR 1.34, 95% CI: 1.12-1.61; p<0.0001) as shown in 

410.250.06

                 PP                  Control  Odds ratio Weight
Study Event Total Event Total with 95% CI (%)

  Abd EI-Wahab 2022 6 50 12 50 0.50 [0.17-1.44] 3.27

  Ahmad 2011 2 50 12 50 0.17 [0.04-0.78] 1.77

  Amr 2012 6 32 13 32 0.46 [0.16-1.37] 3.14

  Arbatli 2003 7 54 12 59 0.64 [ 0.23-1.74] 3.53

  Asimakopoulos 1997 12 50 9 50 1.33 [0.52-3.44] 3.81

  Bakhshandeh 2009 53 205 59 205 0.90 [0.59-1.37] 8.74

  Benyameen 2020 8 48 22 50 0.38 [0.15-0.93] 4.10

  Ebaid 2021 6 200 12 200 0.50 [0.18-1.36] 3.54

  Ekim 2006 5 50 15 50 0.33 [ 0.11-0.99] 3.14

  Eryilmaz 2006 6 70 18 70 0.33 [0.12-0.89] 3.64

  Ezelsoy 2019 5 110 16 110 0.31 [ 0.11-0.88] 3.35

  Farsak 2002 7 75 24 75 0.29 [ 0.12-0.72] 4.10

  Fawzy 2015 13 100 30 100 0.43 [0.21-0.88] 5.53

  Gaudino 2021 37 209 66 211 0.57 [0.36-0.88] 8.39

  Haddadzadeh 2015 5 105 6 102 0.81 [0.24-2.74] 2.63

  Kaleda 2017 8 49 7 51 1.19 [0.40-3.53] 3.13

  Kaya 2014 6 30 11 33 0.60 [0.20-1.82] 3.03

  Kaya 2015 6 70 20 72 0.31 [0.12-0.81] 3.70

  Kaya 2016 15 103 30 107 0.52 [ 0.26-1.02] 5.82

  Kaygin 2011 14 213 62 212 0.22 [0.12-0.41] 6.47

  Kongmalai 2014 4 10 4 10 1.00 [ 0.19-5.15] 1.60

  Kuralay 1999 6 100 34 100 0.18 [0.07-0.44] 4.03

  Mulay 1995 4 50 14 50 0.29 [0.09-0.93] 2.77

  Zhao 2014 20 228 35 230 0.58 [0.32-1.03] 6.80

  Overall     0.47 [0.38-0.59] 
  Heterogeneity: T2=0.10, I2=36.50%, H2=1.57
  Test of Θi=0j: Q(23)=35.50, p=0.04
  Test of Θ=0: Z=6.64, p<0.001

  Random-effects REML model

Figure 3. Pooled estimates from RCTs evaluating the effect of PP on the incidence of AF after cardiac surgery with a random-effects model. 
AF: atrial fibrillation; CI: confidence interval; PP: posterior pericardiotomy RCT: randomised controlled trials ; REML: restricted maximum 
likelihood
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Supplementary Figure 18. The pooled studies were homogenous 
(I2=0%; p=0.68).

PUBLICATION BIAS FOR STUDIES ASSESSING POAF
We used the funnel plot to detect a possible publication bias, and, 
by inspection, we found slight asymmetry indicating the possibility 

of publication bias, as shown in Figure 7A. We used the trim and 
fill method to find out which studies needed to improve stability; 
we found one study that needed to achieve stability, as shown in 
Figure 7B. Our finding may be explained by insufficient literature 
and clinical heterogeneity.

GRADE ASSESSMENT
The GRADE rating results are shown in Supplementary 
Table  3. According to the GRADE system, the strength of evi-
dence was high for atrial fibrillation, incidence of SVT, early 
pericardial effusion, late pericardial effusion, pericardial tam-
ponade, and plural effusion; moderate for ICU and hospi-
tal stays; low for pulmonary complications, postoperative 
revision for bleeding and IABP usage; and very low for mortality.

Discussion
Our meta-analysis included 25 trials of 4,467 patients comparing 
PP with no PP (the control group). We found that the PP group 
was superior to the control group regarding the following out-
comes: POAF, SVT, early and pericardial effusion, pericardiac 
tamponade, and hospital stay. However, there were no significant 
differences between the two groups for pulmonary complications, 
revision surgery for bleeding, mortality, or ICU stay. We also 
found that pleural effusion was higher in the PP group.

0.750.470.25

 Odds ratio 
Omitted study with 95% CI p-value

  Abd EI-Wahab 2022 0.47 [0.37-0.59] <0.001

  Ahmad 2011 0.48 [0.39-0.60] <0.001

  Amr 2012 0.47 [0.38-0.59] <0.001

  Arbatli 2003 0.47 [0.37-0.59] <0.001

  Asimakopoulos 1997 0.45 [0.36-0.57] <0.001

  Bakhshandeh 2009 0.44 [0.36-0.55] <0.001

  Benyameen 2020 0.48 [0.38-0.60] <0.001

  Ebaid 2021 0.47 [0.37-0.59] <0.001

  Ekim 2006 0.48 [0.38-0.60] <0.001

  Eryilmaz 2006 0.48 [0.38-0.60] <0.001

  Ezelsoy 2019 0.48 [0.38-0.60] <0.001

  Farsak 2002 0.48 [0.38-0.60] <0.001

  Fawzy 2015 0.47 [0.37-0.60] <0.001

  Gaudino 2021 0.46 [0.37-0.59] <0.001

  Haddadzadeh 2015 0.46 [0.37-0.58] <0.001

  Kaleda 2017 0.46 [0.37-0.57] <0.001

  Kaya 2014 0.47 [0.37-0.59] <0.001

  Kaya 2015 0.48 [0.38-0.60] <0.001

  Kaya 2016 0.47 [0.37-0.59] <0.001

  Kaygin 2011 0.50 [0.41-0.62] <0.001

  Kongmalai 2014 0.47 [0.37-0.58] <0.001

  Kuralay 1999 0.49 [0.40-0.61] <0.001

  Mulay 1995 0.48 [0.38-0.60] <0.001

  Zhao 2014 0.46 [0.37-0.59] <0.001

  

Random-effects REML model

Figure 4. Leave-one-out analysis of AF. AF: atrial fibrillation; CI: confidence interval; REML: restricted maximum likelihood
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Atrial fibrillation is the most frequent postoperative arrhythmia, 
occurring in up to 20-30% of cases across the studies. Most cases 
of atrial fibrillation occur within the first few days after surgery 
and its causes are not clearly understood. Age, atrial dilatation, 
perioperative ischaemia, electrolyte imbalance, volume overload, 
right coronary artery involvement, thyroid problems, left ventric-
ular aneurysm, extra valve operations, low cardiac output, kid-
ney injury, respiratory complications, and pericardial effusion are 
some of the possible precipitating factors for AF40.

The placement of a chest drain underneath the sternum allows 
for easy drainage of the anterior area around the heart after 
CABG. However, the posterior space is a closed region behind 
the heart and cannot be drained similarly because of its proxim-
ity to the grafts and the heart itself. In this way, even a mini-
mal amount of pericardial effusion accumulating in the posterior 
pericardium can cause localised tamponade of the left atrium 
and ventricle, which, in turn, can cause POAF. Numerous stud-
ies have shown that allowing the pericardial effusion to drain 

freely into the left pleural space reduces the prevalence of peri-
cardial effusion and POAF, hence preventing arrhythmias and 
tamponade23,25.

Our systematic review and meta-analysis of 22 studies assess-
ing POAF found that PP helped prevent POAF in patients after 
CABG. Although some randomised controlled trials have revealed 
contradictory results17,25,38, the present study’s findings are consist-
ent with earlier meta-analyses4,8,12. The present study used TSA 
for power analysis, ensuring adequate and convincing evidence. 
The evidence for POAF prevention was strong. These results sug-
gest that PP may reduce the occurrence of AF following CABG. 
However, we cannot exclude the possibility of bias in the included 
studies, as the pooled studies in our analysis were heterogeneous. 
This could be explained by clinical heterogeneity, and different 
CABG approaches and pre- and postoperative medications should 
be considered. Although the incidence of POAF after PP was 
decreased, this effect seemed to be found only in the studies con-
ducted in Egypt and Turkey, which opens the door for upcoming 

Fa
vo

ur
s

co
nt

ro
l

−1

−2

−3

−4

−5

−6

−7

−8

1

2

3

4

5

6

7

8

(19
95

) M
ula

y

(19
97

) A
sim

ako
pou

los
(19

99
) K

ura
lay

(20
02

) F
ars

ak
(20

43
) A

rba
tli

(20
06

) E
kim

(20
00

) E
ryil

maz

(20
09

) B
akh

sha
nd

eh
(20

11
) A

hm
ad

(20
11

) K
ayg

in
(20

12
) A

mr
(20

14
) K

aya
(20

14
) K

ong
mala

i
(20

14
) Z

ha
o

(20
15

) F
aw

zy

(20
15

) H
ad

da
dza

deh
(20

15
) K

aya
(20

16
) K

aya
(20

17
) K

ale
da

(20
19

) E
zel

soy
(20

20
) B

eny
am

een
(20

21
) E

ba
id

(20
21

) G
au

din
o

(20
22

) A
bd

 El
-W

ah
ab TSA

TSA is a two-sided graph

Fa
vo

ur
s

P
P

Cumulative
Z-Score

TSA=5703

Z-curve

Figure 6. A trial sequential analysis (TSA) for 22 RCTs 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 5,703 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 23.8%, as 
calculated from the control group in this meta-analysis. AF: atrial fibrillation; PP: postoperative pericardiotomy; RCT: randomised controlled 
trial; RR: risk ratio



E
uroIntervention 2

0
2

3
;1

9
:e

3
0

5
-e

317

e315

PP for the prevention of AF

research studies assessing the effect of PP on POAF in Western 
and Asian countries.

Our findings suggest that PP can dramatically decrease peri-
cardial effusion in patients after CABG, with both early and late 
pericardial effusion being much less common in the PP group 
compared to the control group. Similar results were observed by 
Xiong et al, whereas Cakalagaoglu et al and Ekim et al found no 
difference; this discrepancy may be due to the smaller sample 
sizes employed by these researchers13,23,36.

The current meta-analysis revealed that PP effectively decreases 
postoperative pericardiac tamponade compared to the control. 
Consequently, the PP group had a greater increase in pleural effu-
sion, suggesting that fluid can be readily evacuated into the left 
thoracic cavity via the PP process, which greatly lowered the risk 
of pericardial tamponade. On the other hand, the accumulation of 
pericardial fluid in the pleura triggered an inflammatory response 
in some patients, requiring chest tube reinsertion. The reinser-
tion, in most cases, took place after the removal of the initial pleu-
ral tube17,19,23,27. Notably, there was no discernible difference in the 

occurrence of pulmonary complications between the PP group and 
the control group. Therefore, the results of the current study sug-
gest that PP is a viable option for chest drainage that can lessen the 
likelihood of cardiac tamponade without raising the probability of 
pulmonary complications. Our results were consistent with previ-
ous studies20,27. Furthermore, we found that PP patients had a shorter 
average ICU stay after surgery than those in the control group. 
Preventing AF after CABG surgery with PP may be a safe and cost-
effective way to lower patients’ medical bills and conserve hospital 
resources due to the inverse relationship between the length of time 
spent in the intensive care unit and overall hospitalisation costs27.

In addition, we found that PP did not reduce the need for intra-
aortic balloon pump support, a second operation due to bleed-
ing, or death in the postoperative period. In alignment with our 
results, the prior meta-analyses did not identify any distinctions 
between the PP and control groups regarding these outcomes. 
Our study included 25 studies, of which 22 studies, comprising 
4,300 patients, compared POAF in PP and control groups. To 
detect the heterogeneity and outliers in our study, we applied the 
random-effects model, leave-one-out sensitivity analysis and the 
Galbraith plot. We also used TSA to prove that our evidence was 
sufficient and that no further trials would be needed.

Limitations
This meta-analysis has several limitations. First, although our find-
ings align with those of previous systematic reviews, there was not 
adequate control for the impact of preoperative medications on the 
postoperative recurrence of AF in the trials included. Second, the 
included studies were moderately heterogeneous, which led to unre-
liable analytic results. This heterogeneity was due to discrepancies in 
patient characteristics and the definition of postoperative AF. We tried 
to resolve these issues by stratifying the studied population according 
to preoperative beta blocker intake, type of CABG surgery, and geo-
graphical area, as shown in Supplementary Figure 2-Supplementary 
Figure 4, respectively. Third, the quality of the included studies was 
variable, as shown in Figure 2, but we applied the GRADE sys-
tem to enhance the certainty of evidence pooled from our studies. 
Other limitations we faced were heterogeneity in follow-up, out-
come assessment, and definition of outcomes assessed across the 
trials and the varying numbers of surgical interventions performed.

We recommend further studies to resolve heterogeneity by strati-
fying patients according to their preoperative preparation and medi-
cation, and the type of CABG operation – on-pump or off-pump; 
Haddadzadeh et al showed that PP did not affect postoperative AF 
incidence in patients undergoing off-pump CABG10. Concurrently, 
Panesar et al, in their meta-analysis, declared that the off-pump 
technique is associated with a lower incidence of POAF41.

Conclusions
In conclusion, this systematic review and meta-analysis found 
that PP effectively reduced the risk of new-onset POAF, peri-
cardial effusion, pericardial tamponade, bleeding problems, and 
length of hospital stay following CABG. We found no statistically 
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significant differences between the PP and control groups regard-
ing pulmonary complications, IABP use, mortality, or length of 
time spent in the intensive care unit. Given these results, it seems 
reasonable to conclude that PP is a straightforward surgical proce-
dure with minimal risk that should be considered in future practice.

Impact on daily practice
Atrial fibrillation is the most frequent postoperative arrhyth-
mia, occurring in up to 20-30% of cases across studies. Most 
cases of atrial fibrillation occur within the first few days after 
surgery. Numerous studies have shown that allowing the peri-
cardial effusion to drain freely into the left pleural space reduces 
the prevalence of pericardial effusion and AF. Our systematic 
review and meta-analysis of 25 studies found that PP helped 
prevent AF in patients after cardiac surgery. We used TSA for 
power analysis, ensuring adequate and convincing data that the 
evidence for POAF prevention was strong. We also used the 
GRADE system to detect the power of each outcome, and we 
concluded that the evidence of POAF prevention was high.
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Supplementary data 

Supplementary Appendix 1. Search terms according to databases. 

Database Search Strategy 

PubMed ("posterior pericardiotomy*[Title/Abstract]" OR "pericardial fenestration*[Title/Abstract]" 
OR "pericardialwindow*[Title/Abstract]") AND ("Coronary Artery Bypass"[Mesh]) OR 
("Artery Bypass, Coronary*[Title/Abstract]" OR "Artery Bypasses, 
Coronary*[Title/Abstract]" OR "Bypasses, Coronary Artery*[Title/Abstract]" OR "Coronary 
Artery Bypasses*[Title/Abstract]" OR "Coronary Artery Bypass Surgery*[Title/Abstract]" 
OR "Bypass, Coronary Artery*[Title/Abstract]" OR "Aortocoronary Bypass*[Title/Abstract]" 
OR "Aortocoronary Bypasses*[Title/Abstract]" OR "Bypass, Aortocoronary*[Title/Abstract]" 
OR "Bypasses, Aortocoronary*[Title/Abstract]" OR "Bypass Surgery, Coronary 
Artery*[Title/Abstract]" OR "Coronary Artery Bypass Grafting*[Title/Abstract]") OR 
("CAB*[Title/Abstract]" OR "CABG*[Title/Abstract]") OR("Cardiac Surgical 
Procedures"[Mesh]) OR ("Procedure, Cardiac Surgical*[Title/Abstract]" OR "Procedures, 
Cardiac Surgical*[Title/Abstract]" OR "Surgical Procedure, Cardiac*[Title/Abstract]" OR 
"Surgical Procedures, Cardiac*[Title/Abstract]" OR "Surgical Procedures, 
Heart*[Title/Abstract]" OR "Cardiac Surgical Procedure*[Title/Abstract]" OR "Heart 
Surgical Procedures*[Title/Abstract]" OR "Procedure, Heart Surgical*[Title/Abstract]" OR 
"Procedures, Heart Surgical*[Title/Abstract]" OR "Surgical Procedure, 
Heart*[Title/Abstract]" OR "Heart Surgical Procedure*[Title/Abstract]") OR "cardiothoracic 
surgery*[Title/Abstract]" OR "cardiac surgery*[Title/Abstract]" OR 
"heartsurgery*[Title/Abstract]") OR ("Cardiopulmonary Bypass"[Mesh]) OR ("Heart-Lung 
Bypass*[Title/Abstract]" OR "Bypass, Heart-Lung*[Title/Abstract]" 
OR "Bypasses, Heart-Lung*[Title/Abstract]" OR "Heart Lung Bypass*[Title/Abstract]" OR 
"Heart-Lung Bypasses*[Title/Abstract]" OR "Bypass, Cardiopulmonary*[Title/Abstract]" OR 
"Bypasses, Cardiopulmonary*[Title/Abstract]" OR "Cardiopulmonary 
Bypasses*[Title/Abstract]") OR ("CPB*[Title/Abstract]") 

EBSCO ('coronary artery bypass graft' OR 'coronary artery bypass' OR 'CAB' OR 'heart surgery' OR 
'cardiac surgery' OR 'cardiac surgical procedures' OR 'cardiothoracic surgery' OR 
'cardiopulmonary bypass' OR 'CBP) AND ('posterior pericardiotomy' OR 'pericardial 
fenestration' OR 'pericardialwindow') 

Scopus (“Pericardiotomy” OR “Posterior left pericardiotomy” OR “postpericardiotomy” OR 
“pericardial fenestration”) AND (“CABG” OR “coronary artery bypass grafting” OR “heart 
surgery” OR “cardiothoracic surgery” OR “cardiac surgery” OR “extracorporeal circulation” 

OR “CAB”) AND (“atrial fibrillation”) 
Web of Science (“Pericardiotomy” OR “Posterior left pericardiotomy” OR “postpericardiotomy” OR 

“pericardial fenestration”) AND (“CABG” OR “coronary artery bypass grafting” OR “heart 
surgery” OR “cardiothoracic surgery” OR “cardiac surgery” OR “extracorporeal circulation” 
OR “CAB”) AND (“atrial fibrillation”) 

 
Ovid (“Pericardiotomy” OR “Posterior left pericardiotomy” OR “postpericardiotomy” OR 

“pericardial fenestration”) AND (“CABG” OR “coronary artery bypass grafting” OR “heart 



 

  

surgery” OR “cardiothoracic surgery” OR “cardiac surgery” OR “extracorporeal circulation” 
OR “CAB”) AND (“atrial fibrillation”) 

 
 
 

 



Supplementary Table 1. Posterior pericardiotomy operation definitions used in the 

randomised controlled trials included in the present meta-analysis. 

Author, year Description of posterior pericardiotomy 

Abd El-Wahab et al.  
2022 

Proximal anastomoses were established a longitudinal incision, 4cm long and 
2cm in width, was made parallel and posterior to the left phrenic nerve, 
extending from the left inferior pulmonary vein to the diaphragm. 

Arbalti 2003 
a longitudinal incision, 4-cm long and 2-cm width, was made parallel and 
posterior to the left phrenic nerve,extending from the left inferior pulmonary 
vein to the diaphragm 

Ahmad et al. 2011 
Longitudinal incision was made parallel and posterior to the left phrenic nerve, 
extending from the left inferior pulmonary vein to the diaphragm using 
diathermy 

Amr et al. 2012 
Longitudinal incision in the pericardium was made parallel and posterior to the 
left phrenic nerve, extending from the left inferior pulmonary vein to the 
diaphragm 

 Asimakopoulos et al. 
1997 

a 4 cm posterior pericardial incision below the left inferior pulmonary vein 
parallel and posterior to the phrenic nerve 

 Bakhshandeh et al. 2009 
a 4-cm longitudinal incision was made parallel and posterior to the left phrenic 
nerve, extending from the left pulmonary vein to the diaphragm 

Benyameen et al. 2021 
A longitudinal 4-cm incision parallel and posterior to the left phrenic nerve, 
extending from left inferior pulmonary vein to the diaphragm. 

 Cakalagaoglu et al. 2012 

A pericardial fenestration window was opened, similarly to the surgical 
technique described by Erdil et al [2005]. The fenestration site was away from 
the phrenic nerve. The pericardial tissue was clamped and retracted upwards to 
allow fenestration via the use of a low-power electrocauterization instrument 

Ebaid et al. 2021 
a 4 cm longitudinal incision parallel and posterior to the left phrenic nerve, 
extending from the left inferior pulmonary vein to the diaphragm 

Ekim et al. 2006 
A 4-cm longitudinal incision was made parallel and 1.5 cm posterior to the 
phrenic nerve, extending from the left inferior pulmonary vein to the 
diaphragm 

 Erdil et al. 2005 
Longitudinal incision was made parallel and 15mm posterior to the left 
phrenic nerve, extending from the left inferior pulmonary vein to the 
diaphragm 

Ezelsoy et al. 2019 
The posterior pericardial window procedure was performed before removal of 
the aortic cross-clamp. In our study, a pericardial fenestration was performed 
far away from the phrenic nerve. 

 Farsak et al. 2002 
4-cm longitudinal incision was made parallel and posterior  to the left phrenic 
nerve, extending from the left inferior pulmonary vein to the diaphragm. 

 Fawzy et al. 2015 
a longitudinal incision, 4-cm long and 2-cm width, was made parallel and 
posterior to the left phrenic nerve,extending from the left inferior pulmonary 
vein to the diaphragm 

Gaudino et al. 2021 
a 4–5 cm vertical incision posterior to the phrenic nerve and extending from 
the left inferior pulmonary vein to the diaphragm 

Haddadzadeh et al. 2015 
longitudinal incision with a length of 4 cm was performed parallel and 
posterior to the left phrenic nerve from the left pulmonary vein to diaphragm 



Kaleda et al. 2017 
A longitudinal incision was made parallel and posterior to the phrenic nerve, 
extending from the left inferior pulmonary vein to the diaphragm 

Kaya et al. 2014 
a 4-cm longitudinal incision was made parallel and posterior to the left phrenic 
nerve, extending from the left inferior pulmonary vein to the diaphragm 

Kaya et al. 2015 

a 4-cm vertical incision was performed parallel and posterior to the left 
phrenic nerve, extending from the left inferior pulmonary vein to the 
diaphragm after the under cardiopulmonary bypass and proximal anastomoses 
were established 

Kaya et al. 2016 
a 4-cm longitudinal incision was made parallel and posterior to the left phrenic 
nerve, extending from the left inferior pulmonary vein to the diaphragm, as 
described by Mulay et al. 

Kaygin et al. 2011 
A 4-cm circular incision was made parallel and posterior to the left phrenic 
nerve, extending from the left inferior pulmonary vein to the diaphragm as 
described by Mulay and colleagues (Mulay et al. 1995) 

Kongmalai et al. 2014 
a 4-cm circular incision was made in parallel and posterior to the left phrenic 
nerve, extending from the left inferior pulmonary vein to the diaphragm as 
described by Mulay et al 1995 

Kuralay et al. 1999 
Longitudinal incision was made parallel and posterior to the left phrenic nerve, 
extending from the left inferior pulmonary vein to the diaphragm Mulay and 
coworkers. 

Sadeghpour et al. 2011 
a 4 to 6 cm incision along the posterior length of left pherenic nerve and 
initiated near the origin of left inferior pulmonary vein and extended to 
diaphragm. 

Zhao et al. 2014 

First, the phrenic nerve was identified and an inverse-T incision (2.5 cm long 
in both dimensions) was created. Gauze was used to shield the moving 
(inflating) lung and, before incision, surgeons identified the phrenic nerve to 
avoid damaging it. The incision was made into the pleural cavity by non-
continuous electrocautery, parallel and posterior to the phrenic nerve and 
extending from the left inferior pulmonary vein to the diaphragm, as described 
by Mulay and coworkers. 

 

  



Supplementary Table 2. Conventional procedures (no PP) definitions used in the 

randomised controlled trials included in the present meta-analysis. 

Author, year Description of Conventional procedures 
Abd El-Wahab et al.  

2022 
No posterior drainage. 

Ahmad et al. 2011 No posterior drainage. 
Arbalti 2003 No posterior drainage. 

Amr et al. 2012 No posterior drainage. 
 Asimakopoulos et al. 

1997 
No posterior drainage. 

 Bakhshandeh et al. 2009 No posterior drainage. 
Benyameen et al. 2021 insertion of two retrosternal drains in the anterior mediastinum 

 Cakalagaoglu et al. 2012 Two chest tubes were placed in the anterior mediastinum. 
Ebaid et al. 2021 No posterior pericardiotomy, but the left pleura was opened. 
Ekim et al. 2006 No posterior drainage. 
 Erdil et al. 2005 No posterior pericardiotomy, only an anterior mediastinal tube. 

Ezelsoy et al. 2019 
No posterior pericardiotomy, only two chest tubes at the end of surgery 
one in the left pleural cavity and the other in the anterior mediastinum. 

 Farsak et al. 2002 
No posterior pericardiotomy, only two chest tubes at the end of surgery 
one in the left pleural cavity and the other in anterior mediastinum. 

 Fawzy et al. 2015 No posterior drainage. 
Gaudino et al. 2021 No posterior drainage. 

Haddadzadeh et al. 2015 No posterior drainage. 
Kaleda et al. 2017 No posterior drainage. 
Kaya et al. 2014 No posterior drainage. 
Kaya et al. 2015 No posterior drainage. 

Kaya et al. 2016 
No posterior pericardiotomy, only straight tube was placed in the 
anterior mediastinum and an angled tube was placed into the left 
hemithorax. 

Kaygin et al. 2011 
No posterior pericardiotomy, only Two chest tubes (left pleural cavity 
and anterior mediastinum) were inserted into the pericardium. 

Kongmalai et al. 2014 No posterior drainage. 

Kuralay et al. 1999 
No posterior pericardiotomy, only Two chest tubes (one in the left 
pleural cavity and the other in anterior mediastinum) were inserted, and 
the pericardium was left open anteriorly in both groups. 

Sadeghpour et al. 2011 No posterior drainage. 
Zhao et al. 2014 No posterior drainage. 
 

 

 



Supplementary Table 3. GRADE evidence profile. 

Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of bias Inconsistency Indirectness Imprecision Other 

considerations 
Posterior 

pericardiotomy 
Standard 

care 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

Atrial fibrillation assessed with continuous electrocardiogram monitoring 

22 randomized 
trials 

not 
serious 

not serious not serious not serious strong 
association 

251/2141 
(11.7%)  

511/2159 
(23.7%)  

OR 0.49 
(0.38 to 

0.61) 

105 
fewer 
per 

1,000 
(from 
131 

fewer to 
78 fewer) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Incidence of SVT assessed with continuous electrocardiogram monitoring 

8 randomized 
trials 

not 
serious 

not serious not serious not serious none 73/784 (9.3%)  115/786 
(14.6%)  

OR 0.66 
(0.43 to 

0.89) 

45 fewer 
per 

1,000 
(from 78 
fewer to 

14 fewer) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Early pericardial effusion assessed with dimensional echocardiogram 



Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of bias Inconsistency Indirectness Imprecision Other 

considerations 
Posterior 

pericardiotomy 
Standard 

care 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

20 randomized 
trials 

not 
serious 

seriousa not serious not serious strong 
association 

218/1918 
(11.4%)  

723/1927 
(37.5%)  

OR 0.32 
(0.22 to 

0.46) 

214 
fewer 
per 

1,000 
(from 
259 

fewer to 
159 

fewer) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Late pericardial effusion assessed with dimensional echocardiogram 

10 randomized 
trials 

not 
serious 

not serious not serious not serious strong 
association 

55/1013 (5.4%)  384/1014 
(37.9%)  

OR 0.15 
(0.09 to 

0.25) 

295 
fewer 
per 

1,000 
(from 
327 

fewer to 
246 

fewer) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Pericardial tamponade assessed with dimensional echocardiogram 



Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of bias Inconsistency Indirectness Imprecision Other 

considerations 
Posterior 

pericardiotomy 
Standard 

care 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

20 randomized 
trials 

not 
serious 

not serious not serious not serious strong 
association 

5/1982 (0.3%)  116/1998 
(5.8%)  

OR 0.18 
(0.10 to 

0.33) 

47 fewer 
per 

1,000 
(from 52 
fewer to 

38 fewer) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Plural effusion assessed with two dimensional echocardiogram 

16 randomized 
trials 

not 
serious 

not serious not serious not serious none 336/1620 
(20.7%)  

251/1636 
(15.3%)  

OR 1.34 
(1.12 to 

1.61) 

42 more 
per 

1,000 
(from 15 
more to 

72 more) 

⨁⨁⨁⨁ 
High 

CRITICAL 

Pulmonary Complications assessed with postoperative chest-x rays 

11 randomized 
trials 

seriousb not serious seriousc not serious none 116/1055 
(11.0%)  

104/1057 
(9.8%)  

OR 1.14 
(0.85 to 

1.52) 

12 more 
per 

1,000 
(from 14 
fewer to 
44 more) 

⨁⨁◯◯ 
Low 

IMPORTANT 



Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of bias Inconsistency Indirectness Imprecision Other 

considerations 
Posterior 

pericardiotomy 
Standard 

care 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

Postoperative revision for bleeding assessed with two dimensional echocardiogram and postoperative drainage 

15 randomized 
trials 

seriousd not serious seriouse not serious none 40/1312 (3.0%)  94/1322 
(7.1%)  

OR 0.86 
(0.56 to 

1.34) 

9 fewer 
per 

1,000 
(from 30 
fewer to 
22 more) 

⨁⨁◯◯ 
Low 

IMPORTANT 

IABP usage assessed with two dimensional echocardiogram 

10 randomized 
trials 

seriousf not serious seriousg not serious none 56/1092 (5.1%)  50/1104 
(4.5%)  

OR 1.12 
(0.75 to 

1.66) 

5 more 
per 

1,000 
(from 11 
fewer to 
28 more) 

⨁⨁◯◯ 
Low 

IMPORTANT 

Mortality assessed with postoperative vital signs monitoring  



Certainty assessment № of patients Effect 

Certainty Importance 
№ of 

studies 
Study 
design 

Risk 
of bias Inconsistency Indirectness Imprecision Other 

considerations 
Posterior 

pericardiotomy 
Standard 

care 

Relative 
(95% 
CI) 

Absolute 
(95% 
CI) 

16 randomized 
trials 

serioush not serious seriousi seriousj none 14/1532 (0.9%)  20/1544 
(1.3%)  

OR 0.79 
(0.43 to 

1.45) 

3 fewer 
per 

1,000 
(from 7 
fewer to 
6 more) 

⨁◯◯◯ 
Very low 

IMPORTANT 

ICU stay measured with: Vital signs monitoring; better indicated lower values 

9 randomized 
trials 

not 
serious 

seriousa not serious not serious none 808 819 - SMD 
0.02 SD 
higher 
(0.24 

lower to 
0.29 

higher) 

⨁⨁⨁◯ 
Moderate 

IMPORTANT 

Hospital stay measured with: observational; better indicated lower values 

18 randomized 
trials 

not 
serious 

seriousa not serious not serious none 1395 1415 - SMD 48 
SD lower 

(0.84 
lower to 

0.13 
lower) 

⨁⨁⨁◯ 
Moderate 

IMPORTANT 



 

CI: confidence interval; OR: odds ratio; SMD: standardized mean difference; SD: Standard error. 
 

a. Heterogeneity, I2 > 50%  

b. Tracheal intubation, pulmonary congestion, and so on can lead to pulmonary infections. 

c. Failure to directly link pp with pulmonary infections. 

d. Levels of expression varies 

e. Bleeding is not directly related to PP 

f. There were many reasons for IABP usage 

g. The use of IABP is not directly linked to PP 

h. There were many causes for death 

i. Death was not directly linked to PP 

j. 95% CI is wide



 
 

Supplementary Figure 1. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of AF after cardiac surgery with a random‑effects model after removal of studies with 
the smallest sample size. 

 



 
 

 

Supplementary Figure 2. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of AF after cardiac surgery with a random‑effects model in studies without 
preoperative oral β-blockers.  

 



 
 

Supplementary Figure 3. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of AF after cardiac surgery with a random‑effects model regarding geographical areas.  

 



 
Supplementary Figure 4. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of AF after cardiac surgery with a random‑effects model regarding type of surgery.  

 



 

 
 

Supplementary Figure 5. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of SVT after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

  



 
 

 

Supplementary Figure 6. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of early pericardial effusion after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 
  



 
 

Supplementary Figure 7. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of late pericardial effusion after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 
  



 
 

Supplementary Figure 8. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of pericardiac tamponade after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

  



 
 

Supplementary Figure 9. Pooled estimates from RCTs evaluating the effect of PP on hospital 
stay after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

  



Red line refers to the summary estimate (OR: 0.32, 95% CI 0.22 to 0.46). The green magnitude 
refers to the change of the summary estimate when excluding each study. Overall, the effect was 
quite consistent. 

 

Supplementary Figure 10. Leave-one-out analysis of early pericardial effusion. 

  



 
Red line refers to the summary estimate (MD: -0.48, 95% CI [-0.84 to -0.13). The green 
magnitude refers to the change of the summary estimate when excluding each study. Overall, the 
effect was quite consistent. 

 

Supplementary Figure 11. Leave-one-out analysis of hospital stay. 

 

 



 
 

Supplementary Figure 12. Pooled estimates from RCTs evaluating the effect of PP on 
pulmonary complications after cardiac surgery with a random‑effects model. 

PP, posterior pericardiotomy; CI, confidence. 

 

 

 



 
 

Supplementary Figure 13. Pooled estimates from RCTs evaluating the effect of PP on need for 
IABP after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 
 



 
 

Supplementary Figure 14. Pooled estimates from RCTs evaluating the effect of PP on the 
incidence of revision surgery for bleeding after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

 

 



 
 

Supplementary Figure 15. Pooled estimates from RCTs evaluating the effect of PP on mortality 
after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 



 
 

Supplementary Figure 16. Pooled estimates from RCTs evaluating the effect of PP on ICU stay 
after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

  



 
 

Supplementary Figure 17. Sensitivity analysis from RCTs evaluating the effect of PP on ICU 
stay after cardiac surgery with a random‑effects model. 

PP, posterior pericardiotomy; CI, confidence. 

  



 
 

Supplementary Figure 18. Pooled estimates from RCTs evaluating the effect of PP on pleural 
effusion after cardiac surgery with a random‑effects model.  

PP, posterior pericardiotomy; CI, confidence. 

 


