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Introduction

Postoperative atrial fibrillation (POAF) is the most frequent 
complication of cardiac surgery.1 The occurrence of POAF is 
associated with decreased survival, increased incidence of 
stroke and heart failure, increased length of hospital stay, and 
increased costs.2 Pericardial effusion is common after car-
diac surgery and induces postoperative atrial arrhythmias.3 A 
left posterior pericardiotomy prevents postoperative pericar-
dial effusion by incising the pericardium on the left posterior 
side of the heart and draining it into the left thoracic cavity. 
One report showed that POAF was reduced by half by per-
forming left posterior pericardiotomy to prevent postopera-
tive pericardial effusion.4 Placement of a posterior cardiac 
drain (PCD) has also been reported to decrease postoperative 

pericardial effusion.5 In this study, we examined the hypoth-
esis that the reduction in pericardial effusion by PCD place-
ment would reduce POAF.
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Abstract
Background: Postoperative atrial fibrillation occurs in 27% to 40% of patients after cardiac surgery. One cause of 
postoperative atrial fibrillation is pericardial effusion, which can be a significant source of inflammation. In this study, we 
investigated the effect of a drain placed in a posterior site to the heart to reduce pericardial effusion in the early postoperative 
period to prevent postoperative atrial fibrillation.
Methods: Participants were patients who underwent initial standby aortic valve replacement at Saga-Ken Medical Centre 
Koseikan from January 2010 to December 2021. Patients with a history of atrial fibrillation, complex surgery, or emergency 
surgery were excluded. The patients were divided into two groups: those with a posterior cardiac drain in addition to the 
usual intrapericardial and subpleural drains from September 2017 (group P) and those without posterior cardiac drain from 
January 2010 to August 2017 (group N). Multiple logistic regression analysis was performed to evaluate the usefulness of 
posterior cardiac drain.
Results: Of the 79 patients included the study, 40 were male and groups P and N comprised 27 and 52 patients, respectively. 
Of the 79 patients, 32 developed postoperative atrial fibrillation; among whom, 7/27 (25.9%) had posterior cardiac drain 
and 25/52 (48.1%) had no posterior cardiac drain (p = 0.09). When adjusted for body surface area, left ventricular end-
diastolic and left atrial diameter, the incidence of postoperative atrial fibrillation was significantly lower in group P than in 
group N (adjusted odds ratio 0.270, 95% confidence interval 0.077–0.953, p = 0.042). Furthermore, no patient in the group 
P underwent postoperative thoracentesis in the subanalysis.
Conclusions: The results suggest that early postoperative reduction of pericardial effusion by posterior cardiac drain 
placement may reduce the incidence of postoperative atrial fibrillation.
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Patient and methods

Patients who underwent initial aortic valve replacement 
(AVR) at Saga-Ken Medical Centre Koseikan between 
January 2010 and December 2021 were included in the 
study. Patients with preoperative history of atrial fibrilla-
tion, complex and emergency procedures were excluded. 
Both groups underwent AVR through a median sternotomy 
under general anesthesia with observation during the hos-
pitalization period. Since our hospital decided to implant 
PCD in addition to the usual subpleural and intrapericar-
dial drains in September 2017, this study was divided into 
two groups: the group with subpleural and intrapericardial 
drain implantation from January 2010 to August 2017 
(group N) and the group with PCD in addition to the usual 
drain after September 2017 (group P). Additional thoracic 
drains were placed, as required, in both groups. The effects 
of the PCD on the prevention of pericardial effusion and 
POAF were examined. To examine the factors involved in 
POAF, comparisons were made between groups with and 
without POAF.

Definition of POAF

POAF was detected by electrocardiographic monitoring, 
regardless of duration and treated by various means includ-
ing oral medication. The electrocardiographic monitor was 
worn for 7–10 days after surgery, with wear periods extended 
as required.

Drain placement method

A 15-Fr soft silastic channeled drain was placed in the 
diaphragmatic plane posterior to the ventricle, next to the 
left atrium, and anterior to the pulmonary artery. The 
drain was connected to a portable low-pressure continu-
ous suction system, and negative pressure was applied 
after the subpleural and intrapericardial drains were 
removed (Figure 1).

Management of the drains

In all patients in group P, the subpleural and intrapericardial 
drains were removed on the first postoperative day, and neg-
ative pressure of the PCD was started. The drain was removed 
when the daily drainage volume of the PCD was less than 
50 ml. In group N, the drain was removed when the daily 
drainage volume of the subpleural and intrapericardial drains 
reached <200 ml. Both groups underwent postoperative 
echocardiographic evaluation on the seventh postoperative 
day to assess the degree of pericardial effusion of the poste-
rior cardiac artery and other parameters.

Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges. The Mann–Whitney U test was used to com-
pare atrial fibrillation between the two groups. Categorical 
variables are expressed as frequencies and percentages. The 
two groups were compared using Fisher’s exact test. The 
parameters of the echocardiographic examination were eval-
uated using Spearman’s correlation coefficient. Multivariate 
logistic regression analysis was used to adjust for confound-
ing factors. All statistical analyses were performed using R 
version 4.1.2, and statistical significance was set at p < 0.05.

Ethical considerations

This retrospective study was approved by the Ethics Review 
Committee and Conflict of Interest Review Committee at 
Saga-Ken Medical Centre Koseikan (Approval No. 22-09-
01-01). Because this study did not involve any invasive pro-
cedures or interventions, written consent was not obtained 
from the participants. Instead, an opt-out approach was used, 
allowing patients to decline participation through the hospi-
tal’s website.

Results

Seventy-nine patients who underwent an initial AVR between 
January 2010 and December 2021 at our hospital were 
included in this study. The mean age was 76.0 years, and the 
male-to-female ratio was 40:39. No cases underwent poste-
rior pericardiotomy. The duration of monitoring did not dif-
fer between the two groups. Group P and group N consisted 
of 27 and 52 patients, respectively. There were no significant 
differences in the preoperative age, sex, medical history, or 
preoperative echocardiographic results (Table 1). There were 
no significant differences in operative, cardiopulmonary 
bypass, or aortic cross-clamp times. The incidence of POAF 
was generally half in groups P (25.9%) and N (48.1%), 
although the difference was not significant (p = 0.09). In 
group P, the subpleural and intrapericardial drains were 
removed on postoperative day 1, whereas in group N, the 
subpleural intrapericardial drain was removed on postopera-
tive day 3 (p < 0.001). The incidence of posterior pericardial 

Figure 1. A 15-Fr drain was placed in the diaphragmatic plane, 
posterior to the ventricle, next to the left atrium, and anterior to 
the pulmonary artery (arrows).
Ao: ascending aorta, PA: main pulmonary artery.
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effusion greater than 5 mm on echocardiography was 3.7% 
and 17.3% in groups P and group N, respectively (p = 0.151). 
There were no cases of pleural effusion requiring thoracente-
sis in group P (p = 0.046) (Table 2). POAF was present in 32 
patients (40.5%), with more males in the group with POAF 
(p = 0.039) and significantly larger body surface area (BSA) 
(p = 0.026). Preoperative echocardiography showed no dif-
ference in ejection fraction (EF), but the POAF group had 
significantly larger left ventricular end-diastolic diameters 

(LVDd; p = 0.004), left ventricular end-systolic diameters 
(LVDs; p = 0.028), and left atrial diameters (LADs; p = 0.001). 
There was no significant difference in the occurrence of 
POAF in terms of the presence or absence of PCD place-
ment, but the POAF group tended to have less PCD place-
ment (p = 0.09) (Table 3). After multivariate analysis adjusted 
for BSA, LVDd, and LAD, the incidence of POAF was sig-
nificantly lower when PCD was performed (adjusted odds 
ratio 0.27, 95% confidence interval 0.077–0.953, p = 0.042; 

Table 1. Comparison of preoperative results.

Characteristics Group P (n = 27) Group N (n = 52) p-Value
Median [IQR] or N (%) Median [IQR] or N (%)

Age (years) 73.00 [66.00, 77.50] 76.00 [71.00, 80.00] 0.173
Female sex 12 (44.4) 27 (51.9) 0.637
BSA (m2) 1.60 [1.40, 1.75] 1.50 [1.40, 1.60] 0.028
Hypertension 8 (29.6) 22 (42.3) 0.333
Diabetes mellitus 19 (70.4) 34 (65.4) 0.094
Dyslipidemia 12 (44.4) 34 (65.4) 0.094
Chronic renal failure (Cre >1.5 mg/dl) 5 (18.5) 9 (17.3) 1.000
Preoperative EF (%) 66.0 [53.50, 68.00] 65.00 [52.75, 71.00] 0.475
Preoperative LVDd (mm) 48.00 [45.0, 50.50] 49.50 [45.75, 54.00] 0.328
Preoperative LVDs (mm) 31.00 [27.50, 34.00] 32.00 [27.75, 39.25] 0.538
Preoperative LAD (mm) 41.00 [36.00, 45.00] 42.50 [38.00, 45.00] 0.305

BSA: body surface area, EF: ejection fraction, LVDd: left ventricular end-diastolic diameters, LVDs: left ventricular end-systolic diameters, LAD: left atrial 
diameters; IQR: interquartile range.

Table 2. Comparison of intraoperative and postoperative results.

Characteristics Group P (n = 27) Group N (n = 52) p-Value
Median [IQR] or N (%) Median [IQR] or N (%)

Operation time (min) 249.00 [222.50, 271.50] 266.50 [233.50, 301.25] 0.057
CPB time (min) 127.00 [112.00, 137.00] 137.00 [115.75, 164.00] 0.070
Cross clamp time (min) 85.00 [76.00, 91.00] 90.50 [77.75, 103.25] 0.171
Intraoperative RCC 10 (37.0) 31 (59.6) 0.063
Postoperative RCC 4 (14.8) 25 (48.1) 0.006
Peak CK-MB (IU/l) 29.00 [19.20, 41.15] 28.50 [20.65, 39.48] 0.783
Peak WBC (×100/) 161.00 [139.50, 189.00] 162.00 [126.50, 187.50] 0.914
Peak CRP (mg/dl) 7.52 [6.21, 9.13] 7.61 [5.79, 9.51] 0.788
Lowest Hb (mg/dl) 9.30 [8.80, 10.20] 8.45 [7.88, 9.50] 0.002
Duration of subpleural and intrapericardial 
drain placement (days)

1.00 [1.00, 1.00] 3.00 [2.00, 3.00] <0.001

Duration of PCD placement (days) 5.00 [4.00, 5.00] NA NA
Intubation time (h) 3.00 [2.50, 4.75] 5.50 [4.00, 9.50] 0.001
POAF(+) 7 (25.9) 25 (48.1) 0.09
ICU stay (days) 3.00 [3.00, 3.00] 4.00 [4.00, 4.00] <0.001
Hospital stay (days) 16.00 [16.00, 20.00] 22.50 [20.00, 27.00] <0.001
Postop cerebral infarction          0 (0) 2 (3.8) 0.544
Posterior pericardial effusion >5 mm 1 (3.7) 9 (17.3) 0.151
Pleural effusion required thoracentesis         0 (0) 8 (15.4) 0.046

CPB: cardiopulmonary bypass, RCC: red cell concentrate, PCD: posterior cardiac drain; POAF: postoperative atrial fibrillation; IQR: interquartile range.
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Figure 2). Additionally, since LVDs showed a high correla-
tion with LVDd (Spearman’s rank correlation coeffi-
cient = 0.88), it was excluded from the model.

Discussion

POAF after cardiac surgery is the most common complica-
tion, reported in 30% to 40% of patients, depending on the 
type of surgery and method of evaluation.6 POAF is associ-
ated with decreased survival, increased incidence of stroke 
and heart failure, and increased hospitalization duration and 
costs.2 Preventing the development of POAF can be crucial 

as new-onset POAF during hospitalization after AVR is asso-
ciated with a 1.6- to 2-fold increase in subsequent all-cause 
mortality.7 Common approaches to prevent POAF include 
the administration of drugs, such as beta-blockers, digoxin, 
and amiodarone. However, the use of these drugs may be 
unadvisable due to side effects, such as bradycardia and 
hypotension.8

Pericardial effusion after cardiac surgery is a common 
complication.3 Some reports indicate that postoperative peri-
cardial effusion causes local inflammation of the heart, con-
tributing to atrial fibrillation.3,9 Therefore, the prevention of 
pericardial effusion is widely held to prevent POAF. 

Table 3. Comparison with and without POAF.

Characteristics POAF(+) (n = 32) POAF(−) (n = 47) p-Value
Median [IQR] or N (%) Median [IQR] or N (%)

Age (years) 75.00 [66.00, 79.00] 76.00 [69.50, 80.00] 0.749
Female sex 11 (34.4) 28 (59.6) 0.039
BSA (m2) 1.55 [1.40, 1.70] 1.50 [1.35, 1.60] 0.026
Hypertension 22 (68.8) 34 (72.3) 0.803
Diabetes mellitus 5 (15.6) 16 (34.0) 0.077
Dyslipidemia 8 (25.0) 25 (53.2) 0.02
Chronic renal failure (Cre >1.5 mg/dl) 8 (25.0) 6 (12.8) 0.231
Preoperative EF (%) 62.50 [49.00, 71.00] 66.00 [59.50, 69.50] 0.481
Preoperative LVDd (mm) 52.00 [47.00, 56.00] 47.00 [45.00, 50.00] 0.004
Preoperative LVDs (mm) 36.00 [28.00, 42.25] 31.00 [27.00, 33.50] 0.028
Preoperative LAD (mm) 44.00 [41.00, 46.25] 38.00 [36.50, 44.00] 0.001
PCD placement 7 (21.9) 20 (42.6) 0.09

BSA: body surface area, EF: ejection fraction, LVDd: left ventricular end-diastolic diameters, LVDs: left ventricular end-systolic diameters, LAD: left atrial 
diameters, PCD: posterior cardiac drain; POAF: postoperative atrial fibrillation; IQR: interquartile range.

Figure 2. Multivariate analysis with logistic regression analysis.
LVDd: left ventricular end-diastolic diameters, LAD: left atrial diameters.
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Decreased posterolateral pericardial effusion is a plausible 
mechanism for the reduction of POAF.10 Posterior pericardi-
otomy prevents postoperative pericardial effusion. This 
method induces pericardial effusion in the chest cavity and 
reduce POAF.11 Gaudino et al. reported that left posterior 
pericardiotomy is a very simple procedure; POAF is reduced 
by half and no adverse complications occur when the proce-
dure is performed.4 However, the authors of that study 
reported that more patients who underwent left posterior 
pericardiotomy required thoracic drainage than those who 
did not undergo left posterior pericardiotomy. In addition, 
there are drawbacks and risks to routine prophylactic peri-
cardiotomy, such as the risk of cardiac and bypass graft her-
nias and adhesion formation.3 The placement of small, soft, 
and silastic channeled drainage tubes is believed to promote 
pericardial drainage.

The drain placement pathway is important to effectively 
reduce posterolateral pericardial effusion. PCD is a simple 
method for preventing postoperative pericardial effusion by 
draining the effusion out of the body. In addition to the usual 
intrapericardial and subpleural drains, a PCD was placed 
intraoperatively. Negative-pressure suctioning was started 
the day after the removal of the intrapericardial and sub-
pleural drains. The use of small drains for pericardial drain-
age has been previously reported. In a randomized controlled 
trial, prolonged mediastinal drainage using silastic tubes 
showed no advantage over standard chest drains with regard 
to significant effusion, tamponade, or the incidence of 
POAF.12,13 However, experience suggests that the use of 
small drains is as effective as standard drains. A drainage 
method similar to ours has been shown to reduce postopera-
tive pericardial effusion. However, the occurrence of POAF 
in such a context has not yet been investigated.5 One study 
assessing the impact of similar drainage methods on coro-
nary artery bypass grafting demonstrated a significantly 
smaller volume of pericardial effusion evaluated using tran-
sthoracic echocardiography, as well as a 52% reduction in 
the rate of POAF associated with the use of similar drains.14 
Eryilmaz et al. reported significantly less posterior pericar-
dial effusion and a lower incidence of POAF in patients 
undergoing aortic surgery with PCD than in those with ante-
rior cardiac drainage.15

In our study, the PCD group had less posterior pericardial 
effusion (> 5 mm) than the group without PCD, although 
the difference was not statistically significant. If sufficient 
drainage is achieved, PCD placement alone may be accept-
able without posterior pericardiotomy. Our criterion for 
drain removal was a drainage volume of <50 ml/day. 
Consequently, the drain was removed 5 days postopera-
tively, on average. In the PCD group, the subpleural and 
intrapericardial drains were removed the day after surgery 
to start early rehabilitation, and PCD was performed because 
of concerns regarding subsequent pericardial effusions. The 

criteria for drain removal in the group without PCD was less 
than 200 ml/day, which is the standard at many centers. 
Notably, it cannot be overlooked that adopting removal cri-
teria of less than 50 ml/day might have resulted in less peri-
cardial effusion as in the PCD group. However, the long-term 
insertion of a large drain might have delayed the initiation 
of early rehabilitation owing to factors such as pain. 
Multivariate analysis showed that PCD significantly 
reduced the incidence of POAF when adjusted for BSA, 
LVDd, and LAD, suggesting that its effect was similar to 
that of left posterior pericardiotomy. There were no cases of 
pleural effusion requiring thoracic drainage in the PCD 
group, suggesting that this technique may be superior to 
posterior pericardiotomy. No infections or unexpected com-
plications were observed. The amount of postoperative 
bleeding was evaluated based on the amount of posterior 
pericardial effusion observed via echocardiography because 
data collection was difficult owing to the retrospective 
nature of the study. The length of hospital stay is longer than 
references reported; however, the interpretation varies 
depending on the health insurance system of each country. 
In this study, we demonstrated the effectiveness of this 
method in AVR surgery. A single-drain tube was found to be 
cost-effective for suppressing POAF, thereby ameliorating 
various problems.

A limitation of this study is the small sample size, as it 
only focused on a single AVR case at a single center. 
Additionally, because it was a retrospective study, there is a 
possibility of introducing bias during the information col-
lection process. For example, if there was no mention of 
POAF in the medical record, it may have been overlooked, 
even if it occurred. The definition of POAF also encom-
passed cases where drugs were used, given that the duration 
and other information were often not stated. Therefore, 
POAF incidents may have occurred without drug adminis-
tration, which were not characterized as POAF. In addition, 
some cases did not report known factors of POAF, such as 
coronary artery disease, history of heart failure, or history of 
hyper/hypothyroidism, and data on these factors were lack-
ing. Another limitation of the current study is the absence of 
power analysis for determining the sample size. Future stud-
ies should aim to overcome these limitations by conducting 
collaborative studies at multiple centers and including other 
procedures besides AVR to increase the sample size. In 
addition, a prospective RCT should be considered based on 
the present study.

Conclusion

PCD placement significantly reduced the occurrence of 
POAF. This procedure is simple and safe in reducing pericar-
dial effusion, a major cause of POAF. We believe that our 
findings will inform standard practice in AVR surgery.
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