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Background: Postoperative new atrial fibrillation (POAF) commonly occurs after coronary artery bypass graft (CABG) and is often
associated with postoperative pericardial effusion. We aimed to investigate the effectiveness of a posterior pericardial window (PPW)
with a single left pleural drain in reducing post-CABG pericardial effusion and atrial fibrillation without mediastinal chest drains.
Methods: This descriptive observational study evaluated age and sex-adjusted isolated elective on-pump CABG patients into two
groups: PPW with only left pleural chest drains and control (routine multiple mediastinal and pleural chest drains. We performed
continuous telemonitoring for 96 hours after surgery to assess heart rhythm, followed by daily electrocardiograms. Bedside
echocardiography was conducted on postoperative day 4 to check for pericardial effusion.

Results: This study evaluated age and sex-adjusted 250 CABG patients, with male predominance (80%) and identical comorbidities
between study groups. We found similar age (61.5 7.5 vs 62.6 £6.2, P =0.40) and male sex (86.9% vs 74.8%, P =0.13) between the
PPW and control groups. Additionally, the sociodemographic and intraoperative variables were the same across the study groups (P
>0.05). The occurrence of >1cm pericardial effusions (0.8% vs 14.1%, P <0.001) and postoperative AF (6.9% vs 19.3%, P =0.002)
occurrence was significantly lower in the PPW compared to the control group.

Conclusion: Despite similar clinical and operative profiles, a posterior pericardial window with a single left pleural drain effectively
reduces pericardial effusion and the incidence of postoperative AF following CABG surgery.
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Introduction
Atrial fibrillation (AF) is a frequent complication after coronary artery bypass graft surgery (CABG), occurring in
20-40% of cases, usually within the first week and peaking on the second postoperative day.'* Despite technical
advancements, the higher prevalence of post-CABG new AF (POAF) may be due to the increasing age and left atrial
enlargement of the population undergoing revascularisation.”> Post-CABG atrial fibrillation was previously considered
benign, but recent evidence shows it is independently associated with increased in-hospital and long-term mortality.* The
POATF occurrence is associated with early postoperative complications specifically haemodynamic instability, prolonged
inotropic support, extended ventilation or re-intubation, use of intra-aortic balloon pump, and reoperation for bleeding.> *
Cardiac arrhythmias necessitate a trigger and a susceptible substrate, including structural remodelling, atrial fibrosis,
apoptosis, increased oxidative stress, and metabolic changes following CABG."* Numerous studies suggest that b-blockers,°
antiarrhythmics,® and the concept of “upstream” therapies’ may protect against postoperative new onset of AF. Upstream
therapies, including renin-angiotensin-aldosterone system inhibitors, statins, and omega-3 fatty acids, may help prevent POAF

by reducing inflammation, oxidative stress, and structural remodelling, modifying the atrial substrate, and intervening in
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specific mechanisms of AF.”® Additionally, pericardial effusions are a known post-CABG complication, and previous reports
suggest a link between pericardial effusions and AF following CABG.? Post-CABG pericardial effusion can trigger AF by
causing mechanical irritation, inflammation, and increased atrial pressure, which induces atrial stretch and disrupts electrical
conduction, promoting ectopic activity and re-entry circuits.'”'" Additionally, inflammatory cytokines contribute to atrial
remodelling, increasing AF susceptibility in post-CABG patients. Insofar as existing literature found, effective post-CABG
mediastinal drainage techniques include traditional chest tubes, Blake drains, and active suction systems.'?'* Although Blake
drains offer less tissue trauma, conventional mediastinal chest drain tubes ensure efficient blood evacuation, preventing
tamponade.'*'> Further, active suction systems, like vacuum-assisted drainage, enhance fluid removal from the pericardial
and pleural cavities. However, proper positioning and timely removal of the drain tubes optimise post-CABG recovery and
reduce complications.'®!’

Creating a posterior pericardial window during CABG surgery may help prevent pericardial effusion and reduce the
incidence of new-onset atrial fibrillation.””'” We evaluated the effectiveness of this posterior pericardial window
technique with single left pleural drains in reducing postoperative AF and pericardial collections by optimising
mediastinal drainage compared to standard subxiphoid mediastinal and pleural drains.

Materials and Methods

This descriptive observational study recruited 250 age- and sex-adjusted isolated elective on-pump coronary artery
bypass graft (ON-CABG) patients in a multi-surgeon practice at the King’s College Hospital and St George’s Hospital,
London, UK. The study participants were divided into two groups: the posterior pericardial window with only left
pleural chest drains (Case [PPW], n=115), while the second group received routine mediastinal and pleural chest drains
(Control, n=135). We utilised purposive sampling techniques to included IHD patients who had undergone a first-time
CABG surgery and had no history of atrial fibrillation (AF), other arrhythmias, or use of antiarrhythmic medications.
Patients with a permanent pacemaker, valvular heart disease, acute coronary syndrome in the past month, renal
dysfunction, or inflammatory diseases affecting the pericardium were excluded. All patients were administered routine
statins prior to the operation. The primary endpoint was the development of postoperative AF during a hospital stay.
Secondary endpoints were the presence of pericardial effusion on the fourth postoperative day and postoperative
bleeding events. The ethics committee of the St George’s University Hospital NHS Foundation Trust reviewed the
study and exempted ethical approval as this cohort was recruited as part of Service Evaluation and Improvement under
the National Research Ethics Service, as well as part of the patient’s routine care under the adult NICOR (National
Institute for Cardiovascular Outcomes Research) UK database. However, informed consent was obtained from all
study participants. This research was conducted according to the Declaration of Helsinki, and the collected data were
encrypted to ensure confidentiality.

Study Procedure

All included patients were seen at least one month before surgery in a pre-assessment clinic and the day before surgery,
published elsewhere.® At this juncture, a comprehensive preoperative history and examination were undertaken. All
patients had their preoperative left ventricular function assessed during cardiac catheterisation. All operations were
performed with standard anaesthetic and perfusion protocols under standard cardiopulmonary bypass (CPB) with
extracorporeal circulation. A low-voltage diathermy was used to create a posterior pericardial window; a 4 cm cruciate
incision was made parallel and posterior to the left phrenic nerve following the completion of distal coronary
anastomoses. In the posterior pericardial window group, only left pleural chest drains were used until the right pleura
was open and mediastinal chest drains were avoided. However, the control group had one anterior mediastinal chest drain
(no drains behind the heart) and pleural drains as appropriate. After the routine reversal of heparin, we aimed to achieve
an ACT time comparable to pre-heparinisation status after weaning from CPB to exclude the bias. The chest was closed,
and drains were inserted with continuous suction (-5 kPA). According to the protocol described elsewhere,® the drains
for both groups were removed on the first day after the operation unless there was significant mediastinal bleeding,
pneumothorax, or anything other than minimal drainage output for two consecutive hours.
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Postoperative Management

This study was conducted following the National Health Services (NHS) Trust guidelines, and postoperatively, both
groups of patients were treated utilising similar post-CABG protocols described elsewhere.” Four days after CABG
surgery, all subjects underwent 2D transthoracic echocardiography (TTE), blinded to the treatment groups, and conducted
by the same operator. The echocardiography aimed to evaluate left ventricular function left atrial dimensions, and the
presence of pericardial effusion. Any pericardial effusion greater than 1 cm was classified as significant. Late-onset
effusions and cases of tamponade were documented and treated based on clinical requirements. Both groups received
prophylactic beta-blockade during the first four days unless contraindicated by persistent hypotension or bradycardia. All
patients were closely monitored for early clinical signs of pericardial effusion and tamponade. The study participants
were monitored for 96 hours postoperatively using telemetry to observe for arrhythmias such as AF, confirmed by
a standard 12-lead electrocardiogram. According to arterial blood gas analysis findings, a persistent arrhythmia (greater
than 30 minutes) was treated with correction of serum potassium (K") to >4.5 mmol/l and 20 mmol/I of Mg (magnesium)
if needed. If the arrhythmia persisted, patients were commenced on Amiodarone. All other medical causes of AF were
ruled out and treated. Patients were followed until discharge, and heart rhythm was assessed with daily electrocardio-
grams and 6-hourly clinical examinations for their hospital stay (beyond the first four days of continuous telemetry).

Statistical Analysis

We utilised SPSS (Statistical Package for the Social Sciences) version 28.0 software (IBM SPSS Inc., NY, USA) for
statistical analysis. Continuous data was expressed using the mean and standard deviation. Baseline and outcome
variables between the case (pericardial window) and control groups were compared using Pearson’s chi-square or
Fisher’s exact test for dichotomous data, as appropriate. A 3D bar chart and clustered bar chart illustrated operative
and early postoperative outcomes, as applicable. The unpaired #-test was used for continuous variables with a normal
distribution to compare the means of two independent groups. A P-value of less than 0.05 was considered to be
statistically significant.

Results

This study evaluated age and sex-adjusted 250 isolated elective CABG patients, predominantly male (80%). We found
that age (61.5 £7.5 vs 62.6 £6.2, P =0.40) and male sex (86.9% vs 74.8%, P =0.13) were similar between pericardial
window (PW) and control groups. Additionally, there were no significant (P >0.05) differences between the study groups
in diabetes, hypertension, CCS functional class, severity of CAD, previous MI, and left ventricular function (Table 1).

Table | Baseline Characteristics of the Study Population (N= 250)

Variable Pericardial Window Control P value
(n=115) (n= 135)
n=49
Age, years 61.5 75 62.6 6.2 0.40
Male 99 (86.9%) 101 (74.8%) 0.13
BMI 26.2 3.5 25.8 2.8 0.80
Hypertension 78 (67.8%) 88 (65.2%) 0.65
Previous Ml 55 (47.8%) 68 (50.4%) 0.82
Diabetes OHA controlled 12 (10.4%) 11 (8.1%) 0.62
Insulin controlled 16 (13.9%) 17 (12.6%)
(Continued)
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Additionally, the number of distal coronary anastomoses (3.15 £0.25 vs 2.85 +.50, P =0.06), mean aortic cross-clamp
time (41.2 £28.5 vs 49.8 £27.5, P =0.15), ventilation time (6.1 £4.5 vs 5.7 = 7.0, P=0.70) and total blood loss (895

Table | (Continued).

Fair (30-50%)

37 (32.1%)

38 (28.1%)

Poor (<30%)

11 (9.6%)

22 (16.3%)

Variable Pericardial Window Control P value
(n=115) (n=135)
n=49
Pulmonary disease Asthma 3 (2.6%) 4 (2.9%) 0.35
Emphysema 2 (1.7%) 7 (5.1%)
COPD 7 (6.1%) Il (8.1%)
Previous TB 5 (4.3%) I (0.7%)
Smoking Smoker 19 (16.5%) 16 (11.9%) 0.78
Ex-smoker 68 (59.1%) 78 (57.8%)
CCS functional class Class 1-2 62 (53.9%) 43 (31.8%) 0.09
Class 34 44 (38.3%) 61 (45.1%)
Severity of CAD Left main stem 7 (6.1%) 14 (10.4%) 0.28
Three vessel disease 90 (78.3%) 86 (63.7%)
LVEF Good (>50%) 67 (58.2%) 77 (57.0%) 0.46

Notes: Categorical data are numbers (%); continuous data as mean *standard deviation. The P-value is calculated
from chi-square or Fisher’s exact and unpaired t-test, as appropriate.
Abbreviations: BMI, body mass index; OHA, oral hypoglycemic agent; COPD, chronic obstructive pulmonary
disease; TB, tuberculosis; CCS, Canadian Cardiovascular Society; CAD, coronary artery disease; MI, myocardial
infarction; LVEF, left ventricular ejection fraction.

+502 mL vs 966 +515 mL, P =0.40) were similar between the two groups (Figure 1).

3.2

31

29

28

2.7

Figure | The 3D bar chart compares the mean *SD values of the number of distal anastomoses, ventilation time in hours, total blood loss in mL, and aortic XC (cross-
clamp) time in minutes between the study groups. Here, the mean *SD values of the number of distal anastomoses (P=0.06), ventilation time (P=0.70), aortic XC time
(P=0.15), and total blood loss (P=0.40) were similar between the study groups. The P-value is calculated from an unpaired t-test, as appropriate.
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Figure 2 The clustered bar chart illustrates the incidence of POAF and PE, with mean LOS among the study groups. Here, POAF- postoperative atrial fibrillation, PE- pericardial
effusion, LOS- length of stay. The P-value is calculated from chi-square and unpaired t-test, as appropriate. The PE (14.1% vs 0.8%, P <0.001) and POAF (19.3% vs 6.9%, P =0.002)
were significantly lower among the pericardial window group than the control population, whereas the length of hospital stay was similar (9.8 +3.5 vs 10.5 +2.5, P= 0.38).

Although the length of hospital stay was similar (9.8 £3.5 vs 10.5 £2.5, P= 0.38), postoperative new AF (POAF)
(19.3% vs 6.9%, P =0.002) and pericardial effusion (14.1% vs 0.8%, P <0.001) were significantly lower among the
pericardial window group than the control population (Figure 2). There was no need to re-explore the bleeding in our
cohort, and one mortality in each group was due to low cardiac output syndrome and suffered ventricular fibrillation
arrest on postoperative days 6 and 20, respectively.

Discussion
We found post-CABG new-onset AF and pericardial effusion (>1cm) significantly lower among the pericardial window
group than in the control sample despite similar clinical and operative profiles.

The pathogenesis of post-CABG AF is multifactorial, and pericardial effusion is an established and possibly
avoidable trigger for postoperative new-onset AF.*!” The exact mechanism for this association can only be speculated,
which might be tissue ischemia due to diastolic compromise and possible intrapericardial oxidative stress and release of
inflammatory mediators implicated in the pathogenesis of postoperative AF.>'*'® Previous studies have suggested that
the beneficial effect of posterior pericardiotomy on atrial fibrillation is driven by the more efficient drainage of potential
postoperative effusions.®!® Further, the use of mediastinal drains and their position could influence arrhythmias due to

the direct contact of the silicon tube with the heart and its effect on patient comfort,>'”

which is why we avoided
mediastinal drains utilising the pericardial window.

Despite the non-randomised nature of the study, there were no significant differences in established AF risk factors,
such as age, obesity, and severity of coronary artery disease,”’ > between the posterior pericardiotomy and control
groups, representing the robustness of the study findings. Nevertheless, the absence of a mediastinal drain may have
increased the burden on the single pleural drain, leading to prolonged fluid accumulation in the chest cavity and
subsequent risks of atelectasis and infection, leading to extended hospital stays and costs.”>** However, we observed
similar hospital stay durations between the study groups, likely due to the reduced incidence of atrial fibrillation,

a common cause of delayed discharge.

Study Limitations

Despite the robustness of the study findings, the observational nature and small sample size are limitations that need to be
acknowledged. However, age and sex-matched study populations with identical profiles mitigate the risk of selection and
outcome bias. Although no specific thresholds for LA size were identified as being associated with postoperative AF in
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the UK population, the absence of detailed LA size data was a limitation of the study. Moreover, although the peak
incidence of AF cases is observed on POD (postoperative days) 2 and 3, brief asymptomatic AF episodes may occur after
POD 4, when telemonitoring is stopped. Daily ECGs and 6-hourly clinical examinations may not have detected these
episodes. Further, the lack of details on AF episodes and data on the pro-BNP level also limits the findings, though these
aspects were beyond the scope of our study objectives. While we observed a significant beneficial effect of the posterior
pericardial window on postoperative AF, the underlying pathophysiological mechanism remains speculative. Further, this
finding represents an association, not causation, and determining causality is beyond the scope of this study. Despite
current findings contributing to the growing evidence supporting the benefits of a posterior pericardial window following
CABG surgery, further large-scale studies with long-term follow-up data, particularly randomised controlled trials, may
shed light on validating and strengthening the robustness of the results.

Conclusion

A posterior pericardial window is safe and effective following on-pump CABG, allowing for satisfactory mediastinum
drainage preventing >lcm pericardial effusion, even without using a mediastinal drain, ultimately decreasing the
incidence of POAF. We recommend further studies to evaluate how reducing early POAF following CABG affects long-
term stroke risk and hospital readmissions.
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