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Background In the Posterior left pericardiotomy for the prevention of atrial fibrillation after cardiac surgery (PALACS) 
trial, posterior pericardiotomy was associated with a significant reduction in postoperative atrial fibrillation (POAF) after 
cardiac surgery. We aimed to investigate the mechanisms underlying this effect. 

Methods We included PALACS patients with available echocardiographic data ( n = 387/420, 92%). We tested the 
hypotheses that the reduction in POAF with the intervention was associated with 1) a reduction in postoperative pericardial 
effusion and/or 2) an effect on left atrial size and function. Spline and multivariable logistic regression analyses were used. 

Results Most patients ( n = 307, 79%) had postoperative pericardial effusions (anterior 68%, postero-lateral 51.9%). 
The incidence of postero-lateral effusion was significantly lower in patients undergoing pericardiotomy (37% vs 67%; P < 

.001). The median size of anterior effusion was comparable between patients with and without POAF (5.0 [IQR 3.0–7.0] 
vs 5.0 [IQR 3.0–7.5] mm; P = .42), but there was a nonsignificant trend towards larger postero-lateral effusion in the POAF 
group (5.0 [IQR 3.0–9.0] vs 4.0 [IQR 3.0–6.4] mm; P = .06). There was a non-linear association between postero-lateral 
effusion and POAF at a cut-off at 10 mm (OR 2.70; 95% CI 1.13, 6.47; P = .03) that was confirmed in multivariable 
analysis (OR 3.5, 95% CI 1.17, 10.58; P = 0.02). Left atrial dimension and function did not change significantly after 
posterior pericardiotomy. 

Conclusions Reduction in postero-lateral pericardial effusion is a plausible mechanism for the effect of posterior peri- 
cardiotomy in reducing POAF. Measures to reduce postoperative pericardial effusion are a promising approach to prevent 
POAF. (Am Heart J 2023;260:113–123.) 
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Key points 

• Posterior pericardiotomy is associated 

with lower rates of POAF after cardiac 

surgery 

• A plausible underlying mechanism is re- 

duction in postero-lateral pericardial ef- 

fusion 

• LA dimension/function did not change 

significantly after posterior pericar- 

diotomy 

The Posterior left pericardiotomy for the prevention of
atr ial fibr illation after cardiac surgery (PALACS) random-
ized tr ial repor ted a large and statistically significant re-
duction in postoperative atrial fibrillation (POAF) in pa-
tients receiving posterior pericardiotomy, a surgical ma-
noeuvre aimed at draining the pericardial sac into the
left pleural cavity. 1 While the current evidence strongly
suggests that posterior pericardiotomy is highly effective
in reducing POAF, 2 the underlying mechanisms remain
unclear. It is possible that the effect of poster ior per icar-
diotomy on POAF is mediated by a reduction in postoper-
ative pericardial effusion, a frequent finding after cardiac
surgery that has been linked to POAF in experimental
studies. 3–6 However, it is also possible that poster ior per i-
cardiotomy modifies atrial geometry and reduces atrial
susceptibility to POAF triggers, but this has never been
investigated. 

We performed an explanatory analysis of prospectively
collected clinical and echocardiographic data from the
PALACS trial to test the hypotheses that the effect of pos-
ter ior per icardiotomy on POAF is associated with (1) a re-
duction in postoperative pericardial effusion and/or (2)
a modification of atrial size and function. We also inves-
tigated in detail the association between postoperative
pericardial effusion and POAF. 

Methods 

The PALACS trial 
The PALACS trial (NCT02875405) was approved by

the Weill Cornell Medicine Institutional Review Board
(#1502015867) and all patients consented to study par-
ticipation and data usage. The protocol and the main re-
sults have been previously published. 1 , 7 

Br iefly, the tr ial enrolled patients without a history of
atr ial fibr illation (AF) or other arrhythmias undergoing
cardiac surgery for primary, elective interventions on
the coronary ar ter ies, aor tic valve, or ascending aorta,
or a combination of these. Patients were randomized
to undergo either posterior left pericardiotomy (an inci-
sion in the posterior pericardium that drains the pericar-
dial sac into the left pleural cavity) or no intervention.
The primary outcome was in-hospital POAF, defined as
the occurrence of an irregularly irregular rhythm with-
out detectable P waves and lasting > 30 seconds. Car-
diac rhythm was continuously monitored during the en-
tire postoperative in-hospital stay and all POAF episodes
were adjudicated independently by a committee made
of two cardiologists and a cardiac surgeon (blinded to
patient level clinical and imaging data). In the main anal-
ysis, patients in the pericardiotomy arm had significantly
lower risk of POAF (odds ratio [OR] 0.44; 95% confi-
dence interval [Cl] 0.27–0.70, P = .0005). 

Intraoperative transesophageal echocardiography 

(TEE) 
Each patient underwent a comprehensive intraopera-

tive TEE study following a predefined protocol. 7 In the
main analysis, preoperative and postoperative TEE data
were used to evaluate immediate changes in left atrial
(LA) size and function. 

Exams were performed before skin incision (preopera-
tive TEE) and after chest closure (postoperative TEE) us-
ing GE Vivid 7 ultrasound systems (GE Healthcare, Madi-
son, WI) and Phillips iE33 and EPIQ ultrasound systems
(Phillips Medical Systems, Andover, MA). All the intra-
operative TEEs were performed according to a prospec-
tive dedicated echo protocol to optimize views of all
structures of interest, including the LA. LA images were
optimized before acquisition as follows: (1) in the mid-
esophageal 4-chamber view, the LA was visualized using
retroflexion when necessary to exclude the left ventricu-
lar outflow tract and biplane imaging was used to ensure
the LA was visualized orthogonally and not obliquely to
the imaging plane; (2) in the mid-esophageal 2-chamber
view, the LA appendage was visualized to ensure accu-
racy and maximal area of the LA at approximately 90 de-
grees. Exams were performed by a select group of ded-
icated board-certified echocardiographers trained in the
protocol to maximize the area of the LA that visualized
in the echo field. These high-quality images allowed for
near complete visualization of the entire atrial cavity (in-
cluding left atrial posterior wall), where the LA volume
was maximized (Supplementary Figure 1). 

LA length was determined as the average distance from
the mitral annulus to the posterior LA wall in the LA-
focused mid-esophageal 4-chamber and 2-chamber views
in end-systole. The LA maximum area was determined
as the average of the area obtained by tracing the en-
docardium in LA-focused mid-esophageal 4-chamber and
2-chamber views in end-systole. The LA minimum area
was determined as the average of the area obtained by
tracing the endocardium in LA-focused mid-esophageal 4-
chamber and 2-chamber views in end-diastole. 8 , 9 The LA
reservoir function was determined by LA ejection frac-
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tion using the formula: 9 

LA maximum area − LA minimum area 

LA maximum area 

x 100% 

The LA maximum area in the 4-chamber and 2-chamber
views (LA1, LA2), and LA length in the 4-chamber and
2-chamber views (L1, L2) were used to quantify the
LA volume (Supplementary Figure 1) using the biplane
area/length method according to the equation: 10 

0 . 85 x LA 1 x LA 2 

L 1+ L 2 
2 

Postoperative transthoracic echocardiography (TTE) 
Each patient underwent pre-discharge transthoracic

echocardiography (TTE) following a standardized pro-
tocol. As pericardial effusion and POAF develop in the
days after surgery, pre-discharge TTE data were used in
the main analysis to evaluate postoperative pericardial
effusion. 

Pericardial effusion was defined as any evidence of
pericardial fluid and/or clot of any size and in any lo-
cation (anter ior, poster ior, and lateral). Effusions were
screened and size was quantified by linear measurements
of the largest width of the effusion in end-diastole in
each of the parasternal long axis, parasternal short-axis,
apical 4-chamber, and subcostal views. 11 Effusions were
classified as “anterior” if they were located 1) anterior
to the left or r ight ventr icle in the parasternal short-axis
view, 2) next to the right atrium in the apical 4-chamber
view, or 3) anterior to the right ventricle in the subcostal
view. Effusions were classified as “lateral” if they were lo-
cated lateral to the left ventricle in the parasternal short-
axis view. Effusions were classified as “posterior” if they
were posterior to the left ventricle in the parasternal
short or long-axis views ( Figure 1 ). For the analysis, pos-
terior and lateral effusions were grouped together and
classified as “postero-lateral” effusions. 

All echocardiographic data were read and interpreted
independently by two experienced investigators blinded
to the intervention received within a high-volume labo-
ratory, for which expertise and reproducibility for quan-
titative LA indices have been previously published. 8 , 9 

Statistical analysis 
Shapiro-Wilk test was used to assess whether contin-

uous variables were nor mally distributed. Nor mally dis-
tr ibuted var iables were repor ted as mean and standard
deviation (SD) and compared using t -test, while non-
normally distr ibuted var iables were reported as median
and interquartile range (IQR) and compared using Mann-
Whitne y U test. Categor ical var iables were descr ibed as
counts and proportions and compared using Pearson’s
X 

2 test. 
Analysis of postoperative transthoracic echocardio-
graphic pericardial effusion 

Baseline and operative characteristics were compared
between patients with and without evidence of pericar-
dial effusion. Risk factors for pericardial effusion were as-
sessed by means of a multivariable logistic model which
included age, sex, race, body mass index (BMI), diabetes,
New York Heart Association (NYHA) > 2, preoperative
hematocrit, EuroSCORE II, surgical procedure (coronary
ar tery bypass grafting, aor tic valve, vascular aortic), car-
diopulmonary bypass and operative times. 

Pericardial effusion characteristics (size and location)
were then compared between patients with and without
POAF and between interventions groups. To test the hy-
pothesis of whether pericardial effusion affects the risk
of POAF, we assumed that the relationship between peri-
cardial effusion size and POAF was non-linear and used
a restricted cubic splines model. This model was graph-
ically interrogated to identify a threshold value for effu-
sion size beyond which the risk of developing POAF in-
creased. Based on this, a multivariable logistic model was
built to test the independent association of pericardial ef-
fusion with POAF. The variables included in this model
were the same as used for the adjusted main analysis of
the PALACS trial 1 (age, sex, diabetes, LV ejection fraction,
coronar y arter y bypass grafting, NYHA > 2, chronic lung
disease, EuroSCORE II, preoperative and postoperative
use of beta-blockers), in addition to the pericardial effu-
sion size threshold defined as above. A sensitivity anal-
ysis including key LA echocardiographic variables (pre-
operative area and reservoir function), CHA 2 DS 2 -VASc
score, a clinical score which predicts the risk of POAF
in cardiac surgery patients 12 , 13 and the pericardial effu-
sion size threshold was also performed. 

Analysis of LA indices 
This analysis tested the hypotheses that: 

1. Preoperative LA size and function are associated
with POAF. 

2. Poster ior per icardiotomy affects LA size and func-
tion. 

To test the first hypothesis, LA length, area, volume
and reservoir function were compared between patients
with and without POAF using univariate analysis and in
a multivariable model that included LA dimensions and
function and CHA 2 DS 2 -VASc score. 14 To test the second
hypothesis, LA indices and function were compared in
the poster ior per icardiotomy and control group before
and after surgery (based on the as treated principle). 

Sensitivity analyses 
To test the solidity of the results, several sensitivity

analyses were performed: 

1. In a sub-cohort of patients with available high qual-
ity preoperative TTE exams ( n = 118), the agree-
ment between LA measurements (length and area)
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Figure 1 

Classification of pericardial effusion at postoperative transthoracic echocardiography. Effusions were classified as “ante- 
rior” if they were located (1) anterior to the left or right ventricle in the parasternal short-axis view, (2) next to the right atrium in the apical 
4-chamber view, or (3) anterior to the right ventricle in the subcostal view. Effusions were classified as “lateral” if they were located lateral 
to the left ventricle in the parasternal short-axis view. Effusions were classified as “posterior” if they were posterior to the left ventricle in the 
parasternal short or long-axis views. For the analysis, posterior and lateral effusions were grouped together and classified as “postero-lateral”
effusions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

at preoperative TTE and preoperative TEE was eval-
uated using Bland-Altman plots with TTE as the ref-
erence. 15 The plots were created by calculating the
paired difference between TTE and TEE measure-
ments and estimating the related bias and the 95%
limits of agreement. Correlation coefficients and
plots were also produced to show the relationship
between TTE and TEE measurements. 

2. The presence of pericardial effusion on the post-
operative TEE exam was compared in patients with
and without POAF using Pearson’s χ2 test. A multi-
variable model including the same variables as in the
main analysis was then constructed to test the inde-
pendent association of pericardial effusion at post-
operative TEE with POAF. 

3. To assess the relationship between preoperative
TEE LA area and POAF, we used restricted cubic
spline to model the odds of developing POAF as a

function of the LA area. A threshold value for LA 
area was determined by identifying the point where
there was a significant increase in the risk of POAF. 

Inter- and intra-observer reproducibility for the eval-
uation of pericardial effusion and LA measurements
(LA area and length) were assessed by means of intra-
class correlation coefficient (ICC), 16 which measures the
strength of agreement by comparing the variability in the
ratings. The closer the value to 1, the better the agree-
ment. Reproducibility was assessed in 24 patients for
pericardial effusion and in 20 patients for LA measure-
ments with paired measurements by two raters. 

Results from the multivariable regression models are
presented as ORs and corresponding 95%CI. Two-tailed
P -value < .05 was considered statistically significant
without multiplicity adjustment. All statistical analyses
were performed using R Statistical Software (version
3.2.3; R Foundation for Statistical Computing, Vienna,
Austria). 
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Table I. Baseline and operative characteristics in the overall cohort and by presence of post-operative pericardial effusion 

Variable Overall No pericardial effusion Pericardial effusion P -value ∗

Number of patients 387 80 307 
Age, years 62.0 (53.0, 70.0) 60.5 (51.8, 67.0) 62.0 (54.0, 70.0) .15 
Female sex 96 (24.8) 16 (20.0) 80 (26.1) .33 
Race .27 

Asian 15 (3.9) 3 (3.8) 12 (3.9) 
Black or African American 23 (5.9) 8 (10.0) 15 (4.9) 
Others 48 (12.4) 12 (15.0) 36 (11.7) 
White 301 (77.8) 57 (71.2) 244 (79.5) 

Body mass index, kg/m 

2 27.8 (24.6, 30.4) 29.0 (25.4, 31.0) 27.4 (24.5, 30.2) .10 
Hypertension 268 (69.3) 54 (67.5) 214 (69.7) .81 
Diabetes 84 (21.7) 13 (16.2) 71 (23.1) .24 
Smoking .51 

• Never 211 (54.5) 46 (57.5) 165 (53.7) 

• Current 22 (5.7) 6 (7.5) 16 (5.2) 

• Previous 154 (39.8) 28 (35.0) 126 (41.0) 

NYHA class III-IV 30 (7.8) 9 (11.2) 21 (6.8) .28 
Chronic lung disease 12 (3.1) 1 (1.2) 11 (3.6) .48 
Previous myocardial 
infarction 

52 (13.4) 8 (10.0) 44 (14.3) .41 

Previous stroke 13 (3.4) 4 (5.0) 9 (2.9) .57 
Preoperative hematocrit 39.7 (35.8, 43.2) 40.1 (35.6, 44.1) 39.7 (35.8, 43.1) .69 
EuroSCORE II 1.3 (0.9, 2.2) 1.4 (1.0, 2.2) 1.3 (0.9, 2.2) .7 
Coronar y arter y bypass 
grafting 

174 (45.0) 31 (38.8) 143 (46.6) .26 

Aortic valve procedures 205 (53.0) 46 (57.5) 159 (51.8) .3 
Aortic procedures 165 (42.6) 32 (40.0) 133 (43.3) .68 
Posterior pericardiotomy 193 (49.9) 58 (72.5) 135 (44.0) < .001 
Cross-clamp time, minutes 79.0 (61.8, 100.0) 78.5 (60.8, 96.8) 79.0 (62.0, 100.0) .56 
Cardiopulmonary bypass 
time, minutes 

102.0 (83.0, 123.0) 102.0 (84.0, 120.5) 103.0 (82.0, 124.0) .84 

Operative time, minutes 301.0 (258.0, 356.0) 326.5 (268.0, 368.3) 298.0 (253.5, 351.5) .11 

Data are reported as median (IQR) and n (%). 
∗ Mann-Whitney U test; Pearson’s χ2 test. 

NYHA, New York Heart Association. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

After excluding patients without available postopera-
tive echocardiography data ( n = 33), 387 of the 420 pa-
tients included in the PALACS trial (92%) were included
in this analysis. Excluded patients did not differ from in-
cluded patients in any baseline characteristics (Supple-
mentary Table 1). Pre-discharge TTEs were performed af-
ter a median of 5 days postoperatively (IQR 4-7). Of the
387 included patients, 96 (24.8%) were female and the
median age was 62.0 [IQR 53.0–70.0] years ( Table I ). 

Analysis of pericardial effusion 

Postoperative pericardial effusion was present in 307
(79%) patients and the median effusion width was 5.0
mm [IQR3.0–7.5]. Two-hundred sixty-two (67.7%) pa-
tients had anterior pericardial effusion with median
width of 5.6 mm [IQR 3.0–9.8], and 201 (51.9%) patients
had postero-lateral effusion with median width of 4.0
mm [IQR 2.5–5.0] ( Table II ). Diabetes and aortic surgery
were independently associated with postoperative peri-
cardial effusion ( Table III ). 

The overall incidence of pericardial effusions was
lower in patients undergoing posterior pericardiotomy
(70% vs 89%, P < .001). When analyzing the data based
on the location, postero-lateral effusions were signifi-
cantly less frequent in the pericardiotomy group (37%
vs 67%, P < .001), while the incidence of anterior effu-
sions was not different between the 2 groups (63% vs
72%, P = .08; Figure 2 , panels A–B). 

The median width of anterior effusion was compara-
ble between patients with and without POAF (5.0 mm
[IQR 3.0-7.0] vs 5.0 mm [IQR 3.0–7.5], P = .42), but
there was a trend towards larger postero-lateral effusion
in the POAF group (5.0 mm [IQR 3.0–9.0] vs 4.0 mm
[IQR 3.0–6.4], P = .06). There was also a significantly
higher proportion of postero-lateral effusions ≥10 mm
in the POAF group (10.4% vs 4.1%, P = .02; Figure 2 ,
panels C–D). At spline analysis, there was a non-linear
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Table II. Postoperative pericardial effusion of any size in patients with and without postoperative atrial fibrillation 

Variable Overall No POAF POAF P -value ∗

Number of patients 387 291 96 –
Number of patients with any 
pericardial effusion 

307 (79.3) 232 (79.7) 75 (78.1) .85 

Number of patients with any anterior 
pericardial effusion 

262 (67.7) 196 (67.4) 66 (68.8) .89 

Number of patients with any 
postero-lateral pericardial effusion 

201 (51.9) 156 (53.6) 45 (46.9) .30 

Median anterior pericardial effusion 
width (mm) 

5.0 (3.0, 7.0) 5.0 (3.0, 7.5) 5.0 (3.0, 7.0) .42 

Median postero-lateral pericardial 
effusion width (mm) 

4.5 (3.0, 7.0) 4.0 (3.0, 6.4) 5.0 (3.0, 9.0) .06 

POAF, postoperative atrial fibrillation. 
Data are reported as median (IQR) and n (%) 

∗ Mann-Whitney U test; Pearson’s χ2 test 

Table III. Risk factors for postoperative pericardial effusion 

Variables Odds ratio (95%CI) P -value 

Age (years) 1.02 (1.00, 1.04) .10 
Female sex 1.56 (0.77, 3.14) .22 
Body mass index (kg/m 

2 ) 0.93 (0.88, 0.99) .01 

Diabetes 2.56 (1.15, 5.70) .02 

NYHA class > II 0.46 (0.19, 1.12) .09 
Preoperative hematocrit (%) 1.01 (0.97, 1.06) .61 
EuroSCORE II (per point) 0.94 (0.85, 1.04) .24 
Surger y: Coronar y arter y bypass grafting 2.04 (0.92, 4.51) .08 
Surgery: Aortic valve procedures 0.94 (0.50, 1.78) .85 
Surgery: Aortic procedures 2.33 (1.13, 4.80) .02 

Cardiopulmonary bypass time (minutes) 1.00 (0.99, 1.01) .56 
Operative time (minutes) 1.00 (0.99, 1.00) .07 
Race (%) 

White Reference 
Asian 0.97 [0.19, 4.86] .97 
Black or African American 0.35 [0.13, 0.94] .03 
Other 0.51 [0.23, 1.09] .08 

CI, confidence interval; NYHA, New York Heart Association. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

association between postero-lateral pericardial effusion
and POAF, with a cut-off at 10 mm (OR 2.7; 95% CI 1.13,
6.47; P = .03; Figure 3 ). In the fully adjusted multivari-
able analysis, postero-lateral effusions ≥10 mm were sig-
nificantly associated with POAF (OR 3.52; 95% CI 1.17,
10.58; P = .02; Table IV ); this result was confirmed in
the multivariable model adjusted for LA area and reser-
voir function (OR 2.64; 95%CI 1.04, 6.68; P = .04; Sup-
plementary Table II). The sensitivity analysis based on
postoperative TEE confirmed the statistically significant
association between pericardial effusion and POAF (Sup-
plementary Tables III and IV). 

Analysis of LA size and function 

Preoperative LA volume was significantly larger in pa-
tients who had POAF ( Table V ). In multivariable analysis
LA area was found to be independently associated with
POAF (Supplementary Table V). No differences in LA in-
dices were found between patients who received poste-
r ior per icardiotomy vs no intervention (Supplementary
Table VI). On sensitivity analysis, the spline curve demon-
strated a steep progressive increase in risk of developing
POAF for preoperative TEE LA area higher than 15 cm 

2

(Supplementary Figure 2). 
Bland-Altman analyses confirmed the validity of TEE

measurements, showing moderate offsets with no bias
between LA length and LA area as measured from pre-
operative TTE vs preoperative TEE (Supplementary Ta-
ble VII and Supplementary Figure 3). Correlation analy-
ses showed strong relations between preoperative TTE
and preoperative TEE measurements of LA length and LA
area ( r = 0.77 and r = 0.83, respectively) (Supplemen-
tary Figure 4). 

Analysis of intraobserver and interobserver 
agreement 

ICC showed high inter- and intra-observer reproducibil-
ity for both small ( < 10 mm) and larger ( ≥10 mm)
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Figure 2 

Bar plots showing the details of postoperative pericardial effusion anteriorly (A–C) and postero-laterally (B–D), 
according to intervention group (no intervention vs posterior pericardiotomy) and postoperative cardiac rhythm (no 

postoperative atrial fibrillation vs postoperative atrial fibrillation). P-values from Pearson’s X 2 test comparing the proportion 
of pericardial effusions ≥10 mm with other groups. 

Table IV. Risk factors for postoperative atrial fibrillation 

Odds ratio (95%CI) P -value 

Postero-lateral effusion ≥10 mm 3.52 (1.17, 10.58) .02 

Age (years) 1.08 (1.05, 1.12) < .001 

Female sex 0.38 (0.18, 0.79) .01 

Diabetes 1.30 (0.63, 2.68) .47 
Left ventricular ejection fraction (%) 0.98 (0.95, 1.01) .10 
Coronar y arter y bypass grafting 0.75 (0.59, 0.94) .01 

NYHA class > II 1.16 (0.44, 3.08) .76 
Chronic lung disease 1.26 (0.27, 5.93) .77 
EuroSCORE II (per point) 1.09 (0.93, 1.27) .30 
Preoperative use of beta-blockers 1.65 (0.92, 2.96) .09 
Postoperative use of beta-blockers 0.12 (0.04, 0.33) < .001 

CI, confidence interval; NYHA, New York Heart Association. 
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Table V. Comparison of preoperative and postoperative transeophageal echocardiography (TEE) left atrial indices in patients with and 
without postoperative atrial fibrillation (POAF) 

Overall No POAF POAF P -value ∗

Number of patients 387 291 96 
Preoperative LA indices 
Length, median (IQR) (cm) 4.30 (3.65, 5.00) 4.25 (3.60, 4.90) 4.35 (3.66, 5.14) .28 
Area, median (IQR) (cm 

2 ) 15.55 (11.95, 19.05) 15.40 (11.68, 18.60) 15.93 (13.16, 20.20) .09 
Volume, median (IQR) (mL) 47.21 (34.27, 62.01) 45.20 (32.79, 59.08) 50.56 (38.79, 68.88) .04 
Reservoir, median (IQR) (%) 33.01 (26.45, 37.72) 33.01 (27.36, 37.94) 33.06 (26.07, 36.60) .56 
Postoperative change in LA indices † 

Length, median (IQR) (cm) -0.08 (-0.60, 0.40) -0.05 (-0.59, 0.44) -0.15 (-0.70, 0.16) .34 
Area, median (IQR) (cm 

2 ) -0.65 (-3.35, 1.80) -0.50 (-3.40, 1.95) -1.13 (-3.35, 1.20) .44 
Volume, median (IQR) (mL) -3.42 (-14.47, 6.06) -2.72 (-14.78, 6.54) -5.87 (-14.06, 3.72) .32 
Reservoir, median (IQR) (%) -2.58 (-8.34, 5.19) -2.73 (-8.87, 5.21) -2.09 (-7.44, 4.53) .74 

Data are reported as median (IQR) and n (%). 
∗ Mann-Whitney U test. 
† Calculated as postoperative – preoperative. 

LA, left atrium. 

Figure 3 

Nonlinear (spline) model with 3 knots describing the relation- 
ship between postero-lateral pericardial effusion and postoperative 
atrial fibrillation (POAF). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pericardial effusions (Supplementary Tables VIII and IX).
ICC also showed high inter- and intra-observer repro-
ducibility for LA length and area (Supplementary Tables
X and XI). 

Discussion 

In this explanatory analysis of the PALACS trial, we
found that postero-lateral pericardial effusions ≥10 mm
were associated with a statistically significant increase
in the risk of POAF after cardiac surgery and that they
were significantly reduced by poster ior per icardiotomy.
We also found that posterior pericardiotomy did not
significantly modify LA dimensions or function in the
immediate postoperative period and did not affect an-
ter ior per icardial effusions. To the best of our knowl-
edge, this is the first study to directly show a signifi-
cant association between pericardial effusion and POAF
in the cardiac surgical population and to provide a po-
tential mechanistic explanation of the effect of posterior
pericardiotomy. 

Postoperative pericardial effusion is a very common
finding after cardiac surgery; the exact incidence varies
based on study design and assessment method used, but
studies with prospective systematic echocardiographic
follow-up report rates of 70 to 80%. 3–5 

POAF affects 25 to 40% of patients and is the most
common complication after cardiac surgery. 17 Histori-
cally, POAF has been considered a relatively benign con-
dition but there is now evidence that it is associated with
increased postoperative morbidity (eg, cerebrovascular
accidents), costs and resource utilization. 17–20 The esti-
mated healthcare expenditure related to the burden of
POAF in the United States is over 1 billion dollars annu-
ally. 17 

Different mechanisms for the development of POAF
have been proposed. The majority of the available
evidence suggests that neurohormonal activation and
systemic inflammation may play a key role. 21 How-
ever, therapeutic strategies targeting these mechanisms,
such as beta-blockers and anti-inflammatory drugs, have
shown suboptimal effectiveness and are limited in their
use by side effects. 21 

Indeed, there is growing interest in the role of local
(pericardial) inflammation in triggering POAF. Blood in
the pericardial space after surgery has been shown to
exert a proinflammatory effect subsequent to the activa-
tion of the clotting cascade and the production of throm-
bin and fibrin. 22 , 23 Local inflammation could also be sus-
tained by haemolysis, which releases haemoglobin that
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is rapidly oxidized into methaemoglobin, which in turn
facilitates the diapedesis and activation of leukocytes. 24 

The ultimate result is the recruitment and collection of
activated white blood cells producing reactive oxygen
species and prompting oxidative stress within the peri-
cardial space. This pro-inflammatory and pro-oxidant en-
vironment has been shown to trigger POAF (Graphical
Abstract). 6 , 25 

The association between pericardial effusion and POAF
development is indirectly supported by clinical series. In
a study enrolling 231 patients undergoing isolated aortic
valve replacement, the incidence of POAF was the high-
est in patients undergoing surgical replacement (62%)
as opposed to trans-apical (53%), trans-aortic (33%) and
transfemoral (14%) transcatheter aortic valve replace-
ment, suggesting that avoidance of exposure of the peri-
cardial space to blood might reduce the incidence of
POAF. 26 Other studies showed that the use of multi-
drainage chest tubes with the aim to maintain a contin-
uous effective drainage of the pericardial cavity was as-
sociated with a 2-to-3-fold reduction in the incidence of
POAF. 27 , 28 A study investigating the incidence of chest
tube clogging found that patients with clogged chest
tubes had a higher incidence of POAF compared to
patients with unblocked chest drainage (50 vs 21.9%;
P = .005). 29 

Poster ior per icardiotomy provides an effective
drainage of pericardial effusion and has been shown
to be associated with a significant reduction in the risk
of POAF. A meta-analysis of 10 randomized clinical trials
including 1,829 patients, found that posterior pericar-
diotomy was highly effective in reducing the incidence
of POAF (RR 0.45; 95% CI 0.29, 0.64; P < .0001) and
postoperative pericardial effusions (RR 0.28; 95% CI
0.15, 0.50; P < .05). 2 In the PALACS trial we reported
that the incidence of POAF was significantly reduced in
patients undergoing posterior left pericardiotomy (17%
vs 32%, P = .0007). 1 To date however the mechanisms
of POAF reduction by pericardiotomy have not been
rigorously investigated. 

The summary of the current evidence and the re-
sults of this analysis suggest the existence of a potential
causal link between postoperative pericardial effusion
and POAF and that the effect of posterior pericardiotomy
on POAF is mediated by a reduction of postero-lateral
pericardial effusions. The finding that postoperative peri-
cardial effusion on TEE performed at the end of surgery
was independently associated with POAF suggests that
pericardial effusion preceded POAF and strengthens the
hypothesis of a causal association between the 2. Also,
the fact that only postero-lateral, not anterior, effusions
were associated with POAF suggests that a local process
(probably atrial inflammation) likely played a key role in
POAF etiology in those patients. Further research will
be needed to understand the causal mechanism which
mediates the association between pericardial effusion
and POAF, such as inflammation, mechanical compres-
sion, or otherwise. Mechanistic studies evaluating pro-
inflammatory markers will therefore be a helpful first
step to provide an answer to the pathophysiologic role
of pericardial effusion in POAF. 

It is interesting to note that the cutoff of postero-lateral
pericardial effusions that we identified for POAF is con-
sistent with the echocardiographic clinical cutoff in cur-
rent guidelines. 11 

Our findings add to a growing body of evidence sup-
porting the concept that strategies aimed at reducing
postoperative pericardial effusion (including posterior
pericardiotomy and active drainage) 1 , 30 reduce POAF oc-
currence. 6 , 31 Since such strategies might be more effec-
tive, have fewer side-effects, and lower costs compared
to current treatments (eg, prophylactic antiarrhythmic
drugs, colchicine, steroids, magnesium, and statins, as
well as postoperative overdrive atrial pacing), 31 clini-
cians should consider a more widespread adoption, espe-
cially in those patients at higher risk of developing POAF.
This will be further encouraged if future data, such as the
follow-up of the PALACS trial, will demonstrate a reduc-
tion in the risk of long-term cardiovascular events sec-
ondary to the reduction in the post-operative pericardial
effusion. 

Limitations 
The results of this study should be interpreted within

the context of its limitations. The PALACS trial cohort in-
cluded patients at low risk of POAF, excluded patients un-
dergoing mitral or tricuspid valve surgery and those with
dilated LA. Also, the trial was performed at a single cen-
ter and for all these reasons, our results may have limited
generalizability. There also may be imaging limitations
of the study. First, the limited quality of the transtho-
racic subcostal echocardiographic view in the postop-
erative period may have led to underestimation of peri-
cardial effusions. Another imaging limitation is that LA
size quantification may not be accurate on TEE. However,
on sensitivity analysis, we found excellent correlation
between LA measurements obtained at preoperative TEE
compared to preoperative TTE. It is also possible that
linear measurements of postoperative TTE effusion may
have been imprecise for quantification of effusion size,
especially for small pericardial effusions; however, we
found good inter- and intra-observer reproducibility for
all effusion measurements. Also, the TEE and TTE eval-
uation were limited to a single time point and may not
be representative of the entirety of post-surgical time pe-
riod. In addition, although the pericardial effusion cut-off
of 10mm shown to be predictive of POAF in our dataset
is supported by the current practice guidelines for pa-
tients with pericardial disease, 11 it lacks formal external
validation and is an area for future research. Finally, this
post-hoc analysis was not formally powered to detect dif-
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ferences in POAF according to the presence of pericar-
dial effusion. 

Conclusions 

In conclusion, in this explanatory analysis of the
PALACS trial, we found that postero-lateral pericardial
effusions were associated with a statistically increased
risk of POAF in patients undergoing cardiac surgery and
that they were significantly reduced by posterior pericar-
diotomy. The reduction in postero-lateral pericardial ef-
fusions is the most plausible mechanism for the effect of
poster ior per icardiotomy in reducing POAF. Measures to
reduce postoperative pericardial effusions are a promis-
ing approach to decrease POAF occurrence in cardiac
surgical patients. 
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