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Abstract
Post-pericardiotomy syndrome (PPS) is an inflammatory process involving the pleura, pericardium, or both and occurs after 
cardiothoracic surgery. Surgical atrial septal defect (ASD) closure is associated with higher incidence of PPS post-operatively 
as compared to other operations. Reported incidence of PPS varies from 1 to 40%. NSAIDs are often used to treat PPS and 
in our center, some practitioners have prescribed ibuprofen prophylactically. This study sought to investigate the impact of 
prophylactic treatment with ibuprofen on the development and severity of PPS following surgical ASD closure, with particular 
attention to secundum-type ASDs. We retrospectively reviewed clinical and operative data of all surgical ASD repairs in 
our center from 1/2007 to 7/2017. ASDs were grouped by subtype. PPS was considered positive if the primary cardiologist 
diagnosed and documented clinical signs of PPS on post-operative outpatient follow-up. Records were reviewed to confirm 
documented diagnosis of PPS. A total of 245 cases were reviewed with 207 having sufficient data. Median age was 2 years 
(range 4 months–27 years), female 57%. Overall incidence of PPS was 10%. There was no difference in incidence of PPS 
in those prescribed ibuprofen as compared to those who were not. This was true for both the entire cohort and the subgroup 
analysis (P = 1.0). Four patients overall required pericardiocentesis, none of whom received prophylactic ibuprofen. Prophy-
lactic ibuprofen prescription following surgical ASD repair did not reduce the rate of PPS in our cohort.
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Abbreviations
PPS	� Post-pericardiotomy syndrome
ASD	� Atrial septal defect
CHD	� Congenital heart disease
NSAIDs	� Non-steroidal anti-inflammatory drugs
SV	� Sinus venosus
CS	� Coronary sinus

Introduction

Post-pericardiotomy syndrome (PPS) is an inflammatory 
process involving the pleura, pericardium, or both and 
occurs after cardiothoracic surgery. Atrial Septal Defects 
(ASDs) are among the most common forms of congenital 
heart disease (CHD) constituting 8–10% of all forms of 
CHD in children [1]. Despite the availability of transcatheter 
closure for some patients, ASDs are commonly surgically 
addressed during childhood [2]. Surgical ASD closure is 
associated with a higher incidence of PPS relative to other 
cardiac operations [3]. Incidence of PPS varies widely, from 
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1 to 40%, among published series [4]. A pediatric retro-
spective study of the incidence of PPS following repair of 
secundum-type ASDs determined the incidence to be 28% 
(27/97) [4]. A recent single-center French study of patients 
with acute pericarditis determined PPS to be the etiology 
in 21% (197/933) of cases [5]. First-line therapy for PPS is 
typically a non-steroidal anti-inflammatory drug (NSAID) 
such as ibuprofen.

Starting in 2010, a subset of our practitioners began to 
prescribe ibuprofen prophylactically in our center after sur-
gical ASD repairs in an attempt to prevent PPS. In this study, 
we aim to determine whether that prophylactic therapy 
reduced the incidence or severity of PPS.

Materials and Methods

The study was approved by the Northwell Health Institu-
tional Board Review and waiver of consent was obtained.

We retrospectively reviewed clinical and procedural data 
for all patients with surgical ASD repairs in our center from 
January 2007 to July 2017. We included patients with secun-
dum-type ASDs, primum-type ASDs (primarily partial atri-
oventricular canal defects), sinus venosus (SV)-type ASDs, 
and coronary sinus (CS)-type ASDs. We excluded patients 
with other additional major CHD including complete and 
transitional atrioventricular canal defects, transposition of 
the great vessels, and ventricular septal defects. We also 
excluded those subjects with insufficient outpatient medical 
records to determine with certainty if PPS developed.

We reviewed imaging records, operative notes, discharge 
records, outpatient clinical data, and electrocardiograms of 
all subjects from prior to surgical repair until 6 months post-
operatively. We recorded if ibuprofen was prescribed at hos-
pital discharge and the dosing instructions. Subjects were 
deemed as having PPS if the diagnosis and typical clinical 
findings (i.e., fever, chest pain, rub, pericardial effusion, or 
pleural effusion) were documented on post-operative out-
patient follow-up evaluations by the primary cardiologist 
within 6 weeks of surgical repair. The presence and severity 
of pericardial effusions were recorded as documented on 
official echocardiographic reports at the time of PPS diag-
nosis. Echocardiographic images were not interpreted again 
for the purpose of this study. Our institution follows pub-
lished guidelines and standards for performance of pediatric 
echocardiograms, including grading severity of pericardial 
effusions criteria [6]. We recorded whether patients required 
pericardiocentesis as a measure of PPS severity.

Descriptive statistics were given as median and range for 
continuous factors, and frequency and percentage for cat-
egorical factors. The association between each categorical 
factor and PPS was examined using the Fisher’s exact test. 

The association between age (in days) and PPS was exam-
ined using the Mann–Whitney test.

Results

We reviewed the records of all isolated ASD closures 
(n = 245) surgically repaired in our center over the study 
period. Among those, 207 had adequate data and were 
included in the study. Median age was 2 years old (range 
4 months–27 years), and 57% were females. PPS occurred 
in 20 subjects (10%). All PPS cases were diagnosed in the 
outpatient setting at a median of 8.5 days post-operatively 
(range 6–36 days).

Prophylactic ibuprofen had been prescribed for 89 sub-
jects (43%) in the overall cohort. Median age was 4 years 
old (range 5 months–26 years). Subjects with primum-type 
ASD were less likely to have been prescribed ibuprofen (see 
Table 1). Ibuprofen was prescribed three times daily in 68% 
of cases, four times daily in 30% of cases, and twice daily in 
2%. In total, 9 (10%) of those prescribed ibuprofen and 11 
(9%) of those not prescribed were subsequently diagnosed 
with PPS. There was no difference in the incidence of PPS in 
those prescribed ibuprofen as compared to those who were 
not (P = 1.0).

No difference in the impact of ibuprofen on the incidence 
of PPS based on ASD subtype was seen (see Table 1). A total 
of 106 subjects with secundum-type ASDs were included in 
the analysis. Ibuprofen was prescribed in 59 (56%) subjects 
of which 7 (12%) developed PPS, as compared to 5 (11%) in 
those who had not been prescribed ibuprofen. No difference 
in the incidence of PPS was found in this subgroup analysis 
(P = 1.0).

The clinical characteristics of all subjects diagnosed with 
PPS (n = 20) are summarized in Table 2. Pericardial (9 small, 
6 moderate, 3 large) or pleural effusions (1 small, 1 moder-
ate), greater than those seen on inpatient discharge imag-
ing, were seen in all cases. Clinical symptoms or signs (i.e., 
fever, chest pain or rub) were seen in 5–25% of cases. Fever 
was not seen in isolation but accompanied a documented rub 

Table 1   Incidence of post-pericardiotomy syndrome

Incidence of post-pericardiotomy syndrome for those receiving pro-
phylactic Ibuprofen and those not receiving prophylaxis in the overall 
cohort and each atrial septal defect subtype

Ibuprofen (n = 89) No ibupro-
fen (n = 118)

P value

Total (n = 207) 9 (10%) 11 (9%) 1.0
Primum (n = 63) 1 (11%) 2 (2%) –
Secundum (n = 106) 7 (12%) 5 (11%) 1.0
Sinus venosus (n = 36) 1 (5%) 4 (25%) –
Coronary sinus (n = 2) 0 (0%) 0 (0%) –
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on exam or pericardial effusion on echocardiogram. Pericar-
diocentesis for a hemodynamically significant pericardial 
effusion was performed in 4 (20%) cases. Of the subjects 
with PPS who received ibuprofen, 0/9 (0%) required pericar-
diocentesis; of the subjects who did not receive ibuprofen, 
4/11 (36%), required pericardiocentesis. This difference was 
not statistically significant (P = 0.94). There was no associa-
tion between age of repair and diagnosis of PPS (P = 0.09). 
Similarly, in subgroup analysis of secundum ASDs, there 
was no association between age of repair and diagnosis of 
PPS (P = 0.09).

Discussion

PPS is a common post-operative morbidity for patients 
undergoing surgical ASD closure, especially those under-
going an operation for secundum-type ASDs. To our knowl-
edge, there is no routine preventative measure in children 
which can help prevent PPS. Since NSAIDs like ibuprofen 
are the typical first-line therapy for treatment of PPS, it has 
been suggested that prophylactic treatment with NSAIDs 
might help prevent PPS.

There is no clear consensus in the literature regarding 
the diagnostic definition of PPS. The European Society of 
Cardiology defines PPS as having two of the following five 
criteria after cardiac injury: (1) fever without an alternative 
cause, (2) pericarditic or pleuritic chest pain, (3) pericardial 
of pleural rubs, (4) evidence of pericardial effusion, and/or 
(5) pleural effusion with elevated CRP [7]. We used these 
criteria along with the assessment of the primary cardiolo-
gist when reviewing outpatient records in assigning the sub-
jects the diagnosis of PPS.

Only a single clinical trial of adults undergoing general 
cardiac surgery evaluated the efficacy of NSAIDs for the 
treatment of PPS and determined that both ibuprofen and 
indomethacin are more effective, as compared to placebo, 

in treating PPS [8]. According to the most recent recom-
mendations by the European Society of Cardiology (Class 
IB) [7], ibuprofen is favored as a first-line therapy over other 
alternatives due to its limited side effect profile, and was 
chosen for this study for the same reason.

Past studies to evaluate the efficacy of NSAIDs in pre-
venting PPS have had conflicting results. Two pediatric 
studies by Beland et al. [9] and Gill et al. [10] described 
a series of 72 (0–21 years; controlled trial) and 177 chil-
dren (0–18 years; retrospective cohort) following congenital 
heart surgery where the incidence of PPS was not signifi-
cantly reduced by the use of Aspirin. In adults following 
general cardiac surgery, prophylaxis with indomethacin and 
diclofenac has been trialed and appears to possibly have 
favorable results [11]. A more comprehensive systematic 
review combining 894 patients following both congenital 
heart and general cardiac surgery included three compari-
son groups—colchicine vs placebo (two RCTs, 471 adult 
patients), methylprednisolone vs placebo (one RCT 246 
pediatric patients), aspirin vs historical control (one non-
randomized study, 177 pediatric patients)—and concluded 
that only colchicine was associated with decreased risk of 
PPS (odds ratio 0.38) [12]. Further evidence for the use of 
colchicine in the prevention of PPS in adults undergoing 
general cardiac surgery was strengthened in the “colchicine 
for prevention of the PPS and post-operative atrial fibrilla-
tion (COPPS-2)” trial [13].

The etiology behind PPS and the reason it is seen at a 
higher incidence following surgical ASD repairs in particu-
lar, remain unclear despite being a well-accepted assertion. 
Most theories explaining the etiology are similar to those 
explaining the pericarditis seen post-myocardial infarctions 
(the so-called Dressler’s Syndrome [14]). These theories 
mainly postulate that an autoimmune-mediated response 
occurs targeting cardiac antigens. Some have suggested that 
the autoimmune response is triggered by a cross reactivity 
to viral antibodies. Others have focused on an inflammatory 
response to direct injury to pericardial cells [15–17]. None 
of these address the higher incidence seen following ASD 
repairs. Perhaps, it is possible that the generally healthier 
patient population undergoing surgical ASD repairs, typi-
cally not in active congestive heart failure, are more able to 
mount a potent immune or inflammatory response following 
cardiac surgery increasing, thereby the risk of PPS. That 
being said, PPS has been reported in immunosuppressed 
transplant recipients [18].

We sought to decrease the rate of PPS following surgi-
cal ASD repairs in our center by prescribing ibuprofen 
prophylactically at the time of hospital discharge. This 
practice began in 2010 and became more routine in 2014. 
Ibuprofen was prescribed at 10 mg/kg dosing or adult dos-
ing (max 600 mg/dose) and typically prescribed at 8-h 
intervals. The decision to prescribe ibuprofen and the 

Table 2   Clinical characteristics of subjects with post-pericardiotomy 
syndrome

Clinical characteristics of subjects with post-pericardiotomy syn-
drome as documented at the time of outpatient diagnosis are summa-
rized above

Clinical characteristics Number 
of patients 
(n = 20)

Fever 3
Pericardial effusion 18
Pericardial/pleuritic chest pain 1
Pleural effusion with elevated C-reactive protein 2
Pericardial/pleural rub 5
Pericardiocentesis 4
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dosing interval was practitioner dependent. The decision 
to stop ibuprofen as an outpatient was at the discretion of 
the primary cardiologist who typically discontinued, or in 
some cases weaned ibuprofen, during the first outpatient 
follow-up visit (typically 1–2 weeks from discharge). Of 
the nine subjects diagnosed with PPS while having been 
prescribed ibuprofen, the median time for diagnosis was 
10 days post-operatively (range 6–18 days), four of these 
subjects were diagnosed at 14 days or later suggesting that 
it is possible that ibuprofen was discontinued prior to the 
development of PPS.

In this study, the prophylactic treatment with ibuprofen 
did not reduce the incidence of PPS. The overall incidence 
remained approximately 10% across all subjects despite 
the use of ibuprofen. There was no reduction in incidence 
of PPS within the secundum-type ASD subgroup, clas-
sically associated with PPS in the pediatric population. 
There was no association demonstrated between the diag-
nosis of PPS and age. Interestingly, no patient who was 
prescribed ibuprofen required a pericardiocentesis, which 
suggests the possibility that the severity of the PPS was 
lessened by the prophylaxis. While it was not statistically 
significant, this study was not powered to investigate that 
association. A future study should be undertaken to inves-
tigate the effects of ibuprofen on need for pericardiocente-
sis in patients with PPS.

Limitations of this study include its retrospective nature 
and lack of prospective randomization to treatment and non-
treatment arms. However, the two groups were relatively 
similar. The nature of PPS makes it necessary that we rely 
on outpatient, subjective, documentation for the diagnosis 
of PPS. Thus, differences in the clinical approach of prac-
ticing cardiologists in diagnosing PPS might have impacted 
the overall incidence of PPS in our cohort. Ibuprofen was 
assessed as prescribed, and true subject compliance, or the 
effect of dosing intervals, cannot be assessed. Lastly, this 
study cannot account for confounding changes occurring at 
the same time period such as modifications in surgical or 
cardiopulmonary bypass perfusion techniques.

Conclusion

Prophylactic ibuprofen prescription following surgical 
ASD repair did not affect the rate of PPS diagnosis. Its 
effect on need for pericardiocentesis in patients with PPS 
may deserve further investigation.
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