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Abstract Postpericardiotomy syndrome (PPS), a poten-
tial complication of open heart surgery, has a variable
clinical course and severity. This study evaluated the
effectiveness of acetylsalicylic acid (ASA) prophylaxis in
preventing PPS after surgical closure of atrial septal defects
(ASDs) in pediatric patients. A retrospective review was
performed for 177 patients who underwent uncomplicated
ASD closure from 1986 to 2006. The study group received
prophylactic ASA 20 to 50 mg/kg/day for 1 to 6 weeks after
surgery, whereas the control group did not. The primary
outcome was a diagnosis of PPS based on the presence of
two or more of the following symptoms or signs occurring
at least 72 h postoperatively: fever (temperature >38°C),
pericardial or pleural rub, and worsening or recurring
anterior pleuritic chest pain. Consequently, PPS developed
in 5 (2.8%) of the 177 children: 2.8% (3/106) in the control
group and 2.8% (2/71) in the study group (p = 1.00). The
secondary outcomes were frequency of other postoperative
complications. Postoperative pericardial effusions experi-
enced by 26.7% of the patients were identified more fre-
quently in the treatment group (p < 0.001). Postoperative
prophylaxis ASA at a dose of 20 to 50 mg/kg/day for 1 to
6 weeks after surgical closure of ASD does not decrease the
incidence of PPS in pediatric patients.
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Postpericardiotomy syndrome (PPS) is a known compli-
cation after any open heart surgery or procedure involving
entry into the pericardium [8, 11, 19, 21]. The diagnosis of
PPS is by exclusion, requiring symptoms of fever, peri-
cardial and/or pleural rub, and anterior pleuritic chest pain
in the absence of other identifiable causes [12]. Elevation
of inflammatory markers (erythrocyte sedimentation rate/
C-reactive protein), leukocytosis, and findings of pericar-
dial or pleural effusions may add to diagnostic certainty.
The incidence cited in the literature varies widely, from 1%
to 50% [1, 11, 14, 17, 20, 25, 26, 29, 31, 34].

Although PPS most often presents in the first few weeks
postoperatively, it can occur months after surgery and has a
variable clinical course. The severity of PPS is variable,
and untreated PPS can lead to significant hemodynamic
consequences such as pericardial tamponade [30].

According to one proposed theory, PPS is an immune-
mediated inflammatory process involving the pericardium
[24]. Acetylsalicylic acid (ASA) is used generally as first-
line therapy for PPS, targeting the proposed inflammatory
response. Indomethacin and steroids have been used for
retractable cases [14, 36]. Colchicine, methotrexate, and
intravenous immunoglobulin (IVIG) have been used for
steroid-dependent patients with chronic-recurrent PPS,
although their efficacy has not been definitively proven [16,
35, 37]. Pericardiocentesis, pericardectomy, or a surgical
pericardial window is indicated in cases of hemodynami-
cally significant pericardial effusions [30]. To date, there is
no proven agent to prevent PPS [13].

Given the presumed mechanism of PPS, it has been pro-
posed that prophylactic treatment with an antiinflammatory
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agent such as ASA may prevent its development. Previous
PPS studies have failed to enroll a cohort of patients with the
same cardiac lesion. Some authors have identified surgical
closure of ASD lesions as posing a high risk for the devel-
opment of PPS, although data in the literature are conflicting
[33].

This retrospective study is the first to assess the effec-
tiveness of ASA prophylaxis for a large cohort of patients
with a single cardiac lesion. The primary outcome was the
incidence of PPS after surgical closure of an uncomplicated
atrial septal defect in patients with and without prophylactic
ASA. Secondary outcomes were the incidence of postop-
erative complications and ASA therapy complications.

Materials and Methods

Between December 1986 and June 2006, 360 patients
underwent surgical closure of uncomplicated ostium
secundum or sinus venosus atrial septal defect (ASD) at the
University of Alberta Stollery Children’s Hospital. Ethical
approval for this retrospective review was obtained from
our institutional Health Research Ethics Board. The sur-
gical technique included the use of patch or suture. In- and
outpatient charts were reviewed, and data were collected
on patient demographics, cardiac and other noncardiac
diagnoses, type of surgical closure performed, dose and
duration of prophylactic ASA, echocardiography and chest
X-ray findings, postoperative complications, and diagnosis
of PPS.

Patients were included in the study if they met the fol-
lowing criteria: age between O and 18 years, secundum
ASD closure, and a minimum of one documented follow-
up visit at our institution within 1 year postoperatively.
Patients were excluded if they required other cardiovas-
cular surgery at the time of ASD closure apart from simple
patent ductus arteriosus ligation. A total of 177 patients
met the study criteria.

From December 1986 to September 1996, ASA was not
used routinely in the postoperative period for asymptom-
atic patients. This population comprised the control group
in our study. Treatment was prescribed at the discretion of
the attending pediatric cardiologist for patients who pre-
sented with symptoms suggestive of PPS including fever,
pleuritic chest pain, and pericardial or pleural rub. It should
be noted that not all the patients who received treatment
met the full diagnostic criteria for PPS.

In September 1996, an institutional policy was imple-
mented that required all patients undergoing surgical ASD
closure to receive ASA 30 mg/kg/day for 2 weeks postop-
eratively to prevent the development of PPS. These patients
comprised the study arm of the study. Patients were included
if they had received prophylaxis ASA for 1 to 6 weeks.
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Consideration for further treatment was warranted if
patients were not responsive to the standard dosing or had
more severe symptoms. This treatment may have included
high-dose ASA (60 mg/kg/day), corticosteroids, or peri-
cardiocentesis depending on clinical status. If complications
arose due to ASA prophylaxis, ASA was discontinued or
switched to alternative medication. Gastric protection
medications were prescribed at the discretion of the
attending pediatric cardiologist.

The patient’s clinical status was noted daily during
postoperative hospitalization. The primary outcome was
the incidence of PPS in each group. The diagnosis of PPS
was based on two or more of the following symptoms or
signs occurring at least 72 h postoperatively: fever (tem-
perature >38°C), pericardial or pleural rub, and worsening
or recurring anterior pleuritic chest pain. Echocardiography
and chest X-ray radiographic imaging were noted if per-
formed to determine presence of pericardial or pleural
effusion. The clinical course was noted, particularly with
respect to recurrence. Secondary outcomes included the
incidence of postoperative complications. Those identified
included pericardial effusion, pleural effusion, fever, peri-
cardial rub, arrhythmia, infection, and pneumothorax.

The demographic, clinical, and perioperative variables
were compared using the unpaired Student’s ¢ test, the
Mann—Whitney rank sum test, the chi-square test, and
Fisher’s exact test. A p value less than 0.05 was considered
significant. All statistical analyses were performed using
SigmaStat Advisory Statistics for Scientists, Version 3.5
(Systat Software Inc., San Jose, CA, USA).

Results

Of the 177 children with surgical closure of uncomplicated
ASD enrolled in this retrospective study, 71 (40.1%) were
treated with prophylactic ASA. Table 1 summarizes the
demographic and clinical variables of the patients in the two
groups. Closure of ASD was performed at a mean age of
4.8 £ 3.8 years (median, 3.6 years; range, 0.6—17 years)
and a mean weight of 19.5 &+ 16.1 kg (median, 14.2 kg;
range, 5.2—-102 kg). There were no significant differences in
terms of age or gender between the groups. The method of
surgical closure differed between the control group (75.5%
suture, 24.5% patch) and the study group (90.1% suture,
9.9% patch). Concurrent patent ductus arteriosus ligation
was performed for 12 patients (6.8%).

The patients in the control group did not receive ASA
prophylaxis. Initially, three patients (4.2%) in the control
group met the diagnostic criteria for PPS, but only one
(patient 1 in Table 2) was initially prescribed ASA, at a
dose of 30 mg/kg/day for 2 weeks. Patient 2 in Table 2
received treatment with ASA when symptoms recurred. An
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Table 1 Characteristics of patients

Variable Control group Treatment group p Value
(n=106)n (%) (n="171)n (%)
Mean age (years) 4.7 4.8 0.854
Median age (years) 3.5 3.6 0.861
Range 0.6-16.0 0.7-17.0
Male sex 31 (29.2) 30 (42.3) 0.079
ASD closure
Suture 80 (75.5) 64 (90.1) 0.018
Patch 26 (24.5) 7(9.9) 0.018
PDA ligation 8 (7.5) 4 (5.6) 0.765
(concurrent)
Other medical conditions
Trisomy 21 3(2.8) 34.2) 0.685
Noonan’s 2 (1.9 1(1.4) 1.000
Fetal alcohol 2 (1.9 1(1.4) 1.000
syndrome
Other 5 4.7 4 (5.6) 1.000

ASD atrial septal defect, PDA patent ductus arteriosus

additional six patients (8.5%) in the control group presented
with symptoms resembling PPS during the immediate
postoperative period. None of these patients met the diag-
nostic criteria for PPS. However, all six patients received
ASA treatment in the hospital or when discharged at a dose
of 40.1 £ 27.1 mg/kg/day (median, 39.4 mg/kg/day;
range, 9.4-80.2 mg/kg/day) for 2.6 £ 2 weeks (median,
1.8 weeks; range, 1-6 weeks).

The study group (n = 71) received prophylactic ASA at
31.5 £ 14.7 mg/kg/day (median, 34.1 mg/kg/day; range,
1.4-87.1 mg/kg/day). Due to the wide range of doses,
subgroup analysis was performed. The study group was
separated into low-dose ASA (<20 mg/kg/day) and regu-
lar-dose ASA (20-50 mg/kg/day). The low-dose ASA
study group (n = 13) received prophylactic ASA at
7.3 £ 4.9 mg/kg/day (median, 5.5 mg/kg/day; range, 1.4—
17.9 mg/kg/day) for a duration of 1.9 £ 0.5 weeks (med-
ian, 2 weeks; range, 1-3 weeks). The regular-dose ASA
study group (n = 55) received prophylactic ASA at
35.4 £ 6.3 mg/kg/day (median, 36.9 mg/kg/day; range,
20.9-47.1 mg/kg/day) for a duration of 2.7 £ 1.2 weeks
(median, 2 weeks; range, 1-6 weeks). We assumed that a
standard 2-week dose of ASA had been administered if
documentation of the treatment duration was unclear.

It should be noted that three patients not included in the
aforementioned subgroup analysis were prescribed ASA
postoperatively for a presumptive diagnosis of PPS at
respective doses of 53.8, 57.5, and 87.7 mg/kg/day. It was
unclear whether these patients were receiving a lower dose
of ASA before the dose was changed. These patients were
included in the subsequent outcome analysis.

Gastric protection medications were prescribed for
15.5% (11/71) of the patients. Two of the patients (2.8%)
received a proton pump inhibitor, and nine (12.7%)
received a histamine H-2 antagonist. Complications related
to ASA prophylaxis were experienced by 2.8% (2/71) of
the patients, including gastritis and vomiting. For these
patients, ASA was discontinued (n = 1) or replaced with
an alternative medication (n = 1). There were no cases of
Reye’s syndrome or clinically significant bleeding.

Of the 177 total patients, 5 (2.8%) met the diagnostic
criteria for PPS (Table 2). There was no statistical difference
in the incidence of PPS between the groups (p = 1.00). The
incidence of PPS in the study group was 2.8% (2/71) com-
pared with 2.8% (3/106) in the control group. There was no
difference between the low-dose and regular-dose ASA
groups (p = 0.33). The time between surgical ASD closure
and diagnosis of PPS was 90.8. £ 159.3 days (median,
5 days; range, 3-371 days). The age at presentation ranged
from 3.8 to 13.1 years (mean, 7.5 + 3.7 years; median,
8 years). All patients presenting with PPS were females.

The clinical characteristics of the patients with a diag-
nosis of PPS are summarized in Table 2. Two cases of PPS
(40%), identified as patients 2 and 4 in Table 2, experi-
enced multiple recurrences. Patient 2, a subject in the
control group, presented with recurrent episodes of peri-
carditis at 12, 15, and 30 months postoperatively. Each
episode resolved with a short course ASA treatment.
Patient 4, a subject in the treatment group, presented with
PPS 3 days postoperatively. Despite various therapies, her
symptoms continued to recur. At 11 months postopera-
tively, she underwent surgical management with bilateral
pericardial windows and drains. A pericardial biopsy at this
time showed chronic pericarditis.

The postoperative clinical findings are recorded in
Table 3. Postoperative echocardiography was performed
more frequently between 1996 and 2006 (98.6%) than
between 1986 and 1996 (85.8%; p = 0.003). The percentage
of patients whose postoperative echocardiography identifed
pericardial effusions was greater in the study group (43.7%)
than in the control group (17.6%; p < 0.001). There were
significantly more incidences of pleural effusions (p < 0.001)
and pneumothoraces (p = 0.014) in the study group than in
the control group, as determined by chest X-ray and echo-
cardiography. The incidence of fevers was less in the study
group (2.8%) than in the control group (12.3%; p = 0.029).
The subgroup analysis showed no difference in complica-
tions between the low-dose and regular-dose ASA groups.

Discussion

In 1953, PPS was first described by Janton et al. [17] as a
constellation of fever and pleuritic chest pain after surgical
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Table 3 Clinical characteristics postoperatively

Clinical Control group Treatment group p Value
characteristics (n=106)n (%) (m=71)n (%)

Postpericardiotomy 3 (2.8) 2 (2.8) 1.000

syndrome

Pericardial effusion 16 (17.6) 31 (43.7) <0.001*
Pleural effusion 22 (20.8) 33 (46.5) <0.001
Fever 13 (12.3) 2 (2.8) 0.029
Pericardial rub 23 (21.7) 17 (23.9) 0.719
Arrhythmia 17 (16.0) 5(7.0) 0.103
Infection 9 (8.5) 1(1.4) 0.052
Pneumothorax 3(2.8) 9 (12.7) 0.014

 Percentage determined based on the number of patients with post-
operative echocardiography

treatment of patients with rheumatic mitral stenosis and
described later by Dressler [7] after myocardial infarction.
Since that time, identical symptoms have been reported
after conditions or procedures causing irritation or disrup-
tion to the pericardium or underlying myocardium.

Much of the early work to establish the etiology of PPS
was done by Engle et al. [9, 10], who looked at the rela-
tionship of antiheart antibodies and antiviral antibodies in
patients with PPS. They proposed that a viral illness trig-
gers an immune response, PPS [11]. Subsequent studies
suggested that myocardial antigens, released from surgery
or trauma, result in deposition of immune complex in the
pericardial space [24]. However, others have demonstrated
that immunosuppression does not block the inflammatory
response that leads to PPS, challenging the concept of an
antigen—antibody immune complex mechanism [3, 6, 26].

The diagnosis of PPS is based on clinical symptoms
including fever not otherwise explained, pleuritic chest
pain, and pericardial friction rub [5, 12-15, 20, 21, 26, 36].
It is supported by ancillary tests, but there is no single test
available to confirm the diagnosis. Although the criteria
required for a PPS diagnosis vary between studies, most
investigators require the presence of two or more features.

For the purpose of this study, we defined PPS as
involving two or more of the following symptoms or signs
occurring at least 72 h postoperatively: fever (temperature
>38°C), pericardial or pleural rub, and worsening or
recurring anterior pleuritic chest pain. Pericardial effusion,
an important complication of PPS, is not required for a
diagnosis because only 10.3% to 11.5% of patients with a
postoperative pericardial effusion experience PPS [1, 29].

A number of confounding factors make the diagnosis of
PPS difficult. During the early postoperative period, a
pericardial friction rub can be transiently heard. A post-
operative fever is not uncommon after cardiopulmonary
bypass [23]. Furthermore, the reliability of clinical

symptoms in children presents a challenge because they
often are too young to complain of chest pain, and differ-
entiating it from incisional pain can be difficult [32].

The absence of universal criteria for the diagnosis of
PPS and the heterogeneous study populations yield variable
rates for the reported incidences of PPS in the literature.
The incidence of PPS is traditionally reported to be 10% to
40%, with a slightly higher representation among children
than among adults [11, 14, 17, 20, 26, 31]. However, other
studies report lower incidence rates of 1% to 3% [1, 29,
34].

The natural history of PPS is highly variable, ranging
from a brief self-limited episode to a complex condition
with a protracted course and multiple recurrences. The
reported recurrence rates for patients with the diagnosis of
PPS are 21% to 23% [26, 27]. We found evidence of
clinical variability in the natural history of PPS. One
patient with a diagnosis of PPS in the control group had
resolution of symptoms in the absence of antiinflammatory
treatment. Variability in the clinical course may be related
to the poor specificity of the PPS signs and symptoms.

The majority of studies pertaining to PPS include
patients with a variety of cardiac lesions, making it difficult
to establish that particular lesions are at increased risk.
Mott et al. [26] reported that septal defects represented a
large proportion of PPS diagnoses in their study group,
with 49% of the patients having a ventricle septal defect,
ASD, or both. An early case series by Timmis et al. [33]
suggested an association between recurrent PPS and ASDs.
Overall, the literature contains conflicting data, with the
PPS incidence after surgical correction of ASD lesions
reported to be 1% to 25% [1, 11, 18, 22, 26, 32, 34].

A number of factors contribute to the difficulty estab-
lishing the incidence of PPS in specific cardiac lesions such
as the small study populations, the variety of lesions, and
the inconsistent diagnostic criteria among studies. Addi-
tionally, advances in surgical techniques, therapy, and
postoperative patient management may have caused dif-
ferences in the incidence of PPS.

Our study is the largest to date investigating the inci-
dence of PPS in a pediatric patient population with a single
cardiac lesion. We report an overall PPS incidence after
surgical ASD closure of 2.8% (5/187) and an overall inci-
dence of complicated or recurrent PPS of 1.1% (2/177).
This is a recurrence rate of 40% (2/5) for patients with a
diagnosis of PPS, which compares with other studies [26,
27]. However, our small sample size limits our conclusions.
Given the low incidence of both simple and recurrent PPS,
our data do not support ASD as posing a high risk for either.

A number of studies have evaluated the role of pro-
phylactic medications in the prevention of PPS. Prophy-
lactic corticosteroids postoperatively have not been found
to alter the natural history of PPS [6, 26]. Colchicine is
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being investigated for prevention of PPS [15] because a
previous study indicated a trend of reduced incidence
compared with placebo in adults [13].

Acetylsalicylic acid is used as first-line treatment for
PPS. For most patients, ASA is effective at reducing
symptoms and leads to resolution of the illness [5, 14, 36].
No studies have evaluated its role in prevention of PPS.
Therefore, we hypothesized that prophylactic administra-
tion of ASA would prevent the development of PPS by
preventing the inflammatory cascade.

Our data demonstrated no statistically significant dif-
ference (p = 1.00) in the incidence of PPS between the
control group and the study group. This suggests that ASA
prophylaxis for 1 to 6 weeks after surgical closure of
uncomplicated ASDs does not prevent the development of
PPS. Subgroup analysis confirms that this is true for both
the low dose (<20 mg/kg/day) and the regular dose (20—
50 mg/kg/day). However, our small sample of patients in
each subgroup limits our ability to draw meaningful
conclusions.

Postoperative pericardial effusions are found with rela-
tive frequency in patients undergoing cardiac surgery,
reportedly in the range of 14% to 65% [1, 2, 4, 5, 28, 29].
The incidence of pericardial effusions in our study was
found to be 26.6% (47/177), comparable with that in other
studies. The size of the pericardial effusion was determined
subjectively by echocardiography and ranged from trivial
to moderate, with no cases of cardiac tamponade. The
frequency of postoperative echocardiography has increased
over the past 20 years, and many patients who experience a
pericardial effusion often are asymptomatic [4]. Effusions,
however, may cause symptoms such as fever, irritability,
vomiting, and abdominal discomfort [4, 5], some of which
may be symptoms of PPS development.

Beland et al. [2] found that 65% of patients experienced
pericardial effusions postoperatively and that prophylactic
ASA at a dose of 60 mg/kg/day for 7 days did not alter this
incidence. Interestingly, in our study, we found a signifi-
cantly increased incidence of pericardial effusions
(p < 0.001) among patients prescribed ASA prophylaxis
postoperatively (43.7% vs. 17.6%). This may be related to
the increased frequency of echocardiography after cardiac
surgery in the past 10 years. Patients in the 1986—-1996 era
may not have been imaged if they were asymptomatic. Our
data reinforce the finding that ASA prophylaxis after car-
diac surgery does not decrease the incidence of pericardial
effusions.

Limitations of the Study

The retrospective nature of this study imposes inherent
limitations. Detailed notation of ASA prophylaxis dose and
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duration was variable or poorly documented. Due to the wide
range of dosing, an attempt was made to address this by
subgroup analysis. Patient follow-up evaluation was incon-
sistent and incomplete due to the wide geographic distribu-
tion of patients over western Canada, necessitating the
exclusion of many patients due to incomplete follow-up data.

Given the retrospective nature of the study, the duration
and timing of postoperative signs and symptoms were
difficult to determine. Postoperative patients who presented
to their primary care physician or at a different center with
symptoms of PPS or complications of treatment may have
been missed. Because all radiographic data documented
were before discharge, findings that may have developed in
the later postoperative period but were absent at discharge
may have been missed.

Conclusions

In conclusion, our study investigating the role of ASA
prophylaxis did not find it effective at preventing the
development of PPS. This could be more definitively
answered by a prospective, double-blind, placebo-con-
trolled randomized trial. Given that PPS can occur after
many cardiac interventions, further research may have
important implications for future clinical practice.

A significant challenge encountered when comparing
studies is the lack of consistency in the diagnostic criteria
for PPS. We propose a universal criterion for the diagnosis
of PPS that all future studies should adopt, namely, two or
more of the following symptoms or signs present at least
72 h postoperatively: fever (temperature >38°C), pericar-
dial or pleural rub, and worsening or recurring anterior
pleuritic chest pain. The presence or absence of pericardial
effusion should not be required for the PPS diagnosis
because it is a common postoperative finding. Until all
future studies adopt a consistent approach to the diagnosis
of PPS, meaningful comparisons and conclusions will be
difficult to ascertain.
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