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Abstract Surgical repair for atrial septal defects (ASD)

generally occurs during childhood. Post-pericardiotomy

syndrome (PPS) after cardiac surgery has a reported inci-

dence of 1–40 %. We focused exclusively on secundum

ASD repair to evaluate the incidence of PPS. The purpose

of this study is to determine the incidence of PPS after

surgical repair of secundum ASD and investigate what risk

factors may be predictive of its development. A retro-

spective study was performed, and 97 patients who

underwent surgical closure of a secundum ASD were

identified. 27 (28 %) were diagnosed with PPS within the

first postoperative year. Diagnosis was made if they had

evidence of new or worsening pericardial effusion and the

presence of C2 of the following criteria: fever [72 h

postoperatively, irritability, pleuritic chest pain, or peri-

cardial friction rub. Closure of secundum ASDs was per-

formed at a median age of 3.8 years (Interquartile Range

(IQR): 2.2–6.0 years) and a median weight of 14.3 kilo-

grams (IQR: 10.9–19.3 kilograms). The median time for

development of PPS was 8 days post-op (IQR: 5–14).

Significantly, 19 (27 %) of 70 patients in the non-PPS

group had a small pericardial effusion on their discharge

echocardiogram, while of the 27 patients who developed

PPS, 17 (63 %) had a small pericardial effusion on their

discharge echocardiogram (p = 0.001). PPS is relatively

common following surgical closure of secundum ASDs. A

small pericardial effusion on discharge echocardiogram is

predictive of development of PPS postoperatively. In

patients who develop PPS, there is a good response to

therapy with a benign course.

Keywords Post-pericardiotomy syndrome � Congenital

heart disease � Secundum atrial septal defect � Thoracic

surgery � Pediatric

Introduction

Atrial septal defect (ASD) has an incidence of 0.3–0.9

cases per 1,000 live births [1–3] and accounts for approx-

imately 10 % of all congenital heart disease [2, 3]. In

children, symptoms are often not present and diagnosis is

made during routine heart murmur evaluation [4]. Surgical

repair generally occurs during childhood, to prevent

symptoms of chronic volume overload of the right atrium

and ventricle, pulmonary hypertension, atrial arrhythmias,

and heart failure [5, 6], and has a very low mortality rate [7,

8]. Post-pericardiotomy syndrome (PPS) is a known com-

plication of any cardiac surgery, with reported incidence

varying widely from 1 to 40 % [9–12]. While data in the

literature are conflicting, some authors have noted that the

surgical closure of ASD poses a higher risk for the

development of PPS than other operations [13]. We are not

aware of any studies that have analyzed secundum ASDs

exclusively to determine the true incidence of PPS. The

purpose of this study is to determine the incidence of PPS

after surgical secundum ASD closure and investigate

whether there are any risk factors that may be predictive of

its development.
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Methods

This retrospective review was approved by our institutional

review board. We reviewed the surgical database for all

patients with ostium secundum ASD who underwent sur-

gical repair between April 2008 and June 2013. Inclusion

criteria for the study were patients less than 21 years of age

who underwent surgical closure of a secundum ASD and

had a minimum of one documented follow-up visit within

1 year postoperatively, as well as electrocardiograms and

echocardiograms available for review. Patients were

excluded if they had a pacemaker, prior cardiac surgery, or

required additional cardiac surgery at the time of ASD

closure aside from patent ductus arteriosus ligation.

The surgical techniques for closure of the defects

included primary closure or use of patch material. Both

inpatient and outpatient charts were reviewed, and data

collected included patient demographics, pre-operative

electrocardiogram, surgeon, type of surgical closure per-

formed, bypass and cross-clamp times, postoperative tro-

ponin levels, postoperative complications, hospital length

of stay, mediastinal tube drainage duration and output,

echocardiography findings, and diagnosis and treatment of

PPS. Postoperative electrocardiograms within 4 h after

arrival in intensive care unit and on postoperative days 1–3

were analyzed for PR interval, QRS interval and axis, as

well as ST segment elevation.

According to published clinical trials, the following

diagnostic criteria for PPS were adopted [10, 14, 15]: onset

of fever [72 h postoperatively, patient irritability or

pleuritic chest pain, pericardial friction rub, and evidence

of new or worsening pericardial effusion. The diagnosis of

PPS was based on the presence of two or more criteria.

The subjects were divided into two groups based on

whether they developed PPS in the postoperative period.

Group 1 included patients without PPS and group 2

patients with PPS.

Continuous variables are expressed as mean ± standard

deviation for normally distributed data and median and

interquartile range for non-normally distributed data, and

categorical variables as numbers and percentage. Student’s

t test or Mann–Whitney test is used for comparison of

continuous variables. Chi squared testing or Fisher’s exact

test is used for categorical variables or dichotomous vari-

ables. A p value \0.05 is considered statistically

significant.

Results

We identified 114 patients who underwent surgical closure

of a secundum ASD and a total of 97 patients were

included in this study according to inclusion and exclusion

criteria. Of those, 27 (28 %) were diagnosed with PPS

within the first postoperative year. Table 1 summarizes the

demographic and surgical characteristics of the patients in

the two groups. Closure of secundum ASDs was performed

at a median age of 3.8 years (IQR: 2.2–6.0 years) and a

median weight of 14.3 kilograms (IQR: 10.9–19.3 kilo-

grams). There were no significant differences between the

two groups with regards to age, gender, surgeon, surgical

method, patch material used, postoperative troponin levels,

hospital length of stay, chest tube drainage duration, or

chest tube output. Analysis of pre- and post-operative

ECGs showed there was no significant difference between

the groups in HR, PR interval, QRS interval or axis, or in

the incidence of ST segment elevation or ST segment

elevation height. Significantly, 19 (27 %) of 70 patients in

group 1 had a small pericardial effusion on their discharge

echocardiogram, while of the 27 patients in group 2, 17

(63 %) had a small pericardial effusion on their discharge

echocardiogram (p = 0.001). The positive predictive value

(PPV) of a small pericardial effusion on discharge echo-

cardiogram was 47 %.

Of the 27 patients with PPS, irritability was present in

18 (67 %), fever in 12 (44 %), chest pain in 8 (28 %), and a

pericardial friction rub in 8 (26 %). In the patients who did

not develop PPS only 15 (21 %) complained of irritability

at their follow-up visit. All but one had a pericardial

effusion on echocardiogram ranging in size from moderate

to large. The median time postoperatively to diagnosis and

development of PPS was 8 days (IQR: 5–14 days). Fifteen

(55 %) of the 27 patients with PPS had lab tests performed

at the time of diagnosis. The white blood cell count median

was 10.5 9 109/L (IQR: 7.5–13.1 9 109/L), 12 had a

C-reactive protein tested with a median level of 33.8 mg/L

(IQR: 7.0–91.3 mg/L), and ten had an erythrocyte sedi-

mentation rate sent with a median of 31 mm/h (IQR:

8–46 mm/h).

During the postoperative period, the majority of the

patients (n = 85, 88 %) were treated with ketorolac for

pain control. There was no difference between the groups

in number of patients treated or doses received. Twenty

patients (74 %) in group 2 were treated with ibuprofen, a

non-steroidal anti-inflammatory drug (NSAID), and two

(7.4 %) required pericardiocentesis and NSAIDs due to the

finding of a large pericardial effusion on echocardiogram.

Neither of the two patients who required pericardiocentesis

displayed symptoms of hemodynamic compromise or had

been treated medically initially. Five were monitored by

the cardiologists as an outpatient and were not treated. In

all 27 patients in group 2, the PPS resolved in a median

time of 25 days (IQR: 12–32 days). The median time to

initial follow-up was 7 days (IQR: 5–18 days). However,

there were ten patients who did not present for initial fol-

low-up until greater than 1 month postoperatively.
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Discussion

It is well established that surgical closure of secundum

atrial septal defects is safe with a low morbidity and

mortality. [5, 9, 16] PPS is an inflammatory process that

occurs in patients following surgical interventions that

involves the pleura, pericardium or both [17]. Initially

described as ‘‘postcommisurotomy syndrome’’ following

the treatment of patients with rheumatic mitral disease

[18], in 1958, it was first described and termed as post-

pericardiotomy syndrome following repair of congenital

heart defects [19]. In their original paper, Ito et al. describe

13 patients who developed PPS, only one of whom

underwent ASD closure. The reported incidence of PPS

varies widely from 1 to 40 % [9–12]. While data in the

literature are conflicting, some authors have noted that the

surgical closure of ASD poses a higher risk for the

development of PPS than other operations [13]. We report

the incidence of PPS in a pediatric population who

underwent surgical repair of only a secundum ASD. We

report a relatively high incidence of 28 % developing PPS

following surgical ASD closure.

Diagnosis of PPS is made in the presence of clinical

symptoms that include fever without alternate causes, pleu-

ritic chest pain, pericardial friction rub, evidence of peri-

cardial effusion, and evidence of pleural effusion. [10, 11,

15, 20] We also included patient irritability in our criteria as

our patient population of children presented a challenge in

that they may have been too young to complain of chest pain.

While exact criteria differ between the various studies, most

investigators require at least two of the above-mentioned

features. In addition, we found that of the labs that were sent,

both CRP and ESR were elevated above normal values;

however, WBC was not elevated. In our population, all

patients, except one, had at least a moderate size pericardial

effusion. As has been noted in prior studies, there is a lack of

consistency with regards to diagnostic criteria for PPS.

Based on the fact that almost all (except one) of our patients

had a pericardial effusion on echocardiogram, we propose

universal criterion for pediatric patients for the diagnosis of

PPS, specifically, the presence of a pericardial effusion on

echocardiogram, along with two or more of the following

symptoms: fever [38 �C more than 72 h postoperatively,

pericardial friction rub, patient irritability, or pleuritic chest

Table 1 Patient characteristics

PPS post-pericardiotomy

syndrome, IQR interquartile

range

Variable Non-PPS group (n = 70) PPS group (n = 27) p value

Median age (years) 3.8 (IQR: 2.3–5.5) 3.4 (IQR: 1.7–7.8) 1.0

Weight (kg) 14 (IQR: 11.5–18.4) 15.7 (IQR: 10.3–29.4) 0.2

Male sex 34 (47 %) 10 (37 %) 0.3

ASD closure

Primary 35 (50 %) 13 (48 %) 0.9

GoreTex patch 1 (1 %) 1 (4 %) 0.5

CorMatrix patch 14 (20 %) 6 (22 %) 0.8

Pericardial patch 20 (29 %) 7 (26 %) 0.8

Bypass time (min) 35.9 ± 7.9 37.5 ± 9.4 0.4

Cross-clamp Time (min) 17.3 ± 6.1 16.1 ± 6.1 0.4

Initial troponin (ng/ml) 3.5 (IQR: 2.7–7.6) 4.6 (IQR: 2.5–7.7) 0.5

Peak troponin (ng/ml) 4.2 (IQR: 3.1–7.5) 5.2 (IQR: 2.7–7.7) 0.4

Length of stay (days) 4 (IQR: 4–5) 4 (IQR: 4–6) 0.4

Chest tube duration (days) 3 (IQR: 3–4) 3 (IQR: 3–4) 0.8

Total chest tube output (cc/kg) 13.2 (IQR: 10.3–18.4) 12.5 (IQR: 9.3–17.2) 0.5

Ketorolac administered for pain control 63/70 (90 %) 22/27 (82 %) 0.7

Total ketorolac dose (mg/kg) 3.3 3.8 0.2

Postoperative ECG

HR (bpm) 117.2 ± 22.2 118.9 ± 24.7 0.8

PR interval (msec) 122 (IQR: 110–136) 122 (IQR: 110–148) 0.8

QRS interval (msec) 72 (IQR: 66–81) 72 (IQR: 64–82) 0.9

QRS axis (msec) 69 (IQR: 42–95) 57 (IQR: 41–87) 0.2

ST segment elevation present 34/70 (49 %) 17/27 (63 %) 0.2

ST segment elevation height (mm) 2 (IQR: 2–3) 2 (IQR: 2–3) 0.9

Predischarge echocardiogram

Pericardial effusion present 19/70 (27 %) 17/27 (63 %) 0.001
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pain. In addition, elevation of inflammatory markers could

be considered as a supplementary sign of PPS.

We found that the presence of a small pericardial effu-

sion upon discharge from the hospital following surgery

was associated with the development of PPS in 47 % of the

patients who had a small pericardial effusion on discharge

echocardiogram. While only 27 % of the patients in the

group that did not develop PPS had a small pericardial

effusion, 63 % of the patients in the group who did develop

PPS had a pericardial effusion at discharge. ST segment

elevation on postoperative ECG was common in this

patient population (52 %); however, it was not predictive

of the development of PPS. Similarly, other variables tes-

ted were not associated with the development of PPS.

Several studies have been done to assess the role of

prophylactic medications in the prevention of PPS. Mott

et al. compared intravenous methylprednisolone and pla-

cebo administration pre- and post-cardiopulmonary bypass

in pediatric patients undergoing surgery for congenital

heart disease and found no difference in the incidence of

PPS [21]. Similarly, Gil et al. compared pediatric patients

undergoing ASD repair who received aspirin prophylaxis

with those who did not, and they found no difference

between the two groups in the incidence of PPS [10]. In the

largest clinical trial in adults, the COPPS trial, colchicine

significantly reduced the incidence of PPS at 12 months

compared with placebo [14]. We found in our population

that using an NSAID for pain control immediately after

surgery did not impact PPS development.

PPS can range from being a self-limited episode to a

complex condition requiring multiple treatment courses and

interventions. In our group, five patients did not require

treatment and had a self-limited course, while the remainder

were treated with medication alone or pericardiocentesis

followed by a course of medication. In our population, 74 %

of the patients with PPS were treated with ibuprofen, with

complete resolution of their symptoms [22]. Given the high

incidence of PPS, it was reassuring to see that only two

patients required pericardiocentesis and all resolved within a

median of 25 days with ibuprofen alone. One patient had

recurrent PPS that was successfully treated with ibuprofen.

No patient in our study received steroids for treatment of

their PPS. The median time to follow up for our patient

population was 7 days; however, there were ten patients who

did not follow up until more than a month after discharge. In

this setting, there is the possibility that some of these patients

may have had a self-limited course of PPS that was not

brought to medical attention.

While Imazio et al. found that in adults, patients with

PPS had longer length of stay in the hospital following

cardiac surgery [11], in our population there was no dif-

ference between the groups in their hospital length of stay

following surgery.

In conclusion, our study demonstrated a relatively high

incidence of PPS following surgical repair of secundum

ASD in a pediatric population. A small pericardial effusion

on discharge echocardiogram following surgery was pre-

dictive of later development of PPS and should prompt

closer follow-up of these patients after discharge.
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