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Abstract
Pericardial effusion (PE) after pediatric cardiac surgery is common. Because of the lack of a uniform classification of the 
presence and severity of PE, we evaluated PE altering clinical management: clinically relevant PE. Risk factors for clinically 
relevant PE were studied. After cardiac surgery, children were followed until 1 month after surgery. Preoperative variables 
were studied in the complete cohort. Perioperative and postoperative variables were studied in a case–control manner. Patients 
with and without clinically relevant PE were matched on age, gender, and diagnosis severity in a 1:1 ratio. Multivariate 
analysis was conducted using important preoperative variables from the complete cohort combined with perioperative and 
postoperative variables from the case–control data. 1241 surgical episodes in 1031 patients were included. Clinically relevant 
PE developed in 136 episodes (11.0%). Multivariate correlation with the outcome was present for age, BSA (adjusted odds 
ratio: 1.6, 95% CI 0.9–2.8), right-sided heart defect (adjusted odds ratio: 1.3, 95% CI 0.9–1.9), history of previous operation 
(adjusted odds ratio: 0.5, 95% CI 0.3–0.7), cardiopulmonary bypass use (adjusted odds ratio: 2.1, 95% CI 0.9–4.5), duration 
of CPAP postoperatively, and an inotropic score (adjusted odds ratio: 1.01, 95% CI 0.998–1.03). In this large patient cohort, 
11.0% of postoperative periods of pediatric cardiac surgery were complicated by PE requiring alteration of treatment. Sec-
ondly, we newly identified cardiopulmonary bypass use and right-sided heart defects as risk factors for clinically relevant PE 
and confirmed previously described risk factors: age, CPAP duration, BSA, and inotropic score and a previously described 
risk reductor: history of previous operation.
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Introduction

Congenital heart disease (CHD) occurs in about 12–14 
per 1000 live births and is an important cause of pediatric 
mortality [1–3]. Due to improvements in detection of CHD 
and medical and surgical interventions, postoperative and 
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long-term survival has increased [3, 4]. Yet, postoperative 
pericardial effusion (PE) remains a serious and frequent 
complication. PE occurs in approximately 20% of children 
undergoing cardiac surgery and is the cause of morbid-
ity and hospitalization [5]. In 80% of cases, PE develops 
within 1 month after surgery [5]. In most cases, PE follows 
a relatively mild course that does not require intervention 
[6]. However, in severe cases, it can lead to cardiac tam-
ponade, necessitating pericardiocentesis, and even death.

In children, an increased risk of developing any form 
of PE is associated with female gender, certain congeni-
tal defects, higher age at operation, and specific surgical 
procedures. Furthermore, higher pericardial drain produc-
tion postoperatively and the use of anticoagulation were 
identified as a risk factor for PE after pediatric cardiac 
surgery [7, 8].

Research on PE after pediatric cardiac surgery is ham-
pered by the lack of a standardized assessment of PE and 
its severity. Identification of high-risk patients for clini-
cally relevant pericardial effusion (crPE), i.e., PE requiring 
additional echocardiograms, start or continuation of medi-
cation or pericardiocentesis, may refine patient manage-
ment after pediatric cardiac surgery. Therefore, this study 
has two aims. The primary aim of the study is to evaluate 
the incidence of crPE after pediatric cardiac surgery in a 
tertiary center for CHD and to define preoperative, perio-
perative, and postoperative risk factors that are related to 
the occurrence of crPE.

Materials and Methods

Study Population

Patient files were reviewed of all patients that underwent 
a surgical procedure between January 2010 and Decem-
ber 2014 in the CAHAL center for CHD Amsterdam-
Leiden, The Netherlands for the presence of crPE. CrPE 
was defined as PE that results in an alteration of the usual 
course of postoperative management, such as when addi-
tional echocardiographs were made, diuretics were initi-
ated or continued, corticosteroid therapy was initiated or 
when pericardial drainage was required.

The CAHAL consists of three academic hospitals (Lei-
den University Medical Center, Academic Medical Center, 
and Free University Medical Center). All procedures took 
place in the department of cardiothoracic surgery of the 
Leiden University Medical Center. Patients were eligible 
for study inclusion when they were 18 years of age or 
younger at the time of surgery and when they underwent 
thoracic surgery of the heart and/or the great vessels.

Data Collection

The EZIS patient information system (Chipsoft, Amster-
dam, The Netherlands) and the HiX system (Chipsoft, 
Amsterdam, The Netherlands) were used to examine all 
files available in the LUMC. These files included all cor-
respondence letters of the department of pediatric car-
diology of the Leiden University Medical Center and of 
the intensive care department of the Leiden University 
Medical Center, as well as the letters of the collaborat-
ing hospitals. Intensive care information was thoroughly 
examined by means of the PDMS intensive care program 
(MetaVision iMDsoft, Düsselforf, Germany). Since 80% 
of patients develop PE within 1 month [5], 1 month of 
follow-up was collected for all patients. When patients 
were referred to the Academic Medical Center, the Free 
University Medical Center or the Juliana Pediatric Hospi-
tal, The Hague, The Netherlands within this month and let-
ters of that period were not available in the EZIS system, 
patient files were examined at that location. When patients 
were referred to a different hospital, it was assumed they 
did not develop crPE, since patients with crPE would have 
been referred back to one of the hospitals of the CAHAL, 
because no specialized pediatric cardiologists are available 
in those centers.

Patients were examined in eligible surgical episodes. 
An eligible surgical episode was defined as the time 
interval between an eligible procedure, i.e., thoracic sur-
gery of the heart and/or the great vessels, and 1 month 
of follow-up. Some patients underwent multiple proce-
dures. When these procedures were performed within the 
period of 1 month, the follow-up was extended to 1 month 
after the last procedure. When procedures were performed 
more than 1 month apart, they were analyzed as separate 
episodes.

Routine echocardiographs were made at discharge 
from the intensive care unit (ICU), discharge from hos-
pital and at least once during the second to fourth week 
after operation. Additional echocardiographies were made 
either during ICU stay or in between echocardiographies 
when a patient developed symptoms for which an echo-
cardiograph was indicated. All echocardiography reports 
were examined to find out whether a patient developed 
PE during the episode and whether this PE was clinically 
relevant. For this, the echo-reports were searched for the 
mention of PE. When presence or absence of PE was not 
mentioned or if uncertainties existed within the report, a 
senior pediatric cardiologist (AAWR) reviewed the echo-
cardiography. Patients were considered to have developed 
PE when there was echocardiographic evidence of effu-
sion at least once during follow-up. As stated above, crPE 
was defined as PE that results in an alteration of the usual 
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course of postoperative management, such as when addi-
tional echocardiographs were made, diuretics were ini-
tiated or continued, corticosteroid therapy was initiated 
or when pericardial drainage was required. The need for 
therapy initiation or adjustment was determined according 
to physicians’ discretion and distracted from the medical 
records. In these instances, the patients were considered 
to have developed crPE. Perioperative and postoperative 
patient data were collected until the moment that crPE 
was diagnosed.

Potential Risk Factors for CrPE

Preoperative characteristics such as age at the time of pro-
cedure, gender, weight, length, and primary diagnosis were 
collected for all patients. Body surface area was calculated 
according to the formula of Dubois. Next, the primary diag-
nosis was classified as being simple, moderate, or severe in 
complexity according to the classification described by Hoff-
man and Kaplan [1]. This classification was used because it 
is a patient characteristic that conveys disease severity and 
because PE is known to occur more frequently in patients 
with specific congenital heart defects, such as tetralogy of 
Fallot, ventricular septal defect with additional defects, and 
isolated septal defects. Furthermore, for perioperative risk 
factors, we chose risk factors known from literature [9]: CPB 
use and duration and clamp time, clamp time. Therefore, we 
did not include classifications that focus more on difficulty 
of the performed operation, such as the STAT classification 
[10]. It was also noted whether the patient had a right-sided 
heart defect. These heart defects included atrial septal defect 
type 2, tricuspid valve disease, Ebstein tricuspid valve dis-
ease, tricuspid valve stenosis, tricuspid valve hypoplasia, 
sinus venosus atrial septal defect, double outlet right ven-
tricle, and tetralogy of Fallot. An overview of the diagnoses 
included in this study with their severity and whether they 
were analyzed as being right-sided is given in Table S1.

To examine perioperative and postoperative characteris-
tics, a case–control study was performed within the cohort. 
Therefore, all patients that developed crPE were selected 
and matched with patients that did not develop crPE in a 
ratio of one-to-one. Matching criteria were age, gender, and 
diagnosis severity. Matching was done in a two-step proce-
dure. In the first step, a maximum age difference of 3 months 
was allowed. In the second step, cases that did not yet have 
a matched control were matched again with a maximum age 
difference of 12 months.

The perioperative characteristics that were investigated 
are shown in Table 4. If clamp time was not recorded, 
asystole duration as registered in the PDMS intensive care 
program was used instead. To justify this, clamp time was 
internally compared with asystole time in patients in whom 
clamp time and asystole time were both available. The 

maximum difference was 2 min, which was thought suffi-
ciently small to justify the use of asystole time when clamp 
time was absent.

The postoperative characteristics that are investigated are 
also shown in Table 4. Inotropic use was assessed using a 
maximum inotropic score [11]. For respiratory ventilation, 
a distinction was made between bilevel positive airway pres-
sure and/or assisted spontaneous breathing ventilation and 
continuous positive airway pressure ventilation. For corti-
costeroids use, perioperative use and the maximum dosage 
during ICU stay were recorded. Postoperative dexametha-
sone was only provided in case of stridor. However, due to 
few patients receiving corticosteroids, it was decided only 
to implement the use of peri- and postoperative corticoster-
oids in the statistical analysis. For diuretics, anticoagula-
tion medication, antihypertensives, and non-steroidal anti-
inflammatory drugs, it was only documented whether this 
type of medication was given and not the dose.

To prevent distortion of our results by outlying values, 
it was decided to categorize variables in which these out-
lying values could be expected. These variables were age, 
ICU duration, duration of bilevel positive airway pressure 
and/or assisted spontaneous breathing, and duration of 
continuous positive airway pressure ventilation. Clinically 
relevant cut-off values were chosen. Age was categorized 
into neonatal (0–1 month), 1–6 months, 6 months–1 year, 
and 1–18 years. ICU duration was categorized into ≤ 1 day, 
1–5 days, 5–10 days, and > 10 days. Bilevel positive airway 
pressure and/or assisted spontaneous breathing ventilation 
was categorized into 0–1 h, 1–12 h, 12–24 h, and > 24 h. 
Continuous positive airway pressure ventilation was cat-
egorized into no continuous positive airway pressure usage, 
0–1 h usage, 1–12 h, and > 12 h.

Statistical Analysis

Preoperative patient characteristics were examined in the 
complete study cohort and perioperative and postoperative 
characteristics were assessed in the case–control sub-cohort. 
Continuous variables are shown as medians with interquar-
tile ranges. Nominal variables are shown as frequencies and 
percentages. In the complete study cohort, patients with 
and without crPE were compared by means of independent 
sample student T tests for continuous variables and χ2 tests 
for dichotomous variables. Odds ratios were calculated by 
means of logistic regression analysis, with robust standard 
errors to account for clustered measurements within a child. 
The effect of perioperative and postoperative characteristics 
was assessed by comparing the patients with crPE to their 
matched controls, using paired t tests and McNemar tests. 
Conditional logistic regression was used to calculate odds 
ratios. Statistical significance was defined as p < 0.05.
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The multivariate regression analysis was conducted in 
two steps. First the most predictive preoperative variables 
were selected. Therefore, the preoperative variables that 
were univariately associated with crPE (p value < 0.10) 
were entered in a logistic model. In the second step, the 
additional value of the peri- and postoperative variables was 
assessed using the case–control data. Unconditional logistic 
regression was used in which the regression coefficients for 
the preoperative variables were hold fixed at the values of 
the complete cohort analysis [12]. The peri- and postopera-
tive variables that were univariately associated with crPE (p 
value < 0.10) were subsequently entered in the analysis. To 
account for missing data values, multiple imputation was 
used.

All analyses were conducted using SPSS statistics version 
22.0 for Mac and STATA version 14 for Windows.

Results

Patient Characteristics

During the study period, 1829 surgical procedures were 
performed on 1169 children, resulting in 1457 surgical 
episodes. Of these episodes, 1241 (1031 patients) were 
included because at least one eligible procedure was per-
formed, i.e., thoracic surgery of the heart and/or great ves-
sels with 1 month of follow-up (Fig. 1). Episodes were 
excluded because the patient was older than 18 years (n = 94) 
or because no eligible procedure was performed (n = 122). 
Of the 1031 patients, 863 patients (69.5%) had only one 
operation, and 168 had more than one operation. The char-
acteristics of the included episodes are shown in Table 1.

Twenty-six patients died within the follow-up period. Of 
these, four developed PE, yet none of the deaths were caused 
by PE. One of these patients died of multi-organ failure with 
respiratory insufficiency, cardiac failure, and necrotizing 
enterocolitis; one died of treatment-resistant progressive 

bradycardia resulting in a failed resuscitation; one patient 
died of rhythm and output problems, complicated by brain 
hemorrhage, after which treatment was discontinued; and 
one patient died after discontinuation of treatment because 
of persistent necessity of respiratory support, progressive 
circulatory insufficiency, and absence of viable (surgical) 
treatment options. In two of the deceased patients, PE was 
evaluated as clinically relevant. One of these children was 
treated with diuretics, the other required pericardiocentesis.

PE Incidence and Univariate Risk Factors

PE developed in 301 (24.3%) of the episodes, but in only 136 
(11.0%), PE was considered clinically relevant. The 136 epi-
sodes with crPE occurred in 133 different patients. Twenty-
seven patients had more than one surgical procedure during 
the course of this study, but only three patients developed 
crPE twice.

Table 2 shows the preoperative characteristics of the epi-
sodes with crPE compared with episodes in which no crPE 
developed and the univariate analysis of the preoperative 
variables. Of the preoperative factors, age, length, weight, 
right-sided heart defects, and body surface area were shown 
to increase crPE risk, while previous cardiac surgery was 
associated with a decreased risk of crPE (p < 0.05). Table 4 
shows the results of the univariate analysis for the peri- and 
postoperative factors. Cardiopulmonary bypass use, bypass 

Fig. 1  Flow chart of patient inclusion. CrPE clinically relevant peri-
cardial effusion

Table 1  Patient characteristics at time of surgery in the included sur-
gical episodes

BSA body surface area, IQR interquartile range
a Missing values: length, n = 259; weight, n = 10; BSA, n = 261. Total 
patients missing ≥ 1 values, n = 261

Variable Total episodes (n = 1241)a

n or median % or IQR

Male 696 56.1%
Age at operation 8 months 2–49 months
 0–1 month 213 17.2%
 1–6 months 365 29.4%
 6 months–1 year 124 10.0%
 1–18 years 539 43.4%

Length 80 cm 62.0–112.0 cm
Weight 7.6 kg 4.3–15.8 kg
BSA 0.45 m2 0.30–0.73 m2

Previous operation 478 38.5%
Diagnosis severity
 Simple 197 15.9%
 Moderate 419 33.8%
 Severe 625 50.4%

Pericardial effusion 301 24.3%
 Clinically relevant 136 11.0%
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duration, clamp time, and CPAP duration were shown to be 
univariate risk factors for crPE.

Of all episodes in which crPE developed, in 30 (22.1%) 
just an additional check-up was required. In the 106 other 
episodes, a treatment was started additive to the additional 
check-up: in 3 episodes (2.2%) non-steroidal anti-inflamma-
tory drugs were started, in 44 (32.3%) diuretics were started, 
in 2 (1.5%) non-steroidal anti-inflammatory drugs as well 
as diuretics were started, in 25 (18.4%) corticosteroids were 
started, and in 31 (22.8%) pericardial drainage was required.

Most crPE occurred while the children were hospitalized, 
but in 26 episodes (19%) crPE developed after discharge. 
Details of these children are given in Table 3. Notably, 7 of 
these patients (26.9%) required pericardial drainage.

Of the 31 patients that went on to require pericardiocen-
tesis, additional characteristics are presented in Table 3. 
Patients that did not receive corticosteroids for their crPE 
required drainage in 22.8% of the cases. Patients that did 
receive corticosteroids required drainage in 25.7% of the 
cases. This difference was not statistically significant 
(p = 0.71).

Twenty-one of the patients that required pericardial 
drainage were diagnosed with PE during routine echo-
cardiography, either at the ward or at follow-up outpa-
tient visits. Eleven patients developed symptoms because 
of their PE, which led to making additional echocardio-
graphs, accelerating of the control visit, or admission to 

Table 2  Comparison of preoperative characteristics between episodes with and without crPE

BSA body surface area, crPE clinically relevant pericardial effusion, IQR interquartile range
a Missing values: length, n = 15; weight, n = 2; BSA, n = 15. Total patients with ≥ 1 missing value(s), n = 15
b Missing values: length, n = 244; weight, n = 8; BSA, n = 246. Total patients with ≥ 1 missing value(s), n = 246

Variable CrPE (n = 136)a No crPE (1105)b Univariate odds ratio (95% 
CI)

Multivariate odds ratio 
(95% CI)

n or median % or IQR n or median % or IQR Effect measure 95% CI Effect measure 95% CI

Male 70 51.5% 627 56.7% 1.2 0.9–1.8
Age at operation 15 months 4–85 months 7 months 1–46 months 1.004 1.002–1.007
 0–1 month 9 4.2% 204 95.8% 1 1.0
 1–6 months 35 9.6% 329 90.4% 2.4 1.1–5.1 2.2 1.0–4.8
 6 months–1 year 20 16.1% 104 83.9% 4.4 1.9–9.9 4.1 1.7–9.9
 1–18 years 72 13.3% 468 86.7% 3.5 1.7–7.1 3.1 1.3–7.2

Length 86 cm 67–124 cm 80 cm 62–109 cm 1.008 1.003–1.013
Weight 9.45 kg 5.3–24.25 kg 7.5 kg 4.0–15.0 kg 1.015 1.005–1.025
BSA 0.48 m2 0.32–0.94 m2 0.43 m2 0.29–0.71 m2 1.85 1.27–2.71 1.6 0.9–2.8
Previous operation 39 28.7% 439 39.7% 0.6 0.4–0.9 0.5 0.3–0.7
Diagnosis severity
 Simple 26 13.2% 171 86.8% 1
 Moderate 52 12.4% 368 87.6% 0.9 0.6–1.5
 Severe 58 9.3% 566 90.7% 0.7 0.4–1.1

Right-sided heart defect 53 39.0% 322 29.1% 1.6 1.1–2.2 1.3 0.9–1.9

Table 3  Characteristics of specific subgroups of episodes in which 
crPE developed

crPE clinically relevant pericardial effusion, IQR interquartile range, 
NSAIDs non-steroidal anti-inflammatory drugs

Variable CrPE develop-
ment after dis-
charge (n = 26)

Episodes 
requiring 
pericardial 
drainage 
(n = 32)

n % n %

Male (%) 13 50.0 19 59.4
Age at operation
 < 3 years old 12 46.2 22 68.8
 > 3 years old 14 53.8 10 31.2

Diagnosis severity
 Simple 5 19.2 2 6.3
 Moderate 13 50.0 9 28.1
 Severe 8 30.8 20 65.6

Initiated therapy
 Additional check-ups, n (%) 9 34.6 1 3.1
 NSAIDs, n (%) 2 7.7 2 6.3
 Diuretics, n (%) 9 34.6 13 40.6
 Corticosteroids, n (%) 4 15.4 9 28.1
 Pericardial drainage, n (%) 7 26.9 32 100
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Table 4  Comparison of peri- and postoperative characteristics between episodes with and without crPE

ASB assisted spontaneous breathing, BiPAP bilevel positive airway pressure, CPAP continuous positive airway pressure, CPB cardiopulmonary 
bypass, crPE clinically relevant pericardial effusion, ICU intensive care unit, IQR interquartile range, NSAIDs non-steroidal anti-inflammatory 
drugs
a Missing values: bypass duration, n = 2; clamp time, n = 5; inotropic score, n = 1; total corticosteroid use, n = 1; anticoagulants use, n = 1; 
NSAIDs use, n = 1; drain production, n = 2; PRISM III, n = 8; PIM 2, n = 8; BiPAP ASB duration, n = 2; highest urea, n = 4; highest creatinine, 
n = 4. Total patients with ≥ 1 missing value(s), n = 17
b Missing values: CPB use, n = 1; bypass duration, n = 23; clamp time, n = 2, PRISM III, n = 10; PIM 2, n = 10; IC duration, n = 5; highest urea, 
n = 8; highest creatinine, n = 8. Total patients with ≥ 1 missing value(s), n = 33

CrPE (n = 136)a No crPE (135)b Univariate odds ratio (95% 
CI)

Multivariate odds ratio 
(95% CI)

 n or 
median

% or IQR  n or 
median

% or IQR Effect measure 95% CI Effect measure 95% CI

Perioperative variables
 CPB use 124 91.2% 103 76.3% 3.4 1.6–7.3 2.1 0.9–4.5
 Bypass dura-

tion
94 min 58–150 min 74 min 0.0–111.0 min 1.006 1.002–1.011

 Clamp time 59.0 min 29.0–97.0 min 42.0 min 0.0–78.0 min 1.008 1.003–1.013
Postoperative variables
 Inotropic score 12.0 4.8–21.0 8.00 1.0–15.0 1.02 0.998–1.033 1.01 0.998–1.03
 Total corticos-

teroid use
65 47.8% 57 42.2% 1.4 0.79–2.6

 Anticoagulants 
use

27 19.9% 32 23.7% 0.79 0.44–1.4

 Diuretics use 111 81.6% 110 81.4% 1.00 0.51–2.0
 Antihyperten-

sives use
10 7.4% 12 8.9% 0.82 0.34–2.0

 NSAIDs use 18 13.3% 16 11.9% 1.1 0.45–2.7
 Drain production
  0–100 mL 41 41.0% 59 59.0% 1
  100–200 mL 36 52.9% 32 47.1% 2.2 1.0–4.7
  200–500 mL 42 56.0% 33 44.0% 2.3 1.1–4.9
  > 500 mL 17 60.7% 11 39.3% 3.1 1.1–8.6

 PRISM III 
score

3.0 1.0–4.0 3.0 1.0–3.0 1.1 0.94–1.2

 PIM2 score − 3.688 − 4.019 to 
− 3.295

− 3.710 − 4.318 to 
− 3.378

1.2 0.92–1.7

 BiPAP/ASB duration
  0–1 h 19 61.2% 12 38.8% 1
  1–12 h 50 47.6% 55 52.3% 0.57 0.26–1.2
  12–24 h 21 55.3% 17 44.7% 0.82 0.31–2.1
  > 24 h 46 47.4% 51 52.6% 0.53 0.21–1.3

 CPAP duration
  None 69 41.3% 98 58.7% 1 1.0
  0–1 h 24 47.1% 27 52.9% 1.8 0.84–3.9 1.5 0.7–2.9
  1–12 h 22 84.6% 4 15.4% 16.3 3.4–77.4 10.8 3.3–35.2
  > 12 h 21 77.8% 6 22.2% 8.9 2.4–33.9 4.4 1.5–12.8

 ICU duration
  ≤ 1 days 50 47.2% 54 52.8% 1
  1–5 days 48 49.5% 49 50.5% 1.1 0.63–2.0
  5–10 days 22 56.4% 17 43.6% 1.5 0.69–3.4
  > 10 days 16 51.6% 15 48.4% 1.3 0.54–2.9

 High urea 33 24.3% 31 23.0% 1.1 0.63–2.0
 High creatinine 11 8.1% 12 8.9% 1.1 0.35–3.3
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the hospital. Symptoms varied from increased irritability 
and seemingly infectious of origin to acute heart failure.

Multivariate Analysis

Variables univariately associated (p < 0.10) with crPE 
were the preoperative factors age, length, weight, body 
surface area, history of previous operation, and right-
sided heart defect; the perioperative factors cardiopulmo-
nary bypass use, clamp time, and bypass duration, and the 
postoperative factors continuous positive airway pressure 
ventilation duration and the inotropic score. To prevent 
multicollinearity, length and weight were not used in the 
final model, because of the strong correlation with body 
surface area, and clamp time and bypass duration were not 
used because they were strongly related to cardiopulmo-
nary bypass use. The first choice has been made, because 
it was felt that BSA did better convey the general state of 
health of a patient than did length, weight, or the combina-
tion of the two. The latter choice has been strengthened by 
the absence of a clear explanation of why bypass duration 
would increase the crPE incidence and because in our data, 
bypass use correlated better with the incidence of crPE 
than did clamp time or bypass duration.

The preoperative multivariate analysis is shown in 
Table 2. A multivariate analysis of the perioperative and 
postoperative factors, while taking into account the pre-
operative factors in the two-step manner described pre-
viously, yielded the results as shown in Table 4. In the 
multivariate analysis, age and CPAP duration significantly 
increased the risk for crPE and a history of previous sur-
gery significantly reduced the risk. In addition, BSA, the 
use of cardiopulmonary bypass and intropics use were bor-
derline significant (p < 0.10).

Discussion

In this large single-center comprehensive evaluation of 
crPE after pediatric cardiac surgery, we show that crPE 
remains an important complication in the current era of 
pediatric cardiac surgery, complicating 11.0% of all sur-
geries. Univariate risk factors for crPE are older age at 
surgery, a higher body surface area, having a right-sided 
heart defect, cardiopulmonary bypass use, and a longer 
duration of continuous positive airway pressure ventila-
tion postoperatively. A preventative factor is shown to be 
history of previous operation. However, in the multivariate 
analysis, only age and CPAP duration remained as signifi-
cant risk factors and history of previous cardiac surgery 
as significant risk reductor.

Risk Factors for CrPE

The findings regarding risk factors are mostly in accordance 
with previous literature, which also suggest an increased 
risk associated with older age in children [13–15] and pre-
ventative effect of previous cardiac surgery [9]. However, 
also some contradictions were found, since in this study no 
effect of gender or diagnosis severity could be identified 
and higher thoracic drain production, anticoagulation use, 
or longer intensive care stay did not seem to convey any 
additional risk [7, 8, 16]. In addition, this study identified 
cardiopulmonary bypass use and right-sided heart defects 
as new risk factors for crPE in children. It is hypothesized 
that right-sided heart defects and CPAP use both increase 
the risk for crPE by increasing the central venous pressure. 
A study by Elias et al. [17] recently investigated the risk for 
readmission for PE after pediatric cardiac surgery. In part, 
they found the same risk factors as were found in this study, 
such as higher age at surgery and atrial septal defect surgery, 
which in this study was grouped under the right-sided heart 
disease. In contrast, they also found that length of stay was 
a factor in determining the risk for PE and interventional 
procedures for PE. Our study adds a comprehensive analysis 
of patient files, instead of the analysis of an administrative 
database, with extra attention for the actual severity of PE 
because of our clinical outcome measure, i.e., crPE. Also, 
we had access to more detailed patient information, includ-
ing perioperative and postoperative data in addition to the 
demographic information.

The pathophysiology of postoperative PE is still unclear, 
but there are various explanations. At least some part of 
the incidence is thought to be caused by the postpericar-
diotomy syndrome [6, 8, 13–15, 18–21], which is thought 
to be immune related. There are studies that support this 
claim by having identified antiheart antibodies and increases 
in pro-inflammatory cytokines [6, 13–15, 18–20, 22]. This 
hypothesis is also supported by studies investigating risk 
factors. In studies in children it is shown that very young 
age is associated with decreased crPE incidence [13] and 
in studies in adults it is shown that high age is associated 
with decreased incidence [9], which could be explained by 
the less-competent immune system in these patient groups 
[23]. Furthermore, one study in adults and one study in chil-
dren show that female patients are more likely to develop 
PE compared to male patients [5, 8]. This also supports an 
influence of the immune system, since studies in children 
and adults show an increased incidence of auto-immune dis-
eases in female patients [24, 25]. A third supportive finding 
for this hypothesis is the increased incidence of crPE related 
to cardiopulmonary bypass duration [9], since it is known 
that cardiopulmonary bypass use may trigger (systemic) 
immune reactions. A second pathophysiological mechanism 
could be related to blood in the pericardial space [7]. In 
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this case, there might be an inflammatory response caused 
by the irritating effect of the blood [26]. This pathophysi-
ologic mechanism may also be related to a different etiology 
of postoperative PE, namely the hemopericardium. In this 
study, there is insufficient data to distinguish hemopericar-
dium and postoperative PE. However, we suspect the inci-
dence to be low, a suspicion that is supported by the fact that 
anticoagulation use and high drain output were not found to 
be risk factors for crPE.

Therapy for CrPE

PE requires intensive monitoring postoperatively by regular 
echocardiograms to start treatment at an adequate time and 
prevent complications such as cardiac tamponade and death. 
Prevention of PE has been studied by various studies [16, 21, 
27–30]. Recently, the probability of using colchicine to treat 
and prevent postoperative PE has been intensely studied in 
adults, such as by the COPPS trials, the POPE-2 trial, and a 
study by Finkelstein et al. [28, 29, 31–33]. A meta-analysis 
by Imazio et al. [34] has also shown promising results in 
adults in preventing the postpericardiotomy syndrome as a 
cause of PE by means of colchicine therapy. However, at 
the moment, this effect has not yet been investigated in a 
pediatric patient population. In addition, this same meta-
analysis looked at studies of Mott et al. [16] and Gill et al. 
[21], which investigated methylprednisolone and short act-
ing acetylsalicylic acid as a preventative drug for postperi-
cardiotomy syndrome in a pediatric population, but both 
studies reported no preventive effect of both medications. 
Therefore, there is not yet a proven preventative strategy for 
PE in a pediatric population.

Treatment options for PE are diverse and it is still unclear 
what is the best way to prevent or treat PE. Treatment options 
are fluid restriction, diuretic use, corticosteroid therapy, non-
steroidal anti-inflammatory drugs, and, in case of cardiac 
tamponade, (surgical) pericardial drainage [35]. Compared 
to other pediatric studies investigating PE [7, 8, 13–15, 36], 
treatment of patients with crPE in this study was mainly con-
servative or with diuretics, with corticosteroids prescribed 
for more severe cases. Yet, corticosteroids did not seem to 
influence the progression of crPE, since patients with and 
without corticosteroids still required pericardial drainage 
just as often (22.8% vs. 25.7%, p = 0.71). This is in contrast 
with the results of the only randomized study in children 
that could be found regarding this subject and showed a 
significantly faster remission rate for PE in patients using 
corticosteroids [37]. However, that study is very small and 
only investigated 21 subjects. A large observational study 
by Pasquali et al. [38] investigating the overall usefulness of 
corticosteroids for PE in children also suggests no general 
benefit of corticosteroids. This study investigated the effect 
of corticosteroid therapy in 46,730 pediatric patients after 

CHD surgery in the United States of America and looked 
into mortality, increased hospital stay, and infection rates. 
Our findings also do not support the effect of corticosteroids 
on preventing pericardial drainage in patients with crPE and 
show that some children do not benefit from corticosteroid 
therapy.

Strengths and Limitations

A strength of this study is the large patient population, 
which made it possible to accurately assess many possi-
ble risk factors. A second strength is that echocardiograms 
were routinely made in all postoperative patients. A third 
strength is that preoperative, as well as perioperative and 
postoperative factors were all explored. However, there 
are also some limitations to this study. Firstly, because of 
the retrospective study design, it was necessary to revert to 
patient charts, which might contain subjective descriptions 
and therefore it was not possible to objectively assess each 
patient. Secondly, there is no objective classification system 
to objectify the grade of PE for all patients. Therefore, we 
were obliged to rely on patient file descriptions of the PE 
and physicians interpretation of echocardiography results 
as to assess whether PE was clinically relevant. However, 
this resulted in a more clinical approach to the assessment of 
PE, which might be readily applied to patient care. Thirdly, 
only a random sample of matched controls was used in the 
case–control subpopulation to assess perioperative and post-
operative factors. Fourthly, information on pericardial clo-
sure was mentioned only in the minority of surgical reports 
and therefore could not be investigated as a potential risk 
factor for crPE. Lastly, we did not investigate whether com-
plexity of the surgery, as categorized by the STAT classifica-
tion [10], conveys additional risk for PE. This classification 
has not been widely used in previous research, while litera-
ture in adult populations and pathophysiologic mechanisms 
show that CPB use and duration is associated with increased 
risk and is also related to the complexity of the surgery [9].

Additional research is required to fully understand all 
factors that play a role in the risk assessment for PE. It is 
expected that factors such as information on pericardial clo-
sure will be of additional value. A next step might be to form 
a prediction model identifying children at high risk for PE. 
This study created a first draft of such a model, which was 
associated with an area under the receiver-operator-charac-
teristics curve of 0.71 and therefore as of yet insufficiently 
clinical applicable. The results of our efforts into creating a 
prediction model are shown in the supplementary materials.

In conclusion, this study confirms that several risk fac-
tors for PE that were known from adult literature also apply 
to children after pediatric cardiac surgery: cardiopulmo-
nary bypass use and right-sided heart defect had not yet 
been shown to be risk factors in children. Furthermore, an 
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important risk factor for crPE is shown to be older age and 
an important preventative factor is a history of previous sur-
gery of the heart and/or great vessels.
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