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Abstract
Purpose of Review While there have now been a variety of large reviews on adult pericarditis, this detailed review specifi-
cally focuses on the epidemiology, clinical presentation, diagnosis, and management of pediatric pericarditis. We have tried 
to highlight most pediatric studies conducted on this topic, with special inclusion of important adult studies that have shaped 
our understanding of and management for acute and recurrent pericarditis.
Recent Findings We find that the etiology of pediatric pericarditis differs from adult patients with pericarditis and has 
evolved over the years. Also, with the current COVID-19 pandemic, it is important for pediatric clinicians to be aware of 
pericardial involvement both due to the infection and from vaccination. Oftentimes, pericarditis maybe the only cardiac 
involvement in children with COVID-19, and so caregivers should maintain a high index of suspicion when they encounter 
children with pericarditis. 
Summary Large-scale contemporary epidemiological data regarding incidence and prevalence of both acute and recurrent 
pericarditis is lacking in pediatrics, and future studies should focus on highlighting this important research gap. Most of the 
current management strategies for pediatric pericarditis are from experiences gathered from adult data. Pediatric multicenter 
trials are warranted to understand the best management strategy for those with acute and recurrent pericarditis.
Case Vignette A 6-year-old child with a past history of pericarditis almost 2 months ago comes in with a 2-day history of 
chest pain and fever. Per mother, he stopped his steroids about 2 weeks ago, and for the last 2 days has had a temperature of 
102F and has been complaining of sharp mid-sternal chest pain that gets worse when he lies down and is relieved when he 
sits up and leans forward. On examination, he is tachycardic (heart rate 160 bpm), with normal blood pressure for age. He 
appears to be in pain (5/10), and on auscultation has a pericardial friction rub. His lab studies are notable for elevated white 
blood cell count and inflammatory markers (CRP and ESR). His electrocardiogram reveals sinus tachycardia and diffuse 
ST-elevation in all precordial leads. His echocardiogram demonstrates normal biventricular function and a trace pericardial 
effusion. His cardiac MRI confirms recurrent pericarditis. He is started on indomethacin and colchicine. He has complete 
resolution of his symptoms by day 3 of admission and is discharged with close follow-up.
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Introduction

The pericardium (from the Greek p1ri´, “around” and 
ka´rdion, “heart”) is a double-layered sac (with a serous 
visceral layer and a fibrous parietal layer) enclosing the 
heart and the roots of the great vessels. The “pericardial 
cavity” is the space between these layers that contains 
pericardial fluid, which facilitates smooth movement of 
the heart throughout the cardiac cycle [1••]. Pericarditis 
is one of the most common pericardial diseases charac-
terized by inflammation of the pericardial layers [1••] 
(Fig. 1).

Etiology (Table 1)

Acute Pericarditis

The underlying etiology typically depends on patient factors 
along with the geographical location. Classically, causes are 
divided into infectious vs. non-infectious etiologies (Table 1) 
[2 –6]. The most common identifiable etiology is viral in 
origin in developed countries [7, 8], whereas in the develop-
ing world, tuberculosis (TB) is the most frequent etiology [6, 
9]. In the majority of cases, the underlying etiology cannot 
be identified and such cases are termed “idiopathic” [10, 
11•, 12]. In children, there has been a changing trend in the 
underlying etiology of pericarditis, with post-cardiotomy 

pericardial inflammation becoming a more common etiol-
ogy while infectious etiologies becoming less frequent [13, 
14•, 15•]. In a large database study of hospitalized pediat-
ric patients with pericarditis and pericardial effusions, post-
cardiac surgery (54%), neoplasia (13%), and renal disease 
(13%) were more frequent, while idiopathic or viral pericar-
ditis (5%) and rheumatologic (5%) causes were less likely 
underlying etiologies [14•].

Recurrent Pericarditis

The etiology of recurrent pericarditis remains poorly under-
stood, with multiple theories proposed. In a subset of cases, 
a viral etiology may be uncovered. However, frequently no 
specific etiology is found, leading to a diagnosis of idio-
pathic recurrent pericarditis (IRP) [16]. A growing body of 
literature indicates that these episodes labeled as idiopathic 
are due to an immune-mediated phenomena including both 
autoimmune and autoinflammatory processes [17, 18] with 
the body’s immune system reacting to self-antigens (exposed 
due to damage during the primary acute pericarditis epi-
sode) or exogenous antigens (viral- or bacterial-derived 
molecules) [17 ]. This theory is further supported by the 
occurrence of recurrent pericarditis in autoimmune condi-
tions (systemic lupus erythematosus, juvenile rheumatoid 
arthritis), elevated anti-nuclear antibody levels in patients 
with IRP compared to controls [17, 19–21], and similar-
ity to other hereditary autoinflammatory disorders (such as 
periodic fever syndrome) [19] which are characterized by 
primary dysfunction of the innate immune system with good 

Fig. 1  This figure demonstrates 
topics discussed in the current 
review on pediatric pericarditis 
which focuses on epidemiol-
ogy, clinical manifestations, 
diagnosis, and management. 
(Reprinted with permission, 
Cleveland Clinic  Foundation© 
2022. All Rights Reserved.)
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response to corticosteroids [22]. Female sex, previous corti-
costeroid use, and frequent prior recurrences are risk factors 
for future recurrence [23–25].

In a multicenter cohort study, recurrences in children 
and adolescents were idiopathic or viral in 89.1% of cases, 
followed by post-cardiotomy syndrome (9.1%) and familial 

Table 1  Etiologies of pericarditis

From Adler Y, et al. Eur Heart J. 2015;36(42):2921–64, by permission of Oxford University Press) [1••]

A. Idiopathic (presumed to be viral, post viral, or immune mediated)

In most cases, majority of patients are not found to have an identifiable cause. Frequently such cases are presumed to have a viral or autoimmune etiology.

B. Infectious causes:

❖ Viral (common): enteroviruses (coxsackievirus, echoviruses), coronavirus, influenza, herpesviruses (EBV, CMV, HHV-6), adenoviruses, varicella, 
mumps, rubella, parvovirus B19, hepatitis B and hepatitis C viruses, HIV

❖ Bacterial: Mycobacterium tuberculosis (common, other bacterial rare), Coxiella burnetii, Borrelia burgdorferi, rarely: Pneumococcus spp.,  
Meningococcus spp., Gonococcus spp., Streptococcus spp., Staphylococcus spp., Haemophilus spp., Chlamydia spp., Mycoplasma spp., Legionella 
spp., Leptospira spp., Listeria spp., Providencia stuartii

❖ Fungal (very rare): Aspergillus spp., Blastomyces spp., Candida spp. (more likely in immunocompromised host), Histoplasma spp. (more likely in 
immunocompetent patients)

❖ Parasitic (very rare): Toxoplasma spp., Echinococcus spp., Trypanosoma cruzi

C. Non-infectious causes:

❖ Autoimmune (common):
    ■ Systemic inflammatory diseases: SLE, rheumatoid arthritis, scleroderma, Sjögren syndrome, vasculitis, mixed connective disease
    ■ Autoinflammatory diseases: especially familial Mediterranean fever and tumor necrosis factor-associated periodic syndrome (TRAPS), IgG4-

related disease
    ■ Post-cardiac injury syndromes: immune-mediated after cardiac trauma in predisposed individuals
    ■ Other: granulomatosis with polyangiitis (Wegener), allergic granulomatosis (Churg-Strauss syndrome), polyarteritis nodosa, sarcoidosis,  

inflammatory bowel disease (Crohn, ulcerative colitis), Whipple, giant cell arteritis, Behçet syndrome, rheumatic fever
❖ Neoplastic:
    ■ Primary tumors: rare, most commonly pericardial mesothelioma
    ■ Secondary metastatic tumors: common, most commonly lung and breast cancer, lymphoma
❖ Metabolic
    ■ Uremia, myxedema, anorexia nervosa
❖ Trauma
    ■ Early onset (rare):
        - Direct: penetrating trauma, esophageal injury
        - Indirect injury (non-penetrating thoracic injury)
    ■ Delayed onset:
        - Post-cardiac injury syndromes (e.g., post-myocardial infarction, post-pericardiotomy, and post-percutaneous intervention)
❖ Iatrogenic: coronary percutaneous intervention, pacemaker lead insertion, and radiofrequency ablation
❖ Drug and toxin related
    ■ Drug-induced lupus erythematosus reaction
        - Procainamide, hydralazine, isoniazid, methyldopa, mesalazine
    ■ Hypersensitivity reaction
        - Penicillins, tryptophan, cromolyn sodium
    ■ Idiosyncratic reaction
        - Minoxidil, methysergide, cyclosporine, cyclophosphamide, sulfa drugs
    ■ Pericarditis frequently associated with cardiomyopathy
        - Anthracyclines
    ■ Venoms
        - Scorpion-fish stings
    ■ Serum sickness reactions
        - Foreign antisera, blood products
    ■ Direct contact
        - Talc, tetracyclines, asbestos, iron
❖ Radiation
    ■ Early onset
    ■ Late onset (up to 15–20 years following exposure)
Other (common): amyloidosis, aortic dissection, pulmonary arterial hypertension, and chronic heart failure
Other (uncommon): congenital partial and complete absence of the pericardium
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Mediterranean fever (0.9%) [26••]. Risk factors for recur-
rent pericarditis in children were noted to be erythrocyte 
sedimentation rate ≥ 50  mm/h, absence of myocarditis, 
C-reactive protein ≥ 125 mg/L, non-idiopathic etiology, 
and corticosteroid treatment compared to non-steroidal anti-
inflammatory therapy [27–30].

Pericarditis Due to COVID‑19 Infection and  
COVID‑19 Vaccination

Of recent interest, the cardiovascular ramifications of SARS-
CoV-2 have now been widely established, including pericar-
ditis, myocarditis, and conduction abnormalities [31, 32]. 
The majority of cases of pericardial involvement have been 
associated myocardial involvement with associated troponin 
elevation.

The exact incidence of pericarditis in COVID-19 patients 
is currently unknown, but post-mortem studies have identi-
fied pericarditis in approximately 20% of confirmed cases 
[33]. The precise pathophysiological mechanism of peri-
cardial involvement in patients with COVID-19 remains to 
be completely elucidated. Prevailing hypotheses at present 
propose a hyperinflammatory and hyperimmune reaction 
induced by SARS-CoV-2 rather than direct infection of the 
pericardium and myocardium [34, 35]. Studies evaluating 
pericardial disease among children with COVID-19 remain 
limited to small case reports. Of those, acute pericarditis and 
pericardial effusion with tamponade [36] in children with 
COVID-19 have been described, even in the absence of the 
typical concomitant respiratory findings, underscoring the 
importance of maintaining a high index of suspicion during 
the pandemic [37•].

Standard diagnostic testing for pericarditis, in the form of 
ECG, echocardiography, and chest radiography, can be used 
to identify suspected cases of pericardial involvement with 
COVID-19. Cardiac MR and CT may also be of diagnostic 
aid [38].

Despite initial concern regarding the use of NSAIDs in 
the setting of a COVID-19 infection, current guidelines per 
the World Health Organization and Food and Drug Admin-
istration have not acknowledged any link between NSAIDs 
and worsening COVID-19 symptoms or outcomes [39 , 
40], and recent studies do not support restricting the use of 
NSAIDs [41–43]. In the absence of robust evidence on the 
management of COVID-19-associated pericarditis, standard 
treatments for pericarditis, including NSAIDs, corticoster-
oids, colchicine, and anakinra, have been used safely in the 
setting of SARS-COV2 infection [34, 44]. Most cases of 
acute pericarditis associated with COVID-19 in the litera-
ture have been reported to be treated with colchicine and 
NSAIDs [34].

Data evaluating the incidence of pericarditis and cardiac 
complications related to COVID-19 vaccines in particular 

continue to emerge [45••, 46••, 47••]. While some stud-
ies have demonstrated an increased incidence of myocar-
ditis and myopericarditis, particularly among young males 
(< 40 years), after the second dose of the mRNA vaccine, 
and within 7  days after mRNA COVID-19 vaccination 
[45••, 46••, 47••], others have not [46••, 48]. In the larg-
est study to date evaluating acute cardiac outcomes fol-
lowing COVID-19 vaccination or infection, no association 
between the adenovirus-based COVID-19 vaccine or the 
mRNA-based vaccines and pericarditis was found [46••]. 
A recent analysis of 46 studies conducted by Pillay et al. 
[35] found that, among individuals aged 12–17, 18–29, or 
18–39 years, the administration of an mRNA vaccine for 
COVID-19 ≥ 31 days apart could lower the incidence of 
myocarditis or pericarditis. Balancing the evolving data and 
the rare adverse reactions to vaccination, with the known 
risks of COVID-19 illness, current CDC guidance contin-
ues to recommend that all individuals 6 months and older 
receive for the mRNA COVID-19 vaccine [49 ].

Epidemiology

Compared to adults, pericarditis is less frequently encoun-
tered in children. Hence, epidemiological data is sparse with 
reports limited to single center series [15•, 29, 50]. The 
reported incidence in the general population of acute peri-
carditis is 30–150/100,000 per year [51, 52] and accounts 
for < 0.2% to 5% of all emergency department visits for chest 
pain in children with no prior heart disease [15•, 53, 54]. 
After the acute episode has subsided, acute pericarditis may 
recur leading to recurrent pericarditis in 35% of pediatric 
patients (similar rates in adults) [15•] with rates of recur-
rence higher if the primary acute episode is not treated with 
colchicine [1••, 7, 23, 55] or with a rapidly tapered course 
of corticosteroids [56].

Clinical Manifestations

The presence or absence of symptoms in acute pericarditis is 
contingent on the specific etiology. In isolated pericarditis, 
chest pain is typically a central symptom. In the context of a 
systemic disease, non-cardiac manifestations of the under-
lying disease process may predominate (e.g., fever, night 
sweats, arthritis, weight loss, and rash).

In a study of 50 patients with pediatric pericarditis by 
Perez-Brandao et al. [57•] evaluating admissions to their sin-
gle center cardiology unit from 2003 to 2015, the most com-
mon finding of among their cohort was chest pain (70%), 
followed by fever (26%), fatigue (18%), and dyspnea (12%). 
Eight patients (16%) presented with cardiac tamponade, 
8% developed pericardial constriction, and 14% of patients 
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developed recurrence of symptoms. Concomitant myocardial 
involvement was noted in 17 patients.

Chest pain associated with pericarditis is classically sharp 
but may also be described as dull, squeezing, or throbbing. 
It is typically exacerbated while supine and relieved on sit-
ting up and leaning forward. Inspiration and coughing may 
aggravate the pain, which can also occasionally radiate to 
the trapezius ridge [11•, 58]. Abdominal pain secondary to 
hepatic distention can rarely occur, particularly in children, 
patients with rapidly accumulating effusions [59]. Right-
sided and left-sided heart failure symptoms may also result 
from impaired diastolic filling because of pericardial thick-
ening and scarring in constrictive pericarditis [1••, 60, 61].

A pericardial friction rub can be auscultated on the left 
lower sternal border and is accentuated with maneuvers 
approximating the heart to the chest wall, such as having 
the patient lean forward [62, 63]. Rubs are typically high-
frequency, scratching, crunching sounds that can vary in 
duration from intermittent to throughout the cardiac cycle 
[11•]. Notably, in patients with large effusions, a rub may 
be absent [1••, 11•, 64, 65]. In a single center study at a 
tertiary, pediatric center evaluating clinical presentation of 
children to the emergency room with pericarditis, the most 
common symptoms were chest pain (96%), followed by 
fever (55%) and vomiting (32%). Additional, less frequent 
symptoms included cough, shortness of breath, and fatigue 
[15•]. Other etiologies of pediatric chest pain that should be 
considered include musculoskeletal, psychological, gastro-
intestinal, and respiratory causes [66].

Constrictive pericarditis manifests with numerous physi-
cal examination findings occurring with varying specifi-
cities. Jugular venous pressure is elevated and classically 
increases with inspiration, known as Kussmaul’s sign. A 
pericardial knock, an extra sound occurring in early dias-
tole, is also characteristic, reflecting rapid diastolic filling 
terminating early. Pulsus paradoxus is frequently present, 
consistent with ventricular interdependence [67, 68].

Pericardial effusions are generally asymptomatic when 
small or moderate in size. Clinical examination is often 
unremarkable in the absence of large pericardial effusion 
and tamponade. Characteristic features of cardiac tampon-
ade including Beck’s triad of muffled heart sounds, jugu-
lar venous distension, and hypotension can occur, though a 
recent study of 153 adults with pericardial effusion or tam-
ponade patients found that only 50% had at least one feature, 
with none having all three features of the triad [69].

Diagnosis

The diagnosis of acute pericarditis is primarily a clinical 
diagnosis based on the presence of at least 2 of 4 criteria 
including chest pain, a pericardial rub, electrocardiographic 
(ECG) changes, and pericardial effusion [1••, 11•]. The 
diagnosis of incessant, recurrent, or chronic pericarditis is 
the same as acute pericarditis but with varying course and 
duration of symptoms [1••] (Fig. 2). One study showed that 
recurrent pericarditis can occur in 35% of pediatric patients 
[15•]. Unlike adults, recurrent pericarditis in children may 
more commonly present with fevers, elevated inflammatory 
markers, and pericardial effusion [70].

The evaluation of patients with clinically suspected acute 
pericarditis should start with electrocardiogram (ECG), 
chest X-ray, transthoracic echocardiography, and laboratory 
markers of inflammation and myocardial injury. Clinical 
presentation and role of additional diagnostic studies may 
vary based on whether pericarditis is isolated versus part of 
a systemic disease as well as the duration of symptoms such 
as acute, subacute, chronic, or recurrent [1••, 64]. Certain 
clinical indicators on presentation that may be predictive 
of complication or recurrence include high fever, subacute 
course, large pericardial effusion, cardiac tamponade, and 
failure to respond to treatment [71, 72].

Fig. 2  Classifying pericarditis 
according to the duration of 
symptoms (reprinted by permis-
sion from Springer Nature: 
Fardman et al. Curr Cardiol 
Rep. 2016 May;18(5):46) [98]
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ECG changes can occur in pericarditis as a result of 
inflammation in the epicardium and nearby myocardium, 
as the parietal pericardium is inert. ECG changes specific for 
acute pericarditis include widespread ST elevation in most 
leads and/or PR depression. However, up to 40% of patients 
may exhibit atypical or non-diagnostic ECG changes. The 
typical ECG findings, when present, can further evolve 
throughout the course of illness though these sequential 
changes are not always seen. In the subacute (second) stage, 
ST segments may normalize along with T wave flattening. 
In the third stage, T wave inversion predominates followed 
by normalization of all changes in stage four [11•, 73]. Dif-
ferential diagnoses to consider for ST elevation include acute 
coronary syndromes and early repolarization, with the for-
mer less frequently seen in the pediatric population [1••]. 
A chest radiograph is a useful screening tool to evaluate 
the cardiac silhouette and cardiothoracic ratio, which can 
be enlarged in the presence of a significant pericardial effu-
sion. It can also show whether there is pleural or pulmonary 
involvement [1••, 74, 75].

Trans-thoracic echocardiography (TTE) is the first line 
imaging test in patients with acute pericarditis and can assist 
in recognition of patients with higher risk for complications. 
TTE is ideal as it is easy, quick, and safe to perform as well 
as widely available [74, 75]. It can accurately identify the 
presence and size of a pericardial effusion, tamponade phys-
iology, and ventricular dysfunction suggestive of myocardial 
involvement. Though many patients with acute pericarditis 
may have normal echocardiography, pericardial brightness 
or thickening may be visualized. TTE is also valuable in dif-
ferentiating constrictive pericarditis from restrictive cardio-
myopathy. In patients with constrictive pericarditis, TTE can  
help identify the respirophasic shift of the ventricular sep-
tum to the left with inspiration and right with expiration and 
a “septal bounce” which is secondary to the sudden cessa-
tion of ventricular filling from the constrictive pericardium 
[76]. TTE can also demonstrate tamponade physiology 
[74]. This complication is less likely to be seen in children 
with idiopathic or viral pericarditis. In a large multicenter 
analysis of idiopathic or viral pericarditis in children, tam-
ponade physiology was only seen in 2% of patients [14•]. 
TTE may be inadequate in detection of loculated effusions 
or characterization and quantification of the pericardial  
fluid [1••, 11•].

Computed tomography (CT) and cardiac magnetic res-
onance imaging (CMR) should be considered in clinical 
scenarios when echocardiographic findings are inconclu-
sive or complex; atypical clinical features are present. This 
may include patients who are unresponsive to therapy, with 
hemodynamic compromise, associated trauma, persistent 
fevers, or with concern for a secondary cause for pericar-
ditis [74]. CT with contrast is helpful to identify pericar-
dial inflammation, thickening, and calcification, as well as 

characterization of pericardial fluid (transudative versus 
exudative). Non-calcified but inflamed pericardium is sug-
gestive of a more acute process, whereas progressive thick-
ening and irregularity may suggest a more chronic process 
[1••, 11•, 74, 75].

CMR is unique in that it can provide information about 
morphology and hemodynamics. Specifically, CMR can 
show tissue characterization of edema and inflammation 
in both the pericardium and myocardium and cardiac func-
tion, as well as cardiac filling and functional consequences 
of a non-compliant pericardium in those suspected to have 
constrictive pathophysiology. CMR with late gadolinium 
enhancement (LGE) has a high sensitivity in detecting 
inflammation of the pericardium. Moreover, assessment of 
pericardial inflammation with LGE and pericardial edema 
in T2-weighted sequences can help determine the stage of 
inflammation or phase of illness. The presence of LGE and 
increased T2 signal suggests acute inflammation, while the 
absence of T2 signal would suggest more chronic inflamma-
tion. Notably, CMR is a poor modality for detecting pericar-
dial calcification. The ability to trend the degree and stage 
of inflammation present can help guide therapy, especially 
in recurrent pericarditis [1••, 11•, 74, 75]. Ultimately, the 
clinical context of the patient and safety of the patient to 
undergo a particular imaging study should guide decision-
making on study selection.

As pericarditis and myocarditis may co-exist in 20–30% 
of patients, cardiac biomarkers including cardiac-specific 
troponin I, troponin T, or CK-MB elevation can be useful to 
demonstrate whether there has been concomitant myocardial 
injury [1••, 64]. Cardiac biomarkers along with assessment 
of cardiac function by echocardiography or other indicated 
imaging modality can help establish whether pericarditis or 
myocarditis predominates. The clinical syndrome of “myo-
pericarditis” generally has a benign course and is character-
ized by acute pericarditis, elevated markers of myocardial 
injury, and the absence of focal or diffuse left ventricular 
dysfunction on echocardiography or cardiac MRI [1••, 11•, 
64]. In contrast, “perimyocarditis” is when myocarditis pre-
dominates with pericardial involvement; there is new-onset 
left ventricular dysfunction with elevated myocardial bio-
markers along with pericarditis. Accurate characterization of 
the clinical syndrome can help guide surveillance, treatment, 
and counseling on return to activity [1••, 11•].

Elevated markers of inflammation including white blood 
cell count (WBC), erythrocyte sedimentation rate (ESR), 
and C-reactive protein (CRP) can be a supportive finding 
for acute pericarditis in both adult and pediatric patients. 
Markedly elevated inflammatory markers can also be predic-
tive of recurrent pericarditis in pediatric patients [27]. The 
overall trends in inflammatory markers can be helpful in 
monitoring the activity of the disease and efficacy of treat-
ment [1••, 15•].
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Beyond the primary evaluation for pericarditis, additional 
testing may be warranted if the patient’s clinical status sug-
gests a specific cause. If the patient is febrile and there is 
concern for bacterial infection, blood cultures should be 
sent. Additional serologic assays should be sent if there is 
suspicion for an underlying systemic inflammatory condi-
tion. If there are hematologic abnormalities and extra-cardiac 
findings suggestive of cancer, more comprehensive imaging 
may be warranted [1••, 65]. A large symptomatic pericardial 
effusion and/or cardiac tamponade may warrant pericardio-
centesis with analysis of pericardial fluid, especially when a 
bacterial or neoplastic process is suspected [64].

Management (Table 2)

NSAIDs

NSAIDs form the cornerstone of management for both acute 
and recurrent pericarditis in children, with the use of aspi-
rin, indomethacin, ibuprofen, and other agents all previously 
described in the literature. A recent analysis of the Pediatric 
Health Information System (PHIS) database of inpatient 
pediatric hospitalizations across the USA demonstrated that 
over 70% of initial acute idiopathic pericarditis and pericar-
dial effusion admissions included NSAID therapy, with an 
additional 7% of patients receiving aspirin as part of their 
initial management [14•]. A multicenter Italian study of 
recurrent pericarditis in children and adolescents similarly 
demonstrated a high proportion of cases receiving treatment 
with NSAIDs (81%) [26••]. The 2015 European Society of 
Cardiology Guidelines for the Diagnosis and Management 
of Pericardial Diseases further stresses the central role of 
anti-inflammatory therapies in the management of pericardi-
tis: NSAIDs are recommended in the initial management of 
acute pericarditis (class I recommendation, level of evidence 
A) as well as in the management of recurrent pericarditis 
(class I recommendation, level of evidence A) [1••]. As no 
pediatric-specific guidelines exist, extrapolation of these 
adult guideline recommendations to the pediatric popula-
tion is frequently performed.

Steroids

Similar to NSAIDs, corticosteroids are widely used in the 
management of pericarditis. An analysis of the PHIS data-
base demonstrated that 23% of pediatric patients admitted 
for pericarditis and pericardial effusions received corti-
costeroids as part of their index admission [14•]. This 
percentage was higher in a large Italian multicenter study 
(65% of cases) [26••]. However, the benefits of using ster-
oids appear mixed. Although rapid clinical improvement 

in symptomatology and indices of inflammation are often 
seen, there is concern that use of steroids can contribute 
to a higher risk of pericarditis recurrence. In fact, in a sec-
ondary analysis of the COlchicine for acute PEricarditis 
(COPE) trial examining the use of colchicine for preven-
tion of pericarditis recurrence in adults, corticosteroid use 
at index pericarditis episode was found to be an independent 
risk factor for subsequent pericarditis recurrence [23]. The 
message from pediatric studies is less clear, as portrayed 
by one study which demonstrated that while corticosteroid-
treated patients experienced double the rate of recurrences 
compared to those without, these corticosteroid-treated cases 
were also more likely to be associated with pericardial effu-
sions suggesting they may represent a cohort of patients with 
more severe disease [26••]. Given the concern that early use 
of corticosteroids could contribute to a higher rate of later 
pericarditis recurrence, current adult pericarditis manage-
ment guidelines recommend avoidance of corticosteroids 
at initial presentation (class III recommendation, level of 
evidence C). Corticosteroids do have a part in the manage-
ment of acute pericarditis as second-line therapy or as ini-
tial therapy in patients with contraindications to NSAID and 
colchicine use, and only after infectious etiologies have been 
excluded [1••]. An intriguing new application for steroids 
is in intrapericardial administration: one case report [77] 
describes the dramatic resolution of incessant pericardial 
effusion following acute pericarditis once intrapericardial 
steroids were administered. This patient’s disease had previ-
ously proved refractory to NSAIDs, anakinra, prior steroid 
course, aspirin, and anakinra.

Colchicine

Colchicine is an anti-inflammatory agent with a long history 
of use in conditions such as gout. It concentrates to high 
levels in leukocytes, and this, coupled with its mechanism 
of action involving the disruption of microtubules, leads to 
impaired leukocyte function and decreased inflammatory 
response [23]. A prospective randomized adult trial (COPE 
trial) was conducted to explore if colchicine use at first peri-
carditis occurrence could reduce the rate of recurrences. In 
120 adults followed for a mean of 24 months after index 
pericarditis episode, a three-fold higher recurrence rate was 
seen in individuals treated with aspirin alone compared to 
colchicine plus conventional treatment (aspirin or corti-
costeroids) (33% versus 12%, respectively) [23]. However, 
concern has been raised in analysis of a large multicenter 
adult registry that corticosteroid use prior to colchicine may 
decrease the efficacy of colchicine therapy in preventing 
future flares of pericarditis [78]. Adult pericarditis guide-
lines recommend colchicine in the management of acute 
pericarditis as an adjunct to NSAID therapy (class I rec-
ommendation, level of evidence A) as well as in recurrent 
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pericarditis (class I recommendation, level of evidence A) 
[1••].

Colchicine therapy for treatment of pediatric pericarditis 
was described initially in case reports, with some descrip-
tions of clinical improvement in pericarditis symptoms and 
freedom from recurrences [79], with other reports detailing 
patients continuing to have recurrences of disease even after 
colchicine addition to corticosteroid therapy [29]. Encour-
agingly, some reports portrayed colchicine as allowing for 
the weaning and discontinuation of steroids in individuals 
with steroid-dependent recurrent pericarditis [80, 81]. The 
single multicenter description of colchicine use in pediatric 
pericarditis described it as a frequently used therapy (62% 
of cases), and that treatment with colchicine was associated 
with a significant decrease in the rate of recurrence (3.7 per 
year to 1.4 per year) [26••]. A systematic review on the topic 
of colchicine for pediatric recurrent pericarditis has been 
previously published for readers interested in the topic [82].

Anakinra

Anakinra is a non-selective interleukin-1 (IL-1) antagonist 
that targets both IL-1α as well as IL-1β and is used in the 
management of a wide range of inflammatory and autoin-
flammatory conditions. A recent randomized clinical trial 
(AIRTRIP) explored the effectiveness of anakinra in the 
management of adult patients with steroid-dependent and 
colchicine-refractory recurrent pericarditis [83]: patients 
who achieved remission of recurrent pericarditis while on 
anakinra were randomized to either continued anakinra treat-
ment or withdrawal with placebo. Continued use of anakinra 
significantly reduced the recurrence of pericarditis in study 
patients. While this study focused on an adult population 
with idiopathic recurrent pericarditis, results are encouraging 
that a similar effect may be seen in the pediatric population. 
A larger adult registry of patients with recurrent pericardi-
tis (the majority with idiopathic pericarditis) saw a six-fold 
reduction in pericarditis recurrence alongside a decreased 
steroid requirement and a reduction in hospitalizations. Side 
effects mostly consisted of localized skin reactions [84].

Initial reports of anakinra use for recurrent pericarditis 
episodes in pediatric patients [85–87] have described dra-
matic clinical improvement in steroid-dependent and colchi-
cine-refractory cases of recurrent pericarditis, often allow-
ing affected patients to wean from and discontinue steroid 
therapy. In one multicenter study including 12 children with 
recurrent pericarditis, use of anakinra was associated with 
complete remission of pericarditis flares, ability to wean 
from other therapies such as colchicine and steroids, and 
prevention of further flares while on anakinra therapy [88]. 
Another multicenter study of children with recurrent peri-
carditis described anakinra use in only a small percentage 
of patients (n = 12); however, this treatment modality was Ta
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associated with a dramatic decrease in the recurrence rate of 
pericarditis (4.3 recurrences per year to 0.1 per year) [26••].

Other Agents

Intravenous immunoglobulin (IVIG) use for pediatric peri-
carditis is limited to case reports, mainly detailing use in 
conjunction with corticosteroids in the management of flares 
of recurrent pericarditis [81, 89]. Additional small studies 
describe IVIG administration allowing for resolution of recur-
rent pericarditis in children continuing to have recurrences on 
NSAID, corticosteroid, and colchicine therapies [90].

Tumor necrosis factor-α (TNF-α) blockers represent 
another intriguing therapeutic target, given their utility in 
management of a wide range of rheumatologic conditions. 
Descriptions of TNF-α blocker use in pediatric pericarditis 
are very limited: one study reported the use of etanercept in 
two patients allowing for complete remission of recurrent 
pericarditis refractory to NSAIDs, steroids, and colchicine. 
A third patient had another flare of pericarditis on etaner-
cept, with subsequent remission achieved with adalimumab 
[91]. Paradoxically however, there are also reports in the lit-
erature of TNF-α blocking agents causing acute pericarditis 
[92], which may limit enthusiasm for more widespread use 
in the treatment of pediatric pericarditis.

Emerging Therapies: Specific IL‑1 Antagonists 
(Canakinumab and Rilonacept)

Given the effectiveness of anakinra, canakinumab (a selec-
tive IL-1β antagonist) has also been utilized in the treatment 
of refractory pericarditis. This agent may offer some ben-
efit given its longer half-life (21–28 days for canakinumab 
compared with 4–6 h for anakinra) [93]. Experience with 
this agent in pediatric pericarditis is limited to two case 
reports: the first described successful management of recur-
rent pericarditis with canakinumab in a pediatric patient 
after anaphylaxis was experienced with anakinra [93]. The 
second study, however, reported that switching to canaki-
numab was associated with pericarditis relapse in 2 pediat-
ric patients switched from anakinra [94]. A therapy that is 
being explored in the adult population is rilonacept, an IL-1α 
and IL-1β cytokine trap. In a randomized controlled trial of 
adult recurrent pericarditis, rilonacept was found to quickly 
resolve recurrent pericarditis and significantly decrease the 
rate of recurrence compared to placebo; 7 pediatric patients 
(age < 18 years) were included in the run-in period, and of 
these, 3 continued to the randomization phase of the trial 
[95]. Further study of these emerging therapies is needed in 
the pediatric population.

Interventional Approaches

While drastic, surgical pericardiectomy remains a defini-
tive treatment for pericarditis refractory to medical thera-
pies. An analysis of the PHIS database demonstrated that 
in the index admission for acute pericarditis and pericardial 
effusion, 2.0% underwent pericardiectomy [14•]. Reports 
of pericardiectomy for recurrent and refractory pericarditis 
are sparse in the pediatric literature and mostly limited to 
case reports. The largest case series by Thompson et al. 
[96] details 27 pediatric patients undergoing pericardiec-
tomy at a single center. Patients had received an average of 
2.2 medications as part of medical pericarditis management 
prior to surgery, with steroids, NSAIDs, and colchicine 
being the most commonly utilized therapies. This series 
illustrated good short-term success of the surgical inter-
vention, with complete resolution of symptoms achieved 
in 89% of patients at 1 year.

Conclusion

The etiology for pediatric pericarditis has evolved over the 
years. With the most recent COVID-19 pandemic, there 
has been an increasing focus on the effect of the COVID-
19 infection as well as mRNA vaccination on pericardial 
inflammation. Large-scale contemporary epidemiologi-
cal data regarding incidence and prevalence of both acute 
and recurrent pericarditis is lacking in pediatrics, and 
future studies should focus on highlighting this important 
research gap. Most of the current management strategies 
for pediatric pericarditis are from experiences gathered 
from adult data. Pediatric multicenter trials are warranted 
to understand the best management strategy for those with 
acute and recurrent pericarditis.

Compliance with Ethical Standards 

Conflict of Interest SA is site PI for a multicenter study led by the Uni-
versity of Michigan—reports no salary support. KH reports the follow-
ing: International Society for Heart and Lung Transplantation (Pedi-
atrics Professional Community Representative to the Early Career 
and Trainee Committee—2020–present. Unpaid leadership position), 
International Society for Heart and Lung Transplantation (Co-Chair, 
Early Career and Trainee Committee—2022–present. Unpaid leader-
ship position), and Advanced Cardiac Therapies Improving Outcomes 
Network (Co-Chair-VAD Recovery Taskforce, 2022–present. Unpaid 
leadership position). The other authors declare that they have no con-
flict of interest.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.



168 Current Cardiology Reports (2023) 25:157–170

1 3

References

Papers of particular interest, published recently, have 
been highlighted as: 
•   Of importance  
•• Of major importance

 1. ••Adler Y, Charron P, Imazio M, Badano L, Baron-Esquivias G, 
Bogaert J, et al. ESC guidelines for the diagnosis and manage-
ment of pericardial diseases: the task force for the diagnosis 
and management of pericardial diseases of the European Soci-
ety of Cardiology (ESC)Endorsed by: The European Asso-
ciation for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 
2015;36(42):2921–64. Adult guidelines from the European 
Society of Cardiology for the diagnosis and management of 
pericardial diseases; recommendations from these guidelines 
have been extrapolated to pediatric practice given the lack of 
pediatric-specific pericarditis guidelines.

 2. Imazio M, Brucato A, Mayosi BM, Derosa FG, Lestuzzi C, 
Macor A, et al. Medical therapy of pericardial diseases: part I: 
idiopathic and infectious pericarditis. Braunwald J Cardiovasc 
Med (Hagerstown, Md). 2010;11(10):712–22.

 3. Imazio M, Brucato A, Mayosi BM, Derosa FG, Lestuzzi C, 
Macor A, et al. Medical therapy of pericardial diseases: part II: 
noninfectious pericarditis, pericardial effusion and constrictive 
pericarditis. Braunwald J Cardiovasc Med (Hagerstown, Md). 
2010;11(11):785–94.

 4.  Imazio M. Contemporary management of pericardial diseases. 
Curr Opin Cardiol. 2012;27(3):308–17.

 5.  Imazio M, Brucato A, Derosa FG, Lestuzzi C, Bombana E, 
Scipione F, et al. Aetiological diagnosis in acute and recurrent 
pericarditis: when and how. J Cardiovasc Med (Hagerstown). 
2009;10(3):217–30.

 6.  Sliwa K, Mocumbi AO. Forgotten cardiovascular diseases in 
Africa. Clin Res Cardiol. 2010;99(2):65–74.

 7.  Imazio M, Spodick DH, Brucato A, Trinchero R, Adler Y. Con-
troversial issues in the management of pericardial diseases. Cir-
culation. 2010;121(7):916–28.

 8.  Hammer Y, Bishara J, Eisen A, Iakobishvili Z, Kornowski R, 
Mager A. Seasonal patterns of acute and recurrent idiopathic 
pericarditis. Clin Cardiol. 2017;40(11):1152–5.

 9.  Mayosi B. Contemporary trends in the epidemiology and man-
agement of cardiomyopathy and pericarditis in sub-Saharan 
Africa. Heart. 2007;93(10):1176–83.

 10.  Brucato A, Imazio M, Cremer PC, Adler Y, Maisch B, Lazaros 
G, et al. Recurrent pericarditis: still idiopathic? The pros and 
cons of a well-honoured term. Intern Emerg Med. 2018.

 11. • Chiabrando JG, Bonaventura A, Vecchie A, Wohlford GF, 
Mauro AG, Jordan JH, et al. Management of acute and recurrent 
pericarditis: JACC state-of-the-art review. J Am Coll Cardiol. 
2020;75(1):76–92. Comprehensive review outlining manage-
ment of both acute and recurrent pericarditis.

 12.  Troughton RW, Asher CR, Klein AL. Pericarditis Lancet. 
2004;363(9410):717–27.

 13.  Roodpeyma S, Sadeghian N. Acute pericarditis in childhood: a 
10-year experience. Pediatr Cardiol. 2000;21(4):363–7.

 14. • Shakti D, Hehn R, Gauvreau K, Sundel RP, Newburger JW. 
Idiopathic pericarditis and pericardial effusion in children: 
contemporary epidemiology and management. J Am Heart 
Assoc. 2014;3(6):e001483. The first multicenter descrip-
tion of idiopathic pericarditis in children, this study details 
the incidence, management strategies, and outcomes in a 
large pediatric cohort.

 15. • Ratnapalan S, Brown K, Benson L. Children presenting with 
acute pericarditis to the emergency department. Pediatr Emerg 
Care. 2011;27(7):581–5. Study evaluating the most common 
findings in pericarditis specifically among pediatric patients.

 16.  Imazio M. Treatment of recurrent pericarditis. Rev Esp Car-
diol. 2014;67(5):345–8.

 17.  Cantarini L, Lopalco G, Selmi C, Napodano S, De Rosa G, 
Caso F, et al. Autoimmunity and autoinflammation as the yin 
and yang of idiopathic recurrent acute pericarditis. Autoimmun 
Rev. 2014;14(2):90–7.

 18.  Doria A, Zen M, Bettio S, Bassi N, Nalotto L, Ghirardello A, 
et al. Autoinflammation and autoimmunity: bridging the divide. 
Autoimmun Rev. 2012;12(1):22–30.

 19.  Cantarini L, Imazio M, Brizi MG, Lucherini OM, Brucato A, 
Cimaz R, et al. Role of autoimmunity and autoinflammation 
in the pathogenesis of idiopathic recurrent pericarditis. Clin 
Rev Allergy Immunol. 2013;44(1):6–13.

 20.  Caforio AL, Brucato A, Doria A, Brambilla G, Angelini A, 
Ghirardello A, et  al. Anti-heart and anti-intercalated disk 
autoantibodies: evidence for autoimmunity in idiopathic recur-
rent acute pericarditis. Heart. 2010;96(10):779–84.

 21.  Lazaros G, Karavidas A, Spyropoulou M, Tsiachris D, Halapas 
A, Zacharoulis A, et al. The role of the immunogenetic back-
ground in the development and recurrence of acute idiopathic 
pericarditis. Cardiology. 2011;118(1):55–62.

 22.  Imazio M, Trinchero R, Shabetai R. Pathogenesis, manage-
ment, and prevention of recurrent pericarditis. J Cardiovasc 
Med. 2007;8(6):404–10.

 23.  Imazio M, Bobbio M, Cecchi E, Demarie D, Demichelis B, 
Pomari F, et al. Colchicine in addition to conventional therapy 
for acute pericarditis: results of the COlchicine for acute PEri-
carditis (COPE) trial. Circulation. 2005;112(13):2012–6.

 24.  Imazio M, Demichelis B, Parrini I, Giuggia M, Cecchi E, 
Gaschino G, et al. Day-hospital treatment of acute pericardi-
tis: a management program for outpatient therapy. J Am Coll 
Cardiol. 2004;43(6):1042–6.

 25.  Imazio M, Bobbio M, Cecchi E, Demarie D, Pomari F, Moratti 
M, et al. Colchicine as First-choice therapy for recurrent pericar-
ditis: results of the CORE (COlchicine for REcurrent pericardi-
tis) trial. Arch Intern Med. 2005;165(17):1987–91.

 26. ••Imazio M, Brucato A, Pluymaekers N, Breda L, Calabri G, 
Cantarini L, et al. Recurrent pericarditis in children and adoles-
cents: a multicentre cohort study. J Cardiovasc Med (Hagers-
town). 2016;17(9):707–12. This study represents the largest 
pediatric experience with recurrent pericarditis, detailing 
outcomes from several different treatment modalities.

 27.  Krasic S, Prijic S, Ninic S, Borovic R, Petrovic G, Stajevic 
M, et al. Predictive factors of recurrence after pediatric acute 
pericarditis. J Pediatr (Rio J). 2021;97(3):335–41.

 28. Dalla Pozza R, Hartl D, Bechtold S, Urschel S, Kozlik-Feldmann 
R, Pankuweit S, et al. Recurrent pericarditis in children: elevated 
cardiac autoantibodies. Clin Res Cardiol : Journal of the German 
Cardiac Society. 2007;96(3):168–75.

 29.  Raatikka M, Pelkonen PM, Karjalainen J, Jokinen E. Recurrent 
pericarditis in children and adolescents: report of 15 cases. J 
Am Coll Cardiol. 2003;42:759–64.

 30.  Gaspari S, Marsili M, Imazio M, Brucato A, Di Blasi Lo Cuccio 
C, Chiarelli F, et al. New insights in the pathogenesis and therapy 
of idiopathic recurrent pericarditis in children. Clin Exp Rheuma-
tol. 2013;31(5):788–94.

 31.  Akhmerov A, Marbán E. COVID-19 and the heart. Circ Res. 
2020;126(10):1443–55.

 32. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical 
features of patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet. 2020;395(10223):497–506.



169Current Cardiology Reports (2023) 25:157–170 

1 3

 33. Hanley B, Naresh KN, Roufosse C, Nicholson AG, Weir J, 
Cooke GS, et al. Histopathological findings and viral tropism in 
UK patients with severe fatal COVID-19: a post-mortem study. 
Lancet Microbe. 2020;1(6):e245–53.

 34.  Furqan MM, Verma BR, Cremer PC, Imazio M, Klein AL. 
Pericardial diseases in COVID19: a contemporary review. Curr 
Cardiol Rep. 2021;23(7):90.

 35.  Pillay J, Gaudet L, Wingert A, Bialy L, Mackie AS, Paterson DI, 
et al. Incidence, risk factors, natural history, and hypothesised 
mechanisms of myocarditis and pericarditis following covid-19 
vaccination: living evidence syntheses and review. BMJ (Clini-
cal research ed). 2022;378:e069445.

 36.  Raymond TT, Das A, Manzuri S, Ehrett S, Guleserian K, Brenes 
J. Pediatric COVID-19 and pericarditis presenting with acute 
pericardial tamponade. World J Pediatr Congenit Heart Surg. 
2020;11(6):802–4.

 37. • Dimopoulou D, Spyridis N, Dasoula F, Krepis P, Eleftheriou E, 
Liaska M, et al. Pericarditis as the main clinical manifestation of 
COVID-19 in adolescents. Pediatr Infect Dis J. 2021;40(5):e197–
9. Study indicating that pediatric patients with COVID may 
have isolated cardiovascular symptoms, highlighting the 
importance of having a high index of suspicion for COVID.

 38. Sauer F, Dagrenat C, Couppie P, Jochum G, Leddet P. Pericardial 
effusion in patients with COVID-19: case series. Eur Heart J 
Case Rep. 2020;4(Fi1):1–7.

 39.  The use of non-steroidal anti-inflammatory drugs (NSAIDs) 
in patients with COVID-19. Available at: https:// www. who. 
int/ news- room/ comme ntari es/ detail/ the- use- of- non- stero idal- 
anti- infla mmato ry- drugs- (nsaid s)- in- patie nts- with- covid- 19. 
Accessed 5 Nov 2022.

 40.  FDA advises patients on use of non-steroidal anti-inflammatory 
drugs (NSAIDs) for COVID-19. Available at: https:// www. fda. 
gov/ drugs/ drug- safety- and- avail abili ty/ fda- advis es- patie nts- 
use- non- stero idal- anti- infla mmato ry- drugs- nsaids- covid- 19#: 
~: text= At% 20this% 20time% 2C% 20FDA% 20is,when% 20more% 
20inf ormat ion% 20is% 20ava ilable. Accessed 5 Nov 2022.

 41. Kushner P, McCarberg BH, Grange L, Kolosov A, Haveric AL, 
Zucal V, et al. The use of non-steroidal anti-inflammatory drugs 
(NSAIDs) in COVID-19. NPJ Prim Care Respir Med. 2022;32(1):35.

 42. Chandan JS, Zemedikun DT, Thayakaran R, Byne N, Dhalla S, 
Acosta-Mena D, et al. Nonsteroidal antiinflammatory drugs and 
susceptibility to COVID-19. Arthritis Rheum. 2021;73(5):731–
9. Hoboken, NJ.

 43.  Rinott E, Kozer E, Shapira Y, Bar-Haim A, Youngster I. Ibu-
profen use and clinical outcomes in COVID-19 patients. Clin 
Microbiol Infect. 2020;26(9):1259.e5-.e7.

 44.  Imazio M, Brucato A, Lazaros G, Andreis A, Scarsi M, Klein 
A, et al. Anti-inflammatory therapies for pericardial diseases in 
the COVID-19 pandemic: safety and potentiality. J Cardiovasc 
Med. 2020. Hagerstown, Md.

 45.•• Diaz GA, Parsons GT, Gering SK, Meier AR, Hutchinson IV, 
Robicsek A. Myocarditis and pericarditis after vaccination for 
COVID-19. JAMA. 2021;326(12):1210–2. This study evaluates 
the incidence of myocarditis and pericarditis emergency depart-
ment and in-hospital encounters before the COVID-19 vaccine 
was available and during the COVID-19 vaccination period.

 46.•• Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, 
Shankar-Hari M, et al. Risks of myocarditis, pericarditis, and 
cardiac arrhythmias associated with COVID-19 vaccination 
or SARS-CoV-2 infection. Nat Med. 2022;28(2):410–22. This 
study evaluated a large cohort in England and compared 
the association between vaccination or SARS-CoV-2 and 
subsequent hospital admission or death from myocarditis, 
pericarditis or cardiac arrhythmias.

 47.•• Foltran D, Delmas C, Flumian C, De Paoli P, Salvo F, Gautier 
S, et al. Myocarditis and pericarditis in adolescents after first 

and second doses of mRNA COVID-19 vaccines. Eur Heart 
J Qual Care Clin Outcomes. 2022;8(2):99–103. This study 
reports the risk of myocarditis/pericarditis in adolescents 
after mRNA COVID-19 vaccines.

 48.  Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana 
R, et al. Safety of the BNT162b2 mRNA Covid-19 vaccine in a 
nationwide setting. N Engl J Med. 2021;385(12):1078–90.

 49.  Myocarditis and pericarditis after mRNA COVID-19 vaccina-
tion. Available at: https:// www. cdc. gov/ coron avirus/ 2019- ncov/ 
vacci nes/ safety/ myoca rditis. html . Accessed 5 Nov 2022.

 50.  Kühn B, Peters J, Marx GR, Breitbart RE. Etiology, manage-
ment, and outcome of pediatric pericardial effusions. Pediatr 
Cardiol. 2008;29(1):90–4.

 51.  Sogaard KK, Farkas DK, Ehrenstein V, Bhaskaran K, Botker HE, 
Sorensen HT. Pericarditis as a Marker of occult cancer and a prognos-
tic factor for cancer mortality. Circulation. 2017;136(11):996–1006.

 52.  Imazio M, Cecchi E, Demichelis B, Chinaglia A, Ierna S, 
Demarie D, et al. Myopericarditis versus viral or idiopathic acute 
pericarditis. Heart. 2008;94(4):498–501.

 53.  Geggel RL. Conditions leading to pediatric cardiology consultation 
in a tertiary academic hospital. Pediatrics. 2004;114(4):e409–17.

 54.  Drossner DM, Hirsh DA, Sturm JJ, Mahle WT, Goo DJ, Massey 
R, et al. Cardiac disease in pediatric patients presenting to a pedi-
atric ED with chest pain. Am J Emerg Med. 2011;29(6):632–8.

 55. Fowler NO. Recurrent pericarditis. Cardiol Clin. 1990;8(4):621–6.
 56.  Imazio M, Demichelis B, Parrini I, Cecchi E, Demarie D, Ghisio 

A, et al. Management, risk factors, and outcomes in recurrent 
pericarditis. Am J Cardiol. 2005;96(5):736–9.

 57. • Perez-Brandão C, Trigo C, Pinto FF. Pericarditis - Clinical presen-
tation and characteristics of a pediatric population. Rev Port Car-
diol. 2019;38(2):97–101. Study evaluating the most common 
findings in pericarditis specifically among pediatric patients.

 58.  Chang SA. Tuberculous and infectious pericarditis. Cardiol Clin. 
2017;35(4):615–22.

 59.  Boles ET Jr, Hosier DM. Abdominal pain in acute myocarditis 
and pericarditis. Am J Dis Child. 1963;105(1):70–6.

 60.  Welch TD. Constrictive pericarditis: diagnosis, management and 
clinical outcomes. Heart. 2017.

 61.  Chen CA, Lin MT, Wu ET, Lu L, Wang JK, Huang LM, et al. 
Clinical manifestations and outcomes of constrictive pericarditis 
in children. J Formos Med. 2005;104(6):402–7.

 62.  Dressler W. Effect of respiration on the pericardial friction rub. 
Am J Cardiol. 1961;7:130–1.

 63.  Holldack K, Heller A, Groth W. The pericardial friction rub in 
the phonocardiogram. Am J Cardiol. 1959;4:351–5.

 64.  Imazio M, Gaita F, LeWinter M. Evaluation and treatment of per-
icarditis: a systematic review. JAMA. 2015;314(14):1498–506.

 65.  LeWinter MM. Clinical practice. Acute pericarditis. Braunwald_ 
N Engl J Med. 2014;371(25):2410–6.

 66.  Barbut G, Needleman JP. Pediatric chest pain. Pediatr Rev. 
2020;41(9):469–80.

 67.  Welch TD, Oh JK. Constrictive pericarditis. Cardiol Clin. 
2017;35(4):539–49.

 68.  Syed FF, Schaff HV, Oh JK. Constrictive pericarditis–a curable 
diastolic heart failure. Nat Rev Cardiol. 2015;12(12):682.

 69.  Stolz L, Valenzuela J, Situ-LaCasse E, Stolz U, Hawbaker N, 
Thompson M, et al. Clinical and historical features of emergency 
department patients with pericardial effusions. World J Emerg 
Med. 2017;8(1):29–33.

 70.  Imazio M, Pedrotti P, Quattrocchi G, Roghi A, Badano L, Faletti 
R, et al. Multimodality imaging of pericardial diseases. J Car-
diovasc Med (Hagerstown). 2016;17(11):774–82.

 71.  Imazio M, Cecchi E, Demichelis B, Ierna S, Demarie D, Ghisio 
A, et al. Indicators of poor prognosis of acute pericarditis. Braun-
wald Circulation. 2007;115(21):2739–44.

https://www.who.int/news-room/commentaries/detail/the-use-of-non-steroidal-anti-inflammatory-drugs-(nsaids)-in-patients-with-covid-19
https://www.who.int/news-room/commentaries/detail/the-use-of-non-steroidal-anti-inflammatory-drugs-(nsaids)-in-patients-with-covid-19
https://www.who.int/news-room/commentaries/detail/the-use-of-non-steroidal-anti-inflammatory-drugs-(nsaids)-in-patients-with-covid-19
https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19#:~:text=At%20this%20time%2C%20FDA%20is,when%20more%20information%20is%20available
https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19#:~:text=At%20this%20time%2C%20FDA%20is,when%20more%20information%20is%20available
https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19#:~:text=At%20this%20time%2C%20FDA%20is,when%20more%20information%20is%20available
https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19#:~:text=At%20this%20time%2C%20FDA%20is,when%20more%20information%20is%20available
https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-drugs-nsaids-covid-19#:~:text=At%20this%20time%2C%20FDA%20is,when%20more%20information%20is%20available
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/myocarditis.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/myocarditis.html


170 Current Cardiology Reports (2023) 25:157–170

1 3

 72.  Tombetti E, Giani T, Brucato A, Cimaz R. Recurrent pericarditis 
in children and adolescents. Front Pediatr. 2019;7:419.

 73.  Spodick DH. Electrocardiogram in acute pericarditis. Distribu-
tions of morphologic and axial changes by stages Am J Cardiol. 
1974;33(4):470–4.

 74. Klein AL, Abbara S, Agler DA, Appleton CP, Asher CR, Hoit 
B, et al. American Society of Echocardiography clinical recom-
mendations for multimodality cardiovascular imaging of patients 
with pericardial disease: endorsed by the Society for Cardiovas-
cular Magnetic Resonance and Society of Cardiovascular Com-
puted Tomography. J Am Soc Echocardiogr. 2013;26(9):965-
1012.e15.

 75.  Cosyns B, Plein S, Nihoyanopoulos P, Smiseth O, Achenbach 
S, Andrade MJ, et al. European Association of Cardiovascular 
Imaging (EACVI) position paper: multimodality imaging in 
pericardial disease. Braunwald Eur Heart J Cardiovasc Imag-
ing. 2015;16(1):12–31.

 76.  Geske JB, Anavekar NS, Nishimura RA, Oh JK, Gersh BJ. Dif-
ferentiation of constriction and restriction: complex cardiovas-
cular hemodynamics. J Am Coll Cardiol. 2016;68(21):2329–47.

 77.  Othman T, Eldadah O. Treatment of chronic resistant paediatric 
idiopathic pericardial effusion with intrapericardial injection of 
corticosteroids 4-year-old girl with rapid full resolution after intra-
pericardial injection of corticosteroids. Cardiol Young. 2021:1–3.

 78.  Artom G, Koren-Morag N, Spodick DH, Brucato A, Guindo J, 
Bayes-de-Luna A, et al. Pretreatment with corticosteroids attenu-
ates the efficacy of colchicine in preventing recurrent pericarditis: 
a multi-centre all-case analysis. Eur Heart J. 2005;26(7):723–7.

 79.  Yazigi A, Abou-Charaf LC. Colchicine for recurrent pericarditis 
in children. Acta Paediatr. 2007;87(5):603–4.

 80. Shin JH, Lee DH, Choi HJ. Colchicine for steroid-resistant recurrent 
pericarditis in a child. Yeungnam Univ J Med. 2018;35(2):222–6.

 81.  Brucato A, Cimaz R, Balla E. Prevention of recurrences of cor-
ticosteroid-dependent idiopathic pericarditis by colchicine in an 
adolescent patient. Pediatr Cardiol. 2000;21(4):395–6.

 82.  Alabed S, Pérez-Gaxiola G, Burls A. Colchicine for children 
with pericarditis: systematic review of clinical studies. Arch Dis 
Child. 2016;101(10):953–6.

 83.  Brucato A, Imazio M, Gattorno M, Lazaros G, Maestroni S, 
Carraro M, et al. Effect of anakinra on recurrent pericarditis 
among patients with colchicine resistance and corticosteroid 
dependence: the AIRTRIP randomized clinical trial. JAMA. 
2016;316(18):1906–12.

 84.  Imazio M, Andreis A, De Ferrari GM, Cremer PC, Mardigyan 
V, Maestroni S, et al. Anakinra for corticosteroid-dependent 
and colchicine-resistant pericarditis: the IRAP (International 
Registry of Anakinra for Pericarditis) study. Eur J Prev Cardiol. 
2020;27(9):956–64.

 85.  Picco P, Brisca G, Traverso F, Loy A, Gattorno M, Martini 
A. Successful treatment of idiopathic recurrent pericarditis in 
children with interleukin-1beta receptor antagonist (anakinra): 
an unrecognized autoinflammatory disease? Arthritis Rheum. 
2009;60(1):264–8.

 86.  Rodriguez-Gonzalez M, Ruiz-Gonzalez E, Castellano-Martinez 
A. Anakinra as rescue therapy for steroid-dependent idiopathic 

recurrent pericarditis in children: case report and literature 
review. Cardiol Young. 2019;29(2):241–3.

 87.  Scardapane A, Brucato A, Chiarelli F, Breda L. Efficacy of an 
interleukin-1β receptor antagonist (anakinra) in idiopathic recur-
rent pericarditis. Pediatr Cardiol. 2013;34(8):1989–91.

 88.  Finetti M, Insalaco A, Cantarini L, Meini A, Breda L, Alessio 
M, et al. Long-term efficacy of interleukin-1 receptor antagonist 
(anakinra) in corticosteroid-dependent and colchicine-resistant 
recurrent pericarditis. J Pediatr. 2014;164(6):1425–31.

 89.  Peterlana D, Puccetti A, Simeoni S, Tinazzi E, Corrocher R, Lunardi 
C. Efficacy of intravenous immunoglobulin in chronic idiopathic 
pericarditis: report of four cases. Clin Rheumatol. 2005;24(1):18–21.

 90.  del Fresno MR, Peralta JE, Granados MA, Enriquez E, 
Dominguez-Pinilla N, de Inocencio J. Intravenous immunoglob-
ulin therapy for refractory recurrent pericarditis. New Braunwald 
Pediatrics. 2014;134(5):e1441–6.

 91.  González JN, Saez IM, López-Longo FJ, Serrano B. Idiopathic 
recurrent pericarditis treated successfully with tumour necrosis 
factor alpha blocking agents (anti-TNF-α). Clin Exp Rheumatol. 
2013;31(5):776–8.

 92.  Dipasquale V, Gramaglia SMC, Catena MA, Romano C. Pericar-
ditis during infliximab therapy in paediatric ulcerative colitis. J 
Clin Pharm Ther. 2018;43(1):107–9.

 93.  Epçaçan S, Sahin S, Kasapcopur O. Anaphylactic reaction to 
anakinra in a child with steroid-dependent idiopathic recurrent 
pericarditis and successful management with canakinumab. Car-
diol Young. 2019;29(4):549–51.

 94.  Signa S, D’Alessandro M, Consolini R, Miniaci A, Bustaffa M, 
Longo C, et al. Failure of anti interleukin-1 beta monoclonal 
antibody in the treatment of recurrent pericarditis in two chil-
dren. Pediatr Rheumatol Online J. 2020;18(1):51.

 95.  Klein AL, Imazio M, Cremer P, Brucato A, Abbate A, Fang F, 
et al. Phase 3 trial of interleukin-1 trap rilonacept in recurrent 
pericarditis. N Engl J Med. 2021;384(1):31–41.

 96.  Thompson JL, Burkhart HM, Dearani JA, Cetta F, Oh JK, Schaff 
HV. Pericardiectomy for pericarditis in the pediatric population. 
Ann Thorac Surg. 2009;88(5):1546–50.

 97.  del Fresno MR, Peralta JE, Granados M, Enríquez E, 
Domínguez-Pinilla N, de Inocencio J. Intravenous immuno-
globulin therapy for refractory recurrent pericarditis. Pediatrics. 
2014;134(5):e1441–6.

 98.  Fardman A, Charron P, Imazio M, Adler Y. European Guidelines 
on Pericardial Diseases: a Focused Review of Novel Aspects. 
Curr Cardiol Rep 2016 May;18(5):46. https:// doi. org/ 10. 1007/ 
s11886- 016- 0721-1. 

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s11886-016-0721-1
https://doi.org/10.1007/s11886-016-0721-1

	Pediatric Pericarditis: Update
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 
	Case Vignette 

	Introduction
	Etiology (Table 1)
	Acute Pericarditis
	Recurrent Pericarditis
	Pericarditis Due to COVID-19 Infection and COVID-19 Vaccination

	Epidemiology
	Clinical Manifestations
	Diagnosis
	Management (Table 2)
	NSAIDs
	Steroids
	Colchicine
	Anakinra
	Other Agents
	Emerging Therapies: Specific IL-1 Antagonists (Canakinumab and Rilonacept)
	Interventional Approaches

	Conclusion
	References


