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Abstract
Purpose of Review To discuss the possible harmful effects and pathophysiology of exercise in cases of pericarditis, explore the
role of multi-modality imaging to help guide exercise recommendations, and compare U.S. with European guideline recommen-
dations on the safe resumption of physical activity following resolution of pericarditis.
Recent Findings Despite multiple postulated mechanisms by which exercise may be harmful during active inflammation of the
myocardium or pericardium, the exact pathophysiology remains largely unknown. The inclusion of multi-modality cardiac
imaging may play a role in further elucidating the relationship of exercise with outcomes in pericarditis. More recently, the
prevalence of COVID-19 cardiac involvement in athletes prior to returning to play appears lower than previously reported;
however, current recommendations are consistent with those for other etiologies of pericarditis.
Summary Further research is certainly needed to better understand the relationship between physical activity and pericarditis, the
pathophysiology, and the prognostic role of multimodality imaging.
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Introduction

Acute pericarditis is the most common form of pericardial
disease and refers to the inflammation of the pericardial sac
[1]. Exact epidemiological data in the USA is limited; how-
ever, the incidence of acute pericarditis has been reported as
27.7 cases per 100,000 person-years in Northern Italy [2].

There are various etiologies of pericarditis largely grouped
into idiopathic, infectious, and non-infectious causes [3]. In
the developed world, the most common etiology is idiopathic
or viral, whereas in the developing world, tuberculosis is the
leading cause [4]. The diagnosis of pericarditis is based on a
constellation of clinical symptoms, physical exam, EKG
changes, laboratory abnormalities, and imaging findings.
Treatment of acute pericarditis includes anti-inflammatory

agents, usually starting with non-steroidal anti-inflammatory
drugs (NSAIDS) and colchicine, with steroids and immune
modulators reserved for incessant, chronic, or recurrent cases
[5–7]. However, there are also non-pharmacologic therapies,
such as physical activity restriction that are thought to aid in
healing. The rationale behind the avoidance of physical activ-
ity when diagnosed with pericarditis is to reduce the risk of
complications such as progression to myocarditis, worsening
pericardial effusion and cardiac tamponade, constrictive peri-
carditis, or recurrent/refractory symptoms. However, the liter-
ature is limited when it comes to understanding how exercise
can further complicate cases of pericarditis and what level of
physical activity is acceptable. In this review, we discuss the
possible pathophysiology of exercise in acute pericarditis, ex-
plore the role of multi-modality imaging to help guide exer-
cise recommendations, and compare U.S. with European
guideline recommendations on the safe resumption of physi-
cal activity following resolution of acute pericarditis.

The Pathophysiology and Impact of Physical
Activity in Acute Pericarditis

Current guidelines recommend non-competitive athletes
should restrict physical activity until the resolution of symp-
toms and normalization of biomarkers while competitive
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athletes should not participate in competitive sports until res-
olution of symptoms and normalization of biomarkers.
Specifically, this includes the absence of fever, absence of
pericardial effusion, and normalization of erythrocyte sedi-
mentation rate (ESR) and C-Reactive Protein (CRP) [8].
According to the 2015 European Society of Cardiology
(ESC) Guidelines for the diagnosis and management of peri-
cardial diseases and the 2019 position statement of the Sport
Cardiology Section of the European Association of Preventive
Cardiology (EAPC), athletes should be re-evaluated by a cli-
nician prior to resuming training and competition [9, 10].
However, these recommendations are largely based on expert
consensus without trial evidence to support them. Some
mechanisms behind the complications seen with physical ac-
tivity in persons with active pericarditis seems to be immune
mediated with some hypotheses being based on animal and
autopsy studies that looked primarily at cases of myocarditis
[11–14].

First, the adverse effects of exercise-induced tachycardia
and shear stress on the pericardium may lead to worsening
inflammation, or increased blood flow to the pericardium sec-
ondary to inflammation and resulting oxidative stress from
free radicals (see Fig. 1) [15]. Studies have also reported a
relationship between pericarditis and genetic variations of
the immune system that can predispose people to worsening
inflammation from environmental triggers such as exercise
[15].

Next, although physical exercise is generally associated
with improved health, there is a period after strenuous endur-
ance activity that is associated with a functional
immunodepression that can vary in length depending on the

extent of the exercise [11]. Referred to as the ‘open window’
theory, this period could predispose individuals with pericar-
ditis to other infectious agents or increase the severity of an
active viral infection that progresses to metabolically active
cells in the myocardium leading to a myocarditis, a condition
known to increase the risk of sudden cardiac death [12, 16].
Many components of the immune system exhibit change after
prolonged heavy exertion. The increases in blood granulocyte
and monocyte phagocytosis and interleukin-6 suggest a strong
pro-inflammatory response, whereas the increases in cortisol
and interleukin-1 receptor antagonist show that other anti-
inflammatory forces are also at work [17]. These data suggest
that the immune system may be suppressed and stressed, al-
beit transiently, following prolonged endurance exercise
(however still remains unproven in humans). If an infection
or other source of inflammation is detected following the
immunodepression period, an acute phase reaction can occur.
This results in a surge of inflammation that mobilizes the
humoral and cell mediated immune response causing cytoly-
sis and necrosis [13, 14, 18, 19]. The inflammatory response
not only can delay healing but can progress symptoms or
make them refractory.

Last, exercise is known to increase catabolic reactions
within the body to break down protein, carbohydrates, and
fatty acids as energy sources to maintain high performance.
Unfortunately, inflammatory conditions like pericarditis also
increase the body’s demand for these energy sources [13].
Thus, continued exercise with pericarditis may accelerate
muscle wasting and deconditioning. Therefore, in addition to
a delay in healing, there may be a risk of worsening perfor-
mance and predisposition to musculoskeletal injury [13, 20].

Fig. 1 Proposed mechanisms of the potential detrimental effect of exercise on the pericardium during active inflammation
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While these mechanisms have been hypothesized, it is impor-
tant to remember that there are still no adequately controlled
studies to further clarify exercise related injury in cases of
pericarditis.

The Role of Multi-Modality Imaging

Individuals with pericarditis usually have an excellent prog-
nosis with complete resolution of the pathological process;
however, factors associated with a more guarded prognosis
or increased risk of recurrence include a temperature > 100.4
F on presentation, female sex, a subacute course, large peri-
cardial effusion, resistance to NSAID use, and previous corti-
costeroid use [10, 21, 22]. Prior to ‘return to exercise’ recom-
mendations for competitive athletes, a minimal restriction of 3
months has been defined, following which a normal workup
to exclude active disease should be demonstrated.
Multimodality imaging is an integral part of diagnosing and
staging pericarditis as indicated by the European Association
of Cardiovascular Imaging position statement and the
American Society of Echocardiography Clinical
Recommendations [23, 24]. More recently, there have been
calls for including imaging in a concerted collaborative effort
to understand more clearly the relationship of exercise with
outcomes in pericarditis. Further studies in this space are cer-
tainly needed.

Transthoracic echocardiography is normal in 40% of acute
pericarditis cases and can be useful in athletes with pericarditis
to exclude complications such as pericardial effusions, in the
setting of negative inflammatory biomarkers, to allow return
to full activity [25]. Other findings may include increased
pericardial brightness, pericardial thickening, and abnormal
septal bounce, dilatation of the inferior vena cava and hepatic
veins with absent or diminished inspiratory collapse, and pro-
nounced respiratory variation in ventricular filling (mitral in-
flow velocity falls as much as 25% and tricuspid velocity
greatly increases, > 40%, in the first cardiac cycle following
inspiration), suggesting constrictive pericarditis [23, 26].
More recent criteria have emphasized ventricular septal mo-
tion with respiration, mitral septal annular velocity > 8 cm/s,
annular reversus, and hepatic vein end diastolic reversal flow
velocity/forward diastolic velocity > 0.8. to diagnose constric-
tion [27].

On computed tomography (CT), noncalcified pericardial
thickening with pericardial effusion is suggestive of acute
pericarditis [23]. The pericardium can be visualized both in
non-contrast and contrast-enhanced CTs, with enhancement
of the thickened pericardium observed in cases of suspected
pericarditis or tumor infiltration following administration of
iodinated contrast media [24]. Secondary functional informa-
tion, such as enlargement of the atria and vena cava in cases of
pericardial constriction, may also be seen. CT attenuation

values may help in the differentiation of exudative fluid (20
to 60 Hounsfield units), as found with purulent pericarditis,
and simple transudative fluid (< 10 Hounsfield units) [24].

Late gadolinium enhancement (LGE) on cardiac magnetic
resonance (CMR) can also provide information on the pres-
ence and severity of active pericardial inflammation, with a
sensitivity of nearly 94% (see Fig. 2) [29]. LGE is absent or
minimal under physiological conditions because the normal
pericardium is not vascularized, whereas acute pericarditis is
associated with neovascularization [30]. LGE has been
thought to improve, along with inflammatory biomarkers,
with exercise restriction by most experts making CMR a use-
ful imaging modality to prognosticate in cases of pericarditis,
particularly those that are refractory or recurrent. CMR can
also help evaluate pericardial thickness. In a recentmulticenter
observational cohort study of 128 consecutive patients with
recurrent pericarditis evaluated by CMR during a 34-month
mean follow-up, pericardial thickening (hazard ratio 2.6, 95%
confidence interval: 1.6 to 4.4) was more strongly associated
with adverse outcomes compared to LGE (hazard ratio 0.3,
95% confidence interval 0.1 to 0.7) [31•]. While the authors
did note a high specificity of LGE for active pericarditis and
inflammation, its lower association with adverse events could
be because the presence of LGE may have led to more
targeted anti-inflammatory therapy leading to improved out-
comes. In addition to evaluation for pericardial inflammation
and thickening, CMR can also assess for signs of constrictive
pericarditis, and its associated findings including calcification
of the pericardium (though less reliably than CT), ventricular
interdependence, and pericardial adhesions between the thick-
ened pericardium and the epicardial surface of the myocardi-
um with reduced mobility of the myocardium [24]. These
findings may also be used to plan invasive treatment such as
pericardiectomy.

Most patients with acute pericarditis will have a limited and
uncomplicated illness, and echocardiography is the first and
only imaging test necessary. However, after this initial risk
stratification, a minority of patients will develop complicated
pericarditis. Further imaging in cases of complicated pericar-
ditis is directed at primarily answering two questions: First,
does the patient still have significant pericardial inflamma-
tion? Second, does the patient have complications likes con-
striction or myocardial involvement? [32] Published reports
are severely limited in this area; however, the data we do have
suggest a helpful role of multimodality imaging and the utility
of CMR in determining the stage and severity of pericardial
inflammation. Thus, it is reasonable to consider additional
imaging like CMR in all patients, not just athletes, with per-
sistent symptoms to better understand prognosis of pericardi-
tis. This may prove especially helpful in athletes when con-
sidering return to play. Transthoracic echocardiography and
CMR together may also aid in the determination of whether
myocardial involvement of pericarditis is present. Further
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research on subgroups that will benefit most from CMR for
pericardial inflammation is certainly needed.

Return to Play Specifically in COVID-19

Some studies have suggested that acute pericarditis may also
appear to be a common manifestation of SARS-coV-2
(COVID-19) cardiac involvement. One such study reported
that > 33% of patients convalescing from COVID-19 had
isolated pericardial enhancement either with or without under-
lying myocarditis, while a second study, though heavily crit-
icized for the lack of a control CMR group, reported that 41%
of athletes who had recovered from COVID-19 and
underwent screening CMR imaging had evidence of pericar-
dial hyperenhancement with associated pericardial effusions
[33, 34]. More recently, a large multicenter cross-sectional
study (n = 798), between May and October 2020, sought to
evaluate the prevalence of detectable inflammatory heart dis-
ease in professional athletes across major US professional
sport leagues with prior COVID-19 infection, using current
return to play screening recommendations [35••]. Abnormal
screening results were identified in 30 (3.8%) athletes (tropo-
nin, 6 athletes [0.8%]; EKG, 10 athletes [1.3%]; echocardiog-
raphy, 20 athletes [2.5%]), necessitating additional testing. Of
these requiring additional testing, 5 athletes (0.6%) ultimately
had CMR imaging findings suggesting inflammatory heart
disease (myocarditis, 3; pericarditis, 2) which resulted in re-
striction from play.

This was a far lower prevalence of COVID-19 cardiac in-
volvement in athletes prior to returning to play than previously
reported [35••]. Perhaps, the pericardial involvement seen on
CMR following COVID-19 infection may be directly related
to the severity of infection. The study by Martinez et al. ex-
cluded patients with severe COVID-19 illness and reported
findings for those whowere asymptomatic or with mild symp-
toms. Alternatively, challenges may exist in CMR

interpretation, specifically differentiating attributes of athletic
cardiac remodeling from potential cardiac pathology given the
lack of athlete-specific CMR standards. Importantly, no ad-
verse cardiac events were reported in athletes who underwent
cardiac screening and resumed professional sport
participation.

Despite these data, the pathophysiology and long-term ef-
fect of COVID-19–related pericarditis is unknown.
Nevertheless, these findings suggest that CMR may be more
of an adjunctive and downstream tool rather than frontline in
determining return to play ability in athletes following
COVID-19 infection. Current recommendations specific to
exercise restriction with COVID-19–related pericarditis are
consistent with the recommendations for other etiologies of
pericarditis as discussed in this review [36]. The American
College of Sports Medicine and the National Collegiate
Athletic Association (NCAA) have adopted a gradual ap-
proach for athletes to return to activity (stage I: rest and recov-
ery, stage II-IV: light, moderate, and intense activity, and
stage V: normal training and full play); however, the timing
of gradual advancement and strong evidence to support these
recommendations are lacking [37]. It is important to ensure
that there is no more evidence of active inflammation before
increasing activity. More recently, “Long COVID” or “Long-
hauler COVID-19” are terms being used to describe illness in
people who have either recovered from COVID-19 but are
still report lasting effects of the infection or have had the usual
symptoms for far longer than would be expected. The preva-
lence and impact of long standing COVID-19 symptoms on
competitive athletes is also currently unknown.

Comparison of U.S. and European Society
Guideline Recommendations

Current U.S. guidelines recommend exercise avoidance in
individuals during active pericarditis with return to exercise

Fig. 2 (1) Initial cardiac magnetic resonance with late gadolinium
enhancement (LGE) of the pericardium in a case of active pericarditis
during anti-inflammatory therapy (red arrows); (2) cardiac magnetic
resonance after ongoing exercise during medical therapy with
worsening late gadolinium enhancement; (3) cardiac magnetic

resonance after restriction of exercise without changes in medical
therapy and improved late gadolinium enhancement. (Adapted from:
Shah NP et al. JACC Cardiovasc Imaging 2019 Sep;12(9):1880-1881.
doi: 10.1016/j.jcmg.2019.01.022. Epub 2019 Mar 13, with permission
from Elsevier) [28]
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after complete resolution of active disease. Whereas the
European guidelines expanded on this recommendation stat-
ing: in competitive athletes return to exercise is only recom-
mended after 30 days to 3 months, based on severity, with re-
evaluation before returning to sports [10, 38–40]. A compar-
ison of the European Society of Cardiology (ESC) and
American Heart Association (AHA) is shown in Table 1.
Both guidelines recommend treating cases of acute pericardi-
tis with myocardial involvement with the same recommenda-
tions for myocarditis. In the case of acute pericarditis with
myocardial involvement, both the ESC and AHA suggest
the same recommendations as those for myocarditis: absti-
nence from moderate- to high-intensity exercise for a period
of 3–6 months, which may be guided by the presence of in-
flammation on T2-weighted images and LGE uptake on
CMR. As per the 2015 AHA/ACC scientific statement on
eligibility and disqualification recommendations for competi-
tive athletes with cardiovascular abnormalities, chronic peri-
cardial disease that results in constriction disqualifies the per-
son from all competitive sports (Class III; Level of Evidence
C) [40].

Future Directions

Further research is certainly needed to better understand the
relationship between physical activity and pericarditis, as well

as the pathophysiology. More specifically, is the physical ac-
tivity restriction meant for more moderate to vigorous exer-
cise, or does it also include light activity? Furthermore, are
certain subgroups more impacted than others, and can we
leverage multimodality imaging to prognosticate and identify
appropriate levels of activity? These questions are certainly
very important to athletes who need to train and remain con-
ditioned to be competitive. Despite the paucity of data, enough
is known to encourage the avoidance of physical activity dur-
ing active pericarditis with some experts recommending a
heart rate of less than 100 beats per minute. Whether wearable
devices should be used to monitor heart rate and stress load, or
if resumption of activity should be slow or graded remains
unknown, though a very important area to research. When
counseling athletes on exercise restriction in cases of pericar-
ditis, providers should be prepared to explain the possible
mechanisms of injury associated with exercise in cases of
pericarditis, complications that could occur, and recommen-
dations from current guidelines. The use of multimodality
imaging should also be considered in cases of persistent symp-
toms to help determine optimal timing of return to play.

Complications like recurrent pericarditis (RP) are associat-
ed with physical limitations and may occur following the first
episode of acute pericarditis (affecting 15–30% of patients).
The chance of future recurrences increases with each addition-
al recurrence [9]. The mainstay of current treatments includes
NSAIDS, colchicine, and corticosteroids; however, newer

Table 1 Comparison of Current U.S. and European Return to Play Guidelines

2020 ESC Guidelines on Sports Cardiology and Exercise in Patients with
Cardiovascular Disease/ 2019 EAPC Sport Cardiology Section Position
Statement

2015 ACC/AHA Scientific Statement on the Eligibility and
Disqualification Recommendations for Competitive Athletes with
Cardiovascular Abnormalities

• Participation in leisure-time or competitive sports is not recommended for
individuals with recent pericarditis while active inflammation is present
(Class I, LOE C).

• Athletes with pericarditis, regardless of its pathogenesis, should not
participate in competitive sports during the acute pericarditis phase
(Class III, LOE C).

• Reassessment testing should include TTE to assess for pericardial
effusions and measurement of inflammatory marker level.

• Reassessment testing should include TTE to assess for left ventricular
function, measurement of inflammatory markers, exercise EKG and
24-hour Holter monitoring.

• Return to all forms of exercise including competitive sports is
recommended after 30 days to 3 months for individuals who have
recovered completely a, depending on clinical severity
(Class III, LOE C).

• Athletes can return to full activity when there is complete absence of
evidence for active disease, including effusion by echocardiography, and
when serum markers of inflammation have normalized
(Class III, LOE C).

• Athletes with concomitant myocardial involvement should be treated in
accordance with the recommendations for myocarditis
(Class IIa, LOE C).

• For pericarditis associated with evidence of myocardial involvement,
eligibility should also be based on the course of myocarditis
(Class III, LOE C).

• Asymptomatic athletes with small pericardial effusion, detected
incidentally by imaging testing, but without evidence of myocardial
inflammation, should not be considered as affected by myopericarditis
and should not be restricted from sport participation. A periodical
surveillance is however advisable (Class IIa, LOE C).

a Serum biomarkers have normalized, left ventricular function is normal, and there are no resting, or exercise-induced frequent/complex ventricular
arrhythmias detectable on 24-h EKG monitoring or exercise EKG

LOE, level of evidence; TTE, transthoracic echocardiography; ESC, European Society of Cardiology; EAPC, European Association of Preventive
Cardiology; ACC/AHA, American College of Cardiology/American Heart Association
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biologic agents such as rilonacept, which inhibits interleukin-
1 (IL-1) by binding to IL-1α and IL-1β, and other interleukin
inhibitors may represent a paradigm shift in treatment,
allowing a more targeted and personalized therapy for patients
showing evidence of systemic inflammation. The
RHAPSODY trial demonstrated the efficacy and safety of
rilonacept in the management of symptomatic RP [28].
Perhaps biologics like these may provide a steroid sparing
alternative and play a role in managing RP in several sub-
groups, including competitive athletes.

Conclusion

Despite multiple postulated mechanisms by which exercise
may be harmful during active inflammation of the myocardi-
um or pericardium, the exact pathophysiology remains largely
unknown. The inclusion of multi-modality cardiac imaging
may play a role in further elucidating the relationship of exer-
cise with outcomes in pericarditis. At present, the ESC/EAPC
and ACC/AHA guidelines recommend exercise avoidance in
individuals during active pericarditis with return to exercise
after complete resolution of active disease, and in the case of
myocardial involvement, the same recommendations for myo-
carditis are encouraged.
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