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Hazard ratio

High-sensitivity troponin |
High-sensitivity troponin T

Heart transplantation

Intra-aortic balloon pump
Implantable cardioverter-defibrillator
Immune checkpoint inhibitor

ICU

IFN

IL
IL-1RA
IL-1RLA1
IMPS

i.v.

IVIG
JVP

LA
LAG-3
LC

LGE
LLC

LM

LV
LVAD
LVEF
MACE
MCS
miRNAs
NDLVC
NLRP3
NSAID
NSVT
NT-proBNP

OR
P/LP
PaM
PCIS
PCR
PD-1
PD-L1
PEff
PPCM
PPS
PVS
RA

RCM

RCT

RNA

RP

RV
SARS-CoV-2

SCD
SLE
SSc

B
TDI

TF
TNF-a
TRAPS

TTE
ulFN-y
VA

Intensive care unit

Interferon

Interleukin

Interleukin-1 receptor antagonist

IL-1 receptor-like 1

Inflammatory myopericardial syndrome
Intravenous

Intravenous immunoglobulins

Jugular venous pressure

Left atrial

Lymphocyte activation gene 3

Lyme carditis

Late gadolinium enhancement

Lake Louise criteria

Lymphocytic myocarditis

Left ventricle

Left ventricular assist device

Left ventricular ejection fraction
Major adverse cardiac events
Mechanical circulatory support
MicroRNAs

Non-dilated left ventricular cardiomyopathy
NLR family pyrin domain containing 3
Non-steroidal anti-inflammatory drug
Non-sustained ventricular tachycardia
N-terminal prohormone of brain natriuretic
peptide

Odds ratio

Pathogenic/likely pathogenic
Pregnancy-associated myocarditis
Post-cardiac injury syndrome
Polymerase chain reaction
Programmed cell death protein 1
Programmed death ligand 1
Pericardial effusion

Peripartum cardiomyopathy
Post-pericardiotomy syndrome
Programmed ventricular stimulation
Rheumatoid arthritis

Right atrial pressure

Restrictive cardiomyopathy
Randomized controlled trial
Ribonucleic acid

Recurrent pericarditis

Right ventricle

Severe acute respiratory syndrome
coronavirus 2

Sudden cardiac death

Systemic lupus erythematosus
Systemic sclerosis

Tuberculosis

Tissue Doppler imaging

Task Force

Tumour necrosis factor alpha
Tumour necrosis factor receptor-associated
periodic syndrome

Transthoracic echocardiography
Unstimulated interferon gamma
Ventricular arrhythmias
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VA-ECMO Veno-arterial extracorporeal membrane oxygenation
VAD Ventricular assist device

VF Ventricular fibrillation

VT Ventricular tachycardia

WCD Wearable cardioverter-defibrillator

WMA Wall motion abnormalities

1. Preamble

Guidelines evaluate and summarize available evidence with the aim of as-
sisting health professionals in proposing the best diagnostic or therapeutic
approach for an individual patient with a given condition. ESC Guidelines
are intended for use by health professionals but do not override their in-
dividual responsibility to make appropriate and accurate decisions in con-
sideration of each patient’s health condition and in consultation with the
patient or the patient’s caregiver where appropriate and/or necessary. It is
also the health professional’s responsibility to verify the rules and regula-
tions applicable in each country to drugs and devices at the time of pre-
scription and to respect the ethical rules of their profession.

ESC Guidelines represent the official position of the ESC on a given
topic. Guideline topics are selected for updating after annual expert re-
view of new evidence conducted by the ESC Clinical Practice
Guidelines (CPG) Committee. ESC Policies and Procedures for formu-
lating and issuing ESC Guidelines can be found on the ESC website
(https:/www.escardio.org/Guidelines/Clinical-Practice-Guidelines/
Guidelines-development/Writing-ESC-Guidelines).

This guideline updates and replaces the previous version of the ESC
Guidelines on pericarditis from 2015. For the first time it also covers
myocarditis. This Task Force was selected by the ESC to include profes-
sionals involved with the medical care of patients with this pathology
and to include patient representatives and methodologists. The selec-
tion procedure included an open call for authors and aimed to include

Table 1 Classes of recommendations

Definition

Class |

beneficial, useful, effective.

Classes of recommendations

may be harmful.

Evidence and/or general agreement
that a given treatment or procedure is

given treatment or procedure is not
useful/effective, and in some cases

members from across the whole of the ESC region and from relevant
ESC Subspecialty Communities. Consideration was given to diversity
and inclusion.

Guidelines Task Forces perform a critical review and evaluation of
the published literature on diagnostic and therapeutic approaches in-
cluding assessment of the risk—benefit ratio. Recommendations are
based on major randomized trials and relevant systematic reviews
and meta-analyses, when available. Systematic literature searches are
conducted in cases of controversy or uncertainty to ensure that all
key studies were considered. For recommendations related to diagno-
sis and prognosis, additional types of evidence are included, such as
diagnostic accuracy studies and studies focused on the development
and validation of prognostic models. The strength of each recommen-
dation and the level of evidence supporting it are weighed and scored
according to predefined criteria as outlined in Tables 1 and 2.
Patient-reported outcome measures (PROMs) and patient-reported
experience measures (PREMs) are also evaluated when available as
the basis for recommendations and/or discussion in these guidelines.

Evidence tables summarizing key information from relevant studies
are generated to facilitate the formulation of recommendations, to en-
hance comprehension of recommendations after publication, and to
reinforce transparency in the guidelines development process. The ta-
bles are published in their own section of ESC Guidelines and reference
specific recommendation tables.

After an iterative process of deliberations, a first Task Force vote
on all recommendations is conducted prior to the initiation of rounds
of review. A second Task Force vote on all recommendations is con-
ducted after the final round of review and revision. For each vote, the
Task Force follows ESC voting procedures and all recommendations
require at least 75% agreement among voting members to be ap-
proved. Voting restrictions may be applied based on declarations of
interests.

Wording to use

Conflicting evidence and/or a divergence of opinion about the usefulness/

Should be considered

Class i
efficacy of the given treatment or procedure.
Classlla Weight of evidence/opinion is in
favour of usefulness/efficacy.
Class b Usefulness/efficacy is less well
established by evidence/opinion.
Class I Evidence or general agreement that the

©ESC 2025
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Table 2 Levels of evidence

Level of
evidence C

The writing and reviewing panels provide declaration of interest
forms for all relationships that might be perceived as real or potential
sources of conflicts of interest. Their declarations of interest are re-
viewed according to the ESC declaration of interest rules, which can
be found on the ESC website (http:/www.escardio.org/doi) and are
compiled in a report published in a supplementary document with
the guidelines. Funding for the development of ESC Guidelines is de-
rived entirely from the ESC with no involvement of the healthcare
industry.

The CPG Committee supervises and co-ordinates the preparation of
new guidelines and approves their publication. In addition to review by
the CPG Committee, ESC Guidelines undergo muiltiple rounds of
double-blind peer review on a dedicated online review platform. The
review is conducted by topic experts, including members from ESC
National Cardiac Societies and from relevant ESC Subspecialty
Communities. Guideline Task Forces consider all review comments
and are required to respond to all those classified as major. After ap-
propriate revisions, the Task Force and the CPG Committee members
approve the final document for publication in the European Heart
Journal.

Unless otherwise stated, ESC Guidelines content refers to sex,
understood as the biological condition of being male or female, defined
by genes, hormones and sexual organs. Off-label use of medication may
be presented in this guideline if a sufficient level of evidence shows that
it can be considered medically appropriate for a given condition.
However, decisions on off-label use must be made by the responsible
health professional giving special consideration to ethical rules concern-
ing healthcare, the specific situation of the patient, patient consent, and
country-specific health regulations.

2. Introduction

Myocarditis and pericarditis are inflammatory diseases of the myocar-
dium and pericardium, respectively, with potential overlap. These are
the first ESC clinical practice guidelines covering the whole spectrum
of these diseases.

Herein, the Task Force (TF) introduces the term ‘inflammatory myo-
pericardial syndrome’ (IMPS). IMPS is an umbrella term during the initial

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.

©ESC 2025

diagnostic process until a final diagnosis is made (Figure 1). It reflects the
possible myocarditis—pericarditis overlap, aiming to increase the aware-
ness of the spectrum of disease, and to allow timely diagnosis and better
management. IMPS ranges from isolated myocarditis to isolated pericar-
ditis through mixed forms with possible reciprocal involvement, such as
myopericarditis and perimyocarditis. Both terms are commonly used in
the medical literature, and defined in the 2015 ESC Guidelines for the
diagnosis and management of pericardial diseases (see Section 8)."

The rationale for the introduction of IMPS is that myocarditis and
pericarditis have similar aetiologies and are anatomical contiguous
structures with possible secondary involvement.>™

The field has experienced rapid growth, with position statements
proposed by different cardiac societies.'° In the past, several consen-
sus statements were provided, usually defining a proven myocarditis
based on endomyocardial biopsy (EMB). Endomyocardial biopsy is
able to detect the histological type, can identify some specific aetiolo-
gies, and can help to differentiate from non-inflammatory cardiomyop-
athies (CMPs).'® But nowadays multimodality imaging has become a
cornerstone for the diagnosis of myocardial and pericardial inflamma-
tion and cardiovascular magnetic resonance (CMR) plays a crucial
role, as reported in other ESC guidelines' ™3 (Figure 2).

The aim of these guidelines is to provide evidence-based guidance for
clinical management of IMPS, to guide clinicians of all subspecialties
from a clinical point of view, and to ensure qualified shared decision-
making with patients (see Section 13 and Supplementary data online,
Section 8).

2.1. What is new

Guidelines on pericarditis have been published twice before,"'> while
myocarditis will be covered for the first time in a guideline. The TF be-
lieves that combined guidelines with the recognition of the spectrum of
disease are a step in a new direction, enabling a paradigm shift towards
therapy based on the combined input from experts in inflammatory
diseases of the myocardium and pericardium, with the support of a
multidisciplinary team. In order to improve the awareness of the spec-
trum of disease, a new category, ‘inflammatory myopericardial syn-
drome (IMPS)’, will be introduced as an umbrella term to increase
the understanding of the potential myocarditis—pericarditis overlap.
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Umbrella: IMPS - The spectrum of the inflammatory myopericardial syndrome

Myopericarditis/Perimyocarditis

Acute Subacute Chronic Recurrent Remission with/without residuals
——  » <Imonth ——— P >3months » > H-0
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Function Activity Myocardial Pericardial Histopathology
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Further assessment (if warranted)

Search for aetiology Multimodality imaging Electroanatomical mapping

0008300 tY}

Pericarditis Myopericarditis/Perimyocarditis W

Therapy-dependent on final diagnosis

@ESC

Figure 1 Central illustration of the ESC guidelines on myocarditis and pericarditis. ECG, electrocardiogram; EMB, endomyocardial biopsy; IMPS,
inflammatory myopericardial syndrome; SCD, sudden cardiac death; TTE, transthoracic echocardiography.
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Figure 2 Paradigm change in the clinical diagnosis of myocarditis. CMR, cardiovascular magnetic resonance; EMB, endomyocardial biopsy. Both EMB
and CMR can provide a definitive clinical diagnosis but with different indications. Details are given in Section 5. 2013 Reference: Caforio et al.'® 2021 and

2023 References: Keren et al., Law et al®™*

It is introduced as an entering diagnostic term to lead to a tailored work-
up and individualized therapy. Patient-oriented case management is pro-
posed in different settings such as diagnosis and therapy, as well as return
to work and play avoiding strict time definitions, since the remission path-
way differs from patient to patient. In addition, a novelty in the field of
IMPS is the improved knowledge on its possible genetic background
and its link to specific inherited CMPs. Furthermore, a paradigm shift
will be introduced in its diagnostic management. This is reflecting the
new capabilities of multimodality imaging, especially CMR, as it has chan-
ged clinical workflow during recent years. A similar change was intro-
duced in the American College of Cardiology (ACC) consensus
statement in 2024.” Endomyocardial biopsy has its place and is needed
if specific decisions are warranted.

In comparison with the last ESC Guidelines for the diagnosis
and management of pericardial diseases,’ the current understanding

of the pathogenesis of pericarditis has greatly improved with new evi-
dence on the importance of the interplay between inflammation and
autoinflammatory mechanisms, the role of genetic background, and
immune responses in patients with multiple recurrences. The identi-
fication of a positive family history, a poor response to colchicine, and
a clinical presentation with an inflammatory or non-inflammatory
phenotype are useful tools to guide the selection of patients for gen-
etic testing and specific pharmacological options. A new class of drugs
targeting interleukin-1 (IL-1), the so-called anti-IL-1 agents, has be-
come available and is used in recurrent cases with a poor response
to other conventional therapies. Nevertheless, we need to further im-
prove our understanding of the pathogenesis of non-inflammatory dis-
ease forms.

Moreover, diagnostic capabilities have increased, thanks to the role
of multimodality imaging, allowing improved diagnostic accuracy and
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individualized duration of therapies according to clinical and imaging
findings.

The TF recommends establishing a multidisciplinary IMPS team to
ensure optimal patient care in complicated cases.

We firmly believe that recognizing IMPS will enhance the under-
standing of these inflammatory conditions and hope it will inspire fur-
ther research to advance personalized diagnostic and therapeutic
approaches.

3. Epidemiology, classification,
stages, diagnostic criteria and
aetiology

3.1. Epidemiology

Population-based studies of the incidence or prevalence of IMPS are
limited, and most epidemiological studies assess disease burden and
sequelae in selected patient groups, such as those admitted to hos-
pital. However, such studies might underestimate the true disease
burden. For example, the rate of patients diagnosed with acute myo-
carditis (AM) increases from 5% to 13% with the use of CMR among
patients with angina-like symptoms and increased high-sensitivity
troponin T (hs-TnT)."® A different registry reported an incidence
of 6.3-8.6 per 100 000 inhabitants, mostly in young men."” The cur-
rent global burden of cardiovascular disease data reports a preva-
lence of 4.2-8.7 per 100000 in the age range between 35 and
39 years."® Men and younger patients are more likely to be diag-
nosed, although this could reflect the diagnostic bias towards these
patient groups.19

In children <2 years of age, the sex distribution is balanced; in ado-
lescents there is a male prevalence (about two-thirds of cases),?%?'
which is also maintained in adult patients, suggesting the importance
of hormonal factors.

The incidence of acute pericarditis (AP) is estimated to be about 3—
32 cases per 100 000 person-years.”*?* Similar to myocarditis, men and
younger individuals are more likely to be diagnosed. Recurrence occurs
in about 20%—30% of patients within 18 months after a first episode
of AP.>* The recurrence rate increases up to 50% after the first recur-
rence.® Pericarditis is diagnosed in 0.2% of all cardiovascular in-hospital
admissions and is responsible for 5% of emergency room admissions for
chest pain.23 In the observational Epidémiologie de la Douleur
Thoracique (EPIDOULTHO) study, 3% of patients received a final diag-
nosis of IMPS.2¢

3.2. Classification and stages
The field of IMPS gained increasing awareness and interest during the
coronavirus disease 2019 (COVID-19) pandemic.”’ Research in the
field of all forms of IMPS has a long history, and several terminologies
exist. This is also reflected in the definition of stages. We are proposing
a terminology from a clinical point of view with the intention of guiding
the appropriate management of patients (Table 3). In addition, time
frames for the stages (acute, subacute, and chronic) are suggested to
be used for myocarditis and pericarditis. However, it is not always pos-
sible from a clinical point of view to identify the disease onset, for in-
stance in subacute cases."

IMPS is characterized by different stages (see Figure 3). The course of
the disease differs among patients. A patient may recover completely
without any residuals, but others may develop complications, in some

Table 3 Terminology and stages

Terminology Definition

IMPS Umbrella term for inflammatory myocardial
and pericardial syndromes
Myopericarditis Predominant pericarditis®

Perimyocarditis Predominant myocarditis®

Acute myocarditis Duration of symptoms <4 weeks

Fulminant if:

+ Acute onset®® and haemodynamically
unstable patients requiring inotropes or
mechanical circulatory support

AM and >1 of the foIIowing:28

» LVEF <50% on echocardiogram

Complicated myocarditis

+ Sustained ventricular arrhythmias
» Advanced heart block

* Heart failure

+ Cardiogenic shock

Acute pericarditis Duration of symptoms <4 weeks

Subacute/ongoing Duration of symptoms >4 weeks to

myocarditis <3 months
Subacute/incessant Duration of symptoms >4 weeks to
pericarditis© <3 months
Chronic myocarditis/ Duration of symptoms >3 months
pericarditis
Inflammatory Chronic myocarditis in association with cardiac
cardiomyopathy dysfunction and ventricular remodelling with
clinical phenotype of hypokinetic, either dilated
or non-dilated cardiomyopathy with/without
arrhythmogenic substrate

Recurrent myocarditis/ New symptoms or disease activity after clinical

pericarditis remission

Remission without Regression/absence of symptoms,

residuals normalization of ECG, biomarkers, imaging

abnormalities (echocardiography and CMR)

Remission with residuals ~ Regression/absence of symptoms, persistence

of abnormalities on ECG, biomarkers and/or
imaging (functional and/or structural
abnormalities in echocardiography or CMR)

AM, acute myocarditis; CK-MB, creatine kinase muscle-brain type; CMR, cardiovascular
magnetic resonance; ECG, electrocardiogram; IMPS, inflammatory myopericardial
syndrome; LVEF, left ventricular ejection fraction.

?Patients with definite criteria for pericarditis and elevated biomarkers of myocardial injury
(high-sensitivity troponin | or T, CK-MB fraction) without newly developed regional or
global impairment of left ventricular function in echocardiography or CMR.

®Patients with definite criteria for pericarditis and elevated biomarkers of myocardial injury
(high-sensitivity troponin | or T, CK-MB fraction) with newly developed regional or global
impairment of left ventricular function in echocardiography or CMR.

“Incessant/ongoing pericarditis: the term incessant pericarditis describes patients with
persistent symptoms without a symptom-free interval of >4 weeks despite full-dose
guideline-directed medical therapy (including corticosteroids), or those relapsing early
during the tapering.

cases leading to death. Patients may not experience every stage.
Complete remission can occur at every timepoint. However, a deep
understanding of the respective stages is essential for appropriate
therapeutic guidance.

© ESC 2025
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Figure 3 Stages of inflammatory myopericardial syndrome. AHA, anti-heart antibodies; AIDA, anti-intercalated disc antibodies.

3.3. Diagnostic criteria

After the original proposed diagnostic criteria from the consensus paper
in 2013,"” multimodality imaging, in particular CMR, has made a clinical,
non-invasive diagnosis of myocarditis feasible. In accordance with the
paradigm change (Figure 2), the TF proposes new diagnostic criteria and
a new classification, following the system introduced in the 2023 ESC
Guidelines for the management of endocarditis (Table 4).*° This dlinically
driven approach is based on a clinical presentation, with additional support-
ive findings, and positive CMR or EMB for myocarditis. Histopathological
criteria and updated CMR Lake Louise criteria (LLC)*® are given in
Table 5 and Figure 4, respectively. Similarly, diagnosis of pericarditis can
be made with a clinical presentation, and more than one additional criter-
ion. Cardiovascular magnetic resonance can also provide the non-invasive
confirmation of the presence of pericarditis beyond clinical criteria.

3.3.1. Diagnostic criteria for myocarditis

Myocarditis can be clinically diagnosed as definite/possible with an
appropriate clinical presentation and additional criterion, including

CMR-proven or EMB-proven result (see details in Table 4). The add-
itional criteria include common parameters in basic work-up, such as
an electrocardiogram (ECG), which may show unspecific changes, in-
cluding the whole spectrum of presentations from mimicking a myocar-
dial infarction with ST elevation in non-coronary distribution, as well as
rhythm abnormalities, or findings in echocardiography (see Section 5.5).
Laboratory analysis of serum biomarkers usually shows elevation of
markers of myocardial lesion, such as hs-TnT or high-sensitivity tropo-
nin | (hs-Tnl). Biomarkers of heart failure (HF) (such as N-terminal pro-
hormone of brain natriuretic peptide, NT-proBNP) are also needed to
identify the severity of the disease, and suggest myocardial involvement.
Depending on the individual case and risk (see Section 4), definitive
diagnosis of myocarditis can be based on CMR (Figure 4) or EMB
(Table 5). For EMB analysis quantitative immunohistochemistry criteria
for inflammatory cells in lymphocytic myocarditis (LM) are under devel-
opment. Asymptomatic cases may exist, e.g. vaccine- or drug-related
cases, such as immune checkpoint inhibitor (ICl)-induced myocarditis,
and are often underdiagnosed.
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Table 4 Diagnostic criteria and classification for inflammatory myopericardial syndrome

IMPS

If diagnostic criteria for myocarditis and/or pericarditis are fulfilled®

Definite

Possible

Myocarditis

Clinical presentation® and CMR- or EMB-proven

Clinical presentation® with at least 1 additional criterion

CMR- or EMB-uncertain or not available

Unlikely/rejected

Additional criteria beyond clinical presen‘ca‘cionsb

Only clinical presentation® without additional criteria

Myocarditis

Clinical® Non-specific findings
ECG® ST-T changes
Biomarkers Troponin elevation
Imaging®

Abnormal strain, wall motion, reduced EF

Myocardial oedema and/or LGE (CMR findings)

Pericarditis
Clinical presentation® with >1 additional criterion

Clinical presentation® with 1 additional criterion
Only clinical presentation® without additional criteria

Pericarditis
Pericardial rubs
PR depression, widespread ST-segment elevation
C-reactive protein elevation

New or worsening pericardial effusion
Pericardial oedema and/or LGE (CMR findings)

CMR, cardiovascular magnetic resonance; ECG, electrocardiogram; EF, ejection fraction; EMB, endomyocardial biopsy; IMPS, inflammatory myopericardial syndrome; LGE, late gadolinium

enhancement; LLC, Lake Louise criteria.

Clinical presentations include chest pain or infarct-like symptoms, arrhythmias, heart failure, aborted sudden cardiac death.

Cardiovascular magnetic resonance categories: proven =2 out of 2 updated LLC fulfilled (Figure 4); uncertain = only 1 out of 2 updated LLC fulfilled; rejected = negative CMR.
EMB categories: proven, uncertain, rejected (according to pathologist consensus).

?One condition may be leading (see Section 8).

®See detailed description of clinical presentation in Section 4; rarely asymptomatic cases may be detected (e.g. drug-related with a distinct history, such as immune checkpoint inhibitors).

“If ECG changes always consider/exclude myocarditis.

9See additional Sections 5.4-5.7 for detailed description of imaging findings.

Table 5 Histopathological criteria for myocarditis

Term

Active lymphocytic myocarditis

Persistent lymphocytic myocarditis

Resolved lymphocytic myocarditis

Eosinophilic myocarditis (acute stage)

Giant-cell myocarditis (acute stage)

Sarcoidosis

PCR, polymerase chain reaction.

Non-ischaemic myocardial inflammation can be diagnosed by CMR
according to the updated LLC® (see Figure 4). This is based on at least
one T2-based criterion plus ideally one T1-based criterion. Having both
a positive T2-based criterion and a T1-based criterion will increase spe-
cificity for diagnosing AM, but a diagnosis of possible myocarditis can

Predominant inflammatory cells

CD3* T lymphocytes
>7/mm2,

CDé8" macrophages
CD3"* T lymphocytes
>7/mm?, CD68" macrophages
Eosinophils, CD3" T lymphocytes,
CDé68" macrophages
Eosinophils,

CDé68" giant cells, CD3" T lymphocytes,
CD68" macrophages
CDé8" giant cells, granuloma,
CD3" T lymphocytes,
CD68" macrophages

Myocyte necrosis

Infections
PCR positive (viruses, etc.)

yes yes/no
yes yes/no
no yes/no
yes yes/no
yes no
yes/no no

still be made by having only one (i.e. T2-based or T1-based) criterion
in an appropriate clinical scenario, although with less specificity.
Supportive criteria include pericardial abnormalities (which, however,
suggest concomitant pericarditis), and global or regional left ventricular
(LV) systolic dysfunction on cine imaging.

© ESC 2025
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e N
N . Parameters for reporting
Criterion Methods Example images and pathology . S
) For myocarditis For pericardial involvement
Myocardial Pericardial *Presence, extent, and * High signal intensity
oedema oedema location of oedema (T2 of the pericardium
weighted) in T2-mapping or
*Regional high T2 Sl or T2-weighted
T2-based T2—we]ghted global hlgh T2SI imaging
N imaging or (T2-weighted)
criterion T2 mapping «Regional or global
increase of myocardial
T2 times
Myocardial oedema/ Pericardial oedema/ <Description of focal * High signal intensity
diffuse fibrosis diffuse fibrosis increases of the pericardium
= o i *Regional or global in T1-mapping
Native T1 mapping/ / % increase of native
post-contrastT1 myocardial T1 times
mapping (ECV)/ «Regional or global
T1-weighted increase ECV values
imaging
T1-based
criterion Focal myocardial Pericardial *Presence, pattern, * High signal intensity
fibrosis/scar inflammation/scar extent, and location of of the pericardium
— LGE (positive if areas in LGE images
Wil 4 with high Slina
Late gadolinium §x "‘ : nonischaemic
enhancement PRYE distribution pattern)
« Thrombi (if present)
«Total LGE/LV mass (%)
(no routine)
o it =, l
Functional and wall Haemodynamic *Regional wall-motion * Presence,
motion abnormalities compromise abnormalities composition, and
* Cardiac function (e.g. extent of pericardial
LVEF, RVEF) and volume  effusion
Supportive Cine parameters » Haemodynamic
= imaain relevance of
criterion 9'ng pericardial effusion
* Diameter of pericardial
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Figure 4 Diagnostic criteria by cardiovascular magnetic resonance based on the updated Lake Louise criteria. CMR, cardiovascular magnetic reson-
ance; ECV, extracellular volume; LGE, late gadolinium enhancement; LLC, Lake Louise criteria; LV, left ventricle; LVEF, left ventricular ejection fraction;
RVEF, right ventricular ejection fraction; S, signal intensity ratio.>° Presence of pericardial effusion suggests concomitant pericarditis.
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Histopathological Dallas criteria,®" in addition to immunohistological
staining to detect CD3" T cells and CD68" macrophages, are required
to identify specific histological subtypes of myocarditis and to differen-
tiate from phenocopies [e.g. arrhythmogenic right ventricular cardio-
myopathy (ARVC)]3*** New quantitative criteria are presently
required, since the ESC criteria of >14 leucocytes/mm? including
>7 CD3" T cells/mm?® have been questioned by cardiopathologists.10
In addition, molecular analysis of EMB and blood [including assessment
of viral deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) in per-
ipheral leucocytes and in plasma] using quantitative polymerase chain
reaction (PCR) is necessary to identify the aetiopathogenesis of myo-
carditis and allow targeted therapies (antiviral or immunosuppressive/
immunomodulatory), if clinically useful.'®**** Examples are given in
Section 5.9.1.

3.3.2. Diagnostic criteria for pericarditis

Pericarditis is an inflammatory pericardial syndrome with or without
pericardial effusion (PEff). The definite clinical diagnosis can be made
with a clinical presentation and more than one additional criterion
(Table 4). The main presenting symptom is usually chest pain
(85%—90% of cases), which is typically sharp and pleuritic, improves
by sitting up and leaning forward, and is exacerbated by inspiration,
lying down, and deglutition, due to increased attrition between in-
flamed pericardial layers. Dyspnoea can be reported by the elderly,
or right HF signs and symptoms in the case of pericarditis with con-
striction. Arrhythmic presentations are rare and are usually asso-
ciated with atrial fibrillation (AF). Additional criteria include a
pericardial friction rub (<33% of cases), which is a superficial scratchy
or squeaking sound, caused by friction between the two inflamed
pericardial layers. Electrocardiogram changes have been historically
reported as a typical hallmark of AP; however, the pericardium is
electrically silent, so ECG changes imply concomitant inflammation
of the myocardium, warranting investigation for concurrent myocar-
ditis.>> On imaging, new or worsening PEff (up to 60% of cases),
which is generally mild, might be detected. As pericarditis classically
manifests with an inflammatory syndrome, elevated laboratory mar-
kers of inflammation, such as C-reactive protein (79%-90%),¢
erythrocyte sedimentation rate (ESR), and neutrophilic leucocyt-
osis,””” can provide additional supportive criteria. The inflamed
pericardium is neovascularized and contrast-enhanced on computed
tomography (CT) and CMR. Cardiovascular magnetic resonance is
superior for tissue characterization and can reveal pericardial oe-
dema and/or pericardial late gadolinium enhancement (LGE), provid-
ing additional imaging criteria for the diagnosis.

3.4. Aetiology of myocarditis and
pericarditis

Myocardial and pericardial diseases share mostly similar aetiologies (see
Supplementary data online, Table S7). The aetiology of IMPS can be ei-
ther infectious or non-infectious. These can trigger IMPS in a genetically
predisposed individual by inflammatory/autoimmune mechanisms.
However, the prevalence of each aetiology and the impact of the causa-
tive agent on the clinical course, prognosis, and therapeutic approach
may differ between the two entities."'°

3.4.1. Aetiology of myocarditis

The most common infectious aetiology is presumed to be vira
Enteroviruses, adenoviruses, parvovirus B19 (B19V) and some

| 10,39,40

herpesviruses [Epstein—Barr virus (EBV), human herpesvirus 6 (HHV-6)],
as well as influenza and coronaviruses, are the most common viruses
associated with myocarditis (Supplementary data online, Table S7).
Non-cytotoxic viruses trigger myocarditis indirectly by activating the im-
mune system.*"*? Bacterial infection with Borrelia species [Lyme carditis
(LC)] and parasitic infections, such as Trypanosoma cruzi [Chagas disease
(CD)], are additional important aetiologies in specific regions of the globe.

However, several non-infectious aetiologies should be recognized,
including systemic diseases, autoimmune (or likely autoimmune) disor-
ders [systemic lupus erythematosus (SLE), systemic sclerosis (SSc),
rheumatoid arthritis (RA), eosinophilic granulomatosis with polyangii-
tis (EGPA), hypereosinophilic syndrome (HES)], immune-mediated
forms [such as LM, giant-cell myocarditis (GCM), eosinophilic myocar-
ditis (EM), and cardiac sarcoidosis (CS)], inflammatory bowel disor-
ders, drugs and toxic reactions (including ICl-associated myocarditis,
see Section 9.6.1.1) and chest radiation, as well as genetic conditions
such as inherited CMP (see Section 5.3);'%3? see Supplementary data
online, Table $1."°

3.4.2. Aectiology of pericarditis

The aetiology largely depends on the epidemiological background,
patient population, and clinical setting.”"° Idiopathic or viral peri-
carditis is the most frequent aetiology in developed countries,
ranging from 50% in inpatient settings to >80% in outpatient
settings.**~*® Tuberculosis (TB) is responsible for about 70% of
all cases, especially in human immunodeficiency (HIV)-infected pa-
tients, in regions where the disease is endemic. An increasing num-
ber of cases are related to interventional procedures and surgery
[post-cardiac injury syndrome (PCIS)] due to the increased number
of procedures performed and the ageing population.*” Other com-
mon causes include systemic inflammatory/autoimmune diseases
and cancer (especially lung and breast cancer or lymphomas and
leukaemia) (see Supplementary data online, Table S1)."

About 5%—-15% of patients with recurrence have genetic mutations,
sometimes related to a monogenic autoinflaimmatory disease, mainly fa-
milial Mediterranean fever (FMF) and tumour necrosis factor receptor-
associated periodic syndrome (TRAPS).>>*" A genetic predisposition
and an autoinflammatory/immune-mediated pathogenesis are also sus-
pected in patients with multiple recurrences. For additional information
see Supplementary data online, Tables $2 and §3.%°->2

4. Clinical presentation of
inflammatory myopericardial
syndrome

The term IMPS includes a spectrum of inflammatory diseases from
isolated myocarditis to isolated pericarditis through a combination
of both. IMPS should be used as an umbrella term during the initial
diagnostic work-up until the final diagnosis is made. One of the ma-
jor challenges for the diagnosis of IMPS is recognition itself, there-
fore the TF highlighted red flags (Table 6). These symptoms and
signs should suggest IMPS. The red flags for IMPS are mainly clinical
signs, accompanied by serological and/or imaging biomarkers, and
are not equivalent to the risk. Red flags for IMPS are warning signs,
aiming to raise the awareness of the disease. If there is a suspicion
of IMPS, staging based on the risk assessment should be performed
(Table 7).
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Table 6 Red flags for the clinical diagnosis of myocarditis and pericarditis

Myocarditis

Recent or concomitant flu-like syndrome or gastroenteritis
Infarct-like chest pain

Palpitations

HF symptoms

ECG changes®

Ventricular arrhythmias (isolated, complex)

Syncope

Haemodynamic instability

Elevated markers of myocardial lesion (hs-Tn, CK-MB elevation)
Elevated markers of HF (NT-proBNP)

Abnormal wall motion, increased wall thickness and/or impaired systolic function

Pericarditis

Recent or concomitant flu-like syndrome or gastroenteritis
Pleuritic/infarct-like chest pain

Right HF symptoms and signs of constriction

Fever

Pericardial rubs

C-reactive protein elevation

Pericardial effusion

Pleural effusion

Polyserositis

CMR imaging with pericardial oedema and/or LGE

on imaging
CMR imaging with myocardial oedema and/or LGE

CK-MB, creatinine kinase muscle-brain type; CMR, cardiovascular magnetic resonance; ECG, electrocardiogram; HF, heart failure; hs-Tn; high-sensitivity troponin; LGE, late gadolinium
enhancement; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.

See Section 5.1.

Table 7 Clinical risk stratification to guide work-up in inflammatory myopericardial syndrome

Risk

Myocarditis  * Acute HF/cardiogenic shock
Dyspnoea NYHA IlI-IV refractory o
to medical therapy

Cardiac arrest/syncope®

Ventricular fibrillation/sustained
ventricular tachycardia®
High-level AV block®

Imaging criteria:
Newly reduced LVEF (<40%)?
Extensive LGE on CMR?

Pericarditis  * Signs and symptoms of cardiac

tamponade

Fever (temperature >38°C)

Effusive—constrictive pericarditis
Failure of NSAID therapy

Incessant pericarditis

Imaging criteria:
Large PEff (>20 mm end-diastole) .
Cardiac tamponade
Extensive pericardial LGE on CMR o

Intermediate risk

New/progressive dyspnoea
Non-sustained ventricular arrhythmias
Persistent release or relapsing troponin

Imaging criteria:
Newly mildly reduced LVEF (41%-49%)
and/or WMA
Preserved LVEF (>50%) and
LGE >2 segments on CMR
Signs and symptoms of right HF

Imaging criteria:
Moderate—large PEff
(10-20 mm end-diastole)
Constrictive physiology regardless of the
size of the effusion

Low risk

Stable symptoms or oligosymptomatic

Imaging criteria:
* Preserved LVEF (>50%) without LGE or limited
LGE (<2 segments) on CMR

+ Response to adequate therapy within 1-2 weeks

Imaging criteria:
*» Absence or mild PEff
* Absence of pericardial LGE on CMR

AV, atrioventricular; CMR, cardiovascular magnetic resonance; HF, heart failure; LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; NSAID, non-steroidal
anti-inflammatory drug; NYHA, New York Heart Association classification; PEff, pericardial effusion; WMA, wall motion abnormalities.
*These criteria do not lead directly towards endomyocardial biopsy; in these scenarios it is a case-by-case decision depending on the suspected underlying cause.

A fast and reliable diagnosis is crucial for proper management. The ini-
tial step involves triaging patients by assessing their risk factors and ruling
out acute coronary syndrome (ACS), whenever indicated by the pa-
tient’s characteristics and clinical presentation. In addition, myocarditis

warrants consideration whether the first contact was inpatient or
outpatient.>>>* This approach is based on the different national
healthcare systems, given that a patient may be first seen in an out-
patient or inpatient setting (Figures 5-7).

© ESC 2025
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Patient with symptoms and signs2 of myocarditis presenting to the emergency room
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discussion
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Figure 5 Diagnostic algorithm and triage for inpatient myocarditis. AA, anti-arrhythmic therapy; CAD, coronary artery disease; CRP, C-reactive pro-
tein; ECG, electrocardiogram; HF, heart failure; ICU, intensive care unit; IMPS, inflammatory myopericardial syndrome; N, no; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide; Y, yes. *See Table 6. ®Laboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood
count. “Invasive coronary angiography or computed tomography angiography depending on clinical likelihood/probability. “See Table 7. *Consider en-
domyocardial biopsy. ‘Consider cardiovascular magnetic resonance. &ee Table 9.
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Patient with symptoms and signs? of myocarditis presenting to the outpatient clinic

I

Elevated troponin o—@—» Refer to hospital

See inpatient
algorithm¢
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[ |
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N J
1

Outpatient treatment

l

Outpatient follow-up See inpatient algorithm¢

@ESC

Figure 6 Diagnostic algorithm and triage for outpatient myocarditis. CAD, coronary artery disease; CRP, C-reactive protein; ECG, electrocardio-
gram; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, yes. *See Table 6. ®Laboratory testing including troponin,
NT-proBNP, C-reactive protein, differential blood count. “See Figure 5. YInvasive coronary angiography or computed tomography angiography depend-

ing on clinical likelihood/probability. *Depending on clinical situation (heart failure, arrhythmias) admit to ward. ‘See Table 9. 8See Table 7.
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Figure 7 Diagnostic algorithm and triage for pericarditis. CRP, C-reactive protein; ECG, electrocardiogram; N, no; Y, yes. *see Table 6. °If a patient has
one or more prognostic predictors, as reported in Table 7, a high-risk patient must be admitted to hospital, and an aetiology search should be per-
formed. Patients without high-risk features can be managed as outpatients without an aetiology search and admission if there is a good response to

empirical anti-inflammatory therapy.

4.1. General symptoms and signs
The most common symptom of myocarditis and pericarditis is chest
pain (sometimes with infarct-like features, especially for myocarditis,
or pleuritic with respiratory changes, especially for pericarditis).
Other common presentations include dyspnoea (myocarditis with HF
presentation, but it is also the most common symptom in the elderly
with pericarditis) and/or arrhythmias of different degrees (mainly ven-
tricular for myocarditis and supraventricular and AF for pericarditis)
and, less frequently, syncope. Flow charts are provided for each type
to guide the diagnostic pathway (see Section 4.3).

Some patients may present with persistent symptoms without re-
mission and are labelled as patients with incessant/ongoing IMPS.

4.2. Clinical stages of myocarditis
4.2.1. Acute myocarditis

Acute onset is defined as symptoms and signs lasting <4 weeks.?® In myo-
carditis, this entails AM and the subtype fulminant myocarditis (FM).

The presentation of AM can vary from very mild symptoms
to a life-threatening condition.'® The typical symptoms and signs at
presentation include chest pain in >80% of cases, and dyspnoea in
20%-50%, while fatigue, palpitations, and syncope are less common
and are reported in about 5%.283%° In the majority of cases (80%),
symptoms are preceded by prodromes, such as fever (60%), gastro-
intestinal complaints (30%), or respiratory symptoms (25%).28°>°¢
Other extracardiac symptoms, depending on the underlying disease,
can be present. Electrocardiogram is normal in a minority of patients
(about 15%); most frequently, ST-segment elevation is present
(57.5%), but other ST/T-segment changes can be found (23.5%), as
well as conduction blocks (10%).2%°°

In most patients with acute presentation, cardiac enzymes [troponin
T/l and creatinine kinase muscle-brain type (CK-MB)] are elevated.”®>*
Echocardiography is important for clinical evaluation as it might reveal
signs of myocarditis, including increased wall thickness and echogenicity
due to myocardial oedema. PEff is seen in up to 25% of patients, reflect-
ing concomitant pericarditis or related to haemodynamic factors.?8>°
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4.2.2. Fulminant myocarditis
Fulminant myocarditis (occurring in 3%—9%) is characterized by cardio-
genic shock at presentation for which haemodynamic support is
needed.?® Isolated right ventricle (RV) dysfunction is uncommon; how-
ever, biventricular failure occurs frequently in FM. Sustained ventricular
arrhythmias (VA) may also occur in these patients (46.9%) and some
present with sudden cardiac death (SCD) (25.8%).28°¢>7

In the majority of children with FM (usually <2 years of age), LV dys-
function with dilatation is present at initial presentation, ** while there is
usually no LV dilatation in the early phase for adults. Concurrent viral
infections can be common in these children.

4.2.3. Subacute myocarditis

The subacute stage refers to cases with symptoms lasting >1 month
but <3 months. The symptoms are unspecific, and patients might either
have a remission without residuals or might progress to chronic myo-
carditis or inflammatory CMP (see Section 10).

4.2.4. Chronic myocarditis
Chronic myocarditis is myocarditis persisting beyond 3 months.>’
Chronic myocarditis might reflect an intermediate stage possibly lead-
ing to inflammatory CMP, characterized by cardiac remodelling and
some degree of ventricular dysfunc‘cion.m'39

Milder forms may appear as hypokinetic non-dilated forms of CMP.*
Moreover, an arrhythmogenic substrate, due to fibrosis, should be con-
sidered for the management of these patients.w‘58

Symptoms may be unremarkable in chronic myocarditis.
Dyspnoea and palpitations might be the leading symptoms.
Biomarkers of myocardial injury are usually within normal limits.>
Notably, elevated C-reactive protein, hs-TnT, and impaired global lon-
gitudinal strain (GLS) have been associated with EMB-proven

10,39
10,39

myocardial inflammation in patients with non-ischaemic HF.%° New

quantitative CMR techniques have improved the diagnostic yield in pa-
tients with chronic myocarditis.”"

4.3. Clinical presentations of myocarditis
Myocarditis is characterized by the heterogeneity of clinical manifesta-
tions (Figure 8); therefore, the diagnosis requires a high level of suspi-
cion. The main patterns of clinical presentation are infarct-like chest
pain (most frequent symptom), arrhythmias, and HF. Severity may
range from asymptomatic/oligosymptomatic to severe life-threatening
scenarios, such as severe HF or VA (potentially leading to SCD). A clin-
ical classification based on presentation as high-risk or non-high-risk
myocarditis (see Table 7) has been shown to meaningfully predict out-
comes in large cohorts.”®%%3 Moreover, myocarditis, especially when
recurrent, may represent the ‘hot phase’ of some CMPs [e.g. desmopla-
kin (DSP)-related ARVC].®* Details are given in Section 4.3.5.

4.3.1. Chest pain presentation

Chest pain is the most common form of clinical presentation (about 75%
of unselected cases) in adolescents and adults.?® It is commonly associated
with an increase in necrosis biomarkers, such as troponin, often with ECG
alterations (especially ST-segment elevation), which may mimic ACS, des-
pite the absence of significant obstructive coronary artery disease (CAD).
These cases are often labelled as infarct-like.®> Patients with this presen-
tation usually report a recent or concomitant viral infection, such as a re-
spiratory tract infection or gastroenteritis, which often precedes
myocarditis by several days to weeks (2—4 weeks). Usually, the presence
of troponin release in the context of IMPS is not a negative prognostic
marker, when associated with preserved biventricular function.**®
Patients presenting with chest pain and normal left ventricular ejection
fraction (LVEF) without wall motion abnormalities (WMA), no VA,
and complete resolution of ECG abnormalities in the short term can

Image size correlates
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Figure 8 Spectrum of myocarditis presentations and outcomes. LGE, late gadolinium enhancement; SCD, sudden cardiac death. Image size correlates
with presentation frequency (e.g. chest pain being the most common). Uncomplicated cases of myocarditis (about 75% of unselected cases) usually have
spontaneous remission.”® In acute myocarditis diagnosed by endomyocardial biopsy, up to 50% of patients have spontaneous recovery, but up to 25%
may have a persistent stable cardiac dysfunction, while 10%—-25% have a progressive ventricular dysfunction, which could lead to end-stage dilated car-

diomyopathy, heart transplantation, or death.’
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be considered as having a low-risk presentation with an excellent long-
term prognosis.*?26%¢6¢7 There are possible exceptions to this general
rule in a few cases with EM and GCM. Myocardial scarring as detected
by CMR can be present in cases with preserved LVEF.>*®° Focal scarring

of any cause was shown to be relevant for outcome, and small scars (e.g.
<2 segments) after >6 months seemed to be more benign.”"
Nevertheless, long-term outcome data are missing. For a proposed work-
flow see Figure 9.
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Figure 9 Diagnostic algorithm for acute chest pain presentation. ACS, acute coronary syndrome; CAD, coronary artery disease; CRP, C-reactive
protein; CT, computed tomography; ECG, electrocardiogram; GL, guideline; IMPS, inflammatory myopericardial syndrome; N, no; NT-proBNP,
N-terminal prohormone of brain natriuretic peptide; Y, yes. *Laboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood
count. "See Table 6. “Reference: Byrne et al.”? 9See Table 7. ®See Figure 7. ‘Consider cardiovascular magnetic resonance. 8Consider endomyocardial
biopsy on a case-by-case basis. "Depending on the underlying cause and clinical need. 'See Sections 5, 8, 9, 10.
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4.3.2. Heart failure presentation

Patients with myocarditis presenting with acute HF, in particular when
associated with left ventricular dysfunction (LVEF < 40%), should be
considered as a high-risk group, and their prognosis largely depends
on the short-term response to therapy.”®¢? Clinical presentation
may range from unexplained impaired ventricular function (with or
without dilated LV), new onset or worsening HF (usually over
2 weeks to 3 months), to rapidly progressive refractory HF and car-
diogenic shock. Fulminant myocarditis presenting with HF has a higher
rate of cardiac death and heart transplantation (HT) both in the short
and long term, compared with patients with LV dysfunction without
FM (see Section 4.2.2).>%7*7% In these scenarios, GCM and EM are in-
dependently associated with increased mortality.>®’> An algorithm
for the proposed workflow is shown in Figure 10. As a central scheme,
the workflow follows the CHAMPIT approach, provided in the 2021
ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure.'* One should be aware that arrhythmias can be a pres-
entation of myocarditis, as well as an ‘alternative cause’ of HF outside
the suspicion of myocarditis.

4.3.3. Presentation with arrhythmias

Patients with AM with new, recurrent, or unexplained arrhythmias
may have a wide spectrum of symptoms, ranging from palpitations
to syncope or life-threatening arrhythmias causing aborted
SCD."®7® Supraventricular arrhythmias, especially AF*”7 are
more common in the presence of concomitant pericarditis and
PEff, while atrioventricular blocks (AVBs) or sustained VA are gener-
ally, but not exclusively, associated with LV dysfunction and HF.
Patients with advanced AVB or sustained VA should be considered
as high risk, even in the absence of LV dysfunction. Ventricular fibril-
lation (VF)/cardiac arrest occurs in about 2.5% of myocarditis-related
hospitalizations.”® Patients with sustained VA during AM have a high
risk of recurrence.”’

Patients with GCM (see Section 9.3) or CS (see Section 9.4) are at a
high risk of VA, with a prevalence of >25% 552

Scar-related VA can occur at any time during follow-up, even after
inflhammation resolution. However, polymorphic and irregular VA are
more common during the active inflammatory phase, whereas mono-
morphic and regular VA are associated with healed myocarditis with re-
siduals.® Consistently, catheter ablation of ventricular tachycardia (VT)
is more effective when performed in the post-inflammatory stage of the
disease rather than during AM.2*

AVB is a common feature of myocarditis related to non-viral infec-
tions (i.e. CD, LC, diphtheria),® and can also be an initial presentation
of CS. In patients with arrhythmic presentation, genetic testing for CMP
[ARVC/dilated CMP (DCM)/non-dilated left ventricular CMP
(NDLVC)] should be considered (see Section 5.3).

An algorithm for the proposed workflow is shown in Figure 11.

4.3.4. Sudden cardiac death

One of the causes of SCD in young adults is myocardial inflamma-
tion associated with fatal arrhythmias. Sudden cardiac death attrib-
uted to myocarditis among autopsied patients ranged from 1.1% to
12%,278 and males show higher incidence rates of SCD than fe-
males, with an incidence rate ratio of 2.2.28 Most individuals are
asymptomatic before SCD; however, between 18% and 48% of

patients present with symptoms, including viral illness/malaise, syn-
cope, nausea/abdominal pain, chest pain, and palpitations.2”-% Only
5% show cardiac symptoms in conjunction with an infective pro-
cess.?” These data highlight the need to suspect a diagnosis of myo-
carditis early enough. Late gadolinium enhancement in the mid-wall
layer of the anteroseptal myocardial segments has been associated
with higher rates of mortality and major VA, including SCD,3’89'9O
even in the presence of preserved LVEF. Septal involvement in myo-
carditis can be associated with a worse prognosis in the presence of
a specific genetic background, such as pathogenic desmosomal gene
variants (see Section 5.3).”?% Further studies are necessary to con-
firm these data.

4.3.5. Presentation of myocarditis with a potential
genetic background

A complex interaction between genetic background and inflammation
might be responsible for the heterogeneity of the clinical presentation
of myocarditis. An inflammatory stimulus of the heart might unveil an
increased genetic susceptibility to develop overt LV dysfunction or ar-
rhythmogenic phenotypes. In this setting it is important to consider
additional features, such as a family history of myocarditis/pericarditis,
CMP, or SCD. Autosomal dominant gene defects may be associated
with myocarditis.”>~*® Certain autosomal recessive defects in genes en-
coding various components of the cardiac structure can predispose
young individuals to myocarditis.”>?

Different studies reported that patients with myocarditis and evi-
dence of pathogenic/likely pathogenic (P/LP) desmosomal gene var-
iants (mostly with DSP variants) have a higher incidence of adverse
cardiovascular events, especially myocarditis recurrence and VA,
than patients without.”"** Episodes of acute chest pain with troponin
elevation and normal coronary arteries may occur in about 15% of
patients with DSP mutations and are associated with LV LGE in about
90% of cases.”” Specific genetic P/LP variants may increase the sus-
ceptibility to superimposed myocarditis in ARVC, which may be
the first clinical presentation in the natural history of the disease.®*?®
The presence of so-called ‘hot phases’ (chest pain episodes accom-
panied by ECG changes and troponin release) represents a possible
clinical presentation of ARVC, which often occurs in paediatric and
young patients, as well as carriers of DSP genetic variants.”?~1°’
Currently, the role of ‘hot phases’ in disease progression, as well as
in arrhythmic risk stratification, remains to be clarified. For more de-
tails see Section 5.3.

4.4. Clinical stages of pericarditis

4.4.1. Acute pericarditis

Acute pericarditis is an inflammatory pericardial syndrome with or without
PEff with an onset of <4 weeks. The clinical diagnosis is usually character-
ized by pleuritic and/or positional chest pain (>80% of cases). Dyspnoea is
more common in the elderly.*'92 Physical examination may be character-
ized by pericardial friction rubs in up to one-third of cases, which could dis-
appear with the presence of PEff. Pericardial effusion has been reported in
up to 60% of cases, and it is usually mild. ECG changes, especially PR
depression as an early sign and widespread ST-segment elevations,
have been reported in up to 60% of cases, especially in young patients.
This is suggestive of concomitant myocardial involvement, at least of
mild degree.
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Figure 10 Diagnostic algorithm for acute heart failure presentation. CRP, C-reactive protein; ECG, electrocardiogram; HF, heart failure; ICU, inten-
sive care unit; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, yes. *Laboratory testing including troponin, NT-proBNP,
C-reactive protein, differential blood count. "See Table 6. “See Table 7. “Consider cardiovascular magnetic resonance. °In stabilized heart failure patients,
endomyocardial biopsy may be performed on a case-by-case basis. ‘Depending on the underlying cause and clinical need. &See Sections 5, 8, 9, 10.
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Figure 11 Diagnostic algorithm for arrhythmia presentation. ALS, advanced life support; CAD, coronary artery disease; CMR, cardiovascular mag-
netic resonance; CRP, C-reactive protein; ECG, electrocardiogram; EMB, endomyocardial biopsy; ICD, implantable cardioverter-defibrillator; N, no;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; PM, pacemaker; Y, yes. “Invasive coronary angiography or computed tomography
angiography depending on clinical likelihood/probability. bLaboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood
count. “See Table 6. 9See Table 7. “Consider cardiovascular magnetic resonance. ‘Consider endomyocardial biopsy on a case-by-case basis. 8See
Section 6.5 for wearable cardioverter-defibrillator. "See Sections 5, 8, 9, 10. 'See Section 6.5 and Reference Glikson et al.®® 'See Section 6.5,
Recommendation Table 14 and Reference Zeppenfeld et al.>®
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An inflammatory syndrome is usually present with fever of >38°C
(70%),*” elevated markers of inflammation (C-reactive protein) (80%—
90%),%*” ESR, neutrophil leucocytosis,*”*® and pericardial and/or pleur-
al effusion (approximately 50%), often with lung atelectasis, leading to a
possible diagnosis of pleuro-pneumonia,®”'® and less commonly, peri-
toneal involvement (13%).3 This presentation is labelled ‘inflammatory
phenotype’ of AP.

Cardiac enzymes are usually normal, but troponin may be ele-
vated in 20%-30% of cases, due to concomitant myocarditis
(myopericarditis).*

4.4.2. Subacute pericarditis

Subacute pericarditis refers to cases with persistent symptoms lasting
>1 month and <3 months. This condition may directly progress to
constrictive pericarditis (CP) within a few months and requires timely
optimal medical therapy and close follow-up to prevent chronic

evolution. '

4.4.3. Chronic pericarditis

Chronic pericarditis refers to cases lasting >3 months. In pericarditis,
management of the patient during the acute phase is of paramount im-
portance, not only for symptom relief but, most importantly, for prog-
nostic purposes. Hospitalization of patients with AP and high-risk
features allows the prompt identification and treatment of potentially
life-threatening complications, such as cardiac tamponade (CTP).'%
Moreover, appropriate screening for specific aetiologies is the basis
for tailored therapy. Progression of AP to subacute or chronic disease
is sometimes unpredictable. Omission of colchicine administration and
the use of high doses of corticosteroids with fast tapering are risk fac-
tors for recurrences or a chronic course of the disease*'%¢~1%?
Recently, scores that predict the individual risk of complicated pericar-
ditis and chronicity have been proposed for the identification of sub-
jects who require intensive therapy in terms of medication dose and
length, as well as close follow—up.43'44'1 10 They require further validation
in prospective, multicentre studies.

In chronic forms, symptoms are similar to previous attack(s),
but often milder.! In unclear cases or in difficult-to-treat patients,
CMR may be performed to assess the degree of inflammation and
individualize medical therapy, especially before drug tapering or
discontinuation.”""12

Paradoxically, although chronic pericarditis significantly impairs qual-
ity of life, the rate of progression to CP is negligible (<1%) and is lower
than the risk imposed by a single episode of AP, unless a specific aeti-
ology is identified.'0>113114

4.5. Clinical presentations of pericarditis

Pericarditis is characterized by a wide spectrum of clinical presentations.
The main presenting symptom of pericarditis is positional chest pain,
which is reported in most affected individuals. Typical pericardial pain
is sharp and is worse when coughing and taking a deep breath (pleuritic).
Left trapezius ridge pain is a classic symptom of pericardial irritation and is
transmitted through the phrenic nerve. Other less common symptoms
include shortness of breath, fever, fatigue, and arrhythmia (e.g. AF).
Pericardial effusion often accompanies pericarditis (>50% of cases).
Other presentations include right HF-like symptoms [elevated jugular
venous pressure (JVP), peripheral oedema, ascites] when constriction
is present. Hypotension is a sign of CTP (which presents with Beck’s
triad: hypotension, jugular venous distension, and muffled heart sounds).
It is crucial to differentiate pericarditis from other diseases, such as ACS,

congestive HF, pneumonia with pleuritis, pulmonary embolism, chronic
obstructive pulmonary disease, and vasculitis.

4.5.1. Dry pericarditis

Dry pericarditis (40%—50% of cases), also referred to as ‘pericarditis sic-
ca, is a form of pericarditis that is characterized by inflammation of the
pericardium without the presence of PEff. It can begin insidiously or
abruptly. It is usually not associated with a specific cause or a worse
prognosis.

4.5.2. Effusive pericarditis

Effusive pericarditis (50%—60% of cases) is characterized by the concur-
rent presence of effusion.'’> A moderate to large PEff is more com-
monly associated with a non-idiopathic aetiology.

4.5.3. Effusive—constrictive pericarditis
Effusive—constrictive pericarditis (ECP) is characterized by the con-
current presence of PEff, along with thickening and constriction of
the pericardium that restricts the normal filling of the heart.'*®
Effusive—constrictive pericarditis occurs when constrictive physi-
ology is uncovered following the drainage of a PEff with tamponade.
The exact haemodynamic definition involves the right atrial pressure
(RAP) failing to fall by >50% or to a level of <10 mmHg despite intra-
pericardial pressure being lowered to near 0 mmHg with removal of
pericardial fluid via pericardiocentesis.1 10116117 Cyrrent multimodal-
ity imaging allows a clinical diagnosis of ECP without cardiac
catheterization.

4.5.4. Pericarditis with cardiac tamponade

The two most serious complications of pericarditis are CTP and CP.
Pericarditis with CTP is a life-threatening condition where inflammation
of the pericardium leads to the accumulation of compressive pericardial
fluid (Table 8).""®""> Symptoms may include chest discomfort, fatigue,
and dyspnoea. Clinical signs include hypotension, tachycardia, raised
JVP, pulsus paradoxus, muffled heart sounds, electrical alternans with
decreased ECG voltage, and an enlarged cardiac silhouette on chest
X-ray. The magnitude of clinical and haemodynamic abnormalities de-
pends on the amount of pericardial fluid and rate of accumulation,
the distensibility of the pericardium, and the compliance and filling pres-
sures of the cardiac chambers''® (Figure 12).

Table 8 Causes of cardiac tamponade

Common causes (in order of relative frequency):

(1) Neoplasm/malignancy

(2) latrogenic/trauma

(3)  Pericarditis

(4)  Tuberculosis (most common in developing countries)

Less common causes (in order of relative frequency):

(1)  Collagen vascular diseases (systemic lupus erythematosus, rheumatoid

arthritis, scleroderma)

(2)  Pericardial injury syndrome
(3)  Acute myocardial infarction
(4)  Aortic dissection

(5) Uraemia

(6)  Bacterial infection

(7)  Pneumopericardium

© ESC 2025
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Aetiology Clinical presentation Imaging
Malignant disease 2 | Dyspnoea/tachypnoea 1 | Cardiomegaly on chest x-ray 1
Tuberculosis 2 | Orthopnoea 3 | Electrical alternans on ECG 0.5
Recent radiotherapy 1 | Hypotension (CBP <95 mmHg) 0.5 | Microvoltage on ECG 1
Recent viral infection 1 | Progressive sinus tachycardia 1 | Circumferential large PEff 3
Recurrent PEff 1 | Oliguria 1 | Moderate PEff 1
Chronic terminal renal failure 1 Pulsus paradoxus (>10 mmHg) 2 | Small PEff -1
Immunosuppression 1 | Pericardial chest pain 0.5 | Right atrial collapse 1
Dysthyroidism -1 | Pericardial friction rub 0.5 | IVCdilated not collapsible 1.5
Systemic autoimmune disease -1 | Rapid worsening of symptoms 2 | Right ventricular collapse 15
Slow disease evolution -1 Left atrial collapse 2
Mitral/tricuspid respiratory
flow variations 1
Swinging heart 1

-

@ESC—

Figure 12 Management of cardiac tamponade. CBP, central blood pressure; ECG, electrocardiogram; IVC, inferior vena cava; N, no; PEff, pericardial
effusion; Y, yes. Criteria are listed for the evaluation of patients by immediate or delayed pericardiocentesis based on expert consensus. Immediate
pericardiocentesis should be considered if there are >6 points from at least two categories.

4.5.5. Constrictive pericarditis

Pericardial constriction is a chronic condition characterized by a thick-
ened, fibrotic, and often calcified pericardium that leads to impaired dia-
stolic filling of the heart. It should be named CP when associated with
pericarditis. Constrictive pericarditis is a consequence of chronic peri-
cardial inflammation and is characterized by scarring, fibrosis, and loss
of elasticity of the pericardium. The main symptoms are dyspnoea,

oedema, orthopnoea, and fatigue. The classic clinical picture is usually
characterized by isolated right HF with normal or nearly normal natri-
uretic peptide levels. Venous congestion, hepatomegaly, pleural effu-
sions, and ascites may occur.''%"">1"? Constrictive pericarditis should
be treated empirically with anti-inflammatory therapy. Cases after fail-
ure of medical therapy and pericardial constriction without pericarditis
should be referred for pericardiectomy without delay (Figure 13).
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Figure 13 Management of constriction. CMR, cardiovascular magnetic resonance; CT, computed tomography; ECG, electrocardiogram; N, no; Y, yes.
Empirical anti-inflammatory therapy is warranted only for those with evidence of pericarditis (by clinical criteria, biomarkers, and/or imaging). Low risk:
clinical remission after therapy/normalization of imaging findings. Intermediate risk: improved symptoms without complete remission/partial regression.
High risk: persistent symptoms/persistent imaging signs of constriction. *See Table 6. ®See Table 7.

4.5.6. Transient constrictive pericarditis

Transient constriction is CP with ongoing infllammation that can be re-

versed following anti-inflammatory treatment or that heals spontaneously.
It develops with pericarditis with or without PEff (about 10% of

cases) and resolves with anti-inflammatory therapy in >50% of

cases."?®2! A trial of 3-6 months of anti-inflammatory therapy is re-

commended in patients with newly diagnosed CP before referral for

pericardiectomy.’**'?? Biomarkers (e.g. elevated C-reactive protein)
and multimodality imaging, including CMR, are mandatory to detect
pericardial inflammation.

4.5.6.1. Constrictive pathophysiology

It is important to distinguish constrictive pathophysiology from actual
HF symptoms.”s‘no'm’124 There may be features of septal bounce,
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respiratory phase-dependent shift of the ventricular septum, and
Doppler features of constriction without HF symptoms (see
Supplementary data online, Section 2.4 and Figure S7).

4.5.7. Pericarditis with polyserositis

Pericarditis with polyserositis is characterized by inflammation of the
pericardium and concurrent inflammation of other serous membranes
lining major body cavities, such as the pleura and peritoneum.3”:103125126

4.5.8. Inflammatory vs non-inflammatory pericarditis
In the context of pericarditis, the terms ‘inflammatory’ and ‘non-
inflammatory’ phenotype refer to two distinct clinical presentations
based on the underlying pathophysiological mechanisms.

4.5.8.1. Inflammatory phenotype of pericarditis

The infllammatory phenotype is characterized by inflammation of the
pericardium with evidence of systemic inflammation. This phenotype
is often associated with fever, and/or elevated systemic inflammatory
markers (e.g. C-reactive protein), PEff, and/or pleural effusion. These
forms typically respond well to targeted anti-inflammatory therapies,
including colchicine and anti-IL-1 agents.>”"?’

4.5.8.2. Non-inflammatory phenotype of pericarditis

The non-inflammatory phenotype refers to the manifestation of pericar-
ditis without C-reactive protein elevation or low elevation of markers of
systemic inflammation (e.g. high-sensitivity C-reactive protein).'*’ This oc-
curs in 10%-20% of patients with pericarditis.>® The pathogenesis of peri-
carditis with normal C-reactive protein is unknown and these cases are
often difficult to treat. C-reactive protein is a sensitive albeit unspecific bio-
marker of inflammation mainly driven by IL-6. Moreover, in autoimmune
diseases characterized by the type | interferon (IFN) gene signature,
C-reactive protein appears to be an unreliable marker of inflammation.>

5. Diagnosis and diagnostic
work-up

The diagnostic work-up in patients with suspected IMPS should be tai-
lored based on the severity of clinical presentation, response to medical
therapy, and individual risk (Table 7). It includes medical history, clinical/
physical exam, biomarkers (myocardial injury, systemic inflammation,
and HF), ECG, and multimodality imaging. Endomyocardial biopsy has
its place in dedicated clinical scenarios. For IMPS, routine viral serology
is not recommended,’ except for HIV and hepatitis C virus (HCV), as
well as for suspected bacterial infections (such as Borrelia spp., rickett-
sial, and T. cruzi infections). Echocardiography is the basic imaging meth-
od, followed by other techniques. Cardiovascular magnetic resonance
is an advanced imaging test of increasing importance for detection of
myocardial as well as pericardial injury."">"?® Most important is a
patient-tailored approach, usually driven by the dominant symptoms.
Flow charts (Figures 5-7 and 9—13) illustrate the proposed workflow
in different clinical scenarios. If a patient presents with clinical symp-
toms suggestive of IMPS (Table 6), basic and advanced diagnostic assess-
ments are recommended (see Table 9).

Recommendation Table 1 — Recommendations for
clinical evaluation of myocarditis and pericarditis (see
Evidence Table 1)

Recommendations Class® Level®

Complete clinical evaluation, including history,
physical examination, chest X-ray, biomarkers<, ECG,
and echocardiography is recommended in all patients
with a suspicion of myocarditis and/or pericarditis for
the initial diagnostic assessment.

CMR is recommended in patients with the clinical
suspicion of myocarditis (using updated LL criteria)*°
and/or pericarditis for the non-invasive diagnosis of
inflammatory reaction,'%115129

Hospital admission is recommended for patients
with high-risk pericarditisd for monitoring and
treatment.'*>1%°

Hospital admission is recommended for patients

C
C

with moderate- to high-risk myocarditis® for
monitoring and treatment.

EMB® is recommended in patients with high-risk
myocarditis® and/or haemodynamic instability,
and/or in patients with intermediate-risk myocarditis
not responding to conventional therapy in order to
detect a specific histologic subtype and to assess the
presence of viral genome for treatment,>+6373131
Invasive coronary angiography or coronary CT,
depending on clinical likelihood, is recommended in
patients with IMPS if an acute coronary syndrome is

suspected to rule out obstructive coronary artery

disease.

Hospital admission should be considered for patients
with low-risk myocarditis® for monitoring and Ila C
treatment.

Pericardial or epicardial biopsy may be considered in
relapsing pericardial effusion as part of the diagnostic
work-up when the diagnosis cannot be reached with
multimodality imaging and laboratory examinations.
Routine serology is not recommended in patients
with myocarditis and/or pericarditis for the
evaluation of viral aetiology except for hepatitis C,

0

© ESC 2025
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HIV, and Lyme disease.

CMR, cardiovascular magnetic resonance; CT, computed tomography; ECG,
electrocardiogram; EMB, endomyocardial biopsy; HIV, human immunodeficiency virus;
hs-Tnl, high-sensitivity troponin I, hs-TnT, high-sensitivity troponin T; IMPS,
inflammatory myopericardial syndrome; LL, Lake Louise; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide.

?Class of recommendation.

®Level of evidence.

“Including hs-TnT or hs-Tnl, C-reactive protein, NT-proBNP.

9See Table 7.

“Contemporary evaluation of EMB should be based on histology, immunohistology, and
molecular pathology for detection of viral infections in myocardial and blood samples
(see also Table 17).
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Table 9 Basic and advanced level assessment

Basic assessment:

History: potential causes and triggers (viral infection of upper respiratory or
gastrointestinal tract, toxins, drug use, medications), recurrent symptoms,
family history of IMPS/cardiomyopathy/SCD, and systemic
inflammatory/autoimmune diseases

Physical examination: assess clinical stability, symptoms (chest pain, HF
symptoms, palpitations, syncope), malaise, general weakness and fatigue,
pericardial friction rub, clinical symptoms/signs of CTP

ECG: PR-segment depression, ST/T-wave changes, AVB, and ventricular
arrhythmias

Chest X-ray

Basic laboratory data:

Markers of myocardial lesion (e.g. hs-TnT/Tnl)

Markers of systemic inflammation (e.g. C-reactive protein, ESR, WBC count)
Markers of heart failure (e.g. NT-proBNP)

Complete blood count (including eosinophilic count)

Renal function and electrolytes (e.g. sodium, potassium, creatinine)
Thyroid function (e.g. TSH)

Hepatic function and additional testing (e.g. lactate dehydrogenase, aspartate
aminotransferase, alanine aminotransferase)

Echocardiography including strain imaging

Advanced assessment usually after admission:

Coronary anatomy evaluation (if needed for differential diagnosis by invasive
coronary angiography or coronary CT depending on the clinical likelihood of
ACS)

CMR to assess signs of myocardial and pericardial inflammation and/or fibrosis
Arrhythmia screening depending on risk stratification (e.g. Holter-ECG)
Additional laboratory parameters guided by clinical suspicion (e.g. if
therapeutic consequences are expected)

Dedicated genetic testing if indicated

CT to assess concomitant pleuropulmonary diseases

Specific myocarditis: EMB in high-risk cases and in intermediate-risk
cases on a case-by-case decision to detect specific histology and some
aetiologies if needed

Specific pericarditis: diagnostic pericardiocentesis when indicated®

ACS, acute coronary syndrome; AVB, atrioventricular block; CMR, cardiovascular magnetic
resonance; CT, computed tomography; CTP, cardiac tamponade; ECG, electrocardiogram;
EMB, endomyocardial biopsy; ESR, erythrocyte sedimentation rate; HF, heart failure;
hs-TnT/Tnl, high-sensitivity troponin T/I; IMPS, inflammatory myopericardial syndrome;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SCD, sudden cardiac
death; TSH, thyroid-stimulating hormone; WBC, white blood cell.

*See Recommendation Table 12

5.1. Electrocardiogram

Dynamic changes in the ST segment are classic hallmarks of pericar-
ditis and myocarditis. The most typical pattern includes widespread
ST-segment elevation, reported in 20%-60% of cases (see
Supplementary data online, Table S$4). In pericarditis, ECG changes
suggest concomitant myocardial involvement, and are indicative of

© ESC 2025

inflammation of the subepicardium.®® These changes are more com-
mon in the initial phase and may be more frequent in younger pa-
tients. ST-segment depression and T-wave inversion may also be
present, albeit less frequently than in patients with acute myocardial
ischaemia,’*? and may be related to the extent of myocardial
damage."**"3* Diffuse depression of the PR segment is a classic early
finding in AP.

A decrease in the amplitude of QRS complexes on ECG can be
observed in cases of AP and/or AM, especially with large effusions or
extensive myocardial injury. Electrical alternans of the QRS complexes
has been reported, attributed to fluctuation of the heart within a
large effusion (swinging heart). Lengthening of the QT interval might oc-
cur in AM.

Atrial fibrillation can occur in AP, especially in predisposed patients,
in whom pericardial inflammation may be a trigger for supraventricular
arrhythmias.”” In contrast, VA are more common in myocarditis.

AVBs and intraventricular conduction defects, particularly right bun-
dle branch blocks, are not uncommon (see Section 4.3.3, and
Supplementary data online, Table S4) and may be associated with
more severe presentations.”s_137

Electrocardiogram changes are highly dynamic and may evolve over a
span of hours or days, with temporal progression varying significantly
among patients. Typically, ST changes resolve; however, it is important
to note that a normal ECG at presentation does not exclude the pos-
sibility of IMPS.

5.2. Biomarkers
5.2.1. Biomarkers in clinical routine

Recommended biomarkers in IMPS include:

* Markers of inflammation (e.g. C-reactive protein): C-reactive
protein is often increased in patients with pericarditis (up to 80%)
and AM (up to 80%), and contributes to the diagnosis.?33%"3®
Negative results, however, do not exclude the diagnosis. In pericar-
ditis, C-reactive protein is a marker of disease activity that could be
used to guide the duration of anti-inflammatory therapy.>®
D-dimers are currently being investigated for their diagnostic and
prognostic relevance *¢3%1%

Markers of myocardial lesions (e.g. troponin): Troponin is ele-
vated in myocardial involvement, usually indicating cardiomyocyte
necrosis. Assessment of baseline troponin is crucial to diagnose the
severity of myocarditis. It is typically increased in infarct-like
myocarditis.

Markers of HF (BNP or NT-proBNP): Assessment of baseline level
is recommended among patients with suspected myocarditis. This
measurement can be repeated at discharge and during follow-up in
an outpatient setting to assess the risk of clinical events.
NT-proBNP can be used in patients with myocarditis as a predictive
marker of HF among patients with normal or impaired LVEF."?

5.2.2. Biomarkers beyond clinical routine

Different biomarkers may help to identify a specific aetiology and to
guide risk stratification. Most of them are not part of clinical routine,
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but could help based on a strong clinical suspicion,73 e.g. miR721 was
shown to have a discriminatory capacity.'!

In specific circumstances, tumour necrosis factor alpha (TNF-a), IL-18,
IL-6, and IL-17A may be of value. Similarly, in some cases, evaluation of
cardio-specific antibodies may be helpful, according to the local labora-
tory availability. These include organ-specific anti-heart autoantibodies
and anti-intercalated disc autoantibodies, as well as non-organ-specific
serum autoantibodies.'® These autoantibodies, especially if found at
high titres, may have a negative prognostic value.”>'**

Furthermore, a specific serum biomarker, i.e. the soluble form of the
IL-1 receptor-like 1 (IL-1RL1), also known as ST2, was associated with a
higher risk of severe HF among male myocarditis |:>atients.143 Other
biomarkers have been studied in myocarditis, including procollagen
type I, gelsolin, soluble VCAM-1, galectin-3, serum alarmin S100A8/
S100A9, immunoglobulin free light chain, and heparin-binding protein,
for both diagnostic and prognostic purposes. However, these biomar-
kers were evaluated among limited small cohorts and are clinically not
routinely used."**'

5.3. Genetics

Genetic testing is relatively new in the field of IMPS. There is a potential
overlap with CMPs. Myocarditis and pericarditis will be discussed
separately.

There has been increasing evidence that gene variants coding for struc-
tural proteins, particularly desmosomal and sarcomeric proteins, may
overlap with acute and recurrent myocarditis and affect disease sever-
ity.”**® Furthermore, it has been shown that there is an overlap of gene
variants predisposing to myocardial infllammation and inherited CMP
(ARVC and NDLVC)." In particular, myocardial inflammation may be de-
tected in patients with inherited CMP using serum and imaging biomar-
kers."> There is evidence that these patients are at higher risk for
complicated myocarditis (Section 4.3.5).">?%%3%* In a meta-analysis, the
pooled prevalence of P/LP variants was 4.2% for uncomplicated myocar-
ditis, whereas for complicated myocarditis the pooled prevalence was 22%
and 45% in adults and children, respectively.” Pathogenic/likely pathogenic
variants in desmosomal genes were more common in uncomplicated
myocarditis (64%), while variants in sarcomeric genes were more preva-
lent in complicated myocarditis (58% in adults and 71% in children).”®

A case series demonstrated a high proportion of definite or prob-
able pathogenic variants in patients with myocarditis with RV in-
volvement or sustained VA" Furthermore, DSP variants have
been reported in familial recurrent myocarditis.'*’ Another study
demonstrated overlap of gene variants in myocarditis and inherited
CMP.%

Identifying such gene variants has several clinical implications:

(1) While in myocarditis there is a recommendation to defer on im-
plantable cardioverter-defibrillator (ICD) placement during the
acute phase of the disease, the threshold for ICD placement is low-
er in ARVC in cases of primary prevention.”®

Gene variants predisposing to myocarditis have relevant implica-
tions for patients."*”*® Details are given in the 2023 ESC
Guidelines for the management of cardiomyopathies.’®

Cascade clinical and genetic screening for relatives and familial gen-
etic counselling should be offered.”>'*?

)

©)

As scientific knowledge about gene variants and their potential
pathophysiological role has been continuously increasing over re-
cent years, comprehensive screening includes desmosomal and sar-
comeric genes and some DCM-associated genes 6*717¢.146.150 For
details, see 2023 ESC Guidelines for the management of cardiomy-
opathies.” Nevertheless, it is not clear whether the inflammatory
process acts as a trigger or is fully part of the pathophysiological pro-
cess in inherited CMP."®"

Pathogenic/likely pathogenic variants have been identified in patients
with recurrent pericarditis (RP), especially young patients, with a family
history, multiple recurrences, inflammatory phenotype, and refractory
or dependent on medical treatments. Recurrent pericarditis has been
associated with genetic variants for monogenic autoinflammatory dis-
eases (e.g. FMF, TRAPS), but also with genes related to the inflamma-
tory response (Figure 14).0°1.152153

A recent study performed whole-exome sequencing in 108 patients
with RP. Overall, about 15% of patients had variants in genes related to
the inflammatory response, while up to 30% of patients carried variants
in different cardiac genes, worthy of a deeper investigation.>' These
data suggest a genetic predisposition in at least a subset of patients
(positive family history of pericarditis or periodic fever, poor response
to colchicine, multiple recurrences with inflammatory phenotype), and
counselling may be offered.”™"*? In these clinical scenarios, prolonged
therapy with specific biological agents (e.g. anti-IL-1 agents) should be
considered.

Recommendation Table 2 — Recommendations for
genetic testing (see Evidence Table 2)

Recommendations Class® Level®

It is recommended to obtain family history

including pedigrees in cases of recurrent IMPS

to provide clues to the underlying aetiology, | C
determine inheritance pattern, and identify

relatives at risk.

Genetic testing should be considered in patients

with definite myocarditis/pericarditis in
cases of 50516494150

family history of IMPS, inherited or suspected
cardiomyopathy

severe ventricular arrhythmia®

significant left/right LGE (e.g. ring-like pattern or Ila B

septal LGE) or persistent LVEF systolic dysfunction

recurrent myocarditis or persistent troponin
elevation

recurrent pericarditis with an inflammatory
phenotype, refractory to conventional treatment?,
with the aim to detect an underlying genetic cause.

IMPS, inflammatory myopericardial syndrome; IL, interleukin; LGE, late gadolinium
enhancement; LVEF, left ventricular ejection fraction.

?Class of recommendation.

PLevel of evidence.

See Section 4.

9Especially poor response to colchicine and anti-IL-1 agents.
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Figure 14 The different courses of inflammatory myopericardial syndrome and the interplay between genetic background inflammation and auto-
immunity beyond the initial infectious trigger. IMPS, inflammatory myopericardial syndrome.

5.4. Multimodality imaging

The non-invasive diagnosis of IMPS relies on advanced cardiovascular im-
aging. An overview of the capabilities of different imaging modalities for
the identification of pathophysiological components is provided in
Supplementary data online, Table S5. Echocardiography is usually the
first-step imaging modality and provides functional and morphological in-
formation. Cardiovascular magnetic resonance can better differentiate
myocardial tissue and shows myocardial and pericardial inflammation,
as well as different patterns of fibrosis. Fluorodeoxyglucose positron
emission tomography (FDG-PET) is useful to detect disease activity, es-
pecially for CS (see Section 5.8). Computed tomography allows detection
of calcification of the pericardium and its extent, as well as exclusion of
CAD. The application of non-invasive imaging should guide therapeutic
decision-making (see Section 4).

5.5. Echocardiography

Transthoracic echocardiography (TTE) is usually the initial imaging mo-
dality of choice for individuals with suspected IMPS, given its ability to
identify myocardial and pericardial abnormalities, as well as concomi-
tant valvular disease.'">'*

5.5.1. Echocardiography in myocarditis

Patients with a suspicion of myocarditis should usually undergo standard
TTE including speckle tracking or tissue Doppler imaging (TDI) at pres-
entation. Transthoracic echocardiography helps monitor changes in car-
diac chamber size, ventricular function, wall thickness, and PEff. In
myocarditis, global ventricular dysfunction, diastolic dysfunction with
preserved ejection fraction (EF), and regional WMA may occur.'**1°

Tissue Doppler imaging or strain imaging can be used in the setting of
myocarditis and may indicate myocardial injury.'*®"*” Recent studies
have shown that global longitudinal and circumferential strain (GLS
and GCS) and strain rate were decreased in patients with AM, even
with preserved EF."*® Strain may provide important prognostic infor-
mation in AM.">” Regional GLS can be associated with scarring on
CMR and can predict VA and outcomes in patients with AM.'>’
Abnormal RV strain*® and left atrial (LA) strain>® have been detected
in AM with preserved EF.

5.5.2. Echocardiography in pericarditis

Transthoracic echocardiography can detect the presence of PEff and
assess its haemodynamic importance, as well as constrictive patho-
physiology (Supplementary data online, Figure ST and Table S6).

Table 10 Classification of pericardial effusion

Onset Acute (<4 weeks)
Subacute (>4 weeks to <3 months)
Chronic (>3 months)
Size® Mild: <10 mm
Moderate: 10-20 mm
Large: >20 mm
Distribution Circumferential/loculated
Composition Transudate/exudate

*Maximal end-diastolic diameter.
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Acute pericarditis patients may have a normal-appearing TTE (40%—
50% of cases in first episodes); however, the presence of new or wor-
sening PEff is a diagnostic criterion for pericarditis.>*'">'? The size of
PEff is assessed by the end-diastolic distance of the echo-free space be-
tween the epicardium and parietal pericardium (Table 10)."">"?8 Itis re-
commended that images should include the extent and location of each
effusion measurement, as this allows follow-up studies. Transthoracic
echocardiography enables the recognition of CTP and the presence
of constriction.""

5.6. Cardiovascular magnetic resonance

Cardiovascular magnetic resonance is the accepted gold standard for
the quantification of biventricular function and detection of WMA.
Cardiovascular magnetic resonance has the advantage of tissue differ-
entiation, non-invasively detecting myocardial and pericardial inflamma-
tion, as well as fibrosis.>® The diagnostic targets in non-ischaemic
myocardial inflammation include myocardial oedema, hyperaemia and
capillary leak, and necrosis/fibrosis (see Supplementary data online,
Figure $2)."¢"1%* The diagnostic accuracy of CMR is higher if performed
early in the time course of disease (best within the first 2 weeks).
Myocardial oedema and changes due to inflammation lead to increased
tissue water content that can be detected as increased signal intensities
on T2-weighted imaging and/or T2 mapping; increased tissue free-
water content will also lead to an increased signal in T1 mapping and
extracellular volume (ECV) quantification. Myocyte necrosis and fibro-
sis can result in non-ischaemic (e.g. mid-wall, subepicardial, patchy) pat-
terns of LGE, which do not typically follow a coronary artery
distribution. The identification of myocarditis with chest pain presenta-
tion is less challenging than in HF and arrhythmic scenarios. The up-
dated LLC, which include parametric mapping methods (T1/T2/ECV),
should be applied for diagnosis, as the combined approach increases
the diagnostic accuracy (see Figure 4).% It is important to note that im-
aging evidence of myocardial inflammation does not provide the under-
lying histotype (see Supplementary data online, Figure S2).

In the case of pericarditis, CMR detects thickening, oedema, and LGE
of the pericardium.”®">?16> It is important to note that pericardial
LGE may imply ongoing inflammation and neovascularization rather
than simple scarring (see Supplementary data online, Figure S2).
Cardiovascular magnetic resonance is helpful for an objective assess-
ment of the degree of inflammatory involvement of the pericardium,
either for first diagnoses or follow-up (for details see Figure 7 and
Table 9).

Given its physical properties, CMR is affected by ferromagnetic ob-
jects, such as valvular prosthesis and implants, resulting in artefacts.
The same holds true for active MR-conditional devices, such as pace-
makers, ICDs, and cardiac resynchronization therapy (CRT) pace-
makers/defibrillators (P/Ds), but dedicated techniques are now
available to achieve better diagnostic image quality in many cases.'®
Cardiovascular magnetic resonance could also be used in patients
with non-conditional devices with a clear clinical indication if other im-
aging modalities are not helpful. In all cases, programming of the im-
planted device before and after the scan is warranted, as well as
patient monitoring.

Even in intubated patients, CMR scans are feasible in order to detect
inflammation.'®” If breath-hold capacities are reduced or the patient is
uncooperative, fast imaging techniques and/or motion-corrected im-
aging have to be applied.'®®

Recommendation Table 3 — Recommendations for the
use of cardiovascular magnetic resonance imaging (see
Evidence Table 3)

Recommendations Class® Level®

Myocarditis

CMR is recommended in patients with suspected

myocarditis to reach a clinical diagnosis and to

determine the cause of acute myocardial injury, | B
including assessment of oedema, ischaemia, and
necrosis/fibrosis/scarring,'*164169-183

CMR is recommended for follow-up at least within

the first 6 months in patients with myocarditis to

identify a healed or ongoing process, for risk | C
stratification and personalized therapy, and to enable

a return to exercise,'©¢>184-186

Pericarditis

CMR is recommended in patients with suspected
pericarditis when a diagnosis cannot be made using
clinical criteria to assess evidence of pericardial
thickening, oedema, LGE, and to assess the
persistence of disease during follow-up in selected

cases.1 10,129,165,187-194

CMR, cardiovascular magnetic resonance; LGE, late gadolinium enhancement.
Class of recommendation.
®Level of evidence.

5.7. Computed tomography

Computed tomography is an established tool for excluding CAD de-
pending on the risk score and can be used in the diagnostic work-up
according to current ESC guidelines.®>”>'%

Contrast-enhanced CT may be very useful to make an aetiological
diagnosis in patients presenting with large PEff including tamponade.’”®
Computed tomography is important before pericardiectomy for con-
striction to evaluate the anatomy and extent of calcifications as a higher
burden of pericardial calcification has been associated with a better
post-surgical outcome.'”” Furthermore, anatomical abnormalities,
such as pectus excavatum, can be identified.'”® Meanwhile, CT in com-
bination with FDG-PET plays a crucial role in the detection of CS
(Section 9.4).

Recommendation Table 4 — Recommendations for
computed tomography (see Evidence Table 4)

Recommendations Class® Level®
CT is recommended to evaluate pericardial

thickness, calcifications, masses, and loculated

pericardial effusions, as well as concomitant 1 (o)

pleuropulmonary diseases and chest

abnormalities. 93197199200

CT, computed tomography. Remaining recommendations for CT can be found in
Recommendation Table 1.

?Class of recommendation.

®Level of evidence.
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5.8. Nuclear medicine
Fluorodeoxyglucose uptake reflects metabolically active inflammatory
cells in AM.2"

Fluorodeoxyglucose positron emission tomography can be consid-
ered as an alternative in patients when CMR is unsuitable because of
anirregular heartbeat or device-related artefacts.”* Simultaneous/hybrid
cardiac PET-CT/CMR imaging complement each other in the assess-
ment of myocarditis compared with either approach alone.?*"?%
Fluorodeoxyglucose positron emission tomography is also a powerful
tool to detect and assess the extent of extracardiac involvement in sar-
coidosis (see Section 9.4).

Appropriate fasting before FDG-PET is a must to obtain reliable re-
sults.2®* Typical preparation protocols include a high-fat and low-
carbohydrate diet for 12-24 h followed by complete fasting other
than water for the 6—12-h period prior to FDG injection.

The role of nuclear imaging in pericarditis is less well established. The
use of FDG-PET/CT in pericarditis is generally complementary and is
most often implemented in cases where CMR cannot be used.?%®

Recommendation Table 5— Recommendations for nu-
clear medicine (see Evidence Table 5)

Recommendations Class® Level®
Carb-free "®F-FDG-PET or '8F-FDG-PET/CT should

be considered for the diagnostic work-up in patients

with suspected myocarditis and/or pericarditis in Ila C

whom echocardiography and CMR are inconclusive

for the clinical diagnosis.*®"2%

CMR, cardiovascular magnetic resonance; CT, computed tomography; 18F-FDG-PET,
[18F]—fluorodeo><yglucose positron emission tomography.

Class of recommendation.

PLevel of evidence.

5.9. Endomyocardial and pericardial biopsy
5.9.1. Endomyocardial biopsy
Endomyocardial biopsy enables the identification of the underlying
histological subtype of cardiac inflammation."®3*2%7:2%% However, non-
invasive imaging methods have significantly improved, allowing the diag-
nosis of myocarditis by CMR. Therefore, the role of EMB in clinical
practice has changed. Endomyocardial biopsy remains important for
high-risk patients and in some intermediate cases when the knowledge
of the histological subtype and the identification of a possible viral aeti-
ology are important for targeted therapies (Figure 15).207’209
Endomyocardial biopsy has potential complications (e.g. cardiac per-
foration/tamponade, thromboembolism, valvular trauma, severe arrhyth-
mias, and death).c’)'210 Rates depend on the setting and centre experience
and range between 0.6% and 5%,°**'" and increase up to 26% in FM
cases on mechanical circulatory support (MCS).2'? Children may have
higher complication rates depending on age, the experience of the cen-
tre, and the site of the biopsy (LV or RV).®**"> On this basis, the clinical
use of EMB should be tailored according to the risk—benefit ratio.
Histological and immunohistological investigations, as well as viral gen-
ome analysis, allow the identification of viral or immune-mediated LM, EM,
GCM, and sarcoidosis.***'**'> Moreover, EMB allows the identification of
the inflammatory stages in association with the degree of myocardial ne-
crosis and fibrosis. Endomyocardial biopsy is useful in the differential diag-
nosis of infiltrative/storage diseases (amyloidosis, haemochromatosis,

© ESC 2025

glycogenosis), different CMPs, and genetic heart diseases®*?' if non-

invasive imaging is inconclusive. This approach is consistent with other
international position statements.”'® Endomyocardial biopsy can be use-
ful in cases of chronic CMP that is progressive or unresponsive to stand-
ard therapy. When FM, GCM or EM are suspected, early EMB is required
to start immunosuppressive therapy rapidly and improve outcomes.” In
GCM, EMB has high sensitivity (80%—93%) and a positive predictive value
(71%), especially if performed within 2—4 weeks from symptom onset.*'”
In CS, EMB may have a low sensitivity (20%—30%) due to the focal nature
of infllammatory lesions, but can be improved by guiding the EMB using
CMR or electro-anatomical mapping (EAM).'8222

Historically, diagnosis by EMB was based on the histological Dallas cri-
teria in HE-stained heart tissue sections revealing myocytolysis and inter-
stitial immune cells.*?> However, since there is high interobserver
variability, immunohistochemical detection of lymphocytes (CD3) and
macrophages (CD68) can definitely increase sensitivity for the diagnosis
of myocarditis.'****% A recent meta-analysis indicates that the use of
immunohistochemistry can increase the detection rate of inflammation
in EMB specimens to ~51%.%%” A value of >14 leucocytes/mm? with T
lymphocytes of >7 cells/mm? has been considered as the cut-off for
the diagnosis of myocarditis.'® In acute LM, the number of T lymphocytes
is generally higher (>25 cells/mm?).22® Additionally, the expression of
MHC class Il molecules in antigen-presenting macrophages and endothe-
lial cells is routinely observed in EMB with myocarditis.33 Endomyocardial
biopsy also enables the detection of viruses, such as enteroviruses,
B19V,??® and herpesviruses, e.g. EBV and HHV-6, using quantitative real-
time (RT)-PCR and in situ hybridization. It is likely that advances in mo-
lecular diagnostic techniques, such as next-generation sequencing, will
help to identify potential new pathogens. Positive PCR results obtained
on EMB have to be accompanied by a parallel investigation of blood sam-
ples collected at the time of the EMB to exclude acute systemic virus in-
fection. In cases of acute cardiac and systemic virus infection,
immunosuppressive therapy must be avoided.

The most common site of EMB is the RV septum, but occasionally LV
or biventricular EMB may be needed. The decision of the EMB site should
be based on the clinical indication, findings of pre-procedural imaging, and
operator exper‘tise.229 A study of 755 patients with suspected myocardi-
tis and non-ischaemic CMP (including infiltrative and storage disorders)
indicated that biventricular EMB can increase diagnostic accuracy com-
pared with selective LV or RV EMB.>"" Sampling error is the major limi-
tation of the diagnostic accuracy of EMB. The minimal number of
required EMB samples for each technique is reported in Table 113

It should be emphasized that PCR in EMB tissue and in situ hybridiza-
tion can be used for identification of the viral agent, because viral ser-
ology concurs with the results of PCR in a minority of patients
(~4%) with myocarditis.230 With PCR, the rate of viral sequences de-
tected in EMB specimens is up to 67%, although the rate varies widely
among studies.®**?®231 The PCR tests for the detection of infectious
agents must be performed in laboratories that are accredited and cer-
tified for the identification of viruses, bacteria, and parasites. The evalu-
ation of these PCR results must be done in the context of histological/
immunohistological findings by pathologists with expertise in cardiovas-
cular diseases.

The timely communication of biopsy results is crucial for optimal
therapeutic guidance.

Targeted biopsies of an inflamed heart diagnosed using histology, immu-
nohistochemistry, and molecular virology could be correlated with mod-
ern technologies, such as genomics, epigenomics, proteomics, and
metabolomics to improve the diagnosis and therapy. Recommendations
for EMB can be found in Recommendation Table 1.
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Recommendation Table 6 — Recommendations for endomyocardial biopsy (see Evidence Table 6)

Recommendations

EMBS is recommended in patients with high-risk myocarditis®, and/or haemodynamic instability, and/or in patients with intermediate-risk

myocarditis not responding to conventional therapy in order to detect a specific histologic subtype and to assess the presence of viral

genome for treatment.

34,63,73,131

EMB, endomyocardial biopsy.

?Class of recommendation.

®Level of evidence.

Class®

Level®

“Contemporary evaluation of EMB should be based on histology, immunohistology, and molecular pathology for detection of viral infections in myocardial and blood samples (see also

Table 11).
9See Table 7.
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Figure 15 Histopathological findings in myocarditis. HE, haematoxylin eosin. (A—C) Endomyocardial biopsy for acute lymphocytic myocarditis reveals
cardiomyocyte necrosis (A, HE stain) and severe focal infiltration of CD3" T cells (B) and CD68" macrophages (C), as detected by immunohistochem-
istry. (D—F) In chronic lymphocytic myocarditis, no cardiomyocyte injury is observed, but there is focal replacement fibrosis (D, HE) in the presence of
CD3" T cells (E) and CD68" macrophages (F). (G-I) In acute eosinophilic myocarditis, necrosis of cardiomyocytes is associated with numerous eosino-
philic granulocytes (G, Giemsa stain), some CD3" T cells (H), and numerous CD68" macrophages (/). (/-L) Areas with severe cardiomyocyte necrosis in
the presence of extensive focal and diffuse infiltration of eosinophilic granulocytes (J, Giemsa stain), CD3" T cells (K), and CD68" macrophages and
CDé68+ giant cells (L) are typical of giant-cell myocarditis. (M—0) Cardiac sarcoidosis is histologically characterized by the presence of granulomas, usu-
ally in the absence of cardiomyocyte necrosis (M, Giemsa stain), but with focal infiltration of CD3+ T cells (N) and numerous CDé8" macrophages and

CDé68" giant cells (0).
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Table 11 Parameters for reporting by endomyocardial

biopsy
Criteria

Histology (paraffin-embedded EMB,
at least 3 EMB)

Immunohistology
(paraffin-embedded EMB, at least 3

myocardial samples)

Molecular pathology [infections:
RNAlater, snap-frozen tissue (1-2
EMB), paraffin-embedded EMB]

Blood

Molecular pathology (genetics:
RNAlater, frozen tissue,
paraffin-embedded EMB, blood)

Parameters for reporting

Presence and extent of
cardiomyocyte necrosis,
inflammation, fibrosis

Presence, extent, localization, and
typing of immune cells in the
myocardium: CD3" T lymphocytes,
CDé68" macrophages

(=14 Ieucocytes/mm2 with T
lymphocytes >7 cells/mm),'°
HLA-DR expression in immune
cells and endothelial cells
Presence, typing, and quantification
of DNA/RNA from infectious
agents by q(RT)-PCR

Viruses: mainly enteroviruses,
parvovirus B19, human herpesvirus 6,
Epstein—Barr virus; Borrelia spp.,
Trypanosoma cruzi®

q(RT)-PCR for detection of
systemic infections

NGS for detection of pathogenic
variants in cardiac genes,

traditionally associated with

cardiomyopathies (especially
desmosomal and sarcomeric/

cytoskeletal genes)

DNA, deoxyribonucleic acid; EMB, endomyocardial biopsy; HLA-DR, human leucocyte
antigen—DR isotype; NGS, next-generation sequencing; q(RT)-PCR, quantitative
(real-time) polymerase chain reaction; RNA, ribonucleic acid.

See Supplementary data online, Table S7.

5.9.2. Pericardial biopsy

In clinical practice, pericardial biopsy is rarely indicated in complicated
cases not responding to conventional anti-inflammatory therapy and
with a high suspicion of a specific aetiology (e.g. primary pericardial tu-
mours and metastases), which cannot be determined by non-invasive
diagnostic methods. Pericardial biopsy can be performed by pericardio-
scopy (an endoscopic study of the pericardium that is available in a lim-
ited number of tertiary referral centres). It is more commonly
performed with a thoracoscopic or surgical approach, usually during

a pericardial drainage or a pericardial window. %32

5.10. Role of autopsy

In autopsy studies of SCD, myocarditis has been described as a com-
mon finding, with incidences of myocarditis in children and adults ran-
ging from 0.3% to 14.8%.5788233-235 | the majority of these studies, the
incidence of myocarditis in SCD was higher in people aged under
35 years.2**7 A nationwide unselected cohort of 14294 deaths in
Denmark suggested that 6% of all autopsied SCD was caused by myo-
carditis. Males have a significantly higher incidence.®® In the UK, be-
tween 1994 and 2022, myocarditis was reported as a rare cause of
SCD in non-hospitalized individuals (1.1%) in 7702 consecutive cases
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of SCD. Here, the most common reported form was LM (56%), which
corresponds well with data obtained from EMBs of patients with sus-
pected myocarditis.%6>#7238

In the guidelines for the histopathological diagnosis of myocarditis,
‘fulminant’ or ‘multifocal’ myocarditis can be generally considered as a
reliable or acceptable cause of death, especially when inflammation is
the only substantial histopathological finding. This approach is endorsed
by the Association of European Cardiovascular Pathology.**’

In addition to LM, other types of cardiac inflammation are observed
in autopsies. In 558 of 49612 (1.1%) forensic autopsies, myocarditis
was detected by histology. In a Finnish study consisting of 351 patients
with CS, 14% experienced fatal and aborted SCD as a presenting mani-
festation. In 64%, undiagnosed granulomas in the heart were the cause
of fatalities.>*® The likelihood that a case of unexplained SCD is caused
by an underlying inherited disorder has led to the emerging role of gen-
etic testing of DNA obtained at autopsy (also called molecular autopsy
or post-mortem genetic testing).”>* Therefore, pathologists play an im-
portant role in the identification of families at risk by reporting whether
it is recommended to refer first-degree family members for clinical
screening and/or to perform additional post-mortem genetic testing
to identify the underlying cause of cardiac inflammation.*"*** Legal
and ethical issues related to genetic testing in deceased subjects who
did not give their consent are not universally regulated by law.

Recommendation Table 7 — Recommendations for
autopsy (see Evidence Table 7)

Recommendations Class* Level®

Comprehensive autopsy is recommended in all

patients <50 years of age with SCD to evaluate the

presence of acute myocarditis as a cause and to | B
detect potential underlying inherited cardiac

diseases 87,243-246c

Retaining samples suitable for DNA extraction and
consulting a cardiac pathologist is recommended in
cases of SCD, when an inherited cause is suspected,

] 1243247
or the cause of death remains unexplained.>**247<

DNA, deoxyribonucleic acid; SCD, sudden cardiac death.

?Class of recommendation.

®Level of evidence.

“In line with the 2022 ESC Guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death.*®

5.11. Role of cardiac catheterization and
coronary angiography
Given the overlap of symptoms (especially chest pain), as well as the
elevation of biomarkers (such as troponin in the case of myocardial in-
volvement and NT-proBNP) and ECG changes, ACS is the main differ-
ential diagnosis for IMPS. Depending on the initial clinical assessment,
ACS should be ruled out according to current guidelines (Figure 9).
The recommended methods are coronary CT or invasive coronary
angiography depending on likelihood of obstructive CAD.”***
Coronary angiography is preferable in patients with a high likelihood
of ACS. It should be noted that CAD may coexist with myocarditis
in particular scenarios, including EM and ICl-induced myocarditis.>**°"
Cardiac catheterization is also indicated to monitor and guide HF
therapy, as well as the early need for more advanced support (HT or
MCS) in the case of refractory haemodynamic deterioration.'>
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For pericarditis, specific indications for cardiac catheterization in-
clude the differential diagnosis between restrictive CMP (RCM) or
CP,**? when this differentiation cannot be done by multimodality im-
aging (see Supplementary data online, Section 2.6).

5.12. Electro-anatomical mapping
The diagnostic yield of traditional fluoroscopy-guided EMB in patients
with suspected myocarditis may decrease with segmental or patchy
myocardial involvement, as seen in CS. Electro-anatomical mapping,
using bipolar and unipolar voltage mapping, allows the identification
of low-voltage areas, which reflects abnormal myocardial tissue (scar-
ring, inflammation), and therefore guides EMB.2'®222 Unipolar
EAM-guided EMB demonstrated a higher diagnostic yield than bipolar
EAM (83% compared with 63%), consistent with the epicardial
substrate. 84218221

A meta-analysis of 148 patients showed a higher diagnostic perform-
ance of EAM-guided EMB in CS compared with other forms of myocar-
ditis. The sensitivity of any abnormal electrogram for a positive EMB
was high (92%) but was associated with moderate specificity (58%).%’

Electro-anatomical mapping has demonstrated good sensitivity and
specificity compared with CMR for the detection of pathological areas
of the myocardium.?'® The value of EAM to guide biopsy may be lower
in AM as low-voltage areas correlate well with LGE, but not with oe-
dema.”®® There may also be discordance between low-voltage areas
and LGE on CMR. However, the combination of unipolar/bipolar EAM
with CMR findings increased the diagnosis yield of EMB,*'® especially in
CS.** The EAM pattern may also help to differentiate between differen-
tial diagnoses, especially between CS and ARVC,** as CS often involves
the basal septum and exhibits a higher bipolar/unipolar low-voltage area
ratio. The reported complication rate of EAM-guided EMB is <5%.'8%%"

Programmed ventricular stimulation (PVS) has not been evaluated in
the acute setting and should not be performed in the acute phase. It
could be useful for arrhythmia stratification in selected patients with
non-active myocarditis, with LGE and risk factors for ventricular arryth-
mias (Section 6.5).2°

Recommendation Table 8 — Recommendations for
electro-anatomical mapping (see Evidence Table 8)

Recommendations Class® Level®
Electro-anatomical mapping should be considered in
cases of suspected myocarditis (especially cardiac I c
a
sarcoidosis) to guide endomyocardial
biopsy.218:220221.253.256-258

Class of recommendation.
®Level of evidence.

6. Therapy

The aim of medical therapy for IMPS is to relieve symptoms and to pre-
vent complications, especially recurrences and mortality in complicated
cases. Medical therapy targets include: (i) infectious agents; (ii) inflam-
mation; (i) immune-mediated processes; (iv) HF and ventricular
dysfunction (in cases of myocarditis); (v) arrhythmias; and (vi)
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constriction (in cases of pericarditis). Treatments are individualized ac-
cording to the specific case and the presumed or diagnosed pathogen-
esis, and specific therapeutic concepts will be discussed in the section
covering specific causes. There may be differences depending on
whether an isolated or a combined form is present. The current evi-
dence is more focused on the isolated cases. For combined conditions,
the leading one (myopericarditis or perimyocarditis) should guide the
therapeutic decision-making and subsequent follow-up.

6.1. Non-pharmacological therapy for

inflammatory myopericardial syndrome
Animportant non-pharmacological concept is the restriction of physical
activity beyond sedentary activities until symptom resolution and clinical
remission with normalization of inflammatory markers. This temporary
limitation of physical activities should be individualized according to each
patient, and the response to therapy until clinical remission. According
to clinical presentation, at least 1 month is needed to reach clinical re-
mission, but it can last longer. Depending on the stage and risk of the
IMPS, physical activity should be tailored, and temporary restriction of
physical activity is necessary in the acute phase of the disease (see
Section 7). Previous consensus statements and guidelines11 have tried
to provide a fixed time interval. This TF suggests personalizing the treat-
ment until clinical remission based on a multiparametric assessment,
which was also supported by the 2024 ACC expert consensus paper.’
Clinical remission is defined as full regression of symptoms, as well as
normalization of laboratory results (e.g. C-reactive protein, troponin le-
vels) and investigations (ECG, evidence of PEff, CMR evidence of active
inflammation) (Table 3). Additional testing (e.g. exercise testing and
Holter monitoring) is recommended for patients with myocarditis for
the detection of clinical remission. After a prolonged rest period, a grad-
ual, monitored return to work and physical activity may be helpful, if ne-
cessary, guided by a qualified rehabilitation. Currently, evidence-based
data are missing on this topic, and the decision must be individualized.

6.2. Pharmacological therapy

6.2.1. Pharmacological therapy for myocarditis
6.2.1.1. General principles

This section will focus on general aspects and non-aetiology-directed
therapy. It should be recognized that evidence is very limited in this field
and this document will provide guidance for clinical practice.

Medical therapy of myocarditis is based on clinical presentation, case se-
verity, and aetiology. It includes general supportive, non-aetiology-directed
therapy (e.g. HF 'cherap)/),12'259 anti-arrhythmic therapy, and specific ther-
apy (aetiology-directed therapy).*®2**?" Corticosteroids are considered
for autoimmunity-associated cases to suppress the immune system, as first-
line therapy in most cases. Severe cases are considered for MCS and HT.

Uncomplicated cases of myocarditis usually present with chest pain
and can be empirically treated with aspirin or non-steroidal anti-
inflammatory drugs (NSAIDs) for the control of chest pain, if needed.
This is supported by a small study showing no harm for patients treated
with anti-inflammatory drugs.”®? Concomitant use of colchicine is safe
in patients with myopericarditis, preventing recurrences.?®® In clinical
practice, B-blockers are often used in patients with myocarditis. In a
small study, B-blockers were associated with better outcomes, defined
as freedom from cardiac death or HT.?**
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Several viruses can cause myocarditis and are mentioned in aetiologies, refer to the subsections on LM (Section 9.1), EM
Section 3.4. The specific therapies for viral aetiologies can be found in (Section 9.2), GCM (Section 9.3), CS (Section 9.4), LC (Section 9.5.2),
Section 9.5 for influenza-, severe acute respiratory syndrome corona- CD (Section 9.5.3), and ICl-associated myocarditis (Section 9.6.1.1).
virus 2 (SARS-CoV-2)-, and HIV-associated myocarditis. For specific Specific medical therapies are summarized in Table 12.

Table 12 Therapy for specific forms of myocarditis

Lymphocytic myocarditis (virus-negative)

1st line therapy

2nd line therapy
3rd line therapy
Eosinophilic myocarditis
1st line therapy
2nd line therapy
3rd line therapy

Giant-cell myocarditis

1st line therapy

2nd line therapy
3rd line therapy
Cardiac sarcoidosis

1st line therapy

2nd line therapy
3rd line therapy

Lyme carditis

1st line therapy

2nd line therapy

3rd line therapy
Chagas disease

1st line therapy

2nd line therapy
3rd line therapy

Non-severe: prednisone 1 mg/kg/day p.o. then tapered
Severe: i.v. methylprednisolone 7—14 mg/kg/day for 3 days, then 1 mg/kg/day p.o.
Oral corticosteroids + azathioprine® or mycophenolate mofetil®, cyclosporine®, methotrexate®

IVIG® or plasmapheresis’

Same as lymphocytic myocarditis + Treat EM-associated condition if identified

Same as lymphocytic myocarditis + Treat EM-associated condition if identified

Non-severe: prednisone 1 mg/kg/day p.o. then tapered

Severe: i.v. methylprednisolone 7-14 mg/kg/day for 3 days, then 1 mg/kg/day p.o. + immunosuppressive
(azathioprine® or mycophenolate mofetil®, cyclosporine©)

Antithymocyte Globulin (ATG)2 cyclophosphamide”, rituximab’

Non-severe: prednisone 1 mg/kg/day p.o., tapering from 40—-60 mg daily
Severe: i.v. methylprednisolone 7—-14 mg/kg/day for 3 days, then 1 mg/kg/day p.o.
Methotrexate® (1st choice), or azathioprine® mycophenolate mofetil®, cyclophosphamide”

Infliximab' or adalimumab®, rituximab'

(2) Oral antibiotics (mild cases):

— Doxycycline 100 mg b.i.d. (14-21 days)

— Amoxicillin 500 mg t.i.d. (1421 days)

— Cefuroxime axetil 500 mg b.i.d. (14-21 days)
(b) i.v. antibiotics (severe cases):

— Ceftriaxone 2 g/day (14-21 days)
i.v. antibiotics:

Cefotaxime (2 g q8h X 14-21 days) or Penicillin G (18-24 MU/day i.v. g4h x 14-21 day)

Benznidazole 5-7 mg/kg/day in 2 doses for 60 days
Nifurtimox 8—10 mg/kg/day in 3 doses for 60-90 days

Continued
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ICl-induced myocarditis

1st line therapy

Withdraw ICl, reassess

Non-severe: methylprednisolone 500-1000 mg/day X 3 days, then taper with oral prednisone

Severe: i.v. methylprednisolone 7-14 mg/kg/day X 3 days, then 1 mg/kg/day

2nd line therapy
3rd line therapy

If no response in 24—48 h: mycophenolate mofetil®, ATGE abatacept', alemtuzumab™

Infliximab' or adalimumab¥, rituximab'

ATG, anti-thymocyte globulins; b.i.d., twice daily; CTLA-4, cytotoxic T-lymphocyte antigen 4; EM, eosinophilic myocarditis; ICl, immune checkpoint inhibitor; IgG, immunoglobulin; IL,
interleukin; i.v., intravenous; IVIG, intravenous immunoglobulins; p.o., by mouth; s.c., subcutaneous; t.i.d., three times daily; TNF-a, tumour necrosis factor alpha.

?Azathioprine (immunosuppressant purine analog): 1-2 mg/kg per day p.o. (typically 100-150 mg daily, in 1-2 divided doses, main target: lymphocytes).

bMycophenolate mofetil (immunosuppressant that inhibits inosine monophosphate dehydrogenase, main target: lymphocytes): 500-1000 mg p.o. b.i.d. (total 1-2 g/day).

“Cyclosporine (calcineurin inhibitor that prevents IL-2 transcription in activated T-cells): ~3-5 mg/kg/day p.o. (divided b.i.d.) adjusted to target trough levels ~150-250 ng/mL.
9Methotreaxate (antimetabolite that inhibits dihydrofolate reductase and other folate-dependent steps, reducing proliferation of active lymphocytes): 15-20 mg/week p.o. or s.c. (low-dose

weekly, with folic acid supplementation).

€IVIG (immunomodulatory therapy providing pooled IgG antibodies) = standard dose off-label 2 g/kg total dose, typically administered over 1 to 2 days; alternative dosing: 0.4 g/kg/day for 5
consecutive days (less commonly used in myocarditis but sometimes used in autoimmune settings).

fPlasmapheresis (therapeutic plasma exchange that filters out and removes circulating autoantibodies, immune complexes, and inflammatory mediators) 3-5 sessions in 5-10 days.
EAntithymocyte Globulin (ATG; polyclonal anti-T-lymphocyte antibody that causes profound T-cell depletion): ~1 mg/kg i.v., often given daily for 3-5 days.

hCyclophosphamide (cytotoxic alkylating agent that crosslinks DNA in rapidly dividing cells, main target: lymphocytes): 600 mg/m? i.v. bolus on days 1, 15, and 30 (pulse therapy).
Rituximab (monoclonal antibody against CD20 on B cells): 375 mg/m” iv. weekly x 4 doses (1 month).

IInfliximab (monoclonal antibody against TNF-a): 5 mg/kg i.v. at weeks 0, 2, 6, then every ~8 weeks (maintenance).

“Adalimumab (anti-TNF-q fully human monoclonal antibody) 40 mg SC every week (or every 2 weeks, per clinical response).

‘Abatacept (CTLA-4 Ig fusion protein that binds CD80/86 on antigen-presenting cells, blocking the CD28 co-stimulatory signal required for full T-cell activation): 500 mgi.v. every 2 weeks X 5

doses (approximately 10 weeks).

MAlemtuzumab (monoclonal antibody against CD52 on lymphocytes): 30 mg i.v. once (alternative: 15 mg i.v. daily for 2 days).

Main mechanisms of action:
*  T-cell suppression (e.g., corticosteroids, cyclosporine, abatacept)
+  B-cell depletion (rituximab)
+  Cytokine inhibition (TNF-a blockers like infliximab, adalimumab)
* DNA synthesis inhibition (azathioprine, mycophenolate, methotrexate)
* Immunoglobulin replacement/modulation (IVIG)
+ Plasma filtration (plasmapheresis)

6.2.1.2. Fulminant myocarditis

Fulminant myocarditis is a rare and severe presentation of myocarditis
and a cause of cardiogenic shock, and should be treated accordingly
with inotropic or vasopressor support or, if needed, MCS (see
Section 6.3).265 It is crucial to be aware of the condition and, when
needed, to refer patients to tertiary referral centres that can institute
temporary MCS and perform early EMB. Early EMB has been independ-
ently associated with a lower rate of death or HT/left ventricular assist
device (LVAD) at 1 year.>” The timely communication of biopsy results
is crucial. Specific subtypes of FM (e.g. biopsy-proven non-infectious
forms) may respond to immunosuppressive therapy in addition to
guideline-directed medical care.'*3* An ongoing trial is evaluating cor-
ticosteroids for FM (ClinicalTrials.gov Identifier: NCT05150704).

6.2.1.3. Acute myocarditis

Acute myocarditis has a high rate of spontaneous recovery, especially in
uncomplicated cases. In cases of AM diagnosed by EMB, up to 50% of
patients have spontaneous recovery and up to 25% may have a persist-
ent stable cardiac dysfunction. Only 10%—25% have a progressive ven-
tricular dysfunction, which could lead to end-stage DCM, HT, or
death.” Treatment of AM depends on severity and clinical presentation.
Risk stratification of these patients is mandatory to assess the required
level of care.

The acute phase of viral myocarditis (e.g. induced by cytolytic enter-
oviruses) is characterized by intense virus replication and myocyte ne-
crosis and usually lasts for only a few days.**® Thus, early antiviral
therapy directed against an identified virus is a potential therapeutic

avenue to stop the development of viral myocarditis. The evidence
on clinical application of antiviral agents is limited, and antiviral treat-
ments should be agreed upon with an infectious disease expert as
part of the IMPS team.

Patients with AM show significant activation of the NLR family pyrin
domain containing 3 (NLRP3) inflammasome in the heart, thus it is a
potential therapeutic target in the acute phase of myocarditis.®”
Activation of NLRP3 functions as a rapid inducer of an inflammatory re-
sponse through the production of IL-1f and IL-18. Theoretically, prom-
ising agents are anti-IL-1 agents (anakinra, rilonacept, canakinumab) and
colchicine, >’ although human data on the effect of such agents in myo-
carditis are still limited.

In humans, the first evidence has been reported using anakinra, an
IL-1 receptor antagonist (IL-1RA) that improved heart function in se-
lected cases of AM refractory to standard treatment. However, in
the ARAMIS trial, anakinra failed to demonstrate a benefit in patients
with suspected AM without a specific aetiology (NCT03018834).2¢8
The primary endpoint was the number of days alive free from any com-
plication due to AM. The study had potential limitations related to the
limited sample size, the inclusion of a low-risk population, and the short
follow-up, but it proved that anakinra was safe in this setting.

Regarding modulation of the immune response, further randomized
studies are needed to assess treatment with intravenous immunoglobu-
lins (IVIG) in AM for adults,”” since case series and retrospective ana-
lyses suggest a benefit in terms of transplant-free survival. Intravenous
immunoglobulins are commonly prescribed in paediatric patients.?*” In
general, treatment of AM with corticosteroids is controversial, with the
exception of ICl-induced myocarditis?”® and EM.*”"
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The efficacy of combined immunosuppression (prednisone with ei-
ther cyclosporine or azathioprine), compared with placebo, was as-
sessed in a single randomized controlled trial (RCT) in patients with
biopsy-proven AM of unspecified aetiology, since infectious causes
were not excluded by PCR.?”? The trial was designed to determine
whether immunosuppressive therapy improved LV function in patients
with AM. There was no significant difference in survival between the
two groups (P = 0.96). The study had several limitations, such as small
sample size and incomplete analysis of EMB based only on histopath-
ology. However, in specific histopathological forms of AM, such as
GCM, immunosuppressive drugs are recommended (see Sections 9.2
and 9.3).

6.2.1.4. Subacute and chronic myocarditis

Chronic myocarditis may represent an intermediate stage between
subacute myocarditis and inflammatory CMP. During chronic myo-
carditis, HF may develop, and guideline-directed medical therapy
(GDMT) for HF is the cornerstone in the treatment of chronic myo-
carditis.">?*° Antiviral therapy has little benefit in the subacute and
chronic stages of myocarditis,*’* and the effects of immunomodula-
tory drugs on chronic myocarditis of unspecified aetiology are still
controversial.

Recommendation Table 9 — Recommendations for
medical therapy in myocarditis (see Evidence Table 9)

Recommendations Class® Level®

Management of symptoms

NSAIDs (together with proton pump inhibition)

should be considered in patients with associated Ila C
symptoms of pericarditis to reduce symptoms.

Colchicine should be considered in patients with

@ lla B

myopericarditis to reduce recurrences.’
Management of heart failure
Adherence to the ESC HF guidelines is
recommended in cases of myocarditis with LV
systolic dysfunction and/or HF to reduce symptoms
and to improve LV function.'?

HF therapy should be considered in patients with
myocarditis and LV systolic dysfunction for at least lla c
6 months upon complete LV functional recovery to
stabilize LV function.

Management of arrhythmias

B-Blockers, with a continuation for at least 6 months,
should be considered in patients with acute lla c
myocarditis, especially those with troponin elevation,

to control symptoms and prevent arrhythmias.

Anti-arrhythmic treatment should be considered in

post-myocarditis patients with recurrent, Ila C
symptomatic VT to reduce arrhythmic burden.*®
Immunosuppressive therapy

Corticosteroids should be considered in patients

with fulminant, non-infectious forms of myocarditis Ila C

to stabilize the patients.

Continued

Corticosteroids may be considered in patients with

acute myocarditis with impaired LVEF if refractory to IIb C
standard HF therapy to stabilize patients.

Routine use of immunosuppressive therapy is not
recommended in acute myocarditis with preserved
LV function because no outcome benefit has been
shown.

ESC, European Society of Cardiology; HF, heart failure; LV, left ventricle; LVEF, left
ventricular ejection fraction; NSAID, non-steroidal anti-inflammatory drug; VT,
ventricular tachycardia.

?Class of recommendation.

®Level of evidence.

6.2.2. Pharmacological therapy for pericarditis

6.2.2.1. General principles

The aims of medical therapy for pericarditis are to provide: (i) symp-
tomatic care (mainly control of pericarditis chest pain); (i) clinical re-
mission; and (i) prevention of complications, especially recurrences
and constriction.

Exercise restriction limits the heart rate and may be useful to reduce
pericardial friction, which can be improved using drugs that reduce it
(e.g. B-blockers or ivabradine for those who cannot receive or tolerate
B-blockers) for patients with a resting heart rate of >75 b.p.m., and

symptoms despite empirical anti-inflammatory therapy.*’*

6.2.2.1.1. Acute pericarditis (first episode). The mainstay of medical
therapy is empirical anti-inflammatory therapy using aspirin or NSAIDs
at full anti-inflammatory doses with appropriate time intervals of ad-
ministration (usually every 8 h) plus colchicine to reduce the risk of re-
currences. >#?>108275278  Gagtroprotection with a  proton  pump
inhibitor is recommended using NSAIDs.*”?

When aspirin and NSAIDs are contraindicated, or for specific indica-
tions, corticosteroids should be considered at low to moderate doses
plus colchicine (see Tables 13 and 14).

In cases of incomplete response to aspirin/NSAIDs and colchicine,
corticosteroids may be added at low to moderate doses as triple ther-
apy." In cases of recurrence, every effort should be made not to in-
crease the dose or to reinstate corticosteroids.

The use of colchicine on top of empirical anti-inflammatory therapy
is supported by most of the published evidence, with the single excep-
tion of a small open-label trial that was probably underpowered to
test the study hypothesis for patients with AP.?®" Specific dosing
and duration of therapy are summarized in Table 13. Monitoring of
serum C-reactive protein and CMR imaging is recommended to assess
clinical remission, guide the treatment length, and evaluate the re-
sponse to therapy in more complicated and difficult-to-treat cases.
In uncomplicated cases, clinical follow-up with/without echocardiog-
raphy is sufficient.

6.2.2.2. Incessant and recurrent pericarditis

In patients with incessant pericarditis or RP, the mainstay of therapy
is always colchicine in association with aspirin/NSAID or low to
moderate doses of corticosteroids. For more difficult cases, chest
pain can be controlled by a combination of aspirin or an NSAID
plus corticosteroids at low to moderate doses and colchicine (triple
therapy). The i.v. route should be considered to ensure a clinical re-
sponse or to control symptoms in more difficult or resistant cases.
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Table 13 Specific initial dosing and duration of therapy for acute and recurrent pericarditis

Therapy Dosing Duration?® Tapering®
Aspirin® 750-1000 mg 3 times daily 1-2 weeks Decrease by 250 mg every 1-2 weeks
Ibuprofen® 600-800 mg 3 times daily 1-2 weeks Decrease by 200 mg every 1-2 weeks
Indomethacin ~ 25-50 mg 3 times daily 1-2 weeks Decrease by 25 mg every 1-2 weeks
Colchicine® 0.5 mg once daily (<70 kg or severe renal impairment) or 0.5 mg 3—6 months Not required

twice daily
Prednisone 0.2-0.5 mg/kg/day 2—4 weeks Several months

Treatment for recurrences only:

Azathioprine

IVIG 400-500 mg/kg i.v. daily for 5 days
Anakinra 1-2 mg/kg/day up to 100 mg/day in adults
Rilonacept© 320 mg once daily followed by 160 mg weekly

IVIG, intravenous immunoglobulins; NSAID, non-steroidal anti-inflammatory drug.
Treatment for recurrences only is highlighted in grey.

Starting with 1 mg/kg/day then gradually increased to 2—3 mg/kg/day

Several months Several months

5 days Not required

At least 6 months/
>12 months

Needed (at least 3—-6 months)/

unknown

*Therapy duration as initial dosing; for all treatments the attack dose is maintained until symptom resolution and normalization of inflammatory markers (e.g. C-reactive protein) and other
investigations (electrocardiogram, echocardiogram) then tapering is recommended. It should be tailored to the single patient according to disease severity and patient response. Tapering is
especially important for corticosteroids where tapering is particularly slow, especially below 15 mg/day, the common threshold for recurrences (see Table 14). Monitoring is essentially based
on the assessment of blood count, creatinine, creatine kinase, transaminases, C-reactive protein, echocardiography. Anakinra should be tapered after clinical remission. Different schemes are
adopted: e.g. reducing one dose per week every month; every other day full dose for at least 3 months then half-dose every other day for at least 3 months.

®Aspirin and ibuprofen are common first-level treatments for the first episode of pericarditis (acute pericarditis) associated with colchicine for at least 3 months. Aspirin is the preferred
choice for patients with ischaemic heart disease. Indomethacin is usually considered for incessant/recurrent cases. In incessant/recurrent cases, colchicine is maintained for at least
6 months. Aspirin/NSAID full dose is recommended for patients with normal or mildly reduced renal function. For those with moderate to severe renal impairment, dose adjustment or

use of corticosteroids is recommended.

“Rilonacept is registered in the USA but is not currently available in Europe. Anakinra, due to its short half-life, may be the preferable choice in patients at increased risk of infections.

Table 14 Tapering of corticosteroids

Prednisone Starting dose Tapering®
dose? 0.20-0.50 mg/
kg/day®
Prednisone >50 mg 10 mg/day every 1-2 weeks
daily dose
50-25 mg 5-10 mg/day every 1-2 weeks
25-15mg 2.5 mg/day every 2—4 weeks
<15 mg 1.25-2.5 mg/day every 2—6 weeks

?Avoid higher doses except for special cases, and only for a few days, with rapid tapering to
25 mg/day. Prednisone 25 mg is equivalent to methylprednisolone 20 mg.

PEvery decrease in prednisone dose should be done only if the patient is asymptomatic and
C-reactive protein is normal, particularly for doses of <25 mg/day.

Calcium intake (supplement plus oral intake) of 1200-1500 mg/day and vitamin D
supplementation of 800-1000 IU/day should be offered to all patients receiving
glucocorticoids. Moreover, bisphosphonates are recommended to prevent bone loss in
all men aged >50 years and postmenopausal women in whom long-term treatment with
glucocorticoids is initiated at a dose of >5.0-7.5 mg/day of prednisone or equivalent.?*

Patients who develop a recurrence during corticosteroid tapering
should continue colchicine and receive an NSAID on top of this treat-
ment instead of increasing the dose of corticosteroids. Which medica-
tion should be tapered first (corticosteroids or NSAID) depends on the
specific clinical scenario (age, kidney function, haemorrhagic risk, and
use of oral anticoagulants).

For patients with corticosteroid dependence, colchicine resistance,
and evidence of elevated C-reactive protein (baseline or subsequent
episode), clinical trials and an international registry supported the use
of an anti-IL-1 agent (anakinra or rilonacept).'%®/>282728% A
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advantage of these agents is the rapid onset of action and the possibility
of rapid withdrawal of corticosteroids.’®> There is evidence of efficacy
with anti-IL-1 agent (anakinra or rilonacept) monotherapy.'?827>282-284
However, concomitant use of colchicine could be helpful to reduce re-
currences and prolong recurrence-free survival, providing a sequential
block of the pro-inflammatory pathway leading to the generation of
IL-1.2%¢ Colchicine should be maintained and withdrawn as the last
drug only after stable remission. Moreover, colchicine has the safest car-
diovascular profile and is now proposed to prevent major adverse cardiac
events (MACE) in patients with atherosclerotic cardiovascular dis-
eases.”*® In patients obtaining stable remission with a chronic low dose
of corticosteroids (e.g. prednisone <5 mg or equivalent) plus colchicine,
the decision of switching to IL-1 blocker treatment should be tailored to
the patient on an individualized basis, taking into account several para-
meters (such as tolerability, age and sex issues, patient preference).
The use of anti-IL-1 agents may be associated with a moderate increase
in the overall risk of mild to moderate infections. Safety data on anti-IL-1
agents are reassuring when considering new malignancy risk, whereas
their safe administration in patients with known active malignancies has
not been well investigated to date.

There is limited evidence for other drugs for pericarditis.
Azathioprine has been empirically used in patients with recurrences
and a lack of response to first- and second-level options such as as-
pirin/NSAID, colchicine, and corticosteroids.?®’ However, this drug
seems more appropriate as a steroid-sparing agent, and has limited ef-
ficacy for those with acute pain. Intravenous immunoglobulins have
also been tested in patients with refractory RP after failure of first
and second options, as well as anti-IL-1 agents. These drugs may be
efficacious either for infectious or non-infectious aetiologies, since
they are able to clear infectious agents and modulate the immune
response.”’® Both corticosteroids and immunoglobulins have been
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Patient with acute pericarditis

Response to medical therapy

If ASA/NSAID
contraindicated
or not tolerated

Tapering of ASA/NSAID
and colchicineP for 3-6 months Incessant/recurrent
to reduce recurrence risk I
v

Low to moderate doses of corticosteroids plus colchicine
or triple medical therapy with corticosteroids, NSAID and colchicine®
(Class lla)

Response to medical therapy

If corticosteroids
f @ contraindicated

or not tolerated

Tapering of corticosteroids
and colchicineb for at least 6 months
to reduce recurrence risk

Incessant/recurrent

(Class I)d

- @Esc

Figure 16 Proposed algorithm of medical therapy for pericarditis in adults (not including interventional therapies and pericardiectomy). ASA, acetyl
salicylic acid; IL-1, interleukin-1; CRP, C-reactive protein; CMR, cardiovascular magnetic resonance; LOE, level of evidence; N, no; NSAID, non-steroidal
anti-inflammatory drug; Y, yes. *ASA is the first option if patients are already on antiplatelet therapy with ASA. Ibuprofen is usually preferred as the first
NSAID. Try more than one agent to evaluate response. Gastroprotection with a proton pump inhibitor is always recommended with use of aspirin/
NSAID. ®Colchicine is recommended to prevent recurrence. Consider at least 3 months for the first episode of pericarditis and at least 6 months for
incessant/recurrent cases. Colchicine to be withdrawn as last drug only after stable remission. Tapering is recommended to reduce the persistence/
recurrence of symptoms. Tapering is slower for corticosteroids. Colchicine tapering is usually not performed due to the duration of >3-6 months
of therapy. Suggested schemes of tapering are reported in Table 12. For response to therapy we considered clinical remission. “Low to moderate
dose of corticosteroids (e.g. prednisone 0.2-0.5 mg/kg/day or equivalent doses of an alternative corticosteroid). “Class | LOE A, Class lla LOE C re-
gardless of C-reactive protein levels if CMR evidence of pericardial inflammation.

proposed for a non-inflammatory presentation (so-called non-
inflammatory phenotype).288287

More recently, hydroxychloroquine has shown a steroid-sparing ef-
fect and increased flare-free survival in RP in patients with colchicine re-
sistance and corticosteroid dependence.”® Treatment duration with
aspirin/NSAIDs and steroids should be extended in an individualized

manner, and the tapering process should be slower than for a first epi-
sode of AP.”

The dosing and duration of most common drugs used for pericarditis
is summarized in Table 13, while the proposed algorithm of medical
therapy for pericarditis (not including interventional therapies and peri-
cardiectomy) is illustrated in Figure 16.
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Recommendation Table 10 — Recommendations for amongst those who respond best to temporary MCs 2?3 Among tem-
medical therapy in pericarditis (see Evidence Table 10) porary MCS, veno-arterial extracorporeal membrane oxygenation

(VA-ECMO) represents the most frequently applied or recommended
Recommendations Class®  Level® approach, ranging from 75% to 85% of AM cases.”>***2% Despite the

high risk and markedly compromised state of patients undergoing
VA-ECMO support for FM, the prognosis is rather favourable, with a
i s TINSATD) & cordeasiael) Gacpy 1 high rate of myocardial recovery and patient survival. Several national
2425,108,275-278 and international multicentre studies showed in-hospital survival ran-
ging from 61% to 72%,%773% but no freedom from HT in patients
with giant-cell FM.?** Temporary MCS should be performed early
and in a timely manner in patients with FM with refractory cardiogenic

Colchicine is recommended as first-line therapy
in patients with pericarditis as an adjunct

to reduce subsequent recurrences.
Anti-IL-1 agents (anakinra or rilonacept) are
recommended for patients with recurrent
pericarditis after failure of first-line therapies and

1 shock because of the high likelihood of recovery.
corticosteroids and elevation of C-reactive protein
levels to reduce recurrences and allow
corticosteroid withdrawal,'08:27>:282-284 6.3.1.2. Intra-aortic balloon pump
High-dose aspirin or NSAIDs with proton pump As mentioned, EMB should be performed as soon as possible, even in
inhibitors are recommended as first-line therapy in I B the presence of temporary MCS,*'%** and specific immunosuppres-
patients with pericarditis to control symptoms and sive therapy should be considered at least as an initial option, while de-
reduce recurrences.??'?%2 termining the myocardial response.””> An intra-aortic balloon pump
A B-blocker should be considered in symptomatic (IABP) should be considered in cardiogenic shock as first-line MCS
patients, despite full anti-inflammatory therapy, and c with prompt escalation to more powerful MCS if haemodynamic and
heart rate at rest >75 bp.m. in order to improve lla end-organ perfusion improvement is not observed within a short
R . : 295
symptom control.274 time (1 h maximum).
Anti-IL-1 agents (anakinra or rilonacept) should be . i
. dg' ( o ) Pt) Recommendation Table 11 — Recommendations for
SISt [ RS Cf S EEEt interventional techniques including circulatory support
pericarditis with evidence of pericardial inflammation in myocarditis (see Evidence Table 11)
on CMR after failure, contraindications, and lla C
intolerance to first-line therapies and corticosteroids Recommendations Class® Level®
dl f C-reacti tein levels to red
regardiess of f-reactive protein fevels to reduce A timely and dedicated Shock Team discussion is
recurrences and allow corticosteroid withdrawal. ' . . L
recommended in patients with myocarditis in the
: c ) )
e o U e adeeriaeliss Saulel |52 presence of haemodynamic compromise, to decide 1 C
considered for patients with pericarditis only in cases o1 e e o caelien e MES and (o e
of contraindication/failure of aspirin/NSAIDs and lla C
a long-term management plan.
Ichici hen there i ific indicati
el @I Winsh e [ & SPEaiie i lcedltlon LS Temporary MCS* should be considered in patients
control symptoms and reduce recurrences®. . . ) .
with myocarditis and cardiogenic shock or acute I c
. . . . a
RyelressEeres e iy 52 seneare 1o e decompensation in chronic myocarditis to stabilize
with recurrent pericarditis refractory to standard b B the patients.
therapy (including corticosteroids and anti-IL-1
agents) to prolong recurrence-free survival. 2% IABP, intra-aortic balloon pump; MCS, mechanical circulatory support; PLVAD,
n  percutaneous left ventricular assist device; VA-ECMO, veno-arterial extracorporeal
Corticosteroids are not recommended as the first § membrane oxygenation.
option for patients with pericarditis therapy without C Y “Class of recommendation.
o e iy & Plevel of evidence.
a specific indication®. o

IABP, PLVAD, VA-ECMO.

b.p.m., beats per minute; CMR, cardiovascular magnetic resonance; IL, interleukin; NSAID,
non-steroidal anti-inflammatory drug.

?Class of recommendation. . .
®Level of evidence. 6.3.2. Pericarditis

<
dSee Table 13. o ) ) ] ) ) Pericardium-related interventional procedures are increasingly applied
For example, systemic inflammatory disease on maintenance therapy with corticosteroids,

post-pericardiotomy syndromes, post-vaccine pericarditis, severe renal failure, and require specific exper‘tise'1'301 The use of percutaneous interven-
concomitant therapies interacting with NSAIDs such as oral anticoagulant. tional techniques for pericarditis is not limited to perform percutan-
eous drainage, but also to obtain fluid samples for cytology and other
pathological examinations (see Supplementary data online, Table S7).
Moreover, interventional techniques are used to provide alternative

6.3. Interventional techniques including treatment, such as balloon pericardiotomy or, less commonly, intraper-
circulatory support icardial drug administration (e.g. corticosteroids or chemotherapy).
6.3.1. Myocarditis

6.3.1.1. Short-term mechanical circulatory support 6.3.2.1. Pericardiocentesis and pericardial drainage

Myocarditis patients who present with rapid deterioration in haemo- Percutaneous pericardiocentesis guided by echocardiography or fluor-

dynamic status and rapidly progressive myocardial dysfunction are oscopy is indicated for CTP and symptomatic moderate to large PEffs

© ESC 2025
920z A1enige p1 uo 1senb Aq £8yYEZ8/ZS6E/0/9F/OI0NE/(IEayINa/W00 dNo"0lWapEo.//:SARY WOl POPEO|UMOQ


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data

3994

ESC Guidelines

not responding to medical therapy, or when a search for aetiological
agents is needed (e.g. suspicion of cancer, bacterial infection).
Whenever possible, pericardiocentesis should not drain a large amount
of pericardial fluid (usually <500 mL) to prevent pericardial decom-
pression syndrome. Complete drainage of the PEff can be achieved,
leaving a drain to be removed when the daily drainage is <30 mL.
Surgical drainage is required when percutaneous pericardiocentesis is
not feasible or purulent effusion is present, to allow complete drainage
of the effusion and prevent its organization. Clinical triage has been pro-
posed to indicate urgent management."'® An overall score of >6 indi-
cates the need for urgent pericardiocentesis, whereas a lower score
suggests delaying the intervention (see Figure 12).

Imaging is an essential component for guiding percutaneous peri-
cardiocentesis. Under echocardiography, CT, or fluoroscopic guidance,
a needle (usually 16-20 gauge) should be introduced into the sub-
xyphoid space, although an apical or left-lateral approach might be
used. The catheter should usually remain in situ for a few days, also
based on the type and efficacy of concomitant systemic and/or topic
pharmacological treatment.”

6.3.2.2. Percutaneous balloon pericardiotomy

Percutaneous balloon pericardiotomy represents a percutaneous alter-
native to the endoscopic or surgical pleuro-pericardial window, which al-
lows relapsing pericardial fluid to be absorbed through the ample pleural
serosa, especially as palliative and temporary relief.” It should not be used
as a first- or second-line intervention, but rather reserved for very rare
cases, such as recurrent neoplastic PEff and CTP, as well as for absolute
contraindications for surgery or in the case of a very poor quality of life in
terminal patients (see Supplementary data online, Table 58).1

6.3.2.3. Intrapericardial drug administration

Percutaneous access to the pericardium is done using an intrapericardial
catheter following pericardial drainage. It may be used to deliver drugs
targeting different conditions. Anti-inflammatory agents have been deliv-
ered with some efficacy. Intrapericardial crystalloid triamcinolone,
300 mg/m? of body surface, can be used for autoreactive or recurrent
PEffs that do not respond to other conventional therapies, and to avoid
or limit systemic side effects of oral corticosteroids. Chemotherapeutics
have also been delivered, such as cisplatin and thiotepa (usually for lung
and breast cancer, respectively), with demonstrated reduction of PEff re-
lapse.3*>3%* Currently, due to improved chemotherapy, the systemic
route is favoured, and therapeutic planning should involve a multidiscip-
linary team with cardiologists and oncologists.

Sclerosing agents, such as talc, to enhance pericardium—epicardium
adherence and to reduce relapsing PEff, should not be used, because
of reduced efficacy compared with a pericardial window or pericar-
diectomy, and the risk of inducing constriction,**>3%

6.3.2.4. Pericardioscopy

This procedure is sometimes considered as part of the diagnostic work-
up, allowing pericardial biopsy. Pericardial access is also increasingly
used for mapping and ablation of the epicardial substrates of VA,
with an improved success rate and avoidance of a surgical procedure.

6.3.2.5. Pericardial fluid analysis, pericardial and epicardial biopsy
Percutaneous pericardial access may be used also to provide fluid samples
for pathological and pathogen examinations (bacterial or viral aetiology),
and/or to perform pericardial as well as epicardial biopsies, particularly
in cancer screening (see Supplementary data online, Table 57).”

6.3.2.6. Circulatory support

Mechanical circulatory support has been shown to be applied in up to
12% of pericardiectomy patients with pre-procedural RV dilatation/
dysfunction,**”%? and is sometimes considered peri-operatively.>*’~
399 The association of pre-procedural RV dilatation/dysfunction and re-
duced LV function also represent risk factors for a peri-procedural risk
of early mortality, calling for timely and prophylactic MCS.3%®

Recommendation Table 12 — Recommendations for
interventional techniques in pericarditis (see Evidence
Table 12)

Recommendations Class®* Level®

Pericardiocentesis (echocardiography-, CT-, or

fluoroscopy-guided) is recommended for cardiac

tamponade, or suspected bacterial or neoplastic 1 (o
pericarditis, or symptomatic moderate to large

pericardial effusion despite medical therapy.

Surgical pericardial drainage is recommended in

patients with pericardial effusion when percutaneous

pericardiocentesis is not feasible or with purulent | C
pericardial effusion to allow complete drainage and

to prevent constriction.

Surgical pleuro-pericardial window is recommended

in patients with relapsing pericardial effusion despite 1 C
medical therapy.

CT, computed tomography.
?Class of recommendation.
®Level of evidence.

6.4. Surgical therapy
6.4.1. Myocarditis

The surgical treatment of myocarditis mainly accounts for HT, when there
is no myocardial recovery. In addition to infective or autoimmune aetiolo-
gies, radiation-induced myopericarditis (usually secondary to haemato-
logical cancer) may contribute to the indications for such an
intervention. Limited series of HTs due to radiation-induced myocarditis
have been described with satisfactory results. Secondary malignancy, lung
and kidney failure are negative prognostic factors for post-operative mor-
bidity and mortality.>"® A durable ventricular assist device (VAD) or a total
artificial heart are other alternatives for advanced cardiac support.”

6.4.2. Pericarditis

6.4.2.1. Surgical pericardiocentesis

Surgical pericardiocentesis is rarely performed for urgent/emergency
conditions, but for large PEff requiring expeditious drainage, not achiev-
able with percutaneous-based drainage (e.g. for purulent PEff or clot
aspiration).

6.4.2.2. Pericardiotomy/pericardial window

These surgical procedures are carried out to create a connection, namely
a pleuro-pericardial window, usually between the lateral or left posterior
pericardium and the left pleura. The indication is relapsing PEff with
haemodynamic compromise despite conservative treatment or percutan-
eous drainage. The pleuro-pericardial window is meant to promote drain-
age from the pericardium to the left pleural space.” Such a window may be
created by a small thoracotomy or endoscopically. In selected cases, a
pericardial window can also be created in the peritoneal cavity.
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6.4.2.3. Pericardiectomy

Pericardiectomy is the mainstay treatment for chronic constriction or
CP not responding to anti-inflammatory therapy.>'" Complete pericar-
diectomy is recommended for the management of CP, as it offers su-
perior long-term outcomes and significantly reduces the risk of
recurrences compared with partial anterior or anterophrenic pericar-
diectomy, which may leave residual constrictive tissue and contribute
to persistent or recurrent symptoms. Due to the relative rarity of
the condition, and the complexity of patients, pericardiectomy should
be performed at high-volume centres that have the required expertise.

Early pericardiectomy within 6 months after the onset of symptoms is
associated with the lowest operative mortality.'>*" The occurrence of
refractory RP and/or pericardial fluid formation, despite optimal medical
and interventional therapy, is also considered a possible indication for
surgical pericardiectomy. In the absence of a surgical plane for proper de-
cortication, a pragmatic approach, named the waffle procedure, can be
considered. This technique utilizes longitudinal and horizontal incisions
to allow some relief of constriction. However, it usually offers only tem-
porary improvement, with a high rate of recurrent constriction.>'**®
Extracorporeal circulation may be required in difficult operative condi-
tions, such as extensive calcifications with a high risk of marked bleeding
during pericardiectomy. Previous 2015 ESC guidelines recommended re-
section ‘of as much as possible’ of the pericardium with avoidance of car-
diopulmonary bypass (CBP), using this only in circumstances of difficult
control of bleeding" Cardiopulmonary bypass can play an important
role in enabling safe and complete pericardiectomy, particularly in se-
lected complex or high-risk cases.

Pericardiectomy is commonly performed without CPB. However,
CPB may be necessary in specific clinical scenarios. These include
dense adhesions between the pericardium and the myocardium,
particularly involving the posterior surface of the heart. CPB is
also indicated in cases of haemodynamic instability during dissection.
This is especially relevant when heart lifting is required to access the
diaphragmatic or posterior pericardium. Additional indications
include calcific constrictive pericarditis with myocardial involve-
ment, challenging anatomical conditions, or the need for concomi-
tant cardiac procedures, such as valve surgery or coronary artery
bypass grafting.

Possible benefits of CPB include providing a bloodless field and im-
proved visibility for complete pericardial resection, especially posterior-
ly, avoiding myocardial injury by decompressing the heart during
dissection, maintaining haemodynamic stability, particularly in patients
with borderline cardiac output or tamponade physiology. However,
the full heparinization required to perform CPB may, in some cases,
favour bleeding generated by pericardial resection. Therefore, the
indication for the use of CPB must always be taken into consideration
intra-operatively and according to the anatomical as well as haemo-
dynamic conditions encountered during the surgical procedure. It is,
however, self-explanatory that a radical pericardiectomy, including
also the posterior site of the pericardium, would be usually possible
and advisable with the application of CPB. However, diaphragmatic
pericardial resection may often be performed without CPB use, taking
care to perform resection in a stepwise manner, without prolonging
heart lifting and avoiding marked haemodynamic compromise.

Heart transplantation is very rarely indicated in patients with CP.
However, it may be considered as a last-resort option in highly selected,
exceptional cases. This applies when pericardiectomy is not feasible or
cannot be completed due to extensive pericardial calcification with myo-
cardial involvement, prior surgeries, radiation therapy, or infections that
have caused severe adhesions and scarring. Surgical inaccessibility of

critical regions, such as the posterior pericardium, may also preclude
complete resection. In some patients, persistent heart failure symptoms
and progressive functional deterioration may occur despite maximal
medical therapy and attempted pericardiectomy. In these cases, heart
transplantation might be considered.

It is also an option when coexistent myocardial disease or a mixed con-
strictive—restrictive physiology is present, where pericardial resection
would not be expected to improve symptoms or haemodynamic function.

In CP, tricuspid regurgitation (TR) is a common finding due to chron-
ic elevated right-sided pressures, annular dilation secondary to long-
standing volume overload and atrial enlargement, tethering of leaflets
due to pericardial constraint. When TR is present in patients undergo-
ing pericardiectomy, leaving the valve unrepaired can lead to persistent
right HF symptoms (e.g. oedema, ascites, fatigue), poorer functional re-
covery post-operatively, and higher long-term mortality, as shown in
retrospective observational studies. During pericardiectomy, the tri-
cuspid valve is accessible, and repair (usually annuloplasty) can be safely
performed with minimal added risk—especially when CP surgery is
done under CPB. Thus, repair is recommended when TR is more
than mild, and anatomy is suitable, and the patient is already undergoing
pericardiectomy (i.e. no added surgery is required beyond access).
Supporting evidence is limited. While RCTs are lacking, the recommen-
dation is based on retrospective findings showing improved symptom
relief and outcomes with combined surgery, and surgical principles in
valve disease management but also the practicality and safety of valve
repair when the chest is already open.®"!

Contraindications for pericardiectomy may include severe hepatic
dysfunction with cirrhosis and ascites, uncontrolled infection or sepsis,
and other life-limiting diseases. In some situations, advanced therapy,
such as HT, might be the only solution due to unfeasible cardiac decor-
tication, because of extensive calcifications or a high risk of cardiac and
major vascular injury during pericardiectomy (for predictors of out-
comes after pericardiectomy see also Supplementary data online,
Table S8 and Section 3.2).

Recommendation Table 13 — Recommendations for
surgical therapy (see Evidence Table 13)

Recommendations Class® Level®

Surgical pericardiectomy is recommended in patients
with chronic pericardial constriction or persistent
constrictive pericarditis despite medical therapy to
improve symptoms and survival 312313

Tricuspid valve repair is recommended in patients
with pericardial constriction and severe tricuspid
valve regurgitation to improve symptoms and

survival 3¢

Class of recommendation.
®Level of evidence.

6.5. Management of arrhythmias and
prevention of sudden cardiac death in
myocarditis

Patients with myocarditis are known to be vulnerable to life-threatening
arrhythmias, and careful observation and management of patients ac-
cording to the risk stratification is needed. In the 2022 ESC Guidelines
for the management of patients with ventricular arrhythmias and the pre-
vention of sudden cardiac death, significant attention was paid to active
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and chronic myocarditis.”® In addition to these guidelines, our aim is to
provide a special focus on several selected scenarios.

6.5.1. Role of active devices (wearable and implanted
devices) in acute myocarditis

In AM, AVB may be reversible, and temporary pacing is often necessary in
cases of haemodynamic compromise as a bridge to recovery.?'” In this
setting, temporary transvenous external pacing with an active lead can
be used for patients who require prolonged temporary pacing.sé‘“g’
3291 the absence of recovery within a clinically reasonable period, defini-
tive cardiac pacing is usually necessary in patients with persistent high-
degree AVB. In patients with LV dysfunction needing frequent ventricular
pacing, CRT or conduction system pacing may be helpful 8%
Permanent pacemaker placement can be considered in patients with
AM for persisting high-degree AVB despite medical therapy.

Sustained VA in the context of AM is a rare phenomenon,” yet it
poses a substantial risk of recurrence, persisting even after resolution
of the acute phase. Studies indicate a high recurrence rate ranging
from 28% to 60%, which appears higher in patients with monomorphic
VT, chronically active myocarditis, anteroseptal LGE, and reduced
LVEF.”1798%.2223227325 |y myocarditis patients, polymorphic and irregular
VA are more common during the active inflammatory phase, whereas
monomorphic and regular VA are associated with healed myocarditis
and scars.””#32% An arrhythmic presentation may raise suspicion of an
underlying inherited CMP.”> GCM is associated with a high risk of life-
threatening VA and ICD implantation can be considered.**® The use of
a wearable cardioverter-defibrillator (WCD) is feasible in selected pa-
tients with AM at higher risk of VA, when waiting for recovery or with
a temporary contraindication for ICD.>* 73 The resolution of inflam-
mation does not necessarily indicate the absence of risk, because myo-
cardial  fibrosis constitute an arrhythmogenic substrate,
predisposing a patient to VA long after the acute episode. On this basis,
arrhythmia risk stratification should be performed in patients with per-
sistent LGE after the acute phase.>*® In patients with prior myocarditis,
sustained or non-sustained VT during an exercise test performed
6 months after the acute episode was found to be more common among
those with an arrhythmic presentation, and was associated with subse-
quent adverse events, including malignant VA" Late gadolinium en-
hancement was also identified as a significant predictor of adverse
events, including malignant arrhythmias, irrespective of LVEF, especially
in an anteroseptal location.**>~** Implantable loop recorders can be use-
ful for early detection of VA in selected pa‘cients.89 Details regarding oral
anticoagulation can be found in the 2019 ESC Guidelines for the manage-
ment of patients with supraventricular tachycardia, the 2022 ESC
Guidelines for the management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death, and the 2024 ESC
Guidelines for the management of atrial fibrillation. 82602’

may

Recommendation Table 14 — Recommendations for
management of arrhythmias and prevention of sudden
cardiac death in myocarditis (see Evidence Table 14)

Recommendations Class® Level®
Pacing in myocarditis
Temporary transvenous external pacing should be
considered in patients with acute myocarditis and lla c
high-degree conduction disorders as a bridge to
recovery.26317:335

Continued

WCD in myocarditis
A WCD should be considered for 3-6 months in
patients with sustained ventricular arrhythmia during

Ila C
the acute phase of myocarditis as a bridge to

recovery,323325:327-330
Ablation in myocarditis

Catheter ablation, performed in specialized centres,
should be considered in post-myocarditis patients
with recurrent symptomatic SMVT or ICD shocks in Ila C
whom AAD are ineffective, not tolerated, or not
desired.*®

ICD in myocarditis

Secondary prevention

ICD implantation is recommended in patients with
non-active® myocarditis and haemodynamically

not-tolerated sustained VT to prevent
§CD. 7879322336

ICD implantation should be considered in patients
with non-active® myocarditis and haemodynamically Ila (o

tolerated sustained VT to prevent SCD.787932233¢

ICD implantation may be considered in patients with
acute myocarditis and sustained VA (VT/VF) in the IIb C
acute phase to prevent SCD.7"7989222323-325
Primary prevention

ICD implantation may be considered in patients
with myocarditis after the acute phase (3—6 months)

IIb (o
and persistent risk factors for VA? to prevent

89,332-334,336.
SCD.*” '

AAD, anti-arrhythmic drugs; CMR, cardiovascular magnetic resonance; ICD, implantable
cardioverter-defibrillator; LGE, late gadolinium enhancement; LVEF, left ventricular
ejection fraction; NSVT, non-sustained ventricular tachycardia; PVS, programmed
ventricular stimulation; SCD, sudden cardiac death; SMVT, sustained monomorphic
ventricular tachycardia; VA, ventricular arrhythmias; VF, ventricular fibrillation; VT,
ventricular tachycardia; WCD, wearable cardioverter-defibrillator.

?Class of recommendation.

®Level of evidence.

“Non-active based on CMR evidence of activity (T2), see Figure 4.

INSVT, extensive LGE, unexplained syncope, positive PVS, reduced LVEF <50%.

7. Prognosis

The current literature focuses on the single condition, but one could
expect that a patient with concomitant involvement of the myocardium
and pericardium will have a worse prognosis. However, current pub-
lished evidence suggests that patients with uncomplicated pericarditis
and myopericarditis have a good overall prognosis, despite combined
involvement of the pericardium and myocardium.4‘337 The TF expects
that the introduction of the term IMPS will increase awareness and will
lead to dedicated studies in this regard.

7.1. Complications and outcomes for
myocarditis

One of the main prognostic factors is the initial clinical presentation of
myocarditis (Figure 8). Low-risk myocarditis (about 75% of unselected
cases) usually has a chest pain presentation with preserved biventricular
function, and an overall benign short- and long-term prognosis.2® Acute
complicated myocarditis with arrhythmic presentation, and especially
HF presentation, has a worse prognosis.”® There is conflicting evidence
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on the role of sex in the prognosis of IMPS.”> Women seem to have a
more favourable prognosis than men in myocarditis.>*® Young age and a
previous myocarditis were independent relapse predictors. Fulminant
onset, lower LVEF at presentation, distinct autoimmune features, espe-
cially in women, and high-titre organ-specific anti-heart autoantibodies
and antinuclear autoantibodies were independent predictors of death
and HT.”® Genetic predisposition may also increase the risk (see
Section 5.3).

The aetiology also plays a relevant role, e.g. EM, GCM and CS are
associated with a worse prognosis (Sections 9.2—9.4). Outcomes are
worse in patients with FM, in the case of late diagnosis and delayed
interventions.>’ Factors associated with increased mortality or HT
are GCM, QRS duration of >120 ms on initial ECG, or the need
for temporary MCS other than IABP.>® Biventricular dysfunction
has been described as the main predictor of death or HT in
myocarditis.6%¢%73

Multimodality imaging contributes to the assessment of prognosis.
For example, myocarditis patients with normal CMR have a good
prognosis.>*? Late gadolinium enhancement on CMR at initial presen-
tation is an important prognostic finding.**® In a multicentre study
with AM and preserved EF, the presence of anteroseptal LGE in
the mid-wall layer was the best independent predictor of the com-
bined endpoint of cardiac death, appropriate ICD interventions, re-
suscitated cardiac arrest, and hospitalization for HF [odds ratio
(OR) 2.73; 95% confidence interval (Cl) 1.2-5.9; P = .01]. At a median
follow-up of 4.3 years, 7.7% of these patients reached the combined
endpoint.® Anteroseptal LGE was the best independent predictor
of SCD [hazard ratio (HR) 4.59; 95% Cl 1.38-15.24; P=.01].
Myocardial fibrosis was present in 95% of patients with SCD, com-
pared with 41% in patients without SCD.**' Additionally, major ar-
rhythmic onset (sustained VT or VF), presence of fibrosis at EMB,
and induction of major VA on PVS all predicted major arrhythmic
events 6373255

In another study, including patients with AM and life-threatening
arrhythmias, positive LGE in two or more myocardial segments
and absence of oedema on initial CMR were associated with an in-
creased risk for recurrent major arrhythmic events, including SCD
[HR 4.51 (95% CI 2.39-8.53) and HR 2.59 (95% CI 1.40-4.79),
respectively].”’

Large studies are needed in the future to develop a risk stratification
with a high negative predictive value for SCD and the need for ICD im-
plantation. Variables for risk stratification for the progression to DCM
are given in Supplementary data online, Table S9.

7.1.1. Sequela and mortality in myocarditis

The main long-term complications are evolution to DCM with sub-
sequent HF and (recurrence of) VA, including SCD.”® LVEF recov-
ery after myocarditis can be complete or partial. Recovery rates
vary from 50% to 94% depending on the initial presentation.”*
These patients usually have a gradual deterioration of LVEF and
subsequent dilation and might remain unrecognized and asymp-
tomatic until development of overt HF. Myocarditis can cause
about 10% of DCM.®® Patients with B19V AM present most often
with an infarct-like syndrome, and may have a favourable long-term
prognosis,342 but there is evidence describing cases with severe
fatal outcomes.??® In contrast, patients with HHV-6 myocarditis
(and especially those with B19V and HHV-6 co-infection) usually

present with acute HF symptoms, and frequently progress to
chronic HF.3*2

Arrhythmias during myocarditis range from mild conduction ab-
normalities to life-threatening VT or VF, requiring medication and/
or device therapy (refer to Section 6.5). The risk of VA is independent
of LVEF.23%

Myocarditis may have a significant mortality. Initial complicated
presentation and histological subtype predict the risk. Outcomes
are worse in patients with FM, with a reported mortality at 60 days
of 24%.3%7% Mortality also depends on the underlying cause of FM.
In a study of GCM survivors beyond 1 year, the combined rate of
death, HT, VAD implantation, or GCM recurrence was 47% at
5 years.344 Reported in-hospital mortality and long-term outcomes
after an episode of AM vary.>*® In a multicentre registry of patients
with AM, complicated AM occurred in 27%, including 9% cases of
FM. In-hospital mortality was 8.5%, compared with 0% in uncom-
plicated cases. Heart transplantation or LVAD was required in
3% and 4% of patients, respectively. Heart transplantation or death
occurred in 18% of complicated cases after 5 years. Recurrences
or VA occurred in approximately 3%—-9% of cases over a period
of 19-90 months.?® In the recently reported contemporary ESC
multicentre myocarditis registry of 581 patients with myocarditis,
2.7% of patients died, 1.7% received a HT, 0.7% underwent VAD
implantation, and 3.9% underwent ICD implantation at 1-year
follow-up.6%4373

7.1.2. Follow-up

Patients with low-risk myocarditis with chest pain presentation can be
discharged when cardiac enzymes tend towards normalization. Time
to recovery in AM varies from a few days to a few months. Relapses
occur in about 10% of cases, with a 1-year recurrence rate of around
594,10.73.346

Follow-up is recommended in all patients with myocarditis, with
clinical assessment, ECG, Holter-ECG registration, exercise test (if
no signs of ongoing inflammation), echocardiography, and CMR within
at least 6 months after the index hospitalization (see Table 15).'%¢
The prognosis is determined by baseline and 6-month LV function, re-
gardless of the initial clinical presentation.®”*”® Cardiovascular mag-
netic resonance should be performed at least within the first
6 months in patients with definite myocarditis to guide the timepoint
for return to work, based on the individual case.

It is generally accepted to wait 3—6 months after an acute episode
of myocarditis to evaluate the need for an ICD. In some patients at
high risk for VA (see Section 6.5.1),”" a WCD should be considered
during follow-up as a bridge to recovery.®® Subsequently, after
3—6 months of follow-up, the decision on whether or not to implant
a definitive ICD is based on the individual patient, with increasing in-
dication based on risk factors including genetic predisposition (see
Section 5.3, Section 6.5.1; see Figure 17). In patients presenting with
symptomatic VA, or heart block in GCM or CS, early consideration
of an ICD is warranted.>® Recommendations concerning arrhythmias
and SCD in specific forms of myocarditis are discussed in Section 6.5.8
In uncomplicated cases, a follow-up at 6, 12, and 24 months is suffi-
cient, while it should be prolonged and be lifelong in complicated cases
or with residuals.

See Supplementary data online, Section 8 for patient communication
advice.
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Recommendation Table 15 — Recommendations for
risk stratification, complications, and outcomes of in-
flammatory myopericardial syndrome (see Evidence
Table 15)

Recommendations Class® Level®

Follow-up with clinical assessment, biomarkers®,
ECG, exercise test, Holter-ECG monitoring,
echocardiography, and CMR at least within 6 months
after the index hospitalization is recommended in all
patients with myocarditis to identify a potential
progression or new risk factors.®>

Long-term follow-up is recommended for patients
with complicated myocarditis® to identify a potential | C
progression or new complications.2874

Long-term follow-up is recommended for patients

with incessant or recurrent pericarditis to identify a | C

: ) 104,347
potential progression and new complications. ™

CMR, cardiovascular magnetic resonance; ECG, electrocardiogram.
?Class of recommendation.

®Level of evidence.

At least troponin.

9See definition of complicated myocarditis in Table 3.

7.2. Complications and outcomes for
pericarditis

Risk stratification of patients with pericarditis must be performed at the
initial presentation at the emergency department or in an ambulatory
setting. Admission is recommended in high-risk cases,'%>"130
Non-high-risk cases can be managed as outpatients with a close follow-
up within 1 to 2 weeks (Figure 7). ECG changes (mainly widespread
ST-segment elevation) and troponin elevation were usually not negative
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prognostic markers in this setting with an infarct-like presentation and
preserved biventricular function.*3*

In the real world, approximately 25% of patients diagnosed with AP
present with at least one predictor of poor prognosis and require hos-
pitalization.”*® The in-hospital mortality rate for AP is around 1% on
average, but can be higher in older patients and those with severe
co-infections.??

According to the clinical presentation, additional diagnostic work-up
should be performed only for a specific clinical suspicion, the presence
of high-risk features, or a lack/incomplete response to empirical anti-
inflammatory therapy (Table 16).

The usual course of AP is characterized by clinical remission
after medical therapy within 4-6 weeks. The most common and
problematic complication of pericarditis is RP, which affects
20%—30% of patients not treated with colchicine. About 10% of
patients may present with continued symptoms without clinical re-
mission. Such cases have been labelled as ‘incessant’, and may dir-
ectly progress to constriction in few months,'®* while this
complication is extremely rare in idiopathic RP.""*3* A course
with multiple recurrences is possible, but not usual in simple pre-
sumed viral pericarditis, and should prompt a search for an under-
lying cause (Figure 14).

Cardiac tamponade is relatively rare in AP, as well as CP (<1% of
cases). The risk for complications is related to the aetiology. For in-
stance, the risk of CP is low after presumed viral/idiopathic pericarditis,
intermediate for immune-mediated aetiologies, as well as PCIS and neo-
plastic pericarditis (2%—5%), and high for bacterial pericarditis (20%—
30%), especially if purulent.>*’

At least three scores*>**3*8 have been proposed recently to iden-
tify patients at increased risk of developing complicated pericarditis
and chronicity, requiring close follow-up (see Supplementary data
online, Tables S2 and S3). However, these scores have not been va-
lidated or replicated in additional larger studies, and remain
investigational.

Table 15 Follow-up in inflammatory myopericardial syndrome after discharge

Within 1 month

Clinical evaluation and ECG Myocarditis X
Pericarditis X
Biomarkers (Tnl, C-reactive protein) Myocarditis X
Pericarditis X
Rhythm Myocarditis -
(stress and/or Holter-ECG) Pericarditis —
Imaging myocarditis TTE
CMR
Imaging pericarditis TTE
CMR

Xb
Xb
Xb
°

Within 3-6 months 12 months >1 year and long-term FU?
X X X
X X X
X ) )
X ) )
X *) *)
X¢ X¢
Xe Xe
X© X
) )

CMR, cardiovascular magnetic resonance; ECG, electrocardiogram; FU, follow-up; IMPS, inflammatory myopericardial syndrome; Tnl, troponin I; TTE, transthoracic echocardiography.
All follow-ups should be adapted to the clinical situation and severity. In round brackets, optional testing according to clinical presentation [(X), case-by-case decision].

?A long-term FU, e.g. after 2 years, is suggested only for complicated cases of IMPS, usually myocarditis.

PIn complicated cases or if abnormal at 1 month, imaging should be repeated between 3 and 6 months.

“If abnormal at 6 months, imaging should be repeated within the next 6 months and/or in the next 12 months.

IFollow-up proposed for uncomplicated cases of acute pericarditis. Long-term follow-up, tailored to the single patient, is recommended for high-risk cases.
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Figure 17 Follow-up and risk stratification after acute myocarditis with arrhythmic presentation. ICD, implantable cardioverter-defibrillator; LGE,
late gadolinium enhancement; LV, left ventricle; LVEF, left ventricular ejection fraction; NSVT, non-sustained ventricular tachycardia; PVS, programmed
ventricular stimulation; WCD, wearable cardioverter-defibrillator. Rarely for a high risk, cardioverter-defibrillator implantation may be considered be-
fore discharge (see text for detailed discussion). *Additional risk factors (at least 1, increasing risk and indication with >1 or more): NSVT, extensive

LGE, unexplained syncope, positive PVS, reduced LVEF of <50%.3%773%°

Table 16 Indicators of non-viral aetiologies and
complications (high-risk features or red flags in acute
pericarditis)

Major

Fever >38°C (HR 3.56)

Subacute onset (HR 3.97)

Large pericardial effusion (>20 mm on echocardiography) (HR 2.15)
Cardiac tamponade (HR 2.15)

Lack of response to aspirin or NSAID after at least 1 week of therapy
(HR 2.50)

Minor

Pericarditis associated with myocarditis
Immunodepression

Trauma

Oral anticoagulant therapy

HR, hazard ratio; NSAID, non-steroidal anti-inflammatory drug. Major features have been validated
in multivariable analysis in a prospective cohort study of patients with acute pericarditis.'®
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8. Inflammatory myopericardial
syndrome overlapping types:
myopericarditis and
perimyocarditis

IMPS includes a spectrum of inflammatory diseases from isolated myo-
carditis to isolated pericarditis through a combination of both. IMPS
should be used as an umbrella term, also covering overlapping forms
of myocarditis and pericarditis.” The diagnosis of predominant pericar-
ditis with myocardial involvement, or ‘myopericarditis’, can be clinically
established if patients with definite criteria for AP show elevated bio-
markers of myocardial injury, without newly developed focal or diffuse
impairment of LV function on TTE or CMR. The term myopericarditis
indicates a primarily pericarditic syndrome with minor myocardial in-
volvement, which describes the majority of combined pericarditis and
myocarditis cases encountered in clinical practice. On the other
hand, evidence of new-onset focal or diffuse reduction of LV function
in patients with elevated myocardial biomarkers, and clinical criteria
for AP, suggests predominant myocarditis with pericardial involvement,
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termed ‘perimyocarditis’. The clinical management and outcomes of
mixed forms follow the predominant involvement. At present, patients
with myopericarditis can be treated as patients with pericarditis, while
patients with perimyocarditis should be managed as patients with pure
myocarditis. The knowledge in the field is rapidly evolving and ongoing
trials and evidence will provide more updated guidance for clinical
management.

A common scenario with overlapping forms of myocarditis and peri-
carditis is represented by systemic immune disorders, which can affect
either the myocardium or pericardium, or both.

Several systemic inflammatory and autoimmune diseases may present
with myocarditis, pericarditis, mixed forms, or PEff without pericarditis.
Main conditions include RA, SLE, Sjégren’s syndrome, SSc, polymyositis
and dermatomyositis, and vasculitis (e.g. particularly EGPA).

8.1. Inflammatory myopericardial
syndrome in systemic disorders

Inflammatory myopericardial syndrome may complicate several types
of systemic diseases, generally immune-mediated,>**3*° either with
myocardial (myocarditis) or pericardial involvement (pericarditis and/
or PEff). Symptoms and signs that may raise the suspicion of a rheum-
atic autoimmune disease are family history, history of low-grade fever,
joint symptoms, dry eyes and mouth, headache, lymphadenopathy,
Raynaud phenomenon, skin rash, oral and genital aphthae, deep or
superficial vein thrombosis, recurrent foetal losses, lymphopenia, and
chronic increase of CK and other inflammatory markers. Targeted
therapy should be applied, if a specific diagnosis is reached during the
diagnostic work-up.

8.1.1. Rheumatoid arthritis

Pericarditis can be seen as part of the inflammatory activity in RA, and is
often present concurrently with pleuritis. It is the most common cardiac
manifestation, affecting up to 50% of patients, as detected on post-
mortem examination. Myocarditis may also be present, and generally re-
solves if the disease is controlled.®*" Anakinra, already registered for the
treatment of RA, can be used also for related pericardial involvement.

8.1.2. Systemic lupus erythematosus

Pericarditis is the most common cardiac manifestation of SLE, reported
in approximately 25% of patients, and it is included in the American
Rheumatism Association/American College of Rheumatology (ARA/
ACR) classification criteria.>**> Myocardial involvement in SLE affects
about 5% of patients.>**3**3>> Symptoms of IMPS are often non-
specific, including elevated troponin, alterations on the ECG, LVEF ab-
normalities, and PEff. These manifestations are usually associated with
typical symptoms of SLE, including fever, arthritis, nephritis, and skin
rashes.>*¢3>” The diagnosis can be supported by specific laboratory
markers, as well as multimodality imaging, to guide the therapy.>*#3>°
Endomyocardial biopsy could be rarely considered in selected cases.>*’
Cardiac tamponade occurs in less than 2% of cases, and CP is extremely
rare. Cardiomyopathy is uncommon clinically, but autopsy studies
found myocardial involvement in 40%-50% of patients.

8.1.3. Antiphospholipid syndrome

Antiphospholipid syndrome is associated with the presence of
anti-cardiolipin and/or anti-B,-glycoprotein antibodies, and/or lupus
anticoagulant, and may be the cause of myocardial dysfunction through
various mechanisms. While myocarditis can manifest in this syndrome,

mediated by autoimmune mechanism, myocardial damage can be also
caused by microthrombotic phenomena,>¢%3¢’

8.1.4. Sjogren’s syndrome

In Sjogren’s syndrome, the most common clinical manifestation of cardiac
damage is pericarditis, which has been reported in less than one-third of
cases. Myocarditis and myocardial fibrosis are also possible,**? and may
occur associated with rhythm disturbances. Specific antibodies
(anti-Ro/SSA) could also be identified in unexplained heart blocks.>>

8.1.5. Systemic sclerosis

Inflammatory myopericardial syndrome is frequent in SSc¢,”™" often clin-
ically occult and, when symptomatic, the prognosis is poor. It may be
related to ventricular dysfunction and/or structural damage of the
microvascular bed, leading to repeated focal ischaemic injuries and irre-
versible myocardial fibrosis. It can be also due to a primary systemic
myositic disease 34736 Damage usually follows two pa‘chwa)/s.%6 The
first one is linked to the production of collagen by activated fibroblasts
at the myopericardial level, especially at the subepicardial level, with
consequent fibrosis, valve stenosis, coronary spasms, and ischaemic
events. The second pathway is caused by renal and pulmonary involve-
ment, with severe cardiac conse:quences.367'368 Further research is
needed to improve the understanding of IMPS in $5¢.3¢*

364

8.1.6. Polymyositis and dermatomyositis

The myocardium can be affected in inflammatory myopathies, such as
polymyositis and dermatomyositis,**° with consequent myocardial
hypertrophy, ischaemia, cardiac enlargement, and systolic and diastolic
ventricular dysfunction.*”° Cardiac involvement in inflammatory myop-
athies is clinically occult in most patients, but may be suspected by multi-
modality imaging’"*"* and is related to poor outcome’’%3"?
Myocarditis occurs in up to 30% of autopsied patients, with or without
concomitant coronary or vessel vasculitis. Pericarditis is rarely reported
in these patients.

8.1.7. Vasculitis
Myocardial involvement is prognostically relevant in vasculitis, particu-
larly EGPA. In EGPA, about 15%—-60% of patients present with cardiac
disease®° including PEff, conduction disturbances, and motion abnor-
malities, as well as ACS, often due to coronary spasm, and EM (see
Section 9.2). While cardiac involvement in EGPA often occurs early, it
can be late in the course of the disease, and mainly affects anti-
neutrophil cytoplasmic antibody (ANCA)-negative patients with high
eosinophil counts. Myocardial and pericardial involvement is also pos-
sible in other vasculitis, especially in Kawasaki’s disease, where myocar-
ditis is a common cardiovascular complication (see Supplementary data
online, Figure $3).3”

Cooperation with specialists is important in all these systemic condi-
tions to reach the correct diagnosis and to plan appropriate treatment.
The diagnosis of EGPA may be particularly challenging.>*’

8.2. Inflammatory myopericardial

syndrome in COVID-19 disease

The COVID-19 pandemic raised the awareness of IMPS, as in many pa-
tients the myocardium as well as the pericardium were affected. It is not
proven whether the SARS-CoV-2 virus can directly damage cardiomyo-
cytes or pericardiocytes, as it was suggested in cultivated human cardi-
omyocy‘ces.374 Autopsy studies could only detect small amounts of virus
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in the myocardium and pericardium.375’379 The true estimate of
COVID-19-associated IMPS is variable depending on CMR/
EMB-derived diagnosis ranging from 0.1-4.5/1000 cases>®**®! up to
2%-8% of cases in symptomatic patients.*®* Symptoms as well as diag-
nostic work-up are similar to those described for general IMPS (see
Sections 4 and 5).

The predominant management of symptomatic complicated
SARS-CoV-2-related IMPS is antiviral treatment for SARS-CoV-2 virus
together with supportive therapy. Several immunosuppressive therap-
ies, such as anti-IL-1 (anakinra and canakinumab) and anti-IL-6 (tocilizu-
mab and sarilumab), have demonstrated promising results in critically ill
patients hospitalized for COVID-19.38373%5 | |ess severe cases, the key
elements for treatments are those recommended for IMPS. More de-
tails can be found in Supplementary data online, Section 5.1.2.

9. Specific types of myocarditis
9.1. Lymphocytic myocarditis

The diagnosis of LM is based on pathological criteria and reflects an in-
flammatory disease that may be caused by viruses, but also by other in-
fectious agents, including bacteria (such as Borrelia spp.) and protozoa
(such as T. cruzi).'® Furthermore, contemporary single-centre and multi-
centre cohort studies suggest that LM is more commonly non-infectious
or immune-mediated/autoimmune.®®”* It is important to note that the
aetiopathogenesis and outcome of viral LM varies considerably, based
on the different infections. Cytolytic viruses, such as enteroviruses (e.g.
coxsackieviruses and echoviruses), destroy cardiomyocytes and induce
severe infiltration by macrophages and lymphocytes.*® In contrast to en-
teroviruses, vasculotropic B19V, which infects cardiac endothelial cells,
but not cardiomyocytes, can also induce severe LM, especially in young
children.??®3%” High viral copy numbers (>500 viral DNA copies/ug of
cardiac DNA) were found to be associated with cardiac inflammation
and/or systemic infection.*3#8 Low B19V DNA copy numbers in car-
diac tissue rather reflect virus persistence, and are usually not related
to cardiac inflammation. Lymphotropic viruses of the Herpesviridae family
[HHV-6, EBV, human cytomegalovirus (CMV)], as well as HCV, influenza
viruses, and SARS-CoV-2 may indirectly trigger myocarditis by activating
the immune system.389 Regarding the aetiology and pathogenesis of myo-
carditis, microRNAs (miRNAs) may be promising diagnostic markers, as
well as prognostic and therapeutic targets in myocarditis.'*"%°
However, the precise role of miRNAs in myocarditis remains to be de-
termined.>”" In addition to infectious agents, organ-specific autoimmun-
ity to heart autoantigens®® different systemic immune-mediated
diseases, toxic substances, and drugs, including ICls, are known to induce
different forms of acute and chronic LM.®¢ Immune-mediated myocardi-
tis may occur with exclusive cardiac involvement or in the context of sys-
temic immune-mediated diseases, such as SLE, SSc, and others.>**3%2
Interestingly, genetic host susceptibilities have also been linked to cardiac
dysfunction following myocarditis.”"'*°

9.1.1. Presentation

Since LM can be induced by various causes, there is no universal, specific
clinical presentation. Instead, it must be considered in the context of
the different diseases, in line with the stages of myocarditis.

9.1.2. Diagnosis and therapy

The diagnostic pathways were described above and vary depending on
the cause. The diagnostic and therapeutic approach has to follow the
clinical situation and the stages as described in Section 4 (see Table 12).

9.2. Eosinophilic myocarditis

Eosinophilic myocarditis is a rare form of myocarditis, characterized by
eosinophilic infiltration of the myocardium. Underlying disorders that
should be evaluated during the work-up of EM include: hypersensitivity
and allergic reactions;271 immune-mediated disorders, in particular
EGPA; undefined complex HES or its myeloproliferative variant; para-
sitic infections; and cancer.>*’ A meta-analysis of single cases or small
case series reported a rate of in-hospital death of up to 22%, and a sig-
nificantly increased occurrence of the hypersensitivity form, up to
36%.""

9.2.1. Presentation

The clinical presentation of EM can be variable, ranging from oligosymp-
tomatic to acute FM, or chronic RCM (Loeffler CMP or endomyocar-
ditis).?”" Nevertheless, prior study demonstrates that EM often has a
fulminant presentation with abrupt impairment of LVEF, a high risk of
malignant arrhythmias, and a high risk of thromboembolic complica-
tions, related to the formation of ventricular thrombi.?”’! Although
EM is often accompanied by peripheral eosinophilia, it should be noted
that this finding is absent in up to 25% of patients with EM, and may con-
tribute to the underdiagnosis of EM.

9.2.2. Diagnosis

The diagnosis of EM can be established by either the EMB-proven pres-
ence of eosinophilic infiltration of the myocardium, or the presence of
CMR-proven myocarditis with pathognomonic findings associated with
peripheral eosinophilia (Supplementary data online, Figure S3).
Furthermore, general clinical signs related to EGPA or HES disorders
should be evaluated, such as an increased number of eosinophilic cells,
history of asthma and sinusitis, and characteristic skin lesions. Left ven-
tricular function may be preserved, and DCM can occur, but often the
phenotype of RCM is present. On echocardiography, a typical finding is
Loeffler endocarditis. In the diagnostic work-up, systemic screening for
the above-mentioned aetiologies should be carried out systematically.

9.2.3. Therapy
The first-line therapy for EM is the administration of i.v. corticosteroids,
but caution should be exercised if EM is caused by an infectious agent.
The optimal dose and duration of corticosteroids are unclear, but it is
proposed to administer a daily i.v. bolus of corticosteroids followed by
dosage tapering in severe forms, while oral steroid administration (see
Table 12) can be considered in patients with mild LV dysfunction.>*2”!
The identification of an EM-associated condition is crucial to administer
specific treatments, such as cyclophosphamide or IL-5 inhibitors in
EGPA-related EM** imatinib in the myeloproliferative variant of
platelet-derived growth factor receptor alpha (PDGFRA)-associated
HES, or albendazole in Toxocara canis infection. In hypersensitivity/aller-
gic EM, first-line therapy is to withdraw the potential cause of
eosinophilia.

Since endocavitary thrombi were reported in 12% of EM cases, the
use of anticoagulation during the acute phase could be considered for
the prevention of endocavitary thrombi.?”"

9.3. Giant-cell myocarditis

Giant-cell myocarditis is a very rare, but often rapidly progressive dis-
ease with a poor prognosis, with an ~85% rate of death or HT at
?:)'ears.“"82 The incidence of GCM was reported to range from
0.007% to 0.051% in autopsy studies; however, this number might
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underestimate the true disease burden.>*?%* Giant-cell myocarditis
generally affects young and middle-aged adults without a sex predom-
inance. In a large multicentre registry of GCM cases, patients were aged
from 16 to 69 years at the time of diagnosis.®>

Giant-cell myocarditis is recognized as a non-infectious myosin-induced
autoimmune form, as experimental models suggest,395 and an association
with autoimmune disorders has been reported in ~20% of cases.®

9.3.1. Presentation

Early symptoms of GCM might not differ from other types of myocar-
ditis and vary widely at the time of presentation. In an international
registry of 63 GCM patients, HF was the presenting symptom in 75%
of cases®? The initial manifestations might be progressive haemo-
dynamic deterioration or cardiogenic shock, intractable arrhythmias,
and SCD. The condition often progresses rapidly to death, often within
days to months. A systematic analysis including 51 patients with GCM
showed that the cumulative incidence of SCD (fatal or aborted) was
22% at 1 year and 26% at 5 years after presentation, and the composite
incidence of SCD or VT was 41% at 1year and 55% at 5 years.’?
Other early GCM manifestations include bradyarrhythmias and cardiac
conduction abnormalities, including complete AVB. In a study from
Finland, 25% of individuals <55 years of age with clinically idiopathic
heart block had GCM or CS on heart biopsy.*” The presence of AM
complicated by treatment-resistant HF or cardiogenic shock, VA, and
AVB should increase the clinical suspicion of GCM.

9.3.2. Diagnosis

Endomyocardial biopsy remains the gold-standard diagnostic modality
for GCM and can identify these patients at an early stage.>*"*® Patients
diagnosed with GCM through EMB had a shorter symptom-onset-to-
diagnosis time and milder heart damage than those diagnosed during
HT 398

The presence of multinucleated giant cells in the absence of well-
organized granulomatous lesions in the myocardial biopsy specimen
is the hallmark of GCM. The giant cells are typically located in the inter-
stitium or around blood vessels and are characterized by their large size,
multinucleation, and cytoplasmic granules.

Giant-cell myocarditis is characterized by myocardial destruction
mediated by a large number of T cells, macrophages, multinucleated
giant cells, and eosinophils in EMB.3 Generally, the histological diagno-
sis of GCM is guided by myocyte necrosis, diffuse infiltration of inflam-
matory cells, and interstitial fibrosis.>***%° The severity of necrosis and
fibrosis in EMB predicts the outcome.*" It is important to understand
that one set of non-diagnostic EMB samples does not exclude GCM.
The sensitivity of the first biopsy is 68% and increases to 93% when
the biopsy is performed up to three times. Thus, repeated EMB should
be considered when there is a high clinical suspicion of GCM.*'” In a
single-centre case series of GCM, LGE on CMR was present in 96%
of cases, and its distribution correlated with the histology.*" Prompt
EMB in the setting of suspected GCM can affect the choice of MCS,
leading to an early listing for HT and consideration of cyclosporine-
based immunosuppression.**? Administration of i.v. steroids prior to
EMB may reduce the diagnostic yield of EMB. There should be an agree-
ment in specialized centres to prioritize the evaluation of EMB, and to
provide the results at least within 3 days, optimally within 8 h.

9.3.3. Therapy

As soon as GCM is suspected, immunosuppressive therapy should be in-
itiated promptly to avoid disease progression and delay HT. It is crucial

that the therapy should be initiated based on a strong clinical suspicion.
Historically, the survival of patients with GCM without immunosuppres-
sion was about 3 months from symptom onset to death or HT. Many
studies have shown that immunosuppression is useful for the treatment
of GCM. Immunosuppressive therapy typically involves two or three
drugs, including corticosteroids, and at least one, and usually two add-
itional immunosuppressive agents (see Table 12). In GCM patients, im-
munosuppression with corticosteroid monotherapy is not associated
with a prolongation of transplant-free survival.®?

Patients with GCM should receive the same guideline-based treat-
ment for HF and arrhythmias as patients with heart disease from other
causes.'>°®

Cyclosporine is the most commonly used immunosuppressant. In
multiple retrospective and prospective studies, concomitant use of
cyclosporine was associated with improved prognosis. Combining im-
munosuppressive therapy with corticosteroids and cyclosporine,
azathioprine, or both improved transplant-free survival on average to
12 months, while patients treated with corticosteroids alone survived
on average 4 months.®? A cases series of GCM reported that 1-year
transplant-free survival was 73% in patients who received corticoster-
oids and cyclosporine with or without muromonab-CD3, with a re-
ported decrease of the degree of necrosis, cellular inflammation, and
giant cells after 4 weeks of treatment.*®® A systematic review of 27
studies with 43 biopsy-proven GCM cases requiring MCS showed
that the administration of immunosuppressive therapy prior to MCS
implantation was associated with significantly better survival than treat-
ment with MCS alone. Immunosuppression may reduce the severity of
HF in these patients by preventing further autoimmune destruction of
the myocardium.*®*

Cessation or reduction of immunosuppression is associated with
GCM recurrence as long as 8 years after diagnosis.>**°3

In a single-centre study, the risk of life-threatening VA in GCM pa-
tients exceeded 50% at 5 years after admission. Permanent ICD effect-
ively terminated life-threatening ventricular tachyarrhythmias, and no
GCM patient with the device suffered from a SCD.?

Transplantation could be considered for GCM patients who fail to
respond to GDMT and immunosuppression. A recent systematic re-
view and meta-analysis of 499 patients with CS and 69 with GCM
who underwent HT found that 1- and 5-year survival rates in GCM pa-
tients were similar to those in transplant recipients with other HF
aetiologies.**

Recommendation Table 16 — Recommendations for
giant-cell myocarditis (see Evidence Table 16)

Recommendations Class* Level®

EMB is recommended in patients with suspected
GCM due to unexplained new-onset HF of up to
2 weeks associated with a normal or dilated left
ventricle and new ventricular arrhythmias, second- 1 C
or third-degree AVB, or failure to respond to usual
care within 1 to 2 weeks to initiate specific
treatment, **?

Combined immunosuppressive therapy is

1 C

recommended in patients with a diagnosed GCM.2"’

AVB, atrioventricular block; EMB, endomyocardial biopsy; GCM, giant-cell myocarditis; HF,
heart failure.

?Class of recommendation.

®Level of evidence.

© ESC 2025
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9.4. Myocarditis in sarcoidosis

Cardiac sarcoidosis is a form of inflammatory heart disease, coexisting
with systemic sarcoidosis in 5%—10% of cases,**® or rarely, in isolation.
The aetiology of sarcoidosis is not well understood, but may involve an
autoimmune response after certain trigger(s) and genetic predisposition,
which leads to the formation of non-caseating granulomas in multiple or-
gans, typically in the lungs.*”” On histopathology, the granuloma consists
of CD68" macrophages, CD68" giant cells, CD3" T lymphocytes, and
CD20" B lymphocytes. It is characterized by inflammation, oedema,
lymphocytic infiltration, and replacement fibrosis.**® Cardiac sarcoidosis
is often subclinical, with an estimated cardiac involvement in around 25%
of cases on autopsy series in patients with sarcoidosis, *%#1°

9.4.1. Presentation

Manifestations of CS may range from cardiac inflammation, conduction
system disease, frequent ectopy, tachyarrhythmia, and HF, to SCD.*"”
Cardiac sarcoidosis may mimic different cardiac phenotypes, including
ARVC, #1413 DCM, and hypertrophic CMP (HCM), but may also
occur in patients with normal cardiac function.*'* Symptoms are non-
specific, and often related to arrhythmias, especially AVBs and VTs. The
challenge is to identify patients at risk, since SCD due to malignant ar-
rhythmia is common.*'>#1¢

9.4.2. Diagnosis

The diagnostic algorithm of CS is different in patients with or without
known extracardiac sarcoidosis. Pathognomonic findings in non-
invasive imaging are sufficient for the diagnosis of CS in cases with
known systemic sarcoidosis.*” In contrast, the diagnostic pathway in
primary CS is more challenging, but typical multimodality imaging pat-
terns are usually sufficient. Cardiac sarcoidosis can manifest as abnor-
malities on ECG, echocardiography, CMR, PET, EMB, and cardiac and
inflhammatory blood biomarkers (see Section 5.4). Electrocardiogram
or cardiac rhythm monitoring may demonstrate conduction system ab-
normalities (such as AVB or bundle-branch block) and arrhythmias, in-
cluding VT.*'"® Echocardiography may reveal regional WMA in a
non-coronary distribution, septal thinning, and ventricular aneurysms.
Endomyocardial biopsy may be helpful in selected patients, but negative
results do not rule out CS due to potential sampling errors.*'?
Endomyocardial biopsy guided by imaging or EAM may improve the
diagnostic yield (see Section 5.12).

Multimodality advanced cardiac imaging, such as CMR and FDG-PET,
plays an increasing role in the management of suspected CS. Overall,
compared with FDG-PET, CMR has higher sensitivity of 89%—95% vs
84%, respectively, but similar specificity of 78%—-85% vs 82%, respect-
ively, for the diagnosis of CS,#08:420-428

On CMR, CS has a wide range of potential findings, and is often con-
sidered the ‘great mimicker’ of various cardiac conditions, but the inter-
ventricular septum is often involved*® and the ‘hook sign*’ is
recognized to be associated with a high probability of CS. For more de-
tails, see Supplementary data online, Figure S3. A heavy burden of LGE is
associated with a poorer prognosis and predisposes to VA, HF, and death
in CS, and may guide clinical decision-making.**®~*¢ Aside from LGE, the
identification of ongoing myocardial inflammation is possible. 437!

Fluorodeoxyglucose-positron emission tomography also allows detec-
tion of cardiac inflammation in CS.**° It requires careful patient prepar-
ation to suppress physiological '8F-FDG uptake. The classical finding is
focal "8F-FDG uptake in the basal septum, with a concordant perfusion
defect. Perfusion defects in the active stage of CS may be due to micro-
vascular obstruction by inflammatory oedema, necrosis, or both, and are

not necessarily located in the same region as the "BEFDG uptake.427
Hybrid PET-CMR may enable better detection of cardiac inflammation
in a more comprehensive manner, “%#2#43 bt its availability is limited.
Both CMR and PET may be used for imaging-guided EMB.

The intensity and extent of FDG uptake on PET is of prognostic rele-
vance.*¥7** |n a meta-analysis of 37 studies of patients with CS, LGE on
CMR and FDG uptake on PET were both predictive of MACE (all-cause
death, cardiac death and aborted SCD, VA, and HF hospitalization).

Fluorodeoxyglucose-positron emission tomography has proved to
be useful in predicting and monitoring the anti-inflammatory therapy
response in sarcoidosis;**** however, the optimal timing for repeat-
ing PET studies for the assessment of treatment response is not well
established.

In addition to clinical assessment, imaging modalities should be used
for the short- and long-term management of patients with CS.

9.4.3. Therapy

The treatment of CS is currently not standardized, and is based on
patient-tailored assessment, often with multidisciplinary input.*’
Treatment is targeted at controlling cardiac inflammation, myocardial
scarring and dysfunction.'***1=*3¢ First-line therapy includes corticos-
teroids (see Table 12).

Since resolution of conduction abnormalities with anti-inflammatory
treatment remains unpredictable, definitive cardiac pacing is usually
needed. AVB and the need for cardiac pacing are associated with a high-
er risk of sustained VA, which reached 31% at 5 years in the Finnish
registry.16492453 Thus, it appears reasonable to propose an ICD
with pacing ability rather than a pacemaker in CS patients with pacing
indications. The risk of VA during follow-up is high in observational
studies, in patients with low LVEF,416‘452'454'455 presence of LGE on
Cl"IR,434'456_459 and positive PVS #26460-46% Thare is a lack of data on
the relationship between scarring extent and arrhythmia risk.
Positron emission tomography-computed tomography may also help
to stratify patients.**

Heart transplantation could be considered in a subgroup of patients
with CS, similarly to GCM.*%°

Recommendation Table 17 — Recommendations for
myocarditis in sarcoidosis (see Evidence Table 17)

Recommendations Class® Level®

Diagnosis

CMR, using tissue characterization techniques, is
recommended in patients with suspected CS to
assess cardiac inflammation and myocardial
involvement, 08421425

"8F_FDG-PET is recommended for the diagnostic
work-up, including detection of inflammation, as well
as for follow-up and assessment of therapeutic
response in patients with CS,*2¢7#28

Therapy

ICD implantation is recommended in patients with

CS and sustained ventricular arrhythmia (VT/VF) or I B
aborted CA to prevent SCD,>83%6416:454:455466
ICD implantation is recommended in patients with

1 (o
CS and LVEF <35% to prevent SCD, 16452454455

Continued
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ICD implantation should be considered in patients
with CS and LVEF >35% after resolution of the active

phase with significant LGE, a history of arrhythmias, lla c
unexplained syncope, inducible sustained VA at PVS,

or with persistent high-degree AVB to prevent
GCD,416:434452,453.456-464.467

AVB, atrioventricular block; CA, cardiac arrest; CMR, cardiovascular magnetic resonance;
CS, cardiac sarcoidosis; '®F-FDG-PET, ['®F]-fluorodeoxyglucose positron emission
tomography; ICD, implantable LGE, late gadolinium
enhancement; LVEF, left ventricular ejection fraction; PVS, programmed ventricular
stimulation; SCD, sudden cardiac death; VA, ventricular arrhythmias; VF, ventricular
fibrillation; VT, ventricular tachycardia.

*Class of recommendation.

®Level of evidence.

cardioverter-defibrillator;

9.5. Specific infectious myocarditis
(Viruses, Lyme, Chagas)
9.5.1. Viruses

A large variety of infectious agents (Supplementary data online, Table S7)
can cause myocardial inflammation, but viruses are considered the most
common cause among infectious forms of myocarditis. Data on the true
prevalence of viral myocarditis are difficult to determine, since EMB is
performed only in a subgroup of high-risk patients and in complicated
cases. Moreover, a positive viral serological test does not imply myocar-
dial infection and is not routinely recommended. Exceptions are HIV and
HCV and for specific infections such as Lyme disease.”® The epidemi-
ology of viral myocarditis has changed during the past three decades;
while enteroviruses and adenoviruses have been considered the most
common causes of viral myocarditis,468 vasculotropic viruses such as
B19V,636648 3nd lymphotropic viruses such as HHV-6 are increasingly
found in EMB samples.342'469 The prognostic relevance of persistent
B19V infection with low viral copy numbers remains controversial be-
cause its presence in myocardial tissue may not have direct pathogenetic

signiﬁcar1ce,470’471 in contrast to acute B19V infection.??®

9.5.1.1. Presentation

Symptoms vary according to the underlying cause and severity of dis-
ease. However, it generally follows the presentation of acute and
chronic stages, as presented in Section 4.

9.5.1.2. Diagnosis

The diagnostic approach should follow the description outlined in
Section 4 (Figures 5 and 6). The presence of more than 500 copies/ug
of DNA in EMB is considered as the threshold for virus-related myocar-
dial inflammation, and usually guides therapeutic choices (e.g. starting
immunosuppression). Viral PCR analysis in EMB samples is performed
to better characterize the pathological substrate causing myocarditis.
If immunosuppression is needed, viral presence has to be ruled out
by EMB.'® Contemporary PCR analysis for viral presence in EMB speci-
mens and blood samples is utilized to rule out possible tissue

contamination.'%4¢?

9.5.1.3. Therapy

Data are insufficient to support antiviral therapy for AM, as well as treat-
ment with IVIG for presumed viral myocarditis.*’? Anti-herpesvirus
drugs in patients with CMV or HHV-6 infection can be considered, al-
though their efficacy has not been directly studied in patients with

© ESC 2025

myocarditis.10 Treatment with type | IFN in patients with enterovirus
has been suggested to increase viral clearance, but large trials are miss-
ing. 273473475 Antiviral therapies have to be prescribed and managed in
collaboration with an infectious diseases expert with shared decision-
making in the IMPS team."#72

9.5.1.3.1. Influenza virus. Supportive management is the backbone of
severe influenza treatment. Myocardial involvement is rare, but should
be considered in patients of any age with chest pain, tachycardia, and
haemodynamic instability within 2—4 weeks from symptom onset.
The effect of antiviral therapy on myocarditis is not clear, although osel-
tamivir is utilized in both inpatient and outpatient settings. Peramivir
and zanamivir are used only for hospitalized patients. There are individ-
ual case reports of successful treatment with neuraminidase inhibi-
tors.*’¢~*7% Peramivir has often been used in combination with either

480,481 482

oseltamivir or zanamivir.

9.5.1.3.2. Human immunodeficiency virus. The pathogenesis of
HIV-associated myocarditis involves direct viral infection, co-infection
with other viruses or bacteria, cytokine activity, side effects of highly
active antiretroviral therapy (HAART), immune system dysregulation,
and/or ischaemia. If HIV-associated myocarditis is diagnosed, therapy
for HIV infection has to be started or continued. Highly active anti-
retroviral therapy has been reported to significantly decrease the in-
cidence of cardiac involvement, especially pericarditis, arrhythmias,
and DCM compared with patients treated with nucleoside reverse
transcriptase inhibitors in a retrospective study of 1042 patients.*¢?

9.5.2. Lyme carditis

Lyme carditis may be an early manifestation of Lyme borreliosis, a tick-
borne disease, caused by Borrelia spp., which is one of the most com-
mon vector-borne diseases in the northern hemisphere.

9.5.2.1. Presentation

In cases of early disseminated infection, AM with possible associated
pericarditis may occur, but LC is typically characterized by varying de-
grees of AVB, with third-degree AVB in approximately 25% of cases.*®*
Chronic LC often shows manifested persistent symptoms and signs,
such as fatigue, cognitive dysfunction, headaches, sleep disturbance,
neuropsychiatric and musculoskeletal symptoms, electrical conduction
delays, and DCM.

9.5.2.2. Diagnosis

The suspicious index in LC score has been proposed to evaluate the like-
lihood of high-degree AVB to be caused by LC. It allows categorization
of patients into low-, intermediate- and high-risk categories.*®®
Continuous ECG monitoring is required for patients presenting with
syncope or with a PR interval of >300 ms, since this is a high-risk marker
of progression to complete AVB.*** Serological tests are recommended
for patients presenting with high-degree AVB and suspected LC.

9.5.2.3. Therapy

Atrioventricular block is often transient and typically resolves within
1-2 weeks of antibiotic treatment, therefore permanent pacemaker
placement is not warranted for AVB associated with LC before starting
therapy. Intravenous therapy with ceftriaxone is the recommended
first-line treatment for patients with LC and AV disturbances, *¢ fol-
lowed by oral antibiotics (doxycycline, amoxicillin, or cefuroxime) for
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at least 14 days and up to 21 days (total antibiotic course), depending
on the severity of clinical presentation and response to treatment.
The prognosis for early-treated disseminated LC is favourable,
with complete recovery occurring in most patients treated with
antibiotics. *®*4¢

Although LC may resolve spontaneously, antibiotic therapy shortens

the disease duration and prevents further complications.

9.5.3. Chagas disease

Chagas disease (CD) is a systemic disorder caused by the protozoan
parasite T. cruzi, which is transmitted through a haematophagous tria-
tomine insect vector in endemic areas, such as Latin America, and
can be transmitted transplacentally, by infected blood, or even orally
through ingestion of contaminated food and drinks. Current migration
has made CD a global disease, and congenital transmission has become
relevant in non-endemic areas, including Europe.

9.5.3.1. Presentation

Acutely infected individuals remain asymptomatic or show mild and
non-specific symptoms. Intense direct tissue parasitism may result in
AM in less than 5% of cases. Chagas disease may evolve into CMP in
20%—30% of cases. Common findings in patients with Chagas CMP in-
clude brady- or tachyarrhythmias, dilated ventricles with regional
(mainly inferior, inferolateral, or apical) or global systolic dysfunction,
and thromboembolism.

9.5.3.2. Diagnosis

Diagnosis of CD requires a high clinical suspicion. Polymerase chain
reaction testing is the most sensitive test in acute infection while,
for diagnosing chronic CD, the combination of two serological tests
with antigens that detect different antibodies against T. cruzi is prefer-
able. Multimodality imaging is able to support the diagnosis, as often
apical aneurysms with and without thrombi can be detected by
CMR 488

9.5.3.3. Therapy

Eradication of the parasite is a target in early phases, and anti-parasitic
treatment should be provided as soon as possible, following detection
of an acute infection. In the BENEFIT (Benznidazole Evaluation for
Interrupting Trypanosomiasis) trial, 2854 patients with Chagas CMP
were randomized to either benznidazole or placebo for 80 days.
Benznidazole significantly reduced serum parasite detection, but there
was no significant reduction in clinical cardiac deterioration at
5 years.*®® Therefore, anti-trypanosomal treatment should not be rou-
tinely used in adult patients with chronic CMP, but it can be considered
in early and mild forms****°" (see Table 12). Patients with Chagas CMP
should be treated according to HF guidelines. Chagas disease is asso-
ciated with high morbidity and mortality, with an annual rate of cardio-
vascular death of 6%.*”% In this population, the benefit of ICD in primary
and secondary prevention is controversial, since observational studies
did not demonstrate a mortality benefit compared with amiodarone.*”?
However, a systematic review and meta-analysis showed that, in pa-
tients with previous VT, appropriate ICD interventions and electric
storms were frequent, occurring at a rate of 25% and 9% per year, re-
spectively, with an overall mortality of 9% per year.*** A case-based de-
cision is warranted.

9.6. Drug- or vaccine-induced myocarditis

9.6.1. Drug-induced myocarditis

9.6.1.1. Immune checkpoint inhibitor-induced myocarditis

Immune checkpoint inhibitors have revolutionized cancer treatment
and are approved in multiple cancer types. These agents are monoclo-
nal antibodies blocking specific molecules that inhibit the immune
response—CTLA-4 (cytotoxic T-lymphocyte antigen 4), PD-1 (pro-
grammed cell death protein 1) and its ligand PD-L1 (programmed
death ligand 1), and LAG-3 (lymphocyte activation gene 3)—strongly
enhancing T-cell responses against cancer. By activating the immune
system, ICls may induce immune-related adverse events, which can af-
fect any organ. Myocarditis is one of the most feared complica-
tions,*>™*7 although rare, as it affects approximately 1% of treated
patients, within the first weeks following the initiation of therapy.**®
Since a growing number of patients are eligible for IC| treatment,
the absolute number of cases is increasing. One of the largest case ser-
ies, including 122 patients with ICl-associated myocarditis, recorded
early onset after treatment initiation (median 30 days), and up to
50% mortality.**® A systematic analysis of the World Health
Organization (WHO) pharmacovigilance database confirmed a high
mortality rate up to 33%.*”

The main risk factor for ICl-induced AM is combination therapy with
two types of ICl, such as an anti-CTLA-4, e.g. ipilimumab, combined
with an anti-PD-1, e.g. nivolumab.**

This complication affects mostly men**® and older patients (median
age 65 years) with more comorbidities.”®**> Furthermore, if ICls are
combined with other cancer therapies, their toxicity aggravates.

9.6.1.1.1. Presentation. Immune checkpoint inhibitor-induced myo-
carditis is especially arrhythmogenic, including a risk of conduction
disorders, and HF with reduced EF occurs in about half of patients.>°
Myocarditis is frequently associated with peripheral myositis, which,
when associated with respiratory failure, can negatively affect
survival.

9.6.1.1.2. Diagnosis. When suspected, rapid diagnostic triage is
needed.*”>™*" Early diagnosis is extremely important, usually including la-
boratory tests and multimodality imaging (Section 5). The detection of a
coexisting CAD in older patients should not refrain from further work-up
for myocarditis (Table 4). In inconclusive cases an EMB can be necessary.
For more details, see the 2022 ESC cardio-oncology guidelines.*"’

9.6.1.1.3. Therapy. After diagnosis, immediate discontinuation of ICI
and early (within the first 24 h) initiation of corticosteroids is war-
ranted. Up to 50% of patients will be refractory to corticosteroids. In
this situation, second-line immunosuppression treatments are neces-
sary (see Table 12).°°% In a prospective registry, the combination of rux-
olitinib and high doses of abatacept, and screening for concurrent
respiratory muscle failure, was associated with improved survival.>%
Long-term cardiovascular effects of ICls become more and more rele-
vant since a growing number of cancer patients are exposed to this
‘cherap)/.5°3'504 Rechallenge with an ICl has to be considered following
a multidisciplinary team discussion, based on factors such as the severity
of the myocarditis, cancer prognosis, oncology treatment options, and
patient preference.****°> Details are given in the 2022 ESC guidelines
for cardio-oncology.*”"
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Recommendation Table 18 — Recommendations for
immune checkpoint inhibitor-associated myocarditis
(see Evidence Table 18)

Recommendations Class® Level®

Diagnostic triage within 24 h is recommended® in

patients with suspected myocarditis induced by ICI 1 C
to initiate treatment rapidly, 496201504

Immediate disruption of ICl and administration of

high-dosage corticosteroids are recommended in

patients with |Cl-associated myocarditis in order to | C
stop the inflammatory reaction and stabilize the

|:uatient.504
Second-line immunosuppression treatment should

be considered in patients with steroid-refractory Ila C

ICl-associated myocarditis.*®"%*

Second-line immunosuppression treatment may be
considered in patients with fulminant/severe I1b C

ICl-associated myocarditis.w’504

ICl, immune checkpoint inhibitor.
*Class of recommendation.
®Level of evidence.

“See Figure 5.

9.6.1.2. Other drugs associated with myocarditis

Many drugs have been associated with myocarditis (see Supplementary
data online, Table $10), especially clozapine.*®® The reported incidence
of clozapine-associated myocarditis ranges from 0.1% to 5%.%">%®
Drug-induced myocarditis may be associated with drug reaction with eo-
sinophilia and systemic symptoms (DRESS) syndrome.so9 Treatment is
based on discontinuation of the drug and use of corticosteroids.

9.6.2. Vaccine-induced myocarditis
In 2002 the ‘Brighton collaboration’ was established with the aim to pro-
vide standards for the definition of adverse events after vaccination.>'

In a clinical context, different vaccines, apart from the SARS-CoV-2
vaccine, have been associated with myocarditis. The main association
is with smallpox vaccine,”"" with data deriving mainly from the US mili-
tary population.

A systematic review reported cardiac events including IMPS after in-
fluenza vaccination, pneumococcal vaccine, and tetanus toxoid.>"?

Few data reported myocarditis after receiving different vaccines (e.g.
meningococcus, hepatitis A and B, diphtheria, poliovirus) (see
Supplementary data online, Table §17).>'37"8

A recent multicentre study reported good mid-term outcomes after
COVID-19 vaccine-associated myocarditis without death or need for
HT>" More detailed information can be found in Supplementary
data online, Section 5.1.2.

9.7. Pregnancy-associated myocarditis

Peripartum CMP (PPCM) is sometimes associated with myocardial in-
flammation, more common particularly in patients presenting with ar-
rhythmias.>* Pregnancy-associated myocarditis (PaM) is a rare
condition, and its incidence and prognosis varies regionally.>*'=%*
Nutritional deficiencies, viral myocarditis, and autoimmune processes
have been postulated as triggers. Recent data support the role of

© ESC 2025

neurohormonal changes of late pregnancy and delivery, as well as the
role of genetic predisposition.®**

9.7.1. Presentation

There is no clear distinction between the phenotype of PaM and PPCM.
Women develop symptoms of HF during late pregnancy or after deliv-
ery, with the majority being diagnosed after delivery, typically in the first
month post-partum. A minority of patients may present with pulmon-
ary oedema, cardiogenic shock, severe arrhythmias > cardio-
pulmonary arrest, thromboembolic complications, and brain injury.

9.7.2. Diagnosis

There are no specific studies for PaM, therefore the guidance for PPCM
should be followed. Transthoracic echocardiography should be per-
formed in any suspected case. In PPCM, LVEF is typically <45%.5%
Careful examination should be undertaken to clearly view the LV
apex to detect intracardiac thrombi. Brain natriuretic peptide/
N-terminal prohormone of brain natriuretic peptide are usually mark-
edly elevated. > %

Cardiovascular magnetic resonance imaging is an advanced imaging
modality if echocardiogram is inadequate, but gadolinium-based contrast
agents should be avoided during pregnancy.>>®*? Cardiovascular mag-
netic resonance is crucial to differentiate underlying causes.”** The detec-
tion of active inflammation can be performed without application of
contrast media in CMR (Figure 4).

Peripartum CMP has been associated with a higher rate of recovery
than other forms of HF with reduced EF,>** and remission frequently
occurs within the first 3 to 6 months.>*> Delayed recovery can also oc-
cur after 2 years.>3¢>37

9.7.3. Therapy
There are no dedicated studies for PaM, so advice is based on published
literature for PPCM.

Treatment of HF is essential, with modifications to ensure foetal
safety during pregnancy.521‘538754°

Low-molecular-weight heparins do not cross the placenta, and are
preferred during pregnancy if the thromboembolic risk is high.541
Direct oral anticoagulants are less well studied in pregnancy, and should
be avoided. Anticoagulation should be continued until recovery of LV
function.

Bromocriptine has been shown to improve LVEF at 6 months, but
the results are contradictory.”" 3427545

Following delivery, most HF medications are compatible with breast-
feeding. Many patients may also relapse. Treatment withdrawal and in-
complete recovery of LV function are risk factors for recurrences.>*¢>*

Lifelong treatment has not been proven to be necessary.
Pre-conception counselling should include discussion of the potential
risks of recurrent myocardial dysfunction, even after recovery.547

Multidisciplinary teams are warranted for patient management.‘r"‘s’549

10. Inflammatory cardiomyopathy

Inflammatory CMP is defined by chronic myocarditis in association with
cardiac dysfunction and ventricular remodelling, with a clinical hypoki-
netic phenotype, either dilated or non-dilated, with or without arrhyth-
mogenic substrate. It can also manifest as the evolution of a prior
myocarditis, whether treated or untreated. Infllmmatory CMP is in-
volved in the pathogenesis of DCM. It includes immune-mediated/auto-
immune forms and infectious subtypes.n'sso A genetic predisposition is
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also important for the pathogenesis of inflammatory CMP.” However,
the rates, risk factors, and other characteristics of cases progressing
from AM to chronic myocarditis or inflammatory CMP remain unknown.

10.1. Presentation

Patients with inflammatory CMP may present with new-onset/acute,
subacute, or chronic HF. Although myocarditis resolves in >50% of
cases, even spontaneously, approximately 25% of cases may present
with persistent ventricular dysfunction, and more severe cases may
progress to DCM.°

10.2. Diagnosis

A variety of clinical assessment, ECG, multimodality imaging, and, if
needed, EMB can be used to reach a diagnosis. Persistent or chronic
myocardial inflammation should be suspected in cases with non-
ischaemic ventricular dysfunction associated with low QRS voltages,
and persistent mild elevation of hs-TnT/Tnl. The absence of significant
remodelling may be observed in the early phase of the disease. This sus-
picion can be confirmed by multimodality imaging (echocardiography
and CMR) and EMB, especially in the presence of myocardial oedema
observed at CMR. Inflammatory CMP may be familial in rare cases. In
these patients, genetic testing should be discussed.

10.3. Therapy

Guideline HF treatment is recommended in patients with inflammatory
CMP.'2%? Medical therapy should be tailored to the underlying cause
in case of systemic disorders, especially in autoimmune diseases. Only
one RCT showed an improvement of cardiac function with immuno-
suppressive treatment in patients with virus-negative inflammatory
CMP.>>" Other non-randomized studies, often derived from single-
centre and/or retrospective studies,**'31°>13% syggest the efficacy
of immunosuppression on top of optimized HF therapy, and support
its safety. In patients with different immune-mediated myocarditis
and HF, immunosuppressive therapy was safe.>*'3152755% Therefore,
the treatment should be based on histological/immunohistological
and viral PCR examination of the biopsy specimens.

In untreated cases, progression to DCM and transplantation or death
are observed.'*’

Recommendation Table 19 — Recommendations for
inflammatory cardiomyopathy (see Evidence Table 19)

Recommendations Class* Level®

Guideline-directed heart failure treatments are
recommended in patients with inflammatory
cardiomyopathy to improve and/or stabilize left
ventricular function.

Specific medical therapy for the potentially
underlying systemic disease is recommended in
inflammatory cardiomyopathy.
Immunosuppressive therapy, guided by
endomyocardial biopsy, should be considered in

lla B
virus-negative inflammatory cardiomyopathies to

suppress the autoimmune response.34'131’551_555

?Class of recommendation.
®Level of evidence.
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11. Specific types of pericarditis

11.1. Tuberculous pericarditis

In high-income countries, TB pericarditis accounts for up to 4% of pericar-
dial disease, but it is increasing due to immigration. On the other hand, TB
is the cause of clinically significant PEff in approximately 90% of
HIV-infected and 50%—70% of non-HIV-infected individuals living in devel-
oping countries with a high prevalence of TB.>*® It should be emphasized
that most of the information on TB pericarditis comes from endemic
areas in low-income countries and immunosuppressed pa‘cients.1
Notably, the disease can occur at any age, and men are affected more fre-
quently than women.*® Tuberculous pericarditis has an overall mortality
rate of 17%—40% at 6 months after diagnosis.>>’

11.1.1. Presentation

Clinical presentations of TB pericardial involvement include AP (most
commonly with PEff), ECP, and CP, with these manifestations repre-
senting consecutive stages of a unique process rather than independent
conditions.”*®**? Specifically, the evolution of TB pericarditis encom-
passes four stages (Figure 18). The first stage or dry stage of AP is with-
out effusion, the second stage with PEff (this is the form most
commonly encountered in clinical practice) in up to 80% of cases, the
third stage with progressive absorption of effusion, and the fourth stage
with pericardial constriction. In the effusive phase, pericardiocentesis
usually yields bloody effusion, and effusive—constrictive physiology
may emerge after pericardial drainage. At this stage, lymphocytic exud-
ate is mainly observed.>®® The duration of each stage varies and de-
pends on individual factors (e.g. HIV status), and early treatment may
prevent progression.

11.1.2. Diagnosis

The diagnosis of TB pericarditis is challenging and in 15%—-20% of cases
the diagnosis may be missed.”®" A ‘definite’ diagnosis of TB is based on
the presence of tubercle bacilli in the pericardial fluid or on a histologic-
al sample of the pericardium, by culture or by PCR (Xpert MTB/RIF and
RIF ultra) testing. A ‘probable’ diagnosis is made when there is proof of
TB elsewhere in a patient with unexplained pericarditis, a lymphocytic
pericardial exudate with elevated unstimulated IFN-y (ulFN-y), adeno-
sine deaminase or lysozyme levels, and/or an appropriate response to
antituberculosis therapy in endemic areas.>*® In a meta-analysis, the
sensitivity and specificity of adenosine deaminase, which is probably
the most widely used biomarker, were 90% and 86%, respectively,
for the diagnosis of TB pericarditis.*®* Xpert MTB/RIF is highly specific
(100%); however, it has a sensitivity of 64%, which increases to 78%
when pericardial biopsy samples are em|:>|oyed.563‘564 Pericardial fluid
culture shows low sensitivity (53%—75%) and it is also time-consuming,
needing more than 3 weeks to yield results. Interferon gamma offers su-
perior accuracy for the diagnosis of microbiologically confirmed TB peri-
carditis compared with the adenosine deaminase (ADA) assay and the
Xpert MTB/RIF test.>*? In a meta-analysis, values of ulFN-y in the pericar-
dial fluid from studies using thresholds of 14-200 pg/mL showed very
high sensitivity (97%) and specificity (99%) for the diagnosis of TB peri-
carditis, with a positive likelihood ratio of 187 and a negative likelihood
ratio of 0.03.%%> On the other hand, the tuberculin skin test and IFN-y
release assays are of limited value, especially in areas with a high burden
of TB, since they cannot discriminate between previous exposure to
Mycobacterium and active disease.”®® A detailed approach is outlined
in Supplementary data online, Table S12.
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Stages of tuberculous pericarditis

‘ Stage IV )

Constrictive pericarditis/
pericardial constriction

Figure 18 Stages of tuberculous pericarditis.

11.1.3. Therapy

Medical treatment consists of a regimen including rifampicin, isoniazid,
pyrazinamide, and ethambutol for at least 2 months, followed by isoni-
azid and rifampicin for an additional 4 months, which is effective in
treating extrapulmonary TB."¢” Treatment for >9 months gives no
better results and has the disadvantages of increased cost and poor
compliance.”®’

However, it should be emphasized that, excluding isoniazid, poor
drug penetration into the pericardial space is a matter of concern,
also considering the emerging evidence of intrapericardial bacillary
load and mortality.>¢®

With the prompt use of antitubercular medications, steroids (oral
or intrapericardial), and the widespread use of pericardial drainage
with or without intrapericardial fibrinolysis, the currently reported
rates of CP are between 5% and 25%.°¢° Moreover, contemporary
treatment has accounted for a 20% reduction in all-cause mortal-
ity 567:569-572

Pericardial drainage by any means (pericardiocentesis or pericardial
window) is recommended as an essential part of the work-up in pa-
tients with suspected TB pericarditis, both for diagnostic and thera-
peutic purposes.1

Constriction generally develops in up to 50% of patients with-
in 6 months of presentation prior to the introduction of effect-
ive TB therapy." Appropriate antibiotic therapy is essential to
prevent this progression.570 In addition, two interventions
may reduce the incidence of constriction: (i) intrapericardial
urokinase; and (i) high-dose adjunctive prednisolone for
6 weeks, 569573

However, the coexistence of TB and HIV infection requires spe-
cial attention. Prednisolone was associated with an increased risk of
HIV-associated malignancies.>®? On this basis, it may be reasonable
to use adjunctive corticosteroids in patients with TB pericarditis
without HIV infection and to avoid them in HIV-infected
individuals.>®’

@ESC—

Recommendation Table 20 — Recommendations for
tuberculous pericarditis (see Evidence Table 20)

Recommendations Class® Level®

Diagnosis and treatment of tuberculous pericarditis and effusion
Diagnostic pericardiocentesis is recommended in all
patients with suspected tuberculous pericarditis

0

when diagnosis is not confirmed by non-invasive tests
to identify the aetiological agent in pericardial fluid.>”°
Empirical antituberculosis chemotherapy is
recommended in patients living in endemic areas
with exudative pericardial effusion after excluding
other causes to treat the most likely cause.**770
Standard antituberculosis multidrug treatment for
6 months is recommended in patients with
tuberculous pericarditis for the prevention of
pericardial constriction.>”°

Pericardiectomy is recommended in patients with
tuberculous pericarditis if the condition is not improving

or is deteriorating after 4-8 weeks of antituberculosis

0

therapy to change the course of disease.

Adjunctive steroid therapy should be considered in
HIV-negative cases to prevent the development of Ila C
constrictive TB pericarditis.>*”

In non-endemic areas a pericardial biopsy may be
considered in patients with >3 weeks of illness
without aetiologic diagnosis.

Empirical antituberculosis treatment is not

0

© ESC 2025

recommended in patients living in non-endemic areas.

HIV, human immunodeficiency virus; TB, tuberculosis.
“Class of recommendation.
®Level of evidence.
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11.2. Pericardial involvement in neoplastic
disease

11.2.1. Presentation

Neoplastic pericardial involvement is occasionally manifested by peri-
carditis or, more commonly, an isolated PEff (usually moderate to
large, or CTP) with or without evident masses on imaging. It is usually
related to metastatic lymphatic involvement (especially for lung can-
cer) or haematogenous spread (especially for breast cancer). In add-
ition, lymphomas, leukaemias, and melanoma may affect the
pericardium, as may cancer of contiguous organs (e.g. oesophageal
cancer).””**”> Primary neoplastic disease of the pericardium is rare.
Pericardial mesothelioma is the most common form, and it may pre-
sent as ECP or CP in advanced cases. On this basis, the term ‘neoplas-
tic pericarditis’ is often used incorrectly instead of ‘neoplastic
pericardial effusion’.

11.2.2. Diagnosis

The definitive diagnosis is based on the confirmation of malignant in-
filtration within the pericardial fluid by cytology (pericardiocentesis)
or pericardial biopsy. A probable diagnosis may be achieved by the
detection of tumour markers in the pericardial fluid (e.g. CEA,
CYFRA 21-1, NSE, CA-19-9, CA-72-4, SCC, GATA3, and VEGF), al-
though none of these tumour markers has been proven to be accur-
ate enough for distinguishing malignant from benign effusions.>”*>"”
Evidence of malignant disease elsewhere and concomitant pericardi-
tis or PEff is also suggestive, although in almost two-thirds of patients
with documented malignancy, pericardial involvement is caused by
non-malignant diseases,’” e.g. radiation,”’®*”® chemotherapy,*® or
infections. Cytological analyses of pericardial fluid are mandatory
for the confirmation of malignant pericardial disease.®®’ Analyses
of pericardial fluid and less commonly pericardial or epicardial biop-
sies are essential for the confirmation of malignant pericardial
disease.

11.2.3. Therapy

The management of these patients requires a multidisciplinary ap-
proach involving oncologists, cardiologists, and radiotherapists, as
well as other specific subspecialty experts according to the type of
cancer.

General principles of treatment include systemic antineoplastic
treatment as baseline therapy. Local antineoplastic treatment is based
on tailored intrapericardial therapy according to the type of tumour
(e.g. cisplatin is efficacious in lung cancer, thiotepa in breast cancer),”®*
and intrapericardial instillation of cytostatic/sclerosing agents to pre-
vent recurrences. Malignant PEffs show a high recurrence rate
(>50%). Extended pericardial drainage can be necessary in patients
with suspected or definite neoplastic PEff to prevent effusion recur-
rence and provide a route for intrapericardial therapy. Additional inter-
ventions may include pericardiotomy,
pericardial window, and percutaneous balloon pericardiotomy. All
techniques are palliative and aimed at improving the quality of life of pa-
tients with a poor short-term outcome.

Radiation therapy is very effective in controlling malignant PEff in pa-
tients with radiosensitive tumours, such as lymphomas and leukaemias.

In clinical practice, management is often palliative at late stages with
advanced disease, and it is aimed only at the relief of symptoms rather
than treatment of the underlying disease, considering the prognosis,
and the overall quality of life of the patient.

for recurrent effusions

Recommendation Table 21 — Recommendations for
neoplastic pericardial involvement (see Evidence
Table 21)

Recommendations Class® Level®

Pericardiocentesis is recommended for patients with
cardiac tamponade to relieve symptoms and
establish the diagnosis of malignant pericardial

effusion.>’¢>8

Extended pericardial drainage (3—6 days) is
recommended in patients with suspected or definite
neoplastic pericardial effusion to prevent effusion
recurrence.’’®*83

Cytological analysis of pericardial fluid is
recommended in patients with neoplastic pericarditis
for the confirmation of malignant pericardial
disease.®"

Systemic antineoplastic treatment is recommended
in confirmed cases of neoplastic aetiology to treat
the primary and secondary metastatic neoplastic
involvement.*®?

Pericardiocentesis should be considered in patients
with moderate to large pericardial effusion to
establish the diagnosis of malignant pericardial Ila (o
effusion when the diagnosis cannot be reached by

multimodality imaging.>®*

Pericardial or epicardial biopsy may be considered in
patients with suspected malignant pericardial disease
when the diagnosis cannot be reached by I1b C
multimodality imaging or cytological analysis, to
confirm the diagnosis.

Intrapericardial therapy, in agreement with the
oncologist, may be considered in cases refractory to IIb C

systemic antineoplastic treatment.

?Class of recommendation.
®Level of evidence.

11.3. Post-cardiac injury syndrome
The term PCIS is an umbrella term indicating a group of inflamma-
tory pericardial syndromes, including late post-acute myocardial
infarction (post-AMI) pericarditis (or Dressler syndrome), post-
pericardiotomy syndrome (PPS), and post-traumatic pericarditis
with or without bleeding. Currently several post-traumatic cases
are iatrogenic and related to cardiovascular interventions.>®°8¢
Nowadays, Dressler syndrome appears in <1% of cases, mainly in
larger infarctions and/or late reperfusion, typically 1-2 weeks after
AMI.>%” Notably, patients with a post-AMI PEff of >10 mm at end-
diastole should be investigated for a possible subacute heart
rupture.588:58

In contrast, cases developing after cardiac device implantation or ar-
rhythmia ablation (e.g. pericarditis appears in ~10% of cases after AF
ablation) are becoming increasingly common due to the growing
number of invasive procedures,>86:°87590.391

Such syndromes are presumed to have an autoimmune pathogenesis
triggered by pericardial bleeding and/or pleura incision.*”*** An
immune-mediated pathogenesis is supported by a latent period,

© ESC 2025
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generally a few weeks, until the appearance of the first manifestations,
the positive response to anti-inflammatory drugs, and the possibility of
recurrences.

11.3.1. Diagnosis

According to proposed diagnostic criteria, the diagnosis of PCIS may be
reached in the presence of at least two of the following five criteria: (i)
fever without alternative causes; (i) pericardial or pleuritic chest pain;
(iii) pericardial or pleural rubs; (iv) evidence of PEff; and/or (v) pleural
effusion with elevated C-reactive pro‘cein.5937595

The rationale for proposing specific criteria is that these syndromes
may have concomitant pleuro-pericardial involvement and possible pul-
monary infiltrates, and are not simply pericarditis.595 Moreover, it is
sometimes difficult to differentiate PCIS from the simple mechanical
consequences of surgery (such as early pericardial or pleural effusion).
The demonstration of inflammatory activity (e.g. C-reactive protein ele-
vation) is essential to establish the diagnosis. Multimodality imaging can
be helpful for the diagnosis of complicated cases (e.g. loculated effu-
sions, evidence of inflammation).

11.3.2. Therapy

The same therapeutic scheme adopted for AP, essentially based on em-
pirical anti-inflammatory therapy, is effective for all forms of PCIS, and
may improve remission rates and reduce the risk of recurrences. In
early post-AMI pericarditis, a 5-7-day course of aspirin seems the
most reasonable option, in association with colchicine.*®’

Different treatment strategies (namely aspirin, methylprednisolone,
dexamethasone, and colchicine) have been adopted for the primary
prevention of PPS, and the effects of such treatments have been ad-
dressed in a meta-analysis that showed that only colchicine was asso-
ciated with a decreased risk of PPS (OR 0.38), sometimes, however,
with an increased risk of gastrointestinal side effects.>?3°%+96-600
Preventive administration of colchicine can be given after cardiac sur-
gery using weight-adjusted doses (i.e. 0.5 mg once for patients
<70 kg and 0.5 mg twice daily for patients >70 kg) and without a load-
ing dose for the prevention of PPS and continued for 1 month.>%®

In this guideline document, the LOE for colchicine recommendation
for the prevention of PPS is based on analysis of the available evidence
from more than one RCT, systematic reviews and the consensus opin-
ion of the TF members.

Neither NSAIDs nor colchicine have to be administered for post-
operative effusions in the absence of systemic inflammation.®%"¢
Early post-operative PEffs are relatively common after cardiac surgery,
and usually disappear spontaneously in 710 days." Asymptomatic small
PEffs do not require treatment; however, moderate to large effusions
(observed in one-third of cases) can progress to CTP at a rate of
10% within 1 month after surgery and need pericardial decompres-
sion.®% Treatment of these asymptomatic effusions by NSAIDs has
been shown to be ineffective [e.g. diclofenac in the Post-Operative
Pericardial Effusion (POPE) trial], and may be associated with an in-
creased risk of side effects.®”"

The prognosis of PPS is generally g0od.*® In the largest published
series on PPS patients after cardiac surgery, complication rates were
low: <4% for recurrences; <2% for CTP; and no cases of constriction,
although hospital stay may be prolonged in these patients.>”
Moreover, the development of CP has been reported in ~3% of
cases.>*” Both early post-AMI pericarditis and Dressler syndrome are
markers of larger infarct size, but without independent prognostic

significance.*®’

Recommendation Table 22 — Recommendations for
post-cardiac injury syndrome (see Evidence Table 22)

Recommendations Class® Level®

Anti-inflammatory therapy is recommended in
patients with PCIS to hasten symptom remission and | B

reduce recurrences.292'6°°

IL-1 antagonists are recommended in patients with
refractory PCIS to prevent recurrences and | B
progression to constriction.®*

High-dose aspirin is recommended as the first-choice
anti-inflammatory therapy for post-myocardial
infarction pericarditis and in patients being already on
antiplatelet therapy.

Colchicine, started 48 to 72 h before cardiac surgery,
should be considered for 1 month in patients after
cardiac surgery for the prevention of PCIS if there

N s 594,596
are no contraindications and if it is tolerated.””™

Careful follow-up should be considered in patients
with PCIS to exclude possible evolution towards Ila C

constrictive pericarditis.347

IL, interleukin; PCIS, post-cardiac injury syndrome.
*Class of recommendation.
PLevel of evidence.

11.4. Pericarditis and autoinflammatory

diseases
Compared with the previous guidelines, it has become evident that some
inflammatory forms of RP share similarities with genetic autoinflamma-
tory diseases characterized by periodic fevers, e.g. FMF and TRAPS %>’
These are genetic disorders characterized by mutations of genes in-
volved in the regulation of the inflammatory response, without involve-
ment of specific T cells or autoantibodies.®” These disorders are
usually detected in the paediatric population, although some patients ex-
perience disease onset during adulthood. The most common monogenic
autoinflammatory syndromes include FMF, in which serositis episodes last
only 1-3 days, and TRAPS, in which fever and symptoms last for weeks.**®
Mutations associated with these disorders have been reported in up to
10% of patients with multiple recurrences, especially with a positive family
history, and a poor response to colchicine.'®* Recently, rare deleterious
MEFV variants were observed more frequently in idiopathic RP than
in ancestry-matched controls (allele frequency 9/200 vs 2932/129 200,
P = 0.040).>° These conditions are characterized by the exaggerated pro-
duction of IL-1 by the inflammasome. Familial occurrence of pericarditis
has been reported among the relatives of idiopathic RP patients, ranging
from 4% to 10%."" These data suggest a genetic predisposition in at
least a subset of patients; counselling may be warranted in these cases.

11.5. Purulent pericarditis

Purulent pericarditis, namely the most serious manifestation of bacter-
ial pericarditis, is characterized by the macro- or microscopic presence
of purulent PEff. It is an exceedingly rare form of pericarditis in the
Western world, accounting for <1% of AP cases.®®® It has a high mor-
tality in untreated cases while, in optimally treated patients, the re-
ported survival rate is approximately 15%-40%.°%

In developed countries, the most common organisms isolated in
purulent pericarditis include staphylococci and streptococci, while
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the predominant associated lesions are empyema (50%) or pneumonia
(33%). Inimmunosuppressed patients or following thoracic surgery, the
most frequently encountered bacterial/fungal agents are Staphylococcus
aureus (30%) and fungi (20%), while anaerobic bacteria, originating from
the oropharynx, have also been reported.®%”¢%®

It should be stressed that in the modern era of iatrogenic and
HIV-associated immunosuppression, more unusual organisms may ac-
count for pericardial infection."¢%”

11.5.1. Presentation

Purulent pericarditis has generally manifested as a serious febrile disease,
and the underlying sepsis may predominate, including septic shock.6%7¢%
Constrictive pericarditis complicates 20%—30% of cases.>*’

11.5.2. Diagnosis
Suspicion of purulent pericarditis is an indication for pericardial drainage
independently from the haemodynamic status. Surgical pericardial drain-
age is recommended to allow complete removal of the fluid and prevent
its organization and progression to constriction. Low pericardial-to-serum
glucose ratio (mean 0.3) and elevated pericardial fluid white cell count
with a high proportion of neutrophils (mean cell count 2.8/mL, 92% neu-
trophils) differentiate purulent from tuberculous (glucose ratio 0.7, mean
cell count 1.7/mL, 50% neutrophils) and neoplastic pericarditis (glucose
ratio 0.8, mean cell count 3.3/mL, 55% neutrophils).

Fluid must be sent for bacterial, fungal, and tuberculous studies along
with blood and tissue samples, as guided by the clinical presentation.1

11.5.3. Therapy

Intravenous antimicrobial therapy should be started empirically until
microbiological results are available. Afterwards, pathogen-directed anti-
biotic therapy is warranted based on antibiotic susceptibility.” The dur-
ation of antibiotic therapy should be individualized until fever and clinical
signs resolve, with the minimum period of administration being 3 weeks.

Purulent effusions are often heavily loculated and likely to rapidly re-
accumulate. Subxiphoid pericardiotomy and rinsing of the pericardial cav-
ity should be considered.”® This allows more complete drainage of the
effusion, since loculations can be manually lysed. Intrapericardial fibrinoly-
sis is a possible treatment for cases of loculated effusions to achieve ad-
equate drainage.® Fibrinolysis has been shown to prevent complications
in approximately 86% of cases without fatal complications.>’3¢%%¢1% |n
the unfortunate case that percutaneous measures fail to control infec-
tion, and worsening HF occurs along with constrictive physiology fea-
tures, referral to surgical pericardiectomy is advised.®"°

Recommendation Table 23 — Recommendations for
purulent pericarditis (see Evidence Table 23)
Level®

Recommendations Class®

Urgent pericardiocentesis and/or a surgical window
is recommended in patients with suspicion of I C
purulent pericarditis to establish a diagnosis.®®®
Intrapericardial fibrinolysis should be considered in
patients with purulent pericarditis to allow complete

lla B
drainage of purulent fluid and to prevent

constriction.>’3¢1°

?Class of recommendation.
®Level of evidence.
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11.6. Incessant and recurrent pericarditis

The TF proposes to adopt the term ‘incessant’ for cases of persistent
symptoms without clear remission, and thus also to include cases of
symptom persistence/recurrence during drug tapering. Recognition of
these cases is of paramount importance, since they can directly progress
to CP within a few months."® Recurrent pericarditis is defined as a re-
lapse after a documented first episode of AP, a symptom-free interval,
complete discontinuation of anti-inflammatory therapy, and evidence
of subsequent recurrence of pericarditis. Recurrence usually occurs with-
in 18 months from the index episode, and is the most common and
problematic complication of AP, ranging from 15% to 30% of cases after
a first episode of pericarditis. It may increase to 50% after a first recur-
rence in patients with inadequate treatment of the first episode (e.g.
too fast tapering, not treated with colchicine, treated with corticoster-
0ids).>>*™" In developed countries, the aetiology of recurrences is poorly
known, and most cases are labelled as idiopathic. Historically, most cases
were probably related to an autoinflammatory/autoimmune pathogen-
esis. This is based on the inflammatory/non-inflammatory phenotype,
the latency from the acute attack (several weeks after the index episode),
the presence of autoantibodies, and the response to anti-inflammatory/
immunosuppressive treatments,>%283.284287

11.7. Inflammatory and non-inflammatory

pericardial effusion

The normal pericardial sac contains 10-50 mL of pericardial fluid, a
plasma ultrafiltrate that acts as a lubricant between the pericardial
layers. Any pathological process that causes pericardial inflammation in-
creases the amount of fluid, causing PEff (exudate). Alternative mechan-
isms causing PEff include decreased reabsorption following increased
systemic venous pressure, as observed in congestive HF or pulmonary
hypertension (transudate) or alternatively, decreased lymphatic drain-
age.®"” The regimen of pressures in the epicardium and pericardial cav-
ity is shown in Supplementary data online, Figure $4.

11.7.1. Classification and aetiology
The reported incidence and prevalence of PEff in developed countries is
estimated at 3% and 6%—9%, respectively, based on echocardiographic
laboratory records.®'® Pericardial effusion was detected in 14% of sub-
jects in a prospective registry of consecutive patients who underwent
chest CT."®

The classification of PEff is shown in Table 10. Echocardiography pro-
vides semiquantitative assessment of the effusion size, which is useful for
estimating the risk of having a non-idiopathic aetiology and complications
(see Supplementary data online, Figure §5)."% In the past three decades,
six major surveys have been published on the characteristics of moderate
to large PEff (see Supplementary data online, Table §13)3°6614-618
According to these series, many cases remain idiopathic in developed
countries (up to 50%), while additional aetiologies include cancer
(10%—32%), infections (15%—-30%), iatrogenic causes (15%-20%), and
connective tissue diseases (5%—15%), whereas TB is the dominant cause
in developing countries (>60%), where TB is endemic.>>®

11.7.2. Presentation

A significant proportion of patients with PEff are asymptomatic, and PEff is
an incidental finding during routine examination. The clinical presentation
of PEff varies according to the speed of accumulation of fluid (see
Supplementary data online, Figure S4). Classic symptoms include exertional
dyspnoea progressing to orthopnoea, chest pain, and feeling of fullness.
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Additional symptoms due to the compression of adjacent structures in-
clude nausea (diaphragm), dysphagia (oesophagus), hoarseness (recur-
rent laryngeal nerve), and hiccups (phrenic nerve).''8¢"?

11.7.3. Diagnosis

Physical examination may be normal in patients without haemodynamic
compromise. Echocardiography is the primary diagnostic tool for
diagnosis, sizing, assessment of haemodynamic effects, and follow-up

(see Supplementary data online, Figure $5)."">"%* Advanced imaging
(CT and CMR) provides valuable information concerning local inflam-
mation, masses, associated chest abnormalities (e.g. pectus excavatum),
loculated effusions, and systemic diseases.?®198620 pericardial effusion
is often associated with known or unknown medical conditions (e.g.
hypothyroidism) in up to 60% of cases, especially if moderate/large.”
A practical routine evaluation for the triage of PEff is presented in
Figure 19."
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Figure 19 Triage and management of pericardial effusion. ECG, electrocardiogram; N, no; Y, yes.
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Patients presenting with PEff without inflammatory marker elevation
have an increased risk of a neoplastic aetiology (likelihood ratio 2.9).6"
In chronic effusions with no definite aetiology, and without inflamma-
tory markers, empirical anti-inflammatory treatment is futile."**" In
worsening large effusions without evidence of systemic inflammation,
the exclusion of cancer with advanced imaging (mainly CT) is war-
ranted."”® C-reactive protein should be measured before pericardio-
centesis, since it can increase after the procedure.®”? Notably, the
classical Light criteria used for the classification of pleural effusions
should not be applied to PEff due to the high rate of misclassification
of fluids as exudates, since pericardial fluid is rich in mesothelial cells,
proteins, albumin, and lactate dehydrogenase (LDH).“"B'624

11.7.4. Therapy

The treatment of PEff is shown in Figure 19. Therapy of PEff should be
targeted at the aetiology, as much as possible. In the absence of pericar-
dial inflammation (namely in the absence of C-reactive protein elevation
and evidence of pericardial inflammation by an imaging technique) anti-
inflhammatory treatment is not recommended. According to recent
data, the usefulness of pericardial drainage in asymptomatic or oligo-
symptomatic, large, chronic, idiopathic effusions without evidence of
pericarditis has been revised.**2! Conservative treatment improves
outcomes, the risk of CTP being only 2.2%/year without reported
deaths.®” In addition, survival after recurrence or complications is
significantly better in patients treated conservatively without interven-
tions. Nevertheless, if during follow-up the PEff becomes symptomatic
and haemodynamic impairment is observed by echocardiography,
drainage is warranted.

11.7.5. Prognosis and follow-up

The prognosis of PEff is essentially related to its aetiology.®* Moderate
to large effusions are more common for specific aetiologies.'®>®"* In
general, PEff should be considered as a marker of the severity of the
underlying disease.*®* Small, idiopathic, asymptomatic PEff have an
overall good prognosis with a very low risk of complications, although
not all studies concur.®”® Those individuals should be reassured about
the benign nature of the condition, and should not restrict their physical
activity if C-reactive protein is normal."" The follow-up of PEff is mainly
based on the evaluation of symptoms, using focused echocardiography
to assess size changes, and haemodynamic issues, as well as C-reactive
protein. Asymptomatic patients with mild idiopathic effusions do not
generally require specific monitoring. In asymptomatic patients with
at least moderate effusions, a reasonable follow-up is every 6 months,
ideally in specialized centres. The latter patients should be instructed to
seek medical advice in case of symptom appearance, such as dyspnoea
or fatigue, and/or chest pain suggesting pericarditis.

11.8. Cardiac tamponade

Cardiac tamponade is a pericardial syndrome occurring when PEff im-
pairs diastolic filling of the heart until cardiac output is reduced. The
size of the effusion as well as its distribution may vary. Since the pericar-
dium is relatively stiff, if pericardial fluid collects quickly, such as in haemo-
pericardium, the limit of pericardial stretching is reached quickly with
volumes of 200-300 mL. In contrast, slowly accumulating PEff may reach
1 to 2 L before the development of CTP (Supplementary data online,
Figure S4). This pathophysiology explains that CTP is a last-drop phenom-
enon. Thus, a small increase of pericardial volume may precipitate the

syndrome, and the aspiration of small amounts of pericardial fluid with
pericardiocentesis may greatly improve the clinical condition.'"®

Pericardial effusions are usually circumferential, but after trauma or
cardiac surgery, they may be loculated and even be responsible for lo-
calized compression and the development of CTP.

11.8.1. Presentation
Beck identified a triad of signs, consisting of hypotension, increased JVP,
and quiet heart sounds as presenting symptoms.’'8¢"?

This triad was classically identified in ‘surgical tamponade’ with acute
CTP due to intrapericardial haemorrhage because of trauma, or myo-
cardial/aortic rupture. Beck’s triad may be lacking in patients with ‘med-
ical tamponade’ with slowly accumulating pericardial fluid. Acute CTP is
usually associated with tachycardia and low blood pressure
(<90 mmHg) that is only slightly reduced in subacute, chronic tampon-
ade.)1®¢"? On physical examination, classical signs include neck vein dis-
tention with elevated JVP, pulsus paradoxus, and diminished heart
sounds. Pulsus paradoxus is defined as an inspiratory reduction of the
systolic blood pressure by at least 10 mmHg.""®¢"® Pulsus paradoxus
is due to exaggerated ventricular interdependence occurring in CTP,
when the overall volume of ventricles becomes unable to expand,
and any change in the volume on one side of the heart causes opposite
changes on the other side. On ECG, the patient usually shows tachycar-
dia, low QRS voltages, and electrical alternans due to the damping effect
of pericardial fluid and swinging heart."'®¢"?

11.8.2. Aetiology and diagnosis

Cardiac tamponade shares the same causes of PEff. In clinical practice,
the most common aetiologies include cancer, TB, purulent infections,
trauma, iatrogenic complications of cardiovascular interventions (e.g.
ablation of arrhythmias, device implantation, PCIS), acute aortic disease,
systemic inflammatory diseases, and renal failure.""® In the setting of AP
with a viral or idiopathic aetiology, CTP is rare (1%—2% of cases) and is
more common with pericarditis associated with a non-idiopathic aeti-
ology (20%).3*” The diagnosis of CTP is a clinical diagnosis based on
the combination of a suggestive history, symptoms, signs, and imaging
confirmation by echocardiography (Table 17)."®

Table 17 Echocardiographic signs of cardiac tamponade

Echocardiographic feature Sensitivity  Specificity

Large pericardial effusion with swinging na.
heart

n.a.

509%—-100%
>90%

33%-100%
100%

Diastolic collapse of the RA

Duration of diastolic collapse of the RA as
a ratio of the cardiac cycle length >0.34
48%—100%

Diastolic collapse of the RV 72%-100%

Respiratory changes of the mitral E n.a. na.
velocity >25%-30%, tricuspid E velocity

>40%—60%

Inferior vena cava plethora (dilatation 97% 40%

>20 mm and <50% reduction of diameter
with respiratory phases), as well as hepatic
vein dilatation

n.a., not available; RA, right atrium, RV, right ventricle.
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The diagnosis of CTP identifies high-risk patients with an increased
risk of complications during follow-up and a high probability of a non-
viral aetiology. The patients should be admitted for therapy and
monitoring.1'105

The definitive therapy is pericardiocentesis, which should be per-
formed urgently according to the clinical presentation.

11.8.3. Therapy

The treatment for CTP is drainage of the pericardial fluid, preferably by
needle pericardiocentesis with the use of echocardiographic or fluoro-
scopic guidance, and should be performed without delay in unstable pa-
tients. Alternatively, drainage is performed by a surgical approach,
especially in situations such as purulent pericarditis, or urgent situations
with bleeding into the pericardium.

Pericardiocentesis should be performed by experienced operators
trained/certified in acute cardiovascular care and carries a variable
risk of complications from 4% to 10%, depending on type of monitor-
ing, operator’s skill, and setting (emergent vs urgent vs elective). The
most common complications include arrhythmias, coronary artery or
cardiac chamber puncture, haemothorax, pneumothorax, pneumoper-
icardium, and hepatic injury.! Mechanical ventilation with positive air-
way pressure should be avoided in CTP. In addition, diuretic therapy
should be avoided, and temporary fluid administration can be helpful
to stabilize the patient while waiting for urgent pericardiocentesis.

11.8.4. Outcomes and prognosis

The prognosis of CTP is essentially related to its aetiology. Cardiac tam-
ponade in patients with cancer and metastatic involvement of the peri-
cardium has a bad short-term prognosis, since this is a sign of advanced
disease. In contrast, patients with CTP and a final diagnosis of idiopathic

pericarditis generally have a good long-term prognosis.1'105

11.9. Pericardial constriction and
constrictive pericarditis (calcified and
non-calcified)

11.9.1. Introduction

Pericardial constriction is a chronic condition usually characterized by a
thickened, fibrotic, and often calcified pericardium that leads to im-
paired diastolic filling of the heart. Constrictive pericarditis is

constriction associated with pericarditis.""*'"*3%” There is a high risk
of progression in bacterial pericarditis (20%—-30%), especially purulent
pericarditis, intermediate risk in immune-mediated pericarditis and
neoplastic pericardial diseases (2%—5%), and a low risk in viral and idio-
pathic pericarditis (<1%).>*” Cases of CP after pericardiectomy have
been reported, especially after partial pericardiectomy.®?’~¢%° In devel-
oped countries, the most common reported causes are: viral or idio-
pathic (42%—49%); post-cardiac surgery (11%—37%); post-radiation
therapy, mostly for breast cancer or Hodgkin’s disease (9%—31%); con-
nective tissue disorders (3%—7%); post-infectious causes (purulent peri-
carditis or TB in 3%—6%); and miscellaneous causes (<10%). TB is a
major cause of CP in developing countries 63963

11.9.2. Presentation
The classical clinical presentation comprises signs and symptoms of
right HF with preserved biventricular function without previous or con-
comitant myocardial disease. Subacute/chronic inflammatory pericardi-
tis can evolve into CP, and the duration of progression from initial
pericardial inflammation and the onset of constriction is variable*’
Systolic dysfunction due to myocardial fibrosis or atrophy can aggravate
the haemodynamic impairment in more advanced cases.

In up to 20% of cases, constriction might be present with normal
pericardial thickness, while advanced and classic cases demonstrate
prominent pericardial thickening and calcifications."”

11.9.3. Diagnosis

The diagnosis is made by multimodality imaging methods, such as echo-
cardiography, CT, and CMR (Figure 13). Cardiac catheterization should
be considered only if non-invasive multimodality imaging methods are
inconclusive.''>"24632633 The Mayo Clinic has proposed specific diag-
nostic criteria, based on echocardiography to diagnose CP, that have
been confirmed by other centres. They include the presence of septal
bounce or ventricular septal shift with either medial €’ of >8 cm/s or
hepatic vein expiratory diastolic reversal ratio of >0.78 (sensitivity
87%, specificity 91%; specificity may increase to 97% if all criteria are
present with a corresponding decrease of sensitivity to 64%). In add-
ition, respirophasic variation E-wave mitral inflow of >25%/tricuspid in-
flow of >40% can be recorded in these patients®**** (see
Supplementary data online, Figures S1, S5, and Table $14). The main re-
ported constrictive syndromes are shown in Table 18.

Table 18 Definitions and therapy of main constrictive pericardial syndromes

Syndrome

Transient constriction

(d.d. permanent constrictive pericarditis, restrictive CMP)
therapy

Effusive—constrictive pericarditis

(d.d. cardiac tamponade, constrictive pericarditis)

Definition
Reversible pattern of constriction following

spontaneous recovery or anti-inflammatory

Failure of the right atrial pressure to fall by 50% or
to a level <10 mmHg after pericardiocentesis

Therapy
A 3—-6 month course of empirical

anti-inflammatory medical therapy

Pericardiocentesis followed by medical therapy

Surgery for persistent cases

May be diagnosed also by non-invasive imaging

Chronic constriction

(d.d. transient constriction, restrictive CMP)

CMP, cardiomyopathy; d.d., differential diagnosis.

Persistent constriction after 3—6 months

Radical pericardiectomy, medical therapy for
advanced cases or high risk of surgery or mixed

forms with myocardial involvement
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11.9.4. Therapy

Medical therapy is considered for specific aetiologies, such as TB,
to prevent progression to constriction.>*® Antituberculosis drugs
may significantly reduce the risk of constriction from >80%
to <10%.°%” Anti-inflammatory therapy may help to resolve tran-
sient constriction in 10%—20% of cases of AP.">""?2 |n such cases,
to identify patients with potentially reversible forms of constric-
tion, pericarditis should be excluded by testing markers of inflam-
mation (e.g. C-reactive protein) or looking for imaging evidence of
pericardial inflammation (e.g. pericardial oedema and/or LGE on
CMR).

In advanced cases, medical therapy is supportive of controlling symp-
toms of congestion, but surgery should never be delayed to improve
outcomes.

Pericardiectomy is the standard therapy for symptomatic chronic
constriction without inflammation or not responding to anti-
inflammatory therapy (see Section 6.4.2). For milder disease or more
advanced disease, or for those with radiation-induced disease, reduced
EF, or advanced renal disease, caution is necessary. Radical pericardiect-
omy rather than anterior phrenic-to-phrenic pericardiectomy is war-
ranted for the best outcomes.?'"¢357637

In general, pericardiectomy has been seen as a high-risk surgery with
operative mortality of 6%—10%. However, recent studies show better
results for early surgery in high-volume centres. The risk is related to
the aetiologies and other comorbidities. Idiopathic causes have the low-
est risk of <1.5%.938¢%

Recommendation Table 24 — Recommendations for
constrictive pericarditis (see Evidence Table 24)

Recommendations Class® Level®

Diagnosis

Multimodality imaging is recommended in all
patients with suspected constrictive pericarditis to
make the diagnosis and assess pericardial | C
thickening, calcifications, and active

inflammation.®>?

Cardiac catheterization for haemodynamic
assessment should be considered in patients with

o o lla C
suspected constrictive pericarditis when

multimodality imaging is inconclusive 5%

Therapy

Anti-inflammatory therapy is recommended in
haemodynamically stable patients with a transient or
new diagnosis of constriction with concomitant
evidence of pericardial inflammation® to prevent
progression to constriction and avoid
pericardiectomy. %123

Pericardiectomy is recommended in patients with
permanent constriction if there is no active
inflammation or anti-inflammatory treatment is not

successful after 3—6 months.®3>%3¢

CMR, cardiovascular magnetic resonance.

Class of recommendation.

®Level of evidence.

“i.e. C-reactive protein elevation or pericardial enhancement on CMR.
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11.10. Effusive-constrictive pericarditis
11.10.1. Introduction

In ECP, pericardial fluid is present, and the scarred pericardium puts
pericardial fluid under increased pressure, constricts the cardiac vo-
lumes, and leads to signs of CTP.""®""” Classically it is defined haemo-
dynamically as failure of the RAP to fall by 50% or to a level below
10 mmHg after pericardiocentesis.""” Modern multimodality imaging
allows a non-invasive diagnosis without cardiac catheterization.

11.10.2. Aetiology

Limited data have been published on ECP, and it appears to be a com-
mon condition in developing countries."” Idiopathic cases are most
commonly found in developed countries, while TB appears to be the
most common cause in developing countries. The other reported
causes are neoplasia, radiation, chemotherapy, infections (mainly TB
and purulent type), and post-surgical pericardial disease.®*'

11.10.3. Presentation

Clinical features of either CP or CTP, or sometimes both, are typically
present in patients with ECP. In patients who appear to have uncompli-
cated CTP, the diagnosis usually becomes evident during pericardiocen-
tesis.""’ Tricuspid regurgitation or right HF may cause persistently
elevated RAP after efficient pericardiocentesis.

11.10.4. Diagnosis

To diagnose ECP, non-invasive imaging may be valuable.**' Thickening of
the epicardial—pericardial layer is responsible for the constrictive compo-
nent. After pericardiocentesis for CTP, careful detection of constriction
on Doppler findings can be reported.’* Without haemodynamic mon-
itoring, ECP can also be suspected on echocardiography and CMR (see
Supplementary data online, Table S14). Cardiovascular magnetic reson-
ance may provide helpful information, especially in differentiating con-
striction from RCM (Table S14). An accurate evaluation of ventricular
interdependence and septal bounce can be made by assessing ventricular
coupling with echocardiography and/or real-time cine CMR'®
Echo-Doppler findings indicating effusive constriction may be detected
prior to |3er‘icardiocentesis.116‘124 Currently, the diagnosis can be made
using multimodality imaging without cardiac catheterization.

11.10.5. Treatment

Effusive constriction can often resolve spontaneously or be treated with
anti-inflammatory therapies in the case of evidence of transient constric-
tion.®*" In resistant cases, visceral pericardiectomy must be performed,
since the epicardial layer is responsible for constricting the heart. The visceral
component of pericardiectomy requires sharp dissection of many small frag-
ments until ventricular motion is improved. Only pericardial centres with ex-
perience and competency should perform pericardiectomy for CP.

12. Age- and sex-related aspects in
inflammatory myopericardial
syndrome

12.1. Sex distribution

Acute myocarditis is more prevalent in males (75%—84%).
On the contrary, the male-to-female ratio is similar in fulminant cases
(46% females).>%754% Sex differences in pericarditis are less evident,

17,28,73,78,642
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with some studies showing a mild prevalence in males of 59% in AP’
Males aged 1665 years are at higher risk of pericarditis (relative risk
2.02) than females. On the other hand, the probability of pericarditis
recurrence is higher in females (HR 1.67), probably due to the higher
frequency of specific causes (e.g. autoimmune diseases).'®

12.2. Paediatric patients

12.2.1. Myocarditis

The annual incidence of myocarditis during childhood is between 1 and
2 cases per 100 000 children.2"***¢** | children <6 years of age, the
sex distribution was balanced, 50% each,® but boys had a significantly
higher incidence at ages 6 to 15 years.”'

The proposed diagnostic approach in adults applies also for children,
including CMR (e.g. in the MYKKE registry).**

There are conflicting data regarding the complication rates of EMB in
children, with some studies reporting similar incidence of complications
as in adults, both around 5%, mainly from RV sampling.*®* Particular
care should be taken in children aged <1 year and in the case of LV bi-
opsies with reported complication rates up to 30%.2"

In particular, very young children are predisposed to severe myocar-
ditis. Critically ill children admitted to the intensive care unit (ICU)
mostly survived, if receiving high-resource therapies, including
MCS.** In a prospective multicentre registry it was shown that in acute
HF and FM, MCS including VAD improved survival.®*® Similar results
have also been reported from Japan.®*’

In infants, enteroviruses, such as Coxsackievirus, were found more
commonly than in adults.**’ A presumed viral aetiology was identified
in 11%-50%,7* with a death or HT rate of 2%, similar to adults.”' In
biopsy-proven myocarditis, the HT rate rises to 7%, and the mortality
rate increases to 4%—6%.*

Therapy for myocarditis in children is not well defined. In a
meta-analysis evaluating corticosteroids, no mortality reduction was
observed, but a significant improvement in LVEF was reached with
the use of steroids in other studies.®>>"*>? In a meta-analysis evaluating
IVIG,628 treatment was not associated with better survival. This was
also supported by a prospective trial®®?
study.®>* On the contrary, another meta-analysis®>® in FM concluded
that IVIG therapy (usually 1-2 g/kg over 24—48 h) significantly reduced
in-hospital mortality and improved LVEF.

Genetic evaluation might help in the future in differentiating subsets
of children and tailoring therapies.”

and a multicentre cohort

12.2.2. Pericarditis

In children aged 12 years or less, the incidence of AP was 2.8/100 000 in a
population study from 2009 to 2021.5** The diagnostic criteria (see
Table 4), aetiologies, and risk of recurrences (see Tables S2 and S3) are
similar to those reported in adults (see Supplementary data online,
Table S1). Most paediatric cases of pericarditis are related to PPS, particu-
larly after atrial septal defect closure. Compared with adults, children more
commonly have an inflammatory phenotype.®*® Non-steroidal anti-
inflammatory drugs remain the mainstay of therapy at high dosages (see
Supplementary data online, Table S15). Most paediatricians avoid aspirin.
Colchicine halved recurrences in children, similarly as for adults.866>7
The use of corticosteroids should be restricted even more than in adults,
given that their side effects (including striae rubrae and growth impair-
ment) are particularly deleterious in growing children. Anti-interleukin-1
agents have been used for the first time in children with autoinflammatory
diseases and then adopted for RP in them, representing a new therapeutic
option, especially if they are corticosteroid-dependent. However, it is

often difficult to withdraw these drugs when clinical remission is achieved;
for instance, in one study only 15% of children were able to stop anti-IL-1
agents after a mean follow-up of 2.6 years.*>® Few paediatric patients were
enrolled in RCTs testing anakinra and rilonacept.?®*%*

12.3. Pregnancy, lactation, and
reproductive issues

There is very limited published evidence on this topic. There are only
case reports for myocarditis,®**®® and one case series describing
pregnant women with RP.%%* Pregnancy-associated myocarditis is de-
scribed in Section 9.7. Pericardial effusion is the most common manifest-
ation of pericardial diseases during pregnancy. Effusions during
pregnancy are typically benign, mild or moderate, and well tolerated,
with spontaneous resolution after delivery, and no specific treatment
is required in such cases. However, PEff may be associated with pre-
eclampsia.(’é‘r’ Acute pericarditis is the second most common condition.
Pre-conception counselling is essential in women of childbearing age
with RP or previous myocarditis. In such cases, pregnancy should be
planned in a phase of disease remission, and therapy should be re-
viewed. Pre-conception assessment should include multidisciplinary
evaluation. Echocardiography is the preferred imaging method, while
X-ray, CT scan, and CMR can be used in selected cases.®®®

In patients with IMPS, vaginal delivery is not excluded in uncompli-
cated cases, while Caesarean section may be required in the presence
of haemodynamic instability.*®® Appropriate follow-up with a multidis-
ciplinary team with experience in the field is recommended throughout
pregnancy to ensure good maternal and foetal outcomes.

High-dose aspirin or NSAIDs, such as ibuprofen and indomethacin,
can be used up to the 20th week of gestation. Corticosteroids at the
minimal effective dose can be given in patients with active pericarditis
throughout pregnancy along with NSAIDs and in selected cases colchi-
cine. Azathioprine and IVIG are compatible with pregnancy and breast-
feeding. All these medications, apart from high-dose aspirin, may be
used during lactation. Colchicine is compatible with pregnancy and
breastfeeding, and it can be continued throughout pregnancy to pre-
vent recurrences.®*¢¢"%¢? The use of IL-1 blockers during pregnancy
is controversial. Available literature data seem encouraging; however,
the relevant studies are scant and retrospective. Despite the limited evi-
dence, anakinra may be continued through conception, pregnancy, and
lactation in women with rheumatic and musculoskeletal diseases who
are not able to use alternative therapies.f’f’&670 More details regarding
drug dosages can be found in Supplementary data online, Table S16.

There are no specific limitations for men with pericarditis who are
planning to have children because they can safely continue
therapy.667668

Recommendation Table 25 — Recommendations for
pregnancy, lactation, and reproductive issues (see
Evidence Table 25)

Recommendations Class* Level®
Pre-conception counselling is recommended in
women with recurrent pericarditis or myocarditis to 1 C
assess disease activity and to review therapy.
NSAIDs should be considered in pregnant patients
with pericarditis until the 20th week to treat an Ila (e
incessant/recurrent course.***

Continued

920z Aleniged ¢1 uo 1senb Aq £81Y€Z8/ZS6E/0v/9F/aI01HE/IEaYINS W00 dNo"0lWapEo.//:SARY WOl POPEO|UMOQ


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf192#supplementary-data

ESC Guidelines

4017

Anti-inflammatory therapies should be considered in
patients with pericarditis during lactation to treat and lla
prevent pericarditis with timing adjusted to reduce
drug exposure of the breastfed infant.

During pregnancy and breastfeeding, corticosteroids
at the minimal effective dose (preferably up to 20 mg
prednisone daily) should be considered in patients lla
with active pericarditis, despite NSAID (if feasible), to

prevent an incessant/recurrent course.®**
Colchicine may be considered in pregnant patients
with pericarditis, especially in patients already IIb
receiving this drug to prevent recurrences.
Anakinra may be considered through pregnancy and
lactation in pregnant patients with recurrent b
pericarditis who are not able to use alternative

therapies to prevent an incessant/recurrent course.

NSAID, non-steroidal anti-inflammatory drug.
Class of recommendation.
®Level of evidence.

12.4. The elderly

Myocarditis is more prevalent in young people, with a median age be-
tween 20 and 40 years.®**%373 |n a Swedish study, 64% patients
were younger than 50 years of age. In this study, HF/DCM and deaths
occurred more commonly in patients aged >50 years."” Myocarditis is
probably more commonly related to drugs in the elderly, e.g. ICls*84%°
and clozapine.508 Age- and sex-based differences have been evaluated in
two studies with AP, and one study with RP.4>102671 | these studies,
elderly patients less often had chest pain, fever, ST elevation, and PR de-
pression. They had lower C-reactive protein values but dyspnoea, AF,
and PEff were more common. Moreover, they received glucocorticoids
more commonly, and had a lower risk of recurrences compared with
younger patients. In the elderly, therapy compliance may be problem-
atic, because of cognitive impairment and comorbidities, but the stron-
gest predictor of non-adherence is the number of medications.®”>
Non-steroidal anti-inflammatory drugs should be used cautiously; dos-
ing should be adapted (e.g. colchicine dose should be halved in some
cases), and attention should be paid to evaluate renal impairment and
drug interactions.

12.5. Physical activity in inflammatory
myopericardial syndrome
Patients with active IMPS are advised to restrict physical activity. It has
been proposed that exercise can aggravate myocardial and pericardial
inflammation through several mechanisms, including a tachycardia-
mediated process. The importance of controlling heart rate is con-
firmed by observational studies, in which the empirical use of
B-blockers to control heart rate in patients with pericarditis improved
symptom control.?’* Previous recommendations have made distinc-
tions between athletes and non-athletes, providing arbitrary times for
abstention from 3 to 6 months. This TF recommends an individualized
approach, based on remission times. A complete clinical remission
should be considered in athletes/non-athletes with normalization of
symptoms, biomarkers, and imaging.

During the acute stage of myocarditis, patients are advised to rest
completely, since exercise has been associated with arrhythmias and

© ESC 2025

SCD. To ensure resolution of the disease, recovery should be moni-
tored, including clinical assessment, rhythm control, laboratory analysis,
and multimodality imaging (see Table 15). A personalized prescription
of exercise should be performed, based on the patient (athletes, non-
athletes), and type of exercise.

12.5.1. Mental health effect of restricting exercise
Exercise restriction can affect patient mental health, especially in chil-
dren and young adults. It can lead to frustration, sadness, and depres-
sion in patients. Freedom to exercise should be approached with
shared decision-making, taking into account the risk vs benefit ratio in
the single case.

Recommendation Table 26 — Recommendations for

physical activity and myocarditis/pericarditis (see
Evidence Table 26)

Recommendation Class* Level®
Restriction of physical exercise until remission, for at

least 1 month, is recommended in athletes and I c

non-athletes after IMPS using an individualized

approach to accelerate recovery.

IMPS, inflammatory myopericardial syndrome.
Class of recommendation.
®Level of evidence.

12.6. Multidisciplinary teams for the
management of inflammatory

myopericardial syndrome

It is recommended to have a multidisciplinary team for high-risk cases
with IMPS. The team should be composed of a clinical cardiologist, a
CMR imaging specialist with expertise in IMPS, a pathologist with ex-
pertise in cardiovascular diseases, and additionally, depending on the
case, a rheumatologist (or clinical immunologist), an infectious disease
specialist, a geneticist (or a cardiologist with expertise in genetics),
interventional cardiologists (including electrophysiologists), and a car-
diac intensive care specialist. A cardiac surgeon might be involved sub-
sequently when interventional or surgical decisions are anticipated.
More details are given in Figure 20. It is of paramount importance
that physicians develop competence and skills in IMPS to allow timely
diagnosis and therapy for patients, since mixed forms are common in
clinical practice. Patient involvement is important, particularly when
the evidence is scarce to foster shared decision-making.®’>¢73¢74

Recommendation Table 27 — Recommendations for
multidisciplinary teams in myopericardial syndromes
(see Evidence Table 27)

Recommendations Class® Level®
A multidisciplinary team discussion at a referral
centre is recommended in patients with high-risk/ I c

complicated IMPS to provide a patient-tailored
approach.>>¢73
IMPS, inflammatory myopericardial syndrome.

Class of recommendation.
®Level of evidence.

© ESC 2025
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Figure 20 Multidisciplinary teams for inflammatory myopericardial syndrome. *Full team—tailored to the specific case.

13. Advice for patients

Specific patient education is mandatory for patients with IMPS. Advice
should address the causes, rationale for treatment, possible complica-
tions, and outcomes. Inflammatory myopericardial syndrome affects
young patients and may severely affect their quality of life. Specific ad-
vice should be provided on the need for rest during the acute phase of
the disease, and the timing for return to physical activity and work, as
well as benefits and risks associated with tailored immunosuppres-
sive/immunomodulatory therapies, and when to contact the multidis-
ciplinary team. Advice must be tailored to the specific social situation.
Suitable language should be used, recognizing the patient’s educational
status. Clarification based on images is preferrable. Care should be ta-
ken not to aggravate anxiety unnecessarily. An additional description
and advice for patients with IMPS is provided in Supplementary data
online, Section 8, Figure S6, and Table S17. A separate document dedi-
cated to patients has been developed.

14. Tertiary referral centres for
inflammatory myopericardial
syndrome: feature and volume of
activity

14.1. Tertiary care centres

Tertiary care centres of excellence are extensive, renowned healthcare
facilities that house specialized cardiology departments equipped to

manage patients with IMPS. Leading institutions are recognized for their
cardiovascular expertise and often handle patients with complex dis-
ease.”* Such centres have significant expertise in the diagnosis and
therapy of myocarditis and pericarditis and are actively involved in re-
search. They should be the referral centre of choice for complicated
cases that cannot be managed by regional centres. Endomyocardial bi-
opsy referral centres for deep investigation of EMB samples, including
immunochemistry and molecular testing, should be identified at region-
al or national level.

14.2. Inflammatory myopericardial
syndrome in regional centres

Most uncomplicated cases can be handled by regional centres, and de-
pending on the healthcare systems, in outpatient departments.
However, the crucial factor is the local expertise. At the same time,
those with more severe pericarditis or myocarditis might need treat-
ment at a hospital or tertiary care referral centre that has advanced
multimodality imaging capacity and access to new therapeutic
agents.*”*

14.3. Hub-and-spoke model

These centres should be capable of managing all care levels and adopt a
hub-and-spoke model. Regardless of where care is provided, the goal is
to sustain communication and collaboration throughout all healthcare
system levels. The hub-and-spoke model aims to ease patient access
to suitable care levels, promote care co-ordination, and drive quality
enhancement for all patients with IMPS.®7#67>
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14.4. Teamwork, competencies, and

advances in imaging techniques

Building a contemporary multidisciplinary team requires knowledge of
recent advancements in imaging techniques, as well as evidence-based
strategies for drug, interventional, and surgical therapies."3'674’676
The conventional organization of academic or practice departments of-
ten operates in isolation, hindering the requirements of diseases that
demand the insights and skills of a diverse expert panel. These centres
should endorse a comprehensive team setup that encourages regular,
ongoing communication among all members. The role of physician-led
vs nurse-led tertiary centres should be explored further®”*¢”® in view
of the increasing number and complexity of these patients, and the util-
ity of monitoring inflammatory markers and serial monitoring of cardiac
imaging, even in an outpatient setting.

15. Key messages

The recognition of the whole spectrum of IMPS is increasing within the
medical community. This is based on a deeper understanding leading to
a more systematic evaluation, as well as more data being generated by
prospective trials. Although these entities have been explored for some
time, the COVID-19 pandemic was the main trigger to increase the
awareness on the spectrum of disease. Advanced multimodality imaging
technologies, including CMR, allow a patient-tailored diagnostic and
therapeutic approach. A major diagnostic paradigm change is the cap-
ability of reaching a clinical diagnosis of certainty by non-invasive multi-
modality imaging (CMR for myocarditis), while EMB remains important
in selected intermediate- and high-risk cases, if a targeted specific ther-
apy, based on specific histotypes or aetiologies, is needed.

15.1. Aetiology

Inflammatory myopericardial syndrome is a spectrum of inflammatory
diseases with some common aetiologies, either infectious or non-
infectious, that can affect either the myocardium (myocarditis) or peri-
cardium (pericarditis) in isolated forms, or combined (myopericarditis
and perimyocarditis).

15.2. Clinical presentation and diagnosis

In a large percentage of cases, myocarditis and pericarditis have a chest
pain presentation, and generally preserved biventricular function with
good outcomes. For myocarditis, complicated forms include those pre-
senting with severe HF and arrhythmias. Nevertheless, uncomplicated
presentations may also develop life-threatening complications, albeit
less commonly, and therefore also may need fast management.
For pericarditis, complicated cases include those with an incessant or
recurrent course. Many cases with persistent symptoms may show
constrictive physiology, which can be reversible after appropriate med-
ical therapy. The diagnosis of non-high-risk cases is based on clinical
evaluation, including ECG and biomarkers, with non-invasive confirm-
ation of the clinical suspicion by evidence of inflammatory involvement
using multimodality imaging (mainly echocardiography and CMR).
Endomyocardial biopsy is recommended for intermediate- and high-
risk cases on a case-by-case decision, only when results are expected
to change management.

15.3. Therapy

The treatment of uncomplicated IMPS is empirical, aiming at the control
of symptoms and prevention of complications. Anti-inflammatory

drugs and colchicine are useful to control chest pain, while additional
therapies should be guideline-directed for specific complicated courses.
If a specific aetiology is identified, treatment should be targeted at the
specific cause. In all cases of IMPS, restriction of physical activity is re-
commended in the acute phase, while return to work and physical ac-
tivity should be individualized according to clinical remission times.

15.4. Prognosis and outcomes

The prognosis of IMPS varies. Most patients presenting with chest pain
have a favourable outcome, although recurrences, especially for peri-
carditis, may severely affect the quality of life of patients and require
long-term follow-up. For complicated cases of myocarditis with HF
and arrhythmias, a tailored and individualized approach is warranted.
Such patients require long-term follow-up, usually lifetime monitoring.

15.5. Multidisciplinary team

Management of patients with IMPS should usually be guided by a multi-
disciplinary team, which should be tailored to the specific patient. This
team should be composed of different clinicians, all with expertise in
cardiovascular diseases (e.g. imaging experts, a pathologist, a rheuma-
tologist, an infectious disease specialist, a geneticist, interventional car-
diologists, intensive care specialists, and surgeons). It is of paramount
importance that physicians develop competence and skills either in
myocarditis or pericarditis to allow timely diagnosis and therapy for pa-
tients, because mixed forms are common in clinical practice.

16. Gaps in evidence

The field of IMPS has significant knowledge gaps across all aspects, from
pathogenesis to therapy. However, growing awareness has led to nu-
merous ongoing studies. Advances in multimodality imaging have en-
abled a more comprehensive and non-invasive understanding of
disease progression, opening the way to patient-tailored approaches.
Despite these advancements, large-scale prospective multicentre trials
with predefined outcome measures are lacking. These uncertainties are
especially pronounced in chronic conditions, as well as in specific pa-
tient groups, such as children, women of childbearing age, during preg-
nancy, lactating women, and in the elderly.

A further challenge is the handling of the return to work and physical
activity as there is a need for a patient-specific approach, taking into
consideration the individual risk. Lessons learned from other diseases
should lead to less restrictive guidance in comparison with previous
advice.

16.1. Myocarditis

Knowledge about myocarditis has evolved during recent years, as the
different mechanisms are better understood. Several causes, such as
viral and toxic ones, including chemotherapy, as well as systemic disor-
ders, have been investigated, and targeted therapeutic approaches
were proposed. However, further research into specific therapy is
needed based on advanced diagnostic approaches.

Nevertheless, a specific challenge for myocarditis is related to the
low frequency of complications and the high rate of spontaneous remis-
sion. On this basis, clinical trials on medical therapy for myocarditis
might be currently underpowered to assess the clinical benefit of a spe-
cific treatment with small sample sizes. In addition, many antiviral ther-
apies are off-label for myocarditis and controlled trials are missing.
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Currently, quantitative immunohistochemistry criteria for the diag-
nosis of LM are under discussion among cardio-pathologists to present
more definite criteria for EMB.

Furthermore, a better understanding of the pathogenic and prognos-
tic role of viral loads is needed (e.g. active/causative vs latent/innocent
bystanders in cardiac viral infections).

Moreover, the role of genetic predisposition in recurrent myocardi-
tis is not thoroughly clarified. Research into the role of genetic predis-
position is evolving to change the classification of disease and may
influence therapeutic pathways in the future. An increase of ‘overlap-
ping’ conditions, especially DCM and ARVC, can be expected and
may change our understanding of the disease in the future.

That means, more research is warranted on the prognosis and SCD
risk stratification.

16.2. Pericarditis

There are significant knowledge gaps in individualized treatment and
pathogenesis of various types of pericarditis, as well as the understand-
ing of the interaction among genetic background, inflammation, and
autoimmune mechanisms. Better knowledge of the pathogenesis of re-
currences may also help to develop more targeted and individualized
therapies.

The genetic background requires further evaluation in complicated,
recurrent cases and could be helpful to elucidate the mechanisms lead-
ing to incessant/recurrent forms. New therapeutic options should also
be considered and evaluated in clinical trials to explore new drugs for
more complicated, incessant, or recurrent cases to develop a more in-
dividualized and efficacious approach for the treatment of pericarditis.

A significant management issue is the treatment of patients not re-
sponding to colchicine and anti-IL-1 agents, as well as the causes of
drug dependence to maintain stable clinical remission, such as for cor-
ticosteroids and anti-IL-1 agents.

Additional research is also warranted to understand the prognostic
significance of persistent LGE of the pericardium.

There are limited data to support the best timing of return to work
and physical activity, and further research is needed on this topic with
appropriate clinical trials or observational studies.

17. Sex differences

There is limited published evidence on this topic. Inflammatory myo-
pericardial syndrome seems to affect males more than females from
a young age. Myocarditis complicated by VA is more common in males,
while in females, a relatively higher proportion of cases presents with
complicated forms compared with males, and systemic autoimmune
disorders are more commonly diagnosed. This was addressed in the
relevant sections. The diagnostic approaches are similar, but care
should be taken when applying normal values, especially in imaging.
Medication should be adapted in women of childbearing age, pregnancy,
and during lactation (more details are specified in specific sections).

18. ‘What to do’ and ‘What not to
do’ messages from the Guidelines

Table 19 lists all Class | and Class Ill recommendations from the text
alongside their level of evidence.

Table 19 ‘What to do’ and ‘What not to do’

Recommendations Class®* Level®
Recommendations for clinical evaluation of myocarditis and pericarditis

Complete clinical evaluation, including history, physical examination, chest X-ray, biomarkers, ECG, and echocardiography is recommended | c
in all patients with a suspicion of myocarditis and/or pericarditis for the initial diagnostic assessment.

CMR is recommended in patients with the clinical suspicion of myocarditis (using updated LL criteria) and/or pericarditis for the | B
non-invasive diagnosis of inflammatory reaction.

Hospital admission is recommended for patients with high-risk pericarditis for monitoring and treatment. | B
Hospital admission is recommended for patients with moderate- to high-risk myocarditis for monitoring and treatment. | C
EMB is recommended in patients with high-risk myocarditis and/or haemodynamic instability, and/or in patients with intermediate-risk

myocarditis not responding to conventional therapy in order to detect a specific histologic subtype and to assess the presence of viral 1 C
genome for treatment.

Invasive coronary angiography or coronary CT, depending on clinical likelihood, is recommended in patients with IMPS if an acute coronary | c
syndrome is suspected to rule out obstructive coronary artery disease.

Routine serology is not recommended in patients with myocarditis and/or pericarditis for the evaluation of viral aetiology except for - c
hepatitis C, HIV and Lyme disease.

Recommendations for genetic testing

It is recommended to obtain family history including pedigrees in cases of recurrent IMPS to provide clues to the underlying aetiology, I c
determine inheritance pattern, and identify relatives at risk.

Recommendations for the use of cardiovascular magnetic resonance imaging

Myocarditis

CMR is recommended in patients with suspected myocarditis to reach a clinical diagnosis and to determine the cause of acute myocardial B

injury, including assessment of oedema, ischaemia, and necrosis/fibrosis/scarring.

Continued
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CMR is recommended for follow-up at least within the first 6 months in patients with myocarditis to identify a healed or ongoing process,
for risk stratification and personalized therapy, and to enable a return to exercise.

Pericarditis

CMR is recommended in patients with suspected pericarditis when a diagnosis cannot be made using clinical criteria to assess evidence of
pericardial thickening, oedema, LGE, and to assess the persistence of disease during follow-up in selected cases.

Recommendations for computed tomography

CT is recommended to evaluate pericardial thickness, calcifications, masses, and loculated pericardial effusions, as well as concomitant
pleuropulmonary diseases and chest abnormalities.

Recommendations for endomyocardial biopsy

EMB is recommended in patients with high-risk myocarditis, and/or haemodynamic instability, and/or in patients with intermediate-risk
myocarditis not responding to conventional therapy in order to detect a specific histologic subtype and to assess the presence of viral
genome for treatment.

Recommendations for autopsy

Comprehensive autopsy is recommended in all patients <50 years of age with SCD to evaluate the presence of acute myocarditis as a cause
and to detect potential underlying inherited cardiac diseases.

Retaining samples suitable for DNA extraction and consulting a cardiac pathologist is recommended in cases of SCD, when an inherited
cause is suspected, or the cause of death remains unexplained.

Recommendations for medical therapy in myocarditis

Management of heart failure

Adherence to the ESC HF guidelines is recommended in cases of myocarditis with LV systolic dysfunction and/or HF to reduce symptoms
and to improve LV function.

Immunosuppressive therapy

Routine use of immunosuppressive therapy is not recommended in acute myocarditis with preserved LV function because no outcome
benefit has been shown.

Recommendations for medical therapy in pericarditis

Colchicine is recommended as first-line therapy in patients with pericarditis as an adjunct to aspirin/NSAID or corticosteroid therapy to
reduce subsequent recurrences.

Anti-IL-1 agents (anakinra or rilonacept) are recommended for patients with recurrent pericarditis after failure of first-line therapies and
corticosteroids, and elevation of C-reactive protein levels to reduce recurrences and allow corticosteroid withdrawal.

High-dose aspirin or NSAIDs with proton pump inhibitors are recommended as first-line therapy in patients with pericarditis to control
symptoms and reduce recurrences.

Corticosteroids are not recommended as the first option for patients with pericarditis therapy without a specific indication.
Recommendations for interventional techniques, including circulatory support in myocarditis

A timely and dedicated Shock Team discussion is recommended in patients with myocarditis in the presence of haemodynamic
compromise, to decide on the need for escalation to MCS and to determine a long-term management plan.

Recommendations for interventional techniques in pericarditis

Pericardiocentesis (echocardiography CT-, or fluoroscopy-guided) is recommended for cardiac tamponade, or suspected bacterial or
neoplastic pericarditis, or symptomatic moderate to large pericardial effusion despite medical therapy.

Surgical pericardial drainage is recommended in patients with pericardial effusion when percutaneous pericardiocentesis is not feasible or
with purulent pericardial effusion to allow complete drainage and to prevent constriction.

Surgical pleuro-pericardial window is recommended in patients with relapsing pericardial effusion despite medical therapy.
Recommendations for surgical therapy

Surgical pericardiectomy is recommended in patients with chronic pericardial constriction or persistent constrictive pericarditis despite
medical therapy to improve symptoms and survival.

Tricuspid valve repair is recommended in patients with pericardial constriction and severe tricuspid valve regurgitation to improve
symptoms and survival.

Recommendations for management of arrhythmias and prevention of sudden cardiac death in myocarditis

ICD in myocarditis—secondary prevention

ICD implantation is recommended in patients with non-active myocarditis and haemodynamically not-tolerated sustained VT to prevent
SCD.
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Recommendations for risk stratification, complications, and outcomes of inflammatory myopericardial syndrome

Follow-up with clinical assessment, biomarkers, ECG, exercise test, Holter-ECG monitoring, echocardiography, and CMR at least within
6 months after the index hospitalization is recommended in all patients with myocarditis to identify a potential progression or new risk
factors.

Long-term follow-up is recommended for patients with complicated myocarditis to identify a potential progression or new complications.
Long-term follow-up is recommended for patients with incessant or recurrent pericarditis to identify a potential progression and new
complications.

Recommendations for giant-cell myocarditis

EMB is recommended in patients with suspected GCM due to unexplained new-onset HF of up to 2 weeks associated with a normal or
dilated left ventricle and new ventricular arrhythmias, second- or third-degree AVB, or failure to respond to usual care within 1 to 2 weeks
to initiate specific treatment.

Combined immunosuppressive therapy is recommended in patients with a diagnosed GCM.

Recommendations for myocarditis in sarcoidosis

Diagnosis

CMR, using tissue characterization techniques, is recommended in patients with suspected CS to assess cardiac inflammation and
myocardial involvement.

'8F_FDG-PET is recommended for the diagnostic work-up, including detection of inflammation, as well as for follow-up and assessment of
therapeutic response in patients with CS.

Therapy

ICD implantation is recommended in patients with CS and sustained ventricular arrhythmia (VT/VF) or aborted CA to prevent SCD.
ICD implantation is recommended in patients with CS and LVEF <35% to prevent SCD.

Recommendations for immune checkpoint inhibitor-associated myocarditis

Diagnostic triage within 24 h is recommended in patients with suspected myocarditis induced by ICl to initiate treatment rapidly.
Immediate disruption of ICl and administration of high-dosage corticosteroids are recommended in patients with ICl-associated myocarditis
in order to stop the inflammatory reaction and stabilize the patient.

Recommendations for inflammatory cardiomyopathy

Guideline-directed HF treatments are recommended in patients with inflammatory cardiomyopathy to improve and/or stabilize left
ventricular function.

Specific medical therapy for the potentially underlying systemic disease is recommended in inflammatory cardiomyopathy.
Recommendations for tuberculous pericarditis

Diagnosis and treatment of tuberculous pericarditis and effusion

Diagnostic pericardiocentesis is recommended in all patients with suspected tuberculous pericarditis when diagnosis is not confirmed by
non-invasive tests to identify the aetiological agent in pericardial fluid.

Empirical antituberculosis chemotherapy is recommended in patients living in endemic areas with exudative pericardial effusion after
excluding other causes to treat the most likely cause.

Standard antituberculosis multidrug treatment for 6 months is recommended in patients with tuberculous pericarditis for the prevention of
pericardial constriction.

Pericardiectomy is recommended in patients with tuberculous pericarditis if the condition is not improving or is deteriorating after

4-8 weeks of antituberculosis therapy to change the course of disease.

Empirical antituberculosis treatment is not recommended in patients living in non-endemic areas.

Recommendations for neoplastic pericardial involvement

Pericardiocentesis is recommended for patients with cardiac tamponade to relieve symptoms and establish the diagnosis of malignant
pericardial effusion.

Extended pericardial drainage (3—6 days) is recommended in patients with suspected or definite neoplastic pericardial effusion to prevent
effusion recurrence.

Cytological analysis of pericardial fluid is recommended in patients with neoplastic pericarditis for the confirmation of malignant pericardial
disease.

Systemic antineoplastic treatment is recommended in confirmed cases of neoplastic aetiology to treat the primary and secondary metastatic

neoplastic involvement.
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Recommendations for post-cardiac injury syndrome

Anti-inflammatory therapy is recommended in patients with PCIS to hasten symptom remission and reduce recurrences.

IL-1 antagonists are recommended in patients with refractory PCIS to prevent recurrences and progression to constriction.

High-dose aspirin is recommended as the first-choice anti-inflammatory therapy for post-myocardial infarction pericarditis and in patients
already on antiplatelet therapy.

Recommendations for purulent pericarditis

Urgent pericardiocentesis and/or a surgical window is recommended in patients with suspicion of purulent pericarditis to establish a
diagnosis.

Recommendations for constrictive pericarditis

Diagnosis

Multimodality imaging is recommended in all patients with suspected constrictive pericarditis to make the diagnosis and assess pericardial
thickening, calcifications, and active inflammation.

Therapy

Anti-inflammatory therapy is recommended in haemodynamically stable patients with a transient or new diagnosis of constriction with
concomitant evidence of pericardial inflammation to prevent progression to constriction and avoid pericardiectomy.

Pericardiectomy is recommended in patients with permanent constriction if there is no active inflammation or anti-inflammatory treatment
is not successful after 3—6 months.

Recommendations for pregnancy, lactation, and reproductive issues

Pre-conception counselling is recommended in women with recurrent pericarditis or myocarditis to assess disease activity and to review
therapy.

Recommendations for physical activity and myocarditis/pericarditis

Restriction of physical exercise until remission, for at least 1 month, is recommended in athletes and non-athletes after IMPS using an

individualized approach to accelerate recovery.

Recommendations for multidisciplinary teams in myopericardial syndromes

A multidisciplinary team discussion at a referral centre is recommended in patients with high-risk/complicated IMPS to provide a

patient-tailored approach.

I C

AVB, atrioventricular block; CA, cardiac arrest; CMR, cardiovascular magnetic resonance; CS, cardiac sarcoidosis; CT, computed tomography; DNA, deoxyribonucleic acid; ECG,
electrocardiogram; EMB, endomyocardial biopsy; ESC, European Society of Cardiology; '®F-FDG-PET, ['®F]-fluorodeoxyglucose positron emission tomography; GCM, giant-cell
myocarditis; HF, heart failure; HIV, human immunodeficiency virus; ICD, implantable cardioverter-defibrillator; ICl, immune checkpoint inhibitor; IL, interleukin; IMPS; inflammatory
myopericardial syndrome; LGE, late gadolinium enhancement; LV, left ventricle; LVEF, left ventricular ejection fraction; MCS, mechanical circulatory support; NSAID, non-steroidal
anti-inflammatory drug; PCIS, post-cardiac injury syndrome; SCD; sudden cardiac death; VF, ventricular fibrillation; VT, ventricular tachycardia.

Class of recommendation.
®Level of evidence.

19. Evidence tables

Evidence tables are available at the European Heart Journal online.
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