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ABSTRACT Fulminant myocarditis (FM) is an uncommon syndrome characterized by sudden and severe hemodynamic compromise secondary to acute myocardial inflammation, often presenting as profound cardiogenic shock, life-threatening ventricular
arrhythmias and/or electrical storm. FM may be refractory to conventional therapies and require mechanical circulatory support
(MCS). The immune system has been recognized as playing a pivotal role in the pathophysiology of myocarditis, leading to an increased focus on immunosuppressive treatment strategies. Recent data have highlighted not only the fact that FM has significantly worse outcomes than non-FM, but that prognosis and management strategies of FM are heavily dependent on histological
subtype, placing greater emphasis on the role of endomyocardial biopsy in diagnosis. The impact of subtype on severity and prognosis will likewise influence how aggressively the myocarditis is managed, including whether MCS is warranted. Many patients with refractory cardiogenic shock secondary to FM end up requiring MCS, with venoarterial extracorporeal membrane
oxygenation demonstrating favorable survival rates, particularly when initiated prior to the development of multiorgan failure.
Among the challenges facing the field are the need to more precisely identify immunopathophysiological pathways in order to
develop targeted therapies, and the need to better optimize the timing and management of MCS to minimize complications and
maximize outcomes.

F

ulminant myocarditis (FM) is the most
severe manifestation of acute myocarditis
(AM), an acute inflammatory myocardial
disease most often triggered by viral infections or
autoimmune disorders.[1,2] It represents an uncommon syndrome characterized by various clinical manifestations such as severe acute heart failure (HF),
cardiogenic shock (CS), ventricular arrhythmias, or
sudden death. This narrative review provides a summary of the definition, physiopathology, etiologies,
and diagnosis of FM, as well as the rationale and evidence supporting the use of temporary mechanical
circulatory support (MCS) and specific immunosuppressive therapies. We also discuss future key research questions and challenges for this complex
disease.
© 2022 JGC All rights reserved; www.jgc301.com

DEFINITION
AM is an inflammatory disease of the heart of recent onset (e.g., < one month), generally presenting
in young, healthy individuals, with a male prevalence, with a wide spectrum of clinical severity: from
asymptomatic or minor symptoms to overt CS or sudden death.[3] FM refers to the latter, with acute HF,
CS and/or severe arrhythmic disturbances. The original definition for FM included only lymphocytic
myocarditis (LM) and the diagnosis of FM was made
almost exclusively on autopsies.[2,4] Recently, Ginsberg, et al.[5] proposed a new, more practical, clinical
definition of FM to align with clinical practice, focusing on acute symptom onset (< two weeks) with
severe hemodynamic impairment requiring either
inotropes or temporary MCS. Currently, the most
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accepted definition of FM requires acute illness (< one
month from symptom onset), hemodynamic compromise due to CS or electrical storm, and need for
hemodynamic support (inotropes or temporary MCS)
in the absence of an ischemic cause or other pre-existing cardiomyopathies.[6]

EPIDEMIOLOGY
The incidence of AM and FM is difficult to quantify given the wide variation of clinical presentations and challenges in establishing the diagnosis.
Currently, approximately 33% of the patients initially labeled as myocardial infarction with non-obstructed coronary arteries are later diagnosed as AM.
Based on the Global Burden disease registry, referring to 2019, in the age between 20 years and 44 years,
when myocarditis can commonly occur, the rate of
myocarditis is 6.1 per 100,000 in men and 4.4 per
100,000 in women.[7] Regarding FM, data are scarcer,
even if it has been estimated that the prevalence among
patients admitted with AM is between 5% and 10%.[3,8]
In one of the largest series of FM requiring MCS across
13 centers over six years, only 57 patients were identified.[9] Similarly, in an international, multicenter
study spanning almost 19 years, there were only 220
histologically-confirmed cases of AM, 165 cases of
which were classified as FM.[10]

PATHOPHYSIOLOGY
Although not completely elucidated, the pathophysiology of AM has traditionally been divided into
three phases:
Viral Phase. Historically, it has been believed that
AM is initiated by either a reactivation of a dormant
virus (i.e., parvovirus B19) or an introduction of a
new cardiotropic virus (i.e., coxsackievirus) in the
host myocardium (virus-induced myocarditis). This
phase is usually short (e.g., few days) and is frequently missed from a clinical perspective.[11,12] Data
from endomyocardial biopsy (EMB) from patients
with AM and FM show a high prevalence of parvovirus B19,[1,13] although its pathogenic role is still discussed. Nowadays, it is believed that common respiratory viruses (influenza viruses, rhinoviruses
and coronaviruses) can trigger AM through an immune-mediated LM.[1,14]
Immune Activation. Although viral replication
138
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within the myocardium can be injurious in itself,
most of the tissue damage results from an unregulated host immune response in an attempt to eliminate the infected cells.[15] This phase is characterized by the activation of virus-specific T lymphocytes.[12] T cells clonally expand to neutralize the original antigen, which could be a myocardial protein
instead, leading to greater myocardial destruction
by molecular mimicry.[16] Interleukin-6 is thought to
play a key role in this inflammatory cascade, with
subsequent activation of B lymphocytes and production of antibodies.[17] This phase usually lasts for
days or weeks,[12] even if in most cases resolve spontaneously. An alternative explanation is that in virustriggered AM, there is a molecular mimicry between
viral and cardiac antigens, that might result in autoreactive T cell infiltration in the myocardium in predisposed individuals, without the need for viral infiltration of the heart.[6,18]
Myopathy Phase. In most cases of AM, the immune response is properly modulated and adaptative, with the eventual elimination of viral replication, when present, allowing the myocardium to
heal without sequelae. However, in some cases, the
infection is not well-controlled and the inflammation persists, leading to myocardial necrosis, ventricular remodeling, and dilated cardiomyopathy.[15]
The persistent release of cytokines activates metalloproteinases, which cleave and digest the extracellular framework of the myocardium.[19] Eventually,
myocardial fibrosis may develop, sharing common
molecular pathways with other cardiomyopathies.[20]

ETIOLOGY: SPECIFIC ETIOLOGICAL SUBTYPES
AM can broadly be characterized as an inflammatory myocarditis, the etiologies of which are
presented in Table 1, along with their respective
clinical presentations, treatments, and outcomes.
Lymphocytic Myocarditis
LM is the most frequent form of AM, characterized
by myocardial infiltration of mononuclear cells and
left ventricular dysfunction. In a biopsy-proven cohort, LM represented 71% and 72% of the FM and
non-FM groups, respectively.[10] It is important to
distinguish LM from other inflammatory myocarhttp://www.jgc301.com; jgc@jgc301.com
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Table 1

Subtype of fulminant
myocarditis

Lymphocytic
myocarditis

Eosinophilic
myocarditis

Giant cell myocarditis

Immune checkpoints
inhibitors-checkpoint
myocarditis

Main histological subtypes of fulminant myocarditis.

Pathology

Small mononuclear
cells (CD3+ T
lymphocytes)

Clinical
presentation/Diagnosis

Treatment

Viruses
Drugs/toxins
Autoimmune

Wide range of
presentations
The most frequent
subtype in asymptomatic
patients

Frequently self-limited
In fulminant myocarditis,
mechanical circulatory
support as supportive care
No clear evidence of
immunosuppressants

Hypersensitivity
(antibiotics, clozapine,
carbamazepine)
Churg-Strauss
Hypereosinophilic
syndrome
Parasitic infections
(Toxocara canis)

From asymptomatic to
fulminant myocarditis or
Loeffler cardiomyopathy
Fever, skin rash if
hypersensitivity
Peripheral eosinophilia
not always present
Frequent intraventricular
thrombosis

Identifying cause
High-dosing
corticosteroids +/−
cyclophosphamide,
albendazole, imatinib,
azathioprine or
methotrexate
Mechanical circulatory
support (mainly in
hypersensitivity and
idiopathic forms)

Incidence

The most frequent
histological
subtype

Eosinophilic infiltrate Rare: unknown

Etiology

Large multinuclear
cells in the absence of
well-formed
Uncommon
granuloma
Degranulated
eosinophils

Young, healthy adults
Severe heart failure,
refractory cardiogenic
Unknown
Autoimmune disorders shock
frequently associated Frequent arrhythmic
disturbances
(25%)
(atrioventricular block,
ventricular tachycardia,
ventricular fibrillation)

Aggressive, combined,
immunosuppressants
treatment: cardiogenic
shock + cyclosporinebased treatment
Rabbit anti-thymocyte
immunoglobulin
Muromunab,
azathioprine: second-line
treatment
Frequent need of
mechanical circulatory
support

Similar to a highgrade cardiac
rejection: T cell
mediated injury

Life-threatening
arrhythmic disturbances
(atrioventricular block,
refractory ventricular
tachycardia), multiorgan
Immune checkpoints
failure
inhibitors (nivolumab, Early presentation after
pembrolizumab)
initiation of immune
checkpoints inhibitors
(< 6 weeks)
Possible other organ
involvement (liver, lung,
etc)

Withdrawal of the drug
High dosing of
corticosteroids
Mechanical circulatory
support

Less than 1% of
treated patients

ditis, as its outcome tends to be better than that of
giant cell myocarditis or other non-specific subtypes of AM.
There are three broad etiological categories typically responsible for LM (Figure 1): pathogens (mainly
viruses, either by direct or indirect immune-mediated
myocardial injury), drugs or toxins, and autoimmune
disorders.[2] Viral infections are the most frequent cause of LM, accounting for approximately 30%−40%.[11,21]
Other causative pathogens, such as bacteria (e.g., chlamydia, rickettsia), protozoa, and fungi have also been
described.[12]
The pathophysiological mechanisms of myocardial injury include either the direct viral tropism
(virus-mediated myocarditis) or molecular mimicry
due to cross-reactivity with host myocardial proteins (virus-triggered myocarditis). Typically, enterhttp://www.jgc301.com; jgc@jgc301.com

oviruses (e.g., coxsackievirus) depend on viral-mediated myocardial injury, whereas respiratory viral
infections (e.g., influenza and severe acute respiratory syndrome coronavirus 2) usually trigger immune-mediated AM, with the viruses themselves typically undetectable in the myocardium.[22,23] Parvovirus B19 and human herpesvirus 6 represent viral
pathogens that can cause myocardial injury by both
mechanisms.[6]
LM is the subtype most likely to present with selflimited disease without the need for specific treatment.[24] Even fulminant LM has been reported to
recover spontaneously despite an initial need for
temporary MCS. Medical treatment in this AM subtype could be directed toward the virus itself or the
subsequent inflammatory cascade. Antiviral approaches with interferon have infrequently been at139
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Figure 1 Primary causes and associated subcategories of acute myocarditis. Reprinted from Trachtenberg, et al.[113] Copyright© 2017,
the American Heart Association, Inc.

tempted in humans, albeit with promising results,[25]
although most of these cases involved chronic or
subacute disease and excluded FM. The role of corticosteroids in fulminant LM remains unclear and
warrants further investigations,[26] even if cases series
have demonstrated interesting results.[27,28]

eatening arrhythmias, and need for venoarterial extracorporeal membrane oxygenation (VA-ECMO).[31]
In one international cohort of influenza A-associated AM, 36 of 58 patients had a fulminant presentation, with 17 patients requiring temporary MCS.[33]

Influenza Virus

Severe Acute Respiratory Syndrome Coronavirus 2

Influenza virus may induce myocarditis, reportedly in the form of LM. With influenza viral antigens or genetic material rarely detected in the myocardium itself, the likely mechanism of injury is indirect damage (i.e., cytokine storm, endothelial cell dysfunction, and inflammation-mediated injury) rather
than direct cardiac tropism.[29,30] Acute and fulminant forms have been reported as a result of either influenza A or B, with several case reports and series
published after the pandemic influenza A (H1N1)
in 2009.[31,32] Notably, influenza B-related FM was
associated with favorable outcomes despite severe
hemodynamic impairment, early onset of life-thr-

The pathophysiology behind coronavirus disease
2019 (COVID-19)-related myocardial injury and
subsequent CS, has not yet been fully elucidated.[34]
Both direct tropism and indirect injury due to cytokine storm have been proposed, with the latter seeming to predominate.[35–37] The presence of cardiac
injury has been independently associated with a 4fold increased risk of mortality in patients infected
with COVID-19. [38] Given the complex pathophysiology, risk of complications, and uncertain outcomes, the role of VA-ECMO has not been firmly established and should be individualized on a case-bycase basis by an interdisciplinary team. Similar to
the multisystem inflammatory syndrome described
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in children,[39] corticosteroids and intravenous immunoglobulins have been proposed in adults. [40]
Lastly, recent case series reported myocarditis-like
illness 2–4 days after mRNA (Moderna or PfizerBioNTech) or adenovirus (Janssen) COVID-19 vaccination.[41,42] Although the link between COVID-19
vaccination and myocarditis remains circumstantial, and a mechanism has not been established, the
clinical course of vaccine-associated myocarditislike illness appears favorable, with resolution of
symptoms in all patients.[41,42]
Giant Cell Myocarditis (GCM)
GCM is an uncommon but highly lethal form of FM
in young healthy adults,[11] with approximately 20%
of patients having pre-existing autoimmune disorders.[43] Patients typically present with severe acute
HF, often leading to refractory CS. Arrhythmic disturbances, mostly ventricular tachycardia or complete atrio-ventricular block, are common.[44] Arrhythmias at initial presentation have been associated
with an increased long-term risk of life-threatening
arrhythmias (50% at five years).[45] As delays in both
diagnosis and targeted treatment can lead to dismal
outcomes, patients with typical features (e.g., rapidly evolving HF, arrhythmias, and lack of response
to medical treatment) should promptly undergo
EMB.[6,46,47] In the largest cohort of biopsy-confirmed
FM, Ammirati, et al.[10] demonstrated a strong correlation between giant cell histology and short and
long-term prognosis, compared to LM and EMB.
Notably, sensitivity of EMB may be less than 60%
when performed early in the disease course[48] and
may warrant repeating if initial EMB is negative but
suspicion of GCM remains high.[45] Histopathologically, GCM is a diffuse or multifocal lymphocytic infiltrate with multinucleated giant cells associated
with myocardial damage. Degranulated eosinophils are also frequently observed.[2] Acute HF can
develop rapidly in GCM, thus necessitating close
monitoring of hemodynamics and early consideration of MCS. [48] Given the very low likelihood of
spontaneous myocardial recovery and high risk of
death or heart transplant within the first year of diagnosis,[48–54] prompt and aggressive treatment with
immunosuppression is an essential component of
management. Cooper, et al.[50] showed that combined
immunosuppressants significantly prolonged surhttp://www.jgc301.com; jgc@jgc301.com
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vival or time to transplant from 3.0 months to 12.3
months. The combination of steroids and rabbit antithymocyte globulin has been recently examined,
showing promising results on left ventricular recovery.[54] Similarly, cyclosporine-based immunosuppressive therapy has a pivotal role in the treatment
of GCM,[50,52] with muromunab or azathioprine considered second-line treatments.[55]
Eosinophilic Myocarditis (EM)
EM represents a rare form of myocarditis characterized by myocardial eosinophilic infiltration, often
with accompanying peripheral eosinophilia. In a recent review of 179 patients with EM, an associated
systemic disorder was found in 64% of cases;[56] drughypersensitivity was most common (34%), followed
by Churg-Strauss syndrome (13%) and hypereosinophilic syndrome (HES) (8%).[2,56] Hypersensitivityrelated EM was associated with the highest mortality
rate (36%) (Figure 2), in part explained by the high
prevalence of cardiac arrest during the acute phase.[56]
The clinical presentation varies from paucisymptomatic to acute FM (also called acute necrotizing
EM) to chronic restrictive cardiomyopathy (classically called Loeffler cardiomyopathy).[6] Usually, EM
presents in middle-aged patients, often presenting
with dyspnea or chest pain. ST-segment deviations,
increased troponins, and peripheral eosinophilia
are common findings, although the absence of eos-

Figure 2 Outcomes of different etiologies leading to eosinophilic myocarditis. Kaplan-Meier survival free from death, heart transplantation, total artificial heart, and long-term ventricular assist
device. *Presented as unadjusted significant differences between
the groups (P < 0.05), after Bonferroni ’s test only idiopathic or
undefined versus hypersensitivity eosinophilic myocarditis remains significant. Reprinted from Brambatti, et al.[56]
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inophilia does not rule out the diagnosis of EM.[56–58]
In fact, the more fulminant form of EM, with higher
associated mortality, lacks peripheral eosinophilia
35%−40% of the time.[56] Notably, the late gadolinium
enhancement (LGE) pattern on cardiac magnetic
resonance imaging (MRI) is more often subendocardial, unlike most myocarditis which typically show
epicardial LGE.[56,59] Cardiac MRI may also help identify intraventricular thrombi, which have frequently
been associated with HES-related EM.
Given the need for targeted therapies in EM, EMB
plays an important role in diagnosis and management.[6] However, due to relatively high rates of intracardiac thrombosis, echocardiography or cardiac
MRI if feasible should rule out ventricular thrombi
before performing EMB. It is also relevant to identify
the underlying trigger of EM to help guide management. Despite a lack of clinical trials studying the
effect of steroids in EM, high-dose steroids should
be given to those with hypersensitivity-related EM,
in addition to withdrawal of the offending agent.[56,60]
The combination of steroids with additional treatments may be warranted for particular etiologies,
such as cyclophosphamide in Churg-Strauss-related
EM, imatinib in the myeloproliferative variant of
platelet-derived growth factor receptor A-associated
HES, or albendazole in EM associated with Toxocara
canis infection. In some forms of HES, therapeutic anticoagulation may be considered due to the increased risk of intraventricular thrombi.[61]
The need for MCS in fulminant forms of EM ranges between 2% and 20% of patients with wide
variation across EM subtypes. The hypersensitivity
and idiopathic forms seem to be associated with
higher rates of temporary MCS (19.7% and 15.6%,
respectively).[56] Interestingly, myocardial recovery
can be quite high in temporary MCS-supported patients treated with concomitant corticosteroids, with
survival approaching 90%.[62,63] However, the overall rate of death or heart transplant in the fulminant
forms is reported to be up to 26% in recent series.[10]
AM Associated with Immune Checkpoints Inhibitors (ICI) or Other Novel Cancer Therapies
Chemotherapy-associated cardiac toxicity may manifest as myocarditis. ICI-induced myocarditis is a newly recognized, potentially fatal form of AM.[64] Despite
being reported in less than 1% of treated patients,[65,66]142
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the wider use of novel cancer therapies and recent
characterization of this entity has led to increasing
awareness and diagnosis. ICI are blocking antibodies targeting immune checkpoints (i.e., cytotoxic Tlymphocyte antigen 4, programmed death receptor
1, and its ligand) that in turn activate T cells responsible for myocardial injury. The pattern of T cellmediated injury has an appearance that mimics highgrade cardiac transplant rejection.
The fulminant form of ICI-associated AM typically presents with life-threatening arrhythmic disturbances (e.g., complete atrio-ventricular block and
refractory ventricular tachycardia), leading to multiorgan failure and death.[64] Most patients present
early after treatment initiation, generally within the
first six weeks.[66] The underlying immune activation
may lead also to other organ injury, such as hepatitis, pneumonitis, and, commonly, myositis. The latter may precede cardiac involvement and should prompt a workup for skeletal muscle involvement, including biopsy, as indicated.[67]
Recommended treatment includes withdrawal of
the offending agent, high-dose steroids, and hemodynamic support, with temporary MCS if necessary.[2]
Second-line treatment options include alemtuzumab, anti-thymocyte globulin, and abatacept. Outcomes are variable, but mortality may be as high as
50%.[67]

DIAGNOSIS
Clinical Evaluation
A thorough history and physical exam is important to help characterize both the etiology and severity. Patients with AM usually report chest pain (which
may also represent concomitant pericarditis), dyspnea, or palpitations. Syncope occurs in 6% of cases,
and sudden death may be the initial manifestation.[68]
A history of exposure to drugs or infections should
be considered, as should the presence of autoimmune
or systemic inflammatory disorders, given their presence in 7.2% of patients with AM, including 15.4%
of severe cases.[3] In patients with acute HF symptoms
or CS, it is important to identify signs of tissular hypoperfusion that may impact clinical management.[2,69]
Electrocardiogram (ECG)
ECG is neither specific nor sensitive, with 85% of
http://www.jgc301.com; jgc@jgc301.com
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cases having an abnormal finding. The most common abnormality is ST-segment elevation which could
mimic an acute coronary syndrome.[70] Other ECG
abnormalities may include widening of the QRS interval, atrio-ventricular block, bradyarrhythmia, or
tachyarrhythmia, including ventricular tachycardia
or ventricular fibrillation, with malignant arrhythmias conferring the highest risk. PR-segment depression may be seen when there is concomitant pericarditis. AM is typically not associated with the presence of Q waves or reciprocal changes.

be seen, mostly in the inferior and lateral walls, without
a typical coronary distribution.[73] Other findings include pericardial effusion, right ventricular dysfunction, or wall thickening and mottling.[75] It is worth
highlighting that LVEF can rapidly change in AM,
requiring close and prompt monitoring, thus even
patients with initial LVEF > 50% can have an unfavorable evolution, especially in the first 24−48 h since
admission. The importance of echocardiography becomes even more important in the presence of hemodynamic compromise.

Laboratory Tests

Magnetic Resonance Imaging

Typically, patients with AM present with high
levels of cardiac troponins. There is a mild correlation between the extent of myocardial damage and
the magnitude of troponin levels.[71] Importantly,
cardiac troponin does not help differentiate AM
from myocardial ischemia, and low troponin levels
do not rule out myocarditis,[68] even if higher levels
of creatine kinase-myocardial band isoenzyme has
been associated with poor prognosis, specifically
lower likelihood of weaning form temporary MCS
in patients with FM for peak values of creatine kinasemyocardial band isoenzyme above 185 U/I.[72] Natriuretic peptides are often elevated and are related to
outcomes.[2,73] C-reactive protein is non-specific but
elevated in most cases.[3] Eosinophilia, when present,
may suggest EM. The presence of autoantibodies
may be indicative of autoimmune-mediated AM.
Recently, it has been identified a novel and specific
microRNA for the diagnosis of AM, able to distinguish AM from acute myocardial infarction, and with
appealing applications in the near future.[74] In fulminant presentations, extra-cardiac organ dysfunction may manifest as elevations in lactate (which should always be assessed early), hepatic enzymes, bilirubin, creatinine or coagulation parameters (e.g., prolonged prothrombin time or partial thromboplastin
time).

Cardiac MRI has emerged as a useful diagnostic
tool for AM, particularly in uncomplicated patients,
with the ability to quantify alterations in myocardial signal, providing data about left ventricular function, edema, and LGE.[59,76] Cardiac MRI is currently
indicated in patients presenting with chest pain, abnormal levels of cardiac troponin, and non-obstructed
coronary arteries, referred to as myocardial infarction with non-obstructed coronary arteries, in order
to distinguish between ischemic and non-ischemic
myocardial injury.[77] The expanding use of cardiac
MRI has contributed to the detection of a higher incidence of uncomplicated AM. However, cardiac MRI
may not be feasible in patients with FM, owing to clinical instability and the incompatibility between MRI
and MCS. MRI may be more relevant after medical
stabilization, with the goal of characterizing the presence, extent, and location of inflammation and fibrosis.
In general, MRI cannot determine the histological
subtype of AM, although the location of inflammation, such as basal septum in cardiac sarcoidosis,
may be suggestive.[78] Typically, the distribution of
LGE in AM is epicardial, as opposed to an endocardial-to-epicardial distribution seen in chronic ischemic disease.[59] MRI can be useful in the longitudinal assessment of AM, with the persistence of LGE
associated with worse outcomes, including recurrence of myocarditis.[79]

Echocardiography
Echocardiography is one of the cornerstones of
AM evaluation. Uncomplicated AM is defined by
left ventricular ejection fraction (LVEF) > 50%, which
is the finding in nearly three-quarters of cases. [6]
LVEF on admission is closely associated with outcomes.[3] Segmental wall motion abnormalities can
http://www.jgc301.com; jgc@jgc301.com

Endomyocardial Biopsy
The role of EMB in AM remains controversial.[2]
The American Heart Association/American College of Cardiology/European Society of Cardiology
consensus statement from 2007 considers EMB a
143
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Class I indication for: (1) unexplained new-onset HF
of less than two weeks duration associated with
hemodynamic compromise; or (2) unexplained newonset HF of two weeks to three months duration associated with a dilated left ventricular and new bradyarrhythmia (Mobitz type II or complete heart block),
new ventricular arrhythmias, or a failure to respond
to standard care within one to two weeks of diagnosis.[47] In 2016, the American Heart Association released a revised statement recommending EMB for
patients with rapidly progressive HF in whom there
is a high suspicion of an etiology that can be only confirmed by myocardial histology.[80] In 2020, an expert consensus document recommended EMB for
patients with AM and CS, acute HF, ventricular arrhythmias, or advanced atrioventricular block, especially in case of mildly or non-dilated left ventricular and recent onset of symptoms.[6] Importantly,
the authors of that consensus document suggest
that EMB is no longer useful in most patients with
LVEF > 40%, especially if in the absence of symptoms or acute HF, but still relevant for patients with
severe left ventricular systolic dysfunction or FM.
Based on the existing guidelines and consensus statements, we suggest that EMB be considered when
a specific diagnosis is needed to guide or tailor therapy, including cases of CS with normal coronary arteries with clinical suspicion of AM and most cases
of FM.[2]
Despite the existing guidance, the rates of EMB
are perhaps understandably lower than recommended,[9,48] likely owing, at least in part, to hemodynamic instability and a higher risk of complications
in these patients. EMB-related complication rates
correlate with center experience and volume, with
rates as low as 1%−2% in experienced centers, versus
nearly 9% in low-volume centers.[81,82] Risk may be
compounded by the need for multiple biopsy specimens in order to increase yield when myocardial involvement is patchy. Sensitivity of EMB may be increased by directing the procedure with cardiac MRI,
when feasible.[2]

MANAGEMENT
Temporary MCS
FM often consists of acute HF progressing to CS,
typically requiring inotropic agents to achieve hem144
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odynamic stabilization. However, inotropes may induce or aggravate tachyarrhythmias, which may, in
turn, necessitate early implementation of temporary
MCS, including extracorporeal life support.
Temporary MCS as a bridge-to-recovery is a reasonable consideration for FM; patients tend to be
young with few preexisting comorbidities, FM is
usually self-limited with a high rate of recovery and
infrequent need for transplantation, and duration of
temporary MCS is typically < 7−10 days. The use of
temporary MCS for FM markedly increased since
its first use in 1990,[83,84] but the type of temporary
MCS and best timing of implantation are still a matter of debate. With extra-cardiac end-organ failure
independently associated with higher mortality,[85,86]
the objective of temporary MCS is to intervene timely and prior to the development of multiorgan
failure, while allowing time for cardiac recovery.
Identifying the proper candidacy for and timing of
temporary MCS may be facilitated through the involvement of multidisciplinary shock teams, where
available. Because most fulminant LM recovers spontaneously, the duration of temporary MCS support is usually short. However, in the absence of myocardial recovery after 10−15 days, patients should
be considered for bridging to long-term mechanical
support or heart transplant, as appropriate.
Extracorporeal life support, typically VA-ECMO,
is the quickest and most straightforward way to
provide full hemodynamic support, and the results
from several case series have suggested that early
implementation of ECMO may be associated with
better outcomes.[85,87,88] However, any potential survival benefit has to be weighed against the risk of
complications associated with extracorporeal support.[89] In addition, the increase in afterload from
VA-ECMO may require additional device support
(e.g., intra-aortic balloon pump, Impella® systems)
for left ventricular unloading.[90–93] Microaxial percutaneous ventricular assist devices (i.e., Impella®
systems) are increasingly being used in this setting
to unload the left ventricle, reduce myocardial oxygen consumption, and mitigate injury to the inflamed myocardium, with preliminary data from small
case series suggesting favorable outcomes.[94] Of note,
in FM patients with ventricular wall edema and thickening with a resultant small left ventricular cavity, caution should be taken in using devices that create
http://www.jgc301.com; jgc@jgc301.com
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negative drainage pressure, as suction phenomena
may occur.
Immunosuppressive Therapy
In many cases of FM, immunosuppressive therapy is an essential component of management, particularly for EM, GCM, cardiac sarcoidosis, and autoimmune-associated FM. There has been a recent trend
towards the use of combination therapy, with corticosteroids as the mainstay.[50] In the acute phase of
FM, other agents such as intravenous immunoglobulins, cyclophosphamide, and rituximab, are used.
Plasmapheresis is sometimes used, especially in cases
of antiphospholipid syndrome.[95–97] In the absence
of an identified systemic inflammatory disease state
warranting specific therapy, there are no data to guide
treatments for LM.[2] The Myocarditis Treatment Trial,[98]
aiming to assess the efficacy of immunosuppressants in AM, reported no clinical benefit from immunosuppression in LM, although the rarity of the disease makes it difficult to conduct large randomized
controlled trials aimed at answering this question.
It remains controversial whether steroids should
be given in LM with negative viral polymerase
chain reaction (PCR) studies. The European Society
of Cardiology Working Group on Myocardial and
Pericardial Diseases recommends that immunosuppressants be started only after ruling out active viral
infection on EMB by PCR,[68] although there is no consensus among experts whether it is necessary to
perform viral studies on all EMB specimens.[6] Although the presence of parvovirus B19, the virus
most frequently identified in the myocardium, does
not appear to impact prognosis, the presence of other viruses (e.g., cytomegalovirus, adenovirus, enterovirus) may have prognostic implications, and their
presence should preclude the use of immunosuppressants. In general, immunosuppressants should
be considered in LM with negative viral PCR on EMB,
or those with parvovirus B19 or human herpesvirus
6, with ongoing usage dependent on the initial response and presence or trajectory of a viral load, if
present. [6] Furthermore, it is still debated if viral
search in the myocardium can guide the choice to
administer immunosuppression therapy in patients
with FM.[99] In fact, in the setting of lymphocytic FM
only parvovirus B19 has been found in a large recent registry. At present, the role of a routine viral
genome search on EMB in guiding immunosuphttp://www.jgc301.com; jgc@jgc301.com
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pression in patients with FM remains largely to be
proven, also considering that PCR technique is time
consuming with an average time to response varying from 36 h to 72 h.[99] Of note, when there is a high
suspicion for GCM, corticosteroids should be administered promptly, as their usage will not obscure EMB results.[2]

OUTCOMES OF FM AND TEMPORARY
MCS
Historically, there had been a perception that FM
had better outcomes than non-FM.[24] More recently,
a cohort of AM out of Italy demonstrated that FM
was associated with worse outcomes, with lower
LVEF at follow-up, and increased long-term mortality and need for heart transplant.[27] These findings
were confirmed in an international registry of 220
cases of biopsy-proven myocarditis,[10] with higher
rates of cardiac death and heart transplant at 60 days
in FM compared to non-FM (28.0% vs. 1.8%, P < 0.01),
a trend that persisted at seven-year follow-up (47.7%
vs. 10.4%, P < 0.01). These findings were consistent
in the subgroup of patients with LM.
VA-ECMO is considered first-line therapy in FMrelated CS refractory to inotropes, with overall survival ranging from 47% to 83% despite the high severity of illness in this patient population.[9,83,100–102]
Table 2 summarizes the existing literature on cohorts
or case series (> 10 patients) of FM managed with
temporary MCS (predominantly VA-ECMO). Compared to other etiologies of CS, VA-ECMO for FM
has been associated with lower mortality.[85,103]
Particular consideration should be given to GCM,
in light of its high rates of mortality and need for
heart transplantation. A French cohort of fulminant
GCM supported with temporary MCS showed 100%
of mortality or heart transplant at one year from
symptom onset. In such cases, prompt initiation of
VA-ECMO is often needed, in combination with aggressive immunosuppression. In the absence of rapid clinical improvement, candidacy for heart transplant should be considered early,[48] despite relapse
having been described.[104,105]
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2002–2009

1995–2010

1993–2001

2008–2013

2002–2016

2005–2009

2003–2010

1995–2014

Mirabel M, et al.[115]

Ishida K, et al.[116]

Asaumi Y, et al.[117]

Lorusso R, et al.[9]

Montero S, et al.[48]

Beurtheret S, et al.[118]

Wu MY, et al.[103]

Diddle JW, et al.[86]**

34

Annamalai SK, et al.[119] 2009–2016
42 ± 17

NA

100%

32%

VA-ECMO
Impella®
Other

Impella®
(concomitant VAECMO in 6%)

NA

NA

31 (21–47)* VA-ECMO: 91%
eCPR: 21%

NA

NA
VA-ECMO
eCPR: 31%

38%

VA-ECMO: 85%
44 (21–76)* LVAD: 8%
BiV MEDOS: 8%
eCPR: 15%
NA

26.3%

VA-ECMO (65%
IABP)
eCPR: 21%

38 ± 12

VA-ECMO

64%

38 ± 15

VA-ECMO (43%
IABP)

61% (25 patients)

NA (43 patients
diagnosed on
EMB)

60%

VA-ECMO

Percutaneous
cardiopulmonary
support

3.8 ± 3.1

8.5 (5–15)*

5.7 (2.9–8.6)*

NA

NA

10 (1–13)*

9.9 ± 19

5.4 (1.7–7.1)*

NA

NA

NA

Time of
Biopsy performed support,
day

VA-ECM

45 ± 19

NA

48 ± 16

Type of MCS

NA

LM: 20
GCM: 2
EM: 2

NA

ECMO weaning and acute
survival: 71%

Survival to discharge: 60%

Survival to discharge: 68.6%

Survival and return to normal
life: 57.7 %

Outcomes

NA

LM: 72.7%
GCM: 14.5%
EM: 11.5%
Sarcoidosis: 1.2%***

Hemolysis: 12%
Anemia requiring
transfusion: 18%
RRT: 32%
Limb ischemia: 9%
Stroke: 6%
Vascular
complications: 12%

NA

NA

NA

Viral: 62%
Unknown: 32%
Postpartum: 6%
Viral: 7%
Other: 93%

NA

RRT: 61%
Hemorrhage: 61%
VAP: 46%
Bacteremia: 46%

NA

GCM: 100%

Survival to hospital discharge:
62%

Death on MCS: 13.9%
Recovery with MCS: 24.8%

ECMO weaning: 69%
Survival to hospital discharge:
61%

Survival to discharge: 87.5%

Survival to discharge: 65%

69% survival at 90-days & one
year post-symptom onset
0% survival free from HTx at one
year after symptom onset

Idiopathic: 80.6%
ECMO weaning: 75%
Major complications in Survival to hospital discharge:
Viral: 17.5%
70%
Autoimmune: 1.7%
72%

NA

NA

NA

Idiopathic: 34
Viral: 14
Eosinophilic: 2
GCM: 2

NA

Complications

Etiology

Data are presented as means ± SD. *Presented as median (interquartile range). **Presented as multicenter studies. ***Presented as regarding the complete fulminant myocarditis population. BiV:
biventricular; eCPR: extracorporeal-cardiopulmonary resuscitation; EM: eosinophilic myocarditis; EMB: endomyocardial biopsy; GCM: giant cell myocarditis; HTx: heart transplant; IABP: intraaortic balloon pump; LM: lymphocytic myocarditis; LVAD: left ventricular assist device; MCS: mechanical circulatory support; NA: non-applicable; RRT: renal replacement therapy; VA-ECMO:
venoarterial extracorporeal membrane oxygenation; VAP: ventilator-associated pneumonia.

73
2
9
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16

14

13

57

14

20

35

52

Patients, n Age, yrs

Studies including more than ten adult patients with fulminant myocarditis treated with VA-ECMO and/or Impella®.

2001–2018

Ammirati E, et al.[10]

1989–2000

Time

Aoyama N, et al.[114]

Authors

Table 2
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are likely to come from two directions: optimization of immune modulation and advancements in
mechanical support.[99] There is growing interest in
modulating the immune response or promoting
regulatory elements of the immune system. Anakinra (an IL-1beta receptor antagonist) has been
linked to reductions in inflammation and fibrosis in
preclinical studies,[106] and a randomized controlled
trial is ongoing (https://www.clinicaltrials.gov,
Unique Identifier: NCT03018834). Additionally, a
clinical trial of secukinumab, an anti-IL-17 monoclonal antibody, has been proposed.[107] Other treatments that offer promise include cell-based therapies, as mesenchymal stromal cells have been shown
to have immunomodulatory and cardioprotective
effects in mouse models of myocarditis.[108] Lastly,
aldosterone antagonists, cannabidiol, antagomirs,
and modulators of gut microbiota are alternative
ways of immunomodulation that have become recent focuses of interest.[107] There remains a need for
randomized clinical trials to assess the utility and
efficacy of these therapies, particularly focusing on
AM or FM rather than subacute cardiomyopathies.[2]
The second potential area for improvement in FMrelated CS is in the management and optimization
of MCS strategies. The need for, timing, and optimal
mode of left ventricular unloading, including whether
the combination of VA-ECMO and Impella® is better
than ECMO alone, remain to be determined.[109] Additional improvements in outcomes may come from
the prevention of MCS-related complications. Percutaneous cannulation[110] and awake VA-ECMO[111,112]
may be among the strategies that could help avoid
some of the complications observed in this patient
population, thereby improving outcomes of mechanically supported patients with FM.

with international networks that specialize in extracorporeal support, such as the Extracorporeal Life
Support Organization (www.elso.org) and the International ECMO Network (www.internationalecmonetwork.org).

CONCLUSIONS

[10]

FM represents a growing and challenging field
with complex interrelations between etiology, pathophysiology, management, and treatment. Due to
the complexity, heterogeneity, and rarity of FM, there
remain challenges in the establishment of protocols
for diagnosis (especially the role of EMB) and treatment, including how best to tailor immunosuppressive
regimens and optimize of timing and management
of MCS. Future design and performance of randomized clinical trials may benefit from collaboration
http://www.jgc301.com; jgc@jgc301.com
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