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Fulminant myocarditis is an acute diffuse inflammatory disease of myocardium. It is characterized by acute onset, rapid progress and high
risk of death. Its pathogenesis involves excessive immune activation of the innate immune system and formation of inflammatory storm.
According to China’s practical experience, the adoption of the “life support-based comprehensive treatment regimen” (with mechanical
circulation support and immunomodulation therapy as the core) can significantly improve the survival rate and long-term prognosis. Special
emphasis is placed on very early identification,very early diagnosis,very early prediction and very early treatment.

fulminant myocarditis | guidelines | life support-based comprehensive treatment regimen | diagnosis | treatment | cytokine storm
| overactivation of immunity

Introduction

Myocarditis refers to the inflammatory damage of myocardium
caused by various reasons, which will eventually lead to the
impairment of cardiac function, including decreased systolic and
diastolic functions and arrhythmia. Fulminant Myocarditis is the
most serious and special type of myocarditis, characterized by
rapid onset and rapid progress. Patients will have hemodynamic
abnormalities (pump failure and circulatory failure) and severe

arrhythmia in a very short time, and may be accompanied by
respiratory failure and liver and kidney failure. The early
mortality of fulminant myocarditis is very high.
Fulminant myocarditis can be caused by infection, toxin/drug

toxicity, and autoimmune diseases. Infection is the most
important cause of disease, and viruses are the most common
pathogens. Pathogenic mechanisms include direct damage to
myocardium caused by viruses or other pathogens, and
secondary damage to heart and/or other tissues and organs
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caused by excessive activation of innate immune systems and
secondary inflammatory storms. Studies have shown that
immune overactivation and secondary injury mediated by
inflammatory storm play a more important role in the
occurrence and development of cardiogenic shock, circulatory
dysfunction and multiple organ failure, which are the main
pathophysiological links leading to rapid deterioration of the
disease and one of the main goals of treatment (Wang and Hui,
2022).
The prodromal symptoms of fulminant myocarditis are mild or

lacking specificity. For patients with a recent history of upper
respiratory or gastrointestinal virus infection, exposure to or use
of cytotoxic drugs with toxic substances, and vaccination history,
once they have extreme fatigue, poor appetite, accompanied by
chest tightness, dyspnea, palpitations and other manifestations,
clinicians need to highly suspect that they may have fulminant
myocarditis. The physical examination of the patient indicates
that the general condition is poor, the first heart sound is low and
dull, the third heart sound or galloping rhythm, or there is a rale
in both lungs, especially when there are shock manifestations
such as increased heart rate, decreased blood pressure, and wet
and cold skin, relevant examinations should be carried out in a
timely manner. Once the blood troponin level is increased, ECG is
obviously abnormal, and cardiac ultrasound indicates diffuse
ventricular wall motion disorder and decreased ejection fraction,
the clinical diagnosis of fulminant myocarditis can be proposed.
Previously, due to insufficient understanding of the character-

istics and pathophysiological mechanism of the disease, clinical
diagnosis was not timely, so the rate of misdiagnosis and missed
diagnosis was high. With the promulgation of the Chinese Expert
Consensus on the Diagnosis and Treatment of Fulminant
Myocarditis in Adults (hereinafter referred to as the Chinese
Expert Consensus) in 2017 and its nationwide application
(Association PMG of CB of CM et al., 2017) the understanding
level and diagnostic efficiency of the majority of medical
personnel on fulminant myocarditis have been improved, and it
is not uncommon to find fulminant myocarditis. Therefore, it is of
great significance to constantly improve the awareness and
vigilance of fulminant myocarditis, identify and diagnose it as
soon as possible, and quickly carry out standardized treatment to
save the lives of patients. With nearly ten years of efforts, Chinese
medical workers have formulated a set of treatment regimen for
fulminant myocarditis in the acute phase for the first time in the
world, reducing the case fatality rate from more than 50% in the
past to less than 5%. This program makes China’s treatment
levels in the leading position in the field of fulminant myocarditis,
and Chinese medical workers also published the first expert
consensus on fulminant myocarditis in the world. In 2017,
Chinese experts summarized the clinical characteristics, diag-
nosis process and methods of fulminant myocarditis, especially
proposed the “life support-based comprehensive treatment regi-
men”, also known as the “Chinese regimen”. In the past five
years, with the popularization of expert consensus, the level of
medical staff’s understanding and treatment of fulminant
myocarditis has been significantly improved. Chinese experts
demonstrated the effectiveness of the “Chinese regimen” in
international journals (Li et al., 2019). Subsequently, the Chinese
Journal of Cardiovascular Diseases published several articles in
2021 and 2022, verifying the effectiveness of the “Chinese
regimen” (Jie et al., 2022; Ye et al., 2021; Zhou et al., 2021).
With the accumulation of clinical research and treatment

experience in China, especially the evidence chain of multi-
center clinical research has been fully established, and basic
research has made rapid progress, therefore, the Chinese Society
of Cardiology believes that it is necessary to upgrade the expert
consensus into a guide to better instruct the clinical treatment of
fulminant myocarditis in China and save more patients’ lives.
In the early expert consensus, a follow-up report published in

the New England Journal of Medicine earlier believed that the long-
term prognosis of patients with fulminant myocarditis after
discharge was better (McCarthy et al., 2000). However, the
subsequent multicenter large sample follow-up study in Europe
proved that the case fatality rate of patients in the acute phase
was as high as 28% 60 days after discharge, and the one-year
case fatality rate was nearly 40% (Ammirati et al., 2019).
Although the follow-up results of patients in our country are
significantly better than this result, one quarter of patients have
suffered from cardiac function impairment, arrhythmia or
myocarditis recurrence one year later (Jiang et al., 2022),
indicating that follow-up treatment and long-term prognosis are
still an important problem that needs more research to solve.
In addition, although the expert consensus has been promul-

gated for five years, many medical workers have insufficient
understanding and implementation of the expert consensus in
practice, resulting in missed diagnosis, misdiagnosis and death of
some patients. This guideline emphasizes on strengthening the
training of medical personnel, especially on very early identifica-
tion, very early diagnosis, very early prediction and very early
treatment.

Methods

The evidence in this guide is obtained by searching relevant
literature in domestic and foreign medical electronic databases
(Pubmed and Wanfang Medical Literature Library). The recom-
mendations for diagnosis and treatment methods are divided into
three categories of recommendation levels and three levels of
evidence according to international general standards. Consider-
ing the fact that clinical research of fulminant myocarditis is
difficult and there is little few data, the recommended categories
in this guideline are as follows:
Class I: Evidence and/or general agreement that a given

treatment or procedure is beneficial, useful, effective.
Class II: The treatment or stratege can be useful or its

usefulness is not well established.
Class IIa: Weight of evidence is in favor of usefulness/utility.
Class IIb: Usefulness/efficacy less well established by evidence/

opinion.
Class III: Evidence or general agreement that the given

treatment of procedure is not useful/effective, and in some cases
may be harmful.
The level of evidence sources is expressed as follows:
Level A: data derived from multiple randomized clinical trials

or meta-analyses.
Level B: data derived from a single randomized trial or non

randomized studies.
Level C: only consensus opinion of experts, case studies, or

standard of care.
It should be noted that due to the rapid progress of fulminant

myocarditis and the high mortality rate, it is relatively difficult to
conduct a randomized double-blind clinical trial, which also does
not meet the ethical requirements. However, there are many
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multi-center observational research results in China. For the
research of this kind of critical patients, the international
community also adopts historical control research or non
inferiority test rather than placebo control. For some clinical
routines formed in the daily rescue work, many of them are not
supported by published clinical research literature, and can not
be given a level of the evidence above B according to
internationally recognized standards. However, these diagnosis
and treatment methods are clinically effective and have been
unanimously recognized by experts. Although they are only
rated as level C, it does not mean that the level of evidence is low.

Epidemiology of fulminant myocarditis

Fulminant myocarditis is an acute and severe type of acute
myocarditis. patients often suffer from fatal arrhythmia, heart
failure, or even sudden death. At present, there is still a lack of
epidemiological data directly related to the incidence rate of
fulminant myocarditis. This is mainly because fulminant
myocarditis is a sporadic disease with extremely rapid disease
progression, and some patients often die before the disease is
diagnosed. Therefore, it is difficult to directly obtain the incidence
rate of the disease through epidemiological investigation of the
general population. Up to now, the relevant incidence rate data
mainly come from the death cases of myocarditis and acute
myocarditis. On this basis, we can preliminarily estimate the
incidence rate of fulminant myocarditis.
A Finnish study in 2007 reviewed all death cases due to

myocarditis from 1970 to 1988. The study found that the
incidence rate of fatal myocarditis after age adjustment was 4.6/
1 million person years, and the incidence rate of fatal myocarditis
in males (5.1/1 million person years) was slightly higher than
that in females (4.2/1 million person years); Children and young
adults (<45 years old) are more prone to fatal myocarditis than
middle-aged and old people, and with the passage of time, the
incidence rate of fatal myocarditis has increased year by year
(Kytö et al., 2007). Previous studies have shown that the
mortality rate of fulminant myocarditis in the acute phase is
about 50% (Lee et al., 2006). Therefore, it can be estimated that
the incidence rate of fulminant myocarditis is about 9.2/1 million
person years. In addition, the global burden of disease research
data from 1990 to 2017 shows that the age standardized
incidence rate of myocarditis is about 23.2/100,000 person
years. The incidence rate of myocarditis varies in different regions
of the world. The incidence rate of myocarditis in the Asia Pacific
region is about 45.6/100,000 person years, and the incidence
rate of myocarditis in China is about 30–40/100,000 person
years. The country with the highest incidence rate of myocarditis
is Albania, about 105.6/100,000 person years, while Chile has
the lowest incidence rate, about 10.2/100,000 person years (Dai
et al., 2021; Vos et al., 2015). Although in different research
data, the proportion of fulminant myocarditis in myocarditis
varies, according to large multicenter studies, fulminant
myocarditis accounts for about 10% of myocarditis (Ammirati
et al., 2018a; McCarthy et al., 2000). At the same time,
combined with the incidence rate of fatal myocarditis, it can be
estimated that the average incidence rate of fulminant myocar-
ditis is about 9–23/1 million person years. According to the
proportion of population in China, the annual incidence of
fulminant myocarditis among adults over 14 years old is about
30,000 to 50,000.

The mortality of fulminant myocarditis in the acute phase is
extremely high. According to previous studies, the case fatality
rate of patients with fulminant myocarditis during hospitaliza-
tion in large hospitals is as high as 45%–55.6% (Hung et al.,
2016; Lee et al., 2006; Sawamura et al., 2018). After the expert
consensus on fulminant myocarditis in China was published in
2017, the life support-based comprehensive treatment regimen
was widely accepted (Wang et al., 2019a). Research results from
multiple centers showed that the mortality rate of patients during
hospitalization decreased to 3.7%–8.1% (Li et al., 2019; Ye et al.,
2021; Zhou et al., 2021). For the long-term prognosis of
fulminant myocarditis, the results of international multicenter
observational studies show that the incident rate of cardiac death
and heart transplantation 60 days after discharge is 27.8%, and
the 1-year incident rate is 39.4%. Moreover, the clinical
prognosis of fulminant myocarditis is related to histological type.
The adverse cardiovascular event rate of giant cell myocarditis is
much higher than that of eosinophilic myocarditis and lympho-
cytic myocarditis. At 60 days of onset, the incidence of cardiac
death and heart transplantation in patients with giant cell
fulminant myocarditis was 62.5%, while the incidence of cardiac
death and heart transplantation in patients with eosinophilic and
lymphocytic myocarditis was 26.3% and 21%, respectively.
Similarly, during 3-year follow-up, the incidence of cardiac death
and heart transplantation in patients with giant cell fulminant
myocarditis (81.3%) was significantly higher than that in
patients with eosinophilic myocarditis (37.3%) and lymphocytic
fulminant myocarditis (39.9%) (Ammirati et al., 2019). In
China, 66 patients with fulminant myocarditis were followed up
one year after discharge and only one patient died, but 24.2% of
them had arrhythmia, cardiac dilatation, heart failure or
recurrence of myocarditis (Jiang et al., 2022). To compare and
analyze the differences between follow-up studies in China and
Europe, we first traced back to the differences in the treatment of
patients in the acute phase. China adopted the “Chinese regimen”
(see the introduction below), while in Europe, the first reason was
insufficient mechanical circulation support (only 69% used
mechanical circulation support, of which 55.1% used intra
aortic balloon counterpulsation (IABP), and 36.9% used extra-
corporeal membrane oxygenation (ECMO) or percutaneous
cardiac pump IMPELLA in combination with IABP; 50.9% used
ECMO or IMPELLA). On the other hand, all patients used
norepinephrine, epinephrine, dopamine and/or levosimendan for
a long time (median 10 days). At the same time, some patients
used cytotoxic drugs, while the use of hormones and gamma
globulin was extremely low (Ammirati et al., 2019). In this way,
this treatment not only leads to high mortality in hospital, but
also may affect long-term prognosis.
In summary, the demographic and clinical characteristics data

related to fulminant myocarditis are still very limited at present.
We should further establish the registration study of fulminant
myocarditis in China, which will help popularize and deepen the
understanding of the disease.

Etiology and pathophysiology of fulminant
myocarditis

The etiology of fulminant myocarditis is similar to that of acute
and non fulminant myocarditis, including infectious and non
infectious factors (Table 1). Viral infection is the main cause of
myocarditis. 1%–5% of patients with acute viral infection may
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have precursor symptoms of myocarditis (Karjalainen and
Heikkilä, 1999). However, due to the limitations of detection
technology and detection samples, only 10%–20% of patients
with viral myocarditis had positive myocardial virological
detection (Karjalainen and Heikkilä, 1999). In the 1980s and
1990s, it was found that enterovirus (including coxsackie virus)
and adenovirus infection were the main causes of viral
myocarditis (Crowell and Landau, 1997). With the rapid
development of molecular biology technology, the detection
technology of various viruses has been constantly improved.
More than viruses, such as parvovirus and human herpesvirus,
have also been found to be pathogens causing myocarditis
(Schultz et al., 2009). Recently, it was also reported that
influenza A virus and human endogenous retrovirus K were
detected in myocardial biopsy samples and peripheral blood of
patients with fulminant myocarditis (Bratincsák et al., 2010;
Heidecker et al., 2020). In the influenza epidemic season, we also
found positive cases of influenza B virus IgM antibody clinically.
The recent outbreak of the coronavirus disease 2019 (COVID-19)
pandemic has also reported cases of fulminant myocarditis
caused by the SARS-CoV-2 virus (Chen et al., 2020b). However,
no viral antigen or corresponding IgM antibody was detected in
most patients either in myocardial biopsy tissues or in peripheral

blood. At present, there is no final conclusion on whether the
virus type causing myocarditis is regional or epidemic. The
difference of these detected virus types may be caused by the
nonspecific and different detection schemes of the primers and
antibodies used to detect the virus, or by the limited sample size
(Schultz et al., 2009). In addition to viruses, fungi and
spirochetes may also cause fulminant myocarditis (Semproni et
al., 2020) (Table 2).
In recent years, people are more and more aware of fulminant

myocarditis caused by non infectious factors, so the diagnosis is
increasing year by year. Non infectious factors include allergy,
autoimmune diseases and drug toxicity. The eosinophilic
fulminant myocarditis can be induced by rapid allergic reactions
such as drug allergy caused by penicillin, and some food such as
shrimp allergy. Taking aconite, fish gall or snake gall can induce
fulminant myocarditis (Lin et al., 2011); patients with auto-
immune diseases may suddenly develop fulminant myocarditis;
many drugs, especially anti-tumor drugs, have a high probability
of causing cardiovascular toxicity, including inducing myocardi-
tis (Moslehi, 2016) (Table 3). Its mechanism may include direct
toxicity and immune damage mechanism caused by pattern
recognition receptor, especially the latter. It has been found that
anthracycline drugs can cause cardiac toxic effects such as

Table 1. Possible factors leading to myocarditis

Infectious factors

Viral
Adenovirus, Enterovirus (Coxsackie virus, poliovirus, etc.), Arbovirus, Cytomegalovirus, Dengue virus, Eko virus, EB virus, Hepatitis C,
Herpesvirus, Human immunodeficiency virus, Influenza virus, Coronavirus, Mumps, Parvovirus, Rabies, Rubella, Rubella, Varicella, Pox,

Yellow fever, etc

Bacteria Brucella, Chlamydia, Cholera, Clostridium, Diphtheria, Haemophilus, Legionella, Meningococcus, Neisseria gonorrhoeae, Parrot fever, Salmonella,
Staphylococcus, Tetanus, Tuberculosis, Tularemia

Leptospira Lyme disease, Relapsing fever, Syphilis

Fungal Actinomyces, Aspergillus, Blastomycetes, Candida, Coccidiosporosis, Cryptococcosis, Histoplasmosis, Mucor, Nocardia, Sporotrichosis

Rickettsia Q fever, Rocky Mountain spotted fever, Typhus

Protozoan African sleeping sickness, Amebiasis, Chagas disease, leishmaniasis, Malaria, Toxoplasmosis

Worm Ascariasis, Echinococcosis, Filariasis, Paragonimiasis, Schistosomiasis, Roundworm, Trichinellosis

Other Mycoplasmas

Non infectious factors

Systemic diseases Celiac disease, Connective tissue disease, Wegener’s granulomatosis, Kawasaki disease, Eosinophilia, Sarcoidosis, Thyrotoxicosis

Hypersensitivity Antibiotics, Clozapine, Diuretics, Insect bites, Lithium, Snake bites, Tetanus toxoid, Mesalamine

Cardiotoxic substance Alcohol, Anthracyclines, Arsenic, Carbon monoxide, Catecholamines, Cocaine, Heavy metals

Table 2. Detection methods and positive rates of some myocarditis related viruses

Test sample Detection method Positive proportion Reference

Enterovirus Myocardial tissue PCR 0–33% (Kindermann et al., 2008; Dennert et al., 2008)

Poliovirus Peripheral blood VirCapSeq-VERT 4% (Heidecker et al., 2020)

Hepatitis C virus Serum PCR 0–15% (Matsumori et al., 2006)

Adenovirus Myocardial tissue PCR 0–23% (Kindermann et al., 2008; Dennert et al., 2008)

Parvovirus B19 Myocardial tissue PCR 2.5%–60% (Kindermann et al., 2008; Dennert et al., 2008)

Cytomegalovirus Myocardial tissue PCR 0–5% (Dennert et al., 2008)

Human herpesvirus-6 Myocardial tissue PCR 8–30% (Kindermann et al., 2008; Dennert et al., 2008)

EBV Myocardial tissue/peripheral blood PCR/VirCapSeq-VERT 0–17%/41% (Heidecker et al., 2020; Dennert et al., 2008;
Veronese et al., 2020)

Endogenous retrovirus K Peripheral blood VirCapSeq-VERT 100% (Heidecker et al., 2020)

Ring virus Peripheral blood VirCapSeq-VERT 56% (Heidecker et al., 2020)

Hemorrhagic fever virus Myocardial tissue/peripheral blood PCR 92.86% (Saggioro et al., 2007)
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myocarditis pericarditis syndrome (Bristow et al., 1978).
Similarly, 5-fluorouracil can also cause fulminant myocarditis
(Amraotkar et al., 2016; Çalık et al., 2012; Sasson et al., 1994).
In recent 20 years, with the widespread use of new anti-tumor
drugs, especially immune checkpoint inhibitors (ICIs), the
number of fulminant myocarditis caused by ICIs has increased
day by day (Wang et al., 2017). The research shows that the
incidence of myocardial injury is about 30%, while that of
fulminant myocarditis is 0.5%–1%. With the prolongation of use
time or the increase of combined drugs, the incidence is
significantly increased (Johnson et al., 2016).
The causes of fulminant myocarditis are diverse, and the

histological manifestations of fulminant myocarditis caused by
different causes have certain characteristics. The fulminant
myocarditis caused by various viruses and ICIs is more
manifested as lymphocytic myocarditis, and autoimmune
diseases often cause eosinophilic myocarditis (Brambatti et al.,
2017). According to the data of more than 100 myocardial
biopsies and 50 autopsies from Tongji Hospital of Huazhong
University of Science and Technology, the fulminant myocarditis
that started in a short time (within a week) was lymphocyte type.
The fulminant myocarditis caused by drug or food allergy is
basically eosinophilic. There are some differences in the treat-

ment of fulminant myocarditis caused by different causes.
Therefore, a clear etiology diagnosis based on clinical diagnosis
will help to better formulate treatment strategies and improve the
prognosis of patients.
The pathogenesis of fulminant myocarditis is complex, and

may involve the interaction of patients’ genetic background,
immune status, virus virulence, environment and other factors.
Cytokines, as a class of important immunoactive mediators, play
a central role in the pathogenesis of fulminant myocarditis. At
present, it is believed that the cytokine storm caused by excessive
innate immune activation caused by various causes and rapid
triggering of immune cells to release a large number of
inflammatory factors, also known as “inflammatory storm”, is
an important reason for the rapid onset, rapid progress, severe
illness and high mortality of fulminant myocarditis (Chen et al.,
2020a) (Figure 1). In general, the pathophysiological processes
of different types of myocarditis are similar. The most thorough
research is the enterovirus infection, especially the pathophysio-
logical process of myocarditis caused by coxsackie virus CVB3
(Klingel et al., 2004). The pathophysiological mechanism of
myocardial injury caused by the virus includes two aspects
(Yajima and Knowlton, 2009): (i) The virus directly damages
myocardial cells and other tissue cells and replicates in cells,

Table 3. Drugs that may induce fulminant myocarditis

Drug type Drug name

Anti tumor drugs Adalimumab, Irutinib, Ipimab, Navumab, Trastuzumab, Fluorouracil, Anthracycline, Cyclophosphamide

Antibiotics Penicillin, Amoxicillin, Tetracycline, Sulfonamides, Amphotericin B

Nervous system drugs Carbamazepine, Clozapine, Amphetamine, Cocaine

Botanical medicine/traditional Chinese medicine Garcinia grossedentata, Fish gall, Snake gall, Aconite

Other drugs Allopurinol, Imidazole thiopurine, Isoniazid, Hydrochlorothiazide, Spironolactone, Acetazolamide, Sulfonylurea
drugs, Indomethacin, Catecholamine

Figure 1. The main etiology, pathology and pathophysiology of fulminant myocarditis. The etiology of fulminant myocarditis includes infectious and non-infectious factors,
among which viral infection is the main cause. The over-activated inflammation induced cytokine storm is the main pathophysiology of fulminant myocarditis.
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causing degeneration, necrosis and dysfunction of myocardium;
viruses released from cell lysis continue to infect other
myocardial cells and tissues, and release cytokines to cause
damage (Nie et al., 2022; Nie et al., 2021). (ii) Immune mediated
injury: cytokines released due to tissue damage caused by virus
erosion lead to inflammatory edema, and chemotactic inflam-
matory cells, including neutrophils, monocytes macrophages,
NK cells, T lymphocytes and B lymphocytes, infiltrate in the
stroma, and the body’s innate and adaptive immune responses
are overactivated (Hang et al., 2020). A study has detected the
expression level of 122 inflammatory factors in the peripheral
blood of patients with fulminant myocarditis at admission, and
found that 39 of them had significant changes compared with the
normal control population, indicating that the immune system
was over activated; The “inflammatory storm” formed by a large
number of cytokines and inflammatory mediators, including
soluble growth stimulating expression gene 2 protein (sST2),
interleukin-1 (IL-1), IL-6 and tumor necrosis factor (TNF)-α
among others, may be the main cause of severe myocardial
injury and pump failure (Wang et al., 2022).
In fulminant myocarditis, the “inflammatory storm” caused by

excessive innate immune activation mainly causes body damage
through the following pathophysiological effects: (i) Some
cytokines, including IFN-γ and TNF-α, they can cause nonspecific
symptoms such as fever, chills, headache, dizziness and fatigue;
(ii) a large number of inflammatory factors have greatly
magnified the damage of pathogenic erosion on the heart of
patients, resulting in a decrease in myocardial contractility, a
sharp decline in cardiac function, and even cardiogenic shock;
(iii) various cytokines can induce various types of arrhythmias,
including atrial or ventricular tachycardia, atrioventricular
block and even cardiac arrest (Ball et al., 2019; Du et al.,
2020; Peretto et al., 2019) by prolonging the duration of action
potential, affecting L-type Ca2+ channels and Kir channels; (iv) a
variety of cytokines enter the blood circulation, which can also
cause circulatory disorders. In addition, the multiple damage
effects of ICIs may be synergetic and jointly affect the cardiac
function: (i) ICIs, as monoclonal antibodies, directly combine
with antigens on the surface of normal cells (CTLA-4, etc.),
leading to T lymphocyte infiltration and complement activation,
thus damaging myocardial tissue. (ii) After T lymphocytes
recognize the antigen expressed by tumor cells, they can
recognize the same tumor antigen or the healthy tissues
expressing the same antigen through the circulatory system,
leading to the miss target effect. ICIs treatment may enhance the
miss target effect by promoting the function of T lymphocytes.
(iii) ICIs can increase the expression level of cytokines in
circulation and tissues, and promote the infiltration of inflam-
matory cells in non targeted tissues. (iv) ICIs may promote the
production of autoimmunity related antibodies, leading to
autoimmunity reaction (Sury et al., 2018).
Although there are relatively few inflammatory cells infiltrated

by some non cardiotropic viruses in the heart, other organs
(mainly the lungs) are severely damaged due to direct virus
attack, and the immune function of the body is low (Uriel et al.,
2020). Once the “inflammation storm” occurs and affects the
heart, even if there is less inflammatory infiltration in the heart,
obvious cardiac dysfunction can occur, which seriously threa-
tens the life of patients (Figure 2). It should be specially pointed
out that fulminant myocarditis is not only myocardial damage,
but also a systemic disease characterized by myocardial involve-

ment in strict sense. Viral erosion, over activated immune
response, and the release of a large number of cytokines
(“inflammatory storm”) can also lead to multiple organ damage
in the whole body. Heart injury is the most serious, and it is the
main cause of hemodynamic disorder and patient death. There-
fore, the pump dysfunction caused by heart damage is the
decisive factor for the severity of patients. The core of the
treatment of fulminant myocarditis is to reasonably control the
“inflammatory storm” and inhibit the damage of the over
activated immune response to the body.
The formation and mechanism of “inflammatory storm” are

complex. In general, firstly, special molecules or compounds in
pathogens (pathogen related molecular patterns, PAMP) com-
bine with innate immune cells and cardiac cell membranes or
intracellular pattern recognition receptors (PRRs) to initiate a
series of reactions, especially the activation of NF-κB inflamma-
tory pathway to produce and release inflammatory factors and
chemokines, and chemotactic inflammatory cell infiltration.
Subsequently, damaged tissue cells release endogenous sub-
stances—damage related molecular model (DAMP), which acts
on pattern recognition receptors, and continues to stimulate and
amplify inflammatory response. At the same time of innate
immune initiation, adaptive immune response is initiated
through antigen presentation and transmission (Boyd et al.,
2006; Gong et al., 2020; Li and Wu, 2021). The root cause of
cardiac function damage is the imbalance of the regulation of
pro-inflammatory response and anti-inflammatory response of
the body, resulting in excessive immune activation and the
formation of inflammatory storm. The dysfunctional immune
response makes a positive feedback loop between innate immune
cells, adaptive immune cells and non immune cells and
cytokines, and causes excessive release of cytokines (Li et al.,
2023). Therefore, the pathological changes of fulminant
myocarditis are mainly myocardial tissue edema, myocardial
cell degeneration, necrosis, apoptosis and inflammatory cell
infiltration.

Pathology of fulminant myocarditis and its clinical
relationship

It is generally believed that the main histopathological evidence
of myocarditis is the infiltration of myocytes with the degenera-
tion and necrosis of adjacent myocardial cells. According to the
existing quantitative histopathological criteria, myocarditis is
defined as more than 14 mononuclear leukocytes (54/mm2)
detected in biopsy tissue (Aretz, 1987). Fulminant myocarditis
usually shows diffuse infiltration of inflammatory cells with
obvious myocardial cell necrosis (more than 50 inflammatory
cells/mm2 under microscope) (Maisch et al., 2014). It is worth
noting that the pathological changes do not strictly correspond to
the severity of clinical manifestations of myocarditis, and the
pathological changes of a few patients with clinically fulminant
myocarditis are not serious, so fulminant myocarditis is more a
clinical diagnosis.
The general view of the heart in fulminant myocarditis shows

that the heart is normal or enlarged, the weight is slightly or
significantly increased, and the heart cavity is dilated (especially
the left ventricle). The thickness of ventricular wall does not
increase significantly, the texture of myocardium is soft and
loose, the color of section is light, interstitial edema and gray
white or gray yellow spotted lesions can be seen, which can be
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accompanied by focal hemorrhage or hemorrhagic necrosis. The
pathological changes of myocarditis can affect the conduction
system, causing arrhythmia and even sudden death in different
degrees (Wang, 2021).
Hematoxylin eosin (HE) staining method is routinely used to

detect inflammatory changes in the histology of heart biopsy
samples. It is recommended that immunohistochemical staining
of immune cell markers be performed at the same time to improve
the detection sensitivity of immune cells (Ammirati et al., 2020).
According to the difference of inflammatory cells infiltrated, it
can be divided into the following main pathological types.
(1) Lymphocyte type: this is the most common type,

accounting for about 90%. In the acute phase, myocardial cells
degenerate and necrosis, and inflammatory cells infiltrate and
edema can be seen around myocardial interstitium and small
blood vessels. In chronic stage, granulation tissue formation and
interstitial fibrosis occur. In fulminant myocarditis, the myocar-
dial cell necrosis is more obvious and extensive, the myocardial
interstitium is widened, the tissue is edematous, and there are
multiple pieces or diffuse inflammatory cell infiltration. Immu-
nohistochemical staining showed that a large number of
macrophages and T lymphocytes were infiltrating the heart
tissue, NK cells and neutrophils were seen in some cases, and B
cells were rare or absent (Wang, 2021). Lymphocyte type
fulminant myocarditis usually has an acute clinical onset, and
usually develops to a serious stage within a week. The fulminant
myocarditis caused by virus and other pathogens is usually
lymphocyte type, and the fulminant myocarditis induced by ICIs
also belongs to this type (Sobol et al., 2020).
(2) Eosinophilic granulocyte type: it accounts for a certain

proportion of fulminant myocarditis, with an acute onset, mainly
caused by drug and food allergy or fulminant myocarditis
combined with Kounis syndrome (allergy related ST segment
elevation acute coronary syndrome, including allergic angina
pectoris and allergic myocardial infarction), among which
Kounis syndrome often induces coronary artery spasm (Ravi et

al., 2019). In addition, eosinophilia with myocarditis also
belongs to this type. The characteristic histopathological features
were extensive necrosis of myocardial cells and a large number of
eosinophils or eosinophils infiltrating between the myocardium
(Wang, 2021).
(3) Giant cell myocarditis: it is a rare type of myocarditis with

unknown etiology, severe condition and poor prognosis. About
20% of patients have autoimmune diseases. The characteristic
histopathological changes were multinucleated giant cells in the
inflammatory infiltrates. Myocardial interstitium showed multi-
ple focal to diffuse inflammatory infiltration, mixed with multi-
nucleated giant cells. The size of multinucleated giant cells can
reach 90 μm×20 μm, up to 20 nuclei per cell. The necrosis of
myocardial cells was obvious, showing focal, map-like or even
extensive necrosis, with fibrosis of varying degrees. The necrotic
myocardium was replaced by granulation tissue, and the
boundary between viable myocardium and necrotic myocardium
was not significant (Wang, 2021).
In addition, sarcoidosis is an inflammatory disease that can

affect the whole body, and can also be manifested as isolated
cardiac sarcoidosis. The onset of sarcoidosis with fulminant
myocarditis is relatively slow. The characteristic histopathologi-
cal feature was non caseous granuloma, that is, epithelioid cell
granuloma with non caseous necrosis as the main form.
Granuloma consists of dense macrophages, CD68 positive
epithelioid tissue cells, multinucleated giant cells, and T
lymphocytes, which are closely packed into round or oval
structures. B cells are rare (Wang, 2021).

Clinical evaluation of fulminant myocarditis

Fulminant myocarditis has an acute onset and rapid progress,
which will soon lead to severe heart failure, hypotension or
cardiogenic shock, malignant arrhythmia, or even sudden death,
and may be accompanied by respiratory failure, liver and kidney
failure, or systemic multiple organ failure. Vasoactive drugs,

Figure 2. The mechanism underlying common etiologies induced fulminant myocarditis via over-activated inflammation. (1) In clinical practice, myocarditis is mostly caused by
cardiotropic viruses, such as CVB3 and PVB19, induced cytokine storms. (2) As for anti-tumor drugs, such as immune checkpoint inhibitors, after contacting with tumor cells,
the activated T cells will release large quantities of cytokine. (3) In addition, non-cardiotropic viruses in other organs, especially the lungs, are directly attacked by the virus and
usually suffer severe inflammation. Once a cytokine storm is formed, a significant cardiac abnormality can occur, even with few cardiac immune infiltrations.
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positive inotropic drugs or mechanical circulation support are
usually needed to maintain the basic vital signs. The early
mortality of fulminant myocarditis is very high (Association PMG
of CB of CM et al., 2017; Kociol et al., 2020). Therefore, it is
particularly important to make a correct diagnosis and standard
treatment as soon as possible.

History taking

Detailed medical history collection and physical examination are
very important, which can provide diagnostic clues of fulminant
myocarditis to help the diagnosis and differential diagnosis of
myocarditis. It is necessary to know the symptoms of upper
respiratory tract infection and diarrhea, allergic history of drugs
or food, medical history of cardiac toxic drugs (antineoplastic
drugs, especially ICIs), and intake history of toxins such as
aconite, snake gall and fish gall; infection history, such as COVID-
19, tourism history of dengue epidemic area; long time overload
and tiredness stress in recent period are important inducing
factors; some non cardiac diseases, such as connective tissue
disease, bacterial or parasitic infection, diabetes, hyperthyroidism
or hypothyroidism, amyloidosis and pheochromocytoma, should
also be concerned.

Symptoms: no specificity

Symptoms of prodrome
The prodrome symptoms are usually nonspecific, and can be
manifested as fever, fatigue, myalgia, catarrhal symptoms (nasal
congestion, runny nose, sore throat, cough), diarrhea, etc.
Individual performance varies greatly. Many patients only have
low fever, obvious fatigue, no appetite or mild diarrhea in the
early stage. These symptoms can last for 3–5 days and are often
ignored by patients. They are not the main reason for patients to
seek medical advice, but important clues for the diagnosis of
myocarditis (Ammirati et al., 2019; Cooper, 2009; Kociol et al.,
2020; Pollack et al., 2015; Wang et al., 2019b).

Manifestations of myocardial damage
Hemodynamic disturbance is an important characteristic of
fulminant myocarditis. Most patients have dizziness and fatigue,
which is caused by hypotension/shock, or even blackness or
syncope. Although some patients can lie flat, seemingly stable,
but the patient’s myocardial damage has been very serious, pump
failure will quickly appear; although some patients can lie flat,
seemingly stable, but the patient’s myocardial damage has been
very serious, pump failure will quickly appear; some patients may
also have acute left heart failure, manifested as dyspnea,
restlessness, sweating, etc; 10%–20% of patients have chest
tightness and chest pain, which is related to inflammation
involving the pericardium. Some patients may have coronary
spasm or even coronary thrombosis due to inflammation; in some
patients, malignant arrhythmia (ventricular tachycardia, ven-
tricular fibrillation or high degree of atrioventricular block) is the
primarymanifestation, and syncope and even sudden death occur
repeatedly. When cardiogenic shock occurs, the skin may be cold
and wet, pale, cyanosis, piebald changes, or even consciousness
disorder (Caforio et al., 2007; Hang et al., 2020; Hufnagel et al.,
2000; JCS Joint Working Group, 2011; Mason et al., 1995; Saji et
al., 2012; Wang et al., 2019a; Zhou et al., 2021).

Involvement of other tissues and organs
In the early stage of fulminant myocarditis, most patients did not
have obvious liver and kidney function damage, but a few
patients (about 5%) had obvious liver function damage at the
same time of myocardial damage. However, multiple organ
function damage or failure is mainly caused by untimely and
nonstandard treatment and long-term shock, including liver
function damage, renal function damage, abnormal blood
coagulation, and even diffuse intravascular coagulation (DIC).
A few patients with lung injury caused by pulmonary congestion,
inflammatory storm or pulmonary infection may have shortness
of breath or even acute respiratory distress syndrome (ARDS).
Some patients suffered from severe lung damage, which led to
dyspnea and hypoxemia, were diagnosed as severe pneumonia,
and the diagnosis of myocarditis was ignored (Hang et al., 2020;
Jiang et al., 2022; Zhou et al., 2021).

Physical signs: no specificity

Vital signs
(1) Fever: some patients may have elevated body temperature.
The temperature of primary virus infection is generally not too
high, and a few patients can reach 39°C.
(2) Hypotension: patients with fulminant myocarditis often

suffer from hypotension due to severe cardiac insufficiency and
systemic toxic reactions, and their blood pressure cannot be
measured in severe cases.
(3) Shortness of breath or respiratory depression: the

respiratory rate can be greater than 30 times/min, or it can be
reduced. In severe cases, the frequency is less than 10 times/min,
and the blood oxygen saturation is less than 90% or lower.
(4) Abnormal heart rate and rhythm: sinus tachycardia is a

common manifestation of patients with fulminant myocarditis,
but the heart rate of some patients can be basically normal.
Although not specific, the increase of heart rate that is not
commensurate with the increase of body temperature (the
increase of heart rate is greater than 10 times/min for every
10°C increase of body temperature) is an important clinical clue
for the diagnosis of fulminant myocarditis. Some patients may
have sinus bradycardia and different degrees of conduction block,
which is related to myocarditis involving the conduction system.
In addition, ventricular or supraventricular premature beats,
ventricular or supraventricular tachycardia, and ventricular
fibrillation often occur, among which ventricular tachycardia
and ventricular fibrillation have the greatest impact on
hemodynamics.
Abnormalities of blood pressure, respiration and heart rate

indicate unstable hemodynamics, which is a common manifesta-
tion of fulminant myocarditis and an indication of the severity of
the disease (Bozkurt et al., 2016; Cooper et al., 1997; Jiang et al.,
2022; Kociol et al., 2020; Zhou et al., 2021).

Cardiac related signs
The apex beat is weakened, the heart boundary is usually small
by percussion, and the heart sound is obviously low and dull by
auscultation, and the third heart sound and the galloping
rhythm of the third heart sound are often audible. Lung rale and
wheezing may occur. The signs of right heart insufficiency are
usually not obvious, which is related to the low muscular tension
of the whole body and the reduction of returned blood volume.
When pericarditis and pericardial effusion are combined, jugular
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vein filling and liver enlargement may occur, which are often not
significant (Association PMG of CB of CM et al., 2017; Caforio et
al., 2013; Saji et al., 2012; Zhou et al., 2021).

Other signs
The whole body is cold and damp, the peripheral circulation is
poor and the skin is mottled due to shock. Irritation, unrespon-
siveness, disturbance of consciousness and even coma may occur
due to decreased cerebral perfusion and brain injury; jaundice
may occur when liver damage is obvious; skin ecchymosis and
ecchymosis can be seen when blood coagulation function is
abnormal (Jiang et al., 2022; Kociol et al., 2020; Maron et al.,
2015).

Laboratory examination

Routine blood test
The change of blood routine test in patients with fulminant
myocarditis is different according to the difference of pathogen
and individual reaction. It was observed clinically that the total
number of leukocytes and the proportion of neutrophils in
peripheral blood of some patients were not significantly
increased, but a considerable number of patients were signifi-
cantly increased, which may be caused by the release of tissue
antigen after severe myocardial injury (similar to acute
myocardial infarction). 120 patients with fulminant myocarditis
without bacterial infection in the Department of Cardiology of
Tongji Hospital affiliated to Huazhong University of Science and
Technology were found to have a total number of white blood
cells of (9.91±0.42)×109 L−1 and neutrophils of 78.47%±1.09%
by blood routine analysis at admission. However, in a small
number of patients, the total number of white blood cells
decreases, and platelets may also decrease. If the eosinophils in
the peripheral blood are elevated, we need to be alert to
eosinophilic myocarditis (Brambatti et al., 2017). The increase
of neutrophil/lymphocyte ratio and monocyte/lymphocyte ratio
indicates the severity of myocarditis (Mirna et al., 2021). In
patients with hematological diseases, tumor chemotherapy/
targeted drug therapy or autoimmune disease related myocardi-
tis, the changes of blood cells often change with the basic disease
status, so it is necessary to monitor the dynamic changes of blood
routine examination (Johnson et al., 2016; Savage et al., 2014)
(Table 4). The increase of the total number of white blood cells
and the proportion of neutrophils requires attention to differ-

entiate septic cardiomyopathy with bacterial infection or severe
infection.

Markers of myocardial injury: hs cTnI or cTnI
In most patients with fulminant myocarditis, high-sensitivity
troponin I (hs cTnI) or troponin I (cTnI) were significantly
increased, even exceeding the upper limit of the laboratory
detection range. The change of its level was closely related to
disease treatment and prognosis. In the early 1–3 days of the
course of disease, it may continue to increase, but it can rapidly
decline after reasonable and effective treatment starts very early.
The continuous increase of hs cTnI level indicates that the
myocardial injury is continuous and aggravated. The absolute
value and relative change rate of hs cTnI are predictive factors of
hospital death in patients with fulminant myocarditis (Liu et al.,
2021a). In addition, there are also cases of fulminant myocarditis
with insignificant troponin elevation. Therefore, when troponin
elevation is not significant, fulminant myocarditis cannot be
absolutely ruled out, especially due to a preference for viruses in
the cells of the conduction system, which is manifested as
conduction block. It must be judged comprehensively by
endocardial biopsy, cardiac nuclear magnetic resonance, or 18
fluorodeoxyglucose positron emission tomography (18FDG-PET)
(Bogaty, 2017; Kociol et al., 2020). The increase of creatine
kinase and its isoenzyme, lactate dehydrogenase, aspartate
aminotransferase and myoglobin suggests that the sensitivity
and specificity of myocardial injury are lower than hs cTnI or
cTnI. Dynamic monitoring of hs cTnI or cTnI is recommended as
a marker for evaluating myocardial injury in fulminant
myocarditis (Ammirati et al., 2019; Zhou et al., 2021) (I B)
(Table 4).

BNP or NT proBNP
B-type natriuretic peptide (BNP) or N-terminal pro-B-type
natriuretic peptide (NT proBNP) is a sensitive index to judge
the cardiac function of patients with fulminant myocarditis
(McDonagh et al., 2021). The plasma BNP or NT proBNP levels
in patients with fulminant myocarditis are usually significantly
elevated, reaching more than 10,000 to tens of thousands
ng mL−1. The significant increase of NT proBNP level is a
predictive factor for adverse prognosis such as cardiac death and
heart transplantation in patients with fulminant myocarditis.
Reasonable treatment can make it decline rapidly, and the
decline rate is also an important reference for predicting the

Table 4. Laboratory examinations of fulminant myocarditis and its level of recommendation

Recommendation Level of
recommendation Level of evidence

Blood routine monitoring is required every 1–2 days to detect dynamic changes. I C

Dynamic monitoring of hs cTnI or cTnI is recommended as a marker for evaluation of myocardial injury in fulminant myocarditis. I B

Routine ambulatory monitoring of plasma NT proBNP or BNP levels is used to assess cardiac dysfunction severity and outcome. I B

Routine ambulatory monitoring of liver and kidney function, arterial blood gases, and blood lactate levels is recommended for
assessment of severity and outcome. I C

Routine ambulatory monitoring of patients’ coagulation (including Pt, PTA, APTT, TT, INR, FIB, D-dimer, platelet count) is
recommended. I A

Routine detection and dynamic monitoring of inflammatory factor levels are recommended in patients with suspected fulminant
myocarditis for the diagnosis of the disease as well as for the evaluation of therapeutic efficacy and prognosis. I B

Routine detection and dynamic monitoring of sST2 is recommended. IIb A

The levels of procalcitonin can be consulted to guide the use and effect evaluation of antibiotics. IIb A
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therapeutic effect and prognosis (Ekström et al., 2016; Ukena et
al., 2014). It is suggested that routine dynamic monitoring of
plasma NT proBNP level and its changes can be used to judge the
severity and outcome of cardiac function injury in patients with
fulminant myocarditis (I B) (Ekström et al., 2016; Ukena et al.,
2014) (Table 4). Seek expert opinions (Professor Hui Rutai agrees
with I B)

Liver and kidney function, electrolyte, acid-base balance
Patients with fulminant myocarditis usually have only severe
myocardial damage in the early stage, which can be accom-
panied by slight increase of glutamic oxaloacetic transaminase
and glutamic pyruvic transaminase. Occasionally, patients with
severe liver damage had significantly higher liver enzymes in the
early stage. However, if the shock is not corrected in time, or if
vasoactive drugs such as norepinephrine are used in large doses
for a long time, the patient may suffer from severe liver damage,
bile enzyme separation and DIC, and may be accompanied by
multiple organ function damage such as renal insufficiency
(Hang et al., 2020; Veronese et al., 2021). The severity of liver
and kidney dysfunction, especially secondary injury, has an
important impact on the prognosis of patients with fulminant
myocarditis (Colombo et al., 2022; Liu et al., 2021b; Wang et al.,
2012). It is recommended that routine dynamic monitoring of
liver and kidney function (I C) (Table 4). Seek expert opinions (IIb
is recommended, because there is no particularly solid clinical
trial and evidence for fulminant myocarditis; Huirutai’s personal
opinion).
It is important to maintain blood electrolyte and acid-base

balance, especially the serum potassium level, which is
recommended to be kept at 4.0–5.0 mmol L−1 (I A) (Palaka et
al., 2020).
Patients with fulminant myocarditis may have hypotension

accompanied by pulmonary congestion or even pulmonary
edema and hypoxemia (Sasaki et al., 2008; Wang et al.,
2012). It is suggested that the blood oxygen saturation of
patients with fulminant myocarditis should be monitored
regularly and continuously, and the arterial blood gas and blood
pH should be monitored dynamically; the blood lactate level was
checked regularly to evaluate the treatment of hypoxia and
shock; for patients with central venous catheter or Swan Ganz
catheter, the blood gas of central vein or mixed vein can be
monitored to know the acid-base balance, oxygenation status
and tissue metabolism status of patients. The latter has practical
significance in judging the severity of shock in patients with
fulminant myocarditis (I A) (Jones et al., 2010; Joshi et al., 2014)
(Table 4).

Coagulation function test
Shock and inflammatory storm can activate platelets and blood
coagulation system, leading to hypercoagulation and consump-
tion of coagulation factors, thus promoting the formation of DIC
(Chammas et al., 2021; Hage-Sleiman et al., 2019). Liver
damage may promote its occurrence. Timely detection and
correction of DIC is extremely important for the prognosis of
patients (Tsuboi et al., 1990; Zhao et al., 2021). For patients
using IABP and/or ECMO, the blood coagulation function should
be monitored in a standardized way (Guglin et al., 2019).
Therefore, routine dynamic monitoring of patients’ coagulation
function is recommended, including prothrombin time (PT),
prothrombin activity (PTA), activated partial thromboplastin

time (APTT), thrombin time (TT), activated coagulation time
(ACT), international standard ratio (INR), fibrinogen (Fib), D-
dimer, and platelet count (I A) (Table 4).

Detection of inflammatory factors
C-reactive protein is the most widely used marker of systemic
inflammation. Rapid erythrocyte sedimentation rate (except for
physiological factors) can also indicate the status of infection and
immune response. But it is a non-specific index, and the C-
reactive protein of some patients with fulminant myocarditis is
increased.
When high-throughput inflammatory factor microarray was

used to detect patients with fulminant myocarditis at the early
stage of onset, it was found that 39 of the 122 inflammatory
factors in plasma had significant changes (28 increased and 11
decreased). Among them, sST2, plasminogen activator inhibitor
1 (PAI-1), sialic acid binding immunoglobulin like lectin 5
(Siglec-5), CD163, interleukin-4 (IL-4), IL-17B and vascular
endothelial growth factor-C (VEGF-C) significantly increased,
cytotoxic T-lymphocyte associated protein 4 (CTLA4) signifi-
cantly decreased. After reasonable treatment, the patient’s
condition improves, the above cytokines will gradually return
to normal levels; other cytokines such as interleukin family and
TNF-α are also elevated (Chammas et al., 2021; Cooper, 2017;
Hang et al., 2020; Rezkalla and Kloner, 2021). In particular,
sST2 is even more sensitive than NT proBNP and cTnI for
discriminating fulminant myocarditisfrom non fulminant myo-
carditis (Coronado et al., 2019). Fulminant myocarditis can be
diagnosed in patients with clinical symptoms and plasma sST2
greater than 58.39 ng mL−1. Plasma sST2 has a sensitivity of
85.7% and a specificity of 94.7% for diagnosing fulminant
myocarditis (Wang et al., 2022). Therefore, routine examination
and dynamic monitoring of plasma levels of inflammatory factors
are recommended in patients suspected of fulminant myocarditis,
which has important implications for diagnosis, therapeutic
efficacy, and prognostic evaluation of the disease (I B) (Table 4).
Procalcitonin (PCT) is a glycoprotein of 116 amino acids that is

released into the blood by activated inflammatory and tissue cell
production following bacterial, fungal and parasitic infections
and septic stimuli, and the level of PCT generally varies with the
degree of infection (often used as a reference basis for bacterial
infections) (Meijers et al., 2021). Bacterial toxins such as
lipopolysaccharide (endotoxin) are the most important inducers,
and PCT is positively correlated with the severity of the condition
and the duration of hospitalization in patients with myocarditis
(Grimaud et al., 2020; Mirna et al., 2021). However, PCT can
also be produced by the stimulation of inflammatory factors such
as IL-1, IL-6, and TNF-α. It has been noted clinically that the
majority of patients with fulminant myocarditis have elevated or
even significantly elevated PCT that is not due to bacterial
infection. As observed in 69 patients with fulminant myocarditis
from the Department of Cardiology, Tongji Hospital, Huazhong
University of Science and Technology (HUST), the plasma PCT
level was (2.917±1.544) ng mL−1 on the day of admission, while
it reached (21.679±7.564) ng mL−1 the next day and was still
(3.017±1.446) ng mL−1 until discharge, but no evidence of
bacterial infection was found. This demonstrates that patients
with fulminant myocarditis have elevated PCT, which is
associated with myocardial inflammatory cell infiltration,
myocardial injury, and inflammatory storm. So, clinical atten-
tion should be paid to observation and identification, and other
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evidence of infection such as imaging and pathogenetic tests
should be combined to determine whether the coinfection was
comorbid or not, and the diagnosis of comorbid bacterial
infection cannot be made based on PCT alone or elevated
peripheral blood leukocytes (IIb). Only when coinfection with
bacteria has been clearly established in patients with fulminant
myocarditis can the level of PCT be consulted to guide antibiotic
use and efficacy evaluation (Daubin et al., 2018; Huang et al.,
2018; Kyriazopoulou et al., 2021).

Special examination for fulminant myocarditis

Electrocardiogram
The ECG has high sensitivity but low specificity for the diagnosis
of this disease and should be examined multiple times to compare
its changes. Sinus tachycardia was most common in patients
with fulminant myocarditis, although there were also patients
with nonsignificant changes in heart rate. Patients with
fulminant myocarditis showed significantly low voltage in all
leads on the ECG at admission, and most patients had QRS
widening (22.8%), ST segment elevation (19.5%) or ST-T
segment changes (37.4%) in extensive leads or some leads, and
many had T-wave flattening and/or inversion, which can be
accompanied by bundle branch block (22.8%) and other
arrhythmias (Ammirati et al., 2017a; Kociol et al., 2020). Most
fulminant myocarditis patients can present with ECG changes
similar to AMI, presenting with selective or non selective ST
segment arched upward elevation in leads, persistent QRS
widening, bundle branch block or atrioventricular block,
suggesting that myocardial transmural damage is extensive
and severe (Sawamura et al., 2018; Ukena et al., 2011). Studies
have reported possible arrhythmias in 44% of patients in the
acute phase, including atrial fibrillation (approximately 7%),
complete atrioventricular block (approximately 17%), paroxys-
mal ventricular tachycardia or ventricular fibrillation (15%)
(Sawamura et al., 2018). The presence of VT, VF, or sinus arrest
suggests critical illness, they are also a cause of syncope and
sudden death, and hypotension/shock is the most important
predisposing factor. Other ECG changes include sinus block,
abnormal Q waves, and reduced QRS amplitude (Ammirati et al.,
2018a; Dai et al., 2023). Of note, ECG changes can be very rapid
in patients with fulminant myocarditis, and they should be kept
on continuous ECG monitoring, with routine recording of ECGs
when ECGs are changes (Caforio et al., 2013) (I B) (Table 4).

Echocardiography
Echocardiography provides a comprehensive assessment of
cardiac structure, function, and flow status. The following
changes can be seen in patients with fulminant myocarditis
(Ammirati et al., 2018a; Ammirati et al., 2017a; Zuo et al.,
2020). (i) Cardiac dysfunction: significant decrease in LV systolic
function can be seen. A dramatic decrease in left ventricular
ejection fraction over a short period (hours) is one of the
important features of fulminant myocarditis, with EF values even
as low as 10% in some patients; LV diastolic function was also
significantly impaired (decreased E/A′ ratio and increased E/E′
ratio). With reasonable and effective treatment, the patient’s
cardiac function can improve significantly in the short term,
returning to near normal levels soon after a few days. (ii) Diffuse
wall hypokinesia of the left ventricle or even peristaltic like beats
can be seen. (iii) It is commonly observed that the left ventricle

exhibits segmental motion abnormalities on the basis of diffuse
hypokinesia, which is characterized by hypokinesia, no motion,
paradoxical motion, or even ventricular aneurysm formation and
heterogeneous involvement of the systemic myocardial inflam-
mation, usually associated with ST segment elevation on the
electrocardiogram. These changes can gradually return to
normal within days to 10 days or more of effective treatment.
(iv) Change in cardiac chamber size: most patients have normal
cardiac chamber size, only a few patients have slightly enlarged
cardiac chambers, very few are significantly enlarged, which can
recover after effective treatment (Felker et al., 2000). (v) The wall
of the chamber is transiently and reversibly thickened, resulting
from inflammatory oedema of the mesangium, and is usually
12–13 mm thick and, in severe cases, even 20–30 mm thick,
with the thickening of the interventricular septum being the most
(Felker et al., 2000). (vi) In comparison with LV long axis strain
detection in acute myocarditis, fulminant myocarditis is asso-
ciated with a significant decline and predates the decline in
cardiac function and is thought to be helpful for early diagnosis
(Zuo et al., 2021). In addition, detection of vena cava diameter
and its rate of change during inspiration can help to judge patient
blood volume and guide fluid therapy.
Echocardiography can timely rule out valvular heart disease,

hypertrophic or restrictive cardiomyopathy, etc. When combined
with the medical history, hs cTnI/cTnI, NT proBNP and ECG
examinations, the diagnostic significance of echocardiography
was obviously increased. Echocardiography is important in the
rapid diagnosis of the disease, determining the severity of the
condition, guiding the choice and adjustment of treatment
options, the assessment of efficacy and prognosis, and follow-up.
Routine workup is recommended for all patients with fulminant
myocarditis, especially for those who are hemodynamically
unstable and require ambulatory monitoring (I B) (Ammirati et
al., 2017a; Ammirati et al., 2016; Caforio et al., 2017; Caforio et
al., 2013; Hang et al., 2020).

Chest CT or X-ray
Most patients have little or slightly enlarged heart shadows
(Ammirati et al., 2018b). There were signs of pulmonary
congestion or pulmonary edema due to left heart insufficiency,
such as enhanced hilar vascular shadow, blurred lung fields, etc.
Hilar in acute alveolar pulmonary edema is butterfly like, and
large confluent shadows are seen in the lung field. Very few
patients with combined viral pneumonia can present with severe
diffuse lesions plus pulmonary congestion and consolidation in
heart failure, which manifests as respiratory distress, ARDS, and,
in some patients, pleural effusion and interlobar pleural
thickening.

Coronary angiography
Fulminant myocarditis patients have an acute onset, and some
patients have inflammation involving the pericardium and
pleura, even combined with coronary spasm, thus having chest
tightness and shortness of breath or even chest pain, along with
significant changes in ECG and myocardial markers, which need
to be differentiated from AMI. Therefore, it is recommended to
perform coronary angiography as early as possible, regardless of
whether the patient has high-risk factors for coronary athero-
sclerosis (Ammirati et al., 2018b; Caforio et al., 2013), because
the treatment and prognosis of the two diseases are completely
different. Available literature data and the experience of more
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than 200 patients from Tongji Hospital affiliated with Huazhong
University of Science and Technology (HUST) have proved that
emergency radiography does not increase the mortality of
patients with fulminant myocarditis (Zhou et al., 2021).
However, care was taken to minimize contrast administration
when performing coronary angiography (I A) (Ammirati et al.,
2017a; Kociol et al., 2020).

Cardiac magnetic resonance
Cardiac magnetic resonance imaging (CMRI) can provide
imaging changes that approximate pathological changes in
myocarditis, including myocardial edema, congestion, and
capillary exudation, as well as necrosis and fibrosis. Quantitative
analysis of myocardial tissue damage is also possible using T1
mapping, T2 mapping techniques and extracellular volume
(ECV) parameters (Ferreira et al., 2018; Friedrich et al., 2009).
Cardiac magnetic resonance examination combined with tropo-
nin elevation has gradually replaced myocardial biopsy as a
noninvasive method for the clinical diagnosis of myocarditis and
has been used in clinical studies of myocarditis in recent years,
especially in low-risk patients (Ammirati et al., 2018a).
The current CMRI diagnostic criteria for myocarditis include

the following: (i) T2 imaging suggestive of myocardial edema,
including increased T2 signal on T2 weighted imaging or
increased T2 mapping; (ii) myocardial inflammation was
considered when T1 imaging suggested myocardial injury,
including delayed gadolinium enhancement (LGE), increased
T1 mapping T1 value or ECV, fulfilling one of the 2 criteria
mentioned above (Ferreira et al., 2018). Studies have shown a
sensitivity of 87.5% and a specificity of 96.2% for the diagnosis of
myocarditis (Luetkens et al., 2019). Moreover, distinguished
from ischaemic myocardial injury, myocardial injury in myo-
carditis is generally marked by epicardial injury, extending from
the epicardium to the mid myocardium and endocardium, and
the extent of injury is not consistent with the region of coronary
distribution (Ammirati et al., 2017a; Ammirati et al., 2017b).
CMRI also has obvious limitations, is time-consuming to examine
and analyze, and is not suitable for critically ill patients; effective
implementation of CMRI requires a high level of post analytical
technique, and furthermore, edematous changes in the mid
myocardial layers on CMRI are difficult to differentiate from
myocardial ischemia; CMRI does not distinguish between
inflammatory aetiology and histological type. In addition, CMRI
examination has not been universal in county hospitals. There-
fore, CMRI has limited diagnostic value in the acute phase of
fulminant myocarditis.

Endomyocardial biopsy
Pathological analysis by endomyocardial biopsy (EMB) is the
traditional gold standard for the diagnosis of myocarditis.
Histological diagnostic criteria for fulminant myocarditis are
presented in the pathology section. In recent years, with the
development of imaging techniques such as echocardiography
and magnetic resonance, EMB has been less applied for common
myocarditis. However, for fulminant myocarditis with shock,
acute HF or severe arrhythmia as the main manifestations, EMB
is recommended to clarify the pathological diagnosis by the
current study as well as by the American Heart Association
(AHA) and the European Society of Cardiology (ESC) related
consensus (Caforio et al., 2013; Cooper et al., 2007; Francis and
Lewis, 2018; Heymans et al., 2016).

In addition to providing direct evidence of inflammation in
myocardial tissue and thereby establishing a diagnosis of
myocarditis, EMB can guide subsequent treatment of myocardi-
tis, although the latter is currently unproven by large-scale
clinical studies. EMB can determine the type of pathology,
discover pathogens such as viruses and determine its amount,
and help to clarify the infiltrating inflammatory cell types in
combination with immunohistochemical staining (Bennett et al.,
2013; Merken et al., 2018), which is particularly important for
the diagnosis of specific types of fulminant myocarditis such as
cytomegalovirus myocarditis, eosinophilic myocarditis and
sarcoidosis (Ammirati et al., 2021; Tschöpe et al., 2019a).
Therefore, EMB is actively recommended for fulminant myocar-
ditis, especially when a specific etiology is clinically suspected,
such as the use of ICIS, autoimmune diseases, peripheral blood
eosinophilia, etc. to clarify the etiology, pathological type, and
status of myocardial injury and to guide clinical treatment
(Ammirati et al., 2021; Palaskas et al., 2020; Tschöpe et al.,
2019a).
Limitations of this technique limit its clinical use in fulminant

myocarditis, including that its diagnostic value relies on the
experience of the pathologist; EMB is an invasive procedure with
the presence of complications such as cardiac perforation causing
pericardial tamponade, atrioventricular block, chordae tendineae
injury and bleeding from the puncture site. Complication rates
are approximately 1%–2% in experienced centres and up to 8.9%
in other centres (Bennett et al., 2013; Singh et al., 2018). There
is sampling error, and sampling at low voltage regions under 3D
mapping can obviously improve the positive rate (I B) (Casella et
al., 2020; Haanschoten et al., 2021).

Diagnosis and differential diagnosis

Diagnostic criteria
Fulminant myocarditis should be suspected in patients with
prodromal symptoms such as fever, fatigue, poor appetite or
diarrhoea, followed by rapid onset of severe haemodynamic
disturbances (including hypotension or shock), severe arrhyth-
mias (atrioventricular block, sinus tachycardia, VT and other
malignant arrhythmias); elevated hs cTnI/cTnI and BNP/NT
proBNP, and significant ECG changes (low voltage, extensive lead
ST segment and T wave changes and conduction block, etc.);
patients can be clinically diagnosed with fulminant myocarditis if
they present with the following features on echocardiography,
such as diffuse wall hypokinesia, markedly decreased left
ventricular ejection fraction, decreased left ventricular long axis
strain, and markedly increased levels of inflammatory factors,
and acute myocardial infarction and stress-induced cardiomyo-
pathy have been excluded. Fulminant myocarditis should also be
considered after ruling out acute myocardial infarction in the
setting of overt viral infection, history of oncologic ICIS therapy,
autoimmune disease, toxicant ingestion, or drug hypersensitiv-
ity; In addition, there are rare cases of fulminant myocarditis
with viral invasion of the cardiac conduction system, mainly
characterized by malignant arrhythmias such as atrioventricular
block, frequent VT, and ventricular fibrillation. Hs cTnI/cTnI and
BNP/NT proBNP are not significantly elevated at an early stage,
and such patients need to be evaluated early for inflammatory
factors, echocardiography, EMB, or CMRI, 18FDG-PET to confirm
the diagnosis, after excluding electrolyte imbalance, and exclu-
sion of inherited ion channel disorders by history.
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Diagnostic process
The diagnosis of fulminant myocarditis was made from three
aspects: proposed diagnosis (clinical presentation, ECG, cardiac
markers, cardiac ultrasound and screening for inflammatory
factors), confirmation of diagnosis (coronary angiography, EMB
or CMRI), and etiological diagnosis (etiology and toxicant testing
help to search for the etiology). It is critical to make a clinical
diagnosis very early, so these three aspects are not strictly
performed in a step-wise fashion. In particular, coronary
angiography should be performed as early as possible to exclude
acute myocardial infarction, while EMB and detection of
inflammatory factors help confirm the diagnosis. The diagnostic
strategy and flow are shown in Figure 3.
(1) Proposed diagnosis: patients suspected of fulminant

myocarditis by the presence of prodromal symptoms, clinical
manifestations and signs of upper respiratory or digestive tract
infection as well as elevated ECG and troponin should undergo
echocardiography as soon as possible to clarify the possibility of
fulminant myocarditis.
(2) Confirmation of diagnosis: fulminant myocarditis can be

diagnosed clinically in patients who are proposed to have
fulminant myocarditis after coronary angiography has been
performed to exclude acute myocardial infarction. EMB can be
performed as early as possible to clarify the pathological diagnosis
if the patient can tolerate testing.
(3) Etiological diagnosis: patients with fulminant myocarditis

can be searched for the etiological factors by using pathogen
microorganism detection, autoimmune related antibody and
poison detection.

Differential diagnosis
Fulminant myocarditis involves multiple organs and systems,
has a severe and variable clinical presentation, and often requires
the above tests and examinations early in the course of the
disease to exclude the following diseases:
(1) AMI: a massive AMI presenting with pulmonary conges-

tion leading to circulatory collapse, shock, electrocardiographic
changes and marked elevation of the cardiac markers hs cTnI/
cTnI and BNP/NT proBNP, is the most desirable condition to
differentiate from fulminant myocarditis. Identification is made
primarily by coronary angiography and cannot be made solely
on empirical judgment.
(2) Septic cardiomyopathy: in patients with shock due to severe

bacterial infection, toxic and immunological insults can also lead
to myocardial damage, with a significant decrease in cardiac
systolic function and a significant increase in hs cTnI/cTnI and
BNP/NT proBNP in severe cases, resembling fulminant myocar-
ditis. Their early presence of significant bacterial infection,
significant elevation of blood leukocytes, and other systemic
manifestations are helpful for identification.
(3) Ordinary acute myocarditis: ordinary acute myocarditis

usually also has a history of previous infection, chest tightness,
palpitations and other symptoms and myocardial damage, but
the acute myocarditis has a significantly milder impairment of
cardiac function, a milder clinical condition than fulminant
myocarditis, no obvious hemodynamic disturbance and conduc-
tion abnormalities, and the condition can extend over a long
period to become chronic myocarditis or cardiomyopathy
changes.
(4) Stress cardiomyopathy: also known as left ventricular

apical ballooning syndrome or octobasket heart, with severe

impairment of cardiac function and significant increases in hs
cTnI and NT proBNP, needs to be differentiated from fulminant
myocarditis. The syndrome has the following salient features: It
has a female predominance and there is strong psychological
stress as a predisposing factor; It closely resembles AMI but
without fixed stenosis on coronary angiography and can quickly
recover after reasonable treatment. Stress induced cardiomyo-
pathy can also be induced by intense stress mimicked during
pheochromocytoma sympathetic crises (Y-Hassan and Falham-
mar, 2020). In addition, very few patients with fulminant
myocarditis also show ballooning changes in the heart, which
can be identified by a clear history and features of inflammatory
storm, and myocardial biopsy can finally lead to a definite
diagnosis.
In addition to the diseases mentioned above, fulminant

myocarditis is also differentiated from diseases such as viral
pneumonia.

Acute phase treatment of fulminant myocarditis

Because patients with fulminant myocarditis have a rapid onset,
rapid changes in condition and highmortality, it is recommended
that hospitals establish a rapid response team and a standardized,
concise and easy to master practice path for the treatment of
fulminant myocarditis according to the actual situation, so as to
ensure the standardized implementation of the “life support-
based comprehensive treatment regimen” and improve the
success rate of rescue of fulminant myocarditis.

Establishment of rapid response team for treatment of
fulminant myocarditis

(1) The cardiology team is the core, and is fully responsible for the
diagnosis (including coronary angiography, myocardial biopsy),
risk assessment, establishment of life support system, operation
and management, implementation of comprehensive treatment
plan, and long-term follow-up of patients with fulminant

Figure 3. Flow chart of myocarditis diagnosis. ECG, echocardiography, cTnI, NTpro-
BNP, CAG (coronary angiography) and blood cytokine detection need to be completed
immediately. a, It means that it should be performed when necessary. Left
ventriculography is to exclude stress cardiomyopathy, and chest CT is to exclude
septic cardiomyopathy caused by severe infection. Select an appropriate time for CMRI
(cardiac magnetic resonance imaging) according to the situation.

https://doi.org/10.1007/s11427-023-2421-0 SCIENCE CHINA Life Sciences Vol.67 No.5, 913–939 May 2024 925

https://doi.org/10.1007/s11427-023-2421-0


myocarditis in the hospital. Superior treatment center and basic
level hospitals have established information exchange. Once the
patients with suspected fulminant myocarditis need to be
referred, they can be directly referred by the basic level hospital
or assisted by the rapid response team members with life support
equipment according to the practical conditions and the patient’s
condition.
(2) Pre hospital first aid/emergency intensive care medical

team: this team is in charge of the whole process of identification,
transfer and pre hospital first aid of outpatient and emergency
patients, and completes patient referral and pre hospital
treatment together with the cardiology team.
(3) Imaging and pathology department team: the physicians of

cardiac ultrasound department are responsible for the evaluation
of cardiac function of patients in the hospital during the
treatment and long-term follow-up; cardiac MRI physicians are
responsible for the diagnosis, differential diagnosis and follow-up
of myocarditis through CMRI; pathologists are responsible for
making accurate pathological diagnosis on tissue samples from
myocardial biopsy/autopsy or heart transplantation.
(4) Backup support for cardiovascular surgery: for patients

with difficulties in percutaneous insertion or removal of
mechanical circulatory support devices, vascular surgery backup
support is required for vascular incision, catheter insertion and
withdrawal; very few patients with severe cardiac function
impairment and difficulty in recovery can be transferred to
cardiac surgery for bridging left ventricular assist device
implantation or heart transplantation.
(5) MDT support team: patients with fulminant myocarditis

often suffer from multiple organ dysfunction. When organ
disorders occur except for heart and treatment is difficult,
appropriate treatment plans can be formulated after consultation
with multiple specialties.
The above teams are composed of 3–5 people. The cardiology

team is responsible for regularly conducting theoretical training
on the treatment scheme, mechanical support practice and work
flow drill for the above team members, so that patients with
fulminant myocarditis can be treated quickly, normatively and
effectively.

Practice path

(1) The basic level hospital and the superior treatment center
shall establish information exchange and open a green channel
for the treatment of fulminant myocarditis. If the patients or their
families agree and the hospital conditions are available, they can
consider timely referral for treatment.
(2) It is necessary to take the cardiology department as the

leading department and cooperate with multiple departments to
complete the treatment of patients with acute and critical
diseases.
(3) Once the superior treatment center assists the primary

hospital for diagnosis, the primary hospital should immediately
start drug treatment to maintain vital signs and quickly transfer
the patient to the superior treatment center.
(4) After receiving the referral information, the superior

treatment center immediately started the “green channel”. The
cardiology doctors and nurses prepared life support auxiliary
equipment, emergency angiography, etc., and the ultrasound
doctors prepared bedside ultrasound.
(5) The members of the treatment center evaluate the patients’

condition, establish the corresponding life support auxiliary
system, and start a comprehensive treatment plan.
(6) Members of the treatment center evaluate the condition of

the patient according to the laboratory examination and special
examination results every day, and adjust the treatment plan at
any time.
(7) All discharged patients were followed up for 6 months by

members of the treatment center, and then the local hospital
doctors could be instructed to follow up the patients.

Patient bedside monitoring

ECG blood pressure oxygen saturation monitoring
Patients with fulminant myocarditis can develop severe hemo-
dynamic disorders, arrhythmias, respiratory failure, and other
critical conditions, so close monitoring of temperature, blood
pressure, heart rate, cardiac rhythm, respiratory rate, oxygen
saturation, and daily water output and intake are required, with
daily assessment of symptom and sign changes. ECG monitoring
can timely detect arrhythmias, such as supraventricular
arrhythmias, ventricular arrhythmias, and atrioventricular
block, in patients with fulminant myocarditis. Blood pressure
monitoring includes noninvasive blood pressure and invasive
blood pressure and is able to accurately determine shock. Oxygen
saturation is mainly monitored by finger pulse oxygen and
arterial blood gas analysis. In patients with poor peripheral
circulation, arterial blood gas analysis to monitor partial pressure
of oxygen and oxygen saturation is more accurate (I, A) (Jensen
et al., 1998). In fulminant myocarditis patients undergoing VA
ECMO assisted, oxygen saturation of the right upper extremity
more closely reflect the patient’s systemic oxygenation profile (I,
B) (Lee et al., 2020).

Invasive blood pressure monitoring
Relative to noninvasive blood pressure, invasive blood pressure
monitoring has high accuracy and is suitable for patients with
unstable hemodynamic status who are severely ill (I, A) (Kim et
al., 2014). Systolic blood pressure less than 90 mmHg or mean
arterial pressure less than 60 mmHg for more than 30 min was
considered a common hemodynamic indicator of shock. Invasive
blood pressure is usually measured by puncture catheterization
of the radial, brachial, femoral, dorsal foot arteries, and other
sites. Stable invasive BP waveforms are important for IABP, and
the supportive effects of IABP can be effectively assessed by
monitoring of aortic systolic, diastolic, and counterpulsation
pressures. Whereas patients receiving veno arterial extracorpor-
eal membrane oxygenation (VA-ECMO) assistance have a
smaller pulse pressure difference due to increased left ventricular
afterload, invasive blood pressure can indirectly assess cardiac
function and aortic valve patency in patients. Raising ECMO flow
increases patient mean arterial pressure (map) and it is reason-
able to keep Map >60 mmHg (I, C) (Du et al., 2018).

Central venous pressure
Central venous pressure (CVP) is the pressure of the right atrium
and intrathoracic great veins, measured through the superior
and inferior vena cava or the right atrial internal canal, which
reflects the right atrial pressure and is one of the main indicators
of hemodynamics observed clinically. A central venous pressure
of more than 15 mmHg in patients with shock suggests possible
right heart dysfunction or volume overload, and central venous
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pressure is an important hemodynamic indicator (II, B)
(Heidenreich et al., 2022). Patients receiving mechanical
ventilation will have increased central venous pressure due to
increased intrathoracic pressure. While in patients receiving VA-
ECMO support, the central venous pressure will significantly
decrease due to the loss of blood return caused by vena cava
drainage. The impact of these factors needs to be considered
when using central venous pressure to assess volume status.

PICCO hemodynamic monitoring
Pulse wave indicating continuous cardiac output (PICCO)
integrates a large number of static and dynamic hemodynamic
parameters, including cardiac output (CO), whole heart end
diastolic volume (GEDV), extravascular lung water (EVLW),
stroke variability (SVV), and so on, by combining transcardial
thermodilution and pulse contour analysis. Hemodynamic
indices obtained by PICCO improve the accuracy of bedside
assessment and can guide clinical decision making, especially in
hypotensive patients (I, B) (Li et al., 2021a). However, the
accuracy of PICCO is also affected by multifaceted factors.
Common critical care techniques such as continuous renal
replacement therapy (CRRT), IABP, ECMO affect the thermo-
dilution process and need careful consideration when using
PICCO to monitor hemodynamics.

Principles of rescue

“Life support-based comprehensive treatment regimen”, empha-
sizes “very early recognition, very early diagnosis, very early
prediction and very early rescue”.
Although fulminant myocarditis has an acute onset and rapid

disease progression with a high early case fatality rate, patients
once they go through the dangerous period and the long-term

prognosis is mostly good, so great attention should be paid to the
treatment of fulminant myocarditis, which can save the patient’s
life as soon as a clinical diagnosis is made and treatment is
initiated as soon as possible. The key problem in patients with
fulminant myocarditis is acute circulatory failure and cardio-
genic shock, the main pathophysiological mechanism of which is
“excessive immune activation and inflammatory storm forma-
tion”. Based on the mature experience of our multicenter trial
and the clinical practice of multiple hospitals, this guideline
recommends “life support-based comprehensive treatment regi-
men” for patients with fulminant myocarditis. Its core content
includes: (i) mechanical circulatory support: maintaining circu-
latory stability and ensuring organ perfusion with a mechanical
circulatory device, allowing the failing heart to rest, rather than
raising blood pressure with cardiotonic and vasoactive drugs; (ii)
immunomodulatory therapy: the use of adequate doses of
glucocorticoids and adequate doses of immunoglobulins to
modulate immunity, which is the fundamental measure; (iii)
use of neuraminidase inhibitors to attenuate myocardial injury;
(iv) other treatments: ventilator assisted breathing if necessary,
temporary pacemaker implantation and blood purification
therapy, etc (Figure 4).

Rescue methods

Life support therapy is at the highest priority of all treatments for
fulminant myocarditis and is the central link of “life support-
based comprehensive treatment regimen”. Life support therapy
includes mechanical circulatory support and respiratory support,
etc.

Mechanical circulatory support
The myocardium is damaged by diffuse inflammation in

Figure 4. Treatment flow chart of patients with myocarditis in the acute phase. cTnI, cardiac troponin I; sST2, soluble growth stimulating expression gene 2 protein; IL,
interleukin; ECG, electrocardiogram; UCG, echocardiography; CMRI, cardiac magnetic resonance imaging; EMB, endomyocardial biopsy; SpO2, blood oxygen partial pressure;
SBP, systolic blood pressure; LVEF, left ventricular ejection fraction; IABP, intra aortic balloon counterpulsation; CRRT, continuous renal replacement therapy; ECMO,
extracorporeal membrane oxygenation; NA, neuraminidase.
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fulminant myocarditis, and pump failure, hypotension, or
cardiogenic shock occur, which, combined with pulmonary
congestion and lung inflammatory injury, severely hamper
systemic blood and oxygen supply. Mechanical circulatory
support actively reduces cardiac work and restores cardiac
function under systemic therapy and is the preferred treatment
and one of the central links. Vasoactive drugs and cardiotonics
will aggravate the burden on the damaged heart, aggravate
organ ischemia and promote myocardial inflammatory injury,
resulting in serious consequences. So vasoactive drugs and
cardiotonics are used only in the absence of mechanical
circulatory support. Mechanical circulatory support is employed
once available (Gustafsson, 2018; Kociol et al., 2020). Mechan-
ical circulatory support include the following:
(1) Intra-aortic balloon pump (IABP). The balloon of the IABP

is rapidly inflated (varying from 30–60 mL) in early diastole and
the balloon occupies the intra-aortic (distal to the left subclavian
artery opening to proximal to the left renal artery opening) space,
which elevates aortic pressure, drives blood flow, and increases
perfusion in organs such as the heart and brain and kidneys.
Rapid deflation of the balloon of the IABP before systole, resulting
in reduced intra-aortic pressure, reduces afterload during systole
and reduces cardiac work, whereas it increases stroke volume
and forward blood perfusion (Gustafsson, 2018; Kociol et al.,
2020). A recent retrospective study of IABP use in a large sample
of patients with cardiogenic shock demonstrated that IABP use in
fulminant myocarditis patients significantly reduced in-hospital
death (Chu et al., 2021). In addition, multicenter studies and
empirical reports have confirmed that the early administration of
IABP in fulminant myocarditis patients significantly increases
systolic blood pressure above 20 mmHg, decreases the faster
sinus rate by approximately 10 beats/min, reduces the use of
vasoactive drugs, and improves the short- and long-term
prognosis (Jie et al., 2022; Li et al., 2019; Maisch et al., 2014;
Zhou et al., 2021). If IABP is used extremely early, more than
70% of patients do not require the addition of other mechanical
circulatory devices such as ECMO to maintain circulatory
stability. Therefore, immediate IABP use is recommended in
patients with fulminant myocarditis who present with early
manifestations of shock such as hypotension and increased heart
rate (I, A) (Chu et al., 2021; Jie et al., 2022; Kociol et al., 2020; Li
et al., 2019; Maisch et al., 2014; Ye et al., 2021; Zhou et al.,
2021) (Table 5)
(2) ECMO. VA-ECMO, which directly drains blood from the

level of the right atrium to extracorporeal oxygenation and
reinfusion to the aorta (1–6 L min−1), is able to completely or
partially replace cardiopulmonary function and rapidly stabilize
the circulation. The application of VA-ECMO for fulminant
myocarditis treatment has been supported by numerous clinical
data (Albert et al., 2020; Ammirati et al., 2017a; Ammirati et al.,
2019; Chong et al., 2018). (i) With IABP support, shock still
cannot be completely corrected, fulminant myocarditis patients
still have peripheral hypoperfusion, and ECMO needs to be used;
(ii) patients with sudden cardiac arrest in fulminant myocarditis,
especially if standard cardiopulmonary resuscitation (CPR) is
performed for more than 10 min without restoration of effective
spontaneous circulation or interrupted by a short period of return
of spontaneous circulation, during which time there are repeated
episodes of cardiac arrest, or recurrent episodes of ventricular
tachycardia; (iii) no contraindications to ECMO assisted (Kociol et
al., 2020; Yannopoulos et al., 2020). Median treatment duration

with ECMO has been reported to range from 5 to 9 days, with
discharge rates ranging from 55% to 81.8% (Asaumi et al.,
2005; Ammirati et al., 2017a; Chong et al., 2018; Kondo et al.,
2022; Lorusso et al., 2016). However, in recent years, following
Chinese expert consensus, multiple centers have recommended
that IABP should be applied first and, when IABP is insufficient to
correct shock, ECMO should be reintroduced (i.e., combining
IABP and ECMO) along with immunomodulatory therapy to
reduce the in-hospital mortality of fulminant myocarditis to less
than 5% (Li et al., 2019; Zhou et al., 2021). Limitations of VA
ECMO assisted circulation are the increased risk of left ventricular
afterload and pulmonary edema, the possibility of a slow recovery
of LV function with difficulty in aortic valve opening, and the
difficulty in ECMO removal. Combined IABP can compensate for
its limitation (Combes et al., 2020; Henry et al., 2021; Hu et al.,
2020; Mehrpour et al., 2019). In conclusion, immediate addition
of ECMO is recommended when IABP is insufficient to correct
circulatory disturbance. When patients have severe circulatory
dysfunction, severe LV dysmotility, or cardiac arrest, a combina-
tion of ECMO and IABP should be performed immediately (I, A)
(Albert et al., 2020; Ammirati et al., 2019; Ammirati et al.,
2017a; Chong et al., 2018; Wang et al., 2019a) (Table 5).
(3) Impella and other cardiac assist devices. In addition to

IABP and ECMO, mechanical circulatory assist techniques have
Impella and tandem heart (Combes et al., 2020). Temporary
circulatory support for cardiogenic shock. Temporary circula-
tory support for cardiogenic shock (Combes et al., 2020). The
Impella system works by pumping oxygenated blood from the
left ventricle transcatheter across the aortic valve directly into
the ascending aorta via a built-in micro axial flow pump at the
leading edge of the catheter, establishing a left ventricle
ascending aorta drainage pathway and thereby partially
replacing left ventricular function (Gao et al., 2020). Recently,
the application of Impella alone or in combination with VA-
ECMO in circulatory support in patients with fulminant
myocarditis extends the support time and improves long-term
prognosis, which has been supported by clinical evidence (I, B)
(Annamalai et al., 2018; Kennel et al., 2021; Kondo et al.,
2022; Tschöpe et al., 2019b). Tandem heart as a biventricular
assist system has also been reported in case reports of circulatory
support in fulminant myocarditis (IIa, C) (Pahuja et al., 2019)
(Table 5).

Immunomodulatory therapy
Excessive immune activation and inflammatory storm lead to
severe injury of myocardium in fulminant myocarditis. Targeting
this pathophysiological basis, “immunomodulatory” therapy,
comprising adequate doses of glucocorticoids and adequate doses
of immunoglobulins, rather than “immunosuppressive” therapy
using cytotoxic drugs, is able to block the pathogenetic link,
reduce inflammation and edema, fight shock, relieve clinical
symptoms, save patients’ lives and improve outcomes.
(1) Very early use of adequate doses of glucocorticoids. There

is good reason for the use of glucocorticoids in patients with
fulminant myocarditis, which have potent anti shock, anti
myocardial inflammation, edema and injury effects by inhibiting
nuclear transcription factor NF-κB activity while suppressing
inflammatory factor production and inflammatory storm,
stabilizing intracellular lysosomal membranes, attenuating toxin
damage, reducing myocardial depressor release function and
protecting myocardium through non nuclear receptor mechan-
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isms (Hafezi-Moghadam et al., 2002). Glucocorticoid use during
fulminant myocarditis not only failed to promote viral spread but
also reduced myocardial viral titers, which was found to be
associated with a significant increase in interferon production.
Therefore, glucocorticoids are part of immunomodulatory
therapy and are recommended to be started immediately after
diagnosis. Methylprednisolone 200–500 Mg (or 3–8 mg kg−1)
was administered intravenously daily (can be reinvigorated with
methylprednisolone on the basis of intravenous dexamethasone
10–20 mg as an emergency). It is gradually reduced depending
on the condition (usually starting at a left ventricular EF value
greater than 40%) after 3–5 consecutive days of treatment.
Patients with fulminant myocarditis are recommended to be
treated very early with adequate doses of glucocorticoids (Chen et
al., 2013; Cooper et al., 1997; Jiang et al., 2022; Kociol et al.,
2020; Li et al., 2019; Schultheiss et al., 2011; Wang et al.,
2019a; Zhou et al., 2021). Patients were changed to oral

prednisone 20–40 mg d−1 before discharge and was maintained
for 1–3 months. Treatment discontinuation and adjustment of
therapy were considered during follow-up based on patient
symptoms, cardiac function, cTnI level, inflammatory factor
levels, the degree of myocardial inflammation and edema
revealed by CMRI or myocardial biopsy, and the degree of
tolerance to medications (I, A) (Table 5).
(2) Very early intravenous use of adequate doses of immu-

noglobulin. Intravenous immunoglobulins are obtained from the
plasma of multiple healthy individuals and have multiple effects
including antiviral, anti-inflammatory and modulating immu-
nity. Studies have shown that Fc fragments of immunoglobulins
bind to immune cell Fc receptors especially macrophages. The Fc
fragment of immunoglobulins binds the high affinity Fc receptor
FCγRI, promoting the expression of inflammation inhibitory
FcγRIIB, thereby producing marked anti-inflammatory thera-
peutic effects (Samuelsson et al., 2001). Binding of immunoglo-

Table 5. Treatment of fulminant myocarditis in acute stage and its level of recommendation

Recommend Level of recommendation Level of evidence

Early use of IABP for circulatory support is recommended in those with hemodynamic instability. I A

Immediate initiation of ECMO or direct initiation of ECMO therapy is recommended when an IABP is insufficient to improve
circulation in those with hemodynamic instability. I A

Impella alone or in combination with ECMO can be used for circulatory support therapy in patients with fulminant
myocarditis. IIa C

Tandem heart as a biventricular assist system can be used for circulatory support in fulminant myocarditis. A right heart
assist device (Impella RP) may also be considered when combined with or predominant right heart dysfunction. IIa C

After admission, intravenous methylprednisolone infusion at 3–8 mg kg−1 per day is recommended to be started as early as
possible, halved after 3–5 consecutive days, and maintained at 20–40 mg d−1 for 1–3 months. I A

It is recommended to start intravenous gamma-globulin at 10–20 g per day as early as possible after admission and halve
after 3–5 days to 5–10 g for 3 days for a total amount of about 2 g kg−1.

I A

Oseltamivir phosphate capsules (75 mg orally, 2 times/day) are recommended, and peramivir can be used as an alternative
for 3–5 days. IIa C

Maintenance of mean arterial pressure at 60–65 mmHg is recommended to minimize the amount and timing of vasoactive
drugs, and early referral of patients for mechanical circulatory support. I A

Inotropic agents (levosimendan, milrinone, and cediranib) increase cardiac contractility, reduce LV filling pressure to
improve LV function, and improve withdrawal from mechanical circulatory assist devices in patients with fulminant

myocarditis.
IIa C

CRRT: early application of CRRT is recommended in fulminant myocarditis combined with organ dysfunction, especially
renal function injury. IIa C

Mechanical ventilation: ventilators can be used as an adjunct in acute left heart failure, improving pulmonary function and
reducing the patient’s exertional load and cardiac work. IIa C

Treatment of arrhythmia:
(1) Those with tachyarrhythmias (ventricular fibrillation) should be defibrillated or synchronized with electrical

cardioversion immediately. Early use of extracorporeal life support therapy is recommended when arrhythmias cannot be
terminated.

IIa C

(2) Those who are relatively hemodynamically stable and should not be used negative inotropic, negative frequency
antiarrhythmic drugs such as β receptor blockers or non dihydropyridine calcium antagonists. III C

(3) Placement of a temporary pacemaker is recommended for those with bradycardia. it can be treated with drugs that raise
heart rate such as isoproterenol or atropine if unavailable. IIa C

(4) In patients with bradycardia, implantation of a permanent pacemaker is not recommended in the acute phase. ICDs are
not recommended in patients with VT, in the acute phase and after recovery from disease (Evans et al., 2021; Prochnau et

al., 2010).
III C

(5) Those with stable disease for more than 2 weeks, but in whom the conduction block remained unrecovered, were
considered for implantation of a permanent pacemaker. IIa C

Proton pump inhibitors: fulminant myocarditis patients are mostly under acute stress, and high-dose hormone therapy is
used in some patients, especially in critically ill patients using mechanical circulatory support. Proton pump inhibitors are

recommended for stress ulcer and gastrointestinal bleeding prevention.
IIa C

Prevention of infection: fulminant myocarditis patients are mostly complicated by various degrees of infection, so anti
infective treatment is recommended from the beginning. IIa C

Routine use of antifungals is not recommended. III C
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bulins to Fc receptors on macrophages produces a marked
polarizing effect, such that M1 macrophages are markedly
decreased, whereas M2 macrophages are markedly increased,
thereby suppressing myocardial inflammatory factor transcrip-
tion and translation in myocarditis, while immunoglobulin
treatment markedly reduces inflammatory cell infiltration such
as monocytes/macrophages and the number of dendritic like cells
in the myocardium and suppresses myocardial inflammation
(Shioji et al., 2001). Experimental studies from Tongji Hospital of
Wuhan found that treatment with immunoglobulins was highly
effective against fulminant myocarditis in different model
animals. It is recommended to start intravenous gammaglobulin
at 10–20 g daily as early as possible after admission, and the dose
of gammaglobulin is reduced to 5–10 g after 3–5 days and
continued for another 3–5 days, with a total amount of about
2 g kg−1 (I, A) (Albert et al., 2020; Jiang et al., 2022; McNamara
et al., 2001; McNamara et al., 1997; Moulik et al., 2010;
Schultheiss et al., 2011; Tschöpe et al., 2021; Zhou et al., 2021)
(Table 5).
Although there is a lack of large controlled studies using

glucocorticoids or immunoglobulins alone for fulminant myo-
carditis, small controlled studies have confirmed that intrave-
nous immunoglobulin use is highly effective in the treatment of
patients with fulminant myocarditis, especially in our country,
the combination of adequate doses of glucocorticoids and
adequate doses of immunoglobulins has achieved significant
success in the treatment of fulminant myocarditis, A new concept
of “immunomodulatory therapy” combined with the results of
basic research is proposed.

Antiviral therapy
Although viral infection is still thought to be the most common
initiating factor in myocarditis on the basis of clinical prodromal
symptoms, a large proportion of patients do not have direct
evidence of viral infection. Andmost of the antiviral drugs, except
influenza virus, are nonspecific and the effect is uncertain, so no
special recommendation should be made at this time.
The neuraminidase inhibitors oseltamivir and peramivir have

become the mainstay of guideline recommended treatments for
influenza A and B by inhibiting their release from infected cells,
preventing aggregation after release of progeny virus from host
cells, and facilitating virus inactivation to reduce the release and
spread of nascent virus (Laborda et al., 2016). Recently, it was
shown that the expression level of neuraminidase is significantly
higher after myocardial injury, leading to aggravation of
myocardial injury by desialylation on the cardiomyocyte surface.
Neuraminidase inhibitors might have synergistic therapeutic
effects through effects other than antiviral (Li et al., 2021b; Li et
al., 2019; Savage et al., 2014). Oseltamivir phosphate capsules
(75 mg orally, 2 times/day) are recommended routinely in
patients with fulminant myocarditis, or peramivir intravenously
(IIa, C) (Wang et al., 2019a) (Table 5).

Other mechanical support treatment
(1) Mechanical ventilation treatment. Mechanical ventilation:
ventilators can be used as an adjunct to medical therapy in acute
left heart failure and can improve pulmonary function, especially
significantly reduces the patient’s exertional load and cardiac
work. According to the principle that every effort is made to
reduce the load on the heart, it is recommended that positive
pressure ventilation be given to patients with shortness of breath/

distress, rapid respiratory rate, or respiratory depression (abnor-
mal respiratory rhythm) with or without oxygen desaturation
(Association SMB of CM, 2007; Cardenas and Lynch, 2006).
Common modes of mechanical ventilation include the follow-

ing:
(i) Noninvasive mechanical ventilation: noninvasive mechan-

ical ventilation is recommended for patients with dyspnea/
distress or respiratory rate>20 BPM, who can fully cooperate and
adapt to ventilator ventilation, and who are expected to achieve
short-term remission (Sevransky et al., 2004). Non invasive
mechanical ventilation is contraindicated in patients with
unclear consciousness and impaired airway self-cleaning capa-
city (Antonelli et al., 2000; Hilbert et al., 2001). Patients should
be closely monitored for vital signs and treatment response when
non-invasive mechanical ventilation treatment is applied, and
immediately changed to invasive mechanical ventilation if
necessary.
(ii) Invasive mechanical ventilation: patients unable to adapt

to noninvasive mechanical ventilation, patients requiring
cardiopulmonary resuscitation, and patients with shortness
of breath or distress should be decisively placed on invasive
mechanical ventilation. Invasive mechanical ventilation
should be used as early as possible for respiratory failure and
the appearance of respiratory and metabolic acidosis (Associa-
tion SMB of CM, 2007; Marini et al., 1988; Tasaka et al.,
2022). Therefore, the indication for invasive mechanical
ventilation is significantly looser for fulminant myocarditis
than for other diseases. Although there is currently a lack of
RCT studies evaluating the therapeutic significance of early
invasive mechanical ventilation for fulminant myocarditis with
respiratory failure, the experience in China has proved that
invasive mechanical ventilation is more effective in improving
hypoxemia, reducing the work of breathing, alleviating
respiratory distress, and helping cardiac function recovery (I,
a) (Table 5).
(2) CRRT. As an adjuvant therapeutic measure, the main

purpose of CRRT is to continuously clear toxins and inflamma-
tory factors to alleviate damage caused by inflammatory storm,
while helping regulate body fluid and acid-base balance and
stabilize the internal environment. It should be used early when
combined with renal impairment or acute left heart failure.
Patients with fulminant myocarditis often present with

disturbed hemodynamics and fluid retention due to capillary
leak, so CRRT is recommended in critically ill patients; When
combined with systemic infection, CRRT can significantly
improve hemodynamics in patients with septic shock by clearing
inflammatory mediators and help improve survival (IIa, C) (Chu
et al., 2021; Kopterides et al., 2012; Tzartos et al., 2008) (Table
5).
Immunoadsorption may help effectively clear inflammatory

factors. Although there is no evidence from large-scale clinical
trials, results from clinical studies with small samples (Felix et al.,
2015; Jensen and Marchant, 2016) suggest that immunoadsor-
bent therapy may improve clinical symptoms and cardiac
function in patients (IIa, B) (Bulut et al., 2010; Bygren et al.,
1985; Felix et al., 2000; Mobini et al., 2003; Palmer et al., 1988)
(Table 5). Immunosorbent can be tried when available.

Use of vasoactive and inotropic agents
Vasoactive drugs excite β1 receptors of the myocardium,
increasing myocardial contractility, elevating heart rate and
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increasing cardiac output; some vasoactive agents excite
peripheral vascular receptors, which constrict blood vessels,
thereby maintaining blood pressure and ensuring blood supply to
important organs. However, prolonged application of vasoactive
drugs at large doses increases myocardial oxygen consumption,
myocardial ischemia, and induces arrhythmias, and its strong
peripheral vasoconstrictor effect may lead to ischemic injury or
even necrosis in organs such as the kidney, liver, and
gastrointestinal tract, forming irreversible damage. Commonly
used vasoactive agents include dopamine, norepinephrine, m-
hydroxylamine, and pituitrin, etc. This class of drugs is not
recommended in principle for patients with fulminant myocardi-
tis. However, in the absence of mechanical circulatory support
conditions, vasoactive drugs should be administered temporarily
to maintain the patient’s mean arterial pressure at 60–65 mmHg
in the absence of minimal perfusion to vital organs (Kędziora et
al., 2021; Morkane et al., 2022). Early institution of mechanical
circulatory support or referral of the patient to a center with
mechanical circulatory support should be undertaken to mini-
mize the dose and timing of vasoactive drug use in patients with
(I, A) (Chu et al., 2021; Li et al., 2019; Rajagopal et al., 2010)
(Table 5).
Inotropic agents increase cardiac contractility and decrease LV

filling pressure to improve LV function. Levosimendan, as a
calcium sensitizer, has selective sensitizing effects on systolic
Ca2+, thereby increasing cardiac contractility and improving
diastolic function (Bouchez et al., 2018; Farmakis et al., 2016).
But levosimendan still increases myocardial oxygen consumption
and is not recommended but may be considered in the recovery
period (Apostolopoulou et al., 2018; Busani et al., 2012; Latva-
Hirvelä et al., 2009; Parissis and Filippatos, 2009; Schweigmann
et al., 2011). The administration of levosimendan increases the
success rate of device weaning from ECMO in patients on
mechanical circulatory support with ECMO alone (IIa, C)
(Affronti et al., 2013; Cholley et al., 2019; Vally et al., 2019)
(Table 5).
Digitalis is the most commonly used inotropic agent in our

country, with a small number of individual case reports, but it
should be used with caution (IIa, C) (Caforio and McKenna,
1996; Dehtiar et al., 2001; Roubille et al., 2013) (Table 5).

Other treatments
General supportive care should be aggressively administered, and
the main contents include: (i) the patient should definitely lie in
bed for rest, reduce the visitation and interference with the
patient, avoid patient emotional irritation and fluctuation. (ii)
Patients should be given a light taste, digestible and nutrient rich
diet with few meals or by nasogastric feeding tube nutrition. (iii)
Nasal cannulae, face mask oxygen, or positive pressure oxygen
should be administered. (iv) Drugs that improve myocardial
energy metabolism should be administered (Chen et al., 2016).
(v) Supplementation with water-soluble and fat soluble vitamins,
will help prevent DIC. (vi) Fluid supplementation: the amount of
water intake is decided based on urine. Rapid intake of water and
rapid discharge of water are strictly prohibited. (vii) Trimetazi-
dine may favour myocardial metabolism (Chen et al., 2016; Chen
et al., 2018). (viii) Application of proton pump inhibitors prevent
stress ulcers and gastrointestinal bleeding. (ix) Physical cooling,
or treatment with glucocorticoids may be used in case of
hyperthermia, and nonsteroidal anti-inflammatory drugs are
not recommended.

Common complications of fulminant myocarditis
and its management

Prevention and treatment of arrhythmias

20%–30% of patients with fulminant myocarditis have comorbid
arrhythmias. Such as severe arrhythmia will cause or aggravate
hemodynamic disorders, threatening the patient’s life. In
addition to myocardial inflammation, the most important risk
factors that trigger arrhythmias include severe hypotension,
hypoxia, and the use of vasoactive drugs such as dopamine, etc.
Preventive measures: first, the above triggers need to be
eliminated, including: (i) intravenous dexamethasone 10–
20 mg immediately after diagnosis; (ii) maintain an appropriate
blood pressure, and maintain a map of 60–65 mmHg (not to be
overestimated) with small amounts of dopamine and m-hydro-
xylamine/or norepinephrine when mechanical circulatory sup-
port conditions are not available, such as on the way to referral;
(iii) mechanical ventilation was given when the patient had
shortness of breath; (iv) Reduce dopamine dosage. Treatment of
comorbid arrhythmias should follow existing arrhythmia guide-
lines, and patients’ cardiac function and blood pressure levels
should also be considered fully to select appropriate drugs or
management strategies (Camm et al., 2012; Camm et al., 2010;
Dickstein et al., 2010; Hsu et al., 2011; Vardas et al., 2007; Zipes
et al., 2006).
(1) Prediction of malignant arrhythmias. The presence of sinus

bradycardia, widened QRS, dynamic changes on ECG, worsening
left ventricular function on echocardiography, persistently
elevated or fluctuating cardiac troponin levels, or the presence
of non sustained VT often heralds the development of malignant
arrhythmias (Chen et al., 2020c).
(2) Treatment of tachyarrhythmias. (i) Tachyarrhythmias

that affect hemodynamics, such as AF, atrial flutter, and
tachypacing, VT, and VF, should be rapidly identified and
managed to correct the hemodynamic disturbances. In those
with hemodynamic impairment due to above arrhythmias,
electrical cardioversion should be administered immediately,
along with drugs to prevent recurrence such as intravenous
amiodarone; Those who do not correct or recur after electrical
cardioversion should be offered early treatment with extra-
corporeal mechanical circulatory support with the goal of
stabilizing hemodynamics and improving symptoms (IIa, C).
(ii) For hemodynamically relatively stable arrhythmias such as

frequent ventricular extrasystoles, appropriate treatment strate-
gies and anti arrhythmic drugs are selected based on clinical
symptoms, cardiac functional status, and the nature of the
arrhythmia; Myocarditis patients are often complicated by
cardiac dysfunction, and patients with tachyarrhythmias are
not suitable for antiarrhythmic drugs with negative inotropic
properties, such as nondihydropyridine calcium channel blockers
and others; Rapid and short acting β-blocker therapy may be
tried intravenously in case of tachycardia or VT, ventricular
fibrillation, suspected sympathetic hyperactivation or sympa-
thetic storm (IIa, C).
(3) Treatment of bradyarrhythmias. Temporary pacemakers

should be installed immediately in patients with marked
bradycardia or conduction block, if temporary pacemaker for
placement are not available, slow intravenous pumping with
isoproterenol should be used temporarily, but dose control is
required to prevent induction of tachyarrhythmia (JCS Joint
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Working Group, 2011). Slow type arrhythmias can recover in
the vast majority of myocarditis patients, and implantation of a
permanent pacemaker is not recommended in the acute phase
(III, C). In rare patients in whom conduction block has not
recovered after 2 weeks of stable disease, implantation of a
permanent pacemaker should be considered; In patients who
develop ventricular fibrillation during the acute phase, an
implantable cardioverter defibrillator (ICD) is not recommended.

Prevention and treatment of DIC

Patients are highly prone to severe coagulopathy due to shock,
inflammatory storm and combined liver injury. So fulminant
myocarditis combined with DIC is common, and it is a common
cause of patient death. Clinically, it has been observed that
delayed diagnosis and treatment of fulminant myocarditis,
prolonged shock, recurrent cardiac arrest, and prolonged use of
blood pressure medications such as norepinephrine are all risk
factors for DIC. Effective preventive measures include: (i) early
diagnosis and prompt treatment to effectively correct cardiogenic
shock and curb inflammatory storm; (ii) early daily monitoring of
coagulation, and timely detection of DIC aura; (iii) DIC is
associated with recurrent cardiac arrest, circulatory instability,
sympathoexcitation and should be corrected; (iv) try to avoid
prolonged and high-dose use of blood pressure increasing drugs
such as norepinephrine, m-hydroxylamine and pituitrin, which
aggravate hepatic ischemia and inflammation and promote
hepatic necrosis and irreversible DIC; (v) all patients with DIC are
recommended to be treated immediately with fresh plasma,
cryoprecipitate and platelet transfusion, or artificial liver in
addition to glucocorticoids and immunoglobulins (Hu and Mei,
2017).

Prevention and treatment of systemic capillary leak
syndrome

Systemic capillary leak syndrome (SCLS) is also known as
hyperleak syndrome, multisystem inflammatory syndrome. SCLS
is a relatively common fatal complication in hematological
disorders and their targeted therapies and in septic cardiomyo-
pathy, but occurs sporadically in fulminant myocarditis. The
mechanism of SCLS is associated with an inflammatory storm, in
which damage to the vascular endothelium by cytokines leads to
leakage of plasma and proteins into the interstitial space and
body cavity, whereupon hypovolemic shock, tissue and organ
edema, hemoconcentration, and refractory hypoalbuminemia
occur, and severe edema can occur in the myocardium, and its
occurrence is associated with a severe inflammatory storm that
fails to be recognized and treated promptly. Therefore, effective
preventive measures are early detection and diagnosis of
fulminant myocarditis, and timely treatment according to the
treatment regimen introduced in this guideline, suppressing the
inflammatory storm. SCLS can be corrected in the vast majority
of patients, after effective treatment, whereas patients with severe
forms of SCLS require special attention. On the basis of
mechanical support and immunomodulatory therapy, glucocor-
ticoids and immunoglobulins need to be increased, plasma needs
to be supplemented, and high molecular weight hydroxyethyl
starch injection needs to be used to help restore blood volume
(Heradstveit et al., 2010); in addition, treatments such as Anti-
IL-6 monoclonal antibodies (such as tocilizumab) may be helpful.

Prevention of infection: use of antibiotics

In principle, antibiotics are not used in patients with fulminant
myocarditis, but larger doses of glucocorticoids are used, and
some patients have significant pulmonary congestion or endo-
tracheal intubation and endovascular intervention (IABP or
IABP+ECMO), etc., therefore, broad-spectrum antibiotics are
recommended for infection prevention. However, ongoing
evaluation is recommended, and if not complicated by infection,
discontinuation of antibiotics is required after removal of the
circulatory support system.
If an infection has already occurred, it should be treated

aggressively with respect to pathogen culture and susceptibility
test results, at which point early and adequate administration of
antibiotics and empirical medication should be followed by the
principle of “step-down” to mitigate the infection from damage to
the microcirculatory system as early as possible; Ideally,
antibiotics should be administered within 1 h. During the course
of anti infection, dynamic evaluation should be continued, and
the source of infection should be sought quickly and the focus of
infection should be controlled so that the treatment strategy can
be adjusted at any time (Association PMG of CB of CM et al.,
2017).
Do not rely solely on procalcitonin levels to decide whether to

initiate antibiotics in patients with fulminant myocarditis,
particularly when suspected of having comorbid sepsis, septic
shock, or rely on clinical assessment alone; In cases where the
patient has sufficient evidence of infection, but the optimal course
of antibiotics cannot be clearly defined, reference to the
procalcitonin level and the clinical situation is recommended to
decide on antibiotic administration rather than relying on the
clinical situation alone. For patients without high risk of multi
drug resistance (MDR), combination therapy is not recom-
mended; When the pathogenic bacteria are clear, drug suscept-
ibility is clear, and combination medication is not recommended;
Routine use of antifungals is not recommended (IIa, C) (Evans et
al., 2021).

Treatment and follow-up of the convalescent phase
of fulminant myocarditis

Patients with fulminant myocarditis recover before and after
discharge from hospital, and the myocardium remains inflamed
and edematous to varying degrees, which can present with left
ventricular enlargement, arrhythmias and cardiac dysfunction,
even progressing to inflammatory cardiomyopathy (Schultheiss
et al., 2019; Tschöpe et al., 2021). After patients with fulminant
myocarditis are discharged from the hospital, rehabilitation
period treatment and long-term follow-up are needed to help
cardiac function recover and prevent the occurrence of
complications.

Rehabilitation period treatment

Assessment and classification
Patients with fulminant myocarditis require a regular and
adequate assessment before and after discharge (e.g., Table 6)
regarding clinical presentation, biomarkers, resting ECG, 24h
Holter, cardiac ultrasound, EMB if necessary, or cardiac magnetic
resonance, etc (Ammirati et al., 2018a; Schwaab et al., 2022).
Based on the evaluation contents, patients discharged from the
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hospital can be classified as healed myocarditis, healing
myocarditis, and persistence myocarditis (Ammirati et al.,
2020; Schwaab et al., 2022). Evaluation parameters were
largely normal in patients with healed myocarditis; some of the
indices assessed in the patients with healing myocarditis were not
normal but had improved significantly; there was no significant
improvement in cardiac structure and function in patients with
persistence myocarditis. EMB and cardiac magnetic resonance
can reflect myocardial edema, inflammation, necrosis, fibrosis,
and guide the treatment of patients in the rehabilitation period
(Aquaro et al., 2019; Greulich et al., 2020; Li et al., 2021c).

Pharmacotherapy
Treatment options should be determined based on the type of
myocarditis pathology. For patients with giant cell myocarditis,
eosinophilic myocarditis, sarcoidosis myocarditis and immune
checkpoint inhibitor related myocarditis, hormones or immuno-
suppressive agents can improve the patient’s symptoms after
discharge (Brambatti et al., 2017; Ekström et al., 2016; Ganesan
et al., 2020) (I, B). Hormone therapy improves cardiac function
in chronic lymphocytic myocarditis without viral infection as
suggested by EMB (Frustaci et al., 2009; Merken et al., 2018;
Torre-Amione et al., 2008) (I, B). Oral hormones improve
myocardial inflammatory edema in patients with discharge
myocardial injury markers persistently above normal values or
cardiac magnetic resonance suggestive of myocardial inflamma-
tory edema (IIa, C) (Ammirati et al., 2021; Liu et al., 2021a).
Oral treatment with angiotensin-converting enzyme inhibitors, β
receptor blockers, and trimetazidine is recommended for all
patients; for patients presenting with signs and symptoms of
arrhythmia, normative pharmacotherapy may be administered
according to the relevant guidelines (I, C) (Al-Khatib et al., 2018;
Caforio et al., 2013; Ponikowski et al., 2016). Patients with
myocarditis who have received standard anti HF therapy, but
whose heart failure symptoms persist, require an EMB to gain
further insight into the type of myocarditis pathology (I, C) and to
decide whether immunosuppressive therapy is added (Figure 5).

Nonpharmacologic interventions
Patients with giant cell myocarditis have a high risk of
ventricular tachycardia (Cooper et al., 1997), and ICD implanta-
tion is recommended to prevent sudden death (Al-Khatib et al.,
2018) (I, C). Patients with chronic myocarditis in whom
medications fail to improve cardiac function should undergo
long-term mechanical circulatory assistance or heart transplan-
tation (Kociol et al., 2020) (I, C).

Exercise based cardiac rehabilitation
Moderate to high intensity exercise is not recommended for all
fulminant myocarditis patients within 3–6 months of discharge
(III, B) (Caforio et al., 2013; Kociol et al., 2020). Before
undergoing cardiac rehabilitation, all patients should be eval-
uated again with comprehensive examinations, including
cardiac magnetic resonance, Holter, exercise stress test, for
exercise related sudden death risk assessment (I, B). In patients
with inflammation and scarring of the myocardium and
persistent LV dysfunction suggested by cardiac magnetic
resonance, moderate- to high-intensity exercise is not recom-
mended (Caforio et al., 2013). In patients with healed
myocarditis, exercise based cardiac rehabilitation is acceptable
after 6 months of the acute phase (IIa, B) (Schwaab et al., 2022).
Exercise intensity should begin at low intensity, and assessments
of clinical manifestations, electrocardiograms, biomarkers, as
well as echocardiography should be performed regularly during
cardiac rehabilitation (I, C) (Schwaab et al., 2022).

Long term follow up

Patients with fulminant myocarditis can fully recover after
discharge and can also develop persistent cardiac dysfunction
and even progress to inflammatory cardiomyopathy. All patients
with fulminant myocarditis should be followed up long-term after
discharge (I, C) (Schwaab et al., 2022) (Table 7). The follow-up
contents included clinical symptoms and signs, cardiac ultra-
sound, electrocardiogram, cTnI, NT proBNP, inflammatory
indicators such as cytokines, CMRI, and EMB if necessary in
order to promptly detect abnormalities of cardiac structure and
function and prevent the occurrence of complications.
Unresolved issues need further researches in future: although

the treatment regimen recommended in the guidelines is greatly
achieved, small proportion of patients (approximately 5%) have
poor response to the treatments, and we need to develop new
drugs and methods to treat them. Approximately a quarter of
discharged patients under this regimen have cardiac dilation,
heart failure or arrhythmias during one year follow-up and we
have no good way to improve them though long-term outcome is
much better than that by traditional treatments. Most impor-
tantly, we are lack of understanding of detaled pathophisiologic
mechanisms of the lethal disease, such as how it triggers, what
key molecule(s) play and then we may block it or eraly diagnose
based on the early biomarker, and which cytokines play key roles
during development of cytokine storm and then we may target it
to miligate inflammation; we need to understand mechanism of

Table 6. Evaluation content of fulminant myocarditis

Evaluation methods Evaluation contents Evaluation purposes

Clinical presentation and physical
examination

NYHA cardiac function grade, chest pain, clinical manifestations of
infection, fatigue, palpitations, peripheral edema, pulmonary rales, blood

pressure, heart rate, temperature, respiratory rate
Assessment of the signs or symptoms of HF

Resting ECG Arrhythmia, conduction or repolarization abnormalities Assessment of cardiac electrophysiology

24 h Holter ECG
Sinus tachycardia or bradycardia, paroxysmal atrial fibrillation, frequent
premature atrial or ventricular complexes, intermittent bundle branch
block, high degree atrioventricular block, and heart rate variability

Assessment of cardiac electrophysiology

Biomarkers Troponin, CK-MB, C-reactive protein, BNP, or NT proBNP Assessment of myocardial injury, HF, inflammation

Cardiac ultrasound
Ventricle size, atrium size, interventricular septum thickness, left
ventricular systolic function, left ventricular diastolic function,

global longitudinal strain, pericardial effusion
Assessment of cardiac structure and ejection function
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chronicity of this disease. All these issues require further research
in recent future.
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