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The clinical manifestations of myocarditis vary
from mild dyspnea or chest pain, which can grad-
ually disappear without special treatment for car-
diogenic shock leading to death [1]. The
prognosis can also vary. A prospective study
including 174 cases of myocarditis confirmed by
endocardial biopsy with a median follow-up of
23.5 months found that the positive polymerase
chain reaction (PCR) detection of viral genes on
endocardial biopsy was a factor contributing to
poor prognosis [2]. Another study of 222 patients
diagnosed with viral myocarditis by endocardial
biopsy with a median follow-up of 4.7 years
reported a mortality rate of 19.2% [3]. The prog-
nosis of myocarditis is related to its etiology,
clinical manifestations, and disease stages [2, 4,
5]. This chapter describes the prognosis of
patients with viral myocarditis with different
pathological tissue types, clinical symptoms,
auxiliary examination findings, and clinical
treatments.
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19.1 Histopathological Type

and Prognosis

The histological examination of endocardial
biopsy in myocarditis shows cellular infiltration
(Fig. 19.1), usually of tissue cells and mononu-
clear cells, and possibly with myocardial cell
damage [6]. The specific histopathological types
of myocarditis are mainly divided into lympho-
cytic myocarditis, eosinophilic myocarditis, and
giant cell myocarditis.

Viral infection, the most common cause of
lymphocytic myocarditis [1, 7, 8], usually
begins within 3-5 days or up to 2 weeks of
infection. Its course varies. The disease can be
subclinical, indolent, or fulminant. When the
disease is indolent, it gradually progresses to
dilated cardiomyopathy (DCM); when it is
fulminant, it may lead to death, or the patient
may fully recover after reasonable treatment
such as short-term hemodynamic support [9].
A study of 27 patients with lymphocytic myo-
carditis or critical myocarditis confirmed by
endocardial biopsy reported a 5-year survival
rate of 56%, which did not differ significantly
from that of specific DCM [10]. In an earlier
retrospective study of 112 patients with histo-
pathologically diagnosed myocarditis, 66
(59%) had lymphocytic myocarditis. The 1-
and 5-year follow-up rates of the total popula-
tion without heart transplantation were 79%
and 56%, respectively. A multivariate regres-
sion analysis suggested that histopathological
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Fig. 19.1 Endocardial biopsies of four types of myocar-
ditis. (a) Lymphocytic myocarditis (CD45RO immuno-
peroxidase stain, 200x); (b) eosinophilic myocarditis

findings (lymphocytic, granulomatous, or
giant cell myocarditis) are among the factors
predicting patient death or need for heart
transplantation [11].

Giant cell myocarditis is a rare and severe
autoimmune myocarditis that is virus-negative
and usually fatal for which immunosuppressive
therapy may be effective [12]. Compared with
other pathological myocarditis, giant cell myo-
carditis has a higher mortality and heart trans-
plantation rate [13]. Eosinophilic myocarditis,
characterized by eosinophilic infiltration of the
myocardium, is seen in malignancies, parasitic
infections, allergic myocarditis, endocardial
fibrosis, and idiopathic hypereosinophilic syn-
dromes. In a meta-analysis of 264 patients with

(250x with HE staining); (c) giant cell myocarditis (HE
staining, 200x); (d) granulomatous myocarditis (HE
staining, 200x) [6]. HE hematoxylin and eosin

eosinophilic myocarditis, the average left ven-
tricular ejection fraction (LVEF) at admission
was 35%, 16.8% of patients required transient
cardiopulmonary bypass, and the in-hospital
mortality rate was 22.3% [14]. In recent years,
immune checkpoint inhibitors have been widely
used in tumor treatment and achieved significant
effects. However, it cannot be ignored that
20-30% of patients have myocardial injury,
1-2% of patients develop fulminant myocarditis,
and the risk of death is as high as 46-75% [15].
However, the above results were all reported
by Western scholars and published before our
report entitled “Life-support based comprehen-
sive treatment regimen.” Therefore, it does not
represent the latest research conclusions.
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19.2 Clinical Manifestations
and Prognosis

Fulminant myocarditis, the most serious and spe-
cial type of myocarditis, is characterized by
sudden-onset and extremely rapid disease pro-
gression. The patient rapidly develops abnormal
hemodynamics and severe arrhythmia that may
be accompanied by respiratory failure and liver
and kidney failure, and the early mortality rate is
extremely high. It is worth noting that some stud-
ies have found that, although the hospital mortal-
ity rate of this disease is high, once the acute
crisis is passed, the long-term prognosis is good.

An 11-year follow-up study in 2000 (Fig. 19.2)
showed that, among patients diagnosed with
myocarditis by endocardial biopsy, 14 patients
with fulminant myocarditis had a significantly
higher survival rate than 132 patients with nor-
mal acute myocarditis (93% and 45%, respec-
tively), and the long-term survival rate was
similar to that of the general population [16].
However, two articles published in 2017 and
2019 reported the opposite conclusion. In a pre-
vious study (Fig. 19.3), myocarditis was diag-
nosed by endocardial biopsy or cardiac magnetic
resonance, and 34 patients with fulminant myo-
carditis and 96 patients with acute viral myocar-
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ditis were followed for 9 years [17]. In the latter
study, myocarditis was diagnosed by histological
examination, and 165 patients with fulminant
myocarditis and 55 patients with acute viral myo-
carditis were followed for 60 days and 7 years,
respectively [12]. Both studies showed that the
survival rate without heart transplantation in
patients with fulminant myocarditis was signifi-
cantly lower than that in patients with acute viral
myocarditis [12, 17]. The difference in results
was related to the fact that all patients in the study
published in 2000 were diagnosed with lympho-
cytic myocarditis by endocardial biopsy, whereas
few patients were assisted with extracorporeal
mechanical circulation for fulminant myocarditis
at that time.

In a study published in 2017, only some
patients underwent endocardial biopsy, and the
pathological types of myocarditis were not clas-
sified and compared [18]. In a study published in
2019, although all of the patients underwent
endocardial biopsies and lymphocytic myocardi-
tis pathological types were compared, the
changes in treatment methods for myocarditis
(such as the use of external mechanical circula-
tion assistance in patients with fulminant myo-
carditis) and differences in etiology led to
somewhat different conclusions [19] (Fig. 19.4).

Ammirati’s two studies also suggested that a
QRS duration greater than 120 ms on admission
is also a predictor of poor prognosis in patients
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with myocarditis [12, 17]. A prospective study
of 174 patients with biopsy-diagnosed myocar-
ditis found that biventricular dysfunction sever-
ity was a major predictor of death or heart
transplantation in patients with myocarditis
[18]. A follow-up study in Germany of 77
patients diagnosed with viral myocarditis by
endocardial biopsy (EMB) reported that the
presence of late gadolinium enhancement (LGE)
of cardiac magnetic resonance was the most
independent predictor of all-cause and cardio-
genic death in patients [19]. A follow-up study
in 2018 enrolled 443 patients with acute myo-
carditis diagnosed by endocardial biopsy or bio-
marker elevation plus meeting two cardiac
magnetic resonance criteria for myocarditis
(edema and late gadolinium enhancement in
non-ischemic mode) reported that patients with
complex acute myocarditis (defined as an initial
LVEF of less than 50%, persistent ventricular
arrhythmia, or low cardiac output syndrome
requiring positive inotropic drugs or mechanical
circulation support) had significantly higher
mortality and heart transplant rates than patients
with uncomplicated acute myocarditis [20].
Secondary pulmonary hypertension is a predic-
tor of a poor outcome. In another study, 93
patients with myocarditis who underwent right
heart catheterization and EMB were followed
up for 4.4 years, and mean arterial pressure was
the most important predictor of death [21].
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Fig. 19.4 Short-term (left) and long-term (right) follow-up results of lymphocytic fulminant versus non-fulminant

myocarditis [12]
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The persistence of viral genomes in the myo-
cardium may be an important factor in predict-
ing the outcome of viral myocarditis. In one
study, 172 patients with viral myocarditis diag-
nosed by biopsy were included, of whom 151
were infected with only one virus. After a median
follow-up of 6.8 months, endocardial biopsy was
repeated. Of them, 55 had spontaneous clearance
of the virus genome and a significant increase in
LVEF but a significant decline in LVEF was
found in patients with persistent viral genome
[22]. However, another follow-up study showed
that the viral genome detected by endocardial
biopsy at admission was not associated with
poor prognosis, suggesting that the viral genome
may sometimes reflect latent rather than active
viral infection [23].

Serological markers, particularly soluble Fas
ligands and interleukin-10 (IL-10), may be help-
ful for predicting the outcomes of acute severe
myocarditis. A case series showed that the serum
concentrations of soluble Fas and Fas ligand in
patients with acute myocarditis were signifi-
cantly higher than those in normal subjects or
patients with old myocardial infarction, and the
concentrations of Fas and Fas ligands in patients
with myocarditis who died during hospitalization
was significantly higher than that in patients with
myocarditis who were discharged after recovery
[24]. Another study included 20 patients with
recently onset idiopathic DCM and the results
further support the role of Fas [25]. A higher
serum IL-10 concentrations at admission in
patients with fulminant myocarditis may indicate
cardiogenic shock and death [26].

Cardiac-specific autoantibodies can be identi-
fied in patients with acute or chronic myocarditis.
The presence of autoantibodies is associated with
an increased risk of chronic myocarditis pro-
gressing to DCM [27]. A case series of 33 patients
with chronic myocarditis showed that patients
with anti-a-myosin autoantibodies were less
likely to have improved left ventricular systolic
and diastolic function. Patients with this antibody
showed no improvement in LVEF at 6 months,
while those without this antibody showed a 9%
absolute increase in LVEF. Similarly, in relatives
of patients with idiopathic DCM, the presence of

anti-cardiac antibodies predicts future left ven-
tricular dilatation [27].

In summary, we found that the difference
between myocardial enzyme spectrum changes
in patients with myocarditis and myocardial
infarction is that there is no obvious enzyme
peak, indicating that the lesion is a gradual
change, while the continuous increase indicates
that the myocardium is continuously damaged
and aggravated, indicating a poor prognosis. The
levels of brain natriuretic peptide (BNP) or
N-terminal proBNP are usually significantly
increased, indicating that cardiac function is seri-
ously impaired, and it is an important indicator
for diagnosing cardiac insufficiency, evaluating
its severity, and judging its progression and out-
come. Neutropenia is a sign of poor prognosis, as
is persistent thrombocytopenia.

19.3 Clinical Treatment
and Prognosis

The treatment of patients with viral myocarditis
can be divided into three parts: symptomatic and
supportive treatment, immunosuppressive ther-
apy, and immunomodulatory therapy [28]. Some
clinical studies have discussed the effects of these
treatments on the prognosis of patients with viral
myocarditis. When hemodynamically stable
heart failure with a reduced LVEF is present in
patients with myocarditis, diuretic therapy on
demand, diuretic therapy should be used as
needed, angiotensin converting enzyme inhibi-
tors (ACEI) or angiotensin II receptor blockers
should be started as soon as possible, and beta-
blockers should be used on an evidence-based
basis. ACEI and beta-blockers have been shown
to reduce complications and death in patients
with systolic heart failure [29]. Animal experi-
ments have shown that ACEI can improve myo-
cardial necrosis and adverse outcomes caused by
myocarditis [30, 31].

Cardiopulmonary bypass devices are neces-
sary for patients with myocarditis and severe
hemodynamic disorders. Although studies have
found that intra-aortic balloon pumping (IABP)
cannot improve the prognosis of patients with
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myocardial infarction [32], and large randomized
controlled studies on the efficacy of IABP in
patients with myocarditis are currently lacking,
some retrospective studies or case reports have
found that TABP can help patients with fulminant
myocarditis in the acute phase [33-35]. The ther-
apeutic effect of extracorporeal membrane oxy-
genation (ECMO) on fulminant myocarditis has
been supported by a large number of clinical data
[36—40]. In a study of 57 patients with fulminant
myocarditis who received adjuvant ECMO ther-
apy, 41 (71.9%) survived and were discharged
from the hospital with a 5-year follow-up sur-
vival rate of 65.2% [36]. A statistical analysis of
3846 patients with cardiogenic shock treated
with veno-arterial ECMO from January 2003 to
December 2013 showed that 1601 patients (42%)
survived and were discharged from the hospital,
while chronic renal failure, hypotension, and low
bicarbonate ion levels were associated with high
mortality rates [38].

The widespread use of glucocorticoids in clin-
ical practice is largely based on the doctors’ clini-
cal experience [8]. Preliminary studies reported
that immunosuppressive agents may be benefi-
cial for certain patients with chronic myocarditis,
but the effectiveness of immunosuppressive ther-
apy for acute lymphocytic myocarditis of
unknown etiology has not been proven. In 1989,

two controlled studies showed that glucocorti-
coids did not improve the survival rate of patients
with myocarditis (Fig. 19.5) [41]. One study
included 102 patients with myocarditis and
reported that the LVEF in the glucocorticoid
treatment group was significantly improved com-
pared with that of the control group within
3 months [42]. Long-term follow-up found no
significant intergroup difference in LVEF [43].
Glucocorticoids combined with azathioprine
therapy benefits the prognosis of patients with
chronic myocarditis [43, 44]. In a study in 2001,
84 patients diagnosed with DCM more than
6 months prior with chronic inflammation con-
firmed by biopsy were randomly divided into
hormone treatment and control groups, and the
former was treated with steroids and azathio-
prine. After a 2-year follow-up, the hormone
treatment group had significant improvements in
LVEF and cardiac function classification com-
pared with the control group (Fig. 19.6) [43].

In 2009, the TIMIC study included 85 patients
with chronic stable DCM who were confirmed to
have myocarditis by endocardial biopsy, the viral
genome was not found on endocardial biopsy,
and the patients were randomly divided into hor-
mone treatment and control groups. The hormone
treatment group was treated with prednisone and
azathioprine. After 6 months of follow-up, the
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chronic inflammatory dilated cardiomyopathy [43]
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Fig. 19.7 TIMIC study [44] of patients with chronic sta-
ble dilated cardiomyopathy who had myocarditis con-
firmed by endocardial biopsy and had no viral genome
detected by endocardial biopsy. Group 1 was the hormone
therapy group (n = 43; prednisone and azathioprine), and
group 2 was control group (n = 42). *Indicates a statisti-
cally significant difference. The black shadow indicates

hormone treatment group had significantly
improved cardiac function and cardiac outcome
than the control group (Fig. 19.7) [44]. The
Myocarditis Treatment Trial is a randomized

Baseline Six-month Baseline Six-month

Group 1 Group 2

the data after 6 months of follow-up, while the white
shadow indicates the baseline data. The follow-up for
6 months showed that the ejection fraction of the hormone
treatment group increased significantly after 6 months and
the cardiac structure recovered. The results were worse in
the control group

controlled trial that included 111 patients with an
LVEF of less than 45% and histopathologically
diagnosed myocarditis of unknown cause, and
there was no significant difference in cardiac
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Fig. 19.8 The Myocarditis Treatment Trial [45]. The left
figure compares the cumulative mortality, with the dashed
line as the control group and the solid line as the immuno-
suppressive treatment group. The figure on the right com-
pares the left ventricular ejection fractions of the two
groups. The figure above compares the total population,
while the follow-up data of some groups are missing. The

function improvement or survival between the
hormone treatment group treated with glucocorti-
coids and cyclosporine or azathioprine and the
control group (Fig. 19.8) [45]. A meta-analysis
published in 2013 with a total of 719 patients
summarized 8 clinical trials on the use of gluco-
corticoids in the treatment of viral myocarditis
and found that, although there was no intergroup
difference in mortality, the LVEF of the treatment
group was significantly better than that of the
control group during 1-3 months of follow-up
[46].

Immunoglobulin has antiviral and immuno-
modulatory effects, suggesting that it may be
helpful in the treatment of viral myocarditis. A
multicenter clinical study in Japan on 41 patients
with acute myocarditis showed that high-dose
intravenous immunoglobulin (IVIG; 1-2 g/kg
body weight for 2 days) significantly improved
patient survival, the 1-month mortality rate

oy h

§2

w
S

LVEF value (100%)

n
o
f

1
Week 52
(n=78)

T
Week 28
(n=78)

T
Base line
(n=78)

figure below compares the follow-up data of the three
groups. The results showed no significant difference in
cardiac function and survival in patients with a left ven-
tricular ejection fraction of less than 45% and histopatho-
logical diagnosed myocarditis of unknown cause received
hormone and cyclosporine or azathioprine treatment com-
pared with the control group

showed a downward trend, and the inflammatory
factors in the peripheral blood were significantly
reduced [47]. A retrospective study of 58 patients
with explosive myocarditis in Guangdong, China,
showed that IVIG 400 mg/kg for 5 days can sig-
nificantly improve the patient’s LVEF and left
ventricular end diastolic diameter after 4 weeks,
and significantly reduce malignant arrhythmias
and mortality [48]. However, a systematic review
concluded that the current rigorous data are
insufficient to enable recommendation of routine
immunoglobulin therapy in patients with acute
myocarditis [49]. Preliminary data suggest that
antiviral therapy with interferon 3 may be benefi-
cial in patients with chronic dilation who have
viral genomes in endocardial biopsy confirmed
by PCR. A study included 143 patients with
biopsy-diagnosed viral myocarditis complicated
with symptoms of heart failure who were ran-
domly divided into an antiviral therapy group
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Fig. 19.9 Flowchart of clinical decision-making process in the treatment of fulminant myocarditis [50]

(interferon B1b) and a control group. The results
showed that antiviral therapy could improve viral
clearance and cardiac function in chronic viral

myocarditis [50].

In 2017, the Chinese Society of Cardiology
Expert Consensus Statement on the Diagnosis
and Treatment of Adult Fulminant Myocarditis
put forward a “life-support based comprehensive

were followed up for an average of 12 months,
and we only found 24.2% fuliminant myocarditis
patients had sustained LVEF <55% after dis-

charge but no cases of cardiac death or heart

treatment regimen” which emphasized the early

treatment of mechanical life support therapy,
immunoregulatory therapy, and neuraminidase

transplantation in 66 discharged patients with
fulminant myocarditis
Related research is ongoing, and the current fol-
low-up situation is shown in Fig. 19.9.

were reported [53].

inhibitor therapy (Fig. 19.9) [15]. A multicenter
controlled trial showed that treatment in accor-

dance with the “comprehensive treatment plan”
can significantly reduce the in-hospital mortality
of fulminant myocarditis from 50% to 3.7%, and
the use of cardiopulmonary bypass devices, anti-
viral therapy, and immunoglobulin were associ-
ated with improved outcomes for fulminant
myocarditis [51]. In another multicenter study
further confirmed its effacacy [52]. In our study
center (Tongji Hospital), myocarditis patients

19.4 Follow-Up of Fulminant
Myocarditis Patients

Although the association between troponin, BNP,
CRP, and the prognosis of fulminant myocarditis
is controversial, monitoring these indicators can
help clinicians assess the patient’s condition, so
as to timely adopt aggressive treatment and adjust
the medication regimen. Therefore, for patients
with fulminant myocarditis, we recommend that
cardiac troponin (CTN), BNP, and CRP be tested,
and cardiac ultrasound and magnetic resonance
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examination be performed regularly. It is recom-
mended that patients be tested 1, 6, and 12 months
after discharge. If all indicators and cardiac ultra-
sound were normal, the follow-up reexamination
time could be extended.
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