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ABSTRACT 

Background and Objectives：Although fulminant myocarditis (FM) is known as a fatal disease, once patients 
have recovered, with aggressive pharmacologic therapy and/or mechanical circulatory supports (MCS), including 
intra-aortic pump, temporary ventricular assist device and percutaneous cardiopulmonary support, they may 
return to normal life with an excellent long-term prognosis. Elevated C-reactive protein, Creatinine phospho-
kinase and cytokine concentrations, decreased left ventricular ejection fraction and intraventricular conduction 
disturbances on admission may predict the progress of acute myocarditis to fulminant course. Early MCS helps 
save life and prevent multi-organ failures in patients with FM. The type of MCS may not affect the outcome of 
the clinical course when its complications are managed properly. Since other managements with immunoglo-
bulin, antiviral agent or monoclonal antibody remain to be confirmed, aggressive hemodynamic support with 
MCS is the best management for patients with FM, who once recovered from the acute phase can return to 
normal life. (Korean Circulation J 2005;35:563-572) 
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Introduction 

 
Approximately 10 percent of patients with recent 

onset cardiomyopathy, who undergo an endomyocardial 
biopsy, have lymphocytic myocarditis, which may be 
caused by viral infection.1-3) The clinical course of pa-
tients with lymphocytic myocarditis varies; some patients 
have a subclinical disease, some present with a fulmi-
nant disease, which is frequently fatal, and others have 
an indolent disease that progress to dilated cardiomyo-
pathy.4-7) Lieberman et al.8) classified myocarditis as ei-
ther fulminant or acute(nonfulminant) on the basis of 
the clinicopathological criteria, including the severity 
of the illness on presentation. Paradoxically, patients 
with fulminant myocarditis(FM), although more seve-
rely ill on presentation, were more likely to recover left 
ventricular function than those with acute myocarditis. 
The survival rate of FM at 12-year was significantly 
better than that of acute myocarditis(93 vs. 45%, Fig. 
1). Therefore, aggressive hemodynamic support is war-

ranted for patients with FM that is a distinct clinical 
entity, with an excellent long-term prognosis.9) Sup-
porting this observation, there are several reports of 
patients with FM whose ventricular dysfunction resolved 
after aggressive pharmacologic support and/or mecha-
nical circulatory support(MCS), such as intra-aortic 
balloon pump(IABP), temporary ventricular assist de-
vice(VAD) and percutaneous cardiopulmonary sup-
port(PCPS).9-19) Since the risk of death during the acute 
phase is high, a bridge to recovery with circulatory sup-
port devices is often useful in FM patients. However, 
the type of device, technique of implantation and ex-
plantation, in addition to weaning protocol, remain 
unclear.20) Moreover, despite of the excellent prognosis 
of FM, it is impossible to predict when patients with 
acute myocarditis may progress to FM,21) but the pre-
dictors of FM on admission remain to be elucidated.22-24) 

In this review article, the author would like to sum-
marize the clinical features of FM, review the prognostic 
factors and predictors, and introduce guidelines of 
MCS for the treatment of patients with FM.  

 
Definition, Incidence and Etiology 

of Fulminant Myocarditis 
 
Lieberman et al.8) reported a new clinicopathological 
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classification of myocarditis, with four distinct subgroups, 
by analysis of the histological findings and clinical 
course of the myocarditis. Patients with FM become 
acutely ill after a distinct viral prodrome, have severe 
cardiovascular compromise, multiple foci of active myo-
carditis on histological study and ventricular dysfunction, 
which either resolves spontaneously or results in death. 
McCarthy et al.9) defined FM as the patients who had 
severe hemodynamic compromise that requires high 
doses of vasopressors(>5 μg of dopamine or dobuta-
mine per kilogram of body weight per minute) or a 
left ventricular assist device. In addition, at least two of 
the following clinical features have to be present for 
histopathologically borderline or active myocarditis to be 
classified as fulminant: fever, distinct onset of symptoms 
of heart failure(fatigue, dyspnea on exertion or at rest, 
or edema that could be dated specifically to a one-to-
two-day period), and a history consistent with the pres-
ence of a viral illness within the two weeks before hos-
pitalization. In their report, only 15 out of 147 patients 
with myocarditis in pathology were FM. 

The actual incidence of acute myocarditis has declined 
over time in the USA. In contrast, the incidence of 
FM has remained stable over time.25) Moreover, both 
the absolute number and the proportion of cases of 
acute myocarditis from biopsies have declined over time 
(1985-1996). In contrast, the number and proportions 
of FM cases has remained relatively stable, as shown 
in Fig. 2.9) The reason for this stability is unclear. In 
Korea, there are only case reports of acute viral myocar-
ditis,12)26-28) however, no surveillance data for the inci-
dence of enteroviral infection with or without myo-
carditis are available. 

 

As described above, FM is defined as a clinicopatho-
logical term; moreover, the causative virus of FM has 
not been well clarified. Therefore, FM can be used, even 
without identification of the etiologic virus. FM may by 
caused by an enterovirus, such as coxsackievirus B4, 
which is associated predominantly with endemic patterns 
of infection.29) In mice, coxsackievirus B4 produces a 
disease similar to fulminant myocarditis.30) Recently, a 
few reports clearly identified that FM is associated with 
coxsackievirus type B(CVB), CVB3 and adenovi-
rus.17)22)23) Finally, it is possible that FM is not due to 
viral infection at all, rather, due to an autoimmune di-
sorder,31) and giant cell myocarditis, which often needs 
heart transplantation.32) 

 

 

0     1    2     3    4     5    6    7     8    9    10    11   12 

Fig. 1. Unadjusted transplantation-free survival according to the clinicopathological classification. Patients with fulminant myocarditis were
significantly less likely to die or require heart transplantation during follow-up than those with acute myocarditis (p=0.05 by the log-rank test)
(adapted from reference 9). 
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Fig. 2. Cases of acute myocarditis and fulminant myocarditis as a
percentage of biopsies performed, 1985 through 1996 (adapted from
reference 9). 
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Clinical Features 
 
The hemodynamic compromise of fulminant myocar-

ditis develops very rapidly, usually within 1 to 2 day, 
and leads to ventricular dysfunction, which either re-
solves spontaneously or results in death. Of the vital 
signs on admission, approximately 80% of patients have 
clear consciousness, and half have a SBP less than 90 
mmHg. Not all patients are New York Heart Associa-
tion(NYHA) functional classification IV on admission. 
Even if the vital signs are stable on admission, a few 
patients can suddenly develop low cardiac output syn-
drome or life threatening arrhythmia, so it is necessary 
to closely observe at the intensive care unit. 

The initial and cardinal symptoms are summarized 
in Table 1. Of the initial symptoms, increased fever, 
general fatigue and coughing are most common, and 
of the cardinal symptoms, most are caused by congestive 
heart failure and low output syndrome. The presence 

of viral illness should be present within 2 weeks before 
hospitalization. The average period from initial symptoms 
to admission is reported 3-5 days.24) Of the cardinal 
symptoms, the most frequent are dyspnea, shock, nausea 
or vomiting, fever, syncope or cramps, chest pain(Table 
1, 2) and general fatigue, but these symptoms rapidly 
develop to severe peripheral circulatory failure, cardiac 
arrest or life threatening arrhythmia, resulting in the 
start of MCS within 0.90±1.54 days,20) or 12 hours.24) 

On the chest X-ray on admission, about 70% of the 
patients showed congestion of the lungs and slight di-
latation of the heart.20) Also, approximately 80% of pa-
tients show either sinus tachycardia or complete atrio-
ventricular block on electrocardiography. Abnormal Q, 
poor r-progression and low voltage are common findings, 
in addition to an ST-T abnormality on admission. Ven-
tricular tachycardia may be an initial ECG finding in 
patients with cardiogenic shock and syncope.24) 

The echocardiographic findings are usually non-spe-
cific, slight hypertrophy and pericardial effusion, without 
dilatation of the left atrium or ventricle. Diffuse or re-
gional hypokinesia, indicating left ventricular(LV) 
dysfunction, may also be observed. These findings change 
rapidly, within hours, and progress to circulatory failure 
in fulminant patients. Therefore, repeated echocardio-
grams are needed for the early detection of progressive 
LV systolic dysfunction.20)24) During the acute phase of 
myocarditis, transient ventricular(LV) wall thickening 
can be observed on echocardiograms,33) because myo-
cardial interstitial edema may occur in the acute phase 
of myocarditis, resulting in narrowing of the LV lumen 
and reduction in the stroke volume.34) Accordingly, LV 
wall thickening may be predictive of the fulminant 
course; however LV wall thickening was not significan-
tly different from acute myocarditis.21) Decreased LVEF 
on admission was more likely to be associated with a 
high possibility of developing a fulminant course. Dias-
tolic function has not been investigated in FM patients, 
but is a worthy subject for future study.21) 

Arterial blood gas analysis, full blood count and 
biochemical examination revealed that respiratory com-

Table 1. Initial and cardinal symptoms of acute fulminant myocardi-
tis (adapted from reference 20) 

Initial symptoms (n=52) Cardinal symptoms (n=51) 

Increased fever 
General fatigue 
Cough 
Nausea/vomiting 
Arthralgia/myalgia 
Headache 
Chest pain 
Syncope/cramp 
Diarrhea 
Appetite loss 
Pharyngalgia 

Palpitation 
Abdominal pain 
Epigastic pain 
 
Back pain 
Dyspnea 

Chest discomfort 
Common cold 

32 (61.5%) 
12 (23.1%) 
11 (21.2%) 
08 (15.4%) 
06 (11.5%) 
06 (11.5%) 
03 (05.8%) 
03 (05.8%) 
03 (05.8%) 
03 (05.8%) 
02 (03.8%) 
02 (03.8%) 
01 (01.9%) 
01 (01.9%) 
 
01 (01.9%) 
01 (01.9%) 
01 (01.9%) 
01 (01.9%) 

Dyspnea 
Shock 
Nausea/vomiting 
Increased fever 
Syncope/cramp 
Chest pain 
General fatigue 
Abdominal pain 
Diarrhea 
Palpitation 
Coughing 
Cyanosis 
Headache 
Cardiopulmonary 

arrest 
Epigastric pain 
Back pain 

20 (39.2%)
15 (29.4%)
11 (21.6%) 
11 (21.6%) 
10 (19.6%) 
09 (17.6%) 
06 (11.8%) 
03 (05.9%)
02 (03.9%)
02 (03.9%)
01 (02.0%) 
01 (02.0%) 
01 (02.0%) 
01 (02.0%) 

 
 

01 (02.0%) 
01 (02.0%) 

 
Table 2. Clinical features and courses of treatment in FM patients in Korea (adapted from reference 24) 

Machanical circulatory support (MCS) 
No Age/Sex Cardinal symptoms Symptom onset 

Time to MCS after admission MCS type Applied for 
Etiologic virus 

1 58/F V-Tac+HF 3 days 6 hours IABP+LVAD 5 days CVB4 

2 16/M V-Tac 3 days Not done Not done Not done CVB 4 

3 15/M AV block+V-Tac 3 days 12 hours EBS 3 days CVB 3/4 

4 60/F Chest pain+V-Tac 2 days 6 hours IABP 14 days Adenovirus 

5 29/F Chest pain+Shock 2 days 14 hours EBS 4 days CVB4 

6 40/F V-Tac 2 days 6 hours IABP+EBS 12 days CVB 3 

7 32/M Dyspnea+shock 3 days 3 hours IABP+EBS 4 days CVB 3/4 

8 41/F Epigastric pain+shock 5 days 3 hours IABP+EBS 4 days CVB 3/4 
V-Tac: ventricular tachycardia, HF: heart failure, AV block: atrioventricular block, MCS: mechanical circulatory support, IABP: intra-aortic
balloon pump, LVAD: left ventricular assist device, EBS: emergency bypass system with membranous oxygenator, CVB: coxsackievirus type B 
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pensation for the metabolic acidosis, markedly increased 
WBC, increased myocardial enzyme levels, renal dys-
function, hyponatremia and increased CRP were com-
mon findings. Cardiac troponin T(cTNT) was more 
useful than creatine kinase(CK), because 60% of pa-
tients who had cTNT confirmed on admission showed 
no significant increases of CK or CK-MB.20) 

For diagnosis of the etiologic virus, the paired serum, 
10-14 days apart, should be sampled to test the virus 
antibody titer. However, the antibody titer changes for 
CVB were variable, from 28 to 88% in FM patients.20)24) 

It is important to rapidly confirm the diagnosis with 
coronary angiography and endomyocardial biopsies, 
without jeopardizing the patient’s clinical condition, 
since FM has an excellent long-term prognosis, so earlier 
aggressive hemodynamic support is warranted, which 
results in a better chance of recovery and return to 
normal life.  

Despite an endomyocardial biopsy having been shown 
to have a low negative predictive value in the diagnosis 
of myocarditis, it has a high positive predictive value.35)36) 
Certainly, endomyocardial biopsy is essential for the 
definite diagnosis of FM. However, the pathological fin-
dings are dependent on the time of the biopsy, from 
minimal to massive inflammation, with or without fi-
brosis.24) Immunohistochemistry, using specific anti-
enteroviral antibody, in situ hybridization and reverse 
transcriptase polymerase chain reaction, using specific 
viral primers, should be useful methods to identify spe-

cific viral protein and genomes(Fig. 3). However, the 
detection rates are markedly different, which are pro-
bably due to differences in the numbers of biopsy sam-
ples obtained from each patient.37-41) Since the mean 
time to MCS for patients with FM after admission is 
less than 12 hours, as described above, the inclination 
would be to begin aggressive treatment if a patient had 
a clinical picture suggestive of FM, regardless of the 
histopathological findings. Again, the clinical decision 
for MCS, rather than the precise diagnosis, is more 
important for a better chance to save patients with FM. 
For this reason, even if the vital signs are stable on admis-
sion, a few patients can suddenly progress to cardio-
genic shock or suddenly develop life threatening arrhyth-
mia, it is necessary to closely observe all such patients 
with periodic Swan-Ganz catheterization, ECG, echo-
cardiography, full blood count and blood biochemistry, 
and to prepare life-support systems.  

 
Risk factors of developing FM 

and Prognostic Factors 
 
The question, “are there serologic biomarkers that 

will predict the prognosis of patients with fulminant 
myocarditis?” is a very important, as it has been de-
monstrated that despite the severity of disease on pre-
sentation, a high percentage of patients will survive and 
completely recover once they overcome the acute phase.9) 
Accordingly, it is desirable that the development of the 

A B 

C D 

Fig. 3. Pathological findings are dependent on the time of biopsy after the onset of cardinal symptoms of fulminant myocarditis. A: little in-
flammation was observed in the left atrial specimen, biopsied on day 1 after the onset of symptoms (H & E stain, ×400). B: enteroviral VP1
capsid proteins (red color by alkaline phosphatase) could be detected over the entire biopsied hearts at day 1 (immunohistochemistry, ×200). C:
massive myocardial necrosis, inflammation and multinucleated giant cells were identified in the left atrium in a day 5 specimen (H & E, ×100). D:
diffuse edema and fibrosis were observed in the day 25 specimen (MT stain, ×200) (adapted from reference 24). 
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fulminant course in acute myocarditis can be predicted 
as early as possible, so that the need for MCS can be 
anticipated. However, there are few reports that have 
identified the various clinical parameters at the time of 
admission as indices for predicting the fulminant 
course and mortality in acute myocarditis.21-24) Among 
the parameters at the time of admission, elevated C-

reactive protein(CRP), the CK concentrations, decreased 
LV ejection fraction and intraventricular conduction 
disturbances increased the risk of a fulminant course 
in patients with acute myocarditis(Table 3, 4).21) The 
patients who require MCS on admission with high 
mortality, have higher levels of B type natriuretic pe-
ptide(BNP) and cTnT, suggesting BNP and cTnT as 
markers for the severity of HF and myocardial damage, 
respectively, which might also be useful prognostic mar-
kers for fulminant myocarditis.22-24) Conversely, circu-
lating levels of CRP, a representative marker for the 
systemic inflammation, and the initial WBC may not be 
predictive of higher mortality or the fulminant course.22)24) 
Other important factors concerning the prognosis were 
the severity and grade of the cardiac and renal dysfunc-
tion, the adjusted support flow rate to enable recovery 
from circulatory failure, prevention of circulatory dis-
turbances of the legs and multiple organ failure directly 
associated with MCS.20) 

The significance of cytokines in the pathogenic me-
chanism of human myocarditis remains uncertain. It 
has been demonstrated in experimental myocarditis that 
cytokines, such as interleukin(IL)-6, IL-10, IL-12, IL-
1α, tumor necrosis factor(TNF)-α and interferon 
(IFN)-gamma, play a crucial role in the development 
of myocarditis.42-49) In addition, some reports have sug-
gested that serum levels of cytokines were elevated in 
human myocarditis.50)51) These findings imply that cy-

Table 3. Predictors of fulminant myocarditis based on a logistic re-
gression anaysis (adapted from reference 21) 

 
Adjusted 

confidence 
Odds ratio 

interval 95% 
p 

C-reactive protein 01.41 0.96-2.08 0.08 

Creatine kinase 01.00 0.99-1.00 0.78 
Intraventricular conduction 

disturbance 
27.38 

 
1.48-507.20 

 
0.03 

Left ventricular ejection  
fraction 

00.95 0.87-1.03 0.22 

 

Table 4. Clinical characteristics of patients with acute myocarditis at
high and low risk of developing a fulminant course (adapted from
reference 21) 

 
High-risk group 

(n=13) 
Low-risk group

(n=20) 

C-reactive protein (mg/dl) 6.8±6.6 2.1±2.4 

Creatine kinase (IU/L) 1,223.7±830.7 406.4±369.1 

Intraventricular conduction 12 (92) 1 (5) 
Left ventricular ejection   

fraction (%) 
42.0±12.6 

 
48.9±12.6 

 
Fulminant myocarditis, n (%) 9 (69) 2 (10) 
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Fig. 4. A: comparison of the serum levels of interleukin (IL)-10 and tumor necrosis factor (TNF)-α on admission between the non-survivors and
survivors from fulminant myocarditis. The serum levels of IL-10 on admission, but not those of TNF-alpha, increased considerably in the five non-
survivors compared with the nine survivors from fulminant myocarditis with cardiogenic shock that required mechanical circulatory support
(adapted from reference 22). B: comparison of the serum levels of interleukin (IL)-6, IL-10, IL-12 and TNF-α on admission between acute
coxsackieviral B (CVB) myocarditis and fulminant CVB myocardits (adapted from reference 24). 
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tokines may be candidates for determining the prognosis 
in acute myocarditis. 

Among the cytokines that may be involved in the 
pathogenesis of viral myocarditis, the serum IL-10 level 
on admission has been reported as a discriminating 
marker in FM. The IL-10 levels could discriminate the 
patients who would require MCS after admission from 
those who would not. In addition, those who would 
ultimately die from their disease had the highest levels 
of IL-10. Importantly, the average serum IL-10 levels 
were higher in patients with FM than in those with 
acute MI who also required MCS, but none of the pa-
tients with either fatal or non-fatal MI that required 
MCS had IL-10 levels as high as those who died of FM. 
These findings indicate that IL-10 might be a useful 
prognostic marker in patients with fulminant myocar-
ditis(Fig. 4A).22) Recently, the IL-6 level on admission 
has also been reported as a predictor of the fulminant 
course in CVB acute viral myocarditis(Fig. 4B).24) IL-
10 is generally thought of as an immunosuppressive cy-
tokine, and IL-6 known as a key cytokine in inflamma-
tion; however, their exact roles in myocarditis are un-
clear. Therefore, on the basis of these initial results, a 
multi-centered study, on a larger population, should 
be considered to confirm the significance of the serum 
cytokine levels in patients with both fulminant and non-
fulminant myocarditis, including chronic active or per-
sistent myocarditis. 

With regard to the long-term prognosis of patients 
treated for MCS, the readmission, exacerbation, and 
mortality rates were 10, 3.3 and 10%, respectively, du-
ring the average follow-up period of 962 days.20) 

 
Types of Mechanical Circulatory 

Support in Fulminant Myocarditis 
 
Devices for circulatory support(CS) are currently 

used in three broad categories: 1) acute CS with sup-
port <1 month; 2) more prolonged support from 30 
days to <1 year; and 3) permanent support as an al-
ternative to transplantation. The acute, short-term group 
includes patients who have cardiac failure after cardiac 
operations, myocardial infarction(MI) shock or acute 
cardiomyopathy due to myocarditis or other causes, with 
a potential likelihood of recovery.52) FM is characterized 
by rapid and extensive hemodynamic compromise oc-
curring in a previously healthy patient. However, if the 
patient survives the acute phase of heart failure, reco-
very occurs in a few weeks, with a good long-term pro-
gnosis.8-19) Therefore, mechanical circulatory support 
(MCS), such as IABP, VAD and PCPS, is indicated in 
FM patients as a ‘bridge-to-recovery’ as in CS category 
1. However, the type of device, technique of implanta-
tion and explantation, in addition to weaning protocol, 
remain unclear. 

Extracorporeal membrane oxygenation(ECMO) and 
VAD are 2 effective advanced mechanical supports sui-
table for the treatment of FM if IABP is inadequate or 
infeasible for the initial support. The choice of device 
is still debatable. In recent literature, the rapid develop-
ment of VAD, and its successful applications in several 
patients with myocarditis, either left VAD(LVAD) or 
biventricular assist devices(BiVAD), has been desc-
ribed.10-12)17)18)53-55) In the acute form of myocarditis, 
which may require a long time on device, often as a 
bridge to transplantation, an implantable LVAD is more 
appropriate, as long as the right ventricular function is 
expected to be adequate. On the contrary, in FM, the 
device is indicated as a bridge-to-recovery, with the time 
on the device usually being short(mean delay of support 
was 10 days). So, an extracorporeal device seems logical. 
BiVAD, in such a diffuse biventricular disease, may be 
useful. ECMO has many advantages(rapid peripheral 
technique of insertion), essentially in children.13-17) 
However, inadequate unloading of the LV in a child 
required changing to a BiVAD from ECMO support, 
due to an efficient unloading of the LV as a condition 
for rapid recovery should initially be considered.56) In 
FM with intractable cardiogenic shock, the use of a Bi-
VAD, as a bridge to recovery, is a life saving approach, 
which must be considered early before multiend organ 
failure.19) 

In another opinion, ECMO is preferred to VAD, as 
the later usually is available in only a few centers, and 
an implantable VAD is very expensive. Therefore, in most 
centers, VAD is usually preserved for selected candidates 
waiting for heart transplantation. Furthermore, the fewer 
complications, easier application and biventricular sup-
port of ECMO, mean ECMO should be considered as 
the first-line treatment of mechanical support for FM 
with profound shock when IABP is inadequate or in-
feasible.57)58) In my opinion, ECMO is preferred as the 
MCS in FM, since VAD is still not available, is very ex-
pensive and experience is limited in Korea Furthermore, 
ECMO can be easily applied percutaneously(Table 2).24) 

 
Guidelines of Mechanical Circulatory 

Support in Fulminant Myocarditis 
 
Although FM patients have been able to recover and 

return to normal life, with the help of mechanical car-
diopulmonary support, therapeutic guidelines for using 
MCS for FM have not been established. Recently, the 
therapeutic guidelines reported by the scientific com-
mittee of the Japanese Circulation Society were very 
informative and unique. A national survey was planned 
by investigating the current situation of patients with 
FM requiring MCS and; thereby, formulate therapeu- 
tic guidelines for the use of PCPS for this disease; the-
refore, investigators gathered information on patients 
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The standard for stopping PCPS 

The following conditions are satisfied at flow rate of 1.0 L/min. 
Markers of circulatory failure 
(1) Arterial blood gas analysis: no metabolic acidosis 
(2) SVO2 >60% 
(3) LA: normal 
(4) TB (without hemolysis) <3.0 mg/dL (or AKBR: normal) 
(5) Blood biochemistry: recovery from organic failure 

Indication 1: cardiac arrest or life-threatening 

Arrhythmia. 

Indication 2: low output syndrome. 

* Sheaths insertion in femoral artery and vein. 

Cardiac stimulant Successful Cardiopulmonary resuscitation 

Unsuccessful Peripheral circulatory failure (+) 

Peripheral circulatory faiPlure (+) 

PCPS 

*Combination with IABP in case of indication 1. 

(1) Adjustment of initial flow rate: 3.0-2.5 L/min. 

(2) Adjustment of flow rate: the lowest flow rate without peripheral circulatory failure by feferring to the indicators of circulatory failure. 

(3) Reconstruction of leg circulation: bypassing the dorsalis pedis or posterior tibial artery and arterial inflow catheter. 

(4) Activated clotting time (ACT): adjustment to 200-300s (heparin binding PCPS: 150-200s). 

Course of management 

(1) Adjustment of flow rate: the lowest flow rate without peripheral circulatory failure by feferring to the indicators of circulatory failure. 

(2) Reduction of flow rate: trial reducing the flow rate according to improvement of the indicators of cardiac function. 

Prevention of complications 
(1) MOF or advancement of peripheral circulatory failure: increase of flow rate, CHF, nafamostat, ulinastatin. 
(2) Circulatory disturbances of the legs: previous sheath insertion, preventive bypassing, relaxation, incision and amputation. 
(3) Bleeding: adjustment to ACT 150-200s by prescribing nafamostat mesilate, hemostasis, blood transfusion (maintain above Hb 10 g/dL  

and plt 5.0×104/•/•). 
(4) Hemolysis: haptoglobin, transfusion against failure of venous outflow catheter. 
(5) Infection: antibiotics, detection and removal of the focus. 
(6) Hyperkalaemia: detection and removal of the origin, CHF, GI therapy. 
(7) Failure of venous outflow catheter: check tip-position, transfusion. 

Markers of management 
Indicators of circulatory failure 
(1) pH, BE 
(2) SVO2 
(3) LA 
(4) TB  
(5) Blood biochemistry 
(6) Urinary amount 

IABP 

Markers of cardiac function 
(1) Wall motion: improvement 
(2) EF, %FS: improvement 
(3) Ejection time >200 ms 
(4) ETCO2=PaCO2 
(5) CI >2.0L·min-1·m-2 

 
Indicators of cardiac function 
(1) Wall motion 
(2) EF, %FS 
(3) Ejection time 
(4) ETCO2 
(5) CI 

 

Fig. 5. The guidelines of the PCPS for acute fulminant myocarditis (adapted from reference 20). IABP: intra-aortic balloon pump, PCPS:
percutaneous cardiopulmonary support, SVO2: mixed venous blood oxygen saturation, EF: ejection fraction, LA: left atrium, TB: total bilirubin,
ETCO2: end-tidal carbon dioxide partial pressure, CI: cardiac index, MOF: multi-organ failure, CHF: congestive heart failure. 
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(n=52) with fulminant myocarditis, who were treated 
with PCPS in Japan over a 3-year period, from April 
1997 to March 2000. Finally they proposed guidelines 
of MCS for acute FM, which are shown in Fig. 5. 

Since the mean time to MCS for patients with FM 
after developing the cardinal symptoms is less than 12 
hours, as described earlier,20)24) and the hospital mor-
tality of FM is 7-40% with MCS, the inclination would 
to begin aggressive treatment if a patient had a clinical 
picture suggestive of FM, rather than wait for the his-
topathological diagnosis. Again, the clinical decision for 
MCS is more important than the precise diagnosis, for 
a better chance to save patients with FM. For this reason, 
even if the vital signs are stable on admission, a few 
patients can suddenly progress to cardiogenic shock 
or suddenly develop life-threatening arrhythmia, it is 
necessary to closely observe all such patients with pe-
riodic Swan-Ganz catheterization, ECG, echocardiogra-
phy, full blood count and blood biochemistry, and 
prepare for life-support systems.  

Among the clinical parameters obtained at the time 
of admission, an elevated CRP, CK, cytokine concent-
rations, decreased LV ejection fraction and intraventri-
cular conduction disturbances, which have been known 
as prognostic factors.20-24) may be helpful in the deci-
sion making as to whether the MCS should be applied. 
It should also be borne in mind that earlier MCS sup-
port helps save the life and prevent multi-organ failures 
of patients with FM. There have been a few case reports 
suggesting that immunoglobulin and murine OKT3 
monoclonal antibody may be effective in the treatment 
of FM; however, these treatments are not currently re-
commended.59)60) Moreover, the effects of antiviral or 
immunosuppressive agents61) have not been confirmed 
either. 

 
Conclusion 

 
Although fulminant myocarditis is known as a fatal 

disease, once patients have recovered, with aggressive 
pharmacologic therapy and/or MCS, they may return 
to normal life, with an excellent long-term prognosis. 
Elevated CRP, CK and cytokine concentrations, and 
decreased LV ejection fraction and intraventricular 
conduction disturbances on admission may predict the 
progress of the fulminant course. Early MCS helps to 
save the life and prevent multi-organ failures of patients 
with FM. The type of MCS may not affect the outcome 
of the clinical course when the complications of MCS 
are properly managed. Since other managements with 
immunoglobulin, antiviral agent or monoclonal anti-
body remain to be confirmed, aggressive hemodynamic 
support with MCS is the best management for patients 
with FM, who once recovered from the acute phase, can 
return to normal life.  
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