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Abstract
Fulminant myocarditis is one of the most challenging diseases. We sought to examine the outcomes of our multidisciplinary 
treatment strategy for fulminant myocarditis. A retrospective review of consecutive 30 patients with fulminant myocarditis 
was conducted. Of the 30 patients, 25 required mechanical circulatory support (MCS). Percutaneous extracorporeal mem-
brane oxygenation (ECMO) was the first-line therapy to rescue the patients and inserted in 23 of them. The other 2 were 
implanted with temporary ventricular assist device (t-VAD) with extracorporeal centrifugal pump(s). Sixteen of the ECMO-
supported patients were later transitioned to t-VAD. Of the 18 patients who underwent t-VAD support, heart function recov-
ered and the VAD was explanted in 10. Four patients were bridged to long-term VAD and the other 4 died on t-VAD. Two 
patients were directly bridged to long-term VAD by ECMO. Heart function recovered only with ECMO in 4 patients and 1 
died on ECMO. Overall survival rate was 83.3%. The duration of ECMO support significantly correlated with total bilirubin 
level, which was a significant risk factor for mortality. Pathologically, 7 patients (23.3%) had eosinophilic myocarditis and 
1 (3.3%) had giant-cell myocarditis, and all the 8 patients underwent immunosuppressive therapy including steroids. Heart 
function recovered to normal level in 7 of them (87.5%). Timely conversion from the percutaneous ECMO to the temporary 
VAD before elevation of total bilirubin level is crucial for improving the clinical outcomes. Endomyocardial biopsy is needed 
to be done as soon as possible, because immunosuppressive therapy carries promising outcomes in certain etiologies.
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Introduction

Myocarditis is an inflammatory condition with various etiol-
ogies affecting the myocardial muscle [1]. Regardless of the 
etiology, myocarditis may cause severe cardiac dysfunction, 
sometimes with fulminant clinical manifestation. Because 

of its heterogeneous clinical presentations, clinical practice 
guidelines regarding its evaluation and treatment are lack-
ing [2, 3].

In the present study, we describe our comprehensive treat-
ment strategy for acute fulminant myocarditis and examine 
the outcomes of patients, especially in those who deterio-
rated due to cardiogenic shock and required acute mechani-
cal circulatory support.

Methods

From May 2009 to October 2015, a total of 30 patients (21 
males, 9 females, mean age 39.2 ± 16.8 years) were treated 
for fulminant myocarditis at our institute.

Acute myocarditis was diagnosed based on clinico-
pathorogical presentations: cardiogenic shock of acute 
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onset in patients with recent history of gastrointestinal or 
upper respiratory tract infection and the inflammation of the 
myocardium proved by endomyocardial biopsy. “Fulminant” 
myocarditis was defined as histologically proven myocardi-
tis with severe hemodynamic compromise requiring high 
doses of vasopressors (≧ 5 μg of dopamine or dobutamine 
per kilogram of body weight per minute) or a mechanical 
circulatory support [4].

As a mechanical circulatory support (MCS) for acute 
cardiogenic shock, percutaneous extracorporeal membrane 
oxygenation (ECMO) with femoral veno-arterial cannula-
tions was the first-line therapy. The most frequently used 
ECMO system was the Capiox Emergent Bypass System 
(Capiox EBS; Terumo, Tokyo, Japan). In patients whose 
end-organ function deteriorated even with percutaneous 
ECMO support or in patients with complication of percu-
taneous ECMO, the percutaneous ECMO was converted to 
temporary ventricular assist device (VAD) using extracor-
poreal centrifugal pumps such as Rotaflow (Maquet AG, 
Rastatt, Germany) or Gyro pump (Medtronic Inc. CFP). 
In most of the cases, patients who require temporary VAD 
were complicated with multiple organ failure, and required 
biventricular VAD (BVAD). The site of inflow and outflow 
was left ventricular apex and ascending aorta, respectively, 
for left VAD (LVAD) and right atrium and main pulmonary 
trunk, respectively, for right VAD (RVAD) [5, 6]. An arti-
ficial lung (Biocube, Nipro, Tokyo, Japan) was integrated 
into the LVAD circulation in patients with pulmonary dys-
function. The anticoagulation therapy in temporary VAD 
patients was started with continuous heparin injection with 
target activated partial thromboplastin time 150–200% of the 
normal value. After oral intake or tube feeding was started, 
heparin was converted to warfarin (target international nor-
malized ration 2.5) and aspirin 100 mg/day.

Ethical committee approval was obtained for this retro-
spective study, and individual informed consent was waived, 
because individual patients were not identified in this study.

Statistical analysis

Continuous variables with normal distribution were sum-
marized as means ± standard deviations and continuous 
variables without normal distribution as median. Categori-
cal variables are summarized as frequencies and proportions. 
All continuous variables were checked for normality using 
the Shapiro–Wilk test and normal probability plot. The sur-
vival curve was prepared using the Kaplan–Meier method. 
Risk factor analyses were done using logistic regression 
model. Optimal cut-off values of peak creatinine kinase 
MB (CKMB) level and total bilirubin level at percutaneous 
ECMO removal to predict the recovery of heart function 
and patient death, respectively, were determined by receiver-
operating characteristics (ROC) curve analysis. The optimal 

cut-off value was defined as that providing maximal accu-
racy to distinguish between responders and non-responders. 
Correlations between the serum total bilirubin level and the 
duration of ECMO support were analyzed using Pearson’s 
correlation coefficient. Values of p < 0.05 were considered to 
indicate statistical significance. Statistical analyses were per-
formed using SPSS 19.0 software (SPSS Inc., Chicago, IL).

Results

Initial symptoms at onset

All the patients experienced flu-like symptoms within 
1 week prior to the onset of heart failure symptoms. Twenty-
four patients (80%) had fever, pharyngalgia, arthralgia, and 
cough, and 17 patients (57%) had digestive symptoms such 
as diarrhea, vomiting, and abdominal pain. Only 4 patients 
(13%) experienced chest pain. Other minor symptoms 
included exanthema in 2 patients, dyspnea in 1, and syncope 
in 1. The median duration from the initial symptoms to the 
onset of the heart failure was 3 days (0–7 days).

Electrocardiographic changes

Patients showed various and dynamic changes in electrocar-
diogram (ECG) during the course. The initial ECG abnor-
malities were wide QRS complex and ST elevation in 15 
patients (50%), complete atrioventricular (AV) block in 11 
(37%), atrial fibrillation in 2 (7%), and ventricular fibrilla-
tion in 1 (3%). Wide QRS complex and ST elevation later 
developed into complete AV block in 5 patients and cardiac 
standstill in 3. Of the 11 patients who showed complete AV 
block at the beginning, 5 later suffered from cardiac stand-
still. One of the two patients who initially showed atrial 
fibrillation later developed complete AV block. The median 
duration from the onset of heart failure symptom to lethal 
ECG abnormalities (complete AV block, ventricular fibril-
lation, or cardiac standstill) was 0.5 days (0–6 days).

Mechanical circulatory support

A total of 25 patients (83%) required MCS due to profound 
cardiogenic shock. Of the 25 patients, 23 underwent emer-
gent implantation of percutaneous ECMO at bed-side or in 
the cath-lab. The other 2 were directly taken to the operating 
room and underwent temporary VAD implantation (1 LVAD 
and 1 BVAD). The median duration from the onset of heart 
failure symptom to the establishment of initial MCS was 
1 day (0–12 days). Of the 23 patients who were rescued with 
percutaneous ECMO, 18 patients later required conversion 
to central cannulation. Percutaneous ECMO was converted 
to temporary BVAD in 15 patients, paracorporeal BVAD 
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(Nipro VAD, Nipro, Tokyo, Japan) in 2, and central ECMO 
in 1. In the patient who received central ECMO, pulmonary 
circulation could not be established due to massive airway 
bleeding.

Limitation of percutaneous ECMO

Our treatment policy was the early conversion from percu-
taneous ECMO to central cannulation before the occurrence 
of irreversible complications by the peripheral cannulation. 
The median duration of the percutaneous ECMO support 
before the conversion to temporary VAD was 2.0  days 
(0–12 days). The signs that limit the continuation of percu-
taneous ECMO include lung congestion due to increase in 
left ventricular afterload, progressive deterioration of renal 

and/or liver function, or complications of the cannulation 
site such as bleeding or limb ischemia. Figure 1a, b shows 
the changes in serum creatinine and serum total biliru-
bin levels, respectively, in patients in whom percutaneous 
ECMO were successfully removed due to the recovery of 
heart function (n = 4) and in patients in whom percutaneous 
ECMO was converted to the central cannulations (n = 18). In 
patients who required conversion to the central cannulations, 
serum creatinine level was already high before percutane-
ous ECMO support (Cr 1.45 ± 0.99 mg/dL). Creatinine and 
total bilirubin levels elevated further even with the ECMO 
support. On the other hand, in patients who were success-
fully weaned off percutaneous ECMO support, mean serum 
creatinine and total bilirubin levels were within normal limit 
before ECMO support, and remained so during the ECMO 

Fig. 1   Changes in serum creatinine (a) and serum total bilirubin (b) 
levels in patients in whom percutaneous extracorporeal membrane 
oxygenation (ECMO) was successfully removed (n = 4, open circles 
with dashed line) and in patients in whom percutaneous ECMO was 
converted to the central cannulations (n = 18, closed circles with solid 
line). In patients who required conversion to central cannulations, 
renal and hepatic function deteriorated even under the ECMO sup-

port. c Characteristic changes in chest X-ray before and after percuta-
neous ECMO insertion and after conversion to temporary ventricular 
assist device (VAD). The lung congestion caused by percutaneous 
ECMO was improved by left ventricular drainage by the tempo-
rary VAD. Cr creatinine, T-bil total bilirubin, pECMO percutaneous 
ECMO
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support. Figure 1c shows the characteristic changes in chest 
X-ray in patients with near-cardiac arrest who were sup-
ported with percutaneous ECMO. The retrograde perfusion 
of the aorta causes increase in left ventricular afterload, and 
that results in lung congestion. In all the 4 patients who were 
successfully weaned off percutaneous ECMO support, the 
pulmonary congestion never occurred.

Effective circulatory support with temporary VAD

Figure 2a–c show changes in serum creatinine, aspartate 
transaminase (AST), and total bilirubin levels in patients 
who were supported with temporary VAD (n = 18). 
Patients showed improvement in renal and liver function 

promptly after temporary VAD implantation, and they 
were normalized before the VAD explantation. The lung 
edema caused by percutaneous ECMO also improved 
by the left ventricular drainage with temporary VAD 
(Fig.  1c). Of the 18 patients supported by temporary 
VAD, the native heart function recovered and the tempo-
rary VAD was removed in 10 (Fig. 2d). The recovery of 
heart function was not sufficient and the temporary VAD 
was converted to long-term VAD in 4 patients. The other 
4 patients died on temporary VAD support due to cerebro-
vascular events. The mean duration of the temporary VAD 
support in the 18 patients was 28.1 ± 26.0 (6–105) days. 
The mean duration was 16.7 ± 10.4 (6–38) days in the 
10 patients who were successfully weaned off temporary 

Fig. 2   Changes in serum creatinine (a), aspartate transaminase (b), 
and total bilirubin (c) levels in patients who were supported with tem-
porary ventricular assist device (VAD, n = 18). d Changes in the left 
ventricular ejection fraction assessed by echocardiography in patients 
who were successfully explanted with temporary VAD (n = 10, closed 

circles with solid line) and in patients in whom temporary VAD was 
converted to long-term VAD (n = 4) or who died on temporary VAD 
(n = 4, open circles with dashed line). Cr creatinine, AST aspartate 
transaminase, T-bil total bilirubin, t-VAD temporary VAD
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VAD, and 52.0 ± 36.2 (23–105) days in the 4 patients in 
whom the temporary VAD was converted to the long-term 
VAD.

Endomyocardial biopsy and immunosuppressive 
therapy

All the 30 patients underwent endomyocardial biopsy at 
the time of admission to our hospital or at the time of 
referral to our team. The diagnosis of myocarditis was 
done according to the Dallas histopathological criteria 
[7]; 22 (73.3%) were diagnosed with lymphocytic myo-
carditis, 7 (23.3%) with eosinophilic myocarditis, and 1 
(3.3%) with giant-cell myocarditis. All the 8 patients diag-
nosed with eosinophilic or giant-cell myocarditis under-
went immunosuppressive treatments. The immunosup-
pressive treatment for eosinophilic myocarditis consisted 
of pulse methylprednisolone (1 g/day × 3 days, intrave-
nous injection) followed by oral prednisone (60 mg/day, 
tapered 10 mg/week until 10 mg/day, and then tapered 
2.5 mg/week). In the patient with giant-cell myocarditis, 
oral cyclosporine (target trough level 200 ng/mL) was 
added to the steroid therapy. The heart function recovered 
in the 6 out of 7 patients with eosinophilic myocarditis 
and in the patient with giant-cell myocarditis. The other 
patient with eosinophilic myocarditis died on temporary 
VAD support due to cerebral bleeding. In the patients 
with eosinophilic myocarditis, the eosinophilic cationic 
protein (ECP) level in the peripheral blood was markedly 
elevated (314.9 ± 543.6 μg/L) at the time of diagnosis, and 

it decreased below the normal limit (14.9 μg/L) in all the 
patients after the immunosuppressive therapy (Fig. 3).

Clinical outcomes and risk analysis

As a total, heart function recovered enough for hospital dis-
charge in 19 out of 30 patients (63.3%, Fig. 4a). Long-term 
VAD was implanted as a bridge to heart transplantation in 
6 (20%). Five patients died due to cerebrovascular events 
(16.7%). Overall survival was 83.3% at 12 months (Fig. 4b). 
By univariate logistic regression model analysis, peak creati-
nine kinase MB (CKMB) level was detected as the predictor 
of cardiac functional recovery (odds ratio 0.972, 95% confi-
dential interval 0.946–1.000, and p value 0.046). However, 
by ROC analysis, area under the curve (AUC) was only 0.25, 
and peak CKMB level was not clinically useful to predict the 
cardiac functional recovery. On the other hand, univariate 
logistic regression model detected serum total bilirubin level 
at the time of percutaneous ECMO removal (i.e., at the time 
of weaning or at the time of temporary VAD conversion) 

Fig. 3   Serum level of eosinophilic cationic protein before and after 
immunosuppressive treatment in patients with eosinophilic myocar-
ditis

Fig. 4   a Clinical course of the 30 patients with fulminant myocarditis 
treated at Osaka University Hospital between May 2009 and October 
2015. MCS mechanical circulatory support, VAD ventricular assist 
device, pECMO percutaneous extracorporeal membrane oxygenation. 
*One patient with central ECMO is included here. b Kaplan–Meyer 
survival curve of the 30 patients. All the five deaths were due to cer-
ebrovascular events
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as the risk factor for patient death (odds ratio 1.357, 95% 
CI 1.015–1.814, and p value 0.039). The cut-off value of 
serum total bilirubin level was 4.65 mg/dL by ROC analysis 
(AUC 0.80, sensitivity 0.80, and specificity 0.83). The cor-
relation analysis showed that the serum total bilirubin level 
correlated significantly with the duration of ECMO support 
(p < 0.001, r = 0.63, Fig. 5).

Discussion

The 30 patients included in the present study are those who 
presented the most severe clinical course of myocarditis. 
The time course of the 25 patients who required mechanical 
circulatory support in this study was compatible to that of 
previous reports. In a study of 27 patients with acute myo-
carditis, Asaumi and coworkers reported that 14 patients 
required circulatory support with ECMO, and the average 
time from onset of heart failure symptoms to ECMO place-
ment was 17 h, with a range of 7–36 h [8]. In another study 
of 41 patients with fulminant myocarditis, the reported aver-
age time after onset of heart failure symptoms before initia-
tion of ECMO was 2.6 ± 5.4 days [9].

The frequency of the patients requiring MCS in the pre-
sent study was higher than that of previous reports [4, 8]. 
This is because our patients were sent to us only after their 
hemodynamics deteriorated and became unable to be man-
aged at the regional hospitals, even though the survival rate 
of the patients in our study (83.3%) was equivalent or even 
higher than that of previous reports (60.0–87.5% [4, 8–13]). 

As MCS for acute cardiogenic shock, percutaneous ECMO 
was the first choice, because it is easy to set up and quick 
insertion at bed-side is possible in emergent settings. Espe-
cially, the Capiox EBS is designed for rapid induction. Its 
priming volume is 480 mL and can be set up in 5 min with 
auto-priming [8]. On the other hand, percutaneous ECMO 
has critical drawbacks such as inadequate flow, pulmonary 
congestion due to increase in left ventricular afterload, and 
limb ischemia. Especially, in emergent settings under cardio-
pulmonary resuscitation, small cannulae tend to be chosen, 
because the priority is given to quick and safe insertion of 
the cannulae. This results in an inadequate support flow, 
especially in patients with multiple organ failure who require 
higher flow than usual to reverse the deteriorating end-organ 
function. Moreover, the retrograde flow in the aorta by the 
percutaneous ECMO hinders the opening of the aortic valve, 
and increases the afterload of the left ventricle. Together 
with the inadequate decompression of the right heart, this 
results in severe pulmonary congestion and lung edema. If 
the ECMO support with peripheral cannulation is continued 
in such a case, severe airway bleeding and irreversible pul-
monary dysfunction may occur, as we have experienced in 
the case with central ECMO, in whom pulmonary circula-
tion could not be established. The increase in left ventricular 
afterload may also hinder the recovery of the native heart 
function. If any of these drawbacks of percutaneous ECMO 
appears, we did not hesitate to bring the patient into the 
operating room, and converted the percutaneous cannulation 
to the central cannulation. As a result, the median duration 
of the percutaneous ECMO support before the conversion 
to the central cannulation was only 2 days in this series. 
The risk analysis with univariate logistic regression model 
in the present 30 cases revealed that serum total bilirubin 
level at the time of percutaneous ECMO removal/conversion 
was the risk factor for patient death. Moreover, we found a 
significant correlation between the ECMO duration and the 
serum total bilirubin level. This may indicate that a delay 
in decision to upgrade percutaneous ECMO to temporary 
VAD may result in poor prognosis. All the five deaths in the 
present study were due to cerebrovascular events. In gen-
eral, there is no direct association between cerebrovascular 
events and serum total bilirubin levels. In this series, all the 
four patients who died on temporary VAD support had very 
high level of serum total bilirubin at the time of conversion 
(5.9, 11.5, 11.6, and 33.1 mg/dL, Fig. 5), and the level went 
even higher after LVAD conversion. They were obviously 
complicated with multiple organ failure and their hemody-
namic status were septic under LVAD support. In patients 
with mechanical circulatory support, it is well known that 
MOF and sepsis are significant risk factors of cerebrovas-
cular events.

There are a lot of evidence that a significant proportion 
of the patients with fulminant myocarditis may recover their 

Fig. 5   Serum level of total bilirubin correlated significantly with the 
duration of percutaneous ECMO support. The death cases are marked 
with bold line. T-bil total bilirubin, ECMO extracorporeal membrane 
oxygenation
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heart function with the early utilization of MCS in combi-
nation with appropriate medical therapy and neurohormo-
nal blockade [4, 11–13]. For the devices used as “bridge to 
recovery”, the following characteristics are required: they 
should be able to provide biventricular unloading and ade-
quate systemic flow support, they should be cost-effective, 
and the implantation procedure should be simple and as less 
invasive as possible. Our percutaneous ECMO–temporary 
VAD protocol meets all these demands. The ECMO system 
is the most cost-effective, and the peripheral cannulation is 
the least invasive procedure. When the percutaneous ECMO 
fails to provide adequate flow support and adequate ventricu-
lar unloading, temporary VAD with extracorporeal centrifu-
gal pumps may cover these problems more cost effectively 
and less invasively than implantable VAD. Minimally inva-
sive implantation technique of the temporary VAD is also 
reported [14], and may be utilized in a selected proportion 
of the patients.

On the other hand, if the recovery of the heart function 
does not occur, it is also known that a considerable percent-
age of patients are left with severe dilated cardiomyopathy 
and may ultimately require heart replacement therapy [15, 
16]. There are also good reasons to use temporary VAD in 
such patients. Most of the 30 patients in the present study 
were sent to our institution from other hospitals after the 
patients’ condition had already deteriorated to The Intera-
gency Registry for Mechanically Assisted Circulatory Sup-
port (INTERMACS) profile 1. The clinical outcomes of 
primary permanent LVAD implantation are known to be 
poor in patients classified as INTERMACS profile 1 (criti-
cal cardiogenic shock) and profile 2 (Progressive decline) 
[17]. Therefore, we used the temporary VAD as “bridge to 
candidacy” [5, 6, 14]. Despite the progress in pharmacologi-
cal therapy and increasing knowledge about cardiac assist 
devices, a substantial number of patients are still referred 
too late, after they have already reached a critical condition. 
They may present with contraindications for heart transplan-
tation or the implantation of a permanent VAD, but these 
conditions may be acute and reversible. Short-term low-cost 
devices that can be inserted with minimal surgical invasive-
ness may provide immediate hemodynamic stability and 
recovery for future assessment of these patients [6].

The importance of endomyocardial biopsy can never be 
overestimated. All the 30 patients in this study underwent 
the endomyocardial biopsy and 8 of them (26.7%) were diag-
nosed with eosinophilic or giant-cell myocarditis. Immu-
nosuppressive treatments are known to be effective only in 
these two subtypes of myocarditis, but not in lymphocytic 
myocarditis, and the definitive diagnosis can be made only 
with histopathological analysis [18]. Therefore, the early his-
tological diagnosis with endomyocardial biopsy followed 
by timely and appropriate decision to administer immuno-
suppressive medications is critical to improve the clinical 

outcomes of fulminant myocarditis. All the eight patients in 
this study received aggressive immunosuppressive treatment 
including steroids and cyclosporine, and the heart function 
recovered in 7 (87.5%) of them. The rate of cardiac func-
tional recovery in patients with lymphocytic myocarditis was 
12/22 (54.5%).

ECP is one of the eosinophilic granule proteins, and is 
known to play major roles in the pathogenesis of eosino-
philic myocarditis [19, 20]. As with our patients, elevated 
ECP during active disease and subsequent reductions in ECP 
with immunosuppressive therapy suggest that ECP may be 
responsible for the degranulation of eosinophils. Therefore, 
monitoring of serum ECP levels, which are derived from 
degranulation of eosinophils, is one of the valuable param-
eters which may contribute to a prompt diagnosis of eosino-
philic myocarditis [21].

Our study has several limitations, including those related 
to a retrospectively performed analysis of a single-center 
experience. A relatively small number of the patients pre-
cluded the possibility to do the multivariate analysis of the 
risk factors related to myocardial recovery and patient mor-
tality. The effectiveness of the immunosuppressive therapy 
in eosinophilic and giant-cell myocarditis should be con-
firmed in larger series, ideally in a randomized manner.

In conclusion, we reported our stepwise approach for 
fulminant myocarditis with aggressive MCS therapy using 
percutaneous ECMO and temporary VAD. The duration 
of ECMO support significantly correlated with total bili-
rubin level, which was the significant risk factor for mor-
tality. Therefore, timely conversion from the percutaneous 
ECMO to the temporary VAD before the elevation of total 
bilirubin level is crucial for improving the clinical outcomes. 
Endomyocardial biopsy is very important, because immuno-
suppressive therapy carries promising outcomes in certain 
etiologies.
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