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Differences in Prognosis and Cardiac 
Function According to Required 
Percutaneous Mechanical Circulatory 
Support and Histological Findings in 
Patients With Fulminant Myocarditis: 
Insights From the CHANGE PUMP 2 Study
Toru Kondo , MD, PhD; Takahiro Okumura , MD, PhD; Naoki Shibata, MD; Takahiro Imaizumi , MD, PhD; 
Kaoru Dohi , MD, PhD; Hideo Izawa , MD, PhD; Nobuyuki Ohte , MD, PhD; Tetsuya Amano , MD, PhD; 
Toyoaki Murohara , MD, PhD

BACKGROUND: Prognoses and long-term cardiac function of patients with fulminant myocarditis have not been fully elucidated. 
Therefore, we clarified the prognoses and long-term cardiac function according to required percutaneous mechanical circula-
tory support and histological findings among patients with fulminant myocarditis.

METHODS AND RESULTS: We conducted a multicenter retrospective medical record review of 216 patients with fulminant my-
ocarditis requiring percutaneous mechanical circulatory support. Sixty-one patients were treated with intra-aortic balloon 
pump or Impella alone, and 155 patients received veno-arterial extracorporeal membrane oxygenation and were treated with 
or without intra-aortic balloon pump or Impella. Histologically, 107 patients had lymphocytic myocarditis; 34, eosinophilic 
myocarditis; and 4, giant cell myocarditis. Freedom from composite end point (death, durable left ventricular assist device 
implantation, and heart transplantation) was 66% at 90 days, 62% at 1 year, and 57% at 6 years. Veno-arterial extracorporeal 
membrane oxygenation use was associated with poor prognosis in the multivariable analysis (hazard ratio [HR], 5.27; 95% 
CI, 1.60–17.36). The eosinophilic myocarditis subgroup showed better prognosis (HR, 0.28; 95% CI, 0.10–0.80) compared 
with the lymphocytic myocarditis subgroup but not in the multivariable analysis. Ventricular tachycardia/ventricular fibrillation 
rhythm at admission, high C-reactive protein level, and no endomyocardial biopsy were also associated with poor prognosis. 
The left ventricular ejection fraction at 1 year was ≤50% in 16% of patients and was lower in patients with eosinophilic myocar-
ditis (median: 57.9% [48.8–65.0%]) than in those with lymphocytic myocarditis (65.0% [58.6–68.7%]) (P=0.036).

CONCLUSIONS: Patients with fulminant myocarditis who received veno-arterial extracorporeal membrane oxygenation had a 
poor prognosis. Long-term cardiac function was impaired in some patients, especially those with eosinophilic myocarditis.
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Acute myocarditis is caused by inflammation of the 
myocardium owing to infections, autoimmune 
diseases, and adverse drug reactions.1 Fulminant 

myocarditis (FM) is a fatal disease that requires ino-
tropes and/or mechanical circulatory support (MCS) 
owing to rapid deterioration of hemodynamic parame-
ters. FM management includes inotrope and MCS use 
to prevent and improve multiple organ failure caused 
by impaired cardiac function and to maintain hemo-
dynamics.2–4 It also includes specific treatments that 
target the myocarditis cause or suppress myocardial 

inflammation.2–4 Although these treatments are con-
tinued until cardiac dysfunction is alleviated, implan-
tation of a durable left ventricular assist device (LVAD) 
or heart transplantation is sometimes required when 
the cardiac function does not improve sufficiently.5–8 
Different types of percutaneous MCS are used for the 
initial management of patients with FM to maintain sta-
ble hemodynamics, and changes in MCS strategies 
are necessary when cardiac dysfunction progresses 
or longer management is required.9,10 Previously, pa-
tients with FM requiring MCS had poorer prognoses 
than patients treated with inotropes alone, especially 
when veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) was required.11–13 However, the 
pathophysiological and prognostic differences be-
tween patients who can be treated with intra-aortic 
balloon pump (IABP) or Impella alone and those who 
require VA-ECMO remain elusive.

Myocarditis is histologically classified as lympho-
cytic myocarditis (LM), eosinophilic myocarditis (EM), 
and giant cell myocarditis (GCM).1,14 LM usually results 
from a viral infection, whereas EM and GCM are often 
associated with adverse drug reactions and autoim-
mune diseases.2–4,13–15 Immunosuppressive therapy 
has been recommended to suppress myocardial in-
flammation during EM and GCM; however, this treat-
ment has not been clearly established via randomized 
control trials. Immunosuppressive therapy in patients 
with LM remains controversial.2–4,13,14 The prognostic 
differences caused by the balance between beneficial 
and adverse effects of immunosuppressive therapy 
are unclear, especially in patients with FM requiring 
MCS. Therefore, the prognosis may differ depending 
on the histological subtypes owing to discrepancies in 
subtypes or treatments.

Additionally, although FM reportedly has a good 
long-term prognosis after acute phase, recurrence 
of myocarditis and long-term impairments of cardiac 
function have been described.7,16–20 Most studies re-
garding FM are case reports or include a small number 
of patients; hence, prognoses and long-term cardiac 
function of patients remain uncertain.

Therefore, this study aimed to clarify the short- 
and long-term prognoses of patients with FM who 
undergo different types of percutaneous MCS and 
different histological subtypes. This study also deter-
mines whether these differences affect patients’ long-
term cardiac function. Furthermore, the prognostic 
factors of patients with FM who require MCS have 
been explored.

METHODS
This multicenter, retrospective study reviewed the 
medical records of patients with FM aged 15 years or 

CLINICAL PERSPECTIVE

What Is New?
•	 In patients with fulminant myocarditis requiring 

mechanical circulatory support, patients with 
eosinophilic myocarditis had a better crude risk 
for death, durable left ventricular assist device 
implantation, or heart transplantation; required 
veno-arterial extracorporeal membrane oxygena-
tion less frequently; and had a higher rate of ster-
oid use than those with lymphocytic myocarditis.

•	 Long-term cardiac function remained impaired 
in some cases, especially those with eosino-
philic myocarditis.

•	 The use of veno-arterial extracorporeal mem-
brane oxygenation, ventricular tachycardia/ven-
tricular fibrillation, C-reactive protein levels, and 
no biopsy were independent prognostic factors.

What Are the Clinical Implications?
•	 The following 2 therapeutic targets would con-

stitute the cornerstone for improving the prog-
nosis of patients with fulminant myocarditis: (1) 
suppressing myocardial inflammation and (2) 
preventing cardiac arrest and low output syn-
drome, which result in organ damage.

•	 A myocardial biopsy is suggested to be 
performed to provide an appropriate risk 
assessment and treatment including immuno-
suppressive therapy.

•	 Periodic evaluation for cardiac function and 
myocardial inflammation after discharge from a 
hospital would be recommended, especially in 
patients with eosinophilic myocarditis.

Nonstandard Abbreviations and Acronyms

EM	 eosinophilic myocarditis
FM	 fulminant myocarditis
GCM	 giant cell myocarditis
LM	 lymphocytic myocarditis
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older who required percutaneous MCS. It has been 
termed the CHANGE PUMP 2 (Chart Review of in- and 
out-of-Prognosis in Patients with FM on Percutaneous 
Mechanical Circulatory Support 2) study. The study 
was conducted according to the 1975 Declaration of 
Helsinki and was approved by the Ethics Committee 
of Nagoya University Hospital (approval number: 
2016-0002). The requirement of informed consent 
was waived by the committee because of the study 
aspect. Compared the CHANGE PUMP study, a previ-
ous study regarding patients with FM who underwent 
VA-ECMO,21,22 the CHANGE PUMP 2 study included 
an extended patient enrolment period and enrolled 
patients treated with percutaneous MCS other than 
VA-ECMO. Because of the sensitive nature of the data 
collected for this study, requests to access the data 
set from qualified researchers trained in human sub-
ject confidentiality protocols may be sent to the cor-
responding author.

Study Population and Diagnosis of 
Myocarditis
A total of 26 high-volume cardiovascular hospitals in 
the Tokai area in Japan were included in this study. 
Hospitals’ databases were screened for disease 
names corresponding to the International Classification 
of Diseases, Tenth Revision (ICD-10) diagnostic codes 
(I400, I401, I408, I409, I514) from January 2000 to 
December 2020. Patients diagnosed with acute myo-
carditis who required percutaneous MCS, including 
IABP, VA-ECMO, and Impella 2.5/CP, were included. 
Patients who developed symptoms within 30 days be-
fore admission were enrolled. The diagnosis of acute 
myocarditis was made based on an endomyocardial 
biopsy, autopsy histology, or clinical findings accord-
ing to the Japanese Circulation Society’s Guidelines for 
Diagnosis and Treatment of Myocarditis.23

Data Collection, Study Outcomes, and 
Patient Classification
Laboratory, echocardiographic, and electrocardio-
graphic data obtained at admission were used as 
baseline data. Death, implantation of a durable LVAD, 
and heart transplantation up to 90 days and 6 years 
after admission were evaluated as the composite end 
point. The left ventricular ejection fraction (LVEF) meas-
ured using echocardiography, 1 year after admission, 
was evaluated. Data regarding acute myocarditis his-
tory before admission for FM and recurrent acute myo-
carditis after discharge were also collected. Patients 
were divided into 2 groups based on their percutane-
ous MCS requirements: those treated only with IABP 
or Impella 2.5/CP (IABP/Impella group) and those who 
required VA-ECMO regardless of IABP or Impella 2.5/
CP co-treatment (VA-ECMO group). Patients for whom 

myocardial biopsy or autopsy data were available were 
categorized using the histological subtypes LM, EM, 
and GCM. Patients whose subtypes were not defi-
nitely defined or were defined as bacterial myocardi-
tis caused by streptococcus pyogenes were excluded 
from the histological subgroups. In addition, a sub-
group analysis was conducted between patients who 
underwent a myocardial biopsy and those who did not.

Statistical Analysis
The patients’ baseline characteristics were compared. 
As for histological groups, statistical comparisons 
were performed between the LM and EM subgroups 
owing to the small sample size of the GCM subgroup 
(n=4). Continuous variables are presented as medians 
and interquartile ranges, and categorical variables are 
presented as numbers and percentages. The Mann–
Whitney U test was used to compare continuous varia-
bles as they had a skewed distribution. The chi-square 
or Fisher’s exact test was used to compare categori-
cal variables, as appropriate. The median duration of 
follow-up was calculated using reverse-Kaplan–Meier 
method. The composite end point was analyzed using 
the Kaplan–Meier method and log-rank test according 
to MCS category, histological subtype (LM and EM), 
and myocardial biopsy status. Cox proportional haz-
ard analyses were used to calculate the hazard ratios 
(HRs) and 95% CIs of the composite end point up to 
90 days. After univariable analysis of the original data 
set, missing covariables were imputed using multiple 
imputations with chained equations for the multivari-
able models. Histological subtypes were not imputed 
because many numbers were missing. We created 3 
models for the multivariable Cox proportional hazard 
analysis using clinically relevant variables. When using 
EM subgroup in the model, the validity was evaluated 
by adding each variable in order for sensitivity analyses 
in addition to model 1 (VA-ECMO group, EM subgroup, 
and ventricular tachycardia [VT]/ventricular fibrillation 
[Vf] rhythm at admission). Multiple imputations using 
VT/Vf rhythm at admission and QRS ≥120 ms concom-
itantly could not be performed from the calculating as-
pects. Therefore, the 2 models without the variable of 
EM group were generated: model 2 (VA-ECMO group, 
systolic blood pressure, heart rate, VT/Vf rhythm at ad-
mission, C-reactive protein level, creatinine level, and 
no biopsy), and model 3 (VA-ECMO group, systolic 
blood pressure, heart rate, QRS ≥120 ms, C-reactive 
protein level, creatinine level, and no biopsy). In each 
model, 20 imputed data sets were generated, and 
the estimates of each analysis per data set were inte-
grated using Rubin’s rule. All statistical analyses were 
performed using Stata/MP 16.1 (Stata Corp., College 
Station, TX, USA). P values <0.05 were considered 
statistically significant.



J Am Heart Assoc. 2022;11:e023719. DOI: 10.1161/JAHA.121.023719� 4

Kondo et al� Prognosis in Fulminant Myocarditis With MCS

RESULTS
Patient Characteristics
The data of 216 patients with FM requiring MCS were 
analyzed in this study. The patient flow for percutane-
ous MCS is depicted in Figure 1. The patient flow for 
percutaneous MCS is shown in Figure S1 according to 
the histological subtypes and in Figure S2 for the year 
based on when Impella became clinically available. The 
median duration from admission to first MCS initiation 
was 0 (0–1) day. Median duration from admission to 
steroid use and immunoglobulin use were 2 (1–5) days 
and 1 (0–2) days, respectively. The IABP/Impella group 
included 61 patients, and the VA-ECMO group included 
155 patients. Patients’ characteristics according to the 
IABP/Impella group and VA-ECMO group was shown 
in Table 1. The median patient age was 53 years, and 
59.7% were men. In the IABP/Impella group, IABP 
was used for all patients except 1 who received only 
Impella. A total of 158 patients were evaluated histolog-
ically, including 155 via endomyocardial biopsy and 3 
via autopsy. EM representation was higher in the IABP/
Impella group than in the VA-ECMO group (P=0.002). 
The VA-ECMO group had significantly higher creatine 
(P=0.001), aspartate transaminase (P=0.023), alanine 
aminotransferase (P=0.042), lactate dehydrogenase 
(P=0.010), and creatine kinase–myocardial band 
(P=0.026) levels than the IABP/Impella group. Cardiac 
troponin I, which is a typical marker during cardiac 
failure, exhibited a trend of increase in the VA-ECMO 
group rather than in the IABP/Impella group (P=0.080). 
The VA-ECMO group had lower systolic (P=0.018) and 
diastolic (P<0.001) blood pressures than the IABP/
Impella group. Of the patients who underwent en-
domyocardial biopsy or autopsy, 107 were classified 
as LM, 34 as EM, and 4 as GCM (Table 2). The EM 
subgroup included older patients (P=0.005), more 
men (P=0.004), and a lower percentage of patients 
treated with VA-ECMO (P=0.003) and included more 
patients who received steroids (P<0.001) than the LM 
subgroup. Patients in the LM subgroup tended to have 

lower systolic blood pressure (P=0.002) and higher 
levels of aspartate transaminase (P=0.022), lactate de-
hydrogenase (P=0.045), and creatine kinase (P<0.001) 
than those in the EM subgroup. The characteristics of 
patients who underwent myocardial biopsy have been 
compared with those of patients who did not undergo 
myocardial biopsy in Table S1. Steroid therapy was fre-
quently used for patients who underwent myocardial 
biopsy (P=0.037).

Short- and Long-Term Prognoses
The median duration of follow-up was 607 days, and 
81 composite events (76 deaths, 4 durable LVAD im-
plantations, and 1 heart transplantation) occurred 
during the follow-up period. Within 90 days after ad-
mission, 70 composite events occurred, including 69 
deaths and 1 durable LVAD implantation. Freedom 
from the composite end point was 73% at 30 days, 
66% at 90 days, 62% at 1 year, and 57% at 6 years 
(Figure S3). In cases that survived up to 90  days, 
the median duration of IABP, Impella, VA-ECMO use 
were 7 (5–9) days, 9 (7–12) days, and 6 (5–8) days, 
respectively. Kaplan–Meier curves for freedom from 
the composite end point are depicted in Figure  2. 
The VA-ECMO group had a worse prognosis up to 
90 days after admission than the IABP/Impella group 
(log-rank, P<0.001) (Figure 2A). The prognosis up to 
6 years of the VA-ECMO group was also significantly 
worse (log-rank, P<0.001), but the difference was 
bridged between both groups 90 days after admission 
(Figure 2B; after the 90-day vertical line). Furthermore, 
the 90-day outcomes were significantly better in the 
EM subgroup than in the LM subgroup (log-rank, 
P=0.011) (Figure  2C). In addition, patients in the EM 
subgroup also had a better prognosis up to 6 years 
than those in the LM subgroup (log-rank, P=0.038) 
(Figure  2D). Kaplan–Meier curves for freedom from 
death are depicted in Figure S4. Patients who under-
went myocardial biopsy had a better prognosis up to 
90 days than those who did not (log-rank, P=0.009) 

Figure 1.  Patient flow for percutaneous mechanical circulatory support.
*Patients without date data were excluded (n=12). ECMO indicates extracorporeal membrane oxygenation; 
IABP, intra-aortic balloon pump; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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(Figure  3). Finally, 5 patients had an acute myocar-
ditis history before admission for FM, and 3 patients 
were hospitalized for recurrent acute myocarditis after 

FM. Patients characteristics of patients with history 
of acute myocarditis before FM or with recurrence of 
acute myocarditis after FM were shown in Table S2.

Table 1.  Patient Characteristics at Admission

Available data
All   
(n=216)

IABP/Impella  
(n=61)

VA-ECMO  
(n=155) P value

Age, y 216 53 (39–66) 53 (39–70) 52 (38–65) 0.306

Male sex, n (%) 216 129 (59.7) 41 (67.2) 88 (56.8) 0.159

Body mass index, kg/m2 199 22.1 (20.1–24.6) 21.5 (19.9–23.7) 22.4 (20.3–25.0) 0.070

Mechanical circulatory support, n (%)

VA-ECMO 216 155 (71.8) 0 (0.0) 155 (100.0) <0.001

IABP 208 191 (91.8) 60 (98.4) 131 (89.1) 0.026

Impella 216 21 (9.7) 1 (1.6) 20 (12.9) 0.010

Biopsy, n (%) 216 155 (71.8) 45 (73.8) 110 (71.0) 0.680

Histological subtypes, n (%) 158

Lymphocytic myocarditis 107 (67.7) 25 (55.6) 82 (72.6) 0.115

Eosinophilic myocarditis 34 (21.5) 17 (37.8) 17 (15.0) 0.002

Giant cell myocarditis 4 (2.5) 0 (0.0) 4 (3.5) 0.579

Others 1 (0.6) 0 (0.0) 1 (0.9) >0.999

Unknown 12 (7.6) 3 (6.7) 9 (8.0) >0.999

Systolic blood pressure, mm Hg 199 94 (83–108) 101 (88–111) 94 (80–107) 0.018

Diastolic blood pressure, mm Hg 190 61 (53–70) 67 (59–78) 60 (50–67) <0.001

Heart rate, bpm 197 100 (86–119) 104 (90–119) 100 (80–120) 0.284

ECG findings at admission

QRS ≥120 ms, n (%) 172 81 (47.1) 21 (38.9) 60 (50.8) 0.145

Ventricular tachycardia/
ventricular fibrillation, n (%)

203 12 (5.9) 1 (1.7) 11 (7.6) 0.186

Atrioventricular block, n (%) 203 20 (9.9) 4 (6.8) 16 (11.1) 0.443

Atrial fibrillation, n (%) 203 9 (4.4) 4 (6.8) 5 (3.5) 0.288

Left ventricular ejection fraction, % 176 30.0 (20.0–44.5) 34.3 (29.0–45.0) 30.0 (20.0–42.0) 0.054

Left ventricular diastolic 
dysfunction, mm

75 44.3 (40.0–47.6) 44.2 (40.0–48.0) 45.0 (41.0–47.0) 0.852

Laboratory data

White blood cell count, μL 211 9500  
(7100–13 180)

9100  
(6500–13 000)

9550  
(7250–13 190)

0.520

Eosinophil count, μL 150 250 (0–1080) 540 (150–2130) 200 (0–710) 0.009

C-reactive protein, mg/dL 204 4.2 (1.3–8.9) 4.1 (1.7–10.9) 4.3 (1.1–8.4) 0.275

Aspartate transaminase, IU/L 210 145 (77–349) 123 (70–191) 161 (79–429) 0.023

Alanine aminotransferase, IU/L 210 71 (40–166) 55 (36–112) 80 (43–238) 0.042

Lactate dehydrogenase, IU/L 207 553 (384–1030) 492 (353–651) 591 (430–1133) 0.010

Creatinine, mg/dL 209 1.1 (0.8–1.6) 0.9 (0.7–1.2) 1.1 (0.8–1.9) 0.001

CK, IU/L 204 713 (367–1284) 625 (298–1072) 734 (439–1452) 0.105

CK-myocardial band, ng/mL 130 63.2 (35.0–111.0) 52.8 (19.9–90.5) 68.0 (37.7–153.0) 0.026

cTnI, ng/mL 91 17.5 (5.3–49.3) 10.1 (2.7–28.7) 21.4 (6.6–57.8) 0.080

cTnI over the normal reference*, 
n (%)

91 89 (97.8) 30 (96.8) 59 (98.3) >0.999

Treatment, n (%)

Steroid 215 85 (39.5) 22 (36.1) 63 (40.9) 0.513

Immunoglobulin 215 93 (43.3) 18 (29.5) 75 (48.7) 0.010

Data excluding missing data are presented as median (interquartile range) or number (percentage).
CK indicates creatine kinase; cTnI, cardiac troponin I; IABP, intra-aortic balloon pump; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
*Normal reference was 0.014 ng/mL.
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Cox Proportional Hazard Analysis for 
Composite End Point up to 90 Days
In the univariable Cox proportional hazard analysis, 
VA-ECMO use; EM subgroup; systolic blood pres-
sure; heart rate; QRS ≥120 ms; VT/Vf rhythm at ad-
mission; levels of C-reactive protein, creatinine, and 
creatine kinase; and no biopsy were significant fac-
tors associated with the composite end point up to 
90 days (Table 3). The multivariable analyses showed 
that the VA-ECMO use (HR, 5.27, 95% CI, 1.60–
17.36) and VT/Vf rhythm at admission (HR, 3.53; 95% 

CI, 1.15–10.85) were associated a worse prognosis 
in model 1. The EM subgroup showed with good 
prognosis (HR, 0.28; 95% CI, 0.10–0.80), but not in 
model 1 (HR, 0.41; 95% CI, 0.14–1.17). Similar results 
were observed in the sensitivity analyses (Table S3). 
In model 2 and model 3, high C-reactive protein level 
(model 2: HR, 1.04; 95% CI, 1.001–1.08; model 3: 
HR, 1.04; 95% CI, 1.001–1.08) and no biopsy (model 
2: HR, 1.76; 95% CI, 1.02–3.04; model 3: HR, 1.83; 
95% CI, 1.07–3.13) were significant factors for poor 
prognosis, in addition to VA-ECMO use (model 2: 

Table 2.  Characteristics of Patients With Histological Subtypes

LM  
(n=107)

EM  
(n=34)

Giant cell myocarditis  
(n=4)

P value  
(LM vs EM)

Age, y 52 (39–64) 61 (48–72) 40 (28–49) 0.005

Male sex, n (%) 58 (54.2) 28 (82.4) 2 (50.0) 0.004

Body mass index, kg/m2 22.2 (19.7–24.5) 21.1 (19.4–23.0) 23.4 (18.8–29.0) 0.213

Mechanical circulatory support, n (%)

Veno-arterial extracorporeal 
membrane oxygenation

82 (76.6) 17 (50.0) 4 (100.0) 0.003

Intra-aortic balloon pump 95 (92.2) 30 (96.8) 3 (75.0) 0.684

Impella 12 (11.2) 2 (5.9) 3 (75.0) 0.518

Systolic blood pressure, mm Hg 94 (80–106) 105 (96–113) 104 (91–123) 0.002

Diastolic blood pressure, mm Hg 61 (55–75) 64 (52–72) 68 (60–82) 0.626

Heart rate, bpm 103 (85–120) 96 (87–113) 100 (95–111) 0.327

ECG findings at admission

QRS ≥120 ms, n (%) 42 (51.9) 12 (42.9) 1 (33.3) 0412

Ventricular tachycardia/ventricular 
fibrillation, n (%)

5 (5.1) 1 (3.1) 0 (0.0) >0.999

Atrioventricular block, n (%) 10 (10.1) 3 (9.4) 0 (0.0) >0.999

Atrial fibrillation, n (%) 6 (6.1) 1 (3.1) 0 (0.0) >0.999

Left ventricular ejection fraction, % 30.0 (20.0–40.0) 30.0 (25.0–45.0) 39.5 (30.0–50.2) 0.299

Left ventricular diastolic dysfunction, mm 44.0 (41.0–47.6) 45.0 (43.0–47.0) 46.3 (38.0–61.0) 0.686

Laboratory data

White blood cell count, μL 9000 (6800–13 200) 9950 (7400–13 600) 9250 (7250–12 200) 0.532

Eosinophil count, μL 160 (0–560) 2090 (714–10 800) 1460 (504–5410) <0.001

C-reactive protein, mg/dL 3.6 (1.2–8.2) 5.9 (2.0–10.3) 7.4 (4.0–8.0) 0.213

Aspartate transaminase, IU/L 161 (81–354) 102 (52–185) 56 (37–71) 0.022

Alanine aminotransferase, IU/L 71 (40–182) 50 (32–121) 69 (33–99) 0.372

Lactate dehydrogenase, IU/L 602 (402–1048) 458 (353–844) 373 (271–460) 0.045

Creatinine, mg/dL 1.0 (0.8–1.6) 0.9 (0.8–1.5) 1.0 (0.8–1.5) 0.457

CK, IU/L 804 (464–1441) 369 (293–711) 150 (100–202) <0.001

CK-myocardial band, ng/mL 63.3 (36.0–100.0) 40.8 (25.0–96.0) 101.8 (14.3–201.5) 0.442

cTnI, ng/mL 20.1 (3.7–49.6) 20.5 (6.7–24.7) 6.5 (4.3–7.6) 0.543

cTnI over the normal reference*, n (%) 42 (97.7) 17 (94.4) 4 (100) 0.507

Treatment, n (%)

Steroid 31 (29.0) 27 (79.4) 4 (100.0) <0.001

Immunoglobulin 51 (47.7) 10 (29.4) 2 (50.0) 0.075

Data excluding missing data are presented as median (interquartile range) or number (percentage).
CK indicates creatine kinase; cTnI, cardiac troponin I; EM, eosinophilic myocarditis; and LM, lymphocytic myocarditis.
*Normal reference was 0.014 ng/mL
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HR, 7.73; 95% CI, 2.77–21.58; model 3: HR, 7.98; 
95% CI, 2.85–22.31) and VT/Vf rhythm (model 2: HR, 
3.40; 95% CI, 1.43–8.12).

LVEF 1 Year After FM Admission
LVEF data were available at 1 year for 76 patients (me-
dian: 64.0% [57.2%–67.3%]) (Figure 4), including 8 pa-
tients (11%) with an LVEF ≤40%, 4 (5%) with an LVEF 
41% to 50%, 14 (18%) with an LVEF 51% to 60%, and 
50 (66%) with an LVEF >60%. There was no significant 
difference in LVEF at 1 year between the IABP/Impella 
and VA-ECMO groups (median: 64.0% [59.2%–68.8%] 
versus median: 63.0% [55.8%–66.3%]; P=0.348) and 
no significant difference by category (P=0.775). In 

contrast, LVEF of the EM subgroup (median: 57.9% 
[48.8%–65.0%]) was significantly lower than that of 
the LM subgroup (median: 65.0% [58.6%–68.7%]) 
(P=0.036), and a difference was found also by cate-
gory (P=0.016).

DISCUSSION
This study indicates a dismal short-term prognosis 
for patients with FM requiring percutaneous MCS, 
especially in patients who required VA-ECMO, but 
the long-term prognosis after acute phase was rela-
tively favorable. To the best of our knowledge, as for 
histological findings, the results of better prognosis 

Figure 2.  Kaplan–Meier curves for freedom from death, durable LVAD implantation, and HTx after admission to a hospital 
owing to FM.
A, The Kaplan–Meier curve for freedom from the composite end point up to 90 days after admission for each MCS group. B, The 
Kaplan–Meier curve for freedom from the composite end point up to 6 years after admission for each MCS group. The vertical dotted 
line represents up to 90 days. C, The Kaplan–Meier curve for freedom from the composite end point up to 90 days after admission 
for each histological subgroup. D, The Kaplan–Meier curve for freedom from the composite end point up to 6 years after admission 
for each histological subgroup. The vertical dotted line represents 90 days. Patients with GCM were removed from C and D owing to 
small sample size. ECMO indicates extracorporeal membrane oxygenation; EM, eosinophilic myocarditis; FM, fulminant myocarditis; 
GCM, giant cell myocarditis; HTx, heart transplantation; IABP, intra-aortic balloon pump; LM, lymphocytic myocarditis; LVAD, left 
ventricular assist device; MCS, mechanical circulatory support; and VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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in patients with EM than patients with LM and worse 
long-term cardiac function in patients with EM than in 
patients with LM are new findings. Furthermore, we 
also identified that the VT/Vf, C-reactive protein levels, 
and no biopsy were prognostic factors in patients with 
FM requiring percutaneous MCS.

This is the largest report evaluating the short- and 
long-term prognoses of patients with FM requiring per-
cutaneous MCS to date. Although a large proportion 
of patients with FM requiring MCS died within 90 days 
of admission, the long-term prognosis after acute 
phase was relatively good, even in patients requiring 
VA-ECMO. These results are consistent with those 
of previous reports.11,16,24 Creatine kinase–myocardial 
band levels were significantly higher in the VA-ECMO 
group than in the IABP/Impella group, suggesting that 
myocardial inflammation was more intense in the first 
group. Furthermore, high levels of hepatic enzymes 
and creatinine identified in patients requiring VA-ECMO 
imply multiple organ failure. Hypoxic encephalopathy 
and complications associated with VA-ECMO are also 
believed to be associated with poorer prognoses.

In our study, in addition to VA-ECMO use, VT/Vf 
rhythm, and C-reactive protein were identified as prog-
nostic factors. C-reactive protein has been related to 

myocardial inflammation,25 and it is not surprising that 
VT/Vf also originates from myocardial inflammation. 
Therefore, we believe that the following 2 therapeutic 
targets constitute the cornerstone for improving the 
prognosis of patients with FM: (1) suppressing myocar-
dial inflammation and (2) preventing cardiac arrest and 
low output syndrome, which result in organ damage.

Our results indicate a more favorable prognosis 
of patients with EM than of patients with LM, which 
is a new insight as previous article on FM, including 
inotrope treatment, reported a similar prognoses but 
regardless of histological subtypes.11 Because the EM 
was not an independent prognostic factor in the model 
when adjusted by VA-ECMO and VT/Vf rhythm at ad-
mission, EM may tend to be less severe than LM. The 
higher rate of steroid use among patients with EM may 
have helped prevent disease progression by reducing 
myocardial inflammation, especially in FM requiring 
MCS. The less favorable prognosis noted in patients 
who did not undergo myocardial biopsy may be owing 
to the inability to diagnose EM and administer steroids 
in time. These results suggest importance of early 
diagnosis by biopsy and the use of immunosuppres-
sive therapy in appropriate cases. Further studies 
are required to evaluate the difference in prognosis 

Figure 3.  Kaplan–Meier curves for the freedom from death, durable LVAD implantation, and 
HTx after admission to a hospital owing to FM in patients who underwent and did not undergo a 
myocardial biopsy.
Patients who underwent myocardial biopsy had a better prognosis up to 90 days than patients who did 
not undergo a myocardial biopsy. FM indicates fulminant myocarditis; HTx, heart transplantation; and 
LVAD, left ventricular assist device.
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according to histological findings as EM tended to be 
associated with good prognosis, although this was not 
significant in multivariate analysis.

The long-term LVEF after FM has been reported 
as relatively preserved; however, LVEF impairment 
remains in some patients.11,26,27 Long-term cardiac 
function data of patients with FM were limited. Our 
results confirm impaired cardiac function in some pa-
tients with FM requiring MCS. This is the first report 
identifying the differences in impaired cardiac function 
based on histological subtypes of FM. The long-term 

impaired cardiac function noted in patients with EM 
may be owing to myocarditis relapse or may reflect an 
increased acute phase survival because of successful 
short-term steroid therapy. As the long-term effects on 
LVEF in patients with acute myocarditis with and with-
out FM differ, the discrepancies in the long-term effects 
on LVEF according to histological subtypes in patients 
with acute myocarditis should be further studied.27,28 
Hence, we suggest long-term LVEF management in 
patients with FM, especially in those with EM. Periodic 
evaluations of myocardial inflammation after hospital, 

Table 3.  Univariable and Multivariable Cox Proportional Hazard Analysis for Factors Associated With Death, Durable LVAD 
Implantation, and HTx Within 90 Days After Admission

Univariate Multivariate: model 1 Multivariate: model 2 Multivariate: model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (for each 
increment of 10 y)

1.11 (0.96–1.27) 0.161

Male sex 1.54 (0.94–2.54) 0.090

Body mass index 1.05 (0.99–1.11) 0.137

Veno-arterial 
extracorporeal 
membrane 
oxygenation group

8.28 (3.02–22.73) <0.001 5.27 
(1.60–17.36)

0.006 7.73 (2.77–21.58) <0.001 7.98 
(2.85–22.31)

<0.001

Eosinophilic 
myocarditis*

0.28 (0.10–0.80) 0.017 0.41 (0.14–1.17) 0.095

Systolic blood 
pressure

0.99 
(0.98–0.997)

0.008 1.00 (0.99–1.01) 0.854 1.00 (0.99–1.01) 0.457

Heart rate 0.99 
(0.98–0.995)

0.002 0.99 (0.98–1.00) 0.055 0.99 (0.98–1.00) 0.077

QRS ≥120 ms 2.03 (1.17–3.50) 0.011 1.44 (0.82–2.53) 0.204

Ventricular 
tachycardia/
ventricular fibrillation

4.93 (2.34–10.39) <0.001 3.53 
(1.15–10.85)

0.028 3.40 (1.43–8.12) 0.006

Atrioventricular block 1.23 (0.59–2.58) 0.579

Atrial fibrillation 0.97 (0.30–3.08) 0.954

Left ventricular 
ejection fraction

1.00 (0.98–1.02) 0.962

White blood cell 
count  (for each 
increment of 100/μL)

1.00 (1.00–1.01) 0.458

C-reactive protein 1.04 (1.01–1.08) 0.016 1.04 (1.001–1.08) 0.047 1.04 (1.001–1.08) 0.043

Aspartate 
transaminase

1.00 (1.00–1.00) 0.242

Alanine 
aminotransferase

1.00 (1.00–1.00) 0.786

Lactate 
dehydrogenase

1.00 (1.00–1.00) 0.118

Creatinine 1.54 (1.19–2.01) 0.001 1.07 (0.77–1.49) 0.693 0.99 (0.71–1.38) 0.943

Creatine kinase 1.00 (1.00–1.00) 0.028

Steroid use 0.99 (0.61–1.59) 0.957

Era (2011–2020)† 0.71 (0.43–1.17) 0.179

No biopsy 1.89 (1.16–3.07) 0.010 1.76 (1.02–3.04) 0.042 1.83 (1.07–3.13) 0.028

HR indicates hazard ratio; HTx, heart transplantation; and LVAD, durable left ventricular assist device.
*Reference: lymphocytic myocarditis.
†Reference: 2000–2010.
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including magnetic resonance imaging, discharge 
should be conducted as some patients had a history 
of myocarditis or experience recurrent myocarditis.

This study was not without limitations. First, this 
was a retrospective study in Japan, and the results 
may have been affected by data that could not be col-
lected or patients who were lost to follow-up. The low 
number of heart transplantations in this study may also 
reflect the clinical situation in Japan, where the long 
waiting period for transplantation means that patients 
need to be bridged with a durable LVAD. Second, a 
myocardial biopsy was not performed for every patient 
enrolled. Although myocardial biopsies are helpful to 
diagnose myocarditis and guide treatment, patients 
are often treated for FM without having a myocardial 
biopsy, as some institutions do not routinely perform 
them. Finally, a polymerase chain reaction test for the 
detection of viruses in the myocardium was not per-
formed for most patients of our study. Although poly-
merase chain reaction findings allow the determination 
of myocarditis-specific etiology, current recommen-
dations support the use of immunosuppressive drugs 
based on histological findings.2–4,14,15 How polymerase 
chain reaction findings will guide the treatment of pa-
tients with FM remains controversial and requires more 
research.3,29–31

CONCLUSIONS
In conclusion, patients with FM treated only with IABP 
or Impella had a better prognosis than those who re-
quired VA-ECMO. The prognosis of patients with EM 
was better than that of patients with LM in univariable 
analysis but was not significantly different compared 
with that of patients with LM in multivariable analysis. 

The LVEF at 1 year was lower in patients with EM than 
in patients with LM.
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SUPPLEMENTAL MATERIAL



Table S1. Characteristics of patients who underwent myocardial biopsy

Biopsy 

(n = 155) 

No biopsy 

(n = 61) 
p value 

Age, years 52 (40–65) 55 (36–69) 0.566 

Male, n (%) 94 (60.6) 35 (57.4) 0.659 

Body mass index, kg/m2 21.9 (19.8–24.3) 22.9 (20.6–25.6) 0.093 

Mechanical circulatory support, n (%) 

  VA-ECMO 110 (71.0) 45 (73.8) 0.680 

  IABP 139 (93.9) 52 (86.7) 0.097 

  Impella 20 (12.9) 1 (1.6) 0.010 

Systolic blood pressure, mmHg 97 (86–108) 90 (80–106) 0.067 

Diastolic blood pressure, mmHg 60 (53–72) 62 (44–68) 0.600 

Heart rate, bpm 100 (86–120) 102 (81–119) 0.970 

ECG findings at admission 

  QRS ≥120 ms, n (%) 56 (46.3%) 25 (49.0%) 0.742 

  VT/Vf, n (%) 6 (4.1) 6 (10.3) 0.105 

  Atrioventricular block, n (%) 14 (9.7) 6 (10.3) > 0.999

  Atrial fibrillation, n (%) 7 (4.8) 2 (3.4) > 0.999

LVEF, % 30.0 (20.0–45.0) 30.0 (20.0–42.3) 0.769 

LVDd, mm 44.0 (41.0-47.0) 44.7 (40.0-50.0) 0.780 

Laboratory data 

  White blood cell count, μL 9,300 (6,830–13,200) 9,950 (7,700–12,800) 0.375 

  Eosinophil count, μL 200 (0–1,270) 220 (0–840) 0.499 

C-reactive protein, mg/dL 3.8 (1.3–8.3) 5.8 (1.1–13.8) 0.136 

  AST, IU/L 135 (65–339) 170 (108–472) 0.033 

  ALT, IU/L 63 (35–156) 80 (46–249) 0.048 

  LDH, IU/L 527 (379–920) 621 (482–1245) 0.065 

  Creatinine, mg/dL 1.0 (0.8–1.5) 1.2 (0.9–2.2) 0.003 

  CK, IU/L 681 (306–1142) 821 (512–1622) 0.025 

  CK-MB, ng/mL 61.0 (28.3–105.2) 85.0 (44.0–155.7) 0.114 

  cTnI, ng/mL 16.4 (4.4–39.7) 25.4 (5.8–60.2) 0.461 

cTnI over the normal reference *, n (%) 69 (97.2) 20 (100) > 0.999

Treatment, n (%) 

  Steroid  68 (43.9) 17 (28.3) 0.037 

  Immunoglobulin 67 (43.2) 26 (43.3) 0.989 



Data excluding missing data are presented as median (interquartile range) or number (percentage). 

ALT = alanine aminotransferase; AST = aspartate transaminase; CK = creatine kinase; CK-MB = creatine 

kinase-myocardial band; cTnI = cardiac troponin I; ECG = electrocardiogram; FM = fulminant myocarditis; 

IABP = intra-aortic balloon pump; LDH = lactate dehydrogenase; LVEF = left ventricular ejection fraction; 

LVDd = left ventricular end-diastolic diameter; VA-ECMO = veno-arterial extracorporeal membrane 

oxygenation; Vf = ventricular fibrillation; VT = ventricular tachycardia. 

*normal reference was 0.014 ng/mL



1 

Table S2. Patients characteristics of patients with history of acute myocarditis before FM or with recurrence of acute myocarditis after FM. 

Patient History or recurrence Age (years) Sex Histological subtype 
Period between history of acute myocarditis and FM  

or between recurrence of acute myocarditis after FM admission (days) 

1 History 37 Male 2314 

2 Recurrence 40 Female LM 54 

3 History 30 Male LM 2109 

4 History 33 Female 2193 

5 History 42 Male Bacterial 943 

6 History 40 Female LM 585 

7 Recurrence 36 Female 103 

8 Recurrence 31 Female LM 583 

EM = eosinophilic myocarditis; FM = fulminant myocarditis; LM = lymphocytic myocarditis. 



Table S3. Multivariable Cox proportional hazard analysis of factors associated with death, durable LVAD implantation, and HTx within 90 days after admission 

Extra model 1 Extra model 2 Extra model 3 Extra model 4 

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value 

VA-ECMO group 5.26 (1.60–17.37) 0.006 5.01 (1.52–16.59) 0.008 5.64 (1.72–18.52) 0.004 4.30 (1.29–14.30) 0.017 

EM * 0.41 (0.14–1.19) 0.101 0.39 (0.14–1.12) 0.080 0.36 (0.12–1.02) 0.054 0.36 (0.13–1.03) 0.056 

VT/Vf 3.31 (1.01–10.82) 0.048 3.09 (1.02–9.39) 0.047 4.60 (1.45–14.58) 0.010 3.43 (1.132–10.41) 0.029 

Systolic blood pressure 1.00 (0.98–1.01) 0.900 

Heart rate 0.99 (0.98–1.00) 0.309 

C-reactive protein 1.06 (1.02–1.12) 0.010 

Creatinine 1.71 (1.14–2.56) 0.009 

CI = confidence interval; EM = eosinophilic myocarditis; HR = Hazard ratio; HTx = heart transplantation; Vf = ventricular fibrillation; VT = ventricular tachycardia. 

*Reference: lymphocytic myocarditis.
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Figure S1. Treatment flow for percutaneous MCS in patients with LM and EM.

* Patients without date data were excluded (n = 8).

EM = eosinophilic myocarditis; IABP = intra-aortic balloon pump; LM = lymphocytic myocarditis; 

MCS = mechanical circulatory support; VA-ECMO = veno-arterial extracorporeal membrane oxygenation
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Figure S2. Treatment flow for percutaneous MCS in patients during 2000–2017 and 2018–2020

* Patients without date data were excluded (n = 12).

IABP = intra-aortic balloon pump; MCS = mechanical circulatory support; 

VA-ECMO = veno-arterial extracorporeal membrane oxygenation
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Figure S3. Kaplan–Meier curves for freedom from death, durable LVAD implantation, and HTx after admission to a hospital owing to FM 

in all patients.

A. Kaplan–Meier curve up to 90 days after admission. B. Kaplan–Meier curve up to 6 year after admission. The vertical dotted line 

represents 90 days.

FM = fulminant myocarditis; HTx = heart transplantation; LVAD = left ventricular assist device
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Figure S4. Kaplan–Meier curves for freedom from death after admission to a hospital owing to FM.

A B

A. The Kaplan–Meier curve for freedom from death up to 90 days after admission for each MCS group. B. The Kaplan–Meier curve for

freedom from death endpoint up to 6 years after admission for each MCS group. The vertical dotted line represents 90 days. C. The 

Kaplan–Meier curve for freedom from death up to 90 days after admission for each histological subgroup. D. The Kaplan–Meier curve for 

freedom from death up to 6 years after admission for each histological subgroup. The vertical dotted line represents 90 days.

Patients with GCM were removed from Supplemental Figure 4C and Supplemental Figure 4C due to small sample size.

EM = eosinophilic myocarditis; FM = fulminant myocarditis; GCM = giant cell myocarditis; IABP = intra-aortic balloon pump; LM = 

lymphocytic myocarditis; MCS = mechanical circulatory support; VA-ECMO = veno-arterial extracorporeal membrane oxygenation
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