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Purpose: The aims of this study were to document our single-center experience with pediatric acute
fulminant myocarditis (AFM) and to investigate its clinical features and short-term outcomes.
Methods: We performed a retrospective chart review of all children <18 years old who were diagnosed
with AFM between October 2008 and February 2013. Data about patient demographics, initial
symptoms, investigation results, management, and outcomes between survivors and nonsurvivors
were collected.

Results: Seventeen of 21 patients (80.9%) with myocarditis were diagnosed with AFM. Eleven patients
(64.7%) survived to discharge, and 6 (35.3%) died. Electrocardiography on admission revealed
dysrhythmia in 10 patients (58.8%); of these, all 7 patients with a complete atrioventricular block
survived. Fractional shortening upon admission was significantly different between the survivors (16%)
and nonsurvivors (8.5%) (P=0.01). Of the serial biochemical markers, only the initial brain natriuretic
peptide (P=0.03) and peak blood urea nitrogen levels (P=0.02) were significantly different. Of 17
patients, 4 (23.5%) required medical treatment only. Extracorporeal membrane oxygenation (ECMQ)
was performed in 13 patients (76.5%); the survival rate in these patients was 53.8%. ECMO support
was initiated >24 hours after admission in 4 of the 13 patients (30.7%), and 3 of those 4 patients (75%)
died.

Conclusion: AFM outcomes may be associated with complete atrioventricular block upon hospital
admission, left ventricular fractional shortening at admission, time from admission to the initiation of
ECMO support, initial brain natriuretic peptide level, and peak blood urea nitrogen level.
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Introduction

Acute fulminant myocarditis (AFM) is a rare and distinct clinical entity whose exact
incidence is unknown; it constitutes approximately 10%-389% of all cases of acute
myocarditis'™. While the clinical presentation of myocarditis can be acute or chronic in
adults, the majority of children with myocarditis present with acute or fulminant disease”.

Myocarditis results from inflammation of the heart muscle associated with apoptotic
degeneration, with or without necrosis of adjacent myocytes®. Myocellular damage results
in myocardial dysfunction leading to heart failure, and AFM is characterized by sudden
onset of aggressive conditions such as, fatal arrhythmias, atrioventricular block (AV), severe
congestive heart failure or cardiogenic shock following a flu-like illness*. Patients with
AFM typically have a short viral prodrome with a distinct onset of symptoms (<14 days)
and rapid deterioration requiring hemodynamic support with inotropes and mechanical
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ventilation®. Mechanical circulatory assistance such as by
extracorporeal membrane oxygenation (ECMO) or ventricular
assist device (VAD) can be required’"".

The mortality rates for infants and children with myocarditis
may be as high as 75% and 25%'” respectively, and postmortem
examinations in routine clinical settings suggest that myocarditis
is an important cause of acute cardiac death in both pediatric and
adult populations".

This study aimed at documenting our single-center experience
with AFM in pediatric patients and investigating the clinical
features and short-term outcome of these children.

Materials and methods

1. Patients

We performed a retrospective chart review of all children
under 18 years old who were diagnosed with AFM, at the Pusan
National University Children’s Hospital, between October 2008
and February 2013 (n=17). Seventeen patients met the inclusion
criteria for AFM. AFM was diagnosed on the basis of clinical
features at presentation: (1) recent history of viral prodrome
with fever lasting X” weeks; (2) development of acute and se-
vere heart failure after viral illness, such as heart failure with
symptoms including dyspnea and orthopnea, low cardiac output,
which includes abdominal discomfort, seizure, and syncope; (3)
evidence of myocardial damage including significant changes in
electrocardiography (EKG), elevation in cardiac markers (creatine
kinase-myoglobin [CK-MB), troponin I [Tnl], or myoglobin),
or cardiac dysfunction on echocardiogram (ejection fraction
[EF]<40% and fractional shortening [FS]<25%, as measure using
M-mode in the parasternal long-axis view via the leading-edge
to leading-edge method); and (4) no previous history of heart
disease.

2. Data collection

Patient demographics, initial symptoms, duration of symptoms
before admission, laboratory details, electrocardiographic and
chest radiographic data, and hemodynamics measured by
echocardiogram were collected. Values at admission and peak
values of laboratory markers were collected, including CK-
MB, Tnl, myoglobin, brain natriuretic peptide (BNP), aspartate
aminotransferase, alanine aminotransferase, blood urea nitrogen
(BUN), and creatinine.

Viral studies to identify the infectious cause of myocarditis
were recorded when available. Viral pathogens were detected via
multiplex polymerase chain reaction (PCR) of specimens collected
by nasopharyngeal swabs, and enteroviral specimens were
obtained via PCR of a specimen collected from patients’ stool.
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Data were also collected regarding treatments, including
immunomodulatory therapy, inotropic equivalents®” (IE, pg/kg/
min=dopamine+dobutamine+[15xmilrinone]+[100xepinephrine]
+[100xnorepinephrine]+[100xisoproterenol]), ventilator support,
temporary pacemaker insertion, dialysis and ECMO.

The patients were divided into two groups based on survival at
their hospital discharge.

3. ECMO indications and procedure

The following were indications for the ECMO therapy, (1)
hypotension (<60 mmHg for children and <50 mmHg for
infants) despite an IE >40 pg/kg/min, (2) cardiac arrest requiring
continuous cardiopulmonary resuscitation (CPR), (3) cardiac
and pulmonary failure refractory to medical therapy, and (4)
uncontrolled arrhythmia including ventricular tachycardia (VT)
and ventricular fibrillation®*'".

The patients were maintained on a continuous heparin infusion
to achieve an activated clotting time between 180 and 200
seconds. The goal for the activated clotting time was adjusted
if there were issues with bleeding or coagulation. To maintain a
hemoglobin level of 210 g/dL and a platelet count of >100,000/
dL, patients received a transfusion during the ECMO support™".

The cannulation site was determined by patient status. The
majority of the patients underwent percutaneous cannulation,
through either the neck or femoral vessels. Central cannulation
via a median sternotomy was used only if left-side decompression
was required.

Weaning from ECMO was evaluated through a multidisci-
plinary approach on a daily basis. A transthoracic echocar-
diogram was performed every 24 hours to 48 hours at a reduced
ECMO flow rate. Decannulation was performed after satisfactory
cardiac function and oxygen delivery were achieved'”.

4, Statistical analysis

Data were analyzed using SPSS ver. 12.0 (SPSS Inc., Chicago,
IL, USA). The values are presented as the median (range). All
demographic data, clinical data and laboratory findings were
compared between the two groups (survivors and nonsurvivors)
using the Wilcoxon signed rank test and Mann-Whitney U test
for other variables. To compare the proportions of patients, Fisher
exact test was performed. All statistical tests were two-sided and
significance was defined as P<0.05.

Results

1. Patient demographic data
Seventeen out of 21 patients (80.9%) with myocarditis were
diagnosed with AFM. The patient characteristics are shown in



Table 1. Of the 17 patients who met the clinical criteria for AFM,
14 (82.4%) were girls. The median age was 4.33 years (range,
0.17-14 years), and the median body weight was 14.5 kg (range,
4-45 kg).

Out of 17 patients, 11 (64.7%) survived, and 6 (35.3%) died.
There were 9 girls (81.8%) in the survivor group and 5 girls
(83.3%) (P=0.94) in the nonsurvivor groups. For survivors and
nonsurvivors, the median age was 5.58 years (range, 0.17-13
years) and 4.6 years (range, 0.25-14 years) (P=0.33), and the
median body weight was 19.74 kg (range, 4.1-40 kg) and 17.5
kg (range, 8-45 kg) (P=0.35), respectively. The differences in
patients’ demographics were not statistically significant between
the survivors and nonsurvivors.

2. Clinical manifestations at onset

No significant differences were observed in the initial symp-
toms between the survivors and nonsurvivors (Table 1). The
median time from the first presentation to a medical provider
because of symptoms until hospital admission was 3 days (range,
2-7 days) in survivors and 7 days (range, 1-10 days) in the
nonsurvivors (P=0.05), which bordered on significance, with a
longer time observed in patients who did not survive.

Cardiomegaly (cardiothoracic ratio>0.5) was detected on chest

Table 1. Characteristics of pediatric patients with acute fulminant myocarditis
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radiography in all 17 patients (100%). The EKG examination on
admission revealed abnormal rhythms in 10 patients (58.8%)j; all
7 patients with a complete AV block survived (P=0.01).

EF was obtained in all 17 patients with a median value of 30%
(range, 6%-52%). FS was also measured in all patients with a
median value of 16% (range, 3%-25%). The qualitative degree
of mitral regurgitation (MR) was assessed in 17 patients, with
moderate MR noted in 12 (70.6%) and trivial to mild MR noted in
5 (29.4%). The median FS detected using an echocardiographic
evaluation upon arrival to our Emergency Department was
significantly different (P=0.04) between the survivors (16%) and
nonsurvivors (8.5%).

3. Laboratory data

The results of the initial laboratory tests conducted upon
admission and the peak levels of the same variables are provided
in Table 2. Of the 4 cardiac enzymes that were measured, only
initial BNP level was significantly higher in the nonsurvivors
(7,843 pg/mL; range, 25-25,510 pg/mL) than in the survivors
(2,061 pg/mL; range, 625-12,350 pg/mL) (P=0.03). Of the renal
indicators, only the peak BUN levels were significantly higher in
the nonsurvivors (77.8 mg/dL; range, 30.6-161.7 mg/dL) than in
the survivors (34.3 mg/dL; range, 18.6-89.6 mg/dL) (P=0.02).

Characteristic Total (n=17) Survivors (n=11) Nonsurvivors (n=6) P value
Age (yr) 4.33 (0.17-14) 4.83(0.17-13) 3.29 (0.17-14) 0.33
Sex 0.94
Male 3 2 1
Female 14 9 9
Body weight (kg) 14.5 (4-45) 17.5 (4.1-40) 13.75 (4-45) 0.35
Initial symptom
Fever 14 9 5 0.94
Respiratory 8 4 4 0.23
Gastrointestinal 10 7 3 0.59
Neurological 7 5 2 0.63
Cardiologic 1 1 0 0.45
Duration of symptoms before admission (day) 3(1-10) 3 (2-7) 7 (1-10) 0.05
Initial dysrhythmia
Complete AV block 7 7 0 0.01
VT/VE 3 2 1 0.94
Initial echocardiogram
LV EF (%) 25 (6-52) 30 (20-52) 19 (6-40) 0.06
LV FS (%) 11 (3-25) 16 (9-25) 8.5 (3-20) 0.04
Initial CT ratio on x-ray 0.6 (0.54-0.73) 0.6 (0.54-0.69) 0.65 (0.54-0.70) 0.15

Values are presented as median (range) or number.

Respiratory symptoms included cough, rhinorrhea, and dyspnea; gastrointestinal symptoms included nausea, vomiting, and abdominal pain; neurologic symptoms
included seizure and dizziness; and cardiologic symptoms included palpitations and chest pain.
BW, body weight; AV, atrioventricular; VT, ventricular tachycardia; Vf, ventricular fibrillation; LV, left ventricular; EF, ejection fraction; FS, fractional shortening; CT ratio,

cardiothoracic ratio.
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Table 2. Laboratory findings in pediatric patients with acute fulminant myocarditis

Variable Total (n=17) Survivors (n=11) Nonsurvivors (n=6) P value

Initial laboratory test
CK-MB (ng/L) 46.8 (4.7-237.3) 72.7 (9.9-162.6) 28 (4.7-237.3) 0.41
Tnl (ng/mL) 5.31(0.14-41.1) 10.95 (0.14-41.11) 1.31(0.21-16.37) 0.07
Myoglobin (ng/mL) 231.6 (26-10,074) 209.2 (50.7-1,316) 738.5 (26-10,074) 0.06
BNP (pg/mL) 3,739 (25-25,510) 2,061 (625-12,350) 7,843 (25-25,510) 0.03
AST (IUL) 180 (33-6,768) 137 (39-6,768) 271 (33-764) 0.29
ALT (UL 66 (15-3,570) 35 (15-3,570) 126 (57-249) 0.29
BUN (mg/dL) 21.6 (8.7-61.8) 21.6 (15.2-61.8) 18.6 (8.7-31.4) 0.18
Cr (mg/dL) 0.76 (0.28-2.51) 0.84 (0.28-2.51) 0.72 (0.51-0.99) 0.26

Peak levels
CK-MB (ng/L) 78.7 (12.8-237.3) 79.2 (12.8-162.6) 33.5(16.5-237.3) 0.34
Tnl (ng/mL) 10.9 (0.24-150.9) 10.9 (0.7-150.9) .9 (0.24-66.3) 0.41
Myoglobin (ng/mL) 349 (67.6-12,477) 75.9 (71.3-2,012) 763 (67.6-12,477) 0.08
BNP (pg/mL) 4,683 (355—71,400) 3,964 (2446-71,400) 15,035 (355-52,100) 0.23
AST (UL 403 (39-9,640) 219 (39-9,640) 652 (97-1251) 0.15
ALT (U/L) 191 (50-5,203) 87 (50-5,203) 241 (70-396) 0.08
BUN (mg/dL) 38.4(18.6-161.7) 34.3 (18.6-89.6) 77.8 (30.6-161.7) 0.02
Cr (mg/dL) 1.18 (0.41-5.15) 0.94 (0.415.15) 1.86 (0.66-2.42) 0.25

Values are presented as median (range).

CK-MB, creatine kinase MB; Tnl, troponin I; BNP, brain natriuretic peptide; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea

nitrogen; Cr, creatinine

4. Viral pathogens

Viral studies were available for 13 of 17 patients (76.5%), and
viral pathogens were detected in only 3 of those 13 patients
(23.190): influenza B virus, parainfluenza virus, and adenovirus.

5. Medical and mechanical treatment

Inotropic agents were required due to hemodynamic inst-
abilities in most patients (Table 3). All 17 patients received
intravenous immunoglobulin (2 g/kg) as soon as the diagnosis of
myocarditis was considered. All of the patients required ventilator
support. A temporary pacemaker was inserted for complete AV
block in 8 patients (47.1%), all of whom were survivors (P=0.01).
Out of 8 patients, 7 (87.5%) showed complete AV block on initial
EKG (Table 1). One patient initially showed VT on admission EKG.
Although he underwent direct current cardioversion, he did not
recover to normal sinus rhythm, and showed complete AV block;
therefore, a temporary pacemaker was inserted. Dialysis for renal
failure was required in 5 patients (29.4%), and the distribution
between the survivors and nonsurvivors was not significant.

Mechanical support such as ECMO was used in 13 patients
(76.5%), whom met the indications for ECMO (CPR, hypotension,
cardiopulmonary failure, and refractory arrhythmia) (Table
4). Four patients (23.5%) were removed from ECMO support,
because of relatively stable hemodynamic parameters, and a
good response to medical treatment. The median age was 5.19
years (range, 0.17-14 years), median body weight was 19.02 kg
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Table 3. Management of pediatric patients with acute fulminant
myocarditis

Variable (nTgt1al7) S(L#]I’VIY?;S Non(’iur\él)vors Pvalue
Medication
IVIG 17 11 6 N/A
Methylprednisolone 7 3 4 0.11
Dopamine 15 10 B 0.64
Dobutamine 16 10 6 0.45
Epinephrine 6 4 2 0.90
Milrinone 11 7 4 0.90
Isoproterenol 5 5 0 0.05
Inotropic equivalent, 41.25 42.5 47.5 0.42
median (range) (7.5-140) (10-185)  (7.5-140)
Procedure
Temporary pacemaker 8 8 0 0.01
Ventilator 17 11 6
ECMO 13 7 6 0.09
Dialysis 5 2 3 017

IVIG, intravenous immunoglobulin; ECMO, extracorporeal membrane
oxygenation.

(range, 4.0-45 kg), and the median duration of symptoms before
admission was 5.08 days (range, 1-10 days). The median left
ventricular (LV) EF was 26% (range, 6%-52%) and the median FS
was 12.3% (range, 3%-25%).
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Table 4. Characteristics of patients who received extracorporeal membrane oxygenation support

) Survivors Nonsurvivors
Variable
1 2 3 4 5 6 7 8 9 10 11 12 13
Age (yr) 8 10 13 017 2.83 4.83 1.33 0.6 3 14 3.3 0.25 6.17
BW (kg) 25 85 40 4.1 14 175 8.5 6 145 45 13 4 20.7
LV EF/FS (%) 20/9 30/14  22/10 24110 52/25 40/19  20/9 6/3 19/8 19/9 35/19 11/5 40/20
IE (ug/kg/min) 925 46.25 575 275 185 85 175 140 55 87.5 17.5 40 22.5
Indication CPR  Hypo- Cardiopul- Arrhy- Hypo- CPR Cardiopul- CPR  Cardiopul-  Hypo- Cardiopul- CPR Cardiopul-
tension  monary thmia tension monary monary tension monary monary
failure failure failure failure failure
Admission to ECMO (hr) 5 8 3 3 30 15 4 2 28 25 B 3 648
Duration of ECMO (day) 7 7 6 8 4 5 7 5 9 12 6 9 8
Weaned off ECMO Yes Yes Yes Yes Yes  Yes Yes No Yes No No Yes No
Outcome Alive  Alive Alive  Alive; Alive Alive  Alive; Died; Died; brain Died; Died; brain  Died; brain Died; brain
DCMP DCMP MODS  death pulmonary death, death, death
hemorrhage pulmonary  aspiration

hemorrhage pneumonia

BW, body weight; LV, left ventricular; EF, ejection fraction; FS, fractional shortening; IE, inotropic equivalent; CPR, cardiopulmonary resuscitation; ECMO,
extracorporeal membrane oxygenation; MOD, multiorgan dysfunction; DCMP, dilated cardiomyopathy.

The average use of IE before ECMO cannulation was 67.2 pg/
kg/min (range, 17.5-180 pg/kg/min). Twelve patients (92.3%)
were cannulated percutaneously through the internal jugular
vein and carotid artery (83.3%), internal jugular vein and
femoral artery (8.3%) or femoral vein and artery (8.3%). One
patient (0.15%) underwent open chest cannulation to the right
atrium and ascending aorta. One patient required decompression
procedure for left heart distension and pulmonary edema with
left atrial drainage.

The median time to ECMO cannulation after admission to our
center was 5 hours (2-648 hours). Initiation of the ECMO support
occurred >24 hours after admission for 4 of the 13 patients
(30.7%). One patient received ECMO support on day of 27 of the
hospital admission; initially, the patient responded to inotropic
treatment, but experienced worsening of the cardiopulmonary
failure. The median duration of the ECMO support was 7 days
(range, 4-11 days).

6. Complications of ECMO

Complications of ECMO included bleeding at the cannulation
site in 8 patients (61.5%), acute renal failure in 6 patients (46.2%),
brain death in 5 patients (38.5%), pulmonary hemorrhage in 2
patients (15.4%), infection at the cannulation site in 2 patients
(15.4%), Horner syndrome in 1 patient (7.7%), and vocal cord
paralysis in 1 patient (7.7%).

7. Survival rate and follow-up

Overall, 11 patients (64.7%) survived to discharge, and 6
(35.3%) died (Fig. 1). Of the patients who required only medical
treatment (4/17, 23.5%), all survived. Decannulation occurred
in 9 (69.2%) of the 13 patients who required ECMO; of these, 2

’ Acute fulminant myocarditis : 17 ‘

[ only medication : 4 (23.5%) [ Required ECMO : 13 (76.5%) |

| Weaned off :9 (69.2%)| | Expired : 4 (30.8%)

Expired : 2 (22.2%)

Fig. 1. Qutcomes of pediatric patients with acute fulminant myocarditis.
ECMO, extracorporeal membrane oxygenation; DCMP, dilated cardio-
myopathy.

Survivor : 4 (100%)
(Permanent pacemaker : 1)

Survivor : 7 (77.8%)
(DCMP : 2)

(22.2%) died from brain death and aspiration pneumonia. The
decannulation failed in 4 of 13 patients (44.4%), and these patients
died from multiorgan dysfunction, pulmonary hemorrhage, or
brain death.

The AV block persisted in 1 patient who had survived, and
a permanent pacemaker was inserted. Two patients developed
dilated cardiomyopathy (DCMP), and they were followed up with
seri al echocardiography on every subsequent visit to the hospital
(Fig. 2). The FS was lower in the early treatment phase (within
48 hours of management); however, we observed after serial
follow up that, at discharge, 13 patients had improved LV FS. At
the last follow-up, 2 of these patients had decreased FS and then
developed DCMP.

Discussion

AFM requires inotropic support or mechanical cardiopul-
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~e-Survivors Non-ECMO ——Survivors ECMO —=—Nonsurvivors ECMO

40 -

35

25 r

FS (%)

20

Pre- 48 hr of
management management

Termination of Last F/U

manage

Fig. 2. Serial changes in fractional shortening of pediatric patients with
acute fulminant myocarditis (n=17). ECMO, extracorporeal membrane
oxygenation; F/U, follow-up.

monary assist devices such as ECMO or VAD'®'” because of
severe hemodynamic deterioration, cardiogenic shock, severe
ventricular dysfunction, and refractory arrhythmia.

We encountered 17 children with AFM in the previous 5
years. The diagnosis of AFM was largely based on clinical
manifestations, some biochemical markers, EKG, and echocardio-
graphic characteristics. We did not perform endomyocardial
biopsy in any of the children owing to risks associated with
the procedure, particularly in children with dilated hearts''®.
Moreover, biopsy results take time; therefore, we decided to
manage children with suggestive clinical features without waiting
for biopsy results"”.

Because of the nonspecific signs and symptoms in AFM, 71%
children are misdiagnosed with either sepsis or pneumonia'*'?. In
our study most patients initially had nonspecific symptoms such
as fever, respiratory symptoms (cough, rhinorrhea, and dyspnea),
and gastrointestinal symptoms (nausea, vomiting, and abdominal
pain). It is suspected that these symptoms at initial presentation
delay the diagnosis of myocarditis, and this delay results in
delayed hospitalization, thus increasing mortality rates. Earlier
hospital admission may aid recovery from AFM, as indicated by
the favorable clinical outcomes obtained in the present study.

In our study, patients who had complete AV block on the
initial EKG had higher survival rates. In contrast, Miyake et al.””
reported poorer outcomes in patients with arrhythmias, especially
in the half of those who were hospitalized. However, we presume
that the good outcomes of the patients in our study emphasize
the importance of early detection of AFM, as inidicated by the
complete AV block on the initial EKG. Therefore, patients showing
dysrhythmia on the initial EKG could undergo early cardiac
evaluation and could receive early treatments such as insertion of
a temporary pacemaker.
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Despite low statistical significance, we recommend that myo-
carditis be considered in children with varying presenting symp-
toms that are associated with cardiomegaly on chest radiography
or abnormal findings on EKG (Complete AV block; VT/VF).

Al-Biltagi et al.”” reported that low LV EF at admission was
significantly associated with poor immediate outcomes. In this
study, both median LV EF and FS at admission were lower in the
patients who did not survive than that in those who survived,
although this difference was significant only for FS. Overall,
although the numbers are too small to compare the survival
rates, the degree of LV dysfunction at admission was found to
be significantly associated with patient outcomes. We observed
after the serial follow-up, myocardial recovery started early after
hospital admission, and by the time of discharge, 13 patients
had improved LV ES. Previous data by Felker et al.”” describing
myocardial recovery reported significant improvement in %FS in
the AFM, similar to the results of our study.

Higher levels of serial biochemical markers were observed in
patients who did not survive, and these differences were signi-
ficant for BNP at admission and the peak BUN level. Increased
levels of the renal function indicators suggest renal failure,
which is associated with increased mortality”. By contrast,
Chen et al.” reported that peak troponin levels indicated more
severe myocardial damage. In our study the peak BNP level was
significantly higher than the peak troponin level. Therefore,
although the initial cardiac enzyme level had low predictive
value, we could use these peak cardiac enzyme levels to predict
the potentiality of myocardial recovery.

The management of AFM depends on its severity at initial
presentation and may vary from use of ECMO to that of VAD.
In recent reports of ECMO support in children with acute myo-
carditis, the survival rate was 59.6%-67%""". Although the
survival rate in children with AFM was similar (64.7%), the pa-
tients that received ECMO support generally showed a relatively
low survival rate (53.8%). We assumed the factors related to low
survival rate were the lack of experience with these mechanical
supports (especially ECMO). However, as we encountered more
patients with AFM, the death rates declined considerably.
Delayed initiation of ECMO support (>24 hours after admission)
also appears to be associated with poor prognosis, with death
occurring in 75% of the patients with delayed ECMO initiation in
the present study. Furthermore, the Extracorporeal Life Support
Organization registry data show that ECMO support that lasts
>12.5 days increases mortality rates in cardiac patients®.

Of the patients who received ECMO, 5 (83.3%) had neurologic
complications (cerebral infarction or hemorrhage) that appeared to
be related to ECMO. Therefore, once a patient has been transitioned
to ECMO support, the proper indications for ECMO should be
emphasized to minimize complications related to such procedures.

Our study had certain limitations. First, owing to data collection



at a single center, the findings may not be representative of
the general population. Second, this study collected data via a
retrospective chart review. Therefore, the data are dependent on
historical records. Third, histopathological confirmation of AFM
is lacking,

AFM with hemodynamic instability is associated with high
rates of mortality, even with appropriate medical treatment in
some patients. Based on our experience, AFM outcomes may
be associated with the duration from symptom onset to hospital
admission, LV FS at admission, the time to initiate ECMO support,
biomarkers for renal function, and ECMO-related neurologic
complications.

To conclude, the duration of symptoms before hospital ad-
mission, arrhythmia on initial EKG, and echocardiographic
features were similar to those in previous studies. However, we
would like to emphasize the importance of early recognition
of the disease, because an early decision to start mechanical
circulatory support improved patient outcomes. Moreover, ECMO
is a highly effective form of hemodynamic support for patients
with fulminant myocarditis.
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