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Abstract In fulminant myocarditis complicated by cardiogenic
shock, early mechanical circulatory support (MCS) may prevent
cardiomyopathy and death.We sought to examine the outcomes
of patients with fulminant myocarditis supported with MCS. A
retrospective review of patients with acute cardiogenic shock
treated with MCS from 2007 to 2013 was conducted, and
patients with a diagnosis of fulminant myocarditis were included
in this series. At our center, 260 patients receivedMCS for acute
cardiogenic shock, and 11 were implanted for fulminant myo-
carditis. Eight received the Centrimag biventricular assist device
(BIVAD), and three received veno-arterial extracorporeal mem-
brane oxygenator (VA ECMO), though 1 VA ECMO-supported
patient was transitioned to BIVAD due to refractory shock. The
mean acute support time was 14.7±4.4 days. Two patients
required long-term left ventricular assist devices and were fur-
ther supported for 55 and 112 days. Eight patients recovered
with a mean ejection fraction of 54±7 %, and one was success-
fully transplanted. Eight patients survived to discharge (73 %)
with mean follow-up: 292.6±306.8 days. All three deaths were
due to neurologic complications. MCS should be considered in
patients with fulminant myocarditis complicated by shock.With
aggressive medical therapy, early utilization of MCS carries
promising outcomes.

Keywords Acute mechanical circulatory support . Fulminant
myocarditis . Cardiogenic shock

Background

Myocarditis is an inflammatory condition affecting the
myocardial muscle [1]. It is most commonly viral in
origin, though autoimmune and nonspecific etiologies
have also been reported. Its presentation varies from non-
specific constitutional symptoms to dyspnea in 71.7 %,
chest pain in 31.9 %, and arrhythmic events in 17.9 % of
patients [2]. Myocarditis is a known cause of dilated
cardiomyopathy, particularly in young adults, and is cited
as the etiology of heart failure in 9–10 % of patients in
large prospective series [3,4]. Historically, myocarditis
has been found in 8.6–12 % of post-mortem cases sec-
ondary to sudden cardiac death in young adults [5,6]. The
Myocarditis Treatment Trial, which is one of the largest
trials studying this cohort of patients, reports a 1-year
mortality of 20 and a 56 % mortality at 4.3-years [7].
Patients may develop acute fulminant myocarditis with
rapidly progressive circulatory collapse that is resistant
to aggressive medical therapy and results in multi-organ
system failure and in some cases death [8]. Of the patients
that survive, a considerable percentage of patients are left
with severe dilated cardiomyopathy and may ultimately
require heart replacement therapy [7,9,10]. In patients
with acute fulminant myocarditis, there is evidence that
early utilization of MCS may prevent the development of
irreversible cardiomyopathy, particularly in combination
with appropriate medical therapy and neurohormonal
blockade [11–14]. In this case series, we sought to examine
the outcomes of patients with acute fulminant myocarditis
who deteriorate due to cardiogenic shock and required acute
mechanical circulatory support.
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Methods

A retrospective review was conducted of all patients with
cardiogenic shock treated with mechanical circulatory support
(MCS) from 01 January 2007 to 30 June 2013 at our institution.
All patients diagnosed with myocarditis or myopericarditis
were enrolled to this analysis.

Diagnosis was based on either histopathological, clinical or
the combination of both:

(1) Histopathological evidence for active myocarditis as de-
fined by [1]

(a) the Dallas criteria—an inflammatory infiltrate of the
myocardium with necrosis and/or degeneration of
adjacent myocytes not typical of the ischemic dam-
age associated with coronary heart disease [15]

(b) cell-specific immunoperoxidase stains for surface
antigens [16,17]

(2) Clinical diagnosis based on the combination of the clinical
picturewith supporting laboratory testing and imaging [18].

(a) severe hemodynamic compromise requiring high-
dose vasopressors or MCS [19]

(b) an advanced heart failure syndrome or newly diag-
nosed dilated cardiomyopathy with global left ven-
tricular dysfunction and/or a dilated left ventricular
end-diastolic dimension greater than 4 cm [11,20]

(c) elevated troponin levels [21]
(d) electrocardiogramwith STelevations in non-coronary

distributions, T wave inversions, or Q waves despite
normal or non-obstructive coronary arteries [21]

Patients either received veno-arterial extracorporeal mem-
brane oxygenator (VA ECMO) or the continuous flow

Centrimag biventricular assist device (BIVAD; Thoratec,
Pleasanton, CA, USA). Data was collected and analysis using
Excel software (2007Microsoft Corp., Redmond, WA, USA).
Categorical variables were summarized by means and stan-
dard deviations.

Results

Patients

Two hundred and sixty patients received MCS for acute
cardiogenic shock from 01 January 2007 to 30 June 2013.
Eleven patients met the criteria for diagnosis of active myo-
carditis and were enrolled in this analysis. The mean age at the
time of device implantation was 48-years old (range, 23–71)
and 9 out of the 11 patients were male. A summary of the
baseline characteristic is described in Table 1. Nine patients
specifically fulfilled the histopathologic definition as con-
firmed by myocardial biopsy. Of the two patients without
myocardial biopsy, one fulfilled the clinical definition of
myocarditis with serology-proven mycoplasma myocarditis,
and the other patient had clinical myopericarditis with an
electrocardiogram demonstrating diffuse ST segment eleva-
tion and PR depressions and myocardial involvement exhib-
ited by a peak troponin of 19 ng/mL. Five of the 11 patients
had a combined myocardial and pericardial process, while six
patients had an isolated myocardial process.

Severity of Patients

Only 1 patient was directly admitted to our center, while the
other ten patients were transferred from community hospitals
due to refractory shock for advanced heart failure manage-
ment (mean 1.60±1.42 days).

Table 1 Baseline characteristics prior to MCS initiation

Patient number Age Gender BUN Cr AST ALT CVP PCW CI Peak troponin ESR CRP Arterial lactate

1 23 M 13 1.70 228 158 NA NA NA 19.25 NA NA 2.60

2 44 M 37 1.20 557 946 21 NA 1.70 5.32 34 NA 3.30

3 71 M 54 3.20 160 195 8 18 2.70 0.57 39 3.85 2.70

4 26 F 33 0.90 351 440 18 32 1.69 5.30 9 120.00 2.30

5 62 M 24 1.50 122 47 14 28 2.26 49.97 46 184.00 2.00

6 51 M 30 1.38 7,294 3,700 13 NA NA 0.32 27 NA 1.30

7 39 M 31 1.12 266 150 21 33 2.04 70.31 3 32.90 12.40

8 35 F 7 0.95 82 54 18 20 1.87 4.78 8 147.00 2.50

9 66 M 64 3.70 17528 6331 26 31 1.24 18.80 48 146.00 3.80

10 26 M 41 3.60 8727 2876 20 25 2.48 3.40 33 38.10 8.00

11 46 F 54 1.90 303 167 17 20 1.22 0.90 26 NA 7.60

BUN blood urea nitrogen (mg/dL), Cr Creatinine (mg/dL), AST aspartate aminotransferase (U/L), ALT alainine aminotransferase (U/L), CVP central
venous pressure (mmHg), PCW pulmonary capillary wedge pressure (mmHg), CI cardiac index (L/min/m2 ), peak troponin (ng/mL), ESR erythrocyte
sedimentation rate (mm/h), CRP C-reactive protein (mg/L), arterial lactate (mmol/L), NA not applicable
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Overall, 8 of the 11 patients were treated with an intra-
aortic balloon pump (IABP) prior toMCS support. Four out of
the 10 transferred patients were already supported with an
IABP upon arrival and four more received an IABP upon
arrival to our center. One patient was transferred due to per-
sistent right heart failure despite Tandem Heart BIVAD
support.

The mean time from presentation to the emergency depart-
ment to the onset of cardiogenic shock was 1.45±1.44 days.
Nine of the 11 patients were already in cardiogenic shock by
the time they presented to our center. Vasoactive medications
were also utilized, and two patients were treated with
inotropes alone, while six patients were treated with a combi-
nation of inotropes and pressors, though one of the six patients
had refractory arrhythmia resulting in early discontinuation of
inotropes. Prior to MCS implantation all of the patients were
in severe cardiogenic shock as defined by a low cardiac index
(less than 2 L/min/m2), end-organ dysfunction (renal or liver
dysfunction), and/or severe hypotension, with a systolic blood
pressure of less that 80–90 mmHg or a mean arterial pressure
that is 30 mmHg less than baseline. A summary of all of the
patients' hemodynamics and the end-organ function prior to
device implantation is presented in Table 2. Two patients
developed acute anuric renal failure and required renal re-
placement therapy prior to MCS, while another patient devel-
oped renal failure and required renal replacement therapy
post-operatively. Three patients had evidence of shock liver
with aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) peaking at 783 and 6,331 U/L, respectively.

Transthoracic echocardiography demonstrated severe left
ventricular dysfunction in ten patients with mean ejection
f rac t ion of 22 ± 14 %. One pa t i en t had severe
myopericarditis-induced cardiogenic shock (with tamponade
physiology) and initially had a preserved biventricular func-
tion, which deteriorated following pericardiocentesis.

Mechanical Circulatory Support Type and Outcome

The mean time from onset of shock to MCS implantation was
10.9±11.7 h. Eight patients received the Centrimag BIVAD,
and three patients received VA ECMO. One patient was
supported with VA ECMO for 38 h, but due to worsening
shock, required transition to Centrimag BIVAD. All
Centrimag BIVADs were centrally cannulated with the fol-
lowing LVAD configurations: four out of eight with left ven-
tricle to aorta cannulation, two out of eight left atrium to aorta
cannulation, and two out of eight left atrium and left ventricle
to aorta cannulation (Y-shape cannulation; Fig. 1). The RVAD
was cannulated right atrium to pulmonary artery in all but one
patient, who was cannulated right ventricle to pulmonary
artery. All Centrimag-supported patients had a core biopsy
taken from the left ventricular apex during the device implan-
tation. None of the patients experienced cannula dislodgment

despite undergoing device implantation during active
inflammation.

VA ECMO was implanted at bedside with a peripheral
cannulation strategy in all three patients due to rapidly deteri-
orating shock. Venous cannulation was via the femoral vein
and arterial cannulation was via the femoral artery. In all cases,
the IABP was removed shortly after VA ECMO implantation.
No preventive vent technique was utilized acutely, and none
of the patients required subsequent implantation of a decom-
pression device, such as an Impella (Abiomed, Danvers, MA,
USA). One patient, as previously described, was transition
from VA ECMO to Centrimag BIVAD due to persistent
shock, LV dilatation, and RV failure.

During the period on mechanical support, 7 out of the 11
patients were initially on inotropes, which were weaned in an
average of 2.8±2.9 days. The patients with Centrimag BIVAD
support had a mean support time of 14.7±4.4 days, and two
patients were transitioned from Centrimag BIVAD to a long-
term HeartMate II left ventricular assist device (LVAD;
Thoratec, Pleasanton, CA, USA). The patients receiving VA
ECMO were supported for only 7.0±1.4 days.

During acute device support, all 11 patients were treated
with Heparin with a goal activated partial thromboplastin time
(aPTT) of 60–80 s. The two patients that were transitioned to
long-term LVADs were bridged with heparin during the acute
phase and then were maintained on Aspirin 81 mg and War-
farin with a goal international normalized ratio (INR) of 2–2.5.
All patients received multiple blood products during the op-
erative room and post-operative period with the mean trans-
fusion requirements as follows: packed red blood cells 9.5±
9.3 units, platelets 8.1±13.7 units, fresh frozen plasma 5.9±
6.3 units, and cryopercipitate 2.3±4.2 units.

Myocarditis Pathology and Treatment During Support

Nine out of the 11 patients had biopsy-proven acute myocar-
ditis, and all nine had core biopsies taken during Centrimag
BIVAD placement (Fig. 2). Four patients had acute inflam-
matory myocarditis, two had fulminant lymphocytic myocar-
ditis, one had giant cell myocarditis (GCM), one had Churg-
Strauss eosinophilic myocarditis (CS), and one had nonspe-
cific acute myocardial inflammation. The two patients who
received VA ECMO did not have tissue diagnosis due to
hemodynamic instability which prevented their transfer to
the catheterization lab for biopsy.

Utilization of immunosuppressive therapies varied primar-
ily based on the tissue diagnosis and clinical status of the
patients. Five patients in our series received empiric
methylprednisonolone due to rapidly deteriorating shock.
Two of these patients had tissue diagnosis of autoimmune
myocarditis and received an extensive course of steroids but
did not demonstrate myocardial recovery (GCM and CS) and
were listed for heart transplantation. The remaining three
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patients (two with lymphocytic myocarditis and one with
mononuclear cell myocarditis) recovered their left ventricular
(LV) function despite only an abbreviated steroid course.
Cyclophosphamide therapy was only administered to the pa-
tient with GCM, but as mentioned, this patient did not recover.

Nine patients were started on neurohormonal blockade
during MCS. Six patients received beta-blockers during their
time on acute support, with a mean dose of metoprolol of
125 mg/day (ranging from metoprolol 12.5 mg every 12 h to
50 mg every 6 h) and a mean dose of carvedilol of 37.3 mg/
day (ranging from carvedilol 3.125 mg every 12 h to 31.25 mg
every 12 h). Beta-blockers were initiated an average of 4 days
post-MCS implantation and peak dose was reached at 8 days
postMCS implantation. Patient received an average of 13 days
of beta-blocker therapy prior to explantation of the acute MCS
device. Three patients were started on Angiotensin
Converting Enzyme inhibitors (ACE inhibitors), and no pa-
tients were treated with angiotensin receptor blockers (ARBs)
during acute support. The typical starting agent was captopril
with mean dose of 34mg/day (ranging from captopril 6.25mg
every 8 h to 18.75 mg every 8 h) and one patient was

transitioned to lisinopril with mean dose of 15 mg/day. Four
patients were treated with aldosterone antagonists, with the
most common agent spironolactone 25 mg daily. Reasons for
not starting these medications were hypotension in the case of
beta-blockers and ACE inhibitors, and hyperkalemia or renal
failure in the case of ACE inhibitors and aldosterone antago-
nists. Three out of the nine patients received all three agents
(beta-blockers, ace inhibitors/ARBs, and aldosterone antago-
nists), and all three of these patients had reasonable recovery
of their cardiac function.

At 90-days following acute device explantation, eight pa-
tients were on a stable dose of beta-blocker, with four patients
on carvedilol (6.25 mg twice daily to 25 mg twice daily, mean
dose 15 mg twice daily) and four patients on metoprolol
(ranging from metoprolol tartrate 25 mg twice daily to meto-
prolol succinate 50 mg daily, mean dose of 70 mg/day). Three
patients were on lisinopril 5 mg daily, and four patients were
on spironolactone 25 mg daily at 90-days post explantation.

Outcome

Of the 11 patients in this series, eight patients survived to
hospital discharge following acute myocarditis complicated
cardiogenic shock (seven Centrimag BIVAD and one VA
ECMO; Fig. 3). Three patients died, and all deaths were
secondary to neurologic complications. Among the patients
that died, two suffered anoxic brain injury prior to support
implantation, and only one patient died secondary to a com-
plication that occurred during BIVAD support. This patient
(GCM) had a hemorrhagic stroke while waiting for heart
transplantation supported with the Centrimag BIVAD for
15 days. His aPTT had been stable within the therapeutic
range of 60–80 s during the days leading up to the event, but
he was noted to have a LVapical thrombus on an echocardio-
gram days prior to the event. The patient eventually died due
to brain stem herniation. Of note, this patient had the “Y-
shaped” left atrial and ventricular cannulation, and the apical

RA CannulaLA Cannula

LV Apical Cannula

PA Cannula

Fig. 1 Chest radiograph illustrating the left atrial and left ventricular apex
to aorta cannulation of Centrimag LVAD

c) Lymphocytic 
Myocarditis: 
predominance of 
lymphocytic infiltrate

a) Eosinophilic 
Myocarditis in a patient 
with Churg-Strauss

b) Giant Cell Myocarditis

Fig. 2 Biopsy specimens of a eosinophilic myocarditis, b giant cell myocarditis, and c lymphocytic myocarditis
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thrombus formed on the LVapical cannula. The other patient
who had similar cannulation also was noted to have an apical
thrombus upon echocardiographic imaging prior to device
explantation but had no clinically significant thromboembolic
sequelae.

Eight of the 11 patients recovered their cardiac function,
with a mean left ventricular ejection fraction of 53.2 % and
normal right ventricular function. All of the recovered patients
(seven Centrimag and one VA ECMO) were successfully
decannulated and explanted. One of the Centrimag-
supported patients, despite full myocardial recovery suffered
irreversible anoxic brain injury prior to Centrimag BIVAD
implantation and the family withdrew supportive respiratory
care several days after the device was explanted. Both patients
that had transitioned to HeartMate II LVAD were successfully
explanted, one at 55 days and the other at 112 days following
LVAD implantation.

Mean follow-up in the surviving patients was 292.6±
306.8 days. Seven of the eight recovered patients were alive
without heart failure symptoms and a mean EF was 54±7 %
(range 45–60 %). The patient that survived without recovery
was successfully transplanted and was doing well 8 months
post-transplantation (Fig. 3).

Discussion

In this paper, we report our experience with MCS as a treat-
ment for fulminant myocarditis complicated by acute cardio-
genic shock. Eight of the 11 patients survived to discharge
from the hospital, and of these, seven had recovered LV
function while one patient was bridged to successful heart
transplantation. In our case series, both VA ECMO as well as

Centrimag BIVAD served as options for hemodynamic stabi-
lization, though Centrimag was used in a majority of cases
(82 %). We did not observe any cannula-related complications
during the time on MCS despite implantation during a time of
acute, active inflammation. Myocarditis complicated by acute
cardiogenic shock can be supported with MCS with excellent
outcomes and a high rate of myocardial recovery.

MCS has become the cornerstone of treatment for cardio-
genic shock regardless of the etiology. Evidence is mounting
that the early utilization ofMCS results in improved outcomes
in patients with cardiogenic shock from multiple etiologies,
including, but not limited to myocardial infarction, non-
ischemic cardiomyopathy, and arrhythmia. Over time, device
technology has improved, and several different MCS devices
are being approved to treat the “crash and burn”
INTERMACS 1 profile patients. When considering mechan-
ical support for a patient in cardiogenic shock, multiple factors
must be considered. First, does the patient need emergent
bedside support or is there time for transfer to the operating
room? Secondly, does the patient need biventricular support,
supported by signs consistent with significant right heart
failure including elevated central venous pressure out of pro-
portion to left-sided filling pressures, liver congestion/failure
and inadequate LV filling? Thirdly, is long-term support an-
ticipated based on the patients clinical situation?

Overall acute MCS devices can be divided into two groups
based on implantation: (1) percutaneousMCS and (2) surgical
MCS, though some devices have the advantage of being
implanted by both techniques. Among the device options are
Tandem Heart (CardiacAssist Inc, Pittsburg, PA, USA),
Impella 3.5 (Abiomed, Danvers, MA, USA), Veno-arterial
Extra Corporeal Membrane Oxygenation (VA ECMO) or
Centrimag Ventricular Assist Device (BIVAD; Thoratec,

8

1

11 MCS

9 CM

7 recover

6 recover, alive 
at follow -up

1 dies anoxic 
brain injury

1 

heart transplant  

1 dies 

intracranial 
hemorrhage

3 ECMO

1 recovers  
1 anoxic brain 

injury

Fig. 3 Outcomes of the 11
patients in this series who
required mechanical circulatory
support (MCS) for acute
fulminant myocarditis; Centrimag
BIVAD (CM); veno-arterial
extracorporeal membrane
oxygenator (ECMO)
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Pleasanton, CA, USA) (Table 3). In our experience, the ma-
jority of the patients had biventricular involvement and re-
quired biventricular support. When hemodynamics permitted,
our device of choice was the surgically implanted Centrimag
BIVAD. Recently, our group has reported favorable outcomes
in the patients supported with the Centrimag BIVAD for
cardiogenic shock from various etiologies [22]. Here, we
further demonstrate it within the fulminant myocarditis popu-
lation. Seven of the nine patients supported with the
Centrimag BIVAD survived to be discharge from the hospital,
and six of them had full myocardial recovery. Currently, the
Centrimag BIVAD can be used only for a short to intermediate
support time, but in patients that would require prolonged
MCS, transition to a long-term LVAD is technically feasible,
safe, and does not carry increasedmortality [23]. In the current
case series, two patients required prolonged support and both
were successfully transition to HeartMate II LVAD with an
uncomplicated post-operative course. Both patients recovered
their left ventricular function and were successfully explanted.

In the patients too unstable for transfer to the operating
room, VA ECMO has proved to be a relatively fast and
durable strategy to stabilize these patients and bridge them
until cardiac recovery, transfer to a tertiary center or transition
to the next level of support [24,25]. In our case series, no
patients were transferred on VA ECMO, and three patients
underwent implantation with peripheral cannulation at bed-
side due to acute hemodynamic instability.

While the expected outcome for patients with myocarditis
differ based on the etiology, one should determine whether the
patient will require only short-term support or will likely need
bridging with a longer-term device. Fulminant viral myocar-
ditis and hemodynamic compromise at presentation are asso-
ciated with excellent recovery if early, aggressive intervention
with medications and mechanical circulatory support is initi-
ated [11]. As we saw in our patient cohort, 8 of the 11 patients
with acute fulminant myocarditis had recovery of
biventricular function, and seven of them survived to be
discharged home without advanced heart failure therapy. Pre-
served ejection fraction [26], smaller left ventricular end-
diastolic (LVEDD) and left atrial dimensions [27] are associ-
ated with a higher likelihood of spontaneous recovery. In our

cohort, the two patients with fulminant lymphocytic myocar-
ditis had both preserved left ventricular and left atrial dimen-
sions and both patients recovered. Only two patients had
dilated LVEDD (the CS and mycoplasma myocarditis) and
those two patients did not recover.

While immunosuppression was not used in a majority of
cases, the role for immunosuppressant use in acute myocardi-
tis continues to remain unclear. Several reports demonstrate
that immunosuppression may be beneficial in the treatment of
myocarditis, particularly in cases of autoimmune myocarditis.
The Giant Cell Myocarditis Study Group Investigators
showed that the use of corticosteroids with cyclosporine,
azathioprine, or both was associated with a 12.3-month mean
survival as compared to 3 months in the no immunosuppres-
sion group [28]. In cases of inflammatory myocarditis with no
obvious pathogen or autoimmune process, the results are more
controversial. The TIMIC group showed improvement in left
ventricular function in 88 % of patients treated with predni-
sone and azathioprine who had virus negative inflammatory
cardiomyopathy [29]. TheMyocarditis Treatment Trial, on the
other hand, did not differentiate the etiology of myocarditis in
the treatment arm and only showed a slight improvement in
ejection fraction in patients with active myocarditis who were
treated with cyclosporine, azathioprine, and prednisolone as
compared to placebo [7]. Maisch et al. demonstrate that in the
literature, the results of immunosuppression in myocarditis
trials are mixed, though many of these studies do not differ-
entiate the etiology of myocarditis [30]. These studies under-
score the importance of identifying the etiology ofmyocarditis
prior to considering immunosuppression. Five patients in our
series received empiric steroids due to rapidly deteriorating
shock. Of these patients, two had biopsy-proven autoimmune
myocarditis (Giant cell and Churg Strauss) and did not recover
their cardiac function despite immunosuppression. The other
three patients received empiric steroids that were discontinued
once the biopsy results showed inflammatory cells. When
suspecting an autoimmune process, particularly giant cell,
early immunosuppressive therapy should be given due to the
rapidly progressive deterioration in clinical status associated
with giant cell myocarditis and the observed improvement in
survival with treatment, though some of these patients may

Table 3 Mechanical circulatory support for cardiogenic shock

IABP C-VAD Impella Tandem heart ECMO Centrimag

Insertion Percutaneous Percutaneous Surgical/percutaneous Surgical/percutaneous Surgical/percutaneous

CO Improve by 40 % 3.5–4 L 8/5 L 4 L 10 L

Ventricular support Left Left Left/right Left/right Left/right

Pulmonary No effect No effect No effect Yes Optional (oxygenator chamber)

Decompress No Yes Yes No Yes (depending on cannulation)

Support time (off label use) Days Days Weeks Days Weeks

IABP intra aortic balloon pump, ECMO extracorporeal membrane oxygenator, CO cardiac output
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require long-term MCS or heart transplantation within 1 year
[31,32].

Early utilization and tolerance of neurohormonal blockade
duringMCS therapy are critical in patients with acute fulminant
myocarditis and are associated with improved outcomes
[33,34]. In our case series, 6 of the 11 patients were treated
with neurohormaonal blockade during the device support peri-
od to augment the chance of recovery [33,35–41], while five
more patients were treated with neurohormonal blockade after
successful device explantation. There is mounting evidence
demonstrating profound vasodilatory shock following cardio-
pulmonary bypass in patients treated with ACE inhibitors pre-
operatively [42]. As a result, the clinical practice in our center is
to initiate beta-blockade followed by aldosterone antagonists
pre-operatively and to introduce ACE inhibitors or ARB's only
after device explantation, and once renal function has stabilized.

Patients with acute fulminant myocarditis tend to be youn-
ger with minimal co-morbidities at the time of presentation.
Early identification of the underlying process and early inter-
vention with aggressive medical supportive care and the ap-
propriate utilization of MCS can result in excellent outcomes
for patients with myocarditis. The promising outcomes in our
case series reinforce the importance of aggressive early inter-
vention in this patient population.

Limitations

The main limitations of this study include its retrospective
design and small sample size, as well as the fact that it reflects
only a single center's experience. The patients in this study are
primarily transferred to our tertiary care center for advanced
therapy and thus are a select group of patients.

Conclusions

The early utilization of MCS should be considered in patients
with fulminant myocarditis complicated by acute cardiogenic
shock as a first-line therapy. The combination of aggressive
medical therapy including inotropes, neurohormonal block-
ade, and when appropriate, immunosuppression with MCS
carry a high chance of survival to myocardial recovery or
survival to the next stage of treatment.
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