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Abstract: Acute myocardial failure associated with myocarditis
is highly lethal. Left ventricular assist device support for these
patients has been advocated to decompress the left ventricle and
facilitate myocardial remodeling and recovery. Concerns exist
regarding the ability of venoarterial (VA) extracorporeal life
support (ECLS) to decompress the left ventricle and allow effec-
tive myocardial recovery. ECLS has several advantages, includ-
ing availability, rapid deployment, and flexibility, as compared
with contemporary ventricular assist devices. The objective of
this study was to provide a brief review of acute myocarditis and
present our series of patients. After Institutional Review Board
approval, we conducted a retrospective data analysis of patients
on ECLS experiencing rapidly progressive myocardial failure
from a normal baseline. Patients with a history of intrinsic heart
disease were excluded. All patients were thought to have myo-
carditis and had failed medical therapy requiring emergent ECLS
support. Five patients demographics are detailed in Table 1.

Patients experienced life-threatening intractable dysrhythmias
or cardiac arrest and were refractory to medical therapy with
severe acidosis and impending multisystem organ failure. All
patients were stabilized with VA ECLS, and the left ventricle
and atrium were decompressed in four of five patients. A left
atrial vent was placed in one patient. Myocardial recovery with
successful weaning from ECLS was obtained in four of five
patients and to a normal ejection fraction in three of the five.
One patient failed ECLS weaning and required biventricular
VAD support secondary to severe myocardial necrosis from
giant cell myocarditis and was transplanted, one died, all others
are alive at follow-up. ECLS is safe and effective to treat acute
myocardial failure and may be used to obtain myocardial recovery
in certain subsets. We devised a decision algorithm for ECLS
deployment in this patient cohort and routinely use ECLS.
Keywords: ECLS, LVAD, acute myocardial failure, myocardial
recovery. JECT. 2012;44:205-209

Myocarditis is an inflammatory process within the myo-
cardium that produces life-threatening ventricular systolic
dysfunction (1,2). Acute fulminant myocardial failure is
associated with a rapid, profound decompensation in sys-
tolic function and severe heart failure, resulting in circu-
latory collapse (3). Despite the acute nature and profound
sequelae, if myocarditis is quickly diagnosed and aggres-
sively treated, greater than 90% will make a full recov-
ery with minimal long-term complications (4). Patients
diagnosed with acute, nonfulminant myocarditis experi-
ence a course characterized by a gradual progression to
heart failure with subsequent development of chronic
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myocarditis. Patients progressively develop chronic, sta-
ble, dilated cardiomyopathy (4). Histologically, lympho-
cytic infiltration and myocardial cytolysis are common to
myocarditis and likely account for the associated severe
systolic dysfunction and refractory/intractable arrhythmias
(1,5,6).

Myocarditis is caused by a myriad of agents including
infectious disease, autoimmune syndromes, or exposure to
drugs, noxious compounds, or heavy metals (Table 2) (4).
The majority of myocarditis cases are likely the result of
virus-borne infection, primarily coxsackievirus, parvovirus,
and adenovirus; however, a definitive diagnosis often proves
difficult (7).

Patients generally present with flu-like symptoms, fever,
and malaise days or weeks before an acute event (8). On
physical examination, cardiogenic shock symptoms are man-
ifest, including tachycardia, hypotension, and hypoperfusion
(9). After an acute exacerbation, the patient can demon-
strate profoundly diminished ventricular function, malignant
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Table 1. Patient data.

Pre- Pre- Maximum  Pre- Significant ~ECMO Post-
Age  Weight ECMO ECMO Inotropic ECMO Arrhythmias Support ECMO
Sex (years)  (kg) pH  Lactate CPR  Support EF Present (hours) EF Outcome  Status  Complications
M 36 75 7.32 8.6 Y Y <15% Y 70 WNL Recovery Alive None
M 1 9.8 7.29 .8 Y Y <20% Y 111 29% Recovery Alive  Coagulopathy,
transplant as
Status II
M 32 84 7.07 14.2 Y Y <10% Y 611 BiVAD ECLSto Alive Complex
BiVAD Treatment
support Course
to heart
treatment
M 5 22 7.07 53 N Y <10% N 147 WNL Recovery Alive None
F 1 12.2 6.89 16 Y Y <10% Y 123 WNL Recovery Death Suspected pre
ECMO anoxic

brain injury

ECLS, extracorporeal life support; CPR, cardiopulmonary resuscitation; EF, ejection fraction; M, male; F, female; Y, yes; N, no; WNL, within normal

limits; BiVAD, bilevel ventricular assist device.

arrhythmias, circulatory collapse, indications of multiorgan
failure, and can be quite difficult to manage. At this point,
successful care is contingent on preserving end-organ func-
tion. Institution of early ECLS can support end organ func-
tion and reverse an unstable clinical situation.

Relative to other mechanical support means, using
ECLS for these patients is a safe and reliable therapy.
ECLS support results in an immediate reduction in inotro-
pic support, reduction of mechanical respiratory support,
stabilization of end organ function, and reduced need for
aggressive antidysrhythmic management or cardioversion.
Modern ECLS technology has improved dramatically in
the last 10 years. The blood/device interface has become
more biopassive, and the technology has enjoyed renewed
interest. However, ECLS is not a benign therapy. Signifi-
cant morbidity can be associated with its use.

Several authors have documented the use of ventricular
assist devices (VADs) for support and have suggested

Table 2. Potential causes of myocarditis.

only these devices effectively decompress the left ven-
tricle and hence allow for myocardial remodeling and
recovery (5-7,10-13). Concern remains regarding the
ability of ECLS to effectively decompress the left ven-
tricle in these patients and provide for myocardial
recovery (12,13).

A growing body of literature suggests some patients
may experience myocardial recovery such that ECLS can
actually represent a definitive therapy (14-17). With this
in mind, we review our patient series treating acute
decompensatory myocarditis using ECLS and the role of
ECLS for myocardial recovery.

METHODS

We conducted a retrospective study from 20062010 of
all patients at our institution who experienced rapidly

Most Commonly Associated Causes

Less Frequent Causes

Viral infections Autoimmune diseases Infections
Adenovirus HIV Giant cell myocarditis Aspergillus
Coxsackievirus parvovirus B19 Churg-Strauss syndrome Epstein—-Barr virus
Cytomegalovirus Inflammatory bowel disease Hepatitis C virus
Kawasaki disease Influenza A and B virus
Systemic lupus erythematosus Mycoplasma pneumoniae
Drugs of abuse Streptococcal species
Cocaine
Methamphetamine
Ethanol
Anthracycline Heavy metals Hypersensitivity reaction
Doxorubicin Copper Cephalosporins
Epirubicin Iron Diuretics
Idarubicin Lead Penicillin
Valrubicin Phenytoin
Sulfonamides

Tetracycline
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progressive acute myocardial failure from a normal base-
line and lacked a history of intrinsic heart disease. All were
thought to have myocarditis, had failed medical therapy
including intravenous inotropic support, and all demon-
strated symptoms of profound clinical compromise with
impending multiorgan failure. The patient data are detailed
in Table 1.

Patients were cannulated at the bedside in the intensive
care unit. Adults were cannulated by the femoral artery
and vein as well as a small distal perfusion cannula. Chil-
dren were cannulated through the carotid artery and jugu-
lar vein. Patients were supported with an ECLS circuit
consisting of a Rotaflow™ centrifugal pump (MAQUET
Cardiovascular, LLC, Wayne, NJ), Quadrox D" diffusion
membrane oxygenator (MAQUET Cardiovascular, LLC),
SMARTXx " tubing (Sorin, Arvada, CO), and Biomedicus"
cannulae (Medtronic, Minneapolis, MN). Anticoagulation
was accomplished with a standing institutional protocol.
Activated clotting time was the primary end point with a
normal range of 160-220 seconds for all patients. Fibrino-
gen, platelet count, and hematocrit were maintained in the
following ranges: fibrinogen >300 mg/dL, platelet count
>125,000/mL, and hematocrit >30%. These ranges could
be altered in the presence and absence of active bleeding.
All ECLS support was conducted in the critical care setting
and all patients remained intubated. Adult patients were
transported on ECLS to a collaborating facility with adult
transplant capabilities. Patients were maintained on inotropes
with the goal to reduce significant inotropic side effects but
to maintain left ventricular ejection. Serial echocardiograms
were performed to assess myocardial function and ventric-
ular decompression/distension.

After 72 hours of support, patients were assessed for
ability to wean as determined by the ability to maintain
cardiac output and pulmonary function at low ECLS flow
rates and by echocardiography. Patients that tolerated the
weaning trial were subsequently separated from ECLS,
decannulated at the bedside, and supported with optimal
medical therapy.

RESULTS

All patients were stabilized with ECLS. Four of the
five patients were males. There were two young adults
and three pediatric patients. Flu-like symptoms pre-
ceded decompensation in four of the five patients with
a clinical diagnosis of viral-related fulminant myocar-
ditis. Patients were treated with steroids and intravenous
immunoglobulin. Myocardial recovery and complete
weaning from ECLS was obtained in four of five and to
a normal ejection fraction in three of five of patients.
Myocardial recovery occurred within 3-5 days of ECLS
support initiation.

One pediatric patient was discharged home on optimal
medical therapy but experienced chronic heart failure
and was subsequently successfully transplanted as a United
Network for Organ Sharing Status II 1 year after ECLS
support. One adult patient had refractory myocardial
failure secondary to giant cell myocarditis with severe
myocardial necrosis. This patient was successfully bridged
to long-term biVAD support, treated for autoimmune-
mediated myocardial necrosis, and ultimately transplanted
after an extended course of support. One patient sustained
an anoxic brain injury possibly related to prolonged cardio-
pulmonary resuscitation (CPR) while en route and before
ECLS support. This patient experienced complete myo-
cardial recovery; however, this patient did not survive.
The left ventricle and atrium were effectively decom-
pressed in four of five patients. A transseptal left atrial vent
was placed percutaneously in the cardiac catheterization
laboratory to decompress the left atrium in one patient.
Average support time for patients weaned from ECLS
support was 113 hours.

There were no embolic events in the study population.
All patients were successfully bridged to other thera-
pies and three of five obtained full myocardial recovery.
One patient died and the remaining four of five are alive
in New York Heart Association functional class 1.

DISCUSSION

Acute fulminant myocarditis is associated with a
rapid, profound decompensation in systolic function
and severe heart failure, resulting in circulatory col-
lapse (3). Affected patients can be in extremis with
severe dysrhythmias and acidosis. Survival is contin-
gent on appropriate support that preserves end organ
function. ECLS support has been used to successfully
support these patients. This technology can be used
to reverse an unstable clinical situation, provide time
to determine the underlying etiology of heart failure, to
ascertain major organ system status, and enlist other sup-
portive therapies. Centers with highly evolved ECLS pro-
grams and little VAD experience are confronted with the
use of ECLS for acute myocardial failure and recovery. A
growing body of literature suggests that modern ECLS
systems may be capable of supporting this patient cohort
to myocardial recovery (14-17).

Our current ECLS technology and clinical manage-
ment techniques have demonstrated decompression of
the left ventricle in four of five patients, reduction of
inotropic and antidysrhythmic therapy, and stabiliza-
tion of end organ function. This group was very ill, four
of five patients receiving periods of CPR, maximal ino-
tropic support, myocardial irritability, and severe runs
of dysrhythmias.
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Based on this experience, we have developed and algo-
rithm for support of patients with acute myocardial fail-
ure related to myocarditis as delineated in Figure 1.
Patients are assessed and supported with optimal medical
therapy. Those patients in severe myocardial failure with
intractable acidosis or recurrent severe dysrhythmias are
placed on ECLS. Inotropes are weaned to reduce vaso-
pressor effects but are maintained at inotropic doses to
maintain left ventricular ejection. Echocardiography or
chest radiography are the primary examinations to assess
the left atrium and ventricle for appropriate decompres-
sion. Evidence of left-sided distension is quickly treated
using afterload reduction and inotropic manipulation. If
unsuccessful, placement of a left atrial vent follows. When
the patient demonstrates adequate myocardial recovery,
ECLS flows are weaned and, if well tolerated, the patient
is optimized and decannulated. In the absence of myocar-
dial recovery after 7-10 days of ECLS support, the patient

JECT. 2012;44:205-209

!

Successful wean from ECMO
within 7-10 days

Yes No

! '

Ventricular
Assist Device/ Transplant

Recovery and
Optimal Medical
Therapy

is evaluated for long-term support with a VAD and/or
cardiac transplantation.

CONCLUSION

ECLS is a safe and effective modality to support patients
with fulminant myocardial failure. This small study dem-
onstrated long-term survival of 80% in patients with myo-
cardial failure and initial myocardial recovery in 80% with
ECLS support alone.

ECLS is accepted, rapidly and easily deployed, rela-
tively inexpensive, and associated with low embolic poten-
tial. Furthermore, ECLS is flexible both in terms of
application as well as patient size. These capabilities make
ECLS an attractive mode of support for acute myocardial
decompensation. During this experience, ECLS has facili-
tated myocardial recovery, good long-term outcomes, and
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this center continues to use ECLS as a “bridge to deci-
sion” or first line of therapy.
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