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Background: Extracorporeal membrane oxygenation (ECMO) 
may serve as a bridge to regain cardiac function in refractory 
resuscitation. However, its use has so far been limited owing 
to low availability, especially in emergency departments. 
Objectives: To describe two children with acute myocarditis 
successfully treated with ECMO in the emergency depart- 
ment of a tertiary pediatric medical center. 
Description: The children presented with vomiting, followed by 
rapid deterioration to cardiogenic shock that failed to respond 
to conservative treatment. Given the urgency of their condition 
and its presumably reversible (viral) etiology, treatment with 
ECMO was initiated in the department’s resuscitation room. 
results: Outcome was excellent, and cardiac function remain- 
ed normal throughout 6 and 10 months follow-up. 
conclusions: Extracorporeal life support has enormous poten- 
tial in the emergency department and warrants further assess- 
ment. 
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aBstract:

KeY wOrDs:

e xtracorporeal membrane oxygenation (ECMO) is widely 
used for artificial cardiopulmonary support after cardiac 

surgery and in selected cases of cardiac and respiratory failure 
in neonatal, pediatric, and adult intensive care units. Previous 
reports have described its use as a bridge to regaining cardiac 
function in refractory resuscitation [1-5], to provide tempo-
rary perfusion and oxygenation of tissues when these are not 
effectively provided by the cardiopulmonary system.

Guidelines for this type of extracorporeal cardiopul-
monary resuscitation (E-CPR) have been published by the 
American Heart Association and the Extracorporeal Life 
Support Organization [1,2]. Specifically, the technique is 
suggested in cases of acute reversible cardiac or respiratory 
failure due to hypothermia, drug toxicity, myocarditis, and 
in-hospital cardiac arrest [1,2].

However, ECMO is currently available only in a limited 
number of centers, and its availability particularly in emer-
gency departments (EDs), where most patients with these 

conditions often undergo resuscitation, is even scarcer. 
Therefore, the literature contains only a few, mostly isolated, 
reports on the use of ECMO in the ED [3,4], and one recent 
larger study in eight adult patients [5]. 

The aim of the present report is to describe two children 
who were successfully connected to an ECMO circuit in the 
ED of a pediatric tertiary care facility as part of an end-stage 
measure for refractory resuscitation. The rationale, indica-
tions, complications and limitations of this technique are 
discussed.

Patient DescriPtiOns 

Patient 1
A previously healthy 3 year old girl presented to the pediatric 
ED with a 1 day history of recurrent non-bilious vomiting 
without fever or diarrhea. Vital signs were: temperature 37.7°C, 
pulse rate 200/min, blood pressure 88/42 mmHg, and oxygen 
saturation level 99%. Findings on physical examination were 
unremarkable. A peripheral venous line was inserted, blood 
was drawn for complete blood count and chemistry, and intra-
venous fluids were initiated. 

A few hours later, while the child was still in the ED, her 
general condition deteriorated. Respiratory distress was noted, 
with an increase in pulse rate to 225/min. She was transferred 
to the resuscitation room, and while receiving oxygen by mask 
was connected to an electrocardiograph monitor which dem-
onstrated a wide complex tachycardia. Initially, blood pressure 
and peripheral perfusion were maintained, and trials of ade-
nosine followed by amiodarone were administered. However, 
there was no change in pulse rate or rhythm, and hypotensive 
cardiogenic shock evolved. Repeated synchronized shocks with 
increasing energy were unsuccessful. Bedside echocardiogra-
phy demonstrated poor cardiac contractility with no anatomic 
abnormalities, suggesting acute myocarditis. 

Given the good prognosis of previously healthy children 
with acute myocarditis who survive the acute phase, and 
considering current accepted guidelines, a multidisciplinary 
team suggested the option of using ECMO as a bridge to 
recovery. After approval was obtained, the vessels were 
promptly cannulated and the patient was connected to an 



Original articles

640 

IMAJ • VOL 17 • OctOber 2015

ECMO machine. Subsequently she was transferred to the 
cardiac intensive care unit (CICU). In addition, she received 
supportive care with fluids, vasoactive drugs (milrinone and 
nitroprusside), cardiac pressors (dopamine and adrenaline), 
and an anti-arrhythmic agent (amiodarone).

Cardiac rhythm returned to sinus on day 4. Contractility 
gradually improved, and the patient was disconnected from 
the ECMO machine on day 8. Ten days later she was dis-
charged home from the hospital, neurologically intact, on 
oral amiodarone treatment. After 6 months of follow-up 
without adverse events, the drug was discontinued. Cardiac 
function remained normal. 

Patient 2
A previously healthy 17 year old boy presented to the ED with 
fever, malaise, myalgia, and vomiting of 3 days duration. Vital 
signs were as follows: temperature 37°C, pulse rate 164/min, 
blood pressure 105/26 mmHg, and oxygen saturation level 
83%. The patient appeared pale, and peripheral perfusion was 
abnormal. He was immediately assigned to an ED room for fur-
ther assessment and treatment while receiving 100% oxygen by 
mask. A few minutes later, he experienced sudden cardiorespi-
ratory collapse and was transferred to the resuscitation room, 
where the electrocardiograph monitor showed ventricular 
fibrillation. Cardiopulmonary resuscitation was immediately 
instituted, including basic life support with defibrillation, and 
infusion of adrenaline and amiodarone. 

With these measures, organized rhythm returned in the 
form of wide complex tachycardia with a weak pulse. Despite 
additional electrical therapy and lidocaine infusion, cardiac 
rhythm did not return to sinus. Due to respiratory failure with a 
clinical picture of pulmonary edema, the patient was intubated 
and ventilated with high oxygen and pressure levels. However, 
he remained hypoxic and hypotensive and did not improve 
adequately with further mechanical ventilation and continuous 
infusion of adrenaline and dopamine. The clinical and echocar-
diographic signs were consistent with acute myocarditis. 

The patient was in a state of respiratory failure combined 
with cardiogenic hypotensive refractory shock, presumably 
of reversible etiology. Therefore, treatment with ECMO 
was considered. Since the patient’s condition precluded his 
transfer even within the hospital, the ECMO personnel and 
equipment were promptly brought to the ED. Vessel cannula-
tion was performed, and the patient was connected to the 
machine in the ED resuscitation room. After his condition 
stabilized he was transferred to the CICU for further care. 

On day 4 of hospitalization, under treatment with lido-
caine, sinus rhythm was regained. Cardiac function gradually 
improved, and the patient was disconnected from the ECMO 
machine on day 7. On day 31 he was discharged home from 
the hospital neurologically intact, on oral carvedilol treatment. 
Ten months later, cardiac function remained normal. 

DiscussiOn 

In general, ECMO support is considered when a patient 
remains in hypotensive shock despite maximal treatment and 
the clinical condition is believed to be potentially reversible. 
Acute myocarditis in children meets these criteria. While the 
immune system manages the infection, the ECMO compen-
sates for the inflamed heart, reducing its burden of work until 
the infection is controlled [6,7]. The natural history of acute 
fulminant myocarditis necessitates mechanical ventilation and 
cardiopulmonary resuscitation in many cases, as described 
before [8]. In 9% of the cases described, the outcome was poor 
despite all efforts when ECMO was not used. 

We describe two patients who presented to our pediatric 
ED with rapidly deteriorating and refractory cardiogenic 
shock due to acute myocarditis, probably of viral etiology. 
Given their extreme condition, the speculated outcome was 
poor. Both successfully underwent ECMO initiated in the 
ED. We believe their excellent outcome was largely attribut-
able to our timely use of ECMO support.

These cases highlight the importance of accessibility to 
ECMO in the ED. At present, ECMO is unavailable in many 
hospitals, and even where it exists it is not available at all times. 
Besides high cost and need for a special facility, the main rea-
son for the scarcity of ECMO machines is the need for specially 
trained, on-call personnel. To overcome this barrier, one pos-
sibility that was suggested is transferring patients to centers 
capable of providing ECMO support, or adopting a “reaching 
out” program whereby the patient is retrieved from the refer-
ring institution to the ECMO-available center using a mobile 
ECMO system. 

In a recent paper in the adult emergency medicine lit-
erature, Bellezzo and colleagues [5] suggest that ED physi-
cians undergo training to connect and operate the ECMO 
machine. They also developed a decision-rule algorithm for 
applying this procedure. 

The potential uses of extracorporeal life support as a rescue 
treatment for severely ill or injured patients in the ED, and 
particularly the pediatric ED, are manifold. Where available, 
clinicians should weigh its potential benefit in the best interests 
of their patients. Owing to the enormous resources required, 
clearer indications for its use are needed, together with further 
assessment of its potential risks and cost-effectiveness.
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The amyloid fibril deposits that cause systemic amyloidosis 
always contain the non-fibrillar normal plasma protein, serum  
amyloid P component (SAP). The drug (R)-1-[6-[(R)-2-carboxy-
pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic  
acid (CPHPC) efficiently depletes SAP from the plasma but  
leaves some SAP in amyloid deposits that can be specifically 
targeted by therapeutic IgG anti-SAP antibodies. In murine  
amyloid A type amyloidosis, the binding of these antibodies 
to the residual SAP in amyloid deposits activates complement  
and triggers the rapid clearance of amyloid by macrophage-
derived multinucleated giant cells. Richards et al. conducted 
an open-label, single-dose-escalation, phase 1 trial involving 
15 patients with systemic amyloidosis. After first using 
CPHPC to deplete circulating SAP, the authors infused 
a fully humanized monoclonal IgG1 anti-SAP antibody. 
Patients with clinical evidence of cardiac involvement were  

not included for safety reasons. Organ function, inflam- 
matory markers, and amyloid load were monitored. 
There were no serious adverse events. Infusion reactions 
occurred in some of the initial recipients of larger doses of  
antibody; reactions were reduced by slowing the infusion 
rate for later patients. At 6 weeks, patients who had received 
a sufficient dose of antibody in relation to their amyloid 
load had decreased liver stiffness, as measured by transient 
elastography. These patients also had improvements in 
liver function in association with a substantial reduction in 
hepatic amyloid load, as shown by SAP scintigraphy and 
measurement of extracellular volume by magnetic resonance 
imaging. A reduction in kidney amyloid load and shrinkage of 
an amyloid-laden lymph node were also observed.

 N Engl J Med 2015; 373: 1106
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therapeutic clearance of amyloid by antibodies to serum amyloid P component

During a heart attack, heart muscle is deprived of oxygen and  
nutrients and dies as a result. Because heart muscle cells, 
or cardiomyocytes, have a limited capacity to divide, this 
damage is often permanent. Wei and colleagues describe an 
intervention that may help minimize the damage. Working 
with mice, they applied a collagen patch containing a protein 
called follistatin-like 1 to the heart immediately after a heart 
attack. Four weeks later, they saw signs of cardiomyocyte 

division, new blood vessel growth, and reduced scarring, 
which are consistent with heart muscle regeneration. 
Mysteriously, follistatin-like 1 has this beneficial activity 
only when it is synthesized by cells in the epicardium (a 
membrane layer surrounding the heart); myocardial-derived 
follistatin-like 1 was inactive. 

Nature 2015; 525: 479
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Patching up the injured heart

Pneumonia can cause lung cell death, yet the mechanisms 
by which infection reduces cell viability are unclear. Zou et al.  
found that a poorly described protein, Morf4l1, triggers cell 
death in mice with pneumonia. The half-life of Morf4l1 – 
normally a short-lived protein – was increased in the context of 

pneumonia. The anticoagulant drug argatroban blocked half-
life extension as well as the injurious actions of Morf4l1, thus 
prolonging the survival of mice with experimental pneumonia.

Sci Transl Med 2015; 7: 311ra171
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anticoagulant “morfs” into pneumonia therapy




