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Extracorporeal membrane oxygenation (ECMO) provides circulatory or respiratory support, or both, to patients with
severe but potentially reversible cardiac or respiratory failure refractory to standard therapy. The use of ECMO in the
paediatric cardiac surgical population is established. Likewise, the use of ECMO for severe adult respiratory failure
has recently been established and has been the subject of recent clinical trials. However, its use as a means of cardiac
support in the adult population is not routine in clinical practice. We herein review the indications, technical procedure,
complications and outcomes of extracorporeal membrane oxygenation as pertinent to cardiac disease in general, and
specifically, to catheter-based interventions. We describe two cases of high-risk cardiac catheterisation laboratory proce-
dures performed with veno-arterial ECMO support in adult patients who were deemed to be at unacceptably high risk
for conventional open-heart surgery and cardiopulmonary bypass.
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Introduction

Extracorporeal membrane oxygenation is a technique
that involves oxygenation of blood outside the body

by a mechanical device consisting of a pump and an oxy-
genator. ECMO is a temporary form of life support which
is simple to establish, cost-effective to operate, and allows
the lungs and the heart to recover from the primary insult
whilst at the same time providing the vital functions of
oxygenating the blood and maintaining the circulation.
Veno-venous ECMO (VV ECMO) provides respiratory
support, whilst veno-arterial ECMO (VA ECMO) provides
cardio-respiratory support to patients with severe but
potentially reversible cardiac or respiratory failure refrac-
tory to standard therapy.

The use of ECMO for severe adult respiratory failure is
well established, has been the subject of recent clinical tri-
als [1], and has also been adequately reviewed elsewhere
[2,3]. On the other hand, no controlled trials exist of ECMO
in cardiac failure, with the literature being confined to case
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reports and brief reviews. In addition, whilst the use of
veno-arterial ECMO during cardiac catheterisation and
percutaneous coronary or valvular procedures has been
described in the paediatric patient population [4], it is not
well documented in adults.

Building on the experience and knowledge our cen-
tre has developed during the 2009 Influenza A (H1N1)
pandemic, during which VV ECMO was frequently used
to treat influenza-related acute respiratory distress syn-
drome during [5], we have expanded the role for ECMO
to include post-cardiotomy support and support for high-
risk cardiac catheterisation laboratory procedures.

We herein review the indications, technical procedure,
complications and outcomes of ECMO as pertinent to
cardiac disease in general, and to catheter-based interven-
tions in particular.

Technical Characteristics

In its most basic form, an ECMO circuit consists of a set
of vascular cannulae to access and return blood, circuit
tubing, a pump, an oxygenator, and a heater exchanger
that maintains body temperature via the oxygenator
(Figs. 1 and 2).

© 2010 Australasian Society of Cardiac and Thoracic Surgeons and the Cardiac Society of
Australia and New Zealand. Published by Elsevier Inc. All rights reserved.
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Figure 1. ECMO circuit.

An ECMO circuit may be established in a veno-arterial
or veno-venous configuration. In VA ECMO deoxygenated
blood is drawn from the venous system through cen-
tral (right atrium) or peripheral (femoral or jugular vein)

Figure 2. ECMO machine and circuitry used in the cardiac
catheterisation laboratory.

access, and returned to the arterial system either cen-
trally (proximal ascending aorta) or peripherally (to the
aorta, via cannulation of the axillary or femoral arteries).
Central access involves sternotomy and therefore cardio-
thoracic surgery input, whereas peripheral access can be
established percutaneously in the intensive care unit or
cardiac catherisation laboratory. In the veno-venous con-
figuration, deoxygenated blood is drawn from the venae
cavae following percutaneous cannulation of the jugular
or femoral veins, and is returned to the venae cavae by the
same means following extracorporeal oxygenation.

Following cannulation, the circuit is primed with
crystalloid solution, anticoagulation with heparin is ini-
tiated, and extracorporeal blood flow is established at
60–100 cc/kg/min. Whereas both forms of ECMO pro-
vide respiratory support, only VA ECMO provides partial
or complete circulatory support, and it is therefore the
modality used in cardiac failure.

Indications and Contra-indications in Cardiac
Failure

Circulatory support by means of an extracorporeal pump
is indicated in severe, potentially reversible cardiac fail-
ure which is refractory to other treatment modalities (see
Table 1). In neonates and children, the most common car-
diovascular indication for ECMO is peri-operative cardiac
support in children with congenital heart disease [6]. VA
ECMO in these circumstances allows the myocardium to
recover from cardiac surgery, or serves as a bridge to car-
diac assist device or heart transplantation.

In adults, ECMO is sometimes employed after cardiac
surgery, especially when difficulties are encountered in
weaning the patient from cardiopulmonary bypass, or
after heart transplantation [7]. It may also be used as a
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Table 1. Indications for Veno-arterial Extracorporeal
Membrane Oxygenation in Cardiac Failure.

Common indications
Failure to wean from cardiopulmonary bypass after cardiac

surgery
Peri-operative support in congenital heart disease
Bridge to either cardiac transplantation or placement of a

ventricular assist device
Less common indications

Cardiogenic shock refractory to standard therapy
Fulminant myocarditis
Fulminant postpartum cardiomyopathy
Post-cardiac arrest
Acute myocardial infarction
Catecholamine crisis and circulatory collapse in

phaechromocytoma
Emerging uses

Support for cardiac catheterisation procedures in high-risk
patients

bridge to heart transplantation [8,9] or ventricular assist
device insertion [10]. There are numerous case reports
of ECMO being utilised as circulatory support in cardio-
genic shock resulting from fulminant myocarditis [11–13],
acute myocardial infarction [14] or intractable ventricu-
lar tachyarrhythmias [15]. ECMO has also been instituted
following cardiac arrest [16]. Finally, ECMO has been
used in peripartum cardiomyopathy [17,18], and in cat-
echolamine crisis resulting in circulatory collapse in a
patient with phaechromocytoma [19]. We found only one
case report documenting ECMO use in a patient under-
going percutaneous coronary revascularisation [20], and in
that particular circumstance the patient was in cardiogenic
shock.

Relative contra-indications to the use of ECMO include
major bleeding diathesis, recent major surgery, recent
head trauma or cerebrovascular event. Initiation of extra-
corporeal support is not warranted if the cardiac failure
is deemed to be irreversible, unless the patient is a can-
didate for transplantation. Other characteristics that may
preclude the use of ECMO include advanced age, mor-
bid obesity, neurologic dysfunction, or poor preexisting
functional status.

Complications

A major potential complication with ECMO is haem-
orrhage, a consequence of the need for systemic
anticoagulation with heparin to prevent thromboem-
bolism, which is a result of platelet contact activation with
the circuitry. Significant bleeding has been reported to
occur in 10–30% of cases [2], although, with the advent
of modern technology the incidence of serious bleeding is
decreasing significantly.

Thromboembolism caused by thrombus formation
within the extracorporeal circuit is an infrequent but seri-
ous complication, and is more likely to occur with VA than
with VV ECMO, because, with the latter, oxygenated blood
is returned to the systemic arterial circulation. In addi-
tion, aortic thrombosis has been described when blood
flows retrograde towards the heart (oxygenated blood is

returned to the systemic circulation via femoral arterial
access in peripheral VA ECMO), and stagnates there in
the setting of low left ventricular output.

Complications during cannulation include vessel per-
foration with haemorrhage, arterial dissection, and distal
ischaemia.

Although pulmonary infarction may theoretically occur
during veno-arterial ECMO because pulmonary blood
flow bypasses the lungs, this complication is rarely seen
in practice (arterial blood supply to the lungs comes from
the systemic circulation via the bronchial vasculature).
Another rarely described theoretical complication is coro-
nary or cerebral hypoxia, resulting from the possibility
of hypoperfusion of heart, brain and upper extremities
during VA ECMO, given that oxygenated blood from the
circuitry will preferentially perfuse the lower extremities
and the abdominal viscera.

Outcomes

The data on outcomes in patients with cardiac failure
supported with ECMO derives principally from a retro-
spective reviews [21–24].

In one review of 517 adult patients receiving extracorpo-
real membrane oxygenation support for post-cardiotomy
cardiogenic shock [21], the technique was deemed to be
justified by good long-term outcome of hospital survivors.
In that series, weaning from extracorporeal membrane
oxygenation was successful for 63.3% of patients, with
24.8% being discharged from the hospital. Complica-
tions of post-cardiotomy were significant however, with
cerebrovascular events occurring in 17% of patients, gas-
trointestinal complications in 19%, and renal replacement
therapy being required in 65%.

In another study [22], 55 patients were given ECMO sup-
port for cardiogenic shock, 16 for post-cardiotomy support,
and 10 for post-transplantation cardiac failure. Thirty-four
(42%) patients survived to hospital discharge; 57% suf-
fered one or more major ECMO-related complications.
Initiation under cardiac massage or after renal or hep-
atic failure carried higher risks of death, whilst fulminant
myocarditis had a better prognosis.

Factors that have been significantly associated with
increased mortality during extracorporeal membrane
oxygenator support include longer duration of ECMO
support, low pH and urine output in the first 24 h,
and acute kidney injury [24]. Exposure to high amounts
of blood transfusion during extracorporeal oxygenation,
extended extracorporeal membrane oxygenator support,
and sepsis increase mortality after successful decannula-
tion [24].

ECMO as Support for High-risk Catheter-based
Procedures

Catheter-based therapy in high-risk patients requiring
peri-procedural circulatory has become increasingly com-
mon with the wider availability of percutaneous left
ventricular support devices such as Impella Recover LP2.5
(AbiomedEurope GmbH, Aachen, Germany), Tandem-
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Heart (Cardiac Assist Inc., Pittsburg, PA, USA), or Reitan
catheter pump (CardioBridge GmbH, Hechingen, Ger-
many) [25,26], or the intra-aortic balloon pump (IABP) [27].

Modern percutaneous left ventricular assist devices
are relatively simple to insert and safe to use, rapidly
accessible, and provide sufficient haemodynamic support
for many high-risk catheter-based procedures. However,
such devices only support the left ventricle and, in addi-
tion, the disposable costs are higher compared to ECMO.
Peripheral veno-arterial ECMO, on the other hand, pro-
vides total circulatory support for the procedure with the
benefits of having lower disposable costs compared to
the above-mentioned percutaneous LVADs, and is also
relatively simple to perform in an experienced centre.
In addition, and despite the recognised complications
associated with ECMO, experience from the paediatric
population has demonstrated that cardiac catheterisation
with ECMO support can be performed with minimal risk.
ECMO is therefore our preferred option for circulatory
support in these high-risk patients.

Case One: Transcatheter, Transapical Aortic Valve
Replacement

A 72-year-old man with a background of severe aortic
stenosis, moderate aortic regurgitation, atrial fibrillation,
systemic and pulmonary arterial hypertension, periph-
eral vascular disease, and chronic kidney disease was
referred to our institution for consideration of an aortic
valve replacement. He had been admitted to a peripheral
hospital with New York Heart Association (NYHA) class
IV cardiac failure, pulmonary oedema and acute renal fail-
ure requiring inotropic support and aggressive diuresis.
Intercurrent issues included chronic obstructive airways
disease (FEV1 = 1.0 L), and thrombocytopaenia (platelet
count, 125 " 106/L).

Transthoracic echocardiogram revealed a peak and
mean aortic gradients of 71 mm Hg and 40 mm Hg respec-
tively, an estimated aortic valve area of 0.56 cm2, and
moderate aortic regurgitation. Left ventricular (LV) func-
tion was severely impaired, with an estimated ejection
fraction of 30%, and the RV-RA pressure difference mea-
sured 70 mm Hg. Coronary angiography demonstrated an
occluded non-dominant right coronary artery and minor
disease in the left anterior descending and left circumflex
arteries.

Whilst awaiting a definitive procedure, and given the
patient’s intractable, inotrope-dependent heart failure,
we performed an aortic balloon valvuloplasty as a tem-
porising measure, with only transient amelioration in
symptoms and mild improvement in trans-valvular gradi-
ents (post-procedure peak and mean gradients decreased
to 43 mm Hg and 22 mm Hg respectively).

The mortality risk from cardiac surgery was estimated by
logistic EuroSCORE regression to be 61%. He was there-
fore considered to be unsuitable for an open aortic valve
replacement. The severity of his peripheral vascular dis-
ease precluded a transfemoral approach, and therefore
it was elected to attempt transapical, transcatheter aortic
valve implantation (TAVI). The severity of his biventricu-

lar dysfunction mandated the use of circulatory support
during the procedure.

The procedure was performed in the cardiac catheteri-
sation laboratory with peripheral VA ECMO and inotropic
support by a team of cardiothoracic surgeons, inter-
ventional cardiologists, and cardiac anaesthetists. A
Swan-Ganz catheter was inserted for haemodynamic mea-
surements. After induction of general anaesthesia, the
patient received a single bolus of heparin 10,000 units. The
ECMO circuit, which comprised a Jostra Rotaflow (Jos-
tra AG, Hirrlingen, Germany) centrifugal pump with a
Quadrox D oxygenator, was established by cannulating
the right axillary artery with a 16 Fr arterial cannula (via
surgical cutdown), and the right femoral vein with a 21
Fr arterial cannula (percutaneously, using the Seldinger
technique). The apex of the heart was exposed via a 4 cm
left anterior thoracotomy. ECMO support was initiated fol-
lowing cannulation of the heart with the 24 Fr TAVI sheath.
ECMO flow was maintained between 2.5 lpm and 3 lpm
throughout the procedure. After balloon valvuloplasty,
transcatheter placement of an Edwards Sapien 23 mm
bovine heart valve (Edwards Lifesciences Corporation,
Irvine, CA, USA) was performed under fluoroscopy (see
Video 1) and transoesophageal echocardiography (TEE),
with rapid ventricular pacing and temporary cessation of
ECMO flow. TEE confirmed satisfactory position of the
valve prosthesis. Following closure of the apex with purse-
string sutures, ECMO was discontinued and the patient
de-cannulated.

He was transferred to the Intensive Care Unit (ICU),
where he required inotropic support with milrinone,
noradrenaline and vasopressin for three days. He was
extubated on day two and was discharged to the ward on
day five post-TAVI. The postoperative period was com-
plicated by urinary retention and acute renal impairment,
and slow progress to unassisted ambulation. He was trans-
ferred to a rehabilitation facility on day 17-post-TAVI.

Case Two: Percutaneous Coronary Intervention for
Critical Coronary Artery Disease

An 81-year-old man with a background of Parkinson’s
disease, hypertension, and chronic hyponatraemia, was
referred with critically severe triple-vessel coronary artery
disease for consideration of surgical revascularisation.

He had fallen at home three weeks prior, sustaining a left
trochanteric fracture which had been repaired surgically
in a peripheral hospital. During the rehabilitation period,
he suffered an inferior ST-segment myocardial infarc-
tion, with coronary angiography demonstrating 90% left
main coronary artery stenosis, diffuse distal left anterior
descending (LAD) disease, and an almost complete ostial
obstruction of the right coronary artery (RCA). An echocar-
diogram demonstrated a mildly dilated left ventricle with
severe global systolic dysfunction, and an estimated ejec-
tion fraction of 30%. No valvular dysfunction was detected.
Treatment with aspirin, clopidogrel, intravenous heparin,
metoprolol, telmisartan, simvastatin and a topical nitrate
was instituted.
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The mortality risk from cardiac surgery was estimated
by logistic EuroSCORE regression to be 47%. It was
hence decided to perform percutaneous coronary revas-
cularisation with peripheral VA ECMO support in the
cardiac catheterisation laboratory. After induction of gen-
eral anaesthesia, the patient received a single bolus dose
of 10,000 units of intravenous heparin. ECMO support
was established surgically via a transverse cutdown onto
the left common femoral vein with a long 21 Fr Edwards
venous cannula (Edwards Lifesciences Research Medi-
cal Inc., Midvale, UT, USA) and femoral artery with a 16
Fr Edwards arterial cannula. A Swan-Ganz catheter was
inserted via the right internal jugular vein. ECMO flow
rate was maintained at 2.5 lpm throughout the procedure.

Coronary angiography confirmed critically severe left
main coronary artery and RCA lesions, and diffuse severe
LAD disease. The left main stenosis was pre-dilated
with a 2.5 mm " 15 mm Sprinter balloon, and stented
with a 3.5 mm " 12 mm Driver bare metal stent. Follow-
ing stent deployment, the left main stem was dilated with
a 4.0 mm " 8 mm Power-sail balloon using pressures of up
to 18 atmospheres. The RCA ostial lesion was pre-dilated
with a 1.5 mm " 15 mm Ryujin and a 2.5 mm " 15 mm
Sprinter balloons, and stented with a 3.5 mm " 12 mm
Driver bare metal stent. Residual stenoses were estimated
to be 10% and 0% for the LM and RCA lesions respectively.
Post-stenting angiography demonstrated minor nipping
at the ostium of the left circumflex artery, which required
balloon angioplasty.

ECMO was withdrawn at the termination of the proce-
dure. He was transferred to the ICU where he required
inotropic support with low-dose dobutamine because of
low cardiac index (1.93 L/min/m2). He was extubated on
day one post-procedure, and transferred to the ward
day three. Shortly after extubation, he developed angioe-
doema which was attributed to the angiotensin II receptor
blocker telmisartan, and which responded to intravenous
corticosteroids. He was transferred back to the peripheral
hospital on day nine post-procedure. On discharge, he was
mobilising independently.

Conclusion

Extracorporeal membrane oxygenation is a temporary
form of life support whose use has been traditionally been
restricted to neonatal and paediatric patients with car-
diopulmonary failure, and to adult patients with severe
acute respiratory distress syndrome or post-cardiotomy
cardiac failure. It had also been used in cardiogenic
shock resulting from myocarditis and other causes. How-
ever, the use of ECMO as support for high-risk cardiac
catheterisation laboratory procedures has not gained wide
acceptance in clinical practice.

Our centre has developed considerable expertise using
ECMO during the 2009 H1N1 Influenza pandemic, and we
have expanded the role for ECMO to include support for
high-risk cardiac catheterisation laboratory procedures.
In our experience, these procedures can be carried out
safely in patients who are at an unacceptably high risk
for cardiac surgery, as outlined above in the two cases

reported. In addition, we believe that because ECMO is
relatively simple to establish and cost-effective to operate,
is superior, in certain circumstances, compared to both
cardiopulmonary bypass, which requires comparatively
more resources and expertise to operate, and to modern
percutaneous left ventricular assist devices, which do not
provide the same level of circulatory support as ECMO
does, and are often more expensive to operate.
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