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Abstract
Extra Corporeal Membrane Oxygenation (ECMO) is a supportive therapy used to provide cardiac support with or without
respiratory support in the event of cardiopulmonary failure. The two main types of ECMO are Veno-arterial ECMO (VA-ECMO)
and Veno-venous ECMO (VV-ECMO). The use of ECMO in cardiac surgery has been established in cases of post-cardiotomy
cardiogenic shock which is refractory to conventional therapy with inotropes and intra-aortic balloon pulsation support. Survival
for this, otherwise, fatal condition has been shown to be improving through the use of ECMO. However, the decision and timing
to initiate ECMO therapy remains selective and is dependent on a range of factors such as patient factor, clinician’s judgement,
meaning there is no consistent and solid ground regarding the timing of ECMO initiation. This article will provide an extensive
review of ECMO indications, contraindications, complications and outcomes to analyse the survival benefit of ECMO following
cardiac surgery.

Introduction
Extra Corporeal Membrane Oxygenation (ECMO) is a form of mechanical circulatory support and extracorporeal life support system that provides cardiopulmonary support in patients with cardiac and/or pulmonary
failure that is refractory to conventional medical management1,2 . It is utilised to provide oxygenation, remove
carbon dioxide and provide perfusion support via a circuit consisting of arterial and/or venous cannulae,
connecting tubing, a blood pump and a gas exchange device. ECMO is broadly divided into two types:
veno-arterial ECMO (VA-ECMO) and veno-venous-ECMO (VV-ECMO), which differ not only in their configurations and functions, but also their indications. VV-ECMO is indicated for pulmonary failure due to
any cause or following lung transplantation due to primary graft failure whilst VA-ECMO is indicated for
severe refractory cardiac failure due to any cause or for post-cardiotomy cardiogenic shock (PCCS) due to
failure to wean from cardiopulmonary bypass (CPB).
Institution of ECMO should only be on a temporary basis as a bridge to recovery, meaning until organ
recovery occurs at which point ECMO can be removed1 . ECMO may also be utilised as a bridge to destination
therapy, meaning it may be used until implantation of a permanent ventricular assist device (VAD) or as a
bridge to transplant therapy for use until organ transplantation is carried out. It is not useful in cases where
pathology is not thought to be reversible and end organ functional recovery likely.
Whilst ECMO is a supportive therapy rather than a disease modifying treatment, it has been demonstrated
to improve patient outcomes. The patient outcomes associated with the use of ECMO are dependent on the
indication and the patient population it is utilised in with the survival to discharge rates for its use in acute
respiratory failure being reported as ranging from 59% to 73%3 . Survival to discharge for ECMO for cardiac
support has been reported to be between 43% and 53%. Survival to discharge for ECMO indicated for
cardiopulmonary resuscitation has been reported as ranging from 29% to 42%. In cardiac surgery patients
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specifically, various studies have demonstrated the survival benefit associated with institution of VA-ECMO
in patients with PCCS which would otherwise be fatal4-13 .
Literature Search Method
A comprehensive literature search is done through all the available electronic database to identity articles
that discussed the use of extra-corporeal membrane oxygenation and mechanical circulatory support following
cardiac surgery. The key words used were ‘mechanical circulatory’ ‘extra-corporeal membrane oxygenation’
‘ECMO ‘Cardiac surgery’ ‘VA-ECMO OR VV-ECMO’ ‘Cardiogenic shock’ ‘Intra-aortic balloon pump’ ‘circulatory support’ ‘mechanical support’. Those key words were used in the form of combined search terms to
maximize the search outputs. The inclusion criteria were articles that discussed the indications, outcomes
and survival benefit from using mechanical circulatory support in the form of VV-ECMO or VA-ECMO,
limits were placed on English language papers only. A summary table for each relevant section is provided,
where applicable.
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Types of ECMO and Indication
The two main subtypes of ECMO, VV-ECMO and VA-ECMO, differ in the configurations of their circuit
which allows for them to carry out different functions and enables them to be utilised for respiratory support,
cardiac support, or both1,2 .
VV-ECMO involves venous cannulation alone- either single dual-lumen cannulation via the right jugular
vein to enable removal of blood from the vena cava or right atrium by a pump device for oxygenation via an
extracorporeal membrane oxygenator before it is returned to the right atrium, or double cannulation where
blood is removed from the inferior vena cava (IVC) vein through cannulation of the right common femoral
vein and infused into the right atrium via cannulation of the right internal jugular or vice versa though the
former is more commonly used in modern practice (Figure 1)14 . This configuration allows for gas exchange to
occur but does not provide circulatory support, meaning VV-ECMO is only indicated for isolated respiratory
failure and the patient must be haemodynamically stable. By contrast, VA-ECMO involves both arterial
and venous cannulation, enabling removal of blood from the right atrium or IVC before it is returned to
the arterial system via a peripheral cannula i.e. peripheral VA-ECMO (through the femoral, axillary or
carotid artery) or a central cannula i.e. central VA-ECMO via the ascending aorta (Figure 2)15 . The setup
of the VA-ECMO circuit enables it to carry out gas exchange along with providing circulatory support thus
it is indicated for isolated cardiac failure along with combined cardiopulmonary failure. The key differences
between the two types of ECMO are summarised in Table 1.
Indications for ECMO are broadly divided according to cardiac support, respiratory support or a combination
of both in the case of cardiopulmonary failure1 . VA-EMCO is indicated for cardiac failure where there is a low
cardiac output (defined as a cardiac index less than 2L/min/m2 ) and hypotension (defined as a systolic blood
pressure of less than 90mmHg) refractory to adequate intravascular volume, high-dose inotropic support and
IABP support16-18 . Both VV- and VA-ECMO are indicated for acute respiratory failure as rescue therapy to
provide gas exchange until the lungs recover or as a bridge to lung transplantation19-21 . The main absolute
contraindications to ECMO are pre-existing pathologies that make recovery unlikely such as disseminated
malignancy and severe neurological injury, or unsuitability for destination therapy. Specific cardiac and
respiratory indications, absolute and relative contraindications to for ECMO are summarised in Table 2.
ECMO and coronary artery bypass grafting
Post-cardiotomy cardiogenic shock (PCCS) has an incidence of 2-6% in patients undergoing cardiac surgery
and of these, an estimated 0.5-1% are refractory to maximal-dose inotropic support and IABP support4-6 .
Refractory PCCS rapidly leads to multi-organ failure and has an almost 100% mortality rate which makes
it fatal without the use of MCS using devices such as VA-ECMO; thus, there is a clinical indication for its
use in this cohort.
A range of retrospective studies have looked at outcomes including survival to weaning from ECMO and
survival to hospital discharge for patients who have undergone cardiac surgery, but only a few of these have
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looked at outcomes in patients who underwent coronary artery bypass graft (CABG) surgery specifically6, 9-11 .
The largest cohort of these studies analysed outcomes and survival in 517 patients treated with ECMO for
PCCS, of which 37% had undergone isolated CABG and 16.8% CABG in combination with valve surgery6 .
The study results showed that undergoing isolated CABG was associated with better survival, with an inhospital mortality rate of 44% which was better when compared to that of other cardiac procedures (95%
Confidence Interval (CI) 0.29-0.68; P< 0.001). A similar association was shown in another study looking
at 31 patients (28% of total cohort) who were treated with ECMO following isolated CABG which demonstrated that undergoing isolated CABG was associated with improved in-hospital mortality on EMCO when
compared to other cardiac procedures (41.3% vs 18.8%)9 .
By contrast, a 2010 retrospective study looking at 233 patients who had undergone cardiac surgery and
required ECMO post-operatively over an 11-year period, reported an increased hospital mortality which
was associated with having undergone isolated CABG (P= 0.0015), among other factors10 . This was also
demonstrated in another retrospective study involving analysis of outcomes for 101 patients who received
central VA-ECMO at a single centre over an 8-year period which reported the survival rate for isolated CABG
as 17.2%, a figure lower than the overall survival rate of 27.7% at 1-year follow-up and is lower than survival
rates reported in similar studies11 . Additionally, patients requiring VA-ECMO following isolated CABG
had a significantly increased mortality risk (Odds Ratio (OR) 3.23; 95% CI 1.1-9.4; P=0.021) compared to
patients who did not undergo coronary surgery. Outcomes in ECMO following CABG from the included
studies are summarised in Table 3.
Whilst there is no consensus on outcomes for patients requiring ECMO following isolated CABG, the aforementioned studies all demonstrated that in patients who had undergone CABG in combination with another
cardiac procedure, namely valve surgery, was associated with a decreased survival rate with some studies
quoting survival rates as low as 12.5%6,9-11 .
Given that mortality rates for refractory PCCS without ECMO are almost always 100% this demonstrated the
survival benefit of ECMO in post-CABG patients even though reported survival rates are variable. None of
the studies included looked at the effect of differing ECMO initiation times on mortality and morbidity rates
making it difficult to ascertain the best timing for starting ECMO for patients undergoing CABG surgery. In
the studies which reported survival rates greater 40%, ECMO was instituted either intra-operatively during
the primary cardiac procedure or within 24 hours following surgery6, 9 . Whilst in studies that reported lower
survival rates, there was no standardisation for when ECMO was instituted with ECMO being used as late
as after the sixth post-operative day or data for when ECMO was instituted was missing completely. This
would seem to suggest that ECMO should be given within the first 24 hours to maximise the survival benefit,
though more research analysing the effect of when to start ECMO is required going forward.
ECMO and Valve surgeries
Outcomes for patients requiring EMCO for PCCS refractory to maximal-inotropic support and IABP support
in patients who have undergone valve surgery have been analysed across few studies6, 22, 23 . Rastan et al
6
carried out a study with a cohort of 517 patients who required ECMO for PCCS, of which 14.3% had
undergone isolated valve surgery whilst 16.8% had undergone valve surgery in combination with CABG.
This study found that post-operative ECMO requirement following mitral valve surgery was associated with
a reduced survival rate when compared to other cardiac procedures (OR 2.08; 95% CI 1.20-3.63;P= 0.010).
Similarly, Onorati et al 22 found that in patients undergoing aortic valve replacement for aortic stenosis,
post-operative ECMO was a predictor for early death as it was associated with a greater 30-day mortality
rate (OR 9.8; 95% CI 1.1-63.4; P =0.029) when compared to that of other cardiac procedures. However,
this study has not yet reached its 5-year endpoint, meaning the reported findings are only preliminary.
More recently, the institution of ECMO with a TandemHeart (TH) percutaneous Left VAD i.e. a THECMO, was found to provide stabilisation of patient haemodynamics and hypoxaemia in two patients with
acute severe mitral regurgitation (MR) associated with cardiogenic failure and hypoxaemia23 . Acute severe
MR associated with cardiogenic shock and hypoxaemia can only be definitively managed with mitral valve
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surgery, but usually this surgery is associated with high peri-operative mortality rates of 25-46%, a poor
outcome due to patients being haemodynamically unstable and having refractory hypoxaemia. In this case
series, the institution of TH-ECMO resulted in prompt stabilisation of the patients’ haemodynamics and
hypoxaemia which in turn allowed them to have early surgical intervention to manage their acute severe
MR. This case series shows the potential survival benefit of ECMO for acute severe MR associated with
cardiogenic shock and hypoxaemia. However, it is important to note that the study only reported on two
cases making the sample size far too small for results to be statistically significant and the patients would
need to be followed up for a lengthier period of time to ascertain the longer-term outcomes associated with
ECMO use. Outcomes in patients who had ECMO having undergone valve surgery are summarised in Table
4.
Whilst post-operative requirement following valve surgery may be associated with worse prognosis when
compared to people who did not require ECMO post-valve surgery, it again does improve survival for
refractory PCCS when compared to without the use of MCS. It is unclear when the best time to institute
ECMO in patients undergoing valve-surgery would be but based on the studies analysed, ECMO institution
was associated with increased mortality when inserted post-operatively6, 22 . By contrast in the case series
which showed improved outcomes for patients undergoing mitral valve surgery, ECMO was inserted preoperatively allowing for haemodynamic stabilisation of patients before they underwent surgery which would
suggest that ECMO may be most useful when inserted pre-operatively alongside inotropes in these patients23 .
However, more work on the potential survival benefit of ECMO use pre-operatively in patients undergoing
valvular surgery is needed as only one paper has shown improved outcomes.
ECMO in patients with circulatory arrest
Deep hypothermic circulatory arrest (DHCA) is a technique utilised during procedures requiring circulatory
arrest such as surgery involving the aortic arch for the purpose of organ protection, specifically for cerebral
protection, as hypothermia inhibits injury-inducing ischaemic pathways driven by hypoxia24-26 . DHCA
utilises CPB to maintain perfusion to the rest of the body during the procedure but the need for prolonged
CPB comes with its own complications such as coagulopathy and failure to wean from CPB, thereby requiring
ECMO for circulatory support.
There is little to no evidence on ECMO use following DHCA in adult patients but there are a few studies that
have looked at outcomes in paediatric patients who required ECMO following DHCA as part of the Norwood
procedure used for surgical treatment of cardiac defects characterised by the presence of shunted single-right
ventricle circulation such as hypoplastic left heart syndrome (HLHS)27-29 . Analysis of 549 patients with
single-right ventricle anomalies enrolled in the Pediatric Heart Network Single Ventricle Reconstruction trial
found that post-operative ECMO requirement was a significant indicator for increased 30-day mortality
(OR 4.38; 95% CI 1.76-10.90; P =0.002) and for hospital mortality (Hazard ratio 3.41; 95% CI 1.94-5.98;P
<0.001)27 . The study was carried out across paediatric cardiac surgery centres with a large volume of cases
annually meaning these findings cannot be generalised to centres with smaller case volumes. However, similar
results were shown in a retrospective study analysing risk factors for 1-year mortality in 158 patients that
underwent the Norwood procedure which demonstrated that ECMO or VAD support was associated with
increased risk of death (OR 17.8; 95% CI 4.4-71.0; P< 0.001)28 .
Further separate analysis of subjects enrolled in the Single Ventricle Reconstruction trial of 461 patients
discharged home after undergoing the Norwood procedure showed that 66 of them (14.3%) developed heart
failure, with 15 of these dying from the heart failure whilst 39 were listed for transplant29 . The study found
that need for ECMO post-operatively, among other factors, was significantly associated with increased risk
of developing heart failure within a year post-Norwood procedure (Hazard ratio 5.83; 95% CI 1.75-19.46;P
=0.004) when compared to those not requiring extracorporeal support. Outcomes for ECMO instituted
following DHCA are summarised in Table 5.
The little data that does exist on ECMO following DHCA suggests that those patients requiring postoperative ECMO had an increased mortality both in hospital and following hospital discharge; though
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mortality for PCCS without MCS would be far worse. However, there are very few studies that have been
carried out meaning it may not be appropriate to generalise these findings to other populations. The gap
in research in this area suggests the need for more to be carried out to see if there is a survival benefit
associated with use of ECMO in patients who have undergone DHCA.
Complications of ECMO
Complications of using ECMO can generally be divided into major and minor complications. They can be
classified into various categories; inflammatory response, limb ischemia, anticoagulation-related and infections. Major complications poses a significant threat to the patient’s life such as sepsis and intracranial
haemorrhage, while minor complications such as bleeding around the cannula sites could occur at an early
stage but may progress to more adverse events if appropriate action is not taken to correct them. Table 6 is
a summary of such complications.
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Inflammatory response
Contact of the patient’s blood with the extracorporeal circuit equipment activates coagulation cascade,
complement systems and cytokines, recruiting leukocytes and platelets which then damage endothelial cells
on vessels and lead to a hypercoagulable state. Neutrophils are thought to be activated in the oxygenator
of the ECMO30 . Neutrophilic infiltration into tissues can then cause organ damage31 . The inflammatory
response is similar to that in systemic inflammatory response syndrome (SIRS), causing an increased risk of
thrombosis, infections, sepsis and end-organ damage thus worsening patient outcomes.
Prophylactic steroid treatment has shown to reduce postoperative infections, length of stay and reduce
infections, however it did not change mortality rates . Mesenchymal stromal cells in animal models have
shown to downregulate inflammatory factors and upregulate anti-inflammatory factors and can be promising
solutions to be used in patients. Hemadsorption cytokine removal therapy has also shown to reduce CRP and
IL-6. However these solutions are novel and more research should be undertaken to ascertain their benefits.
Limb ischemia
Major vascular complications are common in post-cardiotomy patients after ECMO support mainly due to
reduced blood flow which may occur due to various factors such as large cannula (>20 Fr) occluding the
vessel, female gender, and peripheral vascular disease like atherosclerosis. Limb amputation may also be
necessary in severe and lifesaving cases.
Reperfusion injuries may then occur when blood flow is increased, which may result in rhabdomyolysis,
acute kidney injury, multi-organ failure and systemic inflammatory response . Insertion of cannula under
fluoroscopic guidance can help significantly reduce limb ischaemia. Frequent monitoring of cannula site will
also ensure cannula is not kinked or obstructed by thrombus. A duplex ultrasound can be used to detect
blood flow however it is user-dependent and cannot be monitored continuously. Flow monitoring through the
ECMO shunt could be feasible for continuous monitoring. Graft interposition can also be done to eliminate
limb ischemia.
Anticoagulation-related complications
Unfractionated heparin is often used for anticoagulation to keep the circulatory system patent to prevent
thrombosis formation in the extracorporeal circulation and the patient’s circulatory system. Thankfully
current ECMO circuits have almost no possibility of thrombus formation. Haemolysis can also occur especially if a thrombus forms in the pump causing mechanical damage to cells resulting in haemolytic anaemia.
Heparin-induced thrombocytopenia could also be a cause of clot formation. Intracranial haemorrhage is also
a possibility in ECMO patients from excess infusion of anticoagulation and early correction of thrombocytopenia may help reduce risks of occurrence. Other neurological complications such as strokes and cognitive
impairment could also result if haemostatic balance is not well controlled.
D-dimers can be monitored daily to look out for any clot formation and to anticipate eminent ECMO failure.
Before ECMO initiation, patients should be tested for any coagulation disorders by measuring parameters
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such as antithrombin and fibrinogen levels, which can be corrected to prevent further complications.
Infections
The Extracorporeal Life Support Organisation (ELSO) approximates the incidence of infection of 13.0% and
17.5% in VA-ECMO and VV-ECMO respectively. The prevalence of infection during ECMO is 10-12%,
withStaphylococcus aureus , Candida , Enterobacteriaceaeand Pseudomonas aeruginos a being the most
common bloodstream infective organisms. Identifying infected patients is difficult due to their inability to
mount a pyrexic response possible due to heat loss from ECMO circuit, and leukocytosis is common due to
inflammatory response from ECMO treatment itself. Hence, regular cultures could be done if an infection
is suspected, especially with prolonged ECMO use.
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Future of ECMO in Cardiac surgery
VA-ECMO is indicated when patients fail to be weaned off CPB or clinically deteriorates significantly during
the course of staying on intensive care stay. ECMO provides a longer support for a few days to allow for
recovery of the cardiopulmonary system, compared to a few hours of support with CPB. VA-ECMO confers
several advantages that helps increasing patient survival and reduce mortality rates. CPB needs a large
amount of unfractionated heparin as it utilises a venous reservoir which causes blood to stagnate. CPB also
causes blood to pool in the heart chambers and respiratory circulatory system, which result in an increase
in activated clotting time.
Whereas, VA-ECMO does not utilise a venous reservoir and is made of shorter tubes. There is reduced
occurrence of thrombosis allowing for a reduction in the dosage of unfractionated heparin which can then
reduce bleeding complications. Hence, VA-ECMO use in refractory PCCS has been shown to provide significant survival benefits without which mortality would be inevitable. Increased age, renal failure and long
use of ECMO support are the most frequently reported adverse prognostic factors .
Over the recent years, the use of ECMO has greatly increased. According to ELSO, the use of adult ECMO
increased by about tenfold over the past decade. This is likely following a ground-breaking study, the CESAR
trial, which showed a significant increase in survival without severe disability when ECMO was used instead
of conventional ventilation. Early initiation of ECMO has been shown to result in higher survival rates and
decreasing the dosage of vasoactive drugs by increasing cardiac output and rapidly decreasing arterial lactate
levels after cardiovascular surgery. This is shown in a study which compared two groups of patients where
the patients with early initiation ECMO failed to be weaned off CPB once, while the patients with delayed
ECMO failed to weaned off thrice.This could help provide a guide as to when ECMO should be initiated in
patients after cardiac surgery to improve outcomes.
ECMO technology is constantly evolving and improving, with more compact and durable components being
introduced in recent times. Wearable ambulatory ECMO has been developed and trialled in patients with
severe cardiopulmonary failure awaiting transplant. Compact ECMO is achievable by the use of hollow
fibre membranes arranged in stacks with centrifugal pumps. This allows increased patient mobility which
helps with rehabilitation and early mobilisation allowing patients to walk and exercise, preventing muscle
atrophy allowing shorter recovery time and placing patients in a better physiological state for heart or lung
transplant. It also helps to decrease total costs by about 11% compared to traditional ECMO use. This
could soon be the new future of ECMO, which is currently still a complex and bulky piece of equipment
resulting in patients being bedbound, slowing recovering.
Unfortunately, ECMO is a very costly form of life support at about £45,000 per patient. It is also resource
intensive, requiring a high level of expertise to use it. An article states that the National Specialist Commissioning Group only funds ECMO to certain specialist centres, restricting its access which is inappropriate
and unacceptable considering its great benefits to patients’ survival rates. Whereas, in other parts of the
world such as the US and Europe, ECMO is routinely used. It is contentious to say whether the UK has
too many restrictions to use of ECMO or if the UK is being too prudent. VA ECMO is not commissioned
by the National Health Service (NHS) for PCCS and the price of it is forked out by individual hospitals in
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the UK. Most recently, ECMO is being used widely in COVID-19 patients where they may develop cardiac
arrhythmias and shock. About 15% to 30% of patients with the viral pneumonia developed acute respiratory
distress syndrome (ARDS) where the WHO recommendations included ECMO as a part of the management.
The role of ECMO for COVID-19 patients is still unclear and is dependent on the mechanism which the
virus harms the body. If it causes septic shock and multiorgan failure, the management will likely shift
away from ECMO as it may be less helpful in these instances. Although inconclusive, an article brought up
concerns about the use of ECMO in COVID-19 patients, suggesting healthcare professionals evaluate the
IL-6 concentration and lymphocyte count before and during ECMO, as ECMO increases IL-6 levels and
decreases lymphocyte count. More studies should be carried out to determine the usefulness of ECMO in
this situation, especially when they need an emergency cardiac surgery.
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Summary
ECMO post cardiac surgery can have detrimental benefit on survival outcomes. There is a survival rate
of 30.8% for patients who underwent ECMO for PCCS, where without ECMO salvage PCCS is inevitably
a fatal state for patients. From an ethical viewpoint, one should also consider the possibility of ECMO in
prolonging patient’s hospital stay without significant improvement or addition to prognostic benefit and
therefore careful patient selection should be made through inter-speciality discussions. The patient’s best
interests should always be considered before initiating any medical intervention with the risks and benefits
being weighed out judiciously for each case. Liaising with colleagues will help professionals come to an
appropriate decision to prolong life with ECMO or to prevent futile attempts. Risk stratification could also
be conducted to determine if prophylactic ECMO would be suitable for use in high-risk patients to help
improve survival rates.
Conclusion
ECMO is a cardiopulmonary support often used in patients who fail to be weaned off CPB, who are likely to
have reversible causes. Although there are several complications related to its use, there are steps that can
be done to minimise their occurrence. New components and variations of ECMO are being trialled providing
better prospects for patients. It has also seen a recent surge of its use in COVID-19 patients. Studies analysed
in this article have shown that the circulatory support provided by VA-ECMO improves survival rates for
PCCS in patients undergoing cardiac surgery, without which patient mortality rates would be much greater.
These benefits of VA-ECMO are especially seen post-CABG and post-valve surgery patients.
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Figure legends:
Figure 1: Schematic diagram illustrating double cannulation Veno-venous (VV) ECMO14 . a . Draining from
the SVC/RA then passed through an extracorporeal membrane oxygenator (OX ) before being infused into
femoral vein. b . Blood is removed from the IVC then passed through an oxygenator before being infused to
the right atrium.
Figure 2: Schematic figure showing central and peripheral Veno-arterial extracorporeal membrane oxygenation (VA-ECMO)15 .A . Peripheral VA-ECMO with blood extracted via the femoral vein and infused through
the femoral artery (i.e. femoro-femoral configuration). B . Central VA-ECMO with blood extracted from
right atrium and infused via ascending aorta.
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