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ABSTRACT 

 

              Extra Corporeal Membrane oxygenation (ECMO) is used when a patient has a serious 

condition which prevents the lungs or heart from working normally. ECMO has been used to treat 

a variety of  cardio respiratory problems including meconium aspiration  syndrome (MAS), 

persistent  pulmonary hypertension of the neonate(PPHN),congenital  diaphragmatic  

hernia(CDH), sepsis  and cardiac  anomalies. Extra corporeal membrane oxygenation is among 

the most frequently used forms of extra corporeal life support. The goal of this procedure is to 

oxygenate the blood without involving the lungs. ECMO is essentially a modification of the CPB 

circuit which is used routinely in cardiac surgery. ECMO is commonly used in the Intensive care 

unit, support during anesthesia and surgery. ECMO has been more reliable with improving 

equipment, and increased experience. 

Keywords: ECMO, cardio respiratory problems, Extra corporeal life support, CPB circuit, 

intensive care unit 
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1)INTRODUCTION 

              Extracorporeal Membrane 

Oxygenation (ECMO) is a form of partial 

cardiopulmonary bypass used for long-term 

support of respiratory and/or cardiac 

function... Initial systems used bubble 

oxygenators which were poorly suited for 

prolonged use because of their tendency to 

hemolyze blood. Membrane oxygenators made 

long-term use of ECMO possible. The first 

report of successful ECMO support of an adult 

was published by Hill in 1972. Two small 

randomised trials in the 1980s showed 

improved survival in critically ill neonates 

who received conventional therapy. According 

to the international extracorporeal life support 

(ECLS) registry report, at least 4,400 adult 

patients in the world have been managed with 

ECMO since 1990(M Hung et al.,2012). Extra 

corporeal life support (ECLS) and extra 

corporeal CO2 removal(ECCOR) are the 

synonyms of ECMO. There are two types of 

ECMO- Veno arterial (VA) and veno venous 

(VV).ECMO system comprises a centrifugal 

pump, a membrane oxygenator, heat 

exchanger and bypass canulae. 

Echocardiography plays a fundamental role 

throughout the entire journey of a patient 

supported on ECMO. It provides information 

that assists in patient selection, guides the 

insertion and placement of cannulas, monitors 

progress, detects complications, and helps in 

determining cardiac recovery and of ECMO 

support (David et al.,2012). In the cases of 

irreversible respiratory or cardiac failure and 

any contraindication for anticoagulation, 

ECMO could not be started. Advanced age, 

morbid obesity, neurological dysfunction or 

poor pre-existing functional status and other 

exclusion conditions. Thecomponents of the 

extra corporeal circuit has evolved 

considerably over the past 30 years and are 

now safer and more effective than these used 

in that first trial (Graeme et al.,2007). 

 

2) METHODS 

During ECMO, a large volume of 

blood is extracted from the venous system 

(large central vein) and circulated outside the 

body by a mechanical pump (centrifugal or 

roller) where the blood passes through an 

oxygenator and heat exchanger. In the 
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oxygenator, hemoglobin becomes fully 

saturated with O2, while CO2 is removed. 

finally the blood is returned into the native 

vascular system and arterial system in the 

aorta in VA ECMO (Mousavi et al.,2011).The 

indications for ECMO included the following: 

left arterial pressure that increased by more 

than 15mm hg: central venous pressure of 

more than 12 mm hg; a decrease in the cardiac 

index to less than 2L/min-1;urine output of 

less than 1mL/min-1.kg-1;mixed venous 

saturation of less than60%;and mean systolic 

arterial pressure less than 60 mm hg despite 

adequate filling volumes; use of multiple 

inotropic agents and an interaortic balloon 

pump(IABP). According to the above  

indications cardiac surgeons determined to 

initiate ECMO (Jiangangwang et al.,2009). 

The additional acronyms of VV and VA are 

used to differentiate between the two main 

methods of administering ECMO therapy. VV 

stands for veno-venous and indicates that the 

mode of entry into the body is a vein. This is 

usually the preferred method when the patient 

has suffered the loss of lung function 

exclusively. In contrast, veno-arterial, or VA, 

means that dual access by a vein and the 

carotid artery is necessary, and usually applies 

to patients with both lungs and heart patients 

on ECMO are fully heparinized. A heparin 

drip runs into the ECMO circuit at all times. 

The ECMO Specialist titrates the heparin drip 

to achieve the ordered ACT parameter. 

Heparin is started at 10 u/kg/hr for the first 2 

hours and can be reduced to 6 u/kg/hr without 

physician order. If patient condition warrants, 

the physician can write for heparin to be 

reduced to 4u/kg/hr. At the start of the case 

and daily, the managing service will write 

parameters for the patient impairment via 

another cannula (Jonathan .,2006). 

 

Figure 1:Circuit of ECMO 

 

The circuit is usually coated with a 

bioactive lining containing unfractionated 

heparin that decreases the risk of thrombus 

formation. In addition to reducing the amount 
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of systemic heparin that is required, the use of 

heparin -bonded circuits has been associated 

with a reduction in some complications of 

ECMO, such as systemic inflammatory 

response and thrombocytopenia (Graeme et 

al.,2005). The ECMO circuit is inspected by 

the ECMO specialist at the beginning of the 

shift and throughout the day for clots, air, or 

any other signs of trouble. The ECMO 

specialist is constantly monitoring pressures 

within the system. This type of monitoring 

helps to avoid problems before they become 

emergencies. Any part of the ECMO circuit 

can rupture of fail. The ECMO specialist is 

specially trained to handle these emergencies 

(Jonathan .,2006). 

 

3) COMPONENTS OF AN EXTRA 

CORPOREAL MEMBRANE 

OXYGENATION: 

An ECMO circuit typically consists of large-

bore tubing with 

_ a cannula for drainage from the venous 

system, 

_ a blood pump and control unit, 

_ an oxygenator for the addition of oxygen 

and removal of carbon dioxide, 

_ a heater and cooler unit, and 

_ a cannula to return blood to the venous or 

arterial system[David et al,2012] 

 

3.1)Cannula 

These are wire-reinforced. The flow resistance 

of the cannulae is the major factor limiting the 

maximum circuit flow. It is directly 

proportional to cannula length and inversely 

proportional to the fourth power of its radius 

[M Hung et al,2012]. The cannulae are the 

connections of the patient's circulation to the 

extracorporeal circulation, drawing 

deoxygenated blood from the patient's venous 

circulation and returning oxygenated blood to 

either the arterial or venous side of the 

patient's circulation.(David F. Friedman and 

Lisa M.Montenegro.,2004) 

 

3.2) Pump 

The pump is used to provide propulsion 

pressure for blood flow. The pump drives the 

blood through the components of the extra 

corporeal circuit, and if the blood return is to 
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the arterial side of the circulation, the pump 

also delivers systemic arterial blood flow to 

supplement or replace the cardiac output 

(David F.Friedman and Lisa M Montengro., 

2004). Both roller and centrifugal pumps are 

used in cardiopulmonary bypass, while only 

the centrifugal pump is used to cause 

haemolysis or air aspiration if the amount of 

blood aspirated by the venous cannula is 

insufficient(Eisuke Kagawa.,2012).The roller 

pump consists of a disk that rotates within a 

semicircular raceway and moves rollers, 

which compress the flexible tubing against the 

inside wall of the raceway, propelling the 

blood forward. As ECMO is a closed circuit, 

both types of pumps can generate high  

negative pressures, causing cavitation and 

haemodialysis. The new generation of 

centrifugal pumps are used in preference to the 

roller pumps because they cause less pump 

induced haemolysis (Hung et al., 2012). 

Mendler-designed centrifugal pumps have a 

number of advantages over the older, roller 

pumps they have small priming volumes of 

\40 ml, do not require gravity drainage, circuit 

bridges or venous reservoirs, operate 

effectively for weeks at a time with very little 

incidence of technical failure and are much 

simpler to care for and maintain(Graeme 

MacLarenet al.,2011). Some of the newer 

pumps also offer the option of providing 

pulsatile flow (e.g. Delta stream, medos, 

stolberg, germany), but these are primarily 

designed to enhance circulatory support on 

VA ECMO. Pulsatile flow pumps generate 

greater surplus hemodynamic energy and thus 

theoretically better perfusion. 

 

3.3) Oxygenator 

The oxygenator is the central component of 

the CPB of ECMO circuit since it performs 

the function of the lungs, which is to saturate 

the hemoglobin of the venous blood with 

oxygen(David et al.,2004).An oxygenator is 

typically utilized by a perfusionist in cardiac 

surgery in conjunction with the heart-lung 

machine. However, oxygenators can also be 

utilized in extracorporeal membrane 

oxygenation in neonatal intensive care units 

by nurses. It is disposable and contains about 

2–4 m² of a membrane permeable to gas but 

impermeable to blood, in the form of hollow 
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fibers. Blood flows on the outside of the 

hollow fibers, while oxygen flows in the 

opposite direction on the inside of the fibers. 

As the blood passes through the oxygenator, 

the blood comes into intimate contact with the 

fine surfaces of the device itself.  

 

Figure 2:oxygenator 

Gas containing oxygen and medical air is 

delivered to the interface between the blood 

and the device, permitting the blood cells to 

absorb oxygen molecules directly. The 

maximum oxygenator capacity is determined 

by the membrane surface area, gas 

permeability, and mixing in the blood path. 

The life-span of oxygenators varies, 

depending on the degree of heparinisation, 

circuit blood flow and blood product 

usage(Hung et al.,2012).Modern oxygenators 

comprise hollow fibers \0.5 mm in diameter 

coated with polymethylpentene allowing 

diffusion of gas but not liquid. As blood runs 

through the oxygenator, fresh gas flow 

('sweep')is piped through the inside of hollow 

fibres. Although a minimum rate of fresh gas 

flow is necessary to oxygenate the blood, 

increasing the gas flow rate further will not 

lead to sustantial improvement in oxygenation, 

but merely reduce PaCO2.( Raeme et al., 

2012). 

 

3.4) Heat Exchanger 

This is used to control blood temperature.It is 

bulky and takes more space than the pump and 

oxygenator. since flow rates equivalent to the 

entire cardiac output are involved, the infusion 

of blood at a temperature below normal body 

temperature would rapidly result in 

hypothermia. Thus, a Heat exchanger is 

anecessary component of an ECMO circuit to 

ensure that the temperature of the blood 

returning to the patient is at 37
o
 C. The heat 

exchanger can rapidly induced the target 

temperature of 32-34
o
C in cardiac arrest 

patients. Heat exchanger is used in cardio 

pulmonary support procedures to cool and 

warm the blood (David et al., 2004). 
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Fig 3:Heat Exchanger 

Source:www.cheresources.com.DOA.15-5-2013 

4. MODES OF ECMO 

4.1)Veno-venous(VV)ECMO 

                VV ECMO is used to manage 

isolated respiratory failure when cardiac 

functions is adequate. VV ECMO usually 

involves peripheral venous cannulations using 

single-lumen cannulae inserted via the internal 

jugular and femoral veins or more recently, a 

dual lumen cannula placed via the right 

internal jugular vein. The tissue oxygen 

delivery capability of the VV ECMO is 

determined by the cardiac output, hemoglobin 

concentration, ECMO inlet hemoglobin 

oxygen saturation and properties of the 

oxygenator. VV ECMO is preferred  over VA 

ECMO  for respiratory support because the 

patient's native hemodynamic physiology is 

maintained, cannulation of a major artery is 

avoided and the potential for systemic 

embolism is minimized (Mousavi  et al.,2011). 

Except in cases of associated overt cardiac 

failure or refractory shock, patients with acute 

respiratory failure should be supported with 

VV-ECMO. 

4.2) Veno-arterial(VA)ECMO 

VA ECMO requires cannulation of the 

ascending aorta (central ECMO) or femoral 

artery (peripheral ECMO) for return of 

oxygenated blood. VA ECMO functions in 

parallel with the heart and lungs. Peripheral 

ECMO is used to manage patients with 

adequate respiratory function, while central 

VA ECMO is more commonly used in patients 

undergoing cardiac -respiratory failure in 

adults ECMO is usually preferred to VA 

ECMO, because it avoids the risks associated 

with large-bore arterial access (Michael et al., 

2012). In VA ECMO, blood is withdrawn 

from the right atrium either by direct surgical 

cannulation or through a cannula placed in a 

major vein with the tip sitting in the right 

atrium. 

5) PATIENT MANAGEMENT 

An infusion or unfractionated heparin 

is maintained to prevent thrombus formation 

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=suUNbtkYpy7AvM&tbnid=x2-q_hIWGGlm7M:&ved=0CAQQjB0&url=http%3A%2F%2Fwww.cheresources.com%2Fcontent%2Farticles%2Fheat-transfer%2Fspecifying-a-liquid-liquid-heat-exchanger&ei=W0qTUbnpHsXmrAe_uYCQDQ&bvm=bv.46471029,d.aGc&psig=AFQjCNFkEmx--p_NcgJz3QlduaNaUnSnSg&ust=1368693713380158
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within the circuit and subsequent embolism 

for patients with heparin-induced 

thrombocytopenia, alternative anticoagulation 

could be used, but the risk of haemorrhagic 

complications is very high. Inotrophic drugs 

can be used to maintain contractility during 

cardiac ECMO(Po-Shun Hsu et al.,2012). If 

the systemic perfusion pressure or oxygen 

delivery is inadequate as indicated by low 

urine output, poor tissue perfusion, or mixed 

venous saturation less than 70%,optimisation 

of hemoglobin level and/or increased doses of 

vasopressers can be used. Gentamicin is the 

most well studied drug in patients under 

ECMO(Karen  et al.,2002). All of studies on 

gentamicin have been performed on neonates 

usually dose rate of 2.5 mg/kg every 12 hrs 

was administered for infants under ECMO, 

blood samples were collected after steady state 

(usually 3 days), pharmacokinetic parametres 

were evaluated and correlation between ages, 

weight, and serum creatinin had been 

evaluated (John et al., 2009) sedatives and 

analgesics are important classes of drugs 

which are extensively used in critically 

patients. 

6) ADVANTAGES OF ECMO 

 Easy/rapid implantation if peripheral 

ECMO 

 No sterno/cardiotomy, local    

anesthesia 

 Emergency situations 

 Provides high flow: 

 Up to 7 L/min 

 Bridge to: Recovery, Bridge, 

Transplantation 

 Or whatever seems     

reasonable… 

 Triage if of doubt about 

neurological status 

 Mobile Cardiac Assistance Unit 

 For highly unstable patients 

 Low cost, 2-40 times cheaper/other 

devices 

 

7) BENEFITS OF EXTRA CORPOREAL 

MEMBRANE OXYGENATION (ECMO) 

The main advantage of ECMO is that it 

can keep up the supply of oxygen to the body 

while resting the lungs. With conventional 

treatment the ventilator is adjusted to make up 

for the patients reduced lung function, 

increasing the amount of oxygen blown into 

the lungs by the ventilator and increasing the 

pressure at which it is delivered. This forces 

more oxygen into the lungs. It is now known 
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that high-pressure ventilation with large 

amounts of oxygen can actually cause further 

injury to the lungs and can prevent them from 

recovering (Jiangang et al.,2009). 

 

8) RISKS OF ECMO 

               The main risk during ECMO 

treatment is bleeding due to the administering 

of ‘heparin’ a blood-thinning drug used to 

prevent blood clotting. However, techniques 

have now been developed that have almost 

eliminated bleeding. Nevertheless bleeding 

can still occasionally be a problem, especially 

if a surgical operation is required whilst on 

ECMO (Eisuke Kagawaet al., 2012). Infection 

is also a potential complication of treatment, 

but all patients receive antibiotic therapy as 

well as regular infection screening to identify 

any possible risks. Air in the circuit(1.6-1.8%) 

leads to massive gas embolism tubing rupture 

(0.4-1.8%) results in catastrophic haemorrhage 

reduction of circuit flow is the most 

commonly encountered problem and is usually 

due to hypovolaemia, indicated by are duction 

in the inlet pressure or 'tugging' of drainage 

tubing (Graeme et al.,2011). Failure of the 

oxygenator (17.5-18.9%) is a common 

mechanical complication thrombus formation 

occurs most frequently in the oxygenators 

(11.6-12.2%), and may cause disrupted circuit 

blood flow, oxygenator or pump failure, or 

systemic embolism. Hypoxaemia and 

hypoperfusion before and during ECMO 

frequently result in organ dysfunction. The 

majority of patients require inotrophic support 

at some point during ECMO(61.1-

77.55%)(Jonathan .,2006). 

 

9) RECENT ADVANCES 

 Hand-held smaller ECMO systems 

have been introduced recently as a result of 

the development of compact and efficient 

PMP membrane oxygenators, smaller and less 

blood damaging centrifugal pumps, heparin-

coated circuits enabling minimal systemic 

heparinisation and peripheral access cannulae 

designed for rapid percutaneous insertion. 

These devices have priming volumes less than 

600 ml of normal saline, provide pump flow 

rates up to 4.5 L/min, and weigh as little as 9 

kg. They have been used for emergency 

implantation of extracorporeal life support in 
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patients with cardiogenic shock or acute 

respiratory failure, including severe trauma 

patients with coexisting haemorrhagic shock 

(Mousavi Set al.,2012). The latest generation 

of low-resistance oxygenators and pumps has 

led to a safer, simpler approach to 

management, sometimes referred to as ECMO 

II. Until recently, an ECMO specialist with 

lengthy training in both perfusion and ICU 

nursing care was required to safely employ 

ECMO, in addition to a regular ICU nurse. 

Now ICU nurses with additional training in 

ECMO technology and management can care 

for both circuit and patient The management 

of ECMO patients has been transformed in 

recent times as a direct result of the 

improvement in circuitry; for example, one of 

the advantages of the novel, single-lumen 

ECMO cannulas is the ease of patient 

positioning. Patients can sit up or out of 

bed(David Gerard Plattset al.,2012). 

10) CONCLUSION 

ECMO outcomes are constantly 

improving. ECMO is a specialized form of 

extracorporeal support for critically ill patients 

who require short-term respiratory and/or 

cardiac support. Echocardiography has a 

fundamental role in managing patients 

supported with ECMO. It provides 

information that determines appropriate 

patient selection, guides the insertion of 

cannulas, monitors progress, detects 

complications, and helps in determining 

recovery and weaning of support her 

peripheral or central cannulation. This is the 

result of evolving technology, improving 

experience and decreasing complication rates. 

Patients receiving this treatment would have 

died without it. Institutions that perform 

ECMO require an echocardiography service 

that is readily available and experienced in the 

evaluation of these critically unwell patients. 

ECMO can be applied as either a VA circuit or 

a VV circuit, through either peripheral or 

central cannulation. The improvements in 

ECMO technology have allowed some centres 

to use ambulatory ECMO or other 

extracorporeal devices to liberate patients 

from mechanical ventilation and successfully 

bridge them to lung transplantation. The new 

era of mobile ECMO, for transportation of the 

critically illand as an adjunct to conventional 
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resuscitation, opens the horizons for 

improvement in critical care medicine. 
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