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Types of mechanical circulatory support

ωImpaired cardiac function 

ωVentricular assist device (VAD)

ωExtracorporeal membrane oxygenation (ECMO) 

ωIntra-aortic balloon counter pulsation (IABP)

ωConventional CPB circuit

ωImpaired cardiopulmonary function

ωECMO

ωImpaired pulmonary function

ωVeno-venous ECMO



Physiological fundamental of 
circulatory support

Cardiac function

ωAdequate cardiac output

ωPreload

ωAfterload

ωMyocardial contraction

ωHeart rate and rhythm

Pulmonary function

ωLung mechanics

ωGas exchange



ECMO
Extracorporeal membrane oxygenation
ωECMOis temporarysupport of heart and

lung function by partial cardiopulmonary
bypass(up to 75 %of cardiacoutput). It is
used for patients who have reversible
cardiopulmonaryfailure from pulmonary, 
cardiacor otherdiseases.



Cardiopulmonary function





Principle of ECMO

Veno-venous 

1. object to pre-oxygenate blood before the 
lungs 
2. no reduction in the pulmonary hypertension

3. provide no circulatory support

Veno-arterial 
1. provides total cardiopulmonary support 

2. rest the lung



ECMO indications
ωAfter cardiac surgery, unable to wean off CPB
ωAcute MI with cardiogenic shock
ωHeart failure after transplantation due to graft 

rejection
ωRespiratory distress syndrome 
ωPersistent pulmonary arterial hypertension of the 

neonate
ωCongenital diaphragmatic hernia 
ωSepsis 
ωAcute respiratory insufficiency 
ωin pts. receiving at least 48 hours of optimal conventional 

ventilatorytherapy with no improvement in pulmonary 
function

ωdue to a viral or bacterial pneumonia, aspiration 
pneumonia, respiratory burns

ωdiagnosis must be reversible within 14 days



ECMO indications

ωRefractory failing circulation

ωPost CPR 

ωSevere sepsis

ωRespiratory failure

ωBridge to transplant

ωBridge to bridge

ωBridge to recovery



ECMO indications

ωOxygenation index (OI): if > 40 predicts 80 
% mortality without ECMO
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Neonatal ECMO 
Inclusion criteria

ωGestational age > 35 weeks

ωBirth weight > 2000 gm

ωNo bleeding abnormalities

ωNo major intracerebralhaemorrhage

ωNo major congenital chromosomal defects

ωMechanical ventilation < 8-10 days

ωNo irreversible cardiopulmonary disease

ωReversible lung disease



Neonatal ECMO
Inclusion criteria

ωFailure of maximal medical therapy

ωOI > 40 for 3 hours

ωNormal echocardiography



ECMO contra-indications

ωPatients with irreversible conditions

ωChronic pulmonary disease 

ωBleeding problems 

ωDocumented irreversible brain damage

ωProgressively degenerative systemic 
disease



Decision to Institute ECMO

·Several considerations must be weighed:
¹Likelihood of organ recovery.: only appropriate if disease 

process is reversible with therapy and rest on ECMO

¹Cardiac recovery: to either wait for further cardiac recovery to 
allow implant of device (LVAD) or to list for transplantation. 

¹Disseminated malignancy

¹Advanced age

¹Graft vs. host disease

¹Known severe brain injury 

¹Unwitnessed cardiac arrest or cardiac arrest of prolonged 
duration. 

¹Technical contraindications to consider: aortic dissection or 
aortic incompetence



THE BEGINNING 



Evolution

ω1916 Jay McLean discovered heparin
ω1953John H Gibbons Jr and his first heart-

lung machine
ω1954C Walton Lilliheiand controlled-

cross circulation ςfirst biological 
extracorporeal oxygenation
Å1970, Baffeset al reported successful use 

of ECMO in infants CHD after undergoing 
cardiac surgery



John H Gibbon 

and his heart-lung machine



C Walton Lilleheiand controlled cross 

circulation for open heart surgery





Cardiopulmonary bypass









CPB and ECMO





ECMO
CPB ECMO

1. Membrane oxygenator 1. Silicone membrane

2. Longer tubing system 2. Smaller tubing system

3. Ordinary membrane 
oxygenator up to only 8 hr

3. Longer function 
oxygenator up to 5-7 days

4. Hard shell reservoir 4. Small soft bladder 
reservoir

5. High-dose heparinisation 5. Lower and titratable
heparinisation

6. Higher priming 6. Smaller priming volume



First successful ECLS in an adult



ECMO for Hope Esperanza
ωRobert H. Bartlett, M.D.
Å In 1975 we were asked to see a newborn

infant with meconium aspiration and
persistentfetal circulation in the neonatal ICU.
We attached this little girl to our laboratory
heart-lung machine. The nurses named this
child Esperanza, "hope" in Spanish. After three
days on extracorporeal support Esperanza
recovered,leading to continuedapplication of
this technologyto other newborn infants with
respiratory and cardiac failure from a variety
of problems.



ECMO for Hope Esperanza

ωRobert H. Bartlett, M.D.



ECMO

ωDr Bartletts idea

ωα²Ŝ ǎǇƻƪŜ ƻŦ ƻƴŜ ǿŜŜƪ 9/ah ŀǎ ƛŦ ƛǘ ǿŀǎ 
like flying to the moon

Developed the concept of titrating heparin 
ςwhich substantionally reduced bleeding 
complications.

Refined circuit design with exclusion of 
stagnant flow areas.



Phil Drinker, PhD



Drinker and Bartlett, 1968



Drinker and Bartlett, 1968



Esperanza at 1 day old



Esperanza at 34 years old



THE CURRENT ERA 



Current advances

ωExpanded indications 

ωRationale use

ωAdvancing perfusion technology



Category I: Cardiac support

ωIn case of low cardiac output or cardiac 
dysfunction of any cause and unresponsive to 
inotropic drugs and intra-aortic balloon pump.

ωPost-cardiac surgery

ωPost acute myocardial infarction with 
cardiogenic shock

ωAcute fulminating myocarditis

ωEnd-stage CHF

ωPost-CPR (extracorporeal CPR, ECPR)



Adult group

Indication for ECMO in adult cardiac failure is cardiogenic 
shock:

ω Inadequate tissue perfusion manifested as 
hypotension and low cardiac output despite adequate 
intravascular volume.  

ωShock persists despite volume administration, 
inotropes and vasoconstrictors, and intraaorticballoon 
counterpulsationif appropriate.  

ωTypical causes: Acute myocardial infarction, 
Myocarditis, PeripartumCardiomyopathy, 
Decompensated chronic heart failure, Post cardiotomy
shock.  

ωSeptic Shock is an indication in some centres.  



Guidelines on relative survival 
without ECMO: 

Options for temporary circulatory support 
ω Surgical temporary VAD:  Abiomed,  Levitronix

ω Percutaneous VAD:TandemHeart,  Impella

ωECMO: Advantages: Biventricular support, bedside 
immediate application, oxygenation, Biventricular 
failure, Refractory malignant arrhythmias, Heart failure 
with severe pulmonary failure 

ω9/ah ƛǎ ŀ ōǊƛŘƎŜ ǘƻΧ 
ω Recovery: Acute MI after revascularisation,  Myocarditis, 

Postcardiotomy

ω Transplant: Unrevascularisableacute MI, Chronic heart failure

ω Implantable circulatory support: VAD, TAH



ECPR group

Indications  

ωAHA guidelines for CPR recommends consideration of 
ECMO to aid cardiopulmonary resuscitation in patients 
who have an easily reversible event, have had excellent 
CPR.  

Contraindications: 

ωAll contraindications to ECMO use (such as Gestational 
age < 34 weeks) should apply to ECPR patients.  

Futility: Unsuccessful CPR ( no return of spontaneous 
circulation) for 5-30 minutes. 

ECPR may be indicated on prolonged CPR if good perfusion 
and metabolic support is documented.





Cardiopulmonary resuscitation with assisted extracorporeal 
life-support versus conventional cardiopulmonary 

resuscitation in adults with in-hospital cardiac arrest: an 
observational study and propensity analysis

ωOf the 975 patients with in-hospital cardiac arrest events who 
underwent CPR for longer than 10 min, 113 were enrolled in 
the conventional CPR group and 59 were enrolled in the 
extracorporeal CPR group. Unmatched patients who underwent 
extracorporeal CPR had a higher survival rate to discharge (log-
rank p<0·0001) and a better 1-year survival than those who 
received conventional CPR (log rank p=0·007). Between the 
propensity-score matched groups, there was still a significant 
difference in survival to discharge (hazard ratio [HR] 0·51, 95% 
CI 0·35ς0·74, p<0·0001), 30-day survival (HR 0·47, 95% CI 0·28ς
0·77, p=0·003), and 1-year survival (HR 0·53, 95% CI 0·33ς0·83, 
p=0·006) favouring extracorporeal CPR over conventional CPR.

The Lancet, 372(9638), p554ð561



ECMO and acute myocarditis





Rationale behind ECMO support 
for myocarditis

ωTimely ECMO deployment 

ωEarly LV decompression 

ωPromotes Myocardial Recovery

ωDecreased lung Injury due to decreased LAP 

ωTimely transition to VAD & Heart Transplantation 
evaluation 



Category II

Respiratory support

ωAdult respiratory failure

ωNeonatal respiratory failure

ωPaediatric respiratory failure



Category II: adult

Indications
ω In hypoxic respiratory failure due to any cause (primary or 

secondary) ECLS should be considered when the risk of mortality is 
50% or greater, and is indicated when the risk of mortality is 80% 
or greater. 
ω50% mortality risk is associated with a PaO2 /FiO2 < 150 on 

FiO2 > 90% and/or Murray score 2-3. 
ω80% mortality risk is associated with a PaO2 /FiO2 < 100 on 

FiO2> 90% and/or Murray score 3-4 despite optimal care for 6 
hours or more. 

ω CO2 retention on mechanical ventilation despite high Pplat(>30 
cm H2O)  

ω Severe air leak syndromes 
ω Need for intubation in a patient on lung transplant list 
ω Immediate cardiac or respiratory collapse (PE, blocked airway, 

unresponsive to optimal care) 





Paediatric respiratory failure
Indications: consideration for ECMO is best within the first 7 days of mechanical 

ventilation at high levels of support  

Contraindications 

ω Recent neurosurgical procedures or intracranial bleeding (within 10 days). Grade II 

or III intracranial haemorrhage is a general contraindication.  

ω Recent surgery or trauma: increased risk of bleeding. Care to maintain adequate 

ŎƻŀƎǳƭŀǘƛƻƴ ŦŀŎǘƻǊǎΣ ǇƭŀǘŜƭŜǘ Ŏƻǳƴǘǎ ŀƴŘ ǳǎŜ ƻŦ ƭƻǿ !/¢Ωǎ όмсл-180) may be 

helpful. 

ω Age and size: No weight limit although obese patients (especially >100kgs) may 

require special beds, have high risk of decubiti. May also be more difficult to 

cannulate.

ω Patients with severe neurologic compromise, genetic abnormalities (not including 

Trisomy 21). 

ω Relative: end-stage hepatic failure, renal failure, primary pulmonary hypertension.  



ECMO indications

ωOxygenation index (OI): if > 40 predicts 80 % 
mortality without ECMO
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Neonatal respiratory failure
Contraindications: 
ω lethal chromosomal disorder (includes trisomy 13, 18 but not 21) 

or other lethal anomaly
ω Irreversible brain damage
ω Uncontrolled bleeding
ω Grade III or greater intraventricular haemorrhage. 
Relative contraindications include
ω Irreversible organ damage (unless considered for organ 

transplant)
ω <2 Kg
ω <34 weeks GA because of the increased incidence of increased 

intracranial haemorrhage.
ω Mechanical ventilation greater than 10-14 days.
ω Patients with disease states with a high probability of a poor 

prognosis. 



Extracorporeal membrane 
oxygenation (ECMO)

Queen Elizabeth II visited one of ECMO 

patients at GOSH on its 150th anniversary 

on 14 February 2002.



Extracorporeal membrane 
oxygenation (ECMO)

ωPrinciple of 
cardiopulmonary 
bypass

ωVA ECMO

ωVV ECMO



Difference between VA and VV 
ECMO



Difference between VA and VV



Equipments for ECMO

ωPump: roller or centrifugal
ωMembrane oxygenator
ωBladder reservoir
ωTubing
ωCannula
ωAir bubble detector
ωHeat exchanger
ωAdditional equipment: haemofiltration



The Heart

ωRoller pump

ωCentrifugal pump

ωNon pulsatile

ωPulsatile is more physiological 









ECMO

ωMembrane oxygenator

ωAvoid direct contact between oxygen and 
red blood cell

ωLess thrombogeniceffect

ωSuitable for prolonged use

2 major types
ω Hollow fiber

ω Silicone membrane



Membrane oxygenator



Silicone membrane



ωSilicone membrane

ωRolled silicone sheet

ωPlasma leak



Hollow fiber





Current oxygenator

ωHallow fiber

ωPolymethylpentene

ωHeparin-coated

ωEffective in 
ωBlood oxygenation

ωCO2 elimination

ωLow pressure drop

ωLast 15-21 days



ECMO cannulae



ECMO cannulae



Bladder reservoir

ωSoft silicone bag

ωObserve amount of 
blood coming in and 
out the reservoir



Heat exchanger



Pressure monitor and 
flow detector

ωPre-membrane and post-membrane 
pressure monitor

ωFlow detector 







ECMO techniques and cannulation

ωCommon sites 
1. Venous 

a. right atrium 
b. femoral vein 
c. jugular vein 

2. Arterial 
a. aortic
b. carotid artery
c. femoral artery
d. axillary artery



ECMO cannulation







ECMO circuits











Initiation and maintenance of 
ECMO

ωCircuit setup

ωHeparinisation 

ωCannulation 

ωFlow: 

ωPaediatric 100-150 ml/kg/min

ωAdult 80 ς100% cardiac output

ωMonitoring 



Haemodynamic support

ωInotropic drugs: Dopamine, Dobutamine, 
etc.

ωIn some cases: Noradrenaline may be 
needed because of low SVR. Blood pressure 
generated by ECMO depends upon ECMO 
flow and SVR.

MABP = Flow x SVR

ωFluid replacement 

ωBlood component



Ventilatory management

Å Rest setting

ωRate 10 bpm

ωFiO2 0.21

ωPEEP 10

ωPIP 20

ωIncreased ventilation setting may be used 
for VV ECMO or cardiac ECMO



Monitoring 

ωpO2 60-80 mmHg 

ωpCO2 40-45 mmHg 

ωpH 7.40 

ωACT 180-250 sec. (vary from institution 
to institution), present 160-180 sec.

ωFluid intake and output should be 
balanced 

ωRespiratory tidal volume of 10ml/kg 



Haematocrit 

For VV ECMO: 

Keep 40-45 %

For VA ECMO 
Keep > 40%



Anticoagulation management

ωLoading of heparin 100 units/kg/dose (70 
units/kg/dosebefore cannulation

ωMaintenance: 30 ς60 units/kg/hour

ωAdd heparin 25 units/kg in 1mlof 0.9%NaCl or 
5% D/W 50 ml

ωStart infusion when ACT < 350 sec.



Anticoagulation monitoring

ωActivated clotting time (ACT)

ωUse diatomaceous earth as the activator

ωRequired level 180-250 sec. (GOSH 170-200 
sec.)

ωMaintained by continuous heparin infusion



Anticoagulation monitoring



Cerebral monitoring

ωElectroencephalography: periodically 
done in case of monitoring CNS function



Applications of ECMO

ωCardiopulmonary support

ωBridge to recovery

ωBridge to destination

ωBridge to bridge

ωBridge to transplantation



ECMO as a bridge to bridge

Å �Y�^�š�Œ���š���P�Ç���}�(�������>�^���š�}���]�u�‰�o���v�š�����o�����>�s���������Œ�]���P����
to heart transplant in adult patients who are in 
need of circulatory support and who are not 
initially candidates for other forms of 
mechanical support. The favorable results of 
this strategy support utilization of ECLS even in 
situations where myocardial recovery is thought 
to be unlikely.

Francis D. Pagani, MD, PhD, Keith D. Aaronson, MD, Fresca Swaniker, MD, and Robert H. 
Bartlett, MD Ann Thorac Surg 2001;71:S77ς81


