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History of Extracorporeal Cardiorespiratory Support

• The history of ECMO is related to the development of CPB.
• The first successful use of CPB in a human was by Gibbon in 1953, to repair an 

atrial septal defect in an 18-year-old patient.
• Warden USE of cardiac surgery with CPB,to many centers.(next years).
• During this period the Extracorporeal Life Support Organization or ELSO was 

founded, first at the University of Michigan in 1989, then a European ELSO 
group formed in 1991.

• This organization has played a key role in documenting worldwide ECMO use. 





Introduction
• Extracorporeal membrane oxygenation or ECMO refers to a number of 

configurations of extracorporeal circulatory and/or respiratory support.
• Other instrument such:
• MCS (mechanical circulatory support). 
• ECLS (extracorporeal life support) have been used. 
• But in North America ECMO most commonly used for work of the heart and 

lungs by adding oxygen and removing carbon dioxide from circulating blood 
for prolonged intervals. 



• Venovenous (VV) ECMO withdraws venous blood and returns oxygenated 
blood to the right side of the heart supporting only respiration.

• venoarterial (VA) ECMO withdraws venous blood and returns oxygenated 
blood to the arterial system, thereby supporting both respiration and 
circulation.

• Another configuration is venous-pulmonary artery (VPA) ECMO used to 
support the right heart and the lungs when there is right heart failure and 
respiratory failure but the left heart is not supported.
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• This is a closed system without a reservoir, with some or all of the circuit 
components surface bonded with heparin, and is designed for extended use, 
such as days or weeks.

• This is in contrast to the extracorporeal circuit used for (CPB) in the operating 
room that uses larger-diameter and longer tubing(larger “prime” volume), and 
is an open system with a reservoir designed to receive input not only from the 
venous cannula but also from the operative field.

• There is some evidence in the lung transplant literature that use of ECMO 
during the surgical procedure may be associated with a smaller systemic 
inflammatory response than the use of the traditional CPB.
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ECMO in the treatment of poisoned patients

• Abstract:
• ECMO in the influenza A/H1N1 pandemic of 2009 low mortality in patients with ARDS so it 

very interested device for poisoning PATIENT. 
• Methods:
• We searched Pubmed,from 1966 to September 2012 using the search terms(ECMO)
• These searches identified 242 papers of which 116 described ECMO in conditions other than 

intoxications. 
• In total 46 publications selected for these were case reports or case series involving 

poisoned patients.
• ECMO TECHNIQUES:Two types of ECMO are used:veno-venous ECMO(VV-ECMO)or veno-

arterial ECMO (VA-ECMO). 
• Conclusions:
• ECMO equipment has improved considerably.
• ECMO is considered a good salvage therapy for patients who are severely poisoned with 

ARDS or refractory circulatory shock.



Extracorporeal Membrane Oxygenation
• ECMO is indicated in poisoned patients in refractory shock that are failing

conventional treatment. (Level III recommendation).
• There are multiple reports of poisoned patients successfully resuscitated with

ECMO. 
• In a retrospective review of poisoned patients in arrest or shock, mortality was

improved in those that received ECMO compared to those that did not(23/48) 
(86%vs. 48%, p<0.02). 

• In many cases, poisoned patients are ideal candidates for ECMO In these 
patients,ECMO serves as a bridge until the toxic xenobiotic is metabolized or 
eliminated, until patient should regain normal cardiovascular function.



Experimental Evidence
• Three preclinical studies evaluated the efficacy of ECMO for toxin-induced 

shock (level III evidence). 
• Each study utilized the veno-arterial ECMO technique that proved superior to 

other experimental treatments. 
• One study involved lidocaine toxicity and two investigated cyclic 

antidepressants. 
• In the lidocaine study, canines were poisoned with a large intravenous bolus 

(30 mg/kg) until animals developed cardiovascular collapse and then received 
either standard pharmacological resuscitation or ECMO for 90 min. 

• All animals receiving ECMO treatment survived compared with only25 % for 
those receiving treatment. 



• Swine infused with amitriptyline to induce severe shock were treated 
for 90–120 min with ECMO or standard pharmacological therapy. 

• As in the first two studies, there was impressive survival in the ECMO 
group (100 vs. 10 %) at 6 h.

Experimental Evidence



• Although all three preclinical studies provide positive evidence for ECMO use 
in cardiogenic shock and cardiac arrest,

• There are critical limitations to translating the impressive results in these 
models to the human experience: 

• 1-Foremost, there was no delay to ECMO in the Animals models. 
• 2-Secondly, these studies were conducted over relatively short 

durations(hours) and did not assess for long-term clinical outcomes such as 
neurological outcome or complications due to therapy itself. 

• 3-Lastly,the trials evaluated one local anesthetic and two cyclic 
antidepressants.

Experimental Evidence



• The first reported case for the use of ECMO in poisoning

• A 30-yr-old male with a history of depression presented after a severe 
flecainide overdose 

• Plasma concentrations exceeding 20 times the upper limits

• Refractory cardiocirculatory collapse successfully treated with ECMO





• 26/ M had myocardial failure & conduction disturbances due to 
carbamazepine toxicity.

• Unresponsive to very high inotropic support.

• VA- ECMO was instituted for 6 days

• Patient recovered without any neurological sequale.



• 23 Yr old male found unconscious in bathroom 

• Had h/o closed room smoking & heavy alcohol

• Developed stunned myocardium induced pulmonary oedema

• Mechanical ventilation with High PEEP were failed to improve
•.
• VA ECMO instituted for 3 days

• Recovered completely





پاراکوات                           

•  )بی پيريديليوم کلريد۴و۴دی متيل -١و١(پاراکوات 

مهم ترين علف کش از دسته بی پيريديل ها است که به طور گسترده در بخش کشاورزی به عنوان 
. يک علف کش غير انتخابی استفاده می شود

و ناشی از نوشيدن محلول های غليظ از ظروف بدون اين سماتفاقی مرگ و ميرهای اوليه مربوط به 
بر چسب و ظرفبه ظرف کردن های غير مجاز بود که به دنبال انتشار اين اخبار زمان زيادی 

نگذشت که مرگ و مير به علت خودکشی با اين ماده نيز گزارش شد



Aluminium phosphide poisoning



برنج                   مسموميت با قرص 

• مسموميت با آلومينيوم فسفيد

معضلی بزرگ و کم پرداخته در سراسر جهان، به ويژه در شبه قاره هندوستان است

 از آن برای ضدعفونی و حفاظت از دانه های غلاتی همچون برنج استفاده می شود

مرگ با قرص برنج از نوع مرگ سلولی است؛ و اين بدان معنی است که در اين مرگ 
.هر يک از بافت ها و سلول ها که عناصر تشکيل دهنده جسم می باشند ميميرند

خاصيت سمی آلومينيوم فسفيد به خاطر گاز فسفين (که دارای ويژگی سيتوتوکسيتی است)  
است که باعث جراحات راديکال آزاد می شود که از فعاليت آنزيم های سلول های حياتی 

جلوگيری و بافت ها را نابود می کند





Aluminium phosphide poisoning
• Acute aluminium phosphide poisoning (AAlPP):
• Problem throughout the world, 
• Particularly in the Indian and Nepalese subcontinent. 
• Which is readily available as a fumigant for stored cereal grains.
• Signs, symptoms, and diagnosis:
• The major lethal consequence of aluminium phosphide ingestion is 

profound circulatory collapse(few minute).
• Other features may include dizziness, fatigue, tightness in the chest, 

headache, nausea, vomiting, diarrhoea, ataxia, numbness, paraesthesia, 
tremor, muscle weakness, diplopia and jaundice. 

• If severe inhalation occurs, the patient may develop acute respiratory 
distress syndrome (ARDS), heart failure, arrhythmias, convulsion and 
coma. 

• Late manifestation include liver and kidney toxicities.



• Mechanism of toxicity:
• The toxicity of aluminium phosphide is attributed to the liberation 

of phosphine gas, a cytotoxic compound that causes free 
radical mediated injury, inhibits vital cellular enzymes and is directly 
corrosive to tissues.

• Management and outcome:
• The management of AAlPP remains purely supportive because no specific 

cure exists. 
• Mortality rates approach 60%. 
• Correction of metabolic acidosis.
• The role of magnesium sulfate as a potential therapy

Aluminium phosphide poisoning



Incidents 

• It has been reported to be the most common method of suicidal death 
in North India.

• Deaths have also been reported in Iran

• Aluminium Phosphide is a highly effective insecticide and 
rodenticide. 

• However, it is highly toxic with high mortality rate if ingested. 
• It produces severe metabolic acidosis and cardiogenic shock with no

available antidote, so management may be the only supportive
treatment. 

• Early decontamination and interventions may be helpful. 
• Restricted use and awareness programs to farmers may be beneficial 

in prevention of toxicity.



Accidental inhalation of aluminium phosphide fumes lead to severe 
myocardial dysfunction 

Inspite of very high inotropic support & IABP haemoynamics did 
not improve

ECMO was continued for 10 days & patient recovered



• 17 year old boy with severe LV dysfunction was treated successfully with VA ECMO
• ECMO was continued for more than 5 days.



• Accidental poisoning with ALP
• Haemodynamically unstable severe LV dysfunction despite very high 
inotropes & vasopressors
• VA ECMO for 10 days
• Extubated on day 11
•Neurological sequalae
•was treated successfully 



In the high-risk group (n = 45), the mortality rate was significantly (p < 0.001) lower 
in patients who received ECMO (33.3%) compared to those who received 
conventional treatment (86.7%). 







Massive diltiazem overdose treated with 
extracorporeal membrane oxygenation





Role of ECMO in Poisoning 

• The standard indication of using ECMO is acute severe heart or lung 
failure unresponsive to optimal conventional therapy with high 
mortality risk. 

• ECMO should be started in most circumstances at 80% mortality 
risk,which is similar for poisoned patients. 

• Moreover, these patients are relatively young and otherwise healthy.
• One can expect a better outcome once the toxin is either 

metabolized or completely eliminated from the body.



• ECMO may be useful in providing adequate cardiac output and 
maintain tissue perfusion which helps to facilitate the metabolism 
and excretion of poison. 

• ECMO supports both cardio respiratory function (venoarterial [VA] 
ECMO) and respiratory function alone (VV ECMO) for a longer 
duration depending on indication. 

• There are no guidelines for the appropriate time for ECMO initiation 
in severely poisoned patients. 

• The decision about initiation primarily depends on the clinical 
judgment.

Role of ECMO in Poisoning 



1-Drugs :
• A-Membrane stabilizing activity:

• 1-Antiarrhythmics (Vaughan Williams class I).
• 2-Betablockers (propranolol,  acebutolol,  nadoxolol,  pindolol, etc.).
• 3-Dopamine and  norepinephrine  uptake  inhibitors  (bupropion).
• 4-Antiepileptics (phenytoin and carbamazepine).
• 5-Antimalarial agents (quinine and chloroquin).
• 6-Polycyclic  antidepressants (imipramine,  desipramine, amitriptyline, doxepin).
• 7-Opioids (dextropropoxyphene).
• 8-Recreational agent (cocaine).
• 9-Amphetaminelike substances

Common Poisoning Substances with 
Cardiotoxic Potential



• B-Other drugs:

• 1-Calcium channel blockers (nifedipine, nicardipine, verapamil, diltiazem, etc.).

• 2-Meprobamate.

• 3-Colchicine.

• 4-Cardiac glycosides (digoxin).

• 5-H1 antihistaminic.

Common Poisoning Substances with 
Cardiotoxic Potential



• 2-Pesticides:
• a.Insecticides: Organophosphate, carbamates.
• b-Herbicides: Paraquet.
c.Rodenticides:
• C-1- Aluminum phosphide.
• C-2-Yellow phosphorus.
• C-3-Zinc phosphide.

Common Poisoning Substances with 
Cardiotoxic Potential



3.Plant toxins:
The most severe form of plant toxins may produce complete heart

block, bradyarrhythmia, tachyarrhythmia, or ventricular arrhythmia.
a. Aconite.
b. Taxus. 
4.Others:
a. Carbon monoxide. 
b. Cyanide.

Common Poisoning Substances with 
Cardiotoxic Potential



ECMO for Respiratory Failure (VV ECMO)

• ECMO experience in neonatal and pediatric respiratory failure is benefcial.
• Poor outcomes deterred adult use of ECMO for more than 20 years.
• The results supported the use of ECMO performed in a specialized center to 

improve survival: 63% versus 43%survival with ECMO versus standard 
treatment. 

• 1-From 2001 to 2006 a large, British trial was performed to evaluate VV ECMO 
for respiratory failure in adults. 

• 2-This study was performed during the H1N1 influenza pandemic.



• Another report(case series) of VV ECMO:
• 1-In adults ARDS due to H1N1was reported from Australia and New 

Zealand(ANZ ECMO). 
• 2-This study found a 79% survival at 30 days in patients who received ECMO.
• Recently a large multicenter trial of VV ECMO 
• 1-In adults with severe ARDS, the EOLIA trial, was published in 2018,with
• 2-The authors concluding no difference in mortality between ECMO and 

conventional therapy at 60 days: 35% versus 46% (P = .09). 
• 3-Editorial comments on this study have challenged this conclusion, maintaining 

that it supports the use of early ECMO in adults with severe ARDS. 

• Another report(case series) of VV ECMO:
• 1-In adults ARDS due to H1N1was reported from Australia and New 

Zealand(ANZ ECMO). 
• 2-This study found a 79% survival at 30 days in patients who received ECMO.
• Recently a large multicenter trial of VV ECMO 
• 1-In adults with severe ARDS, the EOLIA trial, was published in 2018,with
• 2-The authors concluding no difference in mortality between ECMO and 

conventional therapy at 60 days: 35% versus 46% (P = .09). 
• 3-Editorial comments on this study have challenged this conclusion, maintaining 

that it supports the use of early ECMO in adults with severe ARDS. 





Box 85.1 Indications for VV ECMO



Indications for VV ECMO in Respiratory Failure

• As VV ECMO supports only respiratory function, if the patient has right- or 
left-sided cardiac failure then another configuration of support must be used.

• The most common indication is ARDS, most commonly due to viral or 
bacterial infection.

• As indicated previously, the most studied population is patients with H1N1 
viral pneumonia.

• A commonly used assessment for the severity of ARDS is the Murray score, 
which is based on four standard criteria: PaO2/FiO2 gradient for oxygen, 
degree of PEEP, number of quadrants affected as shown on the chest 
radiograph, and lung compliance.





number of quadrants affected as shown on 
the chest radiograph the Murray 



• In 2012, the Berlin criteria were published,where the severity of ARDS is rated 
as mild, moderate, or severe based on the PaO2/FiO2 gradient for oxygen if 
other criteria are present.

• In general, patients with severe ARDS (PaO2/FiO2 gradient of < 100 mm Hg 
with PEEP > 5) are potential candidates for ECMO as the mortality without 
ECMO is approximately 40%.

• If a patient being considered for VV ECMO is not at an ECMO center or one 
with expertise in management of ARDS, transfer to such a facility is likely to 
provide a better outcome even in the absence of ECMO.

• Many reports indicate that outcomes are better with earlier institution of 
ECMO.

Indications for VV ECMO in Respiratory Failure



Berlin criteria



• Specific patient conditions should also be considered.
• 1-Although no specific age is a contraindication, increased age is 

considered to increase the risk. 
• 2-A body mass index (BMI) of more than 40 to 45 may be associated 

with technical difficulties and the risk of not being able to achieve an 
adequate blood flow.

Contraindications to VV ECMO



Contraindications to VV ECMO

• In keeping with ELSO guidelines there are no absolute contraindications for VV 
ECMO in adult.

• There are, conditions known to be associated with a poor outcome:
• These conditions include:
• 1-Injurious mechanical ventilation for 7 days or longer. 
• 2-Major pharmacologic immunosuppression.
• 3-Intracranial hemorrhage that is recent or expanding.





ECMO for Circulatory Failure (VA ECMO)
• VA ECMO can be used to support the heart and lungs temporarily in a patient with 

poor cardiac function. 
• VA ECMO use postoperative cardiopulmonary support in a cardiac surgery patient 

who fails to separate from CPB.
• It use in patient with refractory cardiac failure with or without associated respiratory 

failure. (e.g., myocarditis).
• VA ECMO use To evaluate for long-term advanced therapies such as a durable 

ventricular assist device or cardiac transplant.
• Urgent use of ECMO in the acute setting of in-hospital cardiac arrest (ECPR) is also 

practiced in some centers.
• VA ECMO can be instituted at the bedside.
• It may be the preferred technique for emergent cannulation in any form of 

respiratory or cardiac failure.



• The historical perspective for use of VA ECMO for cardiac or combined 
cardiorespiratory support in adults is illustrated in the 2016 report from the 
ELSO registry.

• Adult cardiac ECMO was in its infancy in 1990 with little increase in use until 
2006.

• There were more than 2000 adult cardiac ECMO runs reported to ELSO in 
2015.

• Success in the neonatal and pediatric populations. 
• Success and experience with VV ECMO for adult respiratory failure.
• Overall survival in adults who receive ECMO for cardiac indications is 

approximately 40% with a slight increasing trend over the last 10 years.

ECMO for Circulatory Failure (VA ECMO)



Left-Sided Mechanical Circulatory Support



• Such patients always need left ventricular support but if right heart function 
and pulmonary function are adequate a short-term percutaneous LVAD might 
be appropriate. 

• Short-term devices such as a percutaneous left ventricular assist device (LVAD, 
e.g., Impella )are one type of support. 

• If, however the right heart, or lungs, or both, needs support, then VA ECMO is 
most appropriate.

• Another issue is urgency or acuity:peripheral VA ECMO can be initiated at the 
bedside without imaging more rapidly than a temporary assist device.

• For acute recoverable myocardial illness such as myocarditis, survival is 
approximately 67% with VA ECMO.

Indications For VA ECMO



• According to the 2013 ELSO guidelines the most common indication 
for VA ECMO in adult cardiac failure is the presence of cardiogenic 
shock (end organ hypoperfusion) despite the use inotropes. This 
includes :

• 1-Cardiogenic shock with or without myocardial infarction.
• 2-Fulminant myocarditis.
• 3-Peripartum cardiomyopathy.
• 4-Decompensated chronic heart failure.
• 5-Right heart failure. 
• 6-Medication or toxic drug overdose. 
• 7-Postcardiotomy shock.

Indications For VA ECMO



Contraindications to VA ECMO
• Absolute contraindications to VA ECMO include 
• 1-Acute intracranial hemorrhage.
• 2-Massive stroke.
• 3-Active bleeding.
• 4-Severe aortic insufficiency.
• Relative contraindications may include 
• 1-Contraindication anticoagulation.
• 2-Advanced age.
• 3-Obesity.
• 4-Active cancer. 
• 5-Suicide attempt.
• 6-Chronic hemodialysis.
• 7-End-stage liver disease. 
• 8-Aortic dissection.
• 9-Lack of social support.



• The initiation of any form of ECMO is lifesaving when the heart, or 
lungs,or both are failing despite maximum medical therapies.

• When the young and healthy patient advanced 
• 1-Acute cardiac failure(viral cardiomyopathy)
• 2-Acute refractory lung failure(viral pneumonia)
• 3-Acute intoxication(Alp intoxication)
• The decision to initiate lifesaving extracorporeal support as a “bridge 

to recovery” seems relatively straightforward.

The Ethics of ECMO



• When a request comes from an outside hospital, many institutions make this a 
shared decision by a small committee (i.e., 3 individuals) who are all familiar 
with and participate in ECMO management.

• Overall survival for adult respiratory and cardiac ECMO is approximately 60% 
and 40%, respectively. 

• The other side of this coin is that mortality remains at 40% and 60%.

The Ethics of ECMO





VV ECMO VA ECMO
Provides respirarory support Provides respiratory and 

Hemodynamic support
Blood from and return to venous 
circulation

Blood from venous and Return to 
Arterial circulation

There are no absolute contraindications Absolute contraindications

Less Arterial injery Bridge to recovery or for Transplant 
Changing flow rate affects on po2 Changing flow rate affects on cardiac 

out put




