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Abstract
Extracorporeal membrane oxygenation (ECMO) is a modality utilized for partially or completely supporting the cardiac 
and/or pulmonary function. There are multiple vascular access techniques depending upon the necessity and the mode of 
ECMO used. ECMO has evolved over the years as an integral part of the cardiac care discipline. Historically, this lifesaving 
modality began as an extension of cardiopulmonary bypass and was associated with adverse outcomes. Currently, ECMO 
has evolved as an accepted and viable solution to patients with severe cardiac/respiratory/cardiorespiratory failure that is 
refractory to conservative management. The outcomes of patients on ECMO are dependent on multiple factors originating 
from demographic and pathophysiological status of patients as well as the control of homeostasis during ECMO within the 
acceptable range. Various studies have been published by many practitioners over past decades since the dawn of ECMO 
era. A brief review of such experience is summated, and a conclusion is derived about the clinical course of the patients on 
ECMO, while adding the author’s experience about the same in a tertiary care large-volume center.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is an 
advanced modality used to support the failing heart, lungs, 
or both. The support may be partial or full depending on the 
status of the cardiorespiratory function. Vascular access may 
be achieved centrally, peripherally, or as a hybrid technique. 

Over time, ECMO has evolved as an offshoot of cardiac sur-
gery and has become an integral part of cardiac care where 
advanced and high-risk cardiac surgeries and interventional 
cardiology procedures are performed. Additionally, ECMO 
is an essential component of intensive care units where its 
use is indicated in severe respiratory failure that does not 
respond to conventional therapy. ECMO may be used as a 
bridging therapy (bridge to decision, bridge to recovery, and 
bridge to transplantation). Finally, ECMO may be used to 
facilitate resuscitation of the patients who are in refractory 
cardiac arrest; this is called extracorporeal cardiopulmonary 
resuscitation (ECPR).

History

Gibbon in 1953 had successfully utilized cardiopulmonary 
bypass (CPB) for the first time for the correction of atrial 
septal defect (ASD) using a screen oxygenator [1]. The first 
documented use of ECMO, a membrane oxygenator in a 
patient with severe respiratory failure following trauma, was 
performed by Hill and associates in 1972 [2]. In 1975, Dr 
Robert Bartlett successfully used ECMO to treat a new-born 
patient following respiratory failure secondary to meconium 
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aspiration [3]. In 1989, the Extracorporeal Life Support 
Organization (ELSO) was founded in Michigan by Robert 
Bartlett and his associates. ECMO in India was first reported 
by K. V. Surendranath, D. P. Shetty, and team from BM 
Birla Heart Research Centre in Calcutta in December 1991 
in a paper entitled “Long Term Cardiopulmonary Support 
in Children.”[4] The ELSO Society of India (ESOI) was 
established in India in 2010 for improving the awareness of 
ECMO in India. In 2013, the South and West Asia Chapter 
(SWAC) was incorporated by ELSO, and in 2015 Africa was 
added to SWAC making it the South and West Asia, Africa 
Chapter of ELSO (SWAAC) [5].

Landmark Trials

Zapol and associates published a trial in 1979 performed 
in 90 patients with acute respiratory failure (ARF) that 
demonstrated lack of long-term survival with the use of 
ECMO in patients with severe ARF. However, there were 
many limitations like the usage of the standard ventilation 
technique (high tidal volume and low PEEP), lack of guide-
lines on anticoagulation, patient selection, along with the 
use of veno-arterial (VA)-ECMO instead of veno-venous 
(VV)-ECMO [5]. The concept of extracorporeal removal of 
 CO2 was put forth by Gattinoni and colleagues during 1980s 
in a series of publications. This technique was used with a 
combination of low-frequency, intermittent positive-pressure 
ventilation with a view to permit lung rest in patients with 
severe respiratory failure in conjunction [6, 7].

There has been a remarkable increase in the use of 
ECMO globally in the recent past: this is attributable to two 
important publications. Firstly, the Conventional Ventila-
tory Support Versus Extracorporeal Membrane Oxygena-
tion for Severe Adult Respiratory Failure (CESAR) trial in 
2009 supported the use of ECMO in specialized centers for 
patients with potentially reversible severe respiratory failure. 
The severity of respiratory failure was based on the deri-
vation of the Murray Score that used four criteria, namely 
 PaO2/FiO2 ratio, positive end-expiratory pressure (PEEP), 
dynamic lung compliance, and the number of quadrants 
infiltrated on the chest radiograph. A Murray Score greater 
than 3.0 was the main criterion institution of ECMO in addi-
tion to respiratory acidosis with a pH lower than 7.20. The 
CESAR trial showed an improvement in survival: 63% ver-
sus 43% by conventional treatment [8]. Its limitations were 
that there was no standard protocol for ventilatory manage-
ment in the control group, whereas the ECMO group was 
managed with lung protective ventilation. Zapol and associ-
ates published a trial in 1979 performed in 90 patients with 
acute respiratory failure (ARF) that demonstrated lack of 
long-term survival with the use of ECMO in patients with 
severe ARF. However, there were many limitations like 

the usage of standard ventilation technique (high tidal vol-
ume and low PEEP), lack of guidelines on anticoagulation, 
patient selection, along with the use of veno-arterial (VA)-
ECMO instead of veno-venous (VV)-ECMO [9]. The second 
publication that endorsed the use of ECMO in respiratory 
failure was the 2009 influenza A (H1N1) pandemic; the 
“ANZ-ECMO” was a case series published from Australia 
and New Zealand about the use of VV-ECMO in patients 
with ARDS, which showed a survival of 79% at 30 days 
[10]. This resulted in a dramatic increase in this use of VV-
ECMO all over the world as a rescue therapy for patients 
with severe respiratory failure unresponsive to conven-
tional therapy that included mechanical ventilation. How-
ever, the “ECMO to Rescue Lung Injury in severe ARDS” 
(the EOLIA) study demonstrated that in patients with very 
severe ARDS, 60-day mortality was not significantly lower 
with ECMO than with a strategy of conventional mechanical 
ventilation that included ECMO as rescue therapy [11]. In 
the EOLIA trial, indications for the use of VV-ECMO were 
patients with very severe ARDS, with by one of three crite-
ria: (i) a ratio of partial pressure of arterial oxygen (PaO2) to 
the fraction of inspired oxygen (FiO2) of less than 50 mmHg 
for more than 3 h; (ii) a PaO2:FiO2 of less than 80 mmHg for 
more than 6 h; or (iii) an arterial blood pH of less than 7.25 
with a partial pressure of arterial carbon dioxide of equal to 
or greater than 60 mmHg for more than 6 h. VV-ECMO has 
been used for many years in treating ARDS and is now the 
widely used therapy for supporting patients awaiting lung 
transplantation for interstitial lung disease, cystic fibrosis, 
aspiration pneumonitis, and most recently for COVID-19 
ARDS. Raleigh and associates have demonstrated from 10 
studies that the use of ECMO in the pre-transplant period 
does not affect the post-transplant outcome compared to 
those who did not require ECMO [12]. However, Brodie 
et al. have highlighted that the role of extracorporeal life 
support in the management of adults with acute respiratory 
failure is being redefined by advances in technology and 
increasing evidence of its effectiveness. Future develop-
ments in the field will result from technological advances, 
an increased understanding of the physiology and biology 
of extracorporeal support, and increased knowledge of how 
it might benefit the treatment of a variety of clinical condi-
tions [13].

Indications of VA‑ECMO and VV‑ECMO

VV‑ECMO

VV-ECMO should be taken into consideration in patients 
with potentially reversible severe acute respiratory failure 
that is refractory to optimal conventional management. The 
indications for VV-ECMO may be conveniently categorized 
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into (i) pathophysiologic criteria, (ii) criteria based on scor-
ing systems, and (iii) specific clinical conditions. The patho-
physiological criteria for initiation of ECMO are (i) hypox-
emic respiratory failure  (PaO2/FiO2 ratio < 80 mmHg despite 
optimal management including a trial of prone position (ii) 
hypercapnic respiratory failure with  PaCO2 > 60 mmHg and 
pH < 7.25 despite optimal ventilatory management.

Specific indications for VV-ECMO other than respira-
tory failure in ARDS alluded above include severe air leak 
syndromes, for  CO2 retention in mechanically ventilated 
patients despite a high (> 30 cm  H2O) plateau pressure 
(Pplat), and for miscellaneous patient conditions such as air-
way support in a patient listed for lung transplantation and a 
patient with acute respiratory failure unresponsive to optimal 
care. The indications and contraindications of VV-ECMO 
and VA-ECMO are detailed in Tables 1 and 2.

Types and Techniques of ECMO

ECMO consists of two major types—veno-arterial (VA) 
ECMO and veno-venous (VV) ECMO (Fig. 1). There are 
further two subtypes in VA-ECMO—central and peripheral.

VA-ECMO provides rest to the heart by taking over the 
function of the heart perfusing the body. VV-ECMO pro-
vides rest to the lung by providing oxygenation and car-
bon dioxide removal. In VA-ECMO, the machine draws 
deoxygenated blood from the systemic venous circulation, 
oxygenates the blood, and supplies oxygenated blood to the 
systemic arterial circulation for perfusion to the whole body. 
This is achieved by placing cannula in the right atrium (RA) 
for the purpose of drawing the blood and placing another 
cannula in the ascending aorta for returning the blood. This 

is called central VA-ECMO. In peripheral VA-ECMO, one 
drainage cannula is inserted in the right femoral vein, the 
tip of which is positioned at the level of the right atrium, 
whereas the return cannula is inserted in the right femo-
ral artery with the tip residing in the common iliac artery 
(please see Fig. 2).

In VV-ECMO, three different configurations of cannu-
lation are possible (please see Fig. 3): (i) femoro-jugular: 
the drainage cannula is inserted in the right femoral vein 
and advanced until the inferior vena cava-right atrium (IJV-
RA) junction, and the return cannula is inserted in the right 
internal jugular vein (IJV) and advanced until the mid-RA; 
(ii) femoro-femoral: the drainage and return cannulae are 
inserted in femoral veins on either of the sides. The drain-
age cannula is advanced until the proximal IVC, while 
the tip of the other one, the return cannula, is advanced 
until the mid-RA. The return cannula may be in the same 
femoral vein as the drainage cannula, or it may be in the 
contralateral femoral vein. (iii) Dual lumen cannula: VV-
ECMO may also be configured using a dual lumen cannula 
with one lumen draining blood from the inferior vena cava 

Table 1  Indications for ECMO

*  (based on SHOCK trial, 1999): (i) SBP < 90 mmHg or vasopressor support to maintain SBP > 90 mmHg; 
(ii) evidence of end-organ damage (urine output < 30 mL/h, cool extremities); (iii) hemodynamic criteria: 
CI < 2.2 L/min/m2, PCWP > 15 mmHg; VA veno-arterial, VV veno-venous, ARDS adult respiratory distress 
syndrome, CPB cardiopulmonary bypass, ECPR extracorporeal cardiopulmonary

VA-ECMO VV-ECMO

1. Refractory cardiogenic shock* 1. Severe ARDS
2. Combined cardiorespiratory failure 2. Severe pneumonia/acute eosinophilic pneumonia
3. Failure to wean from CPB 3. Severe asthma
4. Bridge to ventricular assist device and/or transplan-

tation
4. Thoracic trauma

5. Unstable/refractory arrhythmias 5. Aspiration pneumonitis
6. Cardiac arrest without return of spontaneous circu-

lation (ECPR)
6. Inhalational injury

7. Massive pulmonary embolism 7. Air-leak syndromes
8. Before and/or after lung transplant
(peri-lung transplant)
9. Bridge to recovery or transplantation
10. Diffuse alveolar/pulmonary hemorrhage

Table 2  Contraindications to ECMO

Absolute Relative

Acute intracranial hemorrhage Advanced age
Massive stroke Contraindications to anticoagulation
Active bleeding Morbid obesity
Malignancy End-stage liver disease
Severe aortic insufficiency/

aortic dissection (for VA-
ECMO)

immunosuppression

Mechanical ventilation for more than 
7 days with Pplat > 30 cm  H2O and 
 FiO2 > 90%
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(IVC) and the superior vena cava (SVC). The oxygenated 
blood is returned to the RA through the other lumen with 
the opening of the return cannula facing towards the tri-
cuspid valve. Transesophageal echocardiography (TEE) is 
useful in identifying the jet of blood directed towards the 
tricuspid valve. Hypoxemia during VV-ECMO may be due 
to one of the following reasons: (i) when patient’s cardiac 
output is greater than the ECMO flow, ECMO run may be 

associated with inadequate tissue oxygen delivery; in this 
instance, the ECMO flows can be increased in an attempt to 
increase/normalize oxygen delivery: consumption ratio of up 
to 5:1 but certainly above the critical threshold of 2:1; (ii) 
increased metabolic demand due to sepsis, fever, agitation, 
shivering, etc.; (iii) recirculation which refers to oxygenated 
blood from return cannula reaching the drainage cannula 
without entering the right ventricle due to the proximity of 

Fig. 1  Types of extracorporeal membrane oxygenation (ECMO) techniques

Fig. 2  Veno-arterial (VA) ECMO: (A) The venous drainage cannula 
inserted via the internal jugular vein into the right atrium; the arterial 
return cannula inserted via the carotid artery. (B) The venous drain-
age cannula inserted via the femoral vein into the mid RA and the 

arterial return cannula is inserted via the femoral artery. (C) Central 
VA ECMO: the venous drainage cannula inserted in the RA and the 
arterial return cannula inserted in the aorta
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the cannulae in the RA. This leads to poor gas exchange. 
This may be identified by oxygenated bright red blood issu-
ing out of the drainage cannula. This may be avoided by 
ensuring that the tips of the drainage and return cannula are 
at least 10 cm apart.

In cases of femoral VA-ECMO, two major problems relat-
ing to circuit/ECMO run may be encountered. (i) When the 
native heart recovers function with lungs yet to recover, 
the upper body may be perfused with deoxygenated blood 
emanating from the heart due to cardiac contraction. This 
leads to upper body being perfused with relatively deoxy-
genated blood whereas the lower parts of the body receive 

oxygenated blood. This is termed north/south or Harlequin 
syndrome. In such a case, an additional cannula is inserted 
in the right IJV that is connected to the arterial return can-
nula though a Y-connector. The oxygenated blood passes 
through the pulmonary circulation and returns to the left 
atrium and then to the left ventricle (LV), thus passing to 
the aorta; thus, the upper body gets perfused with adequately 
oxygenated blood. This configuration is called VAV-ECMO 
(Fig. 4). (ii) Left ventricular distension occurs in patients on 
VA-ECMO as a result of inability of the aortic valve to open 
in the setting of an increase in the afterload and decreased 
cardiac contractility, additionally myocardial blood flow 

Fig. 3  (A) Peripheral venous (VV) ECMO: The venous drainage can-
nula is inserted via the femoral vein into the IVC, tip positioned at 
the IVC-RA junction. The oxygenated blood is returned via the can-
nula inserted into the contralateral femoral vein and positioned in the 
mid RA. (B) Peripheral VV-ECMO: The venous drainage cannula 
inserted via the femoral vein and positioned at the IVC-RA junction 
and the oxygenated blood is returned through the cannula inserted 

via the internal jugular vein and positioned in the mid RA. (C) VV-
ECMO by dual lumen cannula: The dual lumen cannula with mul-
tiple orifices is inserted via the internal jugular vein and positioned 
such that the orifices in the SVC and IVC. The oxygenated blood 
is returned through the same cannula via another lumen that opens 
and faces the tricuspid valve. The oxygenated blood is thus directed 
towards the tricuspid valve into the RV

Fig. 4  (A) VAV ECMO: The venous drainage cannula is inserted 
via the femoral vein and positioned at the IVC-RA junction and the 
arterial cannula inserted in the femoral artery. Additionally, a can-
nula supplying oxygenated blood is inserted using a Y-connector in 
the internal jugular vein to the RA; this is a treatment strategy for 

Harlequin syndrome. (B) V-PA ECMO: The venous drainage is via 
the internal jugular vein and the oxygenated blood is returned to the 
pulmonary artery; this strategy is used for patients with isolated right 
ventricular failure
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from the Thebesian veins and bronchial blood return, and 
most importantly systemic venous return that is not captured 
by the ECMO venous cannula. This calls for strategies to 
unload the LV such as placement of LA vent, LV apical 
venting, atrial septostomy, or use of an intra-aortic balloon 
pump or Impella.

In V-PA ECMO, the return cannula is placed in the main 
pulmonary artery using a graft, and a venous drainage can-
nula is either placed in right IJV or any one of the femoral 
veins. Alternatively, a dual lumen inflow cannula can be 
placed that drains simultaneously from the IVC and SVC. 
Yet another technique is where a cannula is placed via the 
right IJV with its inflow (venous drainage) ports in the RA 
and its tip with the outflow port resides in the main pulmo-
nary artery.

The Seldinger technique is used for percutaneous cannu-
lation using a guidewire and serial dilatations or a surgical 
cutdown is done followed by insertion of the cannulae. In the 
author’s institute, surgical cutdown is the preferred method 
and in non-emergency situations, a graft is placed over the 
femoral artery to attach the outflow cannula to avoid limb 
ischemia.

Outcomes of ECMO

Survival

ECMO is an invasive therapeutic modality for resuscitation 
of patients with severe cardiac, respiratory, or cardiores-
piratory failure. Despite its increased utilization, ECMO 
may be associated with many adverse effects and complica-
tions. The ELSO registry showed decreased survival as the 
treatment duration increases [14]. Duration of VA-ECMO 
therapy amongst survivors and non-survivors was quoted 
to be similar in one study [15]. Smith et al. concluded that 
survival was poor in patients who were weaned early, and 
survival was also poor in patients with a long ECMO run. 
This suggests timing of weaning is crucial to have good out-
come [16]. Survival decreases after ECMO therapy crosses 
14 days due to the disease process and treatment complica-
tions adding a cumulative effect [17]. There is no effect on 
mortality with increased duration of VV-ECMO per se [18, 
19].

Scoring

Survival after VA-ECMO can be predicted by means of 
survival after VA-ECMO (SAVE) score developed by 
ELSO in conjunction with the intensive care department 
of Alfred Hospital, Melbourne, in 2015 [20]. This score 
takes into consideration age, diagnosis, cardiac and res-
piratory vital parameters, renal function, and other organ 

functions like the central nervous system and liver func-
tion. It has a good predictive capability with area under 
the receiver operating characteristic curve of 0.68 (95% 
confidence interval: 0.64–0.71).

Complications of ECMO

Complications during ECMO can be broadly categorized 
into (i) circuit-related (technical) and (ii) patient-related.

Circuit‑Related Complications

Circuit-related complications are (i) thrombosis: this is 
the most common complication that can have devastating 
effects: precise anticoagulation and constant vigilance are 
needed to avoid clotting in the ECMO circuits; (ii) circuit 
fracture may occur due to excessive pressure generation in 
the circuit; this will lead to sudden exsanguination of the 
patient and immediate replacement of the affected portion 
of the circuit or the entire apparatus may be necessary; 
(iii) gas embolism is an abrupt entrainment of air leading 
organ ischemia or a devastating air-lock leading to stop-
page of circulation and is usually due to the creation of a 
significant negative pressure and air entrainment in the 
circuit. (iv) Cavitation, in which gas is forced out of the 
liquid medium by a circuit obstruction, can also lead to 
gas embolism.

Patient‑Related Complications

Neurologic Derangements

The literature has cited a vast myriad of neurological issues 
with the use of ECMO [21]. The causative factors for neu-
rological derangements are microemboli, hypocapnia, cer-
ebral hypoperfusion, and loss of cerebral autoregulation. In 
the neonatal age group, with VV-ECMO, the incidence of 
clinical seizures is 9% while that of intracranial hemorrhage 
is 7.4%. In the pediatric VV-ECMO group, the incidence of 
clinical seizures is 5.2% while that of intracranial hemor-
rhage is 6.2%. In adult patients, the data show a lower inci-
dence of neurologic complications with VV-ECMO com-
pared with VA ECMO. According to cumulative ELSO data, 
adult VV-ECMO patients have a 1.0% incidence of clinical 
seizures and a 3.8% incidence of intracranial hemorrhage. 
Adults on VA ECMO have a 1.7% incidence of seizures and 
a 2.4% incidence of intracranial hemorrhage.
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Hemorrhage

Bleeding is the most common complication of ECMO par-
ticularly from cannulation sites due to systemic anticoagula-
tion [22]. Bleeding is known to occur in the gastrointestinal 
tract, brain, and intrapulmonary and retroperitoneal space 
[23, 24]. It is thus, important to closely monitor the heparin 
dosage, activated clotting time (ACT), and activated partial 
thromboplastin time (aPTT) of patients on ECMO. Risk fac-
tors for hemorrhage in patients on ECMO are pre-ECMO 
cardiac arrest, sepsis, renal replacement therapy, influenza, 
hemolysis, and thrombocytopenia [25]. Arterial cannulation 
in VA-ECMO presents a higher bleeding risk compared with 
venous cannulations used in VV-ECMO.

Infection

The prevalence of hospital acquired infections in patients on 
ECMO is 10–12% with coagulase-negative Staphylococcus 
being the major culprit, followed by Candida, Pseudomonas 
aeruginosa, and Enterobacteriaceae [26]. The infection risk 
increases with duration of ECMO utilisation. Other factors 
like translocation of gut bacteria, ECMO-related impairment 
of immune system, colonisation of oxygenator, catheters, 
and cannulae are also other aetiologies [26]. Bizzaro et al. 
and Schmidt et al. have found that the rate of infection is 
directly related to the duration of ECMO therapy [27, 28].

Renal Dysfunction

Makdisi et al. have demarcated phases of renal performance 
of patients receiving ECMO support. They have stated that 
the first 24 to 48 h is the oliguric phase which occurs due 
to inflammatory response of the body. This is followed by a 
diuretic phase [29]. Continuous renal replacement therapy 
(CRRT) is utilized to maintain fluid balance on ECMO. 
Kielstein et al. have demonstrated that survival is reduced 
in patients requiring CRRT when on ECMO [30].

Extracorporeal Cardiopulmonary Resuscitation 
(ECPR)

ECPR, the adjunctive use of ECMO in routine CPR, is rec-
ognized by the American Heart Association (AHA) and the 
European Resuscitation Council (ERC) [31–33]. Zakhary 
et al. have found in their study on 75 patients with in-hospital 
and out-of-hospital cardiac arrest (OHCA) that 39% patients 
were successfully weaned from ECMO and 31% survived 
until hospital discharge amongst them [34]. Holmberg et al. 
in their review on ECPR included 25 observational studies 
including OHCA and in-hospital cardiac arrests. They found 
that, in spite of the increasing use of ECMO support over 
the past decade, the availability of ECPR is still lacking for 

OHCA. OHCA patients need to rely on rapid transporta-
tion to ECPR capable hospitals. According to them, there 
were no guidelines for the initiation of ECPR, confounders 
have not been adjusted, and vague accounting of past medi-
cal history of comorbidities like renal function or cardiac 
function of the patients exist [35]. With increasing utilisa-
tion of ECMO, for various indications there must exist clear 
guidelines about the initiation and termination of ECMO. It 
is required to define the inclusion and exclusion criteria for 
pediatric and adult patients who may need ECMO due to 
pulmonary or cardiac problems. The author has also com-
mented that, there is a necessity of establishing a timing 
of the commencement of ECMO to avoid any doubt about 
occurrence of a delay in treating the patients and affecting 
their outcomes [36]. Table 3 shows the current criteria for 
ECPR.

Maintenance on ECMO

Care of patients on ECMO need a multitude of health care 
professionals who understand the physiology of this form 
of therapy. At the bedside, a nurse and a perfusionist are 
available 24/7 to monitor the patients. In the author’s insti-
tute, lung protective ventilation is preferred for intubated 
patients on VV-ECMO. Those patients who are suspected 
to require prolonged ventilation may be tracheostomized. 
Patients are extubated if and when suitable. Arterial blood 
gas, flows, rotations per minute, sweep gas flow, and pre and 
post oxygenator membrane pressure are monitored periodi-
cally. The pre and post oxygenator partial pressure of oxygen 
is monitored to keep a track of oxygenator performance. 
Feeding is recommended that is monitored by a dietician. 
Renal replacement therapy is instituted as required.

Table 3  Criteria for ECPR

ECPR, ECMO cardiopulmonary resuscitation; CPR, cardiopulmo-
nary resuscitation; VF, ventricular fibrillation; pVT, pulseless ventric-
ular tachycardia; PEA pulseless electrical activity; ETCO2, end-tidal 
carbon dioxide; ROSC, return of spontaneous circulation

Witnessed arrest
Arrest to first CPR (“no-flow interval”) < 5 min
Initial cardiac rhythm of VF/pVT/PEA
Arrest to ECMO flow < 60 min “low flow interval*
Good-quality CPR with  ETCO2 > 10 mmHg before cannulation for 

ECMO
Intermittent ROSC or recurrent VF
“Signs of life” during conventional CPR
The absence of severe comorbidities/malignancy
No known aortic valve regurgitation
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Monitoring

Monitoring during ECMO is crucial. Monitoring will 
encompass technical aspects of ECMO (pre and post pump 
pressures and deltaP) and patients’ physiological status. This 
entails invasive monitoring such as arterial blood pressure 
(BP), central venous pressure (CVP), pulmonary artery 
pressure (PAP) and pulmonary capillary wedge pressure 
(PCWP). The arterial pressure waveform provides informa-
tion about mean arterial pressure and pulsatility. Invasive 
BP monitoring also provides an access for sampling for 
arterial blood gas analysis. Anticoagulation on ECMO is 
achieved by unfractionated heparin (UFH) and the options 
for monitoring are by means of activated clotting time 
(ACT), activated partial thromboplastin time (aPTT), and 
factor Xa assay. It is very important to monitor anticoagula-
tion on ECMO, to prevent thrombotic complications, circuit 
clotting, and hemorrhage. The adverse effects of UFH are 
heparin-induced thrombocytopenia (HIT) of which there are 
2 types—HIT 1 and HIT 2. It needs to be detected early, and 
the patient should be switched to other anticoagulants like 
argatroban or bivalirudin [37]. It is very important to moni-
tor for infection when the patient is on ECMO using a proto-
colized approach on the basis of culture/sensitivity reports.

Weaning

Weaning from ECMO is a very complex task that requires 
multidisciplinary involvement. The approach to weaning 
will be dictated by echocardiographic parameters, lower-
ing serum lactate levels, and adequate mixed venous oxygen 
saturation levels in VA-ECMO. In VV-ECMO, reduction of 
sweep gas to maintain acceptable gas exchange with radio-
logical clearance will be a necessary prerequisite. Venti-
lation is set to provide adequate gas exchange along with 
escalation of inotropes. Once it is confirmed that the car-
diorespiratory function is adequate, the ECMO is weaned 
off in OR/ICU followed by decannulation. Inability of the 
heart to exhibit adequate function warrants continuation of 
ECMO. This is considered as a failure to wean off ECMO. 
Alternatively, a technique termed as “AV-bridge” is utilized 
in ICU. Patients on VV-ECMO are weaned when the pulmo-
nary physiology of the patient allows adequate oxygenation 
and carbon dioxide removal with minimal lung protective 
ventilation by reducing the sweep gas flow. Arterial blood 
gas monitoring is done hourly or half hourly during this pro-
cess. Importance has been given to the presence of a cardiac 
anesthesiologist in an ECMO team for initiating and manag-
ing an ECMO inside and outside the hospital and transfer-
ring the patient on ECMO support [38]. European consensus 
is also in favor of a strong role of a cardiac anesthesiologist 
in an ECMO team [39]. Transesophageal echocardiography 

(TEE) helps in correct positioning of the ECMO cannulae 
and assessing the cardiac function [40].

Cost of ECMO

The cost of receiving ECMO support varies from region 
to region. In the USA, the mean charges range from USD 
154,215 to USD 868,979 [41]. Tseng and associates, from 
Taiwan, have provided a breakdown of total hospital costs 
where 41% were spent on personnel, 26% on disposable 
items, 13% on medications, 10% on laboratory and radio-
logical tests, 8% on blood products, and 2% on renal replace-
ment therapy [41]. Dennis et al. have mean hospital costs in 
Australia for OHCA that were USD 42,658 and for IHCA 
they were USD 62,700 [42]. Jӓӓmaa-Holmberg et al. have 
stated in their study that the costs vary according to diag-
noses for which the patients received ECMO therapy and 
they have provided the charges encountered according to 
the diagnosis [43]. The charges ranged from USD 63,271 
to USD 126,605.

ECMO Experience at Narayana Institute 
of Cardiac Sciences

The details of experience from the author’s institution for the 
last 1000 cases of ECMO over the last 15 years are detailed 
in Table 4. Patients above the age of 18 were grouped under 
adult and there were 741 adult patients. There were 306 adult 
males: 337 male pediatric patients. The most frequent type 
of ECMO used was VA followed by VV. Commonest indica-
tion was failure to wean cardiopulmonary bypass in adults 
and cardiac arrest in pediatric population. Survival rate is 
59.1% in adults and pediatric survival was 46.9%.

Future

In the near future, there will be further advances in the 
technology of ECMO. Spherical chambers may replace the 
square-shaped membrane oxygenators to avoid formation of 
thrombi. Other advances may include paracorporeal mem-
brane lung, automatic adjustment of sweep gas, and nitric 
oxide eluting plastic combined with anti-fibrin chemical of 
ECMO circuit to avoid anticoagulation [32].

ECMO is a modality which can transform patient out-
comes when used judiciously. Timing all aspects of the 
ECMO run is crucial. Stringent monitoring, appropriate 
and timely trouble shooting strategies, and attention to 
detail along with teamwork are keys to a successful outcome. 
ECMO entails considerable investment in infrastructure, 
highly skilled and dedicated personnel, and substantial costs. 
The economics of ECMO vary from continent to continent. 
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A center’s core team mix and experience are directly linked 
to outcomes.
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