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Abstract 
The Veno-venous Extra Corporeal Membrane Oxygenation (ECMO) indica-
tions and usage has strikingly progressed over the last years; especially with 
the COVID 19 pandemic, it has become an essential tool in the care of adults 
and children with severe pulmonary dysfunction refractory to conventional 
management. In this article, we will provide a review of ECMO development, 
clinical indications, patients’ management, options and cannulations tech-
niques, complications, outcomes, and the appropriate strategy of organ man-
agement while on ECMO. 
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1. Introduction 

Acute Respiratory Distress Syndrome (ARDS) is a severe pulmonary and sys-
temic disease with a high mortality rate, especially in the most severe forms with 
refractory hypoxemia. Despite the use of exceptional adjunctive therapies, mor-
tality exceeds 60% [1]. This has motivated some teams to use an extracorporeal 
circuit combining a centrifugal pump and a membrane oxygenator, providing 
total pulmonary assistance allowing blood oxygenation and CO2 extraction, this 
technique is also called ECMO for Extra Corporeal Membrane Oxygenation [2]. 
This review is a practical summary of VV ECMO. 

2. ARDS Definition 

The most common indication for ECMO in respiratory failure is severe ARDS, 
which is basically defined by the presence of bilateral infiltrates on chest imaging 
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within 7 days of an inciting event and impaired oxygenation (PaO2/FIO2 ratio < 
100 mm Hg while receiving positive-pressure ventilation), which is not fully ex-
plained by cardiogenic pulmonary edema [3]. 

The acute respiratory distress syndrome (ARDS) was defined in 1994 by the 
American-European Consensus Conference (AECC); since then, issues regard-
ing the reliability and validity of this definition have emerged. Using a consensus 
process, a panel of experts convened in 2011 and developed the Berlin Defini-
tion, composed of 3 mutually exclusive categories of ARDS based on degree of 
hypoxemia: mild (PaO2/FIO2 ≤ 300 mm Hg), moderate (PaO2/FIO2 ≤ 200 mm 
Hg), and severe (PaO2/FIO2 ≤ 100 mm Hg) [3]. 

ARDS is an acute, diffuse, inflammatory lung injury that leads to increased 
pulmonary vascular permeability, pulmonary compliance reduction, ventila-
tion/perfusion mismatch, consolidation and alveolar collapses, surfactant defect 
and systemic repercussions via inflammatory cytokine release. 

The standard of care for invasive mechanical ventilation in ARDS is a volume- 
and pressure-limited ventilation strategy, which improves survival, in large part 
through the minimization of ventilator-associated lung injury (VALI). 

3. ECMO 

ECMO stands for a circulatory and/or ventilatory assistance technique allowing 
respiratory or cardiac support while the underlying pathology is reversed or re-
solved. There are two main types of ECMO: venous (VV) and venous arterial 
(VA), they each have precise indications, advantages but also common and spe-
cific complications. 

It requires a specific and specialized environment with trained staff capable of 
managing its associated difficulties and possible complications. 

4. Physiology 

ECMO refers to a circuit that directly oxygenates and removes carbon dioxide 
from blood through an extracorporeal gas exchange device, commonly referred 
to as a membrane oxygenator. The oxygenator consists of a semipermeable 
membrane that separates a blood compartment from a gas compartment, allow-
ing only gas molecules to diffuse between compartments.  

At the time of ECMO initiation, catheters (or cannulas) are placed in central 
vessels. Deoxygenated blood is drained from the body by an external pump, after 
which it passes through the membrane oxygenator and is reinfused back into the 
patient. When the drainage and reinfusion cannulas are both located in central 
veins, the circuit is referred to as venovenous ECMO, and the device provides 
gas exchange support only. When blood is drained from a vein and reinfused 
into an artery, it is referred to as venoarterial ECMO, and the circuit provides 
both gas exchange and circulatory support [4]. 

Typically, venovenous ECMO is used for respiratory failure such as ARDS 
whereas veno-arterial ECMO is indicated in cases with respiratory and hemo-
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dynamic instability. 

5. Indications for Venovenous ECMO 

The most common indication for ECMO in respiratory failure is severe ARDS. It 
is also the only indication with a high level of evidence through randomized 
controlled studies. Other potential indications based only on cohort studies in-
clude: acute hypercapnic respiratory failure, a bridge to lung transplantation or 
as a primary graft dysfunction after lung transplantation, or in case of pulmo-
nary hypertension with right ventricular failure [4]. 

In all cases, ECMO is considered as a temporary solution biding for recovery 
of the underlying condition or for a lung transplant [5]. 

6. Contraindications 

Relative contraindications to ECMO in acute respiratory failure include the 
prolonged use of high-pressure ventilation or high FIO2, limited vascular access, 
contraindications to the use of anticoagulation, and the presence of any condi-
tion or organ dysfunction that would limit the likelihood of overall benefit from 
ECMO (eg, severe irreversible brain injury or untreatable metastatic cancer). An 
absolute contraindication to ECMO is the presence of severe irreversible respi-
ratory failure if transplantation will not be considered. 

The assessment process can be based on progonostic scoring systems that help 
risk stratify patients being considered for ECMO in respiratory failure [6]. 

The decision to implant ECMO requires careful assessment of the risk-benefit 
balance. The contraindications must be respected insofar as these patients can 
no longer live without ECMO with a highly improbable recovery and are not 
candidates for definitive therapy, which constitutes for a real ethical dilemma 
[7]. 

7. Complications 

ECMO is an invasive therapy associated with multiple complications, ranging 
from hemorrhage to thromboembolic events and an increased risk of infection 
[8] [9]. This implies the need for continuous systemic anticoagulation to main-
tain ECMO circuit patency and minimize the risk of thrombosis in both the cir-
cuit and the patient; this requires a strict balance control of both thrombotic risk 
and the potential hemorrhagic complications [10]. 

Hematological disorders are also very commonly associated to ECMO prac-
tice, including hemolysis, thrombocytopenia, acquired Von Willebrand syn-
drome and disseminated intravascular coagulopathy [4] [11]. 

8. Evidence for ECMO Use as a Treatment Line in ARDS 

ECMO has been developed as a second line management therapy for severe 
ARDS cases, and has recently been the object of randomized controlled trials to 
establish its efficacy and safety.  
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Many Cohort series demonstrated a high survival rate in patients with severe 
ARDS using ECMO and pressure-supported ventilation with minimal sedation 
[12] [13]. 

The results of the EOLIA trial were published in 2018 involving patients with 
very severe forms of ARDS defined by a PaO2/FiO2 ratio of less than 50 mmHg 
for more than 3 hours or less than 80 mmHg for more than 6 hours or respira-
tory acidosis with a pH < 7.25 and a paCO2 > 60 mmhg for more than 6 hours. 
Patients were randomized to receive either conventional treatment (control 
group) or immediate venous-venous ECMO. Cross-over to ECMO was possible 
for patients in the control group who had refractory hypoxemia. The primary 
endpoint was 60-day mortality. 

Among the very severe ARDS patients in the EOLIA study, the 60-day mortal-
ity was not significantly lower with the use of ECMO as a rescue treatment 
compared to a conventional ventilatory strategy. In addition, the rate of he-
morrhagic or ischemic complications was similar between the two groups [14]. 

However, a post-hoc Bayesian analysis of the EOLIA data showed a high like-
lihood of survival benefit with ECMO under a broad set of assumptions [15]. 

A recently published meta-analysis suggests that the use of venovenous 
ECMO in adults with severe acute respiratory distress syndrome was associated 
with reduced 60-day mortality compared with conventional mechanical ventila-
tion. However, venovenous ECMO was also associated with a moderate risk of 
major bleeding [16]. 

The role of ECMO in the most severe forms of ARDS is evolving. It is not a 
substitute for lung-protective ventilation and adherence to other proven strate-
gies, when such strategies are available and applied appropriately. Likewise, the 
use of algorithm based treatments and selection of patients suitable for ECMO 
therapy is a must as it should not be considered as a first-line therapy for ARDS 
rather than a justified decision under specific circumstances when the current 
standard of care is insufficient to support the patient [17]. 

9. Prognosis 

Few large scale studies have evaluated long term quality recovery of survival pa-
tients after severe ARDS who benefited from ECMO assistance. A follow-up 
program including twenty-one long term survivors showed that the majority of 
patients had good physical and social functioning but a reduced health related 
quality of life according to the St George’s Respiratory Questionnaire (SGRQ). 
Lung parenchymal changes on high-resolution computed tomography were 
suggestive of fibrosis and minor pulmonary function abnormalities remained 
common and can be detected more than 1 year after ECMO [18]. 

10. Conclusion 

ECMO is an assistance technique capable of supporting severe hematosis dis-
orders in acute respiratory failure, with data showing potential benefits for im-
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proving survival in patients with severe ARDS. Its use should remain in centers 
sufficiently experienced with the procedure in specific indications as additional 
research is needed before ECMO can be recommended for more extensive prac-
tice. 
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