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ABSTRACT

Background: Extracorporeal membrane oxygenation (ECMO) is a form of advanced life support in critically ill
patients with severe cardiac and/or respiratory failure refractory to conventional therapy. This is when the blood
flows through an external circuit where gas exchange takes place and delivery of oxygen and removal of carbon
dioxide occurs. ECMO temporarily takes over the function of the lung and/or heart so that these organs can rest
and recover. Technological advances over the years have made it safer, more efficient and clinically applicable in
intensive care settings.

Objective: To provide a comprehensive overview of ECMO including classification, mechanism, clinical
indications, therapeutic benefits and risks.

Methodology: This narrative review is based on published literature, clinical evidence and key trials assessing
the efficacy and safety profile of ECMO in patients with severe respiratory and cardiac failure.

Results: ECMO is categorized as veno-venous (VV) ECMO, which provides respiratory support, and veno-
arterial (VA) ECMO, which provides both cardiac and respiratory support. It is used extensively in such conditions
as acute respiratory distress syndrome, acute respiratory failure, cardiogenic shock and severe COVID-19. ECMO
supports lung-protective ventilation and improves survival in selected patients, but complications such as
bleeding, thrombosis, infections, and neurological injury can occur.

Conclusion: ECMO remains a complex but life-saving intervention for carefully selected patients. Further
developments in technology, patient selection and clinical management are expected to enhance its safety, broaden
its applications and improve patient outcomes.
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ABSTRACT

Background:

Extracorporeal membrane oxygenation (ECMO) is a form of advanced life support in critically ill patients with
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severe cardiac and/or respiratory failure refractory to conventional therapy. This is when the blood flows through
an external circuit where gas exchange takes place and delivery of oxygen and removal of carbon dioxide occurs.
ECMO temporarily takes over the function of the lung and/or heart so that these organs can rest and recover.
Technological advances over the years have made it safer, more efficient and clinically applicable in intensive
care settings. Objective: To provide a comprehensive overview of ECMO including classification, mechanism,
clinical indications, therapeutic benefits and risks. Methodology:
This narrative review is based on published literature, clinical evidence and key trials assessing the efficacy and
safety profile of ECMO in patients with severe respiratory and cardiac failure. Results: ECMO is categorized as
veno-venous (VV) ECMO, which provides respiratory support, and veno-arterial (VA) ECMO, which provides
both cardiac and respiratory support. It is used extensively in such conditions as acute respiratory distress
syndrome, acute respiratory failure, cardiogenic shock and severe COVID-19. ECMO supports lung-protective
ventilation and improves survival in selected patients, but complications such as bleeding, thrombosis, infections,
and neurological injury can occur. Conclusion: ECMO remains a complex but life-saving intervention for
carefully selected patients. Further developments in technology, patient selection and clinical management are

expected to enhance its safety, broaden its applications and improve patient outcomes.

INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) is
an advanced form of life support that provides
temporary cardiac and respiratory assistance to
patients with life-threatening conditions that are
unresponsive to conventional therapy [1]. ECMO
functions by circulating blood through an artificial
membrane, where oxygen is supplied, and carbon
dioxide is removed, before returning the blood to the
patient’s circulation. The first successful clinical
application of ECMO was reported in the 1970s, and
since then, the technology has evolved significantly
[2]. These advancements include improvements in
circuit design, the development of biocompatible
membranes, the use of centrifugal pumps, and
enhanced safety monitoring systems, all of which
have contributed to improved patient outcomes and
wider clinical application.

Veno-venous (VV) extracorporeal membrane
oxygenation is a form of advanced life support used
in patients with severe but potentially reversible
respiratory failure in whom cardiac function remains
adequate [3]. In this technique, deoxygenated blood
is drained from large central veins, most commonly
the femoral or internal jugular vein, and circulated
through an extracorporeal circuit consisting of a
pump and a membrane oxygenator. Within the
oxygenator, gas exchange takes place as oxygen is
added and carbon dioxide is removed from the blood
[4]. The oxygenated blood is then returned to the
venous circulation, typically near the right atrium,
from where it is pumped by the patient’s own heart
into the systemic circulation. Since the circuit does
not directly support cardiac output, VV ECMO

relies entirely on an intact and functioning heart to
maintain adequate perfusion. It is therefore indicated
in conditions such as acute respiratory distress
syndrome, severe pneumonia, and other causes of
refractory hypoxemia or hypercapnia [5]. While VV
ECMO effectively supports gas exchange and
allows the lungs to rest and recover, it does not
provide circulatory support and is not suitable for
patients with cardiac failure.

Veno-arterial (VA) extracorporeal membrane
oxygenation, in contrast, is employed in patients
with severe cardiac dysfunction with or without
associated respiratory failure, as it provides both
hemodynamic and respiratory support. Similar to
VV ECMO, blood is initially drained from a central
vein and passed through an extracorporeal circuit
where oxygenation and carbon dioxide removal
occur [6]. However, in VA ECMO, the oxygenated
blood is returned to the arterial system, typically via
the femoral artery or directly into the aorta, thereby
bypassing both the heart and lungs. This
configuration allows the ECMO circuit to assume
the function of the failing heart by maintaining
systemic circulation and ensuring adequate oxygen
delivery to vital organs. VA ECMO is therefore
indicated in conditions such as cardiogenic shock,
cardiac arrest, myocarditis, and post-cardiac surgery
failure, and is often used as a bridge to recovery,
transplantation, or mechanical circulatory support
devices. Despite its life-saving potential, VA ECMO
is more invasive and associated with higher risks,
including bleeding, thrombosis, and limb ischemia,
due to arterial cannulation and altered hemodynamic

[7].

Table 1: Comparison Between Veno-Venous (VV) and Veno-Arterial (VA) Extracorporeal Membrane

Oxygenation

FEATURE

Veno-Venous ECMO

Veno — Arterial ECMO

Primary Support

Lung / Respiratory

Heart & Lung
(Circulatory)

IJDDT, Volume 16 Issue 49ss, 2026

Page: 71




A Comprehensive Review of ECMO: Mechanisms, Indications, Benefits, and Complications

Large Vein
Drainage Site Eg : Femoral Large Vein
Large Vein Large Vein

Return Site

Eg : Internal Jugular

Eg : Femoral Artery

Cardiac Output

Provided by the
Patient’s heart

Provided by the
ECMO machine

Common Use Case

ARDS,
Severe Pneumonia

Cardiogenic Shock,
Cardiac arrest

This table compares Veno-venous and Veno-arterial ECMO based on support type, circulation mechanism, and

clinical applications [8,9].

Device Description of ECMO System

The extracorporeal membrane oxygenation
(ECMO) system consists of several essential
components that work together to provide effective
cardiopulmonary support. A central element of the
ECMO circuit is the blood pump, which is
responsible for propelling blood through the
extracorporeal system [10]. Two main types of
pumps are used in clinical practice: centrifugal
pumps, which are commonly preferred in adult
patients due to their lower risk of haemolysis and
better flow control, and roller pumps, which are
typically used for short-term support .

Another critical component is the membrane
oxygenator, often referred to as the artificial lung. It
facilitates gas exchange by delivering oxygen to the
blood and removing carbon dioxide. Modern
oxygenators are constructed using hydrophobic
polymer membranes, which enhance gas transfer

efficiency while minimizing plasma leakage and
improving biocompatibility [11].

The ECMO circuit also includes a heat exchanger,
which plays a vital role in maintaining the patient’s
blood temperature within a physiological range.
This helps prevent hypothermia or hyperthermia
during prolonged extracorporeal circulation, thereby
ensuring metabolic stability [10]. In addition,
cannulas are used to access the patient’s vascular
system. These flexible tubes are inserted into large
blood vessels to enable the drainage and return of
blood, and their proper selection and placement are
crucial for minimizing complications such as
bleeding or vascular injury [12].

Finally, the system is interconnected by tubing,
which allows continuous blood flow between all
components, including the pump, oxygenator, heat
exchanger, and cannulas, thereby ensuring efficient
and uninterrupted extracorporeal circulation [13].

Table 2: Components of the ECMO Circuit with Their Biological Equivalents and Primary Functions

COMPONENT BIOLOGICAL EQUIVALENT PRIMARY FUNCTION
Access point for blood to enter / exit

Cannula the body The pipes / plumping
Moves blood through the circuit

Blood Pump The Heart

Oxygenator Exchange O: & CO: The Lung
Controls the gas mixture sent to the

Sweep Gas Blender oxygenator The ventilation controls
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Heat Exchanger

Regulates blood temperature

The thermostat

This table outlines ECMO components with their biological equivalents and corresponding physiological

functions [14,15].

MECHANISM OF ECMO

The extracorporeal membrane oxygenation
(ECMO) system functions by continuously
circulating blood outside the body through a
specialized circuit to provide cardiopulmonary
support [16]. The process begins with the insertion
of a cannula into a large vein, through which
deoxygenated blood is drained from the patient and
directed into the ECMO circuit. The blood then
passes through a centrifugal pump, which propels it
forward at a controlled and consistent flow rate.
Following this, the blood enters a membrane
oxygenator, where gas exchange occurs across a
semipermeable membrane, allowing oxygen to
diffuse into the blood while carbon dioxide is
simultaneously removed [17]. To ensure
physiological stability, the blood subsequently
passes through a heat exchanger, which maintains it
at an appropriate temperature before returning it to
the patient. The oxygenated blood is then reinfused
into the circulation, either into a vein in veno-venous
(VV) ECMO or into an artery in veno-arterial (VA)
ECMO, depending on the type of support required.
Through this continuous cycle of drainage,
pumping, gas exchange, temperature regulation, and
reinfusion, ECMO effectively supports or replaces
the function of the lungs and/or heart in critically ill
patients [18].

Acute Respiratory Distress Syndrome (ARDS)
Acute respiratory distress syndrome (ARDS) is a
severe inflammatory condition characterized by
diffuse injury to the alveolar—capillary membrane,
leading to impaired gas exchange and respiratory
failure. It may result from direct lung injury, such as
pneumonia or aspiration, or indirect causes,
including  sepsis, trauma, and  systemic
inflammation. ARDS is associated with high
morbidity and mortality and requires prompt and
effective management [19].

Pathophysiology

The pathophysiology of ARDS occurs in
overlapping phases beginning with the exudative
phase, which is characterized by damage to alveolar
epithelial and endothelial cells, leading to increased
permeability of the alveolar—capillary barrier. This
results in leakage of protein-rich fluid into the
alveoli, causing pulmonary edema and formation of
hyaline membranes [20]. The accumulation of fluid
reduces lung compliance and impairs oxygen
diffusion, leading to severe hypoxemia. This is
followed by an inflammatory phase in which
activated  neutrophils, macrophages, and
inflammatory mediators further damage lung tissue,

resulting in alveolar collapse, ventilation—perfusion
mismatch, and worsening gas exchange.
Subsequently, the fibroproliferative phase occurs,
characterized by proliferation of fibroblasts and
deposition of collagen in the lung interstitium,
leading to fibrosis, reduced lung elasticity, and
persistent  respiratory dysfunction. These
pathological changes collectively result in severe
hypoxemia, decreased lung compliance, and
impaired ventilation [21].

ECMO in ARDS

Extracorporeal membrane oxygenation (ECMO),
particularly veno-venous (VV) ECMO, provides
extracorporeal gas exchange in patients with severe
ARDS who are unresponsive to optimal
conventional therapy. It facilitates oxygenation and
carbon dioxide removal while allowing lung-
protective ventilation strategies, thereby minimizing
ventilator-induced lung injury. Clinical trials such as
the CESAR trial demonstrated improved survival in
patients referred to ECMO centers compared to
conventional management (63% vs 47%), while the
EOLIA trial (2018) evaluated early initiation of VV
ECMO in severe ARDS and suggested potential
mortality benefits, although statistical significance
was not definitive [22]. Evidence from systematic
reviews further supports the use of ECMO in
reducing mortality and the need for adjunctive
therapies such as renal replacement therapy. Despite
its benefits, ECMO is associated with complications
including bleeding, thrombosis, infection, and
neurological injury, and therefore requires careful
patient selection and management. Overall, ECMO
remains a life-saving intervention for patients with
severe ARDS refractory to standard treatment [23].
Acute Respiratory Failure

Acute respiratory failure is a life-threatening
condition that occurs when the respiratory system
fails in one or both of its primary gas exchange
functions, namely oxygenation and carbon dioxide
elimination. It is broadly classified into two types:
Type I (hypoxemic) respiratory failure,
characterized by reduced arterial oxygen levels
(PaO. < 60 mmHg), and Type II (hypercapnic)
respiratory failure, defined by elevated carbon
dioxide levels (PaCO. > 50 mmHg) often
accompanied by respiratory acidosis. Acute
respiratory failure can result from a variety of
pulmonary and extrapulmonary conditions, with
severe lung injury, including acute respiratory
distress syndrome (ARDS), being one of the leading
causes worldwide [24].

Pathophysiology
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Efficient respiration depends on several critical
factors, including adequate alveolar ventilation,
proper matching of ventilation and perfusion (V/Q
ratio), an intact alveolar—capillary membrane,
functional respiratory muscles, and an effective
central nervous system respiratory drive. Disruption
at any of these levels can lead to acute respiratory
failure. In normal physiology, the alveolar—capillary
membrane is thin, allowing efficient diffusion of
oxygen into the bloodstream and removal of carbon
dioxide. However, in conditions such as ARDS or
severe pneumonia, this membrane becomes
thickened and damaged due to inflammation, edema,
and cellular injury, impairing gas exchange.
Additionally,  ventilation—perfusion = mismatch,
reduced lung compliance, and respiratory muscle
fatigue further exacerbate hypoxemia and/or
hypercapnia, ultimately leading to respiratory failure
[25].

ECMO in Acute Respiratory Failure
Extracorporeal membrane oxygenation (ECMO) is
used in patients with severe acute respiratory failure
when conventional therapies fail to maintain
adequate oxygenation and carbon dioxide removal.
Standard management typically includes lung-
protective mechanical ventilation, prone
positioning, and optimized medical therapy. In such
cases, veno-venous (VV) ECMO is the preferred
modality, as it provides extracorporeal gas exchange
without direct cardiac support [26]. In VV ECMO,
deoxygenated blood is drained from the venous
circulation, passed through a membrane oxygenator
where oxygen is added and carbon dioxide is
removed, and then returned to the venous system.
This process ensures adequate systemic oxygen
delivery while facilitating carbon dioxide clearance.
ECMO also enables the use of lung-protective or
“lung rest” ventilation strategies, thereby reducing
ventilator-induced lung injury. Clinical trials such as
the CESAR (Conventional Ventilation or ECMO for
Severe Adult Respiratory Failure) and EOLIA
studies have demonstrated improved survival
outcomes in selected patients. The CESAR trial
showed increased survival without disability at six
months in patients referred for ECMO, while also
highlighting factors such as prolonged mechanical
ventilation and intensive care unit stay as important
considerations in overall patient outcomes [27].
Harlequin Syndrome (Differential Hypoxia /
North—South Syndrome)

Harlequin syndrome, also known as differential
hypoxia or North—South syndrome, is a clinical
condition characterized by unequal oxygenation
between the upper and lower parts of the body. It is
most commonly observed in patients receiving
peripheral veno-arterial extracorporeal membrane
oxygenation (VA ECMO). Under normal
physiological conditions, oxygenated blood from the
lungs is uniformly distributed throughout the
systemic circulation [28]. However, during

peripheral VA ECMO, oxygenated blood is
delivered retrogradely through the femoral artery
into the descending aorta. When cardiac function
begins to recover while pulmonary function remains
severely impaired, the left ventricle ejects poorly
oxygenated blood into the ascending aorta. As a
result, the upper body, including the brain and
coronary arteries, receives inadequately oxygenated
blood, whereas the lower body continues to receive
well-oxygenated blood from the ECMO circuit. This
condition reflects a complex interaction between
native cardiac output and extracorporeal circulation
[29].

Pathophysiology

In peripheral VA ECMO, typically using a femoro-
femoral configuration, oxygenated blood is infused
into the descending aorta in a retrograde manner. As
native cardiac output increases in the presence of
ongoing pulmonary dysfunction, a mixing zone
develops within the aorta where oxygenated ECMO
blood and deoxygenated blood from the left
ventricle meet. When cardiac output becomes
dominant, poorly oxygenated blood preferentially
perfuses the proximal aorta, supplying the upper
body with desaturated blood, while the distal aorta
continues to receive oxygen-rich blood from the
ECMO circuit. This differential distribution of
oxygenated blood leads to hypoxia in vital organs
despite apparently adequate systemic circulation,
making early recognition clinically important [30].
ECMO in Harlequin Syndrome

Harlequin  syndrome represents a  serious
complication of VA ECMO that requires prompt
recognition and management to  prevent
neurological and cardiac injury. Continuous
monitoring of upper body oxygenation, particularly
using right radial arterial blood gas analysis, is
essential for early detection. Management strategies
focus on improving oxygen delivery to the upper
body and may include optimizing ventilator settings
to enhance native lung oxygenation, increasing
ECMO flow, or adjusting cannulation strategies. In
some cases, conversion to alternative configurations
such as veno-arterial-venous (VAV) ECMO or
central cannulation may be necessary to ensure
adequate oxygenation of both upper and lower body
regions. Early intervention is critical to minimize
complications and improve patient outcomes [31].
COVID-19

Coronavirus disease 2019 (COVID-19) is a highly
infectious respiratory illness caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), first identified in 2019. The disease spread
rapidly across the globe and was declared a
pandemic due to its high transmissibility and
significant impact on public health. COVID-19
primarily affects the respiratory system; however, in
severe cases, it can involve multiple organ systems,
including the cardiovascular, renal, and nervous
systems. Clinical manifestations range from mild
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respiratory symptoms to severe pneumonia, acute
respiratory failure, and multi-organ dysfunction. In
critically ill patients, extracorporeal membrane
oxygenation (ECMO) is used as an advanced
supportive therapy when conventional treatment
approaches fail [32].

Pathophysiology

The pathophysiology of COVID-19 begins when
SARS-CoV-2 enters the body through the
respiratory tract and binds to angiotensin-converting
enzyme 2 (ACE2) receptors on alveolar epithelial
cells. Following viral entry, replication within host
cells triggers an inflammatory response that
damages the alveolar epithelium and capillary
endothelium, leading to increased vascular
permeability and leakage of fluid into the alveolar
spaces. This results in pulmonary edema, diffuse
alveolar damage, and impaired gas exchange,
ultimately causing severe hypoxemia and
respiratory failure [33]. In advanced stages, an
exaggerated immune response, known as a cytokine
storm, leads to excessive release of inflammatory
mediators, further worsening lung injury and
contributing  to multi-organ dysfunction.
Additionally, COVID-19 is associated with
endothelial injury and a hypercoagulable state,
increasing the risk of microvascular thrombosis and
impairing oxygen delivery. These combined effects
contribute to the development of acute respiratory
distress syndrome (ARDS) in critically ill patients
[34].

ECMO in COVID-19

During the COVID-19 pandemic, ECMO emerged
as a rescue therapy for patients with severe
respiratory failure who did not respond to
conventional management, including lung-
protective mechanical ventilation, prone
positioning, and optimized medical treatment. In
such cases, veno-venous (VV) ECMO is most
commonly used, as it provides extracorporeal
oxygenation and carbon dioxide removal while
preserving cardiac function. In VV ECMO,
deoxygenated blood is drained from the venous
circulation, passed through a membrane oxygenator
where gas exchange occurs, and then returned to the
venous system. This process ensures adequate
systemic oxygen delivery and facilitates carbon
dioxide clearance, allowing clinicians to reduce
ventilator settings and adopt lung-protective or
“lung rest” strategies, thereby minimizing
ventilator-induced lung injury [35]. Clinical data
from international ECMO registries during the
pandemic demonstrated that survival outcomes in
selected COVID-19 patients were comparable to
those observed in patients with severe ARDS treated
with ECMO. However, management of ECMO in
COVID-19 is particularly challenging due to the
associated hypercoagulable state, which increases
the risk of thrombosis within the ECMO circuit and
necessitates careful anticoagulation monitoring.

Overall, ECMO played a crucial role in the
management of severe COVID-19 cases,
particularly in specialized centers with expertise in
extracorporeal support [36].

Anticoagulation Practices in ECMO

Although extracorporeal membrane oxygenation
(ECMO) plays a life-saving role in critically ill
patients, it is associated with complex haemostatic
challenges. The exposure of blood to the artificial
surfaces of the ECMO circuit activates the intrinsic
coagulation pathway, platelets, and inflammatory
cascades. This process promotes thrombin
generation and fibrin deposition, thereby increasing
the risk of circuit thrombosis and systemic
thromboembolism. At the same time, systemic
anticoagulation increases the risk of bleeding
complications, making the balance between
thrombosis prevention and bleeding control one of
the most critical aspects of ECMO management
[37].

Pathophysiology

The haemostatic alterations observed during ECMO
are multifactorial and begin with the activation of
coagulation pathways upon contact of blood with
non-endothelial surfaces of the extracorporeal
circuit. This interaction triggers the intrinsic
(contact) pathway through activation of factor XII,
followed by sequential activation of downstream
coagulation factors, ultimately leading to thrombin
generation and conversion of fibrinogen to fibrin,
resulting in clot formation within the circuit if not
adequately anticoagulated. In parallel, inflammatory
cytokines stimulate tissue factor expression,
activating the extrinsic pathway via factor VII and
factor X, further amplifying thrombin production
and contributing to a prothrombotic state [38].
Additionally, platelet function is significantly
altered due to shear stress and mechanical trauma
within the circuit, leading to platelet activation,
consumption, thrombocytopenia, and acquired von
Willebrand  factor  deficiency.  Complement
activation and endothelial injury further exacerbate
the imbalance between procoagulant and
anticoagulant mechanisms. These combined effects
create a complex haemostatic environment in which
patients are at simultaneous risk of thrombosis and
bleeding during ECMO therapy [39].

Discussion

Clinical Effectiveness of ECMO

Extracorporeal membrane oxygenation (ECMO) has
emerged as a crucial life-saving intervention in
patients with severe cardiac and respiratory failure
who are unresponsive to conventional therapies.
Evidence from major clinical trials such as CESAR
and EOLIA demonstrates improved survival in
carefully selected patients, particularly those with
severe respiratory failure managed in specialized
centers. ECMO also enables lung-protective
ventilation strategies, thereby reducing ventilator-
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induced lung injury and improving recovery
outcomes [40].

Impact of ECMO Type and Indication on
Outcomes

The type of ECMO and underlying clinical
indication significantly influence patient outcomes.
Veno-venous (VV) ECMO, primarily used for
respiratory failure, is associated with better survival
rates compared to veno-arterial (VA) ECMO, which
is used in cardiac failure. This difference is largely
due to the severity of illness and the presence of
multi-organ dysfunction in patients requiring VA
ECMO. Conditions such as cardiogenic shock and
cardiac arrest are associated with higher mortality
rates, often exceeding 50%, whereas respiratory
indications demonstrate comparatively improved
outcomes [41].

Age-Related Differences in Survival

Age is an important determinant of ECMO
outcomes. Pediatric patients, particularly neonates,
generally show higher survival rates compared to
adults, which may be attributed to fewer
comorbidities and greater physiological adaptability.
In contrast, adult patients often present with chronic
conditions and complex disease states that adversely
affect prognosis. These differences highlight the
importance of patient-specific factors in determining
ECMO success [42].

Anticoagulation Challenges and Hemostatic
Complications

Anticoagulation management remains one of the
most critical and challenging aspects of ECMO
therapy. The exposure of blood to artificial circuit
surfaces activates coagulation pathways, increasing
the risk of thrombosis, while systemic
anticoagulation increases the risk of bleeding
complications. Achieving an optimal balance
between these opposing risks is complex and
requires continuous monitoring. Complications such
as intracranial hemorrhage, circuit thrombosis, and
oxygenator failure significantly impact patient
outcomes and require careful clinical management
[43].

Complications and Risk Factors

Despite its life-saving potential, ECMO is
associated with several complications that influence
morbidity and mortality. These include bleeding,
thrombosis, infections, neurological injury, and limb
ischemia, particularly in VA ECMO. Additional
complications such as hemolysis, acute kidney
injury requiring renal replacement therapy, and
multi-organ dysfunction further complicate patient
management. Early recognition and prompt
intervention are essential to minimize these risks
[44].

Technological Advancements in ECMO

Recent advancements in ECMO technology have
significantly improved its safety and efficiency. The
development of biocompatible circuits,
polymethylpentene membrane oxygenators, and

centrifugal pumps has reduced complications such
as hemolysis and plasma leakage. Portable ECMO
systems and integrated monitoring technologies
have enabled inter-hospital transport and expanded
clinical applicability. Emerging innovations,
including extracorporeal carbon dioxide removal
(ECCO2R) and wearable artificial lungs, offer
promising future directions in extracorporeal
support [45].

Factors Influencing Outcomes

Multiple factors influence ECMO outcomes,
including the severity of the underlying disease,
timing of initiation, type of ECMO support, duration
of therapy, and presence of complications. Early
initiation of ECMO in appropriate candidates has
been associated with improved survival, whereas
delayed initiation and prolonged support duration
may worsen outcomes. Additionally, institutional
experience and availability of specialized ECMO
centers play a significant role in determining patient
prognosis [46].

CONCLUSION

Extracorporeal Membrane Oxygenation (ECMO)
has emerged as vital life support in modern critical
care, especially for patients with severe respiratory
or cardiac failure in which the patient does not
respond to the conventional therapy. It is essential to
provide oxygenation and removal of carbon dioxide
from the body that allows the lungs and heart to rest
and recover. Over the past decades, advancements in
ECMO, which have better oxygenators, safer pumps
and better monitoring systems, have significantly
improved capacity, efficacy and clinical
applicability. The ECMO has plays a important role
in acute respiratory distress syndrome (ARDS),
acute respiratory failure and severe COVID-19.
Clinical trials and observational studies are
demonstrated which show improved survival rates
by using ECMO in specialised centres. By enabling
lung-protective  ventilation strategies. ECMO
reduces ventilator-induced lung injury, which
supports better long-term outcomes in selected
patients. Despite its benefits, ECMO is associated
with risks and challenges. Complications include
blood bleeding, thrombosis, infection, neurological
injury and device-related injuries and infections.
Anticoagulation plays an important role, but the
balance between clot prevention and avoiding
bleeding is complex. Patient outcomes on ECMO
vary upon multiple factors, including the underlying
patient disease, timing of initiation, patient age,
comorbidities, etc. Paediatric patients show better
survival rates than adults. Whereas the adult
outcomes are improving with advancements in care
and technology. Early detection in appropriately
selected patients has shown increased survival rates
and reduces risk and complications. In conclusion,
ECMO shows powerful but complex therapeutic
intervention in critical care medicine. It offers life-
saving potency in severe conditions. Its success,
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then, depends on careful patient selection, skilled
multidisciplinary management and continuous
technical innovation. As research and clinical
experience grow, ECMO is expected to play a role
in improving survival and quality of life in critically
ill patients.

LIST OF ABBREVIATIONS

ECMO - Extracorporeal Membrane Oxygenation
VV ECMO — Veno-Venous Extracorporeal
Membrane Oxygenation

VA ECMO — Veno-Arterial Extracorporeal
Membrane Oxygenation

VAV  ECMO —  Veno-Arterial-Venous
Extracorporeal Membrane Oxygenation

ARDS - Acute respiratory distress syndrome
ARF  —Acute Respiratory Failure

COVID-19 — Coronavirus Disease 2019
SARS-CoV-2— Severe Acute Respiratory Syndrome
Coronavirus 2

ACE2 - Angiotensin-Converting Enzyme 2

PaO: — Partial Pressure of Oxygen in Arterial
Blood

PaCO:2 — Partial Pressure of Carbon Dioxide in
Arterial Blood

V/Q Ratio — Ventilation—Perfusion Ratio

ACT  —Activated Clotting Time

aPTT  — Activated Partial Thromboplastin Time
TEG  — Thromboelastography

Anti-Xa — Anti-Factor Xa Assay

HIT - Heparin-Induced Thrombocytopenia
PMP  —Polymethylpentene

ECCO:R — Extracorporeal Carbon Dioxide
Removal

RRT  —Renal Replacement Therapy

ICU - Intensive Care Unit

ABG  —Arterial Blood Gas

FiO:  — Fraction of Inspired Oxygen
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