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Abstract:

Background: Extracorporeal membrane oxygenation (ECMO) is a life-saving intervention for patients with
refractory cardiac or respiratory failure. Since its introduction in 1972, ECMO has undergone significant
advancements in circuit design, oxygenator efficiency, and monitoring systems, improving its safety and
efficacy. Aim: This article provides a comprehensive review of venoarterial ECMO (VA ECMO), focusing on
its hemodynamic effects, clinical applications, complications, and emerging innovations. Methods: The
discussion examines ECMO circuit components (centrifugal pumps, oxygenators, cannulas), mechanics of
blood extraction and reinfusion, gas exchange, and temperature regulation. It also explores clinical indications,
contraindications, hemodynamic management, and complications such as oxygenator thrombosis, differential
hypoxemia, and limb ischemia. Results: VA ECMO effectively supports cardiopulmonary function in
cardiogenic shock, cardiac arrest, and severe hypoxemia. However, complications like left ventricular
distention and thromboembolism require vigilant monitoring. Weaning protocols emphasize
echocardiographic assessment and gradual flow reduction. Emerging techniques, such as percutaneous
ventricular assist devices (e.g., Impella) and ambulatory ECMO, enhance cardiac unloading and patient
mobility.

Conclusion: VA ECMO is a critical tool in managing severe cardiopulmonary failure; however, its success
depends on multidisciplinary coordination, precise anticoagulation, and effective complication management.
Technological advancements continue to improve outcomes, making ECMO a bridge to recovery or further
intervention.
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Introduction
Extracorporeal membrane oxygenation (ECMO)
represents a specialized therapeutic modality
designed for use in critical care environments where
patients experience profound cardiac or respiratory
failure that remains refractory to conventional
treatment strategies. This sophisticated intervention
utilizes an extracorporeal circuit composed of
several integral elements, all of which contribute to
the overall function of the therapy. ECMO has
evolved considerably since its initial introduction in
1972 for adult

advancements have focused on enhancing the

patients. Over the decades,
mechanical components and improving patient
safety while increasing the efficiency of the support

provided [1].

Circuit Components and  Technological
Enhancements

The ECMO circuit is engineered with several key
components that work in unison to provide life-
sustaining support in critical situations. The system
employs a centrifugal pump, which has evolved to
deliver precise control over the circulatory dynamics
within the circuit. In its initial design, the pump
allowed for basic circulatory support; however,
current designs incorporate advanced flow-
regulating mechanisms that ensure a reliable and
tailored support profile. Alongside the pump,
oxygenators have seen remarkable improvements in
efficiency and durability. Modern oxygenators are
constructed using highly biocompatible materials
that augment gas exchange performance while
minimizing the risk of blood component activation
or damage. Enhancements in cannula design have
also contributed to the evolution of ECMO, reducing
complications associated with vascular access and
facilitating easier insertion with a lower risk of
trauma. The tubing utilized in the circuit is now
designed with biocompatibility in mind, ensuring
that blood maintains its functional properties while
being controlled

transported  through a

extracorporeal environment [1,2].
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Mechanics of Blood Extraction and Reinfusion

The operational mechanism of ECMO involves the
extraction of venous blood from the patient via
cannulas that are strategically positioned in major
vascular structures. Once the blood is drawn from
the patient, it is conveyed through specialized tubing
that minimizes hemolysis and maintains
hemodynamic stability. This blood is directed
towards an oxygenator that not only facilitates gas
exchange but also operates in tandem with a heat
exchanger. The integration of the heat exchanger
plays a significant role in thermal regulation,
ensuring that the oxygenated blood returned to the
patient retains an optimal temperature. The return of
oxygenated blood to the patient is a crucial step in
re-establishing effective tissue perfusion. This
closed-loop system embodies both the simplicity and
the complexity inherent to ECMO, wherein precise
control of the flow rate and oxygen concentration is

paramount [ 1,2].

Gas Exchange and Temperature Regulation

Within the oxygenator, the process of gas exchange
occurs primarily through diffusion, allowing for the
exchange of carbon dioxide for oxygen. The
efficiency of this exchange is critical to the overall
efficacy of the ECMO support system. The use of
materials with high permeability for gases and low
resistance to flow has resulted in oxygenators that
maximize the diffusion capacity while preserving
the integrity of the blood components. The role of
the heat exchanger cannot be overemphasized, as it
allows for the precise management of blood
temperature prior to its reinfusion into the patient.
Proper thermal management is essential in
preventing complications such as hypothermia or
hyperthermia, which can critically influence patient
outcomes. The integration of these components into
a unified ECMO system reflects an ongoing
commitment to optimizing clinical performance and

patient safety [2,3].

Monitoring and Control Mechanisms
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A critical aspect of ECMO is the comprehensive
monitoring of hemodynamic and circuit parameters.
The system 1is equipped with sensors that
continuously track essential metrics such as blood
pressure and flow rate. These monitoring systems
provide real-time data that is indispensable for the
optimal management of the circuit. The availability
of accurate and immediate measurements allows
clinical teams to adjust parameters in response to
dynamic changes in patient status, thereby ensuring
that the system meets the specific physiological
needs of the individual patient. A dedicated gas
blender permits precise control over the oxygen
concentration, ensuring that the gas mixture
delivered to the oxygenator can be tailored to
address the specific metabolic requirements of the
patient. In addition, the incorporation of a flow meter
facilitates the accurate regulation of the gas flow
through the oxygenator. This meticulous approach to
monitoring and control underscores the importance
of technological precision in the administration of

ECMO [1-3].

Clinical Implications and Efficacy

ECMO is principally employed as a temporary form
of mechanical support. Its primary function is to
maintain adequate circulation and oxygenation
during periods when native cardiac or pulmonary
function is severely compromised. The temporary
nature of ECMO is notable, as it is often used as a
bridge to more definitive therapeutic interventions or
until the patient demonstrates sufficient recovery.
The development of enhanced circuit components
has led to an increased safety profile, which in turn
has broadened the indications for ECMO use. The
enhanced efficiency of modern ECMO systems
contributes to improved patient outcomes,
particularly in scenarios of refractory cardiac or
respiratory failure. Given the critical nature of the
conditions that necessitate ECMO, the advancement

in technology not only represents a significant
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clinical milestone but also a practical improvement

in patient management strategies [2,3].

Integration into Critical Care Practice

The incorporation of ECMO into critical care
practice has altered the landscape of treatment for
severe cardiopulmonary failure. The integration of
advanced monitoring, precise control of gas
exchange, and improved circuit components reflects
a sustained effort to match clinical needs with
ECMO provides a

temporary yet effective support mechanism in

technological innovation.
situations where conventional treatments fall short.
Clinicians have gained substantial benefit from the
detailed understanding of the interplay between
mechanical support and patient physiology. This
understanding has fostered improved decision-
making processes regarding the timing of
intervention and the criteria for patient selection.
Each component of the system is crucial for
achieving the desired therapeutic effect, and
advancements in each area have collectively
contributed to a more robust intervention capable of
adapting to a wide range of clinical scenarios. The
evolution of ECMO since its inception has been
marked by incremental enhancements in technology
and understanding of complex hemodynamic
principles. The integration of advanced centrifugal
pumps, efficient oxygenators, optimized cannulae,
and precise monitoring systems has shaped ECMO
into a critically important tool within the realms of
cardiopulmonary support. Each component plays a
vital role in ensuring that the extracted venous blood
is adequately oxygenated, appropriately heated, and
returned  effectively to the patient. The
comprehensive monitoring of the system adds a
layer of safety and efficiency that is indispensable in
the management of critically ill patients. These
advancements underscore the broader progress in
critical care medicine and highlight the potential for
continued improvement in patient outcomes using

ECMO as a temporary therapeutic intervention [ 1,3].
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Figure 1: ECMO Machine.

Extracorporeal Membrane Oxygenation Setup

The configuration of an ECMO system begins with
the insertion of a venous cannula, which serves as the
entry point for blood withdrawal from the patient.
This cannula is connected via biocompatible tubing
to the inlet side of a centrifugal pump. The use of
centrifugal pumps represents a technological
improvement over the earlier roller pumps, providing
more stable flow rates and reduced mechanical wear.
In some clinical settings, a reservoir is introduced
before the pump segment of the circuit. This
reservoir functions as a safety mechanism to prevent
the generation of negative pressure during transient
interruptions in blood flow. Such interruptions can
arise due to several causes, including line kinking,
low circulating blood volume, or patient actions like
coughing. These disruptions may result in the
collapse of tubing or potential air entrapment if not
properly buffered by the reservoir. The centrifugal
pump is a critical element in maintaining consistent
ECMO circuit. It

generally operates at speeds ranging from 2000 to

circulation throughout the

6000 revolutions per minute, depending on the
patient’s clinical needs. Despite its benefits, the
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carries certain mechanical limitations.

pump
Hemolysis is a recognized concern due to the high-
speed mechanical motion, which can damage red
blood cells. Furthermore, areas of blood stagnation
within the circuit can lead to clot formation,
especially if flow dynamics are suboptimal. Both of
these risks necessitate careful surveillance and
system optimization to ensure safe and effective

blood circulation [2-4].

After propulsion through the pump, the blood
advances into the oxygenator, a core component of
the ECMO system. Modern oxygenators are
constructed with hollow fibers made from
polymethyl pentene, a material selected for its high
gas permeability and durability. This design
enhances the efficiency of oxygen and carbon
dioxide exchange while minimizing blood trauma.
The oxygenator operates through a polymer
membrane that is thin and gas-permeable, allowing
for effective diffusion of gases. On one side of this
membrane, blood flows continuously, while the
opposite side is exposed to a controlled flow of gas

delivered via a gas blender. Typically, this gas
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mixture is set to deliver 100% oxygen, although the
concentration can be adjusted based on individual
oxygenation requirements. The sweep gas rate,
which dictates the velocity at which gas is delivered
across the oxygenator, is an important variable that
clinicians adjust to manage carbon dioxide clearance.
By altering this rate, the amount of CO. removed
from the blood can be closely regulated, offering
fine-tuned control over the patient’s ventilatory
support. Embedded within the oxygenator is a heat
exchanger, which plays a dual role by also warming
the blood to a
approximately 37 °C. Blood that is properly heated

physiological temperature,
demonstrates more efficient gas exchange, reduced
vasoconstriction upon reinfusion, and improved

hemodynamic stability [4].

Once oxygenation and temperature normalization are
complete, the blood exits the oxygenator and travels
toward the patient via a return cannula. The location
of this cannula’s reinsertion point is determined by
the ECMO modality being used. In venovenous
ECMO, which is typically indicated for isolated
respiratory failure, the return cannula is placed into a
vein to deliver oxygenated blood back to the venous
circulation. Conversely, in Veno-arterial ECMO,
which provides both respiratory and circulatory
support, the return cannula is inserted into an artery
to deliver oxygenated blood directly into the arterial
system. This distinction in cannula placement
defines the physiological impact of each ECMO
mode. The ECMO circuit includes several additional
components to ensure optimal function and patient
safety. These elements include pressure monitors,
which assess circuit and patient-specific pressures;
oxygen saturation sensors, which provide real-time
data on the efficacy of oxygen exchange; and air
bubble detectors, which guard against the risk of
embolism by identifying the presence of air in the
circuit. Temperature sensors are strategically
positioned to confirm adequate thermal control
throughout the circuit. Hemoconcentrators may also
be employed to manage the patient’s fluid balance

and hematocrit levels. An array of safety alarms is
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built into the circuit and linked to a central
monitoring console, which aggregates all critical
information and allows for continuous oversight by
clinical personnel [2,4].

The central console serves as the interface through
which adjustments are made to ECMO parameters.
This includes the regulation of flow rate, pump
speed, sweep gas flow, and oxygen concentration.
Continuous interpretation of the data presented by
the console is essential for timely clinical decisions
and individualized patient management. Because
ECMO physiology,
particularly in the context of blood flow and pressure

support  alters normal
dynamics, precise control of circuit variables is
mandatory to maintain homeostasis. In addition to
mechanical

and physiological ~management,

anticoagulation  monitoring is an  essential
component of ECMO therapy. Given the non-
endothelialized surface of the ECMO circuit and the
high-risk flow conditions, there is a significant
potential for thrombus formation. Conversely,
systemic anticoagulation introduces a risk for
bleeding complications. A delicate balance must be
maintained through regular laboratory testing,
usually involving activated clotting time (ACT) or
anti-Xa levels, depending on the institutional
protocol. Achieving this balance is fundamental to
preventing life-threatening complications while
ensuring the uninterrupted function of the
extracorporeal support system. Overall, the ECMO
setup is a highly integrated system that demands
technical precision, continuous surveillance, and
multidisciplinary coordination. Each component
serves a specific function within the circuit,
contributing to the overall goal of supporting gas
exchange and circulation in patients who are
critically ill. The design and implementation of
ECMO therapy rely heavily on adherence to
established protocols, real-time monitoring, and
proactive intervention to manage the dynamic
challenges that arise during extracorporeal support

[2,3].

Clinical Significance
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Types of Extracorporeal Membrane Oxygenation
Extracorporeal membrane oxygenation (ECMO) is
divided into two primary modalities based on the
direction of blood flow and the physiological support
provided: (VV) ECMO and
venoarterial (VA) ECMO. The clinical application of
each type is determined by the patient’s specific

vVEeno-venous

pathology and organ system involvement.
Understanding the distinctions between these types
is essential for identifying appropriate indications
and avoiding contraindications (see Image. Types of

ECMO Circuits) [3].

Veno-venous Extracorporeal Membrane
Oxygenation

VV ECMO is indicated for patients experiencing
severe respiratory failure where cardiac function
remains adequate. This form of ECMO is used when
mechanical ventilation is unable to maintain
sufficient gas exchange or is causing ventilator-

induced lung injury. In this modality, blood is
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extracted from a central vein, such as the femoral,
internal jugular, or subclavian vein, routed through
the ECMO circuit for oxygenation and CO: removal,
and returned to another central vein. This process
effectively bypasses the native pulmonary system
without directly influencing the cardiovascular
system. VV ECMO is commonly employed in
clinical scenarios including acute respiratory distress
syndrome (ARDS),
pneumonia, aspiration syndromes, barotrauma, and

severe viral or bacterial
various interstitial lung diseases. It serves as a bridge
to recovery or, in selected patients, a bridge to lung
transplantation, particularly in end-stage pulmonary
disease. One of the major benefits of VV ECMO is
the ability to minimize or avoid harmful ventilator
settings, such as high pressures and oxygen fractions,
that exacerbate lung injury. Instead, lung-protective
strategies can be applied while the ECMO system
maintains oxygenation and carbon dioxide removal
[3.4].

TRADITIONAL CIRCUITS

VVECMO

VAECMO

HYBRID CIRCUITS

V-AVECMO

VV-AECMO

PARALLEL CIRCUITS

Parallel VV ECMO

Parallel VA ECMO

Figure 2: Types of ECMO Circuits.
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VV ECMO has clear

contraindications. Patients with central nervous

Despite its utility,
system hemorrhage, significant neurological trauma,
or structural brain injuries are generally excluded
due to the high bleeding risk associated with
Additional
bleeding,

anticoagulation. contraindications

include  systemic coagulopathies,
conditions precluding anticoagulation, and severe
immunosuppression. A prolonged period of high-
intensity mechanical ventilation before ECMO
initiation also reduces the potential benefit, as
irreversible lung damage may have already
occurred. Age, though not an absolute criterion, is a
relative factor in determining eligibility, as survival
tends to decrease with advanced age. Clinicians must
consider the overall clinical picture when evaluating
candidates for VV ECMO, given that this modality
does not support the circulatory system and is
limited to gas exchange functions. Ventilator settings
are carefully adjusted to reduce further lung injury
while the patient remains on ECMO support (see
Image. Indications and Contraindications of VV

ECMO) [3,4].

Venoarterial Extracorporeal Membrane
Oxygenation

VA ECMO provides both cardiac and respiratory
support. It is used in critically ill patients with severe
cardiac dysfunction, often in conjunction with
respiratory failure. In this configuration, blood is
extracted from a central vein, commonly the femoral
or jugular vein, and returned into an artery, such as
the femoral, carotid, axillary, or subclavian artery.
This reinfusion delivers oxygenated blood directly
into the arterial system, bypassing both the heart and
the lungs. As a result, VA ECMO maintains systemic
perfusion and supports oxygenation simultaneously.
The clinical indications for VA ECMO include
cardiogenic shock, biventricular heart failure, and
profound hypoxemia that persists despite maximal
conventional management. In cases where
myocardial function is severely impaired and

recovery is uncertain or slow, VA ECMO offers a
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vital bridge to definitive treatment, including heart

transplantation, ventricular assist devices, or
recovery through medical management. The system
reduces the reliance on vasopressors and inotropes,
thereby limiting associated end-organ damage while
sustaining perfusion. Cannulation for VA ECMO can
be achieved through either central or peripheral
access. The choice of technique depends on the
clinical anatomical

context, urgency, and

considerations [3,4].

Central Cannulation

Central cannulation is typically performed during
cardiac surgery or in post-cardiotomy patients who
fail to wean from cardiopulmonary bypass. In this
approach, the venous cannula is positioned in the
right atrium or a central vein, while the arterial
cannula is inserted into the ascending aorta or
another centrally located artery. Central cannulation
provides direct access to central circulation and is
beneficial for comprehensive cardiac and pulmonary
support. It allows for better flow dynamics and is
associated with fewer vascular complications
compared to peripheral methods. However, this
method is more invasive and generally requires a
surgical setting with the patient under general

anesthesia, limiting its use in emergency scenarios

[4].

Peripheral Cannulation
Peripheral cannulation is the preferred method in
emergency or non-operative environments due to its
rapid deployability. The venous cannula is usually
placed into a large peripheral vein, such as the
femoral vein, and the arterial cannula is introduced
into a peripheral artery, most often the femoral
artery. This configuration enables clinicians to
initiate ECMO quickly, making it ideal for patients
in cardiac arrest or with sudden hemodynamic
While less

cannulation,

collapse. invasive than central

peripheral access can lead to
complications such as limb ischemia or inadequate
left ventricular

decompression. Consequently,

continuous assessment of perfusion and ventricular
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function is essential in patients supported by
peripheral VA ECMO[4]. Each ECMO modality
offers unique benefits tailored to specific clinical
circumstances. VV ECMO prioritizes gas exchange
without affecting systemic hemodynamics, while VA
ECMO addresses both cardiac and pulmonary
insufficiency. Accurate identification of the

appropriate  type based on patient status,
comorbidities, and goals of care is central to

maximizing the clinical benefit of ECMO therapy
[4].

Indications and Contraindications
Venoarterial ECMO (VA ECMO) plays a critical role
in managing a broad range of life-threatening
cardiac conditions. It is indicated in patients
shock,

biventricular heart failure, refractory cardiac arrest,

suffering from cardiogenic advanced
and postcardiotomy syndrome. The technique has
also proven effective in managing cases of massive
pulmonary embolism and profound hypoxemia
when conventional therapies have failed. In select
scenarios, VA ECMO is used as a bridge to either
clinical decision-making or the implantation of long-
term mechanical circulatory support devices. Its
application in extracorporeal cardiopulmonary
resuscitation (ECPR) has expanded, offering time-
sensitive cardiac and respiratory support during
Additionally,

cardiomyopathies, particularly those unresponsive

cardiac  arrest. toxin-induced
to standard care, are now recognized as valid
ECMO

therapeutic potential, several contraindications must

indications  for therapy. Despite its
be carefully evaluated. Uncontrolled bleeding poses

a significant threat due to the systemic
anticoagulation required during ECMO. Patients
with advanced peripheral arterial disease or
structural aortic abnormalities such as dissection or
severe aortic insufficiency may not tolerate arterial
cannulation. Moreover, irreversible organ damage
and certain advanced disease states render ECMO
through

multidisciplinary review before initiation [4].

futile and must be excluded
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Hemodynamic Management

The initiation of VA ECMO significantly alters the
patient’s hemodynamic profile. By decompressing
the right ventricle and simultaneously increasing the
afterload on the left ventricle, ECMO imposes
mechanical demands on a heart already in a state of
failure. This can lead to increased left ventricular
end-diastolic pressure and impaired cardiac output if
not appropriately managed. Cannula sizes are
tailored to patient size and circulation requirements,
with venous cannulas typically ranging from 19F to
25F and arterial cannulas from 15F to 24F[5].
Anticoagulation remains a core component of
ECMO management, usually achieved with
unfractionated heparin. Anti-Xa assays are preferred
for monitoring heparin efficacy to maintain the
balance between preventing thrombus formation and
avoiding bleeding. For patients with severely
reduced or absent cardiac output, the ECMO system
must compensate by providing flows up to 60
mL/kg/min to maintain end-organ perfusion. Flow
adjustments are made based on cardiac function and
the patient’s metabolic demands. In patients with
obesity or partial cardiac recovery, lower flow rates
between 3 to 4 L/min may be sufficient. Blood
lactate levels are monitored as markers of tissue
perfusion and guide the need for flow adjustments.
Mean arterial pressure (MAP) targets are usually
maintained between 65 and 80 mm Hg to optimize
perfusion without increasing the risk of thrombotic
events. Some patients may require a higher MAP, but
this must be weighed against the elevated risk of
intracircuit clotting. Oxygenation settings must
ensure that the fraction of inspired oxygen remains
at or near 100% to avoid systemic hypoxemia. The
sweep gas flow rate is modulated to manage arterial
carbon dioxide levels, with the target pH set to a
physiologic range. Arterial blood gas samples,
especially those obtained from the right radial artery,
are crucial for accurately assessing cerebral and

coronary oxygen delivery [5].



Journal of Medical and Life Science, 2025, Vol. 7, No. 3, P.384-396

pISSN: 2636-4093, elSSN: 2636-4107 392

Table 1: Indications and Contraindications of ECMO.

Type of
ECMO

Primary
Function

Indications

Contraindications

Veno-venous
(VV) ECMO

Respiratory

transplant

- Acute Respiratory Distress
Syndrome (ARDS) - Severe
pneumonia - Aspiration -
support only |Barotrauma - Interstitial lung
disease - Bridge to lung

- Central nervous system
hemorrhage - Major CNS injury -
Active systemic bleeding -
Contraindication to anticoagulation
- Severe immunosuppression -
Prolonged mechanical ventilation
with lung damage - Advanced age
(relative)

or device

- Cardiogenic shock - Refractory
cardiac arrest - Biventricular
heart failure - Postcardiotomy
syndrome - Massive pulmonary

. ||[Cardiac and
Venoarterial : ' SIV
(VA) ECMO respiratory |lembolism - Toxin-induced
support cardiomyopathy - Profound

hypoxemia with cardiac
dysfunction - Bridge to decision

- Uncontrollable bleeding - Severe
peripheral arterial disease - Aortic
dissection - Severe aortic
insufficiency - Irreversible multi-
organ failure - Advanced
neurological injury

Complications and Troubleshooting of

Venoarterial Extracorporeal Membrane
Oxygenation

Low blood flow in the ECMO circuit is a common
complication that necessitates prompt evaluation.
checked for

mechanical kinks or narrowing. “Chattering” of the

Tubing and cannulas must be
venous line, a sign of excessive negative pressure,
often arises from hypovolemia, patient straining, or

elevated airway pressures. If hypovolemia is

pump
administering intravenous fluid boluses are standard

suspected, decreasing the speed and

responses. In cases of patient-induced strain,
increased sedation or neuromuscular blockade may
be required. Hypovolemia is further confirmed
through echocardiographic findings such as right
atrial collapse. Other clinical causes of reduced
venous return include elevated intra-abdominal
pressure or cardiac tamponade, both of which need
urgent identification and management. Oxygenator
thrombosis is a serious complication signaled by a
pressure gradient exceeding 100 mm Hg across the

oxygenator. These finding mandates immediate

consideration for oxygenator replacement and
hemodynamic stabilization planning. Differential
hypoxemia, also referred to as Harlequin syndrome
or  North-South
deoxygenated blood ejected by the left ventricle

syndrome, occurs  when
mixes with oxygenated ECMO blood, particularly in
peripheral VA ECMO configurations. This results in
the upper body, including the brain and heart,
receiving insufficient oxygen, while the lower body
remains well perfused. The diagnosis is typically
made using right upper limb arterial blood gases and
cerebral oximetry. A saturation discrepancy, where
upper limb SpO: falls below 90% while lower
extremity saturation remains normal, is a hallmark of
this complication. Management includes improving
venous drainage, increasing pump speed, reducing
native cardiac output, optimizing ventilator settings,
or escalating to central or veno-arteriovenous ECMO

in refractory cases [6].

Left ventricular distention is a hemodynamic
consequence of elevated afterload during ECMO and

contributes to pulmonary edema, myocardial
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ischemia, and rising atrial pressures. Management

involves strategies such as enhanced venous
drainage, pharmacologic inotropic support, and
aggressive diuresis. Intra-aortic balloon pumps are
used to reduce afterload and improve coronary
perfusion, but may have inconsistent effects on
pulmonary pressures. More invasive interventions,
including surgical or percutaneous left atrial or
ventricular venting, and devices like the Impella, are
increasingly employed to unload the left ventricle
and facilitate ECMO weaning. Airway hemorrhage
is another known complication, observed in nearly
10% of ECMO cases. Hemoptysis may arise from
systemic anticoagulation and underlying lung

pathology. Management includes temporary
cessation of anticoagulation, bronchoscopy to
identify the bleeding site, and correction of any
coagulopathy. Intracardiac thrombosis presents a
life-threatening challenge and is usually diagnosed
using transesophageal echocardiography. Preventive
strategies emphasize maintaining consistent cardiac
ejection and avoiding systemic hypertension, both of
which help mitigate stagnant blood flow and
thrombus formation. Limb ischemia is a recognized
complication associated with peripheral arterial
cannulation. Monitoring for distal perfusion deficits
is essential, and prophylactic measures include
maintaining therapeutic anticoagulation and placing
distal perfusion cannulas to ensure adequate blood

flow to the affected limb [7-13].

Weaning From Venoarterial Extracorporeal
Membrane Oxygenation Complications

The process of weaning from venoarterial ECMO
(VA ECMO) requires careful, structured evaluation
of multiple organ alongside cardiac
highly

dependent on the recovery of end-organ function and

systems

performance. Successful weaning is
myocardial performance. Clinical assessment begins
with the evaluation of hepatic, pulmonary, and
metabolic ~ parameters. Indicators such as
normalization of liver enzymes, stable oxygenation
without reliance on maximal ventilatory support, and

balanced acid-base status reflect systemic recovery.
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In parallel, hemodynamic criteria must be satisfied
separation from ECMO.
identified through

improved cardiac filling pressures and the return of

before considering

Hemodynamic readiness is
arterial pulsatility, suggesting native cardiac output
is contributing meaningfully to circulation. The use
of minimal inotropic support further confirms the
heart's ability to sustain adequate perfusion without
pharmacologic assistance. A mean arterial pressure
of at least 65 mm Hg should be maintained with
minimal or no vasopressors. Low ECMO flow
conditions should be tolerated without evidence of
end-organ hypoperfusion. Echocardiography plays a
central role in the assessment of myocardial
recovery. Serial imaging is used to evaluate
biventricular function, ejection fraction, and
chamber size. Adequate ventricular contraction at
reduced ECMO flow suggests that the heart can
assume full circulatory responsibility. Only when
these clinical, biochemical, and echocardiographic
criteria align should the team proceed with a weaning
trial. This is usually done by gradually decreasing
ECMO flow while monitoring hemodynamics,
oxygenation, and organ function. Premature removal
can result in rapid hemodynamic collapse, so timing
and coordination across the care team are essential
[14].

Alternatives and Emerging Techniques

The field of extracorporeal support continues to
evolve, particularly in efforts to improve cardiac
unloading, minimize complications, and increase
patient mobility. One of the most significant
innovations has been the introduction of
percutaneous catheter-based microaxial ventricular
assist devices (VADs). These devices, such as the
Impella, offer effective decompression of the left
ventricle during VA ECMO. By providing direct
antegrade blood flow from the left ventricle to the
ascending aorta, these VADs reduce ventricular wall
stress, lower pulmonary venous congestion, and
improve myocardial oxygen supply-demand
balance. Their use supports myocardial recovery

while facilitating ECMO weaning in patients with
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persistent left ventricular distention. In parallel,
surgical strategies for central veno-venous ECMO
(VV ECMO) have advanced. Techniques involving
dual cannulation with centrifugal flow pumps offer
more stable circuit performance and controlled flow
dynamics. These methods provide durable support
for patients with isolated respiratory failure and
allow for better patient management in operative and

postoperative environments [ 14].

Another key innovation is ambulatory ECMO.
Designed to facilitate early mobilization, ambulatory
VV ECMO systems use lightweight, wearable
components with optimized cannulation strategies
that allow patients to stand, walk, and engage in
physical rehabilitation. This approach reduces
complications associated with immobility, including
muscle wasting, thromboembolism, and ventilator-
associated pneumonia. Clinical studies suggest that
maintaining mobility while on ECMO correlates
with better functional outcomes and shorter ICU
stays. Collectively, these emerging technologies
mark a shift in ECMO philosophy from static, high-
risk interventions to more dynamic, patient-centered
approaches. The focus is no longer just on survival
but on recovery, rehabilitation, and long-term quality
of life. As these innovations become more integrated
into practice, they are reshaping how ECMO is
applied across cardiac and respiratory failure
indications, offering broader therapeutic options for

critically ill patients [15].

Enhancing Healthcare Team Outcomes

The use of veno-venous extracorporeal membrane
oxygenation (VV ECMO) in critical care settings
requires a structured, collaborative approach. While
VV ECMO is primarily indicated for severe
respiratory failure, its deployment and management
significantly influence cardiovascular dynamics and
demand high-level coordination among clinical
disciplines. Effective implementation depends on
precise hemodynamic monitoring, ventilatory
adjustments, and vigilant assessment of perfusion
status. These tasks require synchronized input from

intensivists, ECMO specialists, perfusionists, nurses,
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respiratory therapists, and pharmacists.
Advancements in VV ECMO technology, including
improved cannulation techniques, compact systems,
and enhanced biocompatibility, have contributed to
safer and more efficient patient support. Equally
important are refined protocols for patient selection,
which prioritize candidates with reversible
pathology, limited comorbidities, and a favorable
prognosis. Structured treatment strategies, including
lung-protective ventilation, targeted anticoagulation,
and early mobilization, support better outcomes and

reduce complications [15].

Integrating interprofessional collaboration
strengthens care delivery by ensuring real-time
communication and consistent reassessment. Each
discipline contributes distinct expertise. Nurses
manage sedation and monitor vital trends;
respiratory therapists optimize ventilator parameters;
pharmacists adjust anticoagulants and supportive
medications. Perfusionists maintain circuit integrity,
troubleshoot flow or oxygenation issues, and
calibrate machine settings based on evolving

physiology. When healthcare teams function
cohesively, patients on VV ECMO benefit from
faster recognition of complications, more adaptive
management, and better support during recovery.
Improved outcomes—such as lower mortality,
shorter ICU stays and enhanced functional status
post-ECMO—are linked to

coordination and protocol-driven care pathways. As

structured team

techniques and technologies continue to evolve,
ongoing training, simulation-based practice, and
standardized interprofessional procedures will
further enhance the success of VV ECMO programs

[15].

Conclusion:
Venoarterial ECMO (VA ECMO) serves as a vital
intervention for patients with life-threatening cardiac

and respiratory failure, offering temporary

hemodynamic and respiratory support. Its

effectiveness  hinges on advanced circuit

components—centrifugal pumps, high-efficiency

oxygenators, and optimized cannulas—that ensure
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stable blood flow and gas exchange. However, the
complexity of ECMO management introduces
significant challenges, including complications such
as oxygenator thrombosis, differential hypoxemia,
and left ventricular distention, which require prompt
recognition and intervention. Successful ECMO
implementation relies on meticulous
anticoagulation, real-time hemodynamic monitoring,
and structured weaning protocols. Echocardiography
plays a crucial role in assessing myocardial recovery,
while gradual flow reduction minimizes the risk of
hemodynamic collapse. Emerging innovations, such
as percutaneous ventricular assist devices (e.g.,
Impella) and ambulatory ECMO, enhance cardiac
unloading and patient mobility, improving long-term
outcomes. A multidisciplinary approach—involving
intensivists, perfusionists, nurses, and respiratory
therapists—is essential for optimizing patient care.
Team coordination ensures timely adjustments to
circuit parameters, ventilator settings, and
anticoagulation, reducing complications and
improving survival rates. Despite its challenges, VA
ECMO remains a cornerstone of modern critical
care, bridging patients to recovery, transplantation,
or durable mechanical support. Future advancements
in biocompatible circuits, miniaturized systems, and
artificial intelligence-driven monitoring may further
enhance ECMO’s safety and applicability. As
technology evolves, ECMO will continue to play a
pivotal role in managing refractory cardiopulmonary
failure, underscoring the importance of ongoing

research and protocol refinement.
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