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ABSTRACT

Acute lung injury and acute respiratory distress syndrome are characterized by
rapid-onset respiratory failure following a variety of direct and indirect insults to the
parenchyma or vasculature of the lungs. Extracorporeal membrane oxygenation is a
form of extracorporeal life support where an external artificial circulator carries
venous blood from the patient to a gas exchange device (oxygenator) where blood
becomes enriched with oxygen and has carbon dioxide removed. This blood then re-
enters the patients circulation. The potential advantages of ECMO over conventional
manajement may extend beyond its role in supporting patients with ARDS. ECMO
may facilitate and enhance the application of lung-protective ventilation by

minimizing ventilator-induced lung injury.
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1. Introduction

Acute respiratory distress syndrome (ARDS) is non-
cardiogenic pulmonary edema caused by alveolar
injury, secondary to an inflammatory process,
pulmonary or systemic.! The pathogenesis of ARDS is
not completely clear, and there is no gold standard for
establishing the diagnosis. The American European
Consensus Conference (AECC) introduced ARDS and
acute lung injury (ALI) definitions. ALI is characterized
by a milder degree (PaO2/FiO2 < 300) with the same

cause and pathophysiology as ARDS.1.4

ARDS is a common form of lung injury characterized
by disruption of the alveolar-capillary membrane
resulting in pulmonary edema and hypoxemia.S5.6

Initiation of ECMO for adult ARDS should be

considered if conventional therapy cannot maintain

adequate oxygenation.6.7
Definition of ARDS

Ashbaug and colleagues first put forward the
definition of ARDS in 1967.28 The American-European
Consensus Conference (AECC) described ARDS in 1994
as acute hypoxemia, the ratio of arterial oxygen partial
pressure to the inspired oxygen fraction PaO2/FiO2
200 mmHg, bilateral infiltrates on chest X-ray, without
evidence of cardiogenic pulmonary edema, pulmonary
arterial wedge pressure (PAWP) 18 mmHg or no signs
of increased left atrial pressure.6In 2011, the European
Society of Intensive Care Medicine was supported by

the American Thoracic Society of Critical Care Medicine
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developed the Berlin definition for ARDS. Table 1 shows
the definition of ARDS based on the Berlin criteria.

Table 1. ARDS definition based on Berlin criteria, 2011.9:10

ARDS Criterias

Time
occur within 1 week

Thorax image
Oedema source
Hypoxemia severity
Low -

Moderate -
Severe -

Respiratory symptoms that have just been felt or that are getting worse,

Bilateral opacity, not caused by effusion, atelectasis or pulmonary nodules
Caused by respiratory failure, not caused by heart failure or fluid overload
200 mmHg < PaO2/FiO2 < 300 mmHg with PEEP or CPAP = 5 cmH20

100 mmHg < PaO2/FiO2 < 200 mmHg dengan PEEP > 5 cmH20
Pa02/FiO2 < 100 mmHg dengan PEEP > 5 cmH20

ARDS pathogenesis

The etiology of ARDS is primarily due to pneumonia
caused by viruses, bacteria, or fungi, and the next most
common cause is severe sepsis due to other infections
outside the lungs.11.12 On the alveolar surface, 90%
consists of type 1 pneumocyte cells which function for
gas exchange which takes place by passive diffusion.
Type 1 alveolar epithelial cells of the alveolar wall,
capillary endothelial cells, basement membrane, and
the space between the two membranes is called the
perimicrovascular interstitium. Innate immune defense
mechanisms, including the formation of extracellular
neutrophil traps and the release of histones, may help
capture pathogens but may exacerbate an alveolar
injury.13.15

In healthy stabilization is
(VE-

cadherin), an endothelial-specific protein required to

lungs, endothelial

mediated by vascular endothelial cadherin

maintain the integrity of the endothelial barrier in lung

microvessels. During Iung injury, increased

concentrations of thrombin, tumor necrosis factor-
alpha (TNF-Q), vascular endothelial growth factor
(VEGF), and leukocyte signaling in the lungs agitate
VE-cadherin binding. They were resulting in increased
endothelial permeability and accumulation of alveolar
fluid.16

endothelium

Inflammatory damage to the pulmonary

results in  increased  capillary
permeability, thereby leading to pulmonary edema. In
addition to endothelial permeability, epithelial
permeability also has a vital role in the pathogenesis of
ARDS. The alveolar epithelial barrier is similar to that
of the endothelium. Under pathological conditions,
injury by
disrupting cell-to-cell junctions, causing apoptosis and
which the

permeability of the alveolar epithelium. Figure 1

neutrophil migration causes epithelial

denudation, ultimately  increases
describes the mechanism of increased -capillary-

alveolar permeability in ARDS.17
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Figure 1. Mechanism of increased capillary-alveolar permeability ARDS17
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The pathophysiology of ARDS involves the
accumulation of fluid in the alveoli caused by vascular
inflammation. In ARDS, the formation of edema is
usually triggered by inflammation of the lung tissue,
which is often caused by an exaggerated response to
pathogens or trauma. This further allows infiltration of
immune cells through the perivascular interstitium
into infected alveolar cells. As a secondary event,
termed vascular leakage or permeability, protein-rich
fluid from the vascular capillaries enters the
perimicrovascular interstitium and alveolar spaces in
the alveoli. Flooding in the lungs interferes with the
exchange of oxygen and carbon dioxide gases in the
pulmonary capillaries.10,15

Filling of air spaces with edematous fluid causes
hypoxemia, necessitating mechanical ventilation.
Vascular injury and alveolar edema contribute to a
decreased ability to excrete CO2 (hypercapnia), leading
to increased lung dead space ARDS. In contrast,
hypercapnia impairs sodium transport, reducing
clearance of alveolar edema. After the onset of primary
disease, inflammation of the injured alveoli occurs in
three successive phases. There are three phases of
alveolar damage in ARDS in anatomical pathology:
exudative, proliferative, and fibrotic phases.

ARDS management

Management of ARDS can be classified as specific
and supportive therapy. Specific steps include
maintenance of gas exchange and manipulation of the
underlying pathophysiology.

Supportive therapy

includes sedation, mobilization, nutrition, and

prophylaxis of venous thromboembolism.

Extracorporeal Membrane Oxygenation (ECMO)

ECMO is a temporary mechanical support system
used to assist heart and lung function in patients with
respiratory failure and severe heart failure.2! Based on
guidelines made by ELSO (extracorporeal life support
organization), indications for ECMO include: hypoxic
respiratory failure due to any cause (primary or
secondary) extracorporeal life support should be
considered if the risk of death is 50% or more and
indicated if the risk of death is 80% or more. this 50%
risk of death is associated with a PaO2/FiO2 < 150 at
FiO2 > 90% and a Murray score of 2 - 3. The 80% risk
of death is associated with a PaO2/FiO2 < 100 at
FiO2 > 90% and a Murray score of 3 - 4, under optimal
care for more than 6 hours. The success of ECMO in
respiratory failure when ECMO is given early after
onset (1 - 2 days); CO2 retention on mechanical
ventilation despite high plate (plateau pressure) (> 30
cmH20); needed for

severe air leak syndrome;

intubation in patients undergoing lung

transplantation; sudden respiratory or cardiac
collapse.23

The Murray score is only a guide for determining the
initiation of ECMO in ARDS patients. The calculation
method is to give each component a value with a value
of O to 4. The final score is calculated by adding the
parts (parameters) and dividing by the fundamental
component. Score O no injury, score 1 — 2.5 mild to
moderate lung injury, and score > 2.5 severe lung
injury.22,24,25 Table 2 describes the parameters of the
Murray score, using four parameters to evaluate the

severity of lung injury in ARDS patients.

Table 2. Murray score24

Murray score

Parameter/score 0 1 2 3 4
PaO2/FiO2 (FiO2 100%) <300 225-299 175-224 (23- 100-174 <100
mmHg (>40 kPa)  (30-40) 30) (13-23) (< 13)
CXR Normal I poin per quadrant infiltrate

PEEP <5 6-8 9-11 12-24 215
Compliance ml/cmH20 > 80 60-79 40-59 20-39 <19

Notes: abbreviation: CXR = Chest X-Ray, FiO2 = oxygen fraction inspiration, PaO2 = partial oxigen pressure,

PEEP = Positive end expiratory pressure.
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Based on the 2009 CAESAR clinical trial, which

conventional treatment was optimal, Murray score >2

evaluated the indications for ECMO in ARDS patients, and PaO2/FiO2 ratio <150 mmHg should be
including Murray score 3-4 or pH <7.20 even though considered for moved to ECMO center.24,26
Extracorporeal Life Support Srategies for Patients
with Refractory Hypoxemia or Hypercarbia
Ref t H i -
e(l\‘rqaucrrg;yscgfgg'_eg'a Refractory Hypercarbia
L 1 L 1
Without Shock OR Without

Cardiogenic Shock Vasodilatory Shock

1 1

All Other
Heart Failure

Due to
Hypoxemia

| l

Venoarterial or
Venoarteriovenous ECMO

Venovenous
ECMO

With Hypoxemia Hypoxemia

Low Flow Venovenous
ECMO

Figure 2. Extracorporeal Life Support Strategy in Hypoxaemic or Refractory Hypercarbia Patients.27

ECMO configuration type on ARDS
The ECMO mode is determined by the location of the
access and return cannula. The ECMO accesses
deoxygenated blood from the

venous systemic

circulation, pressurizes it using a pump and passes it

through a membrane oxygenator, and then returns it
to the circulation on the other side of the vein. The
circuit consists of two main types of configuration:
venovenous and arteriovenous. Figure 3 describes the

configuration of the central venovenous ECMO.28

Lungs

Left
Heart

Right
Heart
Upper Body
—-

Lower Body

- =

Oxygenator

Figure 3. ECMO configuration on central venovenous28

Peripheral ECMO-VA cannulation is most often
performed in conjunction with angiography. Utilization
of the subclavian artery and internal jugular vein

reduces the risk of upper body perfusion abnormalities.

This subclavian artery cannulation has not been widely
adopted.28 Figure 4 shows the peripheral venoarterial
ECMO configuration.
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Figure 4. ECMO configuration- peripheral venoarterial28

Venovenous ECMO: is a configuration in which
blood is deoxygenated, drawn from the central vein via
a pump, passed through an oxygenator, and infused
back into the central vein. Venovenous ECMO only
provides respiratory support and is the configuration of
choice in cases of severe ARDS.7 For ARDS without
heart failure, two VV access models can be used: Two

cannulas, access via the femoral vein (drainage) and

the internal jugular vein for reinfusion (inflow). There is
also access that is used a bifemoral approach; the
access cannula is inserted percutaneously through the
left femoral vein. Blood flows through the pump to the
oxygenator and is returned to the right atrium via a
cannula inserted percutaneously from the right femoral

vein cannula.

Return Line

Oxygenator

Centrifugal

Pump Drain Line

Loss via
reverse
transfer

1

Lungs

Right Left
Heart Heart

Oxygen
Shunt
Blood we—pp-

Oxygenator

Body Tissues

Figure 5. Two cannula ECMO-venovenous configuration28

A single cannula (double-lumen) via internal jugular
vein: Avalon and Origen double lumen cannula have a
large lumen for drainage and a smaller lumen for
reinfusion. The inflow lumen is a side orifice that can
be oriented towards the tricuspid valve. The drainage
lumen is positioned as far from the reinfusion lumen as
possible to minimize recirculation. The Avalon cannula
is designed to be placed in the inferior vena cava. Its
placement requires imaging, usually fluoroscopy, so

cannulation is more complicated than accessing two

cannulas. The advantage of single cannula access is
that it is easier to mobilize and move the patient.
Disadvantages are that imaging is required during
placement, and the cannula can be pulled out of the
inferior vena cava into the right atrium.23,28,29

ECMO initiation on ARDS

The standard ECMO circuit consists of a blood
pump, oxygenator, drainage, return cannula, flow and
pressure sensor, heat exchanger for cooling or heating

blood, arterial and venous access points for blood
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collection in the circuit. There are access routes located
along the ECMO circuit (arterial-venous access point)
for drug and fluid infusion and collection of laboratory
tests, in addition to pressure sensors (pre-membrane
and post-membrane) and flow sensors.2830-32 ECMO
installation is common. They are performed in the
operating room by a cardiothoracic surgeon. Blood flow
(50-70 ml/kg) and oxygen flow are adjusted according
to oxygen saturation and blood gas analysis to
maintain a PaO2 of 60-80 mmHg and a partial pressure
of carbon dioxide 35-45 mmHg. Before initiation, an
ultrasound of the lungs, heart, abdomen, blood vessels,

and chest x-ray is necessary. A pulmonary protective

ventilator strategy was adopted after ECMO initiation
(Fi02 < 40%, tidal volume 2-4 ml/kg, plateau pressure
< 25 cmH20, and respiratory rate 8-10 breaths/min.33

The anticoagulant heparin unfractionated (UFH)
was used for all patients, with a bolus dose of 50 U/kg
10 minutes before cannulation. If the activated clotting
time (ACT) is < 180 seconds, the continuous
intravenous infusion of UFH is increased at a rate of 2-
20 U/kg/hour, with a target ACT of 180-200 seconds
and an activated partial thromboplastin time (aPTT) of
50-80 seconds (or 1.5 times the baseline).33 Figure 6

shows a flowchart of ECMO initiation on ARDS.

standard ARDS treatment

A

protective lung ventilation strategy
optimal PEEP

pharmaceutical paralysis

lung recruitment

prone positioning

w ]

I}

ECMO should be considered®

any of the following criteria?
® PaO2:FiO2 <100 mmHg

ECMO should be immediately
established®™

any of the following criteria
® PaO2:FiO2 <50 mmHg for > 1 hour

® <=7 25 wi O > £ = ~
EH T2 Wikt PEOGGoER for =0 | ® PaO2/FiO2 <80 mmHg for > 2 hours
L ® cxistence of uncompensated respiratory
acidosis with PH <7.2 for = 1 hour
L= 1

no indicati yves . . .

Recommend ECMO |< Contraindication to ) 5| Consider a(.ijunctlve
ECMO? therapies T

Figure 6. Initiation protocol flowchart ECMO in ARDS.33

Standard ECMO weaning procedure
ECMO weaning begins when there is an
improvement after observing the results of chest X-
ray/CT, blood gas analysis, respiratory mechanism,
and other indicators. The sweep-to-flow ratio was
maintained at 1:1, and the ECMO flow was gradually
reduced to 2.5 L/min while the same mechanical
ventilation parameters were continued.33 With the
ECMO flow maintained at 2.5 L/min, and the ECMO
sweep was gradually reduced until cessation total
sweep. For ECMO weaning, the following criteria are
maintained for 24-48 hours at an ECMO flow rate of
2.5 L/min provided that

without sweeping,

hemodynamically stable, significant improvement in
ventilation function and gas exchange, as evidenced by
chest X-ray and lung ultrasound, PaO2/FiO2 > 150
mmHg, partial pressure of carbon dioxide S0 mmHg,
respiratory rate 20 times per minute, body temperature
< 380C, Murray index < 3, hematocrit > 35%.

The possibility of discontinuing ECMO is a condition
of no hope of survival, severe brain damage, severe
irreversible multiorgan failure, or no restoration of
cardiac and pulmonary function. The optimal time to
determine the absence of recovery will vary at different
ECMO centers. For ECMO-VV, there is no recovery of

heart function in many ECMO centers for 3-5 days,
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while in patients using ECMO-VV, there is no recovery

of lung function after 2-3 weeks.34

2. Conclusion

The potential advantages of ECMO over
conventional manajement may extend beyond its role
in supporting patients with ARDS. ECMO may facilitate
and enhance the application of lung-protective

ventilation by minimizing ventilator-induced lung

injury.
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