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ABSTRACT
The use of extracorporeal membrane oxygenation
(ECMO) in adults has rapidly increased as the technology
has evolved, although there is little deﬁnitive evidence
that it is beneﬁcial in this group. ECMO is now being
used in acute respiratory distress syndrome (and was
used extensively for this indication during the inﬂuenza
H1N1 pandemic), as a bridge to lung or heart transplant,
and in postcardiac arrest patients. We review the current
evidence and indications for ECMO, focusing on its principles and practical aspects in adult patients with respiratory or cardiac failure.

KEY POINTS
Two basic conﬁgurations of ECMO are used in adults:
venoarterial, which can provide cardiac or cardiopulmonary support; and venovenous, which provides respiratory
support only.
ECMO is used in adults who are at very high risk of death
without it.
Because ECMO patients must receive anticoagulation,
bleeding is a common complication. Others are infection,
renal failure, and thrombosis.
ECMO may provide “lung rest,” allowing lower tidal
volumes and pressures and lower fractions of inspired
oxygen to be used in mechanical ventilation, strategies
associated with lower mortality rates.
Dr. Diaz-Guzman has disclosed teaching and speaking for Maquet Cardiopulmonary AG.
doi:10.3949/ccjm.83a.15021

xtracorporeal membrane oxygenation
(ECMO) provides temporary cardiorespiE
ratory support for patients with severe respiratory or cardiac failure refractory to conventional therapy.1 It can be configured to provide
oxygen, remove carbon dioxide, support perfusion, or all of the above. It may provide a
bridge to recovery in patients with acute cardiopulmonary failure or to heart or lung transplant.
Developed in the 1970s, ECMO has proven effective and is widely used in children
with respiratory and cardiopulmonary failure.2
However, it remained little used in adults, as
early randomized trials showed higher rates of
complications in adults who received it and
no survival advantage.3,4 Proponents of using
it in adult patients believe that these poor
outcomes were at least partially due to limited
training, intensive anticoagulation, and excessive volume and pressure during mechanical
ventilation. Although ECMO technology has
improved substantially in the last decade and
survival rates have improved (www.elso.org),
evidence to support its routine use in adults
remains limited.
Nevertheless, about 14,000 adult patients
received ECMO between 1990 and 2014, with
a rate of survival to discharge of 57% for those
in respiratory failure and 41% for those in
cardiac failure.5 Its use increased 433% in the
United States from 2006 to 2011.6
A national survey of critical care physicians
and trainees in the United States found they
had limited knowledge about ECMO technology and wanted to include specific educational
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TABLE 1

Recent studies of extracorporeal membrane oxygenation (ECMO)
in respiratory failure

Authors

Year

No. of
patients

Hours on
mechanical
ventilation
before
ECMOc

Peek et al8

2009

90a

29 (17–69) c

76 (30) d

Davies et al9

2009

68

48 (24–120)

56 (48–63)

93%

10 (7–15)

21%

Noah et al10

2011

69

96 (48–168)

55 (46–63)

84%

9 (6–12)

24%

Patroniti et al11

2011

49b

48 (24–120)

63 (56–79)

100%

10 (7–17)

29%

Pham et al12

2013

123

48 (24–120)

63 (21) d

87%

11 (8–22)

36%

Schmidt et al13

2013

140

120 (24–264)

53 (43–60)

95%

15 (8–30)

40%

Schmidt et al14

2014

2,355

57 (19–151)

59 (48–75)

82%

7 (4–13)

57%

PaO2/ FiO2c

Venovenous
ECMO
(%)
100%

9 (6–16)

37%

Days on
ECMO

Mortality
(%)

FiO2 = fraction of inspired oxygen; PaO2= partial pressure of arterial oxygen
a
Patients referred for consideration of ECMO.
b
Inﬂuenza H1N1 patients only.
c
Data are expressed as mean (standard deviation) except where indicated.
d
Median (interquartile range).

objectives about it in their training.7
This article summarizes the principles of
ECMO, including practical aspects such as
patient selection, monitoring, and complications.
■ LIMITED EVIDENCE OF BENEFIT
FROM CONTROLLED TRIALS
There is limited evidence from randomized
controlled trials that ECMO is beneficial in
adults.
In acute respiratory failure, the first randomized trial of ECMO in adults was conducted in 1979 in multiple medical centers.3 The
survival rate was no higher with ECMO than
with mechanical ventilation alone, and complication rates were very high.
Similarly, Morris et al4 performed a singlecenter trial comparing pressure-controlled
inverse-ratio ventilation and extracorporeal
carbon dioxide removal in patients with acute
respiratory distress syndrome, which showed
no survival benefit.
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After these two early trials, ECMO was
largely abandoned, and not until 2009 did a
multicenter randomized trial in acute respiratory distress syndrome8 rejuvenate interest
in its use. Although the trial did not conclusively prove that ECMO was more effective
than conventional mechanical ventilation,
the findings supported early referral to tertiary
care centers with ECMO expertise, and the
survival rate was substantially higher than in
previous studies. A concise summary of randomized trials and retrospective studies utilizing ECMO in respiratory failure is shown in
Table 1.8–14
During the global pandemic of influenza
H1N1 in 2009–2010, several centers reported
survival benefits from ECMO in patients with
severe acute respiratory distress syndrome secondary to influenza.9–12,15–19 Two retrospective
case-control studies reported lower mortality
rates when H1N1 patients were transferred to
ECMO centers10 and among younger patients
with H1N1 who received ECMO.12
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FIGURE 1. Extracorporeal membrane oxygenation (ECMO).

Ongoing trials (ClinicalTrials.gov identifier NCT01470703) may provide definitive
evidence for the effectiveness of ECMO as
a rescue therapy in acute respiratory distress
syndrome.
In cardiogenic shock, single-center retrospective and observational studies have reported better outcomes for patients who received
ECMO for cardiogenic shock secondary to
myocardial infarction, pulmonary embolism,
sepsis-related cardiomyopathy, and even extracorporeal cardiopulmonary resuscitation.20

Medical Illustrator: Jeffrey Loerch ©2016

■ TWO BASIC CONFIGURATIONS

Venoarterial ECMO
Venoarterial ECMO provides complete or
partial support to the heart and lungs and is
the configuration of choice in patients with
isolated cardiac failure that is refractory to
other treatments. It takes deoxygenated blood
from the venous system and returns oxygenated blood to the arterial circulation.
In the central venoarterial configuration,
the intake cannula is most often surgically
placed in the right atrium and the return cannula is placed in the proximal ascending aorta.
In the peripheral femoral configuration,
the drainage cannula is placed in the femoral
vein and advanced to the right atrium, and
the return cannula is placed in either the ipsilateral or contralateral femoral artery. However, this configuration provides the patient
with retrograde flow (against the native cardiac output), and oxygen delivery to the upper
body may be impeded.
Axillary cannulation, in which the return
cannula is placed directly into the axillary artery to provide antegrade flow, has been used
recently in patients with pulmonary hypertension or right ventricular failure.22

Two basic ECMO configurations are used in
adults: venoarterial and venovenous,21 although combinations of the two—hybrid configurations—are sometimes used (Figure 2).

Venovenous ECMO
Venovenous ECMO provides complete or partial support to the lungs and is the configuration of choice in isolated respiratory failure

■ WHAT IS ECMO?
In ECMO, venous blood is shunted through a
machine to add oxygen, remove carbon dioxide, and regulate temperature (Figure 1). The
components of an ECMO circuit are as follows:
• Blood pump
• Membrane oxygenator
• Gas mixer
• Cannulas
• Heater/cooler
• Console.
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Medical Illustrator: Jeffrey Loerch ©2016

FIGURE 2. Four configurations of extracorporeal membrane oxygenation (ECMO).
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when cardiac function is preserved. It takes
deoxygenated blood from the central venous
system—either the femoral vein or internal
jugular vein—and returns oxygenated blood
to the venous circulation directed into the
right atrium. It can be delivered by different
cannula configurations based on the patient’s
size and clinical requirements.
In the past, the most commonly used configuration was the femoral-atrial, in which the
drainage cannula was placed in the femoral
vein with the tip advanced to the level of the
diaphragm in the inferior vena cava, and the
return cannula was placed in the right internal
jugular vein with its tip at the junction of the
superior vena cava and right atrium. In this
configuration, some of the oxygenated blood
delivered by the superior vena cava cannula
reaches the inferior vena cava cannula, creating a “shunt,” also known as “recirculation.”
Currently, a double-lumen cannula is preferred. This type of cannula is placed in the
right internal jugular vein with the tip advanced to the inferior vena cava so that blood
is drained through one lumen from both the
inferior and superior vena cavas and returned
via the other lumen with the jet directed over
the tricuspid valve. Advantages of this system are that as it delivers more oxygen to the
pulmonary arteries it reduces recirculation, it
requires only a single cannula to be inserted,
and it facilitates ambulation and rehabilitation in patients requiring long-term ECMO.
A newer double-lumen cannula designed
to drain venous blood from the right atrium
and reinfuse it directly into the pulmonary
artery may provide an alternative for patients
with right ventricular failure.
Extracorporeal removal of carbon dioxide
ECMO can remove carbon dioxide in patients
with hypercapneic respiratory failure. Early
technology used a variation of venovenous
ECMO with very low blood flow rates through
the pump, which allowed use of smaller cannulas while efficiently removing carbon dioxide.23
Since then, a pumpless extracorporeal
lung-assist device has been developed that
uses an arteriovenous configuration with
two smaller cannulas inserted into the femoral artery and vein (Novalung, Germany).24
Lacking a pump, it avoids the complications

TABLE 2

Patient selection criteria for ECMO
Hypoxic respiratory failure indications
Acute respiratory distress
syndrome due to any cause

PaO2/FiO2 < 150 while the patient is
receiving FiO2 > 90% and high positive end-expiratory pressure
(15–20 cm H2O)

Bridge to lung transplant
Primary graft failure of lung
transplant

Murray score ≥ 2
Inability to maintain airway plateau
pressure ≤ 30 cm H2O

Hypercapneic respiratory failure indications
PaCO2 > 80 mm Hg

Exacerbation of chronic obstructive pulmonary disease

pH < 7.15

Status asthmaticus

Airway plateau pressure ≤ 30 cm H2O

Cardiac failure indications
Myocardial infarction-associated cardiogenic shock
Fulminant myocarditis
Sepsis-associated myocardial depression
Extracorporeal cardiopulmonary resuscitation
Postcardiotomy or post-heart transplant cardiogenic shock
Primary graft failure after heart transplant
Bridge to ventricular assist device implantation or heart transplant
Absolute contraindications
Uncontrolled active hemorrhage
Terminal illness
Irreversible or end-stage heart or lung failure in patients who are
not candidates for transplant
Relative contraindications
More than 7 days on mechanical ventilation with high FiO2
or high-pressure ventilation
Nonpulmonary organ dysfunction, especially renal failure
Irreversible central nervous system dysfunction
Malignancy, solid-organ transplant, or immunosuppression
Conditions precluding use of anticoagulation
Advanced age
Weight > 125 kg
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associated with pumps such as hemolysis and
clotting. It effectively removes carbon dioxide
and helps reduce the frequency and intensity
of mechanical ventilation. Since the flow is
driven by the patient’s arteriovenous pressure
gradient, good cardiac output is a prerequisite
for its use.
A portable low-blood-flow machine that
uses a very small (ie, 15-F) catheter in the venovenous configuration is under investigation
(Hemolung RAS, Alung Technologies).
■ WHO CAN BENEFIT FROM ECMO?

Currently, a
double-lumen
cannula is
preferred for
venovenous
ECMO
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Although evidence to support the routine use
of ECMO is limited, tools and guidelines have
been developed to help clinicians decide if a
patient might benefit from it. Indications for
and contraindications to ECMO are shown in
Table 2.
The Extracorporeal Life Support Organization recommends considering ECMO if the
predicted risk of death is greater than 50%
without it, and says ECMO is indicated if the
predicted risk exceeds 80%. A scoring system
has been developed to help predict the risk
of death in patients on ECMO.14 This system
has been validated using a historical cohort of
patients, and current studies are ongoing for
prospective validation.
Many centers are now using ECMO as a
salvage therapy in patients with severe respiratory failure when conventional mechanical
ventilation and adjunctive therapies such as
neuromuscular blockade, inhaled nitric oxide,
steroids, prone positioning, and high-frequency oscillation therapy fail to improve gas exchange.25,26
ECMO is also indicated in hypercapneic
respiratory failure secondary to status asthmaticus and exacerbation of chronic obstructive
pulmonary disease, permissive hypercapnea
with a Paco2 greater than 80 mm Hg, or inability to achieve safe inflation pressures with
plateau pressures of 30 cm H2O or higher, refractory to conventional therapy.27
Sometimes, delay in referral leads to irreversible ventilator-induced lung injury
due to intense mechanical ventilation, thus
limiting the utility of ECMO.8 Early referral
should be considered if the patient does not
improve after a few days on optimal ventilator
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settings. In centers where this technology is
not available, referral to the nearest ECMO
center should be considered. A list of certified
ECMO centers is available at www.elso.org/
Members/CenterDirectory.aspx.
Contraindications to ECMO
Advanced age, comorbid conditions such as
malignancy, nonpulmonary organ dysfunction
(including complications of critical illness), and
immunodeficiency or pharmacologic immune
suppression have been associated with poor
outcomes in ECMO patients.28 Severe aortic
incompetence and aortic dissection are contraindications, since ventricular end-diastolic pressure can be increased with resultant ventricular
distention, compromised myocardial oxygenation, and worsening of left heart failure.
ECMO is increasingly being used in situations in which it was previously considered
contraindicated. Pregnant and postpartum
patients with cardiorespiratory failure were
previously not considered for ECMO because
of a possible increased risk of coagulopathy
and complications. However, a recent review
showed that the outcomes of ECMO in pregnancy and postpartum were similar to those
in nonpregnant patients, and the risk of catastrophic bleeding was minor.29
Similarly, ECMO is also being used increasingly in posttrauma patients and patients
with other bleeding risks.30
Morbid obesity was once considered a contraindication because of difficulty in cannulation, but with newer types of cannulas, even
patients with a body mass index greater than
60 kg/m2 are receiving ECMO.31
■ HOW DO YOU DO IT?
Figures 3 and 4 depict clinical decision-making in starting and weaning from ECMO in
respiratory failure and cardiogenic shock, respectively.
Management of patients on ECMO
Appropriate patient selection and initiation of
ECMO are only the beginning of a tough journey. Successful management requires minimizing lung injury from mechanical ventilation,
careful monitoring of anticoagulation, and instituting adequate physical therapy, including
ambulation when possible (Table 3).
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Respiratory failure
Hypoxic

Hypercapneic

Hemodynamically stable

Hemodynamically unstable

Venovenous ECMO
with double-lumen cannula

Venoarterial ECMO

Hemodynamically stable
Extracorporeal carbon dioxide
removal or venovenous ECMO

Possible outcomes:
Clinical improvement: bridge to recovery
Eligible candidate: bridge to transplant
Multiorgan failure: bridge to no therapy, palliative withdrawal
FIGURE 3. Clinical decision-making in use of extracorporeal membrane oxygenation (ECMO)
in respiratory failure.
Cardiogenic shock
Acute
(acute myocardial infarction,
extracorporeal cardiopulmonary
resuscitation, valvular disease)
Venoarterial ECMO
with peripheral cannulas

Postcardiotomy

Venoarterial ECMO
with peripheral
or central cannulas

Right ventricular failure
(severe pulmonary artery
hypertension)

Venoarterial ECMO
with peripheral, subclavian,
axillary, or central cannulas

Possible outcomes:
Clinical improvement: bridge to recovery
Eligible candidate: bridge to transplant
Multiorgan failure: bridge to no therapy, palliative withdrawal
FIGURE 4. Clinical decision-making in utilization of extracorporeal membrane oxygenation
(ECMO) in cardiogenic shock.

Initial ECMO settings and monitoring
The cannulas for venovenous ECMO are
frequently inserted under fluoroscopic or
transesophageal echocardiographic guidance,
whereas venoarterial ECMO cannulation does
not require imaging and can be performed
at the bedside in the intensive care unit or
operating room.
The initial ECMO settings are titrated
according to the patient’s hemodynamic
and respiratory needs. There are three main
variables: blood flow, fraction of oxygen in the

Many centers
now use ECMO
as salvage
therapy
in patients
with severe
respiratory
failure

sweep gas, and sweep gas flow rate. These are
adjusted to achieve desirable levels of oxygen
and carbon dioxide in the blood.
Blood flow is determined by the revolutions
per minute of the pump, preload, and afterload
of the circuit. Common patient conditions that
may reduce flow are systemic hypertension,
hypovolemia, cardiac tamponade, and tension
pneumothorax, depending on the modality.
In addition, mechanical factors such as clots
in the oxygenator or kinks in the circuit can
increase resistance and reduce flow. Resistance
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TABLE 3

Management of patients on extracorporeal membrane oxygenation (ECMO)
Venovenous ECMO

Venoarterial ECMO

Aim

Oxygenation and carbon dioxide removal

Maintain tissue perfusion

ECMO circuit

Adjust sweep gas oxygen fraction and ﬂow
rate to maintain ventilation needs

Adjust pump ﬂow to maintain cardiac output needs

Mechanical
ventilation

Minimize tidal volume and fraction of inspired
oxygen (Fio2) to reduce ventilator-induced
lung injury (but peripheral capillary oxygen
saturation should be kept ≥ 86%)

Maintain lung protective ventilation but adjust FiO2
to ensure upper body oxygenation (especially in
patients on peripheral venoarterial ECMO)

Anticoagulation

Conservative anticoagulation with target
activated partial thromboplastin time 4–60
seconds

Moderate anticoagulation to minimize thrombus
formation in oxygenator that would result in distal
stroke (target activated partial thromboplastin time
60–80 seconds)

Weaninga

Readiness assessment when there is
improvement in lung compliance and tidal
volumes

Readiness assessment when there is myocardial
recovery with improved pulse pressure and contractility on echocardiography

Circuit weaning: Maintain on standard
ventilator settings (FiO2 ≤ 0.5, positive end-expiratory pressure ≤ 10 cm H20, airway plateau
pressure ≤ 30 cm H20) and reduce ﬂow rate
of sweep gas to ≤ 2 L/minute; wean off if able
to maintain adequate respiratory rate and gas
exchange in 2–4 hours

Circuit weaning: Reduce pump ﬂow rates in increments of 0.5 L to 2 L/minute over 24–36 hoursb;
wean in surgical setting if able to maintain stable
mean arterial pressure and central venous pressure
and acceptable contractility on echocardiography;
may require brief period of inotropic support after
weaning

Patient: Hemorrhage (intracranial and gastrointestinal bleeding are common), infection,
renal failure

Patient: Hemorrhage (intracranial and gastrointestinal bleeding are common), infections, renal failure,
lower limb ischemia, thromboembolism at cannulation site, harlequin syndrome

Complications

Mechanical: Inappropriate cannulation
leading to insufﬁcient oxygenation, vessel wall
injury, thrombus formation within the circuit,
pulmonary or systemic thromboembolism or air
embolism from circuit
a
b

Mechanical: Inappropriate cannulation leading to
insufﬁcient oxygenation, vessel wall injury, thrombus
formation within the circuit, pulmonary or systemic
thromboembolism or air embolism from circuit

There are no standard guidelines for weaning from ECMO.
Higher risk of thrombus formation below a ﬂow rate of 2 L/minute for prolonged periods.

to flow is directly proportional to cannula
lengths and inversely proportional to cannula
radius to the fourth power. The greater the
flow, the greater the oxygen delivery.
Fraction of oxygen in the sweep gas. The
oxygenator has a gas blender that mixes air and
oxygen and allows for a range of oxygen concentrations. Increases in fraction of oxygen increase
the partial pressure of oxygen in the blood.
Sweep gas flow rate. Venous blood in the
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extracorporeal circuit is exposed to fresh gas
(or sweep gas) that oxygenates the blood and
removes carbon dioxide by diffusion. Increasing the sweep gas flow rate results in greater
carbon dioxide elimination from the blood.
Laboratory monitoring. During ECMO,
the following values are monitored frequently:
• Arterial blood gases
• Blood gases in the ECMO circuit before
and after going through the oxygenator—
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to monitor the efficacy of the oxygenator
membrane
• Lactic acid—to monitor for tissue hypoxia
• Plasma free hemoglobin (a marker of hemolysis)—to monitor for hemolysis.
Mechanical ventilation on ECMO
Low tidal volume ventilation greatly reduces
the risk of death in patients on ECMO by
reducing ventilator-induced lung injury. Proponents of ECMO believe that ECMO provides “lung rest,” and thus it is imperative
that lung-protective ventilation strategies
be followed in patients on ECMO.8 In most
cases, after ECMO is started, low tidal volume
ventilation (6 mL/kg) is possible and should
be used—or even very low tidal volume ventilation (3–6 mL/kg).32,33 Many cases have also
been described in which patients have been
safely extubated while on ECMO to prevent
ventilator-induced lung injury.34,35
If hypoxemia persists
Despite full support with venovenous ECMO,
some patients remain hypoxemic due to inadequate blood flow to match metabolic demands, eg, patients with morbid obesity or
severe sepsis and fever. The physician should
ensure there is no recirculation, maximize
blood flow, optimize the hematocrit to increase oxygen delivery, and consider ways to
decrease oxygen consumption, including sedation, paralysis, and hypothermia.
Recirculation can be calculated by measuring the oxygen saturation of the blood in
the ECMO machine before and after it goes
through the oxygenator, and also in the central venous blood. Recirculation has been
reduced by using double-lumen cannulas but
can also be reduced by manipulation of the
reinfusion cannula or increasing the distance
between drainage and reinfusion ports in other configurations of venovenous ECMO.
Expert opinion suggests that oxygen saturation of 86% or more and Pao2 of 55 mm Hg
or more in patients on venovenous ECMO are
sufficient to prevent hypoxia-related end-organ
injury.36 Venoarterial ECMO should be considered in patients on venovenous ECMO with
refractory hypoxemia with the above measures.
Harlequin syndrome is characterized by upper body hypoxia resulting in cerebral hypoxemia due to poorly oxygenated blood in the

coronary and cerebral circulations, especially
in patients on peripheral venoarterial ECMO.
It can be detected by sampling the blood in
the arm (where the oxygen isn’t going) instead
of the leg (where the oxygen is going), and it
can be corrected by adjusting the Fio2, using
positive end-expiratory pressure, or both to
increase oxygenation. If ventilator settings do
not improve this syndrome, the arterial cannulation site can be switched from the femoral
artery to the axillary or carotid artery.
Alternatively, a mixed-configuration venoarterial-venous ECMO can also be created,
in which a portion of arterialized blood from
the arterial outflow cannula is diverted via the
right internal jugular artery to the right heart.
This enriches the blood traveling through the
pulmonary circulation and to the left ventricle to provide better oxygen delivery to the
coronary and cerebral circulations.
Anticoagulation monitoring
and transfusions
Anticoagulation is necessary to maintain a
clot-free and functional circuit. Most clots
develop in the oxygenator membrane, where
they can prevent optimal gas exchange and,
rarely, lead to embolization to the systemic
circulation. However, reports have suggested
that anticoagulation can be held for short periods on ECMO if necessary.
Unfractionated heparin is usually used for
anticoagulation. Commonly used tests to monitor anticoagulation are the augmented partial
thromboplastin time, activated clotting time,
and anti-factor Xa levels. Lately, thromboelastography analysis is being used to comprehensively monitor various components of the coagulation cascade.37 Anticoagulation is usually
tailored to whether there are clots in the circuit,
coagulopathy, and bleeding while on ECMO.38
Traditionally, blood products were used liberally during ECMO to maintain a normal hematocrit and improve oxygen delivery, although
recent data suggest that outcomes may be similar with conservative use of blood products.39,40

ECMO is
being used
in situations
previously
considered
contraindications

Fluid management on ECMO
ECMO patients are fluid-overloaded due to a
profound inflammatory response, cardiac failure, or both. Studies have shown that conservative fluid management improve lung function and shortens the duration of mechanical
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ventilation and intensive care in patients with
lung injury.41 Hence, the patient’s net fluid balance should be kept negative, provided renal
and hemodynamic parameters remain stable.
There is a high incidence of acute kidney
injury in ECMO patients, and fluid overload is
one of the main indications for renal replacement therapy.42 Continuous renal replacement
therapy can be provided either by an in-line
hemofilter or by incorporating a standard continuous renal replacement therapy machine
into the ECMO circuit. There are no studies
comparing the efficacy of these techniques,
but they allow for rapid improvement in fluid
balance and electrolyte disturbances and are
commonly used in ECMO patients.42,43

Patient
selection
and initiation
of ECMO are
only the
beginning
of a tough
journey
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Physical rehabilitation and ambulation on ECMO
Physical rehabilitation in mechanically ventilated patients has been shown to reduce ventilator days and stay in the intensive care unit.44
With the use of internal jugular double-lumen
cannulas for venovenous ECMO and improvement in durability of the ECMO circuit, several
centers are implementing physical rehabilitation
and ambulation for patients while on ECMO.
Current data suggest that physical therapy is safe
for patients receiving ECMO and may accelerate the weaning process and shorten length of
stay in the hospital after ECMO.45,46 Aggressive
rehabilitation is especially beneficial in patients
awaiting lung transplant and may improve posttransplant recovery and outcomes.47
Weaning from ECMO
There are no standard guidelines for weaning from venovenous or venoarterial ECMO.
Once the underlying condition for which
ECMO was initiated has improved, weaning
can begin by reducing the blood flow rate, the
flow rate of the sweep gas, or both.
Weaning from venovenous ECMO
should be started when there is improvement
in lung compliance, tidal volumes, and oxygenation. Once the circuit flow rate is reduced
to less than 3 L/minute, ventilator settings
are adjusted to standard lung-protective settings. ECMO support is gradually decreased
by reducing the flow rate of sweep gas to less
than 2 L/minute. If tidal volumes, respiratory
rate, and gas exchange remain adequate after
approximately 2 to 4 hours on a low rate of
sweep gas, the patient can be weaned off the
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venovenous ECMO circuit.
Weaning from venoarterial ECMO
should be considered when there is myocardial recovery with improved pulse pressure
and contractility on echocardiography. This
is done by reducing flow rates in increments
of 0.5 to 2 L/minute over 24 to 36 hours and
monitoring mean arterial pressures, central
venous pressure, and myocardial contractility.
When acceptable, patients are mostly weaned
in a surgical setting. Prolonged periods on a
low rate of blood flow are avoided to prevent
thrombus formation in the circuit.
■ COMPLICATIONS OF ECMO
ECMO use can be associated with a myriad of
patient and mechanical complications.
Hemorrhage is the most common complication encountered in ECMO, occurring
in approximately 43% of patients.29 It occurs
most frequently from cannulation and surgical
sites. Although rare, potentially life-threatening pulmonary hemorrhage (including bleeding at the tracheostomy site), intracranial
hemorrhage, and gastrointestinal hemorrhage
have also been reported.30
Infections, including new infection and
worsening sepsis in patients with acute respiratory distress syndrome secondary to infection, are common in patients on ECMO.48
Renal failure secondary to acute tubular
necrosis requiring hemodialysis has been reported to occur in 13% of patients on ECMO.30
Other complications of concern, especially in patients on venoarterial ECMO, are
lower limb ischemia and thromboembolism
associated with site of cannulation and direction of blood flow.49 Mechanical complications include inappropriate placement of the
cannula leading to insufficient oxygenation,
injury to vessel walls, and rarely myocardial
wall rupture; thrombus formation within the
circuit causing failure of the oxygenator and
sometimes, pulmonary or systemic embolism;
and air embolism from the circuit.36
■ NOT SUITED FOR ALL
Despite limited data to support its use, there
has been a recent increase in utilization of
ECMO to support critically ill adult patients
with cardiopulmonary failure. ECMO support
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is not suited for all patients. Careful selection
of patients should be done to optimize resource
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