ICU Rounbs

Extra Corporeal Membrane Oxygenation (ECMO)
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INTRODUCTION

ECMO (Extra corporeal membrane oxygen-
ation) is a blood circuit outside the body which pro-
vides O, and removes CO.. It is a management op-
tion for patients with severe respiratory failure since
theoretically it allows the lungs to recover while avoid-
ing harmful measures like high pressure ventilation
and high fractional inspired oxygen (FiO,). Practically,
ECMO is complicated and costly, needs resources,
and has the potential for grave complications. Clear
clinical evidence that demonstrates a beneficial effect
of ECMO in severe acute respiratory failure is lacking.
With advancement in techniques and technology,
the interest in ECMO has increased in recent years,
in part due to the H1IN1 pandemic.” This article pro-
vides a brief introduction about the use of ECMO in
adult respiratory failure.

MECHANICS

1. Venovenous (VV- ECMO) (Figure 1)

Right atrial venous blood is drained through
a large cannula from one or both vena cavae and
pumped through an artificial lung and back into the
right atrium. VV- ECMO puts the artificial lung in se-
ries with the native lung. It is usually the technique
used in adult respiratory failure unless the patient
has overt cardiac failure or refractory shock. Com-
plications like systemic thromboembolism and limb
ischemia are lower in VV- ECMO. It also preserves
pulmonary blood flow, pulsatile systemic flow, and ox-
ygenation of blood in the left ventricle and aortic root.
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2. Venoarterial (VA- ECMO) (Figure 2)

Venous blood is drained from the right atrium,
oxygenated, and returned to the aorta (usually to the
femoral artery). It is an effective system to provide
support for patients with cardiogenic shock refrac-
tory to treatment. It has been successfully used as a
bridge to myocardial recovery, VAD implantation, and
cardiac transplantation.™’

3. Arteriovenous (AV-ECMO)

It is used for extracorporeal CO, removal (EC-
COR) and requires low blood flow to the circuit to re-
move CO,, while the patient is oxygenated by con-
ventional methods with mechanical ventilation.

4. ECOM Circuit

The ECMO circuit consists of an oxygenator,
a pump, a heat exchanger, and cannulas and tubing.
Modern oxygenators, coated with polymethylpen-
tene, cause less platelet consumption, have a lower
resistance to blood flow, and have more effective gas
exchange. CO, clearance is determined by fresh gas
flow into the circuit. Increasing gas flow above a cer-
tain level does not improve PO,. Effective CO, clear-
ance is reached with blood flow as little as 10-15 ml/
kg/minute. Effective oxygenation usually requires at
least 50-60 ml/kg/minute. Gas flow into the system is
usually 100% O,.
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Figure 1:

Venovenous ECMO with bicaval
drainage. FiO, fractional inspired
oxygen, Pplat plateau airway pres-
sure, PEEP positive end-expiratory
pressure, P pressure, V volume, VO2
oxygen uptake, VCO2 carbon dioxide
uptake, DO2 oxygen delivery, SVR
systemic vascular resistance, PVR
pulmonary vascular resistance, BP
blood pressure, PAP pulmonary artery
pressure, CO cardiac output, SvO2
mixed venous oxygen saturation, Sa02
arterial oxygen saturation, Sat satura-
tion, ACT activated clotting time, CO2
carbon dioxide, O2 oxygen

Figure 2:

Venoarterial ECMO with femo-

ral- femoral access. FiO2 fractional
inspired oxygen, Pplat plateau airway
pressure, PEEP positive end-expira-
tory pressure, P pressure, V volume,
VO2 oxygen uptake, VCO2 carbon
dioxide uptake, DO2 oxygen delivery,
SVR systemic vascular resistance, PVR
pulmonary vascular resistance, BP
blood pressure, PAP pulmonary artery
pressure, CO cardiac output, SvO2
mixed venous oxygen saturation, Sa02
arterial oxygen saturation, Sat satura-
tion, ACT activated clotting time, CO2
carbon dioxide, O2 oxygen
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PATIENT MANAGEMENT

1. Indications

There is no clear set of indications for ECMO
in severe adult respiratory failure. Some have pro-
posed a mortality rate higher than 80% with conven-
tional standard of care as a general indication to use
ECMO."” However, determination of patient mortality
is not easy in most cases. Below is a table showing
indications used in some recent ECMO trials.

bocytopenia; the newer devices have lower af-
finity to platelets.” The usual practice is to keep
platelets >80,000/uL. Platelets less than 20,000/
ML are associated with spontaneous bleeding.10

Body temperature: This is controlled by the heat
exchanger; patients on ECMO should not have
overt fever."

Sedation: In VV-ECMO, sedation is used to fa-
cilitate mechanical ventilation. During cannula-
tion, the patient should be deeply sedated and

Title Indications for ECMO
Zapol Pa0,/FiO, ratio<50 for>2h, or PaO,/FiO, ratio<83 with FiO, >0.6 and PEEP> 5 cmH,O for >12 h,
1979° and intrapulmonary shunt>30% of cardiac output when measured at FiO, 1.0 and PEEP of 5 cmH,0

20092 pH<7.20.

Inclusion criteria: age 18-65, severe but potentially reversible respiratory failure, with
CESAR severe respiratory failure defined as a Murray score >3.0 or uncompensated hypercapnia with

Exclusion criteria: high pressure ventilation (peak pressure >30) or FiO, >0.8 for >7 days.

ELSO guidelines Pa0,/Fi0, ratio<80 with FiO, >0.9 and Murray score 3—4, or CO, retention with PaCO,>80 mmHg or
2009 inability to achieve adequate ventilation with Pplat <30 cmH,O, or severe air leak syndromes

ANZ ECMO
20094

68 patients placed on ECMO; they all failed advanced mechanical ventilation support and 80% failed
other rescue measures, like prone positioning, inhaled nitric oxide, prostacyclin and HFOV (median
pO,/FiO, ratio 56, median PEEP 18, and median acute lung injury score 3.8)

2. Contraindications”
1. Conditions incompatible with normal life if the
patient recovers.
2. Severe coagulopathy.

3. Practical aspects

1. Anticoagulation: Patient should be placed on
heparin infusion with APTT level target 1.5
times normal range."”

2. Hemoglobin: ELSO guidelines recommend nor-
mal Hb level to improve tissue oxygenation.
However, some experts accept Hb between 8-9
g/dlif SaO, >85% and there is no active bleeding
or acute CAD."""”

3. Platelets: Patients on ECMO often have throm-

6.

even paralyzed to prevent spontaneous breath-
ing, which can lead to air embolism."

Ventilator management: The patient should be
placed on lung protective strategy settings (low
FiO,, low plateau pressure, PEEP between 5-15
cm H,0). No recruitment maneuvers should be
attempted.10

Duration on ECMO: There is no specific time af-
ter which ECMO is disconnected for futility. How-
ever, the median time observed in some of the
observational studies was 10 days. The median
time for non-survivors was Ionger.4

Cost: One textbook estimated the cost to be
around US $10,000 per case”"; other investiga-
tors estimate higher costs.”
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4. Weaning from ECMO"

VV- ECMO: When the extracorporeal circuit
support is lower than 30%, a “trial off” is attempted by
simply turning off the O, flow. If the patient maintains
acceptable SaO, and pCO, for an hour, decannula-
tion can be done.

AV- ECMO: Trial off during VA access re-
quires clamping of the drainage and infusion blood
and adjustment of inotropes and vasopressor doses.
Echocardiography is very helpful to assess cardiac
function during a trial off. Anti-coagulation is contin-
ued during the trial off, and the bloodlines and access
cannulas are unclamped periodically to avoid stagna-
tion. If the trial off is successful, circuit lines can be
cut and access cannulae “locked” with heparinized
saline, awaiting decannulation.

5. Complications

Bleeding is the most common complication’
and occurs in 10% to 30% of patients. It is managed
by reducing or discontinuing the heparin infusion, op-
timizing the native coagulation status, and direct sur-
gical control. Failure of the membrane lung or pump
occurs in less than 5% of patients and is managed
by replacing the device. Other uncommon complica-
tions are related to cannulation, systemic air embo-
lism, thromboembolism, and infection. In an obser-
vational study done in Australia and New Zealand
(ANZ ECMO), 14 patients of 68 patients who were
placed on ECMO died. Four patients died secondary
to bleeding, six patients died secondary to intracranial
bleeding, and four patients died with intractable respi-
ratory failure.”

0

LiTERATURE REVIEW

Most of the existing literature on ECMO comes
from observational studies. One meta-analysis review
article* of ECMO use in the last decade cited 10 obser-
vational studies and only one randomized controlled
study (CESAR). One early multi-center prospective
randomized trail sponsored by the NIH and published
in 1979 compared VA-ECMO versus conventional

mechanical ventilation. Ninety patients with severe
hypoxemic respiratory failure were entered into a ran-
domized trial. Forty-eight patients were managed us-
ing conventional ventilation (including high FiO, and
high pressure), and 42 patients received conventional
ventilation and venoarterial ECMO. Survival was low
in both treatment arms (9.5% vs. 8.3%)."

Morris and colleagues published a trial in 1994
involving 40 patients with severe ARDS. Twenty-one
were randomized to ECMO for CO, removal plus
pressure-controlled inverse ratio ventilation, and 19
were randomized to conventional mechanical ventila-
tion. This study did not show any difference in survival
between groups.15After these negative results, enthu-
siasm for the use of ECMO in adult respiratory failure
waned in the 1980s and 1990s.

The University of New Mexico Hospital per-
formed extensive research from 1994-2006 to de-
termine the usefulness of ECMO rescue therapy in
Hantavirus cardiopulmonary syndrome (HCPS). Only
patients with a projected 100% mortality rate and
with clinical and laboratory evidence of HCPS were
eligible to receive ECMO. Remarkably, among the 38
patients who qualified, approximately two thirds sur-
vived to recover completely. This result is probably
explained by the fact that cardiovascular collapse of
the HCPS is profound but uniquely brief. VA-ECMO
was used in these patients.”

As a consequence of the 2009 influenza
A (H1N1) pandemic, the interest in ECMO has in-
creased. In Australia and New Zealand, 68 patients
with severe respiratory failure were placed on ECMO,
after failing advanced mechanical ventilator support
and other rescue therapies, like prone positioning,
inhaled nitric oxide, prostacyclin, and high frequency
oscillating ventilation. Their median PO,/FiO, ratio
was 56, median PEEP was 18 cm H,O, and medi-
an ALI score was 3.8. The mortality rate was 21% in
these patients; bleeding was the most frequent com-
pIication.4 Subsequently, in the northern hemisphere,
many ICUs prepared to use ECMO as an option to
face this pandemic.”” Extracorporeal Life Support
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Organization (ELSO) created an H1N1 registry and
collec;ced data on 256 cases with a mortality rate of
34%.’

CESAR (Conventional Ventilation or ECMO
for Severe Adult Respiratory Failure)20 was the only
controlled clinical trial using modern ECMO technol-
ogy. In this trial, 180 adults with severe respiratory
failure were randomly assigned to continued con-
ventional management or to referral to a specialized
center with consideration for treatment with ECMO.
Sixty-nine patients in the study arm ultimately un-
derwent ECMO with mechanical ventilation strategy
of a low volume, low pressure “resting lung setting.”
Three patients died before transfer, and 19 patients
improved without actually receiving ECMO. A lung-
protective ventilation strategy was not mandated in
the conventional-management group. The primary
outcomes, death or severe disability at six months,
occurred in 37% of the patients referred for consid-
eration for ECMO, as compared to 53% of patients
assigned to conventional management. These results
were statistically significant, but they did not take into
consideration the subgroup analysis. Patients in the
ECMO group probably received better care since they
were transferred to a specialized center, and 21% of
them (19/90) improved without receiving ECMO. In
conclusion, the study was not a randomized trial of
ECMO as compared with standard-of-care mechani-
cal ventilation and had substantial differences in over-
all care between the study groups.

A prospective study in adult respiratory failure
is currently underway in France, the ECMO for Se-
vere Acute Respiratory Distress Syndrome (EOLIA)
trial. It is designed to avoid the methodological issues
criticized by many in the CESAR study and should be
completed in January 2015.”

CONCLUSIONS

Even though the new ECMO devices are more
efficient, have fewer complications, and cost less, the
use of ECMO in adult acute respiratory failure as a

treatment option (not as salvage therapy) to provide
time for the lungs to heal and to avoid ventilator relat-
ed lung injury remains controversial. Clear definitive
evidence supporting this approach is not available.
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