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Ambulatory veno-venous extracorporeal membrane oxygenation
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Abstract: Veno-venous extracorporeal membrane oxygenation (VV ECMO) is used for support in patients

with severe respiratory failure. The method allows extracorporeal gas exchange and may replace the patient’s

lung function for weeks and even years. ECMO is not a contraindication for lung transplant. The most

important factor for a good outcome is the physiological status of the patient when accepted for transplantation.

Ambulatory ECMO makes it possible for the patient to exercise and walk, and provides the best outcome for

high risk patients in severe respiratory failure. Ambulatory ECMO is safe in the hands of skilled personnel and

prevents critical illness neuropathy and myopathy during prolonged treatments in the intensive care unit.
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Introduction

Veno-venous extracorporeal membrane oxygenation (VV
ECMO) is commonly used in the industrialized part of
the world to support patients with severe respiratory
failure. The method allows the use of an extracorporeal gas
exchanger to support or replace the patient’s lung function
for weeks and even years. Many of the 450 Extracorporeal
Life Support Organization (ELSO) members (Ann Arbor,
MI, USA), report to the ELSO Registry and the numbers
of very long ECMO support extending over 100 days
increase. The success rate of patients that have been lung
transplanted while on ECMO are also increasing. Centers
have developed different methods to prevent critical illness
neuropathy and myopathy and loss of muscle mass due
to inactivity and to maintain a good physical status of the
patient. Intensified physiotherapy is very important in any
patient that needs prolonged ECMO support, for time to
recover, or for an improved chance to be accepted for a lung
transplant (L-TX), with a good outcome. Physical activity
is also a very important tool to keep the patient in a good
mental state.
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Overview

It has been reported that various forms of ambulatory
ECMO is superior to conventional ECMO.

And maybe even better than invasive ventilation
to prepare the patient for L-TX. Ambulatory ECMO
is essential for the increasing numbers of ECMO for
pulmonary support extending beyond 100 days waiting for
recovery or transplantation (1-5). VV ECMO may reduce
the need for invasive ventilation or even replace invasive
ventilation allowing for active and effective physiotherapy
and rehabilitation, avoiding critical illness neuropathy
and myopathy (6). One dual lumen cannula or two single
lumen cannulas for dual site cannulation are both used
in ambulatory ECMO. Avoiding a cannula in the groin
makes walking and cycling easier but do not preclude active
physiotherapy. VV ECMO is the most common mode for
ambulatory ECMO, but veno-arterial ECMO in cases with
pulmonary hypertension is also used in ambulatory ECMO.
Bleeding at cannula site may be a problem. Thus, VV ECMO
may be preferred since cannulas in low pressure vessels are

known to carry less risk for bleeding problems (7-9).
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Ambulatory ECMO is safe

Ambulatory ECMO performed in high volume centers
familiar with the risks involved seem to be safe (10-12).
It should be noted that, when patients are doing active
physiotherapy bedside or on the treadmill, there is a need
for increased numbers of skilled staff in the ICU.

Ambulatory ECMO can be cost effective

The cost for ambulatory ECMO is higher compared to
“conventional” ECMO. Note that conventional ECMO
nowadays is performed with the patient awake doing
physiotherapy in the bed. By providing better active
physiotherapy in the concept of ambulatory ECMO, the
length of stay in the ICU after a for example a L-TX is
shorter and the mortality lower. Thus, ambulatory ECMO
can be more cost-effective by reducing the total cost
(5,13,14).

Lung transplantation outcome while on
ambulatory ECMO

Immobilized patients in respiratory failure that require
sedation and invasive ventilation or in combination with
ECMO are known to have difficulty in recovering after
L-TX. This results in a high posttransplant mortality rate.
Reports to ELSO registry from several centers support the
use of ECMO as a method to deliver oxygen while waiting
for a L-TX (9). By supplying enough oxygen to allow the
patient to be awake, standing and walking, ambulatory
ECMO have been proven to increase survival post L-TX.
The survival is still better in patients who are not in need
for invasive ventilation support. However, survival after
L-TX from ECMO is reasonable and ECMO should not
exclude any patient from L-TX. Awake patients on ECMO
and active with physiotherapy results in the best outcome
for the population with severe respiratory failure (6,15,16).

Ambulatory ECMO better than ventilator?

Reports suggest that ambulatory ECMO with spontaneous
breathing is better than invasive ventilator support
if it means that the patient can participate in active
physiotherapy (3,5,10,17). A case report even suggests
ambulatory ECMO as a protective strategy for primary
graft dysfunction to minimize the use of invasive ventilation
post L-TX. Such strategy will promote time for the lungs to
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improve using minimum invasive ventilation, or even allow
spontaneous breathing (18).

Is ambulatory ECMO always necessary?

Not always. In acute respiratory failure ECMO is used
when invasive ventilation does not provide enough support
for oxygenation and or carbon dioxide clearance. In the
beginning of an ECMO treatment the patient is usually
sedated as a continuum of the previous sedative regime
during invasive ventilation. Awake patients are necessary for
active physiotherapy and for prevention of critical illness
neuropathy and myopathy. After a few weeks, there should
be a discussion and efforts made to get the patient out of the
bed. Most patients though, recover lung function without
having been out of bed walking (9). For patients, already on
the waiting list for a L-TX who develop severe respiratory
failure in need for ECMO support, the answer is probably
“Yes” (3,5,6,10,15-17).

Discussion

In prolonged respiratory insufficiency, it seems important
to support the patient with enough oxygen to allow active
physiotherapy, for physical and mental status. If this
cannot be accomplished with invasive ventilation, ECMO
should be considered, maybe even to replace the support
of ventilation. Spontaneous breathing might be a goal
but depending on pulmonary status a tracheal cannula for
suctioning may still be needed. Patients who have walked
around the bed have better survival after a lung transplant
compared to patients that are not mobilized in the ICU.
Not surprisingly, since the longer a patient is unable to do
physiotherapy the risk for critical illness neuropathy and
myopathy increases. Thus, the patient is also submitted to
an increased risk for secondary infections. If the patient
suffers from chronic pulmonary disease and is waiting
for L-TX, it might be better to start ECMO very early if
ventilator support does not offer enough oxygenation to
enable physiotherapy.

In the light of the very “prolonged” ECMO run with the
aim to support the patient to recover, the method to assist
an awake patient with enough oxygen to enable physical
activity may be the better way to treat respiratory failure,
compared to suppressing the patient’s need of oxygen by
sedation. Unfortunately, opting to use an ECMO machine
instead of a ventilator is not as safe due to ECMO related
complications reported by the ELSO Registry (9). ECMO
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treatment is too complex to be used and handled by every
ICU (12).

Today there are patients on support with artificial heart
pumps and dialysis machines in their own homes. However,
there is still need for major improvements in simplicity
and safety before ECMO may be used in every ICU
for respiratory support. With the changing dynamics of
physiology during lung disease, gas exchange in the lungs,
and a constant risk of pulmonary hypertension leading to
acute heart failure, a wide competence and broad range of
resources are required which means that respiratory support
with ECMO for a widespread use is a contentious issue.

Conclusions

Priority for patients in respiratory failure waiting for
transplantation should be active physiotherapy. If that
cannot be allowed using invasive ventilation ambulatory
ECMO should be considered. Ambulatory ECMO and
spontaneous breathing might even be better than ventilator
support. Ambulatory ECMO should also be considered
as protective treatment in primary graft dysfunction post
lung transplantation. If performed in high volume centers

ambulatory ECMO is safe.
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