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for providing primary and secondary mobile ECMO services.
The same principles apply to the transport of patients with
other modes of extracorporeal life support for example, extracorporeal carbon dioxide removal.
Transport of ECMO patients requires coordination and careful
considerations of potential risks and benefits of transport and is
typically accomplished via ground or air. In most cases, the circuit and equipment utilized for mobile ECMO are the same as
the components used for in-house ECMO support with adaptation for the unique aspects of mobile care. Regardless of transport
mode or equipment, safety of the patient, transport team, and
public is paramount during ECMO transport. There is little evidence guiding the transport of patients supported with ECMO;
however, it is recommended that transport be performed by wellequipped teams acquainted with mobile transport.1–3 Several
case series describe safe transportation of patients supported with
ECMO using different models and team structures.4–13 This guideline is predominantly based on expert opinion.

Disclaimer: This extracorporeal life support organization
guideline describes the preparation for and undertaking of
transport and retrieval of patients on extracorporeal membrane oxygenation (ECMO). The guideline describes useful
and safe practice put together by an international multidisciplinary team with extensive experience in the field of ECMO
and ECMO transport. The guideline is not intended to define
the delivery of care or substitute sound clinical judgment. The
guideline is subject to regular revision as new scientific evidence becomes available.

Introduction
As the indications for extracorporeal membrane oxygenation (ECMO) exponentially expand, transportation of patients
on ECMO support or the rescue of patients at outside facilities with ECMO implantation adds an additional degree of
complexity to the already complicated task of transporting
critically ill patients. Mobile ECMO requires a unique skill set
focused on the care of a patient requiring ECMO. This guideline aims to provide ECMO centers with a practical reference

Section I: Types of ECMO Transportation
There are several types of ECMO transportation defined
by where the patient is retrieved from, transported to, and by
which facility’s ECMO team. This section contains common
types with a description of defining criteria. This may be helpful in determining team responsibility, authority, and other
policy and operational implications.
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a. Primary ECMO transportation. A mobile ECMO team
initiates ECMO at an outside facility and, after initial stabilization the patient is transferred to an ECMO center.
1. Patient is a good ECMO candidate; determined by the
referring and accepting ECMO team.
2. Timely response is essential.
3. Adequate preparedness is paramount to avoid delays
and optimize patient outcomes.
b. Secondary ECMO transportation. A patient is currently
supported with ECMO but must be transferred to another
facility on ECMO support.
1. Patient may require specialized management such as
transplant or durable mechanical circulatory support.
2. Patient may require another center’s medical expertise.
3. Family request.
c. Tertiary ECMO transportation. Hospital A has a patient
with ECMO indication and a mobile ECMO team from
Hospital B goes to Hospital A. The ECMO team from
Hospital B puts the patient on ECMO and transports the
patient to Hospital C with ECMO capacity.
1
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1. In periods of high demand there may be a Hospital C
without mobile ECMO but with ECMO capacity.
2. A hospital with mobile ECMO team capabilities, but
without the capacity to receive a patient, could carry
out this transport.
3. Preparation and coordination between the three institutions is required.

1. Blood pump (centrifugal is recommended) capable of
providing sufficient blood flow2 with considerations
listed below:
a. The enhanced performance of modern centrifugal
pumps with a nonocclusive mechanism seems a
safer choice than roller pumps for mobile ECMO.
b. Roller pumps have a higher potential for kinking.
c. 
Inadvertent compression of venous tubing can
result in cavitation.

d. Intra-facility ECMO transfer. A patient is currently supported with ECMO but must be moved within an institution.
1. Possible reasons for intra-facility transfer: patient may
require a diagnostic test (e.g., CT scan), may require a
procedure, or be transferring to a different floor.
Section II: Mobile ECMO Specific Considerations
Transport preparation is critical. It is important to consider
the type and urgency of ECMO transport being performed, the
equipment required, and develop prespecified processes for
communicating and documenting salient clinical information.
Well-delineated processes can increase efficiency and minimize the risk of transport.

2. Membrane oxygenator.
3. Appropriate cannulas and tubing for connections.
4. 
Medical gas tanks and compatible hoses, pressure
regulators, connectors, and flow meters for provision
and adjustment of sweep gas.
5. Back-up console, back-up motor and/or hand crank
(depending on console type).
6. 
Back-up circuit, circuit components, and priming
fluids.
7. Appropriate clamps for circuit emergencies.
8. Point-of-care lab capabilities.
a.
b.
c.
d.

a. Communication and documentation.
1. Documentation of clinical information should be performed in an efficient and timely manner.

9. Special considerations for pediatric patients.

i. Consider the use of electronic medical record tools
and standardized formats.
ii. Consider the use of a standardized referral form
(see Figure 1, Supplemental Digital Content 1,
http://links.lww.com/ASAIO/A775).
iii. 
Develop a standardized referral process utilizing a centralized transfer or care logistics center
when available.
iv. Pretransport team huddle is recommended.
b. Equipment.
1. Mobile ECMO team should be self-sufficient in terms
of medication, equipment, monitoring, and diagnostic devices. An equipment checklist should be completed by the mobile ECMO team before departure.
(see Figure 2, Supplemental Digital Content 1, http://
links.lww.com/ASAIO/A775).
2. Pre-prepared, stocked, and checked ECMO bag(s) are
recommended for rapid team mobilization.

Anticoagulation (i.e., ACT).
Blood gas analysis.
Hemoglobin/hematocrit.
Basic electrolytes.

a. May need to request blood for blood priming (2
units of packed red blood cells).
b. Consider regulating blood flow based on patient
weight:
1. 
Consider bringing equipment for a bridge if
one is expected.
2. Consider the use of a Hoffman clamp for flow
regulation.
d. Additional ECMO equipment that can be considered
includes the following:
1.
2.
3.
4.
5.

Heater-cooler unit (if sufficient power for operation).
Medical air/portable air compressor.
Blender.
Pre-and post-pump pressure monitoring.
Bubble detector.

e. Additional critical care transport equipment recommended:

i. Supplies should be standard and basic (central line
kit, drapes, gowns, gloves, etc.).
ii. Medications available at bedside (heparin, fluids,
pressors/inotropes, etc.).
iii. Blood products.

1. Transport ventilator appropriate for patient size and
clinical needs.
2. Transport monitor for vitals including end-tidal CO2
and invasive monitoring when able (arterial, central
venous/pulmonary artery lines).
3. 
Portable
Point-of-Care
Ultrasound
(POCUS)
capable of vascular imaging and transthoracic
echocardiography.
4. Infusion pumps for medication and fluid infusion.
5. 
Electrical adapters may be necessary because the
plugs may be different at the destination. ECMO
Transport team should check before leaving.

c. The mobile ECMO specific equipment should consist of
the following components:

f. All equipment should be mounted, strapped, locked-in,
housed, or otherwise secured for transport.

i. Equipment should be standardized and available
for restock upon completion of the mission.
3. A standardized checklist should be sent to the referring hospital detailing equipment and supplies to have
ready before the transport team’s arrival.
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1. Stabilize against vibration, acceleration, deceleration,
turbulence, rough roads, inclement weather, etc., as
unsecured equipment can become a projectile in the
event of sudden acceleration/deceleration.
2. Account for forces in all directions.
3. Cannulas should be well secured to avoid movement
during horizontal and vertical movements associated
with emergency medical service (EMS) travel.
4. Circuit tubing length should be as short as possible
to avoid the potential for snagging and inadvertent
compression.
i. Circuit tubing should be long enough to allow for
safe loading and unloading of the patient.
ii. Overly long circuit tubing may increase the risk of
kinking or compression.
5. ECMO lines should be carefully traced before, after,
and during movement to ensure the absence of kinks,
compression, hazard for catching or pulling that could
result in hemodynamic instability including cardiac
arrest and death.
6. Allow for ready access to back-up systems in case of
equipment or power failure.
7. The membrane oxygenator/pump should be secured
at the level of the patient, if able.
i. 
When below the patient, the oxygenator can
accentuate ECMO flow fluctuation and G-forces
due to the impact of gravity.
ii. 
When higher than the patient, the oxygenator
can increase the risk of air entrapment and pump
stoppage.
g. Sufficient power and back-up power should be secured
for all electrical equipment (ECMO console, infusion
pumps, ventilator, defibrillator/monitor, etc.).
1. Consider uninterruptable power source (UPS) use for
sensitive powered equipment.
2. Transport ECMO team must be familiar with electric
specifications of all transport equipment particularly
during international transfer.
h. Ensure sufficient medical gas for the transport.
1. 
Availability of twice the anticipated medical gas
requirements is recommended.
2. Consider the use of oxygen concentration equipment.
i. Any equipment used during air transport should meet
Civil Aviation Authority, Federal Aviation Administration,
or equivalent airworthiness requirements as established
by the relevant state, national, or international regulatory
agencies.
1. High emission of electromagnetic (EM) or radio-frequency interference may affect the performance of
aircraft equipment.
2. 
Mobile ECMO equipment modification with EM
shielding may be required for flight safety.
3. Such shielding adds weight and can affect equipment
portability.
j. ECMO transport team preparedness planning includes:

3

1. Conduct preplanning and simulation of mobile setup
and layout.
2. Establish communication and coordination regarding
the optimal transportation method for both insertion
and retrieval of the team (they may be different) with
consideration of:
i. Patient size and weight,
ii. Crew size and weight,
ii. Equipment weight, and
iv. Modes of transportation available (ground, rotor
wing, fixed wing, etc.).
3. Ensure adequate patient restraint such as a 5-point
harness or straps.
4. 
Ensure adequate stretcher strength for both patient
and equipment.
5. Secure all equipment and pressurized tanks (O2, air).
6. Establish adequate pressure point protection for overweight patients.
7. Ensure visualization and access to indwelling lines,
tubes, and catheters.
8. Ensure adequate power for all equipment.
9. Plan for adequate attention and mitigation for managing patient temperature.
i. Consider use of heater-cooler,
ii. Consider use of blankets, and.
iii. Consider use of thermal enclosure.
Section III: Mobile ECMO Team Structure
and Responsibilities
The composition of teams is variable but should be composed of no less than: team lead; cannulating provider (for primary ECMO missions, can be the same person as 1) ECMO
specialist; and medical transport team/EMS. Definitions for
each team member are as follows:
a. Team lead.
1. Responsible for overall planning, execution, and oversight of the mission.
2. Often also performing one of the other team roles, in
addition to team lead.
b. Cannulating provider (for primary ECMO missions).
1. Should be an experienced cannulation expert.
2. Should have comfort with POCUS (both vascular and
echocardiographic).
3. Responsible for safe and appropriate placement/connection of ECMO cannula(s).
4. Often works in collaboration with an on-site medical
team.
5. Ensure appropriate environment for ECMO implant
(bedside, move to OR, interventional lab, etc.).
c. ECMO provider.
1. Can be the same as cannulating provider.
2. Should be an experienced ECMO clinician.
3.	Should have comfort with POCUS (both vascular and
echocardiographic).
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4. Upon arrival to bedside, should assess/reassess the
patient and pertinent data, confirm candidacy, and
assist with medical stabilization.
i. Patient’s clinical status may have changed between
acceptance and arrival.
ii. 
Some patients may be transported without an
ECMO implant.
iii. 
Some patients may not be suitable for ECMO
upon further review and be best left in the care of
the local treating team.
5. 
Provide clinical update to the patient/family while
establishing expectations of ECMO and ECMO
process.
6. Obtain informed consent.
7. Assumes direct medical oversight of the patient once
cannulated and throughout transport.
d. ECMO specialist.
1. Can be a perfusionist, nurse, respiratory therapist, or
medical provider.
2. Should be an experienced ECMO practitioner.
3. 
Responsible for set up and priming of ECMO
circuit.
4. 
Responsible for ECMO circuit management from
implant to arrival at destination center.
e. Medical transport team.
1. Paramedic or equivalent level of care to supplement
the implant team.
2. Can include nurse or respiratory therapists.
3. Responsible for:
i. Patient movement and handling,
ii. Coordination and communication with command
center/dispatch,
iii. 
Patient loading and offloading from transport
vehicles, and
iv. 
Oversight and securing of mobile medical
equipment.
4. 
Cross-training is recommended (nurse/critical care
paramedic, respiratory therapist/critical care paramedic, etc.).
5. If the medical transport team is unable to perform
critical duties such as ventilator management, supplementation of the team with appropriate medical staff
to ensure safe transport is recommended.
f. ECMO transport and retrieval teams should have the
skills and competencies to perform patient assessment,
cannulation, initiation/maintenance of ECMO support,
and safe transportation.
g. Team training with medical simulation in the following
mobile-specific areas are recommended:
1. Mock calls for testing the communication system.
2. Team simulation in the common transport environments the team expects to utilize for transports (ground
ambulance, rotor-wing air ambulance, fixed wing air
ambulance); and.

3. 
High fidelity simulation of common and high-risk
low-frequency events, such as:
i.	Transfer of a patient from hospital stretcher to
ambulance stretcher,
ii. Suction events,
iii. Bleeding,
iv. Hypotension,
v. Arrhythmia,
vi.	Catastrophic ECMO system failure/power failure,
vii. Cannula dislodgement,
viii. Ambulance malfunction, and
ix. Air entrainment.
Section IV: Mobile Mission-Specific Guidelines
ECMO centers should collaborate with EMS and establish
Standard Operation Procedures (SOPs) for the activation, prioritization, and mobilization of the mobile ECMO transport
team. Specific phases of ECMO transport are identified below
with appropriate considerations for each phase.
a. Activation and mobilization.
1. Requesting ECMO.
i. The use of a clinical information form (either electronic or paper based) that can be easily shared
by the ECMO team is recommended for efficient
transfer of critical information from requestor to the
team.
ii. Information that should be included in this form
includes:
1. Requisition center/provider demographics,
2. Patient demographics,
3. Identification of person making medical decisions (patient or family) and indication if
patient/family is aware ECMO consideration,
4. Basic clinical history,
5. Current medication list,
6. Recent vital signs and vent settings if currently
intubated,
7. Basic and relevant recent laboratory review,
8. Review of relevant imaging studies, and
9. Current lines and access.
2. 
Communication among ECMO team members – a
standard method of activating and communicating
within the ECMO team should be established by the
mobile ECMO center.
3. A standard system of communicating relevant information back to the requesting center should be established. Documented information includes:
i. Acceptance or deferral of ECMO team activation,
ii. Names and credentials of the responding team,
iii. Patient-specific recommendations,
iv. 
Patient and staff preparation instructions for
ECMO team arrival, and
v. Estimated time of arrival.
4. A centralized dispatch/communication center is preferred for documentation and time keeping purposes.
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b. Mobilizing the ECMO team.
1. Utilizing the tools noted above, a multidisciplinary
team briefing should occur for the identification and
initiation of mission-specific items.
i. Identify and secure transportation, and
ii. Assembly location for both personnel and equipment should be identified.
2. 
Data
tracking/Key
Performance
Indicators
(KPIs) should be recorded and used for quality
improvement.
i. 
A standardized registry repository of key data
should be established and reposed for clinical
research and quality improvement.
ii. KPIs should include both clinical (outcomes, morbidity, mortality, etc.) and performance (time from
referral to ECMO team mobilization, time from
assembly to patient contact, etc.) indicators.
3. Preparation.
i. The use of standardized and checked mobile bags
is recommended.
ii. The use of a premission checklist is recommended
to ensure accounting for all necessary equipment
and supplies.
c. Post-cannulation.
1. Stabilization of the patient by the ECMO team postimplant should occur with consideration of the transportation needs.
i. Gradual and not sudden changes in clinical support (hemodynamic, ventilation, etc.) are recommended to avoid overcorrection, particularly
during transport.
ii. Minimize nonessential medications.
iii. Ensure adequate hemodynamics for transport.
iv. 
Ensure adequate supply of medications for
transport.
v. Ensure blood product availability as needed for
transport.
vi. Optimize ECMO and ventilator settings as clinically appropriate.
vii. 
Awareness of clinical changes likely to occur
during the transport is important with planning
for needed interventions en route to destination
center (point-of-care labs, etc.).
2. Transfer to the transport stretcher includes:
i. Secure patient,
ii. Secure equipment, and
iii. Ensure no equipment is left behind.
3. A standardized pretransport checklist should be completed before leaving the sending facility.
d. Transport mode selection: ideal mode of transport should
be evaluated on a case-by-case basis.
1. General considerations:
i. Geographical factors and distance.
ii. Traffic conditions.
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iii. Urgency.
iv. Weather condition.
v. Experience.
vi. Availability and cost.
vii. Weight of patient, crew, and equipment.
2. Patient-specific considerations.
i. Type of ECMO.
ii. Patient clinical status.
iii. Patient height and weight.
3. General/nonmode specific transport considerations:
i. Appropriate stretcher weight capacity for patient
and equipment.
ii. 
A nonslip area for loading and unloading as
available.
iii. Ability to load/unload at ambulance floor height
(powered lift platform if available).
iv. Electrical inverter checked before each mission.
v. Adequate oxygen.
vi. Adequate lighting.
vii. Adequate temperature regulation.
viii. Communication method for critical information to
receiving center; we require two communication
methods to avoid issues, which is why we recommend redundancy and planning for transport.
4. Mode specific considerations:
i. Ground (Figure 1a, b, and c).
1. Most common and available.
2. 
Multiple sizes – larger patient care areas
(preferentially with 360-degree access to the
patient) are preferred when available.
3. Can accommodate larger teams.
ii. Air transportation, in general:
1. Pilot flying time must be considered, as time is
often regulated and may impact transportation
options.
2. 
Weather and aircraft will be coordinated
with air travel regulatory agencies which may
impact timing.
iii. Rotor wing (helicopter) (Figure 2).
1. Smaller cabin space has limited crew capacity.
2. More weather-dependent than ground units.
3. 
Flexible landing and take-off locations with
vertical assent capability.
4. 
Helipads are available at many medical
centers.
5. Not affected by road traffic.
6. Need to consider altitude within the treatment
plan.
7. Often use liquid oxygen which can have variable flow at different temperatures.
8. Should factor in vibration and noise mitigation
for patient, crew, and equipment. Alarms can
be hard to hear.
9. 
In-flight communication system to allow
communication with flight crew and pilot is
recommended.
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Figure 1. (A, B, and C). Spacious ICU ambulance with 360° access to patient. Seating for 5 medical personnel. Note sealed cabinet and
floor for easy cleaning and infection control.

iv. Fixed wing (airplane) (Figure 3a, b, and c).
1. Capable of long transport distances.
2. Requires multiple transfers of the patient:
a. Hospital bed to transport stretcher,
b. Transport stretcher to aircraft stretcher,
c. Aircraft stretcher to transport stretcher, and
d. Transport stretcher to the hospital bed.
3. Consider altitude within the treatment plan.
a. High altitude provides for shorter flight, less
turbulence, and less fuel consumption.
b. 
At low barometric pressure (higher altitudes), extra care must be taken to avoid
hyper-oxygenation of the circuit as oxygen
can bubble out of solution at lower pO2 (rare
in pressurized cabins).
c. 
Effect of barometric pressure on endotracheal tube cuff.
4. Liquid oxygen which can have variable flow at
different temperatures.

5. UPS systems for power where available.
6. Should factor in vibration and noise mitigation
for patient, crew, and equipment. Alarms can
be hard to hear.
7. In-flight communication system should allow
communication with flight crew and pilot.
8. Ensure all equipment is approved for aircraft
use by the appropriate governing body.
9. Consider the appropriate position of infants/
neonates to reduce intracranial pressure during
take-off and landing, if possible.
e. Considerations for transport of patients with transmittable
diseases:14–15.
1. Follow local and international recommendations.
2. Must adhere to infection control guidelines and use of
personal protective equipment.
3. 
Avoid
aerosol-generating
procedures
where
possible.
4. Use of high efficiency particulate absorbing filters can
be added to the expiratory limb of the ventilator.
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Figure 2. Helicopter lay out. Note limited space and access to patient and equipment.

5. Vehicle decontamination is required before returning
to in-service status.
6. Essential diagnostic and therapeutic interventions
warrant careful planning and coordination to protect other patients, medical personnel, and the
public.
f. Post-transport considerations:
1. Formal endorsement and handoff to receiving team
should occur.
2. Patient transferred to the hospital bed.
3. 
Equipment should be cleaned and restocked for
immediate use.
4. Team debriefing should occur for each case; high-volume transport centers may create more narrow debrief
criteria.
5. Regular educational sessions incorporating significant
events and critical incident stress debriefing should
occur.

Section V: Clinical Governance and Risk Management
Providers should establish governance to ensure local and
national standards for the Transport and Retrieval of ECMOsupported patients are maintained. Governance should include
the use of audit, incident reporting, and feedback from patients
and relatives regarding their experience.
a. Quality improvement process should be standard.
1. Use predetermined KPIs as quality metrics (e.g., cardiac arrest, air embolism, bleeding).
2. Track process metrics (e.g., compliance with checklists, timelines, and equipment failure/malfunction).
3. Review any critical incident comprehensively, noting
opportunities for improvement, if any, with actionable
items. Reviews should include:
i. Accidents or incidents affecting transport team,
ii. Blood product utilization or waste during transfer,
and

Figure 3. (A, B, and C). An example of air ambulance. Note the special mechanism for lifting patient and difficult access.
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iii. 
Educational opportunities for inappropriate or
preventable referrals.
4. 
Critical incident stress debriefing is available for
crews.
b. Training and competency development includes:16–20
1. 
Formal training in transport medicine and mobile
ECMO for all team members.
i. Course should include formal education specific
to transport of ECMO patients (both primary and
secondary); and
ii. If able, simulation should be incorporated into the
course for team training.
2. High and low fidelity simulation should be utilized for
facilitation and maintenance of technical and practical competency.
3. 
Regularly scheduled clinical validation process is
recommended.
c. Licensure and indemnity should be determined before
mobilization of the ECMO transport team.
1. Emergency credentialing is recommended for primary
ECMO transport.
i. Local, regional, and national governance should
consider the need for emergency privileging to
allow universal access to ECMO therapy.
ii. Each system should develop a standard workflow
to obtain emergency privileging for the primary
ECMO team.
iii. The team leader is responsible for ensuring credentialing is in place for the mobile ECMO team
at the requesting hospital.
iv. When interacting with staff at a requesting hospital, the ECMO team should utilize the expertise at
the referring hospital to best understand how to
obtain emergency privileges.
2. 
Safety and well-being of the ECMO transport and
retrieval team is top priority. Organizations should
ensure appropriate indemnity and insurance to the
mobile ECMO team.
i. A priori discussions with the administration, risk
management, and, as required, insurance coverage to ensure appropriate coverage for the mobile
ECMO team.
3. For teams that are flying, appropriate considerations
should be taken for the implications of air travel for
insurance, etc.
d. Finance:
1. Close collaboration is necessary regarding documentation, coding, and billing teams to ensure adequate
and comprehensive documentation from the medical
and fiscal perspectives.
2. Review of mobile cases by a multidisciplinary team
to ensure appropriate coding and documentation is
recommended for optimization of billing practices.

3. 
While fiduciary responsibilities are important, they
should not influence the candidacy of a patient for
ECMO therapy.
Summary
Primary and secondary transport of patients on ECMO support is both challenging and rewarding and should be undertaken by a specialized and well-trained multidisciplinary
team of experienced ECMO practitioners. The team should
be self-sufficient and readily available. Mobile ECMO can be
undertaken by regional or high-volume centers as this is associated with improved patient outcomes and cost reduction.2,3
Checklists, regular practice including high fidelity simulation,
and effective coordination of team roles are key elements of
providing safe and efficient ECMO transport.
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