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Purpose

This guideline describes early rehabilitation or mobiliza-
tion of adult patients supported with extracorporeal membrane 

oxygenation (ECMO). The intent is to provide the interprofes-
sional team caring for patients receiving ECMO with best prac-
tices for early rehabilitation or mobilization based on current 
evidence and extensive clinical experience.

Background

Early rehabilitation or mobilization of critically ill patients is 
recommended by several professional societies.1–7 This may be 
due to the perceived benefits of early rehabilitation or mobi-
lization such as reduced intensive care unit (ICU)-acquired 
weakness (ICU-AW), enhanced cognitive and functional 
recovery, and improved muscle strength.8,9 Patients on ECMO 
represent the sickest cohort of critically ill patients, often hav-
ing near-total dependence on the ECMO circuit for survival. 
Literature regarding early rehabilitation or mobilization of 
patients with ECMO is largely retrospective and observational 
and, to some extent, extrapolated from general ICU literature. 
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A recent scoping review of early rehabilitation or mobiliza-
tion on ECMO, including a large cohort study, reported minor 
rates of complications.10,11 Although studies have demonstrated 
that early rehabilitation or mobilization during ECMO is pos-
sible in high-volume centers, for most patients on ECMO, reha-
bilitation or mobilization remains largely an in-bed activity. A 
recent international cohort study reported only 22% of patients 
on veno-venous (VV) ECMO achieved some level of physical 
mobilization. Factors independently associated with receiving 
early rehabilitation or mobilization included cannulation for 
prelung transplantation, avoidance of mechanical ventilation, 
being at a high-volume ECMO center, and cannulation with 
a dual-lumen cannula.12 Increased rehabilitation or mobiliza-
tion for patients on ECMO as a bridge to lung transplantation 
(BTT) is a consistent finding in the literature, suggesting that 
some patients may be better suited than others.12 Maintenance 
of functional and rehabilitative status for the patient awaiting 
lung transplantation is a prerequisite to surgical intervention 
and ambulation has been reported as an independent predictor 
of successful BTT.13 Indeed, lack of rehabilitation or mobiliza-
tion for this population is considered a strong relative contrain-
dication and may preclude transplantation altogether.14

A recent randomized controlled study of mechanically ven-
tilated patients found no difference in the number of days alive 
and out of the hospital or in adverse event rate for the early 
mobilization group when compared to usual care.15 Patients 
on ECMO represent a unique patient population and balanc-
ing risks versus benefits of early rehabilitation or mobilization 
in this group can be challenging. Ensuring the safety of early 
rehabilitation or mobilization requires individualized patient 
assessment before each activity and is dependent upon the col-
laborative efforts of an interprofessional team of experienced 
practitioners to mitigate potentially deleterious events.16,17

To determine best practice regarding early rehabilitation or 
mobilization in this group, we performed a literature search 
of the MEDLINE, SCOPUS, and EMBASE databases using 
appropriate keywords pertaining to “ECMO,” “rehabilitation,” 
“exercise therapy,” “ambulation,” and “muscle strength” from 
January 2009 through August 2024 and summarize the data for 
the recommendations (Table 1). We provide a framework out-
lining team structure, premobility assessment, challenges, and 
training needs for maximizing the safety of early rehabilitation 
or mobilization of patients during ECMO. The guidelines have 
been constructed with key stakeholders involved, including 
relevant professional groups and the target population, includ-
ing an ECMO survivor.

Guideline

Early Rehabilitation or Mobilization for Patients 
Receiving Extracorporeal Membrane Oxygenation

	 1.	 Interprofessional team discussions regarding early reha-
bilitation or mobilization can commence before or upon 
cannulation and are initiated once the patient is deemed 
medically stable and at an appropriate sedation/comfort 
level.

	 2.	 Early rehabilitation or mobilization may include an array 
of activities, both passive and active, from bed-level tasks 
to upright sitting, potentially progressing to transfer out of 
the bed and ambulation.

Barriers to Early Rehabilitation or Mobilization

Although early rehabilitation or mobilization in carefully 
selected patients during ECMO support appears safe and fea-
sible when performed at centers experienced in both ECMO 
and rehabilitation or mobilization of patients in ICU, barriers 
and challenges exist.19,20 These potential barriers fall into sev-
eral domains and are listed in Table 2. Each facility should seek 
to identify and mitigate such barriers to the extent possible to 
implement successful early rehabilitation or mobilization of 
patients with ECMO.

Interprofessional Team for Early Rehabilitation or Mobilization

	 1.	 Members of the interprofessional team may include the 
physical therapist or rehabilitation expert, airway special-
ist/respiratory therapist, registered nurse, medical pro-
vider, and ECMO specialist with each member providing 
input specific to their specialty.

	 2.	 The suggested roles and responsibilities of the interpro-
fessional team are summarized in Table 4.

	 3.	 Each member of the team should have adequate training 
and competency with ECMO relevant to their specialty.21 
Facility-based policies and procedures regarding the 
rehabilitation or mobilization of patients during ECMO 
should be developed and implemented.

Patient Rehabilitation or Mobilization

	 1.	 Patient assessment
	a)	 Once a patient is cannulated for ECMO, the interpro-

fessional team may perform a thorough review of the 
patient’s clinical status to identify any potential barri-
ers to early rehabilitation or mobilization.

	b)	 Patient assessment should be conducted before each 
rehabilitation or mobilization session and include a 
review of:
	(1)	ECMO circuit: the team should review the ECMO 

cannulation strategy, cannula(e) position(s), and 
circuit settings including blood flow rate, blender 
fraction of delivered oxygen (FdO2), sweep gas 
flow (SGF) rate, and circuit function. Assessment 
of cannulation site integrity and distal perfusion is 
detailed later in the Prerehabilitation or mobiliza-
tion assessment.

	(2)	Medical history: relevant patient history should be 
reviewed to identify conditions that could impact 
early rehabilitation or mobilization. Determination 
of preadmission frailty, disability, exercise toler-
ance, and use of assistive devices (including audio-
visual aids) should be identified as this equipment 
may be necessary for the progression of rehabilita-
tion or mobilization.

	(3)	Relevant imaging: imaging should be reviewed to 
assess cannula and device positioning, with special 
attention given to the tip of the cannula, to ensure 
no forward or backward movement, kinking, or 
perforation has occurred, as these may affect the 
patient’s ability to participate in rehabilitation or 
mobilization.
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	(4)	Hemodynamics and other vital measures: the 
patient’s hemodynamic status should be reviewed 
and acceptable ranges during rehabilitation or mobi-
lization defined. These variables may include arterial 
blood pressure, heart rate, respiratory rate, arterial 
oxygen saturation, venous oxygen saturation, central 
venous pressure, pulmonary artery pressure, arterial 
blood gas values, and anticoagulation levels.

	(5)	Medications: relevant medications should be 
reviewed with the goal of adjusting vasoactive, 
sedative, and analgesic medications to maximize 
participation in rehabilitation or mobilization, 
while maintaining patient safety and pain control.

	 2.	 Team brief
	a)	 Once the patient is deemed to be an appropriate can-

didate for early rehabilitation or mobilization, the 
interprofessional team should be empowered to raise 
concerns, if any, and evaluate the appropriateness of 
the planned intervention.

	b)	 Once concerns are addressed, the team member des-
ignated to lead the rehabilitation or mobilization ses-
sion should schedule a time when all necessary team 
members and required equipment are available to 
assist with mobilization.

	 3.	 Prerehabilitation or mobilization assessment
	a)	 Immediately before commencing activity, a rehabili-

tation or mobilization checklist (Table 3) should be 
reviewed to ascertain cannula site integrity and limb 
perfusion, patient’s neurocognitive integrity, and base-
line hemodynamic stability and circuit function.
	(1)	In the case of groin cannulation, positional integrity 

of the cannula with movement may be evaluated 
before commencing the rehabilitation or mobiliza-
tion session. This can be assessed by positioning 
the patient in the supine position and manually 
flexing the hip of the cannulated limb to 90° while 
assessing the cannula position, ECMO blood flow 
stability, and distal limb perfusion. Extra caution 
should be taken with patients with obesity as the 
cannula tip may only be superficially within the 
vessel. Marking the skin in relation to the cannula 
may be helpful in assessing movement.

	(2)	In the case of neck cannulation, care should 
be taken to secure the cannula while moving to 
upright or out-of-bed positioning. This can be 
accomplished with a headband or strap worn 
around the head or by designating a member of the 
team to be responsible for securing and monitoring 
the cannula.

	(3)	It is paramount that before rehabilitation or mobi-
lization, a cannulating medical provider is aware 
of mobility efforts and is available as needed in the 
rare event that cannula malpositioning or acciden-
tal decannulation occurs.

	(4)	Screening cognitive integrity as part of a general 
neurocognitive examination is an essential compo-
nent of a prerehabilitation or mobilization assess-
ment.22 Cognitive impairment is multifaceted, 
requiring a multimodal screening approach. There 
is limited evidence, however, regarding the assess-
ment of cognitive integrity of patients on ECMO.22 N
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Validated tools to consider include the Richmond 
Agitation-Sedation Scale (RASS),23 Glasgow Coma 
Scale (GCS),24 and alertness and orientation (A&O) 
questions for assessing alertness and conscious-
ness; the confusion assessment method for the ICU 
(CAM-ICU) for delirium25; and the mini-mental 
state examination (MMSE) for evaluating orienta-
tion, recall, attention, language, and praxis.26

	(5)	Patients unable to follow commands due to cog-
nitive impairment or sedation may be unable 
to participate in higher-level rehabilitation or 
mobilization activities described in stage 3 or 
4 (Figure 1). Such a case should not preclude 
patients receiving rehabilitation or mobilization. 
Verticalization therapy using tilt tables or stand-
ing beds with support straps may be useful in the 
management of neurocognitive impairment27,28 
and may facilitate pulmonary recovery for patients 
with respiratory failure.

	b)	 A thorough circuit check must be performed and may 
include evaluating the blood and SGF rates, circuit 
pressures, membrane lung function, and integrity of 
tubing, sutures, and anchors. This baseline assess-
ment may be recorded at rest and during rehabilita-
tion or mobilization to ensure stable circuit function 
or changes within the anticipated range.

	c)	 In anticipation of increased cardiorespiratory demand 
during rehabilitation or mobilization, the team should 
discuss the need for augmenting ECMO or ventilatory 
support, if indicated.

	d)	 The plan for rehabilitation or mobilization should be 
communicated to the patient and family/caregivers. 
When reasonable, verbal informed consent should be 
obtained.

	 4.	 During rehabilitation or mobilization
	a)	 A member of the team (typically the physical therapist 

or rehabilitation expert) should be designated as the 
mobility team leader. This leader should assign roles 
and delegate tasks to other team members, commu-
nicate the rehabilitation or mobilization plan to the 
patient, and initiate a time-out.

	b)	 A staged rehabilitation or mobilization protocol with 
recommended activities and equipment for each 
stage, as well as a guideline for determining tolerance 
of activity, is provided in Figure 1.

	c)	 Cannula stability should be assessed regularly, includ-
ing during the rehabilitation or mobilization session 
as well as after each position change.

	d)	 If ambulating, consider following behind the patient 
with a chair equipped with a sling (see Figure 1, 
Supplemental Digital Content, http://links.lww.com/
ASAIO/B401). This will allow for rest breaks during 
ambulation, while offering a method for safe return to 
bed in the case of patient intolerance.

	e)	 For patients with distal perfusion catheters (DPCs), 
consider monitoring blood flow rates through the DPC 
and performing vascular checks while sitting out-of-
bed, as there may be a risk for kinking of the DPC with 
prolonged sitting. The use of a wire-reinforced DPC 
may help mitigate this risk.

	f)	 Patient tolerance and physiologic response should 
also be regularly assessed with titration of ECMO 
blood flow and SGF rates as needed (Figure 1).

	g)	 Patients should be progressed to the highest level 
of functional mobility that can be safely tolerated. 
A recent trial of early mobilization in critically ill 
patients not receiving ECMO indicated that very 
early mobilization at higher doses than usual may 
be associated with adverse events (arrhythmias, 
desaturation, and altered blood pressure).10 As 
such, a balance must be struck between the right 
“dose” of rehabilitation or mobilization and patient 
tolerance or risk. The level and duration of exercise 
need to be carefully discussed among the interpro-
fessional team. If at any point the patient no longer 
tolerates the activity, or if there is an adverse event, 
rehabilitation or mobilization should be paused and 
the activity should not be recommenced until the 
team has discussed and agreed on a modified plan 
for rehabilitation or mobilization (ie, stepping down 
to a lower level) or to stop all efforts until the next 
session.

Table 2.  Barriers to Early Rehabilitation or Mobilization

Domain Barriers

Patient physical and psychological Sedation and pain management
Delirium, agitation, anxiety, or inability to follow direction

Safety Physiologic/hemodynamic/medical stability
Line security and management
Monitoring and risk management

Clinician and team Team communication
Culture for rehabilitation or mobilization
Expertise and staff training
Role clarity and accountability
Leadership and expectation setting

Motivation and beliefs Clinicians/staff
Patients and family

Environmental and structural Access to services and equipment
Hospital administration
Financial constraints
Protocol development
Implementation via a quality improvement framework
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	 5.	 Postrehabilitation or mobilization assessment
	a)	 After the appropriate activity, completion of the check-

list discussed in the prerehabilitation or mobilization 
assessment is advised. Of note, gas lines should be 
reattached to the blender and wall and ECMO blood 
flow and SGF rates returned to prerehabilitation or 
mobilization settings, if safe to do so. Additionally, 
documentation of patient performance and physi-
ologic tolerance ensures safe and accurate hand-off.

	b)	 If the patient tolerates sitting upright edge of bed and 
has progressed to passive or active out-of-bed trans-
fers, evaluation of prolonged time out of bed should 
be assessed. A dependent lift sling (see Figure 1, 
Supplemental Digital Content, http://links.lww.com/
ASAIO/B401) may be positioned in the chair before 
active transfer out-of-bed to assist with return in case 
the patient is intolerant of sitting or becomes unable to 
actively transfer back to the bed.

Table 3.  Suggested ECMO Rehabilitation or Mobilization Checklist

Pre-Rehabilitation or Mobilization Chart Review
□ Past medical history/history of present illness
□ Imaging
□ Hemodynamics
□ Medications
  □ Anticoagulation Status
□ Additional medical/organ support devices required
Patient Assessment
□ Patient/caregiver verbal informed consent
□ Physical Exam
  □ Cardiovascular assessment (Pulses, capillary refill, signs of venous, or arterial disease, etc.)
  □ Pulmonary assessment (Auscultation, mechanics and work of breathing, percussion, fremitus, etc.)
  □ Neurocognitive assessment (Cognitive, motor, and sensory screen, reflexes, coordination, proprioception, etc.)
  □ Integumentary assessment (Palpation, color, temperature, edema, skin integrity/wound assessment, etc.)
  □ Pain assessment
Interprofessional Team Brief
□ Physical Therapist/Rehabilitation expert
□ Medical provider
□ ECMO specialist
□ Nursing staff
□ Respiratory therapist
□ Discuss plan for mobilization
□ Identify the team leader and provide delineated roles
□ Obtain all necessary equipment (Including any audiovisual aids as needed)
ECMO Circuit Assessment and Preparedness
□ 4 clamps
□ Cannulation site and insertion depth
□ Cannula securement (anchors/sutures)
□ Invasive line assessment, ETT/tracheostomy secured
□ ECMO circuit check
□ ECMO console parameters: RPMs and flow, pre/postoxygenator pressures, FdO2, SGF/, SvO2, Battery status
□ Code cart, portable ventilator, transport bag checked and are immediately accessible
Rehabilitation or Mobilization (Figure 1)
□ Notify medical team prior to mobilization
□ Ensure cannulating provider is available
□ Confirm staff roles/responsibilities
□ Obtain necessary mobility equipment
□ Complete time-out with involved team members
□ Assess cannula regularly throughout session
□ Assess patient’s physiologic response/tolerance
□ Titrate ECMO blood flow, SGF/ to support activity
□ Progress through stages of mobility
  Stage achieved______________
  Barriers to progression:
  Plan to mitigate barriers:
Post-Rehabilitation or Mobilization Patient
□ Cannulation site unchanged, cannulas secure (anchors/sutures).
□ Reassess patient (see physical exam above).
□ Communicate plan for ongoing rehabilitation or mobilization during admission.
Circuit
□ Pump plugged into wall power.
□ Gas lines connected to wall.
□ O2 line to membrane lung reconnected to gas blender/flowmeter.
□ Blood flow rate, SGF and blender FdO2 at correct settings.
□ Water lines (heater-cooler device) reconnected and set to desired temperature.
□ O2 tank full.

ECMO, extracorporeal membrane oxygenation; ETT: endotracheal tube; FdO2, fraction of delivered oxygen; RPM, revolutions per min-
ute; SGF, sweep gas flow.
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	 6.	 Complications during rehabilitation or mobilization
	a)	 Reported complications during rehabilitation or 

mobilization of patients on ECMO are generally 
uncommon—although these studies were conducted 
primarily at centers with experience in ECMO and 
in ICU rehabilitation—and can be categorized into 
major and minor. Patient safety remains the top prior-
ity and hence all efforts should be made to anticipate 
and prevent these complications before each rehabili-
tation or mobilization session.
	(1)	Major complications are events that require 

emergent response and could result in serious 
harm or death to the patient. These may include 
accidental decannulation, cannula fracture, sig-
nificant cannula migration, severe bleeding from 
the insertion site, cannula kinking with altera-
tion of ECMO blood flow rate and cardiorespira-
tory instability, ECMO component malfunction, 
significant arrhythmias, accidental extubation, 
severe or sustained hypoxemia, stroke, fall, or 
cardiac arrest.

	(2)	Minor complications are events that do not require 
emergent response and do not place the patient 
at immediate risk for injury or death. These may 
resolve with discontinuation of rehabilitation or 
mobilization. They include minor cannula migra-
tion (not requiring repositioning), minor bleed-
ing at insertion sites that ceases spontaneously 
or with manual pressure, interruptions in ECMO 
blood flow without cardiorespiratory instability or 
desaturation, arrhythmias, hypotension, or patient 
symptoms such as agitation, restlessness, shortness 
of breath, headache, or pain.

	 7.	 Other ECMO configurations
	a)	 As is the case for traditional cannulation techniques, 

an interprofessional approach is vital to ensure the 
safe progression of mobility for patients with central 
and hybrid cannulation configurations. These may 
include central left or right ventricular assist device 
(VAD), central VA ECMO (aortic, subclavian, or axil-
lary artery return) as well as veno-venoarterial (V-VA), 
veno-arteriovenous (V-AV), or venoveno-arterial (VV-
A) configurations.

	b)	 Single-site, dual-lumen catheters (DLCs) are also 
widely used and may increase ease of mobilization 
when groin and dual-site cannulation strategies are 
barriers in certain institutions. It should be noted that 
single-site DLC may be associated with an increased 
risk of cannula migration and malposition.29

	c)	 Regardless of the cannulation strategy, a prerehabili-
tation or mobilization discussion with the interpro-
fessional team should outline a suitable strategy (see 
D.2.)

	 8.	 Additional mechanical circulatory support (MCS) 
devices:
	a)	 When patients are supported with temporary circula-

tory devices (eg, intra-aortic balloon pump or percuta-
neous VAD) in conjunction with ECMO, adjustments 
to the early rehabilitation or mobilization plan need 
to be considered. Early rehabilitating or mobilizing 
patients with multiple forms of MCS is perceived as 
high risk and there is limited research supporting 
safety and feasibility. There have been reports of the 
use of a tilt table/standing bed to achieve standing and 
ambulation in patients with femoral intra-aortic bal-
loon pumps.30

Table 4.  Suggested Professional Roles and Responsibilities for Rehabilitation or Mobilization

Interprofessional Team Member Roles and Responsibilities

Physical therapist/rehabilitation 
expert

1. Review medical notes, laboratory/imaging, pharmacological support, and ECMO cannulation strategy 
and circuit settings

2. Consent patient to rehabilitation or mobilization session explaining goals and intended outcomes
3. Plan and lead the rehabilitation or mobilization process, including obtaining necessary assist devices/

equipment and organizing support personnel to be present during the session
4. Follow up with interprofessional team and patient postrehabilitation or mobilization to discuss tolerance 

to activity and modifications to plan of care to improve tolerance for the next session
Medical provider 1. Ensure the patient is appropriate for the planned session

2. Ensure availability of emergency medications, equipment, and personnel
3. Review ECMO settings and circuit with ECMO specialist
4. Optimize cardiorespiratory support

ECMO specialist 1. Inspect ECMO circuit
2. Document cannula insertion depth
3. Ensure cannula securement
4. Document circuit settings and pressures
5. Obtain portable oxygen in sufficient quantity (if moving out-of-the ICU)
6. Ensure the battery capacity of the device (if moving out of the ICU)
7. Ensure 4 clamps are immediately available

Registered nurse 1. Ensure comfortable and cooperative patient
2. Review and monitor vital signs
3. Check infusions and lines/tubing

Respiratory therapist 1. Check portable ventilator settings/circuit
2. Prepare suction (oral, subglottic, endotracheal)
3. Ensure tracheostomy or, endotracheal tube securement
4. Ensure adequate oxygen supply and connections

ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.
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Figure 1. Suggested staged early rehabilitation or mobilization protocol for patients on ECMO. ECMO, extracorporeal membrane 
oxygenation.
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	b)	 If the additional temporary MCS device is placed in 
the upper extremity, early rehabilitation or mobiliza-
tion may be conducted as described in the guideline.

	 9.	 Stop protocol for rehabilitation or mobilization:
	a)	 A stop protocol should be established before rehabili-

tation or mobilization attempts in the event of circuit 
malfunction, clinical instability, or patient intolerance 
to movement. A stop protocol order may be activated 
by any member of the team. Each facility should 
clearly define the roles of the team during the stop 
protocol. It is recommended to have team members 
who can return the patient to a safe position, trouble-
shoot ECMO alarms and resume ECMO circuit func-
tion, and support the patient as needed. A cannulating 
physician should be available to assist with reposition-
ing or replacement of ECMO cannulas as indicated.
	(1)	For patient intolerance, consider returning the 

patient to the prior stage in the protocol or stop-
ping and returning the patient to the supine posi-
tion for reevaluation.

Staff Training and Clinical Governance

	 1.	 Education and training for early rehabilitation or 
mobilization
	a)	 Centers that engage in early rehabilitation or mobi-

lization of patients on ECMO should have a well-
defined program for staff training.
	(1)	Staff training should include role-specific simu-

lation training and education for rehabilitation 
or mobilization as well as for stop protocols and 
emergency responses.

	(2)	Education regarding early rehabilitation or mobili-
zation technique and safety should be provided in 
part by the physical therapist responsible for rou-
tinely providing rehabilitation or mobilization for 
patients on ECMO.

	 2.	 Clinical governance and risk management
	a)	 ECMO providers should ensure adherence with local 

and national standards for early rehabilitation or 
mobilization of patients with ECMO, if and where 
they exist. These may include the use of auditing, inci-
dent reporting, and feedback from patients, relatives, 
and caregivers regarding their experience.

	b)	 We suggest the following key performance indicators 
(KPIs)
	(1)	Outcome measures
	 (a) � Proportion of successful early rehabilitation or 

mobilization sessions to a total number of eli-
gible patients/sessions.

	 (b) � Highest rehabilitation or mobilization level 
achieved during ECMO support. We recom-
mend using the ICU Mobility Scale (IMS).18,31

	 (c) � Discharge disposition and functional outcomes. 
We recommend using the independent activi-
ties of daily living (IADL) and modified Rankin 
Scale.32

	 (d)  Complications (as defined above).
	(2)	Process measures
	 (a)  Compliance with mobility checklist.
	 (b) � Time from cannulation to mobility assessment.
	 (c) � Equipment failure/malfunction.

Summary

This guideline describes the safe application of early reha-
bilitation or mobilization of adult patients on ECMO. Despite 
a lack of strong evidence, early rehabilitation or mobiliza-
tion is encouraged when patient condition allows and when 
adequate resources and a well-trained interprofessional team 
are available. Complications, whereas uncommon, can lead to 
patient harm and efforts should be made to both anticipate and 
address them. To this end, we propose the use of a mobility 
checklist, emergency stop protocol, and staff empowerment. 
Extracorporeal membrane oxygenation centers are encouraged 
to provide appropriate training and implement risk manage-
ment strategies to ensure safe and effective rehabilitation or 
mobilization.
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