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Abstract: Intensive care unit (ICU)-acquired weakness is a common and serious sequela of critical 
illness. There is a growing body of evidence supporting the use of early mobilization in the ICU to 
mitigate this adverse effect. Recent data suggest that such a strategy may be feasible in patients with the 
most severe forms of cardiopulmonary failure—those requiring temporary mechanical circulatory support 
(TCS) or extracorporeal life support (ECLS). Both the modality of mechanical support and patient-
specific characteristics must be taken into consideration when determining the appropriateness of an early 
mobilization strategy. The purpose of this review is to explore the current understanding of and evidence for 
mobilization and rehabilitation of patients receiving TCS or ECLS, including the identification of factors 
that may predict greater success for early mobilization and potential risks and contraindications to active 
physical therapy. While it is not yet known which of these patients are most likely to benefit from physical 
rehabilitation, a common theme is the importance of an interprofessional team approach to ensure patient 
safety and maximize the likelihood of successful mobilization.
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Introduction

Intensive care unit (ICU)-acquired weakness is a serious 
sequela of critical illness and may persist long after the 
resolution of the original illness (1). Invasive mechanical 
ventilation (IMV), sedation, and corticosteroids are among 
the factors associated with neuromuscular dysfunction in 
patients with cardiopulmonary failure (2). Immobility is 
a significant and potentially modifiable contributor, with 
experimental studies of even healthy subjects experiencing 
up to a 5% loss of muscle strength for each week of bed 
rest (3). 

There has been a paradigm shift in intensive care 

medicine as a growing body of literature highlights the 
benefits of minimizing sedation, identifying and modifying 
potential risk factors for weakness in the ICU and engaging 
in early physical therapy. Several studies have suggested 
that early mobilization in the ICU may improve overall 
lengths of stay, rates of delirium, ventilator-free days, and 
potentially ICU survival (4-6). Indeed, a 2017 systematic 
review that included over 22,000 mobilization sessions of 
ICU patients demonstrated an excellent safety profile with 
an adverse event rate of only 0.6%, and a subsequent meta-
analysis demonstrated that active ICU rehabilitation was 
associated with improved ambulation, and more days alive 
and out of the ICU at 6 months (5,7). These promising 
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data among the general critical care population have raised 
the question of whether such a strategy could or should be 
extended to patients who potentially are at great risk for the 
development of ICU-acquired weakness—those receiving 
temporary mechanical circulatory support (TCS), including 
extracorporeal life support (ECLS) for circulatory support 
but also for gas exchange support, for the most severe forms 
of cardiopulmonary failure. Whether bridging to recovery, 
a left ventricular assist device (LVAD), heart or lung 
transplantation, or bridging to a decision, this strategy—if 
performed safely in appropriately selected patients—might 
be expected to improve overall outcomes.

The purpose of this review is to explore the current 
understanding and evidence for mobilization and 
rehabilitation of patients receiving TCS and ECLS, including 
patient- and circuit-specific factors that may allow for greater 
success for early mobilization, as well as potential risks and 
contraindications to active physical therapy. 

Temporary circulatory support devices and ECLS 

A variety of TCS devices are available to support patients in 

cardiogenic shock, ranging from the percutaneously placed 
intra-aortic balloon pump (IABP) to surgically implanted 
temporary LVADs, such as the CentriMag (Abbott, Chicago, 
IL) (Table 1). All of these devices serve a specific purpose in 
the continuum of mechanical therapies for cardiogenic shock 
and each has their own unique challenges during physical 
rehabilitation. ECLS may be used as a form of TCS, or may 
also be used for patients with severe respiratory failure.

Intra-aortic balloon pump

The IABP is a percutaneous device, positioned into the 
descending aorta, which provides hemodynamic support 
through counter-pulsation—augmenting diastolic pressure 
and coronary perfusion through inflation during diastole 
and reducing afterload through rapid deflation in systole. 
Though often inserted through the common femoral 
artery, these pumps may also be placed in the axillary or 
subclavian artery in patients requiring extended support 
to facilitate ambulation, particularly in the context of 
bridging to transplantation. Estep et al. reported a high 
rate of malpositioning with the axillary IABP secondary to 

Table 1 Advantages, disadvantages, and rehabilitation considerations TCS/ECMO

Support device Advantages Disadvantages Mobilization considerations

IABP Bedside deployment Typically femoral access Risk of malpositioning 

Percutaneous insertion Axillary artery option (requires surgical 
cutdown)

Impella Percutaneous insertion Typically femoral access Risk of malpositioning

RV and LV support devices available Fluoroscopy required for insertion Axillary option with Impella 5.0 (requires 
surgical cutdown)

VA-ECMO Percutaneous insertion Surgical cutdown required for upper 
body configurations

Cannula kinking or malpositioning, 
especially in femoral position

Upper-body configurations available Must monitor hemodynamics during 
ambulation

TandemHeart Cable of either LV or RV support Risk of perforation during transseptal 
placement

Protek Duo for RV failure more favorable for 
mobilization

Upper body configuration for RV 
Failure (with the Protek Duo cannula)

Potential for interatrial shunt 
development

Mobilization not recommended for femoral 
transseptal configuration 

Percutaneous insertion Fluoroscopy required for insertion Risk of cannula dislodgement and migration 

CentriMag Up to 10 L of flow Requires sternotomy or thoracotomy Large device may be difficult to move

Central cannulation may facilitate 
mobilization

Additional risk of bleeding or infection 
within the mediastinum

Facilitated by tunneled cannulae

IABP, intra-aortic balloon pump; VA-ECMO, venoarterial extracorporeal membrane oxygenation; RV, right ventricle; LV, left ventricle; TCS, 
temporary mechanical circulatory support.
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this enhanced mobility. However, they reported that the 
device could be safely repositioned at the bedside with no 
significant acute adverse events (8). 

Percutaneous ventricular assist devices

While the IABP provides indirect hemodynamic support 
through counter-pulsation, the Impella (Abiomed, 
Danvers, MA) provides direct hemodynamic support using 
continuous flow via a microaxial pump that may be inserted 
across the aortic or pulmonic valves for direct left or right 
heart support, respectively. Inserted under fluoroscopy, 
the pump sits inside the left ventricle (LV)—in the more 
common left heart support configuration—draining blood 
through a ventricular cannula and ejects it across the aortic 
valve, thereby increasing cardiac output and unloading 
the ventricle. Similar to the IABP, left-sided Impellas are 
traditionally inserted percutaneously through the common 
femoral artery and thereby limit ambulation due to the 
risk of malposition in this area. The Impella 5.0, however, 
offers the option for higher blood flow rates and is inserted 
through the axillary or subclavian artery via a surgical 
cutdown, which may better facilitate mobilization (9).

Percutaneous assist devices are also available with 
extracorporeal pumps to provide either LV or right 
ventricular (RV) support. The TandemHeart (LivaNova, 
UK) is an extracorporeal continuous flow centrifugal pump 
that can provide either left or RV support depending on 
cannulation configuration. Using a transseptal cannula, the 
device drains blood from the left atrium and reinfuse it via 
the femoral artery for LV support (10) or, can provide RV 
support when configured with the Protek Duo (LivaNova, 
UK) cannula, a dual lumen cannula inserted via the right 
internal jugular vein, which provides bicaval drainage and 
reinfusion into the pulmonary artery (11). This ProtekDuo 
configuration for RV failure may better facilitate mobilization 
than traditional surgical RV assist devices, and can even be 
used in acute RV failure after LVAD implantation (12). 

Extracorporeal life support

ECLS is divided into extracorporeal membrane oxygenation 
(ECMO) and extracorporeal carbon dioxide removal 
(ECCO2R). ECMO has the ability to provide gas exchange 
and circulatory support for patients with severe respiratory 
or cardiac failure. Broadly speaking, the circuit consists 
of a venous drainage cannula from which venous blood 
is removed before passing through an extracorporeal 

centrifugal pump. This pump pushes the deoxygenated 
venous blood through an oxygenator whereby oxygen from 
a gas supply diffuses across a semipermeable membrane into 
the blood while carbon dioxide diffuses out of the blood. 
The now-oxygenated and decarboxylated blood returns to 
the patient through a reinfusion cannula in either a vein 
(venovenous ECMO), which provides gas exchange without 
direct hemodynamic support, or an artery (venoarterial 
ECMO), which provides direct hemodynamic support in 
addition to gas exchange (13). 

Temporary surgical ventricular assist devices

The CentriMag is an extracorporeal TCS device, with 
surgically implanted central cannulation, which is capable of 
providing higher blood flow rates than the percutaneous TCS 
devices. It can be implanted to provide left or RV support 
with cannulation of the left atrium to aorta or right atrium 
to pulmonary artery, respectively. Ambulation in patients 
requiring CentriMag ventricular assist devices (VADs) has 
been demonstrated to be safe and feasible but the evidence 
largely consists of case series and case reports (14-16).

Patient selection for physical rehabilitation 
during TCS

Whether patients receiving TCS should be considered 
for active physical therapy, the timing of physical therapy, 
and which patients are most likely to benefit remain 
areas of ongoing investigation (17). Determining the 
appropriateness of mobilization depends on several factors: 
the intention of mechanical support, either bridging a 
patient to recovery (BTR), to a long-term VAD (bridge to 
decision or bridge to VAD), or to transplantation (BTT), 
the position/location of the TCS or the ECMO cannulation 
configuration, the severity of illness of the patient and their 
ability to participate in physical therapy are also key factors. 

Most of the data from mobilization in patients receiving 
TCS comes from the ECMO literature. Moreover, the 
majority of these data in patients receiving ECMO for 
cardiogenic shock, specifically, derive from small case 
series and case reports, owing in part to the high acuity 
and severity of illness in this population, along with often 
uncertain outcomes regarding their potential to recover, 
receive a long-term VAD, or undergo heart transplantation. 
Finally, respiratory ECMO runs tend to be longer, on 
average, than cardiac runs in potentially viable patients. In 
light of this, much of the data informing early mobilization 
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in ECMO patients is derived from the literature of patients 
receiving ECMO for severe respiratory failure. While 
extrapolation of this data to the cardiac population receiving 
mechanical circulatory support should be done with 
caution, clearly the data from the respiratory failure ECMO 
population may be informative.

Bridge to transplantation

The rationale for mobilization of patients receiving TCS 
may be strongest for those awaiting heart transplantation, 
in so far as it is analogous to bridge to lung transplantation, 
where physical deconditioning is a relative contraindication 
to transplantation because of a decreased ability to survive 
and recover from the transplantation itself (18). For example, 
immobilized patients receiving venovenous ECMO as bridge 
to lung transplantation have been shown to be at greater risk 
for developing ICU-acquired weakness and being deactivated 
from the transplant list (19). By extension, participation 
in physical activity while awaiting transplantation may 
mitigate deconditioning and help maintain transplant 
candidacy (18,20). Several cohort studies and case series 
have demonstrated the feasibility and safety of a strategy that 
maximizes the opportunity for mobilization, particularly 

when active physical therapy is combined with an awake and 
endotracheally extubated approach (21-23). A recent cohort 
study of 121 ECMO BTT patients found that ambulation was 
an independent predictor of successful transplantation (OR 
7.6, 95% CI: 2.2–26.6, P=0.002) (24), and a study by Benazzo 
et al. of 120 BTT patients also determined that being awake 
during ECMO as BTT was associated with improved survival 
in a multivariable model (24,25). A subgroup of ECMO-
supported patients awaiting lung transplantation who are 
perhaps more comparable to the cardiac BTT population are 
those with pulmonary hypertension and associated right heart 
failure who receive venoarterial ECMO almost exclusively. 
A retrospective cohort study of patients with interstitial lung 
disease and concomitant pulmonary hypertension likewise 
found an association between pre-transplantation ambulation 
during ECMO and a reduced risk of death (HR 0.20, 95% 
confidence interval: 0.08 to 0.48, P<0.01) (26).

It may be difficult to extrapolate the data for ECMO 
as BTT in lung transplantation to those who are awaiting 
heart transplantation—with ECMO or other TCS as 
BTT—for several reasons, including anticipated wait times 
and the relative importance placed on physical fitness pre-
transplantation. With the allocation of donor hearts recently 
changing in the United States, as an example, such that 
those receiving ECMO have been given highest priority 
for transplantation (27), it is possible these patients will 
not have time or the opportunity to engage in meaningful 
rehabilitation before transplantation, and that transplant 
candidacy will not necessarily hinge on their ability to 
perform active physical therapy during ECMO. That being 
said, case series have demonstrated the safe and successful use 
of ambulatory ECMO as a bridge to heart transplantation 
(28-31), as well as with the Impella 5.0 (32). Likewise, Tanaka 
et al. demonstrated the successful use of IABPs implanted in 
the right subclavian artery as a BTT in 61 patients, achieving 
ambulation in 96% of their overall cohort with a 26% IABP 
exchange rate—mostly due to kinked drivelines during 
mobilization (33). It must be noted that in all of these series, 
there was no evaluation performed of any association between 
ambulation and successful transplantation, suggesting the 
need for robust studies to assess these outcomes.

In contrast to other forms of TCS, a benefit of ECMO 
is the potential to liberate select patients from IMV by 
supporting gas exchange (Figure 1). Although mobilization 
has long been feasible with IMV (4,34), its removal in 
the context of ECMO simply increases the feasibility of 
mobilization. The pre-transplant use of IMV, regardless of 
etiology, has traditionally been associated with worse post-

Figure 1 Awake, ambulatory patient with an upper-body 
configuration of venovenous extracorporeal membrane oxygenation 
for gas exchange support.
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transplant outcomes when compared with patients not 
requiring IMV (35,36), in large part reflecting the severity 
of illness in this cohort. In addition to the inherent risks 
of IMV—including ventilator-associated pneumonia and 
ventilator-induced lung injury—reliance on the mechanical 
ventilator for gas exchange may at times be associated 
with increased sedation requirements or the need for 
neuromuscular blocking agents, limiting the potential 
for mobilization (37). Furthermore, the presence of the 
ventilator alone may not alleviate dyspnea or respiratory 
effort even when gas exchange is normalized, something 
that may be better managed with ECMO under some 
circumstances (38,39). Unlike patients with primarily 
severe respiratory failure, there is perhaps greater potential 
for ECMO-supported cardiogenic shock patients to be 
liberated from or avoid IMV, as their respiratory failure, 
if present, may be less severe or sufficiently managed with 
support of their underlying cardiac failure (e.g., in the case 
of pulmonary edema). In patients who have an ongoing need 
for IMV in combination with ECMO, early mobilization 
remains feasible (40), although tracheostomy may be 
considered in selected patients in order to improve comfort, 
facilitate minimization of sedation, and possibly increase the 
likelihood of successful ambulation. Tracheostomy during 
ECMO has been found to be safe, but the optimal timing 
and indications have yet to be established (41). 

Bridge to recovery

Patients receiving TCS for cardiac failure as BTR may 
also be candidates for early mobilization, although there 
is essentially no data on the impact of early mobilization 
on outcomes in this population. Likewise, mobilization in 
patients supported with short-term surgical VADs with 
apical-axillary cannulation or conventional biventricular 
VADs, has been described. However, the effect of these 
strategies has yet to be determined (16,31). In the realm of 
ECMO, the existing data from patients receiving ECMO for 
respiratory failure offers some insight into the potential role 
of an awake, ambulatory strategy in cardiac failure patients 
(40,42,43), but it is important to recognize the limitations of 
such comparisons and the lack of proven benefit from early 
mobilization even within the respiratory population.

Importance of cannula and device components 
in mobilization and rehabilitation 

When considering the feasibility and safety of mobilizing 

patients receiving TCS or respiratory ECMO, one must 
take into account the limitations imposed by the device 
components such as drivelines or cannulae as well as how 
the location of these components may impact successful 
mobilization. For example, peripheral femoral venous to 
femoral arterial cannulation is the most common approach 
for venoarterial ECMO, given the ability to perform 
it quickly at the bedside, in the operating room, or in 
the cardiac catheterization lab, as is often necessary for 
ECMO cannulation for cardiogenic shock (44). Similarly, 
percutaneous insertion of left-sided Impellas or IABPs is 
traditionally performed via the femoral arteries. In contrast 
to these devices, however, where mobilization is not 
recommended due to precise positioning, the presence of 
femoral ECMO cannulae is not a barrier to mobilization to 
the same degree, and several reports have demonstrated the 
safety of ambulation with femoral cannulae (28,40,45,46). 
That being said, any center considering early mobilization 
of patients with femoral cannulae should have sufficient 
experience in ECMO mobilization given the potential 
risk for dislodgement. Much like the axillary IABP or 
Impella, a variety of upper-body ECMO configurations 
have been described where there is a desire to avoid femoral 
cannulation for ease of mobilization (13).

In cases of significant gas exchange impairment, an 
additional venous reinfusion limb may be spliced into the 
existing femoral-femoral venoarterial circuit to improve 
upper-body oxygenation (venoarterial-venous ECMO) (47). 
Notably, this strategy may complicate mobilization given 
the additional cannula and the potential need for more total 
ECMO blood flow in order to achieve adequate blood flow 
through each reinfusion cannula. Some central cannulation 
techniques provide an alternative option to achieve adequate 
upper-body oxygenation while facilitating mobilization. 
Internal jugular venous drainage combined with ipsilateral 
subclavian, axillary, or innominate arterial reinfusion (48-50),  
right atrial drainage with aortic reinfusion (51,52), and left 
ventricular drainage with axillary arterial reinfusion (31) 
are all examples of cannulation strategies that may support 
patients with cardiogenic shock via an upper-body approach, 
although difficulty with ambulation will vary by technique 
and by the individual patient. However, because many of 
these approaches require a sternotomy or a thoracotomy, they 
carry particular risks not seen with peripheral cannulation, 
such as bleeding or infection within the mediastinum (53-55).

Pulmonary hypertension and RV failure, in the absence 
of left-sided heart failure, offers unique opportunities for 
ECMO cannulation strategies that may likewise facilitate 
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mobilization. Some of the same strategies for cardiogenic 
shock with LV failure have been described in the pulmonary 
hypertension population, including the subclavian, axillary 
and innominate reinfusion approaches (48-50,52). In select 
cases, and with certain approaches, anesthetic induction and 
intubation may be avoided entirely at the time of cannulation, 
which may help to minimize the risk of circulatory collapse 
associated with induction and endotracheal intubation 
in this high-risk population (56). An alternative central 
approach for these patients consists of pulmonary arterial 
drainage to left atrial reinfusion, which may not require 
the use of an extracorporeal pump (57). In patients with 
pulmonary hypertension who have a preexisting inter-atrial 
communication (e.g., atrial septal defect or sufficiently large 
patent foramen ovale), consideration might be given to the 
use of a bicaval dual-lumen cannula inserted through the 
internal jugular vein where the reinfusion jet is directed 
across the defect. This method facilitates RV decompression, 
creates an oxygenated right-to-left shunt, and avoids femoral 
cannulation while still offering a percutaneous approach 
(58-60). Select patients without a pre-existing arterial 
septal defect may be candidates for the creation of an atrial 
septostomy to facilitate such a strategy (61). 

Beyond cannulation configuration, the ability to 
mobilize ECMO circuitry itself (e.g., pump, membrane 
lung, gas supply, console, tubing) must also be taken into 
consideration. Advances in extracorporeal circuitry, which 
have included increasingly compact circuits with integrated 
pumps, membrane lungs, and consoles, have made it easier 
to mobilize and ambulate ECMO patients (40,62,63). 

Special considerations for rehabilitation in TCS 
and respiratory ECMO patients

Cannula-related risks

Any attempts at mobilizing patients receiving ECMO must 
weigh the potential risks with anticipated benefits. The most 
important consideration during physical rehabilitation of 
these patients is ensuring that therapy does not jeopardize 
patient safety through compromising the integrity of the 
cannulae or circuit. ECMO cannulae and tubing are at risk 
for malposition, kinking and dislodgement or disconnection 
during mobilization. Despite wire reinforcement within 
the cannula, activities involving hip flexion in patients with 
femoral cannulation, or other cannula manipulation, may 
still result in bends or kinks in the cannulae, which may 
interrupt blood flow. Arterial reinfusion cannulae tend 

to be shorter than drainage cannulae and are therefore at 
greater potential risk for dislodgement. It is imperative that 
providers confirm cannulae are well-secured with either 
sutures or securement straps prior to any mobilization, 
while closely monitoring blood flow and line pressures 
during activity. 

Patients with more than one device

Many patients receiving ECMO for cardiogenic shock may 
have additional TCS devices, such as IABPs or an Impella, 
to assist in left ventricular decompression, which may 
increase risks associated with mobilization, or they may have 
these devices alone without ECMO. As described earlier, 
IABPs and percutaneous TCS devices require precise 
positioning for optimal function and will be at risk for 
dislodgement with patient movement, particularly with out-
of-bed activities. While the presence of these devices does 
not necessarily preclude any attempt at mobilization, the 
serious added risk of malpositioning or dislodgement must 
be weighed against any potential benefits of mobilization. 
If limited physical therapy is performed, practitioners 
must ensure proper securement prior to and throughout 
the session. A potential solution to reduce the risk of 
malposition is the insertion of these devices via the axillary 
or subclavian artery, which may further facilitate ambulation 
(8,9,64), if that is otherwise appropriate for the patient.

Physiologic demand

An important aspect of mobilization of ECMO patients 
is the increased physiologic demand generated during 
physical rehabilitation. Similarly, patients receiving ECMO 
may experience worsening gas exchange or hemodynamics 
depending on the extent of physical therapy in the context 
of the patient’s underlying organ dysfunctions. Both 
hemodynamics and respiratory status should be monitored 
closely throughout therapy sessions, with increases in 
extracorporeal blood flow (for oxygenation or hemodynamic 
support, depending on the configuration), and sweep gas 
flow (for increased ventilatory needs), or inotropic or 
vasopressor support, provided as needed. If mobilization is 
anticipated prior to cannulation, consideration should also 
be made for cannula sizes that can accommodate increases 
in extracorporeal blood flow to meet patients’ needs during 
therapy. Likewise, patients with short-term VADs are more 
readily mobilized with closed chests and secured, tunneled 
cannulae. 
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Contraindications

Circumstances in which the risks of physical therapy 
likely outweigh the benefits in patients receiving TCS or 
ECMO are situations of clinical instability, including but 
not limited to clinically significant hemorrhage, unstable 
arrhythmias, hemodynamic instability requiring moderate-
to-high-dose (or recently escalating) vasopressors, and 
severe hypoxemia or acidemia. Similarly, physical therapy 
should be discontinued if patients become unstable during 
activity. Patients who are deemed too clinically unstable 
for early mobilization may continue to undergo daily (or 
more frequent) assessments to determine appropriateness 
to reconsider mobilization or may be appropriate for in-bed 
exercises or passive range of motion. 

The importance of an interprofessional team 
approach

An integral part of any awake, mobile strategy during 
mechanical cardiorespiratory support is an interprofessional 
team approach (40). Collaboration between all providers, 
including nurses, physical and occupational therapists, 
respiratory therapists, perfusionists, surgeons, cardiologists 
and intensivists, among others on the team, with well-
defined roles, is essential to ensure safety and success of 
early mobilization (42,43,65). 

Conclusions

Early mobilization has been shown to be safe and beneficial 
in patients receiving ECMO for respiratory failure, 
particularly in patients receiving ECMO as a bridge to 
lung transplantation, when conducted meticulously at 
centers with experience in mobilizing ECMO patients. 
While mobilization may likewise be considered for patients 
receiving ECMO or other forms of TCS for cardiac failure, 
the specific patient populations most likely to benefit from 
these interventions have yet to be defined. Regardless of 
which patients are considered for early mobilization, an 
interprofessional team approach with well-defined roles 
and responsibilities, along with careful patient selection are 
essential to ensure safe and successful rehabilitation in this 
critically ill patient population. 
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