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Introduction

Mortality in the pediatric intensive care unit (PICU) 
has decreased considerably in the past 10 years but 
has been exchanged for an increase in PICU-acquired  
morbidities (1). Emerging literature suggests that adult and 
pediatric survivors of critical illness experience significant 
physical, psychosocial, and cognitive morbidities, leading 
to delayed recovery, functional impairments, and reduced 
quality of life (2,3). Intensive care unit (ICU) Liberation, a 
movement that focuses on allowing critically ill patients to 
be as safely awake, interactive, and mobile as possible, aims 
to prevent these morbidities (4). Historically, critically ill 
children were sedated and immobile because of concerns for 
safety. However, thanks to the ICU Liberation movement, 
this culture is transforming. 

The ABCDEF bundle (Figure 1) is an evidence-based 
guideline formulated by the ICU Liberation Collaborative, 

which aims to liberate patients from the iatrogenic aspects 
of critical illness that threaten a person’s self-worth or  
dignity (5). ICU-acquired weakness, delirium, pain, and 
agitation are some of these crippling effects seen in our 
patients. As technological advancements have improved 
survivability, the recognition of post-ICU syndrome has 
emerged. The ICU Liberation Collaborative, a large-scale 
quality improvement project, began by implementing the 
pain, agitation, and delirium guidelines in in 76 ICUs across 
the nation, including 9 pediatric units. The ABCDEF 
bundle was then constructed to advise the ICU team on 
daily care that they can provide to reduce symptoms of 
these three conditions. The building blocks of the bundle 
were obtained from randomized control trials in adults, 
which showed that these proactive interventions reduced 
the burden of pain, agitation, or delirium (6-10). The 
components of the bundle are assessment, prevention 
and management of pain; both spontaneous awakening 
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and spontaneous breathing trials; choice of sedation and 
analgesia; delirium assessment, prevention and management; 
early mobility and exercise; and Family engagement and 
empowerment. 

Early mobilization, a key aspect of the ICU Liberation 
ABCDEF bundle, is gaining attention in both pediatric 
and adult critically ill populations. In adults, studies have 
shown that ICU-based early mobilization is feasible and 

safe, improves functional outcomes, and is cost effective  
(6,11-13). Research on mobilization in the PICU is only 
recently emerging and consists primarily of data from 
surveys and quality improvement projects. The objective of 
this review is to summarize data on the safety and feasibility 
of early mobilization in the PICU, describe outcomes of 
early rehabilitation in the pediatric critically ill patient, and 
highlight knowledge gaps and avenues for future research. 

Early mobilization: definition, design, and 
implementation

Like in the adult ICU, early mobilization in the PICU 
has no standard definition at this time, with many articles 
citing differing therapies, varying levels of activity, and 
variable initiation times. In general, early mobilization is 
defined as clinically safe and developmentally appropriate 
rehabilitation exercises of varying degrees initiated within 
the first 48 to 72 hours of ICU admission (14,15). 

Given the heterogeneity of patients’ chronological ages, 
developmental stages, and range of diagnoses, generating 
a standard rehabilitation plan in the PICU is challenging. 
Some centers have developed customized mobilization 
pathways based on a patient’s clinical stability and 
mechanical support, with increasing levels of rehabilitation 
as the patient’s clinical status improves. PICU Up!, a quality 
improvement project by Wieczorek et al., is a system of 
stratified rehabilitation levels based on the patient’s clinical 
status that encompasses a spectrum of movement, from 
passive range of motion activities for the most critically 
ill patients to ambulation if appropriate (16). Unique 
modalities of rehabilitation techniques have also been 
described, such as cycle ergometry (in-bed cycling) (17) and 
the use of Nintendo Wii for virtual reality exercises (18,19). 

The feasibility of implementing early mobilization 
programs in the PICU has been shown in a variety of 
pediatric critically ill populations, including cardiac, 
medical, neurological and post-surgical patients (20-22). 
Gaining support and assistance from a multidisciplinary 
team has been universally described as critical to the success 
of a program (23). Disciplines integral to the successful 
creation and implementation of PICU early mobilization 
programs include PICU physicians and nurse practitioners; 
therapists from divisions such as respiratory therapy, 
physical therapy, occupational therapy, and speech therapy; 
nursing staff, including nursing leadership and bedside 
nurses; ancillary staff from child life; and representatives 
from family engagement (Figure 2). As key stakeholders, 

Figure 1 Framework of the ABCDEF bundle. SAT, spontaneous 
awakening trial; SBT, spontaneous breathing trial.
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Figure 2 Interdisciplinary stakeholders integral to success of early 
mobility program creation and implementation in the PICU. 
PICU, pediatric intensive care unit; NP, nurse practitioner.
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at least one champion from each group plays a critical role 
in determining barriers and facilitators, as perceived by all 
staff, and ensuring that PICU staff collectively feel engaged 
in the process of changing the mobility culture. 

The implementation and consistency of establishing an 
early mobilization culture has numerous barriers. A recent 
survey showed that only 3% of all Canadian physicians 
and physiotherapists practiced in a facility that has early 
mobilization guidelines (24). The most common barriers 
to mobilizing children are lack of physiotherapy resources, 
lack of practice guidelines, and concerns for patient 
safety (14,16,24). In a recent publication by Zheng et al. 
that conveys the results of post-mobilization interviews, 
both clinicians and parents expressed similar concerns 
that mobilization was not prioritized early in the ICU  
stay (25). Clinicians were primarily concerned for the 
safety of patients, whereas parents were more focused 
on prognosis of their child’s illness. Families’ trust in the 
healthcare team and clinicians’ belief in the importance of 
early mobilization were the most supportive reasons for 
early mobilization in the PICU population and facilitated 
patient motivation. That study highlights the importance 
of family engagement and clinician buy-in to mobilization 
of our patients. In the PICU Up! quality improvement 
project, implementation of an early mobilization activity 
program decreased the immobility caused by procedures 
or tests. However, the reported barrier of equipment 
availability increased. This finding suggests that team 
coordination for mobilization activities was improved and 
that missing specialized equipment became more apparent 
as mobilization was considered for patients previously 
deemed ineligible. 

Safety and feasibility

Mobilization of critically ill children, many with central 
lines, endotracheal tubes, and other life-saving devices, is 
associated with potential risks and complications. Hence, 
concerns about safety often guide staff perceptions about 
PICU mobility. These complications may include, but are 
not limited to, hemodynamic instability, accidental tube 
or line dislodgement, falls, pain, and anxiety. However, 
multiple studies have reported that early mobilization of 
critically ill children is safe when appropriate precautions 
are taken and levels of mobility are suitable for the level 
of acuity. The wEECYCLE trial randomized patients 
to receive in-bed cycling or standard physiotherapy and 
showed no adverse events in any of the patients in the 

cycling arm (17). Abdulsatar et al. reported no adverse 
events related to the use of Nintendo Wii boxing as an 
exercise modality (18). The large quality improvement 
initiative PICU Up!, which included 200 patients, showed 
no associated adverse events with the use of a stratified 
early rehabilitation program (16). Studies in specialized 
populations, including children who require ventricular 
assist devices and postoperative otolaryngology patients, 
also have failed to show an increase in adverse events after 
implementation of rehabilitation programs (20,21). 

Outcomes

The literature contains little data on the outcomes of early 
mobilization in the pediatric critically ill, and within the 
published data, the outcome measures vary substantially. 
Rehabilitation using Nintendo Wii boxing showed 
an increase in upper body activity in the intervention 
group, although there was no significant change in the 
patients’ grip strength (18). A study performed in adults 
by Andelic et al. showed significantly improved global 
functioning, measured by the Disability Rating Scale, in 
those who received early rehabilitation starting in the 
ICU (26). Compared with patients who received delayed 
rehabilitation, a larger proportion of the patients who 
received early rehabilitation were employed full time and 
lived at home without assistance at 12 months. Jacobs  
et al. found that children who were allowed a more liberal 
activity level postoperatively, specifically without physical 
or pharmacological restraints, had shorter PICU and total 
hospital lengths of stay (20). Outcome data are not limited 
to functional outcomes but also include neuropsychological 
outcomes. A study by Melchers et al.  showed that 
increased sensory stimulation in pediatric patients with 
severe traumatic brain injury led to improvements in 
intelligence scores and quality of life at 6 months after ICU  
discharge (22). 

Discussion

Although the interest in early mobilization of pediatric 
patients is increasing, large-scale studies are still lacking. 
Synthesizing the current data suggests that early 
mobilization is safe, feasible, and can be employed in a 
variety of pediatric critically ill populations. The few studies 
that have evaluated functional outcomes have found benefits 
of early mobilization specifically in those with traumatic 
brain injury (26). Additionally, a small study that evaluated 
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postoperative otolaryngology patients reported improved 
quality of life and decreased length of hospital stay with 
early mobilization. However, even given the supportive 
data published and the reassurance of no significant adverse 
events with the establishment of increased rehabilitation, 
many of our PICU patients are remaining immobilized.

What are the first steps to changing a PICU culture 
of immobility? Although evidence supports the safety, 
feasibility, and potential effectiveness of early mobilization 
programs, the biggest hurdle for most PICUs will be 
where to start. Culture change is challenging, requiring 
significant time commitment, a multidisciplinary team, and 
a structured system. The pediatric population also presents 
unique challenges to implementing any guidelines given 
the vast diversity of cognitive ability, physical capacity, and 
medical diagnoses. 

Optimizing sedation goes hand in hand with a culture of 
mobilization to facilitate patient engagement (27). When 
targeting mobility, it is crucial that frequent sedation 
assessments and adjustments to sedation medication be 
made to ensure that a child is as awake as is safely feasible. 
Sedation medications that minimize iatrogenic effects should 
be chosen. Using validated assessment tools such as the state 
behavioral scale, Ramsay scale, or COMFORT scale can 
standardize the evaluation and prevent unnecessary over-
sedation. The presence of delirium, an acute and fluctuating 
state of consciousness, can also significantly hinder 
mobilization efforts. Frequent screening of all critically 
ill children for delirium using the Preschool Confusion 
Assessment Method (psCAM; 6 months to 5 years) the 
Cornell-Assessment of Pediatric Delirium (CAPD; all ages) 
or the Pediatric Confusion Assessment Method (pCAM; 
5 years and older), can effectively identify both hypoactive 
and hyperactive delirium (28,29). Promoting sleep, treating 
pain, and minimizing benzodiazepine use also decrease the 
incidence of delirium (30-32). Maintaining children in an 
alert, lucid, and comfortable state during the daytime hours 
and optimizing restorative sleep at night is an essential first 
step to breaking down the wall of immobility culture (33). 

Change typically should occur in small increments. 
Evidence has shown that buy-in from all critical care 
team members is essential to implement a successful acute 
rehabilitation program (34). Designing clear guidelines for 
stratified levels of mobilization based on patient acuity is 
suggested to promote patient safety and prevent adverse 
events. A care team’s positive experience from a mobilization 
event will be memorable, but a significant adverse event 
will be unforgettable and potentially cause a decline in 

any momentum for mobilization. Therefore, choosing the 
optimal patient for each step in a mobilization program is 
imperative to continue the momentum for change. 

Transforming the PICU culture to one that facilitates 
early mobilization is a complex and multistep process. 
Large-scale studies are needed to evaluate the functional 
and psychological outcomes as well as the financial impact 
of early rehabilitation in pediatrics. Such studies will assist 
in the clinical acceptance of early mobilization. Examining 
the effect of early rehabilitation on the families of pediatric 
patients would also be of interest, as various reports quote a 
positive impact (26), and having family support can propel 
the movement forward. Using a bundled approach that 
includes sedation minimization, delirium recognition, and 
family engagement should be the first step in promoting 
mobilization, followed by designing a structured, tiered 
mobilization plan that prioritizes patient safety.

Conclusions

Early mobilization in the PICU is gaining momentum but 
still lacks large randomized control trials and functional 
and psychological outcome data. Evidence suggests that 
mobilization of critically ill children is safe and feasible, 
but studies are still needed to ascertain both physical and 
psychological outcomes. Modifying the PICU culture 
to minimize sedation, recognize delirium, and promote 
mobilization will improve the survivorship of our critically 
ill pediatric patients. 
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