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Abstract: The culture of sedation and immobilization in the pediatric intensive care unit (PICU) is
associated with PICU-acquired weakness, delirium, and poor functional, neurocognitive and psychosocial
outcomes. A structured approach to introducing physical activity, as early as possible after PICU admission,
may prevent these complications and optimize the holistic outcomes of critically ill children. Changing
culture and introducing new clinical practice in PICU is complex, but can be approached systematically,
using a “nuts and bolts” approach targeting the basic, practical considerations and essential required elements
or components. Extending the construction analogy, this article reviews the relevant literature to describe the
essential elements required to build and sustain a successful and safe early mobility program in the PICU.
Effective early mobilization requires individual patient assessment and goal setting, using a collaborative
inter-disciplinary, patient- and family-centered approach, to ensure mobility goals and physical activities are
appropriate for the patient’s age, condition/s, premorbid function, strength, endurance and developmental
level. Early mobility activities for the pediatric age spectrum include active or active-assisted range of
motion exercises, neurodevelopmental play, use of mobility devices, in-bed exercises, transfers, sitting or
standing tolerance, crawling, pre-gait activities, ambulation and activities of daily living, with a focus on
play as function. Although there are few complete contraindications to early mobilization, appropriate
precautions and preparation should be taken to mitigate potential safety concerns. Although there are
many perceived barriers to early mobilization in the PICU, at the level of patient, provider, institution and
knowledge translation; these are not objectively associated with increased risk during mobilization and can
be overcome through an engaged process of practice change by all members of the interprofessional clinical
team. Early mobility programs could be initiated in PICU as systematic quality improvement initiatives, with
established processes to optimize structural, process and system elements and to provide continual feedback,
measurement, benchmarking and collaboration; to ultimately impact on measurable patient outcomes. Early,
graded, and individually prescribed mobilization should be considered as part of the standard PICU “package
of care” for all critically ill and injured children, in order to improve their functional status and quality of life
after PICU discharge.
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The foundation

“The very first requirement in a hospital is that it should do the
sick mo barm”—Florence Nightingale

All construction requires a firm foundation. In the
context of building clinical practice, this foundation can
be considered to be the underlying theory and evidence
supporting the proposed clinical interventions.

The well-known phrase coined by Friedrich Nietzsche,
“That which does not kill us makes us stronger”, is unfortunately
not true for pediatric critical illness. With improved knowledge
and technology there has been a marked improvement in
survival of children admitted to pediatric intensive care units
(PICU) across the world (1). However, this improved mortality
has been accompanied by an increased burden of physical,
neurocognitive and psychosocial morbidities that potentially
persists for years after PICU discharge (1-4), affecting the
quality of life of both the surviving child and family (5-12).
These sequelae of critical illness have been collectively termed
“post-intensive care syndrome” (PICS).

Predisposing factors for PICS are likely to be multifactorial,
including the critical illness itself, nutritional factors, delirium
and prolonged bedrest and immobility during the period
of illness (7,13-15). Immobility alone has been shown to
affect multiple body functions, with deleterious effects
on the musculoskeletal, skin, respiratory, cardiovascular,
hematological, metabolic, neurological, renal and gastro-
intestinal systems (16-20).

Intensive care unit (ICU)-acquired weakness, including
critical illness polyneuromyopathy (CIP), is well described in
adults (14,21) and has also been observed in children admitted
to PICU, associated with immobility, sepsis and multi-organ
dysfunction (22-25) and persisting for up to one year post
discharge (25). Delirium has also been well described in
both infants and children in PICU (26-28), associated with
severity of illness, sedative over-use, sleep disruption, and
prolonged bedrest with immobility (14,29,30). Delirium itself
places children at increased risk of mortality and morbidity,
with longer duration of hospital stay, prolonged mechanical
ventilation, and post-traumatic stress disorder after
discharge (30). Immobility and deep sedation remain
common practices in PICU (31,32), and it has been suggested
that immobility may be the most modifiable factor in PICU
contributing to functional disability (33).

Whilst the focus of PICU care is, by necessity, on
saving lives (34), there should be a simultaneous focus on
preventing modifiable factors contributing to complications
such as delirium and CIP and ultimately to improve the
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holistic, functional outcomes of pediatric critical illness.
Because functional outcomes and speed of recovery
cannot be predicted on the basis of illness severity or
predicted mortality scores on admission, every child
admitted to PICU should be offered access to appropriate,
interprofessional, graded rehabilitation from the time of
admission (7). In adults, CIP has been shown to develop
within the first 48 hours of ICU admission (21), therefore
early intervention is considered necessary to prevent the
neuromuscular sequelae of critical illness (14,35,36).

Early mobilization (EM) is an essential part of ICU
and PICU rehabilitation, variably defined in the pediatric
context as the application of physical activity within the
first 48 to 72 hours of PICU admission (37,38) or, more
pragmatically, initiated as soon as possible after admission,
in the absence of contraindications (39).

In adults there is a growing body of evidence supporting
EM in ICU from individual trials, although there are
conflicting reports when results are synthesized in
systematic reviews and meta-analyses. A Cochrane review
of four randomized controlled trials (n=690) concluded that
there is still insufficient evidence to confidently support
safety or efficacy for a number of outcome measures,
including physical function, muscle strength and health-
related quality of life (40). Similar results were reported
by Okada et /. [2019] (41), in a systematic review of 11
studies with 1,322 participants, who were unable to show
an advantage of EM versus usual care for mortality ( pooled
relative risk 1.1; 95% CI: 0.8-1.58), duration of ICU stay
(pooled mean difference -1.54; 95% CI: -3.3 to 0.25), or
health-related quality of life. This study did report superior
muscle strength [using the Medical Research Council
(MRC) grading Score] in participants receiving EM (mean
difference 4.84; 95% CI: 0.36-9.31), but other secondary
functional and safety outcomes did not show superiority
of either intervention or control group (41). Conversely,
another recent systematic review, which included 23 trials
(n=2,308) concluded that EM does appear to decrease the
incidence of ICU-acquired weakness (relative risk 0.6; 95%
CI: 0.4-0.9) and increase the number of ventilator-free days
(standardized mean difference 0.17; 95% CI: 0.02-0.31) as
well as the discharge rate (relative risk 1.16; 95% CI: 1.0-
1.34) in critically ill adults (42). A subsequent systematic
review also reported that EM in the ICU was associated with
a decreased likelihood of developing ICU-acquired weakness
(OR 0.63; 95% CI: 0.43-0.92) (43). Synthesizing data and
comparing results between trials is challenging considering
the heterogeneity of population, intervention and outcome
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measurements used in different settings.

The benefits of EM in the PICU context are not yet
supported by high-level evidence, as pediatric specific
studies are still extremely limited (12,14). A retrospective
study of 600 children reported a longer duration of
PICU stay and vaso-active infusions, as well as increased
delirium in mobilized patients compared to those who
were not mobilized (37), however the study design was not
appropriate for the determination of efficacy or safety, and
there was likely inherent selection bias, with sicker patients
possibly being targeted for rehabilitation in clinical practice.
A later systematic review of 11 studies (two pilot trials and
nine observational studies) in 1,178 children suggested that
EM in the PICU appears to be safe and feasible, however
efficacy could not be determined for a number of outcomes
including mortality, duration of PICU stay, and PICU-
acquired morbidity (12).

Small studies have thus far showed that progressive
upper and lower limb mobilization using gaming consoles
and/or cycle ergometry, as well as a range of passive or
active movement-based activities focused on improving
physical function and strength, are both safe and feasible
(12,14,39,44). The “PICU Up!” quality improvement
initiative (n=200) reported no associated adverse events
with the use of a stratified early rehabilitation program (38).
Similarly, recent point-prevalence (PARK-PICU) studies
of mobilization practices in Europe and the USA reported
only minor adverse events, most commonly transient
changes in vital signs (31,32). Studies in specialized
populations, for example following placement of ventricular
assist devices, liver transplantation, and patients on
extracorporeal membrane oxygenation (ECMO) awaiting
lung transplantation have also not described serious adverse
events associated with mobilization activities (45-48).
Comprehensive guidelines for the safe implementation
of EM in PICU, based on expert consensus, have been
published previously (15). Despite the growing interest
in PICU EM, it appears that EM is still not standardly
implemented. The European (EU) PARK-PICU study
reported that 46% of children were mobilized out of
bed by nurses, therapists, family members and others.
Of concern was that 43% of patients never received a
physical- or occupational therapy referral, despite a median
length of PICU stay of 11 days, and a quarter of patients
were not mobilized at all owing to actual or perceived
contraindications and over-sedation (31). Similarly, in the
United States (US) PARK-PICU sites, one fifth of patients
were reported to be completely immobile (32).
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This article builds on the above theoretical foundation,
with the knowledge that excessive sedation and bedrest in
PICU causes harm and the as-yet unproven assumption
that incorporating EM into the holistic care of critically
ill children is therefore beneficial. Rather than presenting
a comprehensive review of academic theory, this narrative
review, using a combination of available evidence from
current literature, clinical experience and expert opinion,
aims to describe the basic, practical considerations and
essential elements (the “nuts and bolts”) required to
build and sustain a successful and safe EM program in

the PICU.

“How-to” guide to early mobilization

“What patients want is not rocket science, which is really
unfortunate because if it were rocket science, we would be doing it.
We are great at rocket science. We love rocket science. What we’re
not good at are the things that are so simple and basic that we
[often] overlook them”. Laura Gilpin, Planetree Institute (bttps://
resources.planetree.org/homepage-6/).

Although definitions vary, for the purposes of this review,
mobility interventions can be considered to include all
physical activities aimed at preventing muscle wasting and
preserving or enhancing functional mobility and cognitive
recovery. Early mobilization refers to such activities
implemented in the first few days after admission to PICU
(after initial medical stabilization), although exact definitions
and timepoints vary (12,49,50). Early mobility and PICU-
based rehabilitation prescription is not determined or
supported by “rocket science” (there are not yet any rigorous
clinical trials yielding high-level evidence), and therefore
cannot be prescriptively and prohibitively defined. Without
evidence to the contrary, good PICU mobilization practice
can be summarized as following individualized, goal-
directed planning to facilitate critically ill children to move
as soon after PICU admission as appropriate, at a level and
pace suitable to their age, condition and developmental
level. Even where protocols have been implemented for
research purposes, the majority have planned EM activities
individually (49). Having unit-based mobility protocols are
recommended, as these have been associated with improved
mobility practice, and may reduce the potential for implicit
bias in clinical decision making (32,49).

Setting the goals

The general purpose of EM is to prevent critical illness-
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acquired morbidities such as muscle weakness and
deconditioning; to optimize skin integrity, physical and
neurocognitive health; to prevent PICU delirium; to reduce
the duration of invasive mechanical ventilation and to
enhance functional recovery (15). Whilst ambulation and
independent mobilization out of bed are usually the mobility
goals for adult rehabilitation, this may not be feasible or
appropriate in children, considering the heterogenous age
and developmental levels of patients admitted to PICU
(12,51). Considering the diversity of patients admitted to
PICU, it is essential to develop mobilization goals on an
individual basis for each patient. These goals should be
appropriate to the child’s age, specific condition, premorbid
level of function, strength, endurance and developmental
level (51).

The importance of interprofessional teamwork,
discussion, and collaboration in setting individual patient
mobility goals and implementing EM activities cannot
be over-emphasized. Not least, a positive attitude, with
motivation and support for EM from all staff involved in
a patient’s care, has been shown to comfort families and
encourage patient participation in mobility activities (34).

Suitable for all ages

A pediatric study reported that EM was more strongly
supported for older patients, with clinicians feeling that EM
could be initiated in only 39% of the youngest invasively
ventilated patients compared to 97% of the oldest patients (52).
Similarly, studies from Canada and the USA have reported
that increasing age is an independent predictor of EM (32,37).
However, typically developing infants spend a considerable
number of hours per day moving (including voluntary and
involuntary movement), and this movement is essential to
ensure the attainment of normal developmental milestones.
Furthermore, it has been reported that in the USA, two thirds
of children admitted to PICU for more than 72 hours were
under three years of age (32). It is therefore strongly suggested
that young children and infants be specifically targeted to
receive developmentally appropriate EM in PICU.

It is generally agreed that all patients admitted to the
PICU, regardless of age and premorbid function, could
benefit from PICU-based rehabilitation. Therefore all
patients should be assessed for the appropriateness of EM,
ideally within the first 24 hours of admission (15).

Early mobility activities for the pediatric age spectrum
could include active or active-assisted range of motion
exercises, neurodevelopmental play, use of a mobility
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device (e.g., cycle ergometer), in-bed mobility exercises,
transfers (e.g., lying to sitting, bed to chair, sit to stand,
active holding in caregivers arms), sitting or standing
tolerance, crawling, pre-gait activities, ambulation and
activities of daily living (15). Unconscious patients may
still benefit from passive range of movement exercises (14).
The type of activity chosen must be appropriate for the
child’s current and premorbid physical state, acuity of
illness, age and developmental level (12,53). This can
only be determined through a thorough objective clinical
assessment and subjective history from the parent/caregiver.
The mobilization activity should be graded progressively
though the child’s PICU admission, as appropriate to their
changing condition.

One of the main goals of EM is to facilitate independent
function. In young children, the main functional activity
of daily living is play, with the type of play changing
as the child grows older and develops physically and
neurocognitively. Play is essential for the development
of physical motor, communication, and problem-solving
skills, as well as facilitating emotional resilience and
creativity (54), and importantly is also simply enjoyable.
Children with life-threatening conditions are often unable
to spontaneously engage in play, and this may have a long-
term impact on function, including the acquisition of
normal neurodevelopmental milestones (54).

Play provides cognitive stimulation as well as physically
enabling a range of mobility activities and can be
incorporated into PICU EM using both active and active
assisted methods, with the type of play activity chosen
according to individually developed EM goals. Using play
in EM has numerous potential physical and emotional
benefits, not least of which is the likelihood of improving
patient and family buy-in and cooperation, leading to more
effective therapy. This suggestion is supported by a quote
from a qualitative stuady—*“he’s a little guy, he doesn’t want
to just march on the spot for no reason” (34). Incorporating
play into therapy may improve the experience the child
has whilst in PICU (34), thereby potentially reducing the
psychological sequelae of PICU admission. Examples of
play activities include construction, for example using
building blocks; active object play (e.g., throwing a ball
or balloon); movement play, for example using interactive
technologies with elements of virtual reality (e.g., WeeFit
active games); and imaginative or pretend play (54). In a
South African PICU we have even filled small paddling
pools with warm water, so that critically ill children can
safely engage in facilitated water play, even whilst invasively
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mechanically ventilated. We have had no adverse events
with these types of activities, and have had excellent buy-in
from patients, staff and families (unpublished data).

Before implementing a mobilization intervention,
individualized mobilization/activity goals should be
determined, including the child and family wherever
possible. Prior to initiating a mobility activity with a patient,
it should be ensured that sufficient personnel are available;
that the environment is safe with no obstructions or other
hazards; that airways and lines are well secured and wound
dressings are intact; and the patient’s pain and comfort
must be optimized (15), through pharmacological and non-
pharmacological methods.

Dosage

There is no data clearly supporting an optimal dose and/
or frequency of mobilization in PICU, but it has been
recommended that one should aim for approximately
30 minutes of activity, once daily initially, progressing
according to patient response and tolerance by increasing
the level of mobilization; combining mobilization activities;
and/or increasing the number and range of activities per
day (15). In the absence of objective evidence, the optimal
dose and frequency of EM activities should be determined
according to individual patient presentation. For clinical
research purposes it is important to standardize the
progressive dose and frequency to the extent possible, in
order to improve scientific rigor and reproducibility of the
research.

Warnings

Contraindications to mobility interventions include severe
hemodynamic, respiratory or neurological instability and
surgical complications such as uncontrolled bleeding,
coagulopathy, and unstable fractures. The presence of
vaso-active infusions; invasive or non-invasive mechanical
ventilation; external ventricular drainage; continuous
renal replacement therapy; known or suspected deep vein
thrombosis and confusion or delirium do not constitute
contra-indications to mobilization, however for all critically
ill children, appropriate precautions and preparation should
be made to mitigate any potential safety concerns (15).
Mobilization attempts should be halted in the case of
persistent desaturation; significant changes in vital signs;
new or increasing signs of respiratory distress; concerns
about airway, device or wound integrity; ventilatory
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asynchrony; marked increases in intracranial pressure;
bleeding; change in mental status and behavior which places
the child at risk of adverse events; or patient injury (15).

Equipment

A number of technological devices have been developed to
assist with mobility activities in the ICU and PICU, including
virtual reality games (e.g., Wii-Fit); tilt tables; custom built
walkers and seating devices; neuromuscular electrical nerve
stimulation; and cycle ergometers (14,35,39,44,55). Many
of these devices are, however, associated with substantial
financial cost and are not globally available. Furthermore,
there is no evidence that expensive devices are required
for effective PICU-based rehabilitation, despite the lack of
pediatric-specific mobility equipment being perceived as
a barrier to implementation of EM (51). In my experience
working in resource-constrained environments, most readily
available, simple equipment and furniture can be adapted to
patient requirements during mobilization.

In my opinion, the only absolute requirement for
a successful EM initiative is the presence of a willing,
dedicated and capable interprofessional and interdisciplinary
PICU team. Early mobilization cannot be any one person’s
responsibility—to be successful, there must be buy-
in from the extended team, including nurses, intensive
care specialists, respiratory technologists/technicians,
rehabilitation therapists (e.g., physical, speech and
occupational therapists) and most importantly—the child
and family (14).

The bigger picture

“A single twig breaks, but the bundle of twigs is strong”—
Tecumseh

Early mobilization should not be conducted in isolation,
but rather as part of a holistic, bundled approach. As such,
EM is an important part of the ABCDEF bundle of care,
which includes: Assessment, Prevention, and Management
of Pain, Both Spontaneous Awakening and Spontaneous
Breathing Trials), Choice of analgesia and sedation,
Delirium: Assess, Prevent, and Manage, Early mobility and
Exercise, and Family engagement and empowerment (56,57).

The ABDCEF bundle aims to facilitate earlier liberation
from mechanical ventilation, reduce duration of PICU
and hospital stay, improve survival and optimize patient
functional outcomes (56,58,59). This bundle has been
shown to be safe, with a reported reduction in the incidence
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of delirium and an increased number of ventilator-free
days after implementation (58). Although there is no clear
evidence supporting the effectiveness of the bundle as a
whole, each component of the bundle is evidence-based
(56,57), and for each component to be optimally effective,
the other component bundle practices also need to be
adhered to.

A—Assessment, Prevention, and Management of Pain:
for EM to be successfully implemented and acceptable
to the patient and family, it should not cause unnecessary
pain or discomfort. It is therefore essential that pain is well
managed and analgesia is optimized, without excessive
sedation (29). It is suggested that pre-emptive analgesia be
administered prior to mobility activities, where there is the
possibility of causing pain. Older children may benefit from
patient-controlled analgesia devices, to regulate their own
pain control.

B—Both spontaneous awakening and spontaneous
breathing trials: the combination of “sedation vacations”,
which is considered good practice in adult and pediatric
ICUs, with rehabilitation sessions may provide an
opportunity to implement mobility interventions with
adequate patient cooperation and awareness (29,36).

C—Choice of analgesia and sedation: titrating sedation
and analgesia to allow children to be more awake and alert
during the day with normal, restorative sleep at night,
facilitates their ability to participate in mobilization activities,
whilst also reducing their risk of developing delirium (29).
There is a tension between over-sedation, which can lead
to longer duration of mechanical ventilation, delirium,
prolonged immobility and increased healthcare costs; and
undersedation, which can cause non-pain related distress
and anxiety (potentially predisposing to post-traumatic stress
disorder), accidental extubation and dislodgement of invasive
lines and devices (60). Patient-specific and goal-directed
sedation plans are essential to optimizing sedation and
analgesia and creating a culture of EM in PICU. Monitoring
sedation level through the use of validated scoring systems
is considered good practice to formulate sedation goals and
titrate drug doses, yet is inconsistently adhered to in many
PICUs (29). Sedation scores that have been validated for
use in the PICU include the COMFORT scale and the
State Behavioral Scale (29,60). Two systematic reviews have
suggested that the COMFORT Scale has the greatest clinical
utility in assessing pain, non-pain related distress and sedation
in mechanically ventilated patients in the PICU (60,61).
The FLACC (Facial expression, Limbs, Cry, Consolability)
scale for infants and children and the Multidimensional
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Assessment Pain Scale (MAPS) are also recommended for
the assessment of pain in PICU (60). If benzodiazepines
are clinically necessary, the child should still be assessed for
passive activity and positioning as mobility interventions (29).

D—Delirium assessment, prevention and management:
delirium impacts on the ability of children to participate
in physical activity, and has important clinical sequelae
including prolonged mechanical ventilation and long-
term psychosocial morbidity (30). Prolonged immobility
and deep sedation (especially with benzodiazepines) are
independent predictors for delirium, emphasizing the
importance of a multi-modal approach to prevention and
management, including sedation optimization and EM.
Delirium screening and assessment are important quality
control indicators and outcome measures for quality
improvement initiatives, but this is generally poorly
performed in the PICU (29,30). The pediatric Confusion
Assessment Method for ICU (pCAM-ICU), suitable for
children from 5 years of age and the Cornell Assessment
Pediatric Delirium tool (CAP-D), for children from birth,
have been shown to be valid and reliable in the PICU,
with the clinical utility established at the bedside (60). The
CAP-D is the recommended instrument to assess pediatric
delirium, based on a level A grade of recommendation (60).

E—Early mobilization.

F—Family engagement: the EU PARK-PICU study
showed that family presence was the factor most strongly
positively associated with out-of-bed mobilization, with
an adjusted odds ratio of 7.8 (95% CI: 3.1-19.8) (31). The
equivalent PARK-PICU conducted in the United States
also showed family presence was positively associated with
out of bed mobility, but this was only apparent for young
children under three years of age (adjusted odds ratio 4.55;
95% CI: 3.1-6.6) (32).

In the spirit of patient- and family centered care, actively
including the family in their child’s rehabilitation process
is invaluable (62), with qualitative reports of family support
for EM as an important component of PICU care (34). It
has been shown that family participation in the care of their
critically ill child reduces parental anxiety and improves their
satisfaction levels (63). A collaborative process is required to
ensure that parents understand the rationale, benefits, and
process of EM, whilst assuring them that appropriate safety
measures will be implemented (34). Parents are best placed to
determine their child’s level of comfort and pain, and are best
able to communicate (including non-verbal communication)
with their young child (51), thereby improving the child’s
level of cooperation and motivation. For severely ill and
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highly sedated patients, as well as young infants, facilitating
holding in the parents’ arms is therapeutic for both child and
parent. Positioning in this way, while not being truly ‘active’
mobilization, allows for natural movement and anti-gravity
positioning, which is likely to be beneficial to the child.
It has also been suggested that active family involvement
allows some mobilization activities to be sustained beyond
designated therapy sessions (34).

Building a PICU quality culture

“Never lose an opportunity of urging a practical beginning,
however small, for it is wonderful how often in such matters
the mustard-seed germinates and roots itself.”—Florence
Nightingale

Many perceived barriers to EM in the PICU have
been reported in different studies, at the level of patient,
provider, institution and knowledge translation (34,51).
Resource and time constraints and increased workload are
commonly cited; safety concerns are common, with patients
often perceived as being “too sick” and physiologically
unstable to safely tolerate mobilization, especially early
in their admission; sedation practices may limit the
cooperative ability of patients; the patients themselves may
lack motivation or the ability to cooperate; the presence
of invasive lines, airways and devices create concern about
dislodging during movement; certain medications may be
associated with increased risk; and delirium may further
limit patient participation (29,31,32,34,35,52,64-67). Owing
to these perceptions of risk, the youngest and sickest patients
tend to receive the fewest rehabilitation interventions, and
likely remain at the greatest risk of PICS (67). However,
these perceived barriers have not been objectively shown
to be associated with increased risk during mobilization
(12,31,32,35,68).

Early mobility programs can be developed as practice/
quality improvement (QI) initiatives in PICU, either
independently or as part of an ABCDEF bundle, using
locally developed and/or established protocols. Despite
knowing what the “nuts and bolts” of EM are, there
are marked challenges in implementing the necessary
strategies to ensure consistent, sustained and effective
implementation. Developing interprofessional teams to
plan and implement EM may require cultural shifts and
organizational changes, but has been shown to be effective
in increasing the proportion of patients receiving EM, as
well as reducing the time to mobilize (12).

Culture change is an important component of any QI
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initiative, and is essential to facilitate EM of critically ill
children (51). Changing culture, however, is not easy and
it is essential to include all stakeholders in the process,
with education, discussion and brainstorming to develop
a common vision and commitment to work together for
improved functional patient outcomes (50). Attention must
first and foremost be paid to changing the attitudes of
PICU leaders (intensivists; nurse managers; administrators)
to support and champion for rehabilitation programs in
their units (69).

Quality healthcare delivery requires integrated
elements of structure (e.g., people/staffing, equipment,
education, data collection), process (e.g., policies, protocols,
procedures), and systems (e.g., programs, organization,
culture, leadership) that interplay through continual
feedback, measurement, benchmarking and collaboration,
to ultimately impact on patient outcomes (e.g., patient
safety, quality, satisfaction) (Figure 1A4) (70,71).

Evaluating local PICU practice and potential or
perceived barriers to EM is a good first step to initiating
change in practice, by identifying modifiable structural,
process and system factors which can be focused areas of
practice improvement (71) (Figure 1B). This can also help
identify the specific problems and practice gaps to clarify
the goal/s of the practice improvement initiative, the first
required step for culture change (51,72). For example,
Herbsmann ez a/. [2020] performed a “gap analysis” which
highlighted the limited mobilization of patients in their
PICU, as well as perceived and actual barriers to EM.
As a result of this preliminary analysis, a targeted QI
project was implemented aimed primarily at increasing the
proportion of children receiving EM and secondarily to
improving patient clinical outcomes (PICU length of stay
and proportion discharged home) (73). Wieczorek ez al.
[2016] implemented the “PICU UP!” QI initiative, initially
conducting focus groups with all relevant stakeholders
to present the problem and identify both facilitators and
barriers to EM in the PICU (38).

The necessary staff, procedures, policies, and equipment
for the QI initiative should be identified and mobilized,
with sufficient interaction, collaboration and knowledge
sharing to create a common sense of purpose and urgency,
with buy-in from all important stakeholders (51). Provision
of effective leadership and consistent, interprofessional,
staffing for the program, for example by establishing EM
“champions”, has been shown to improve implementation
and sustainability of QI initiatives (51,71). In addition,
provision of interprofessional training, education and
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Figure 1 Essential components of quality improvement initiatives. (A) General principles (70); (B) principles applied to Early Mobilisation

program development and implementation.

support leads to better uptake and faster implementation of
practice change (74). Considering that multiple professionals
contribute to EM activities (55), the professional category
of the EM “champion” may not be important. Both the EU
and USA PARK-PICU studies, for example, showed that
nurses provided the majority of mobilization events (31,32),
whilst in another study rehabilitation was most commonly
provided by physical therapists (37). Wieczorek [2016]
used “champions” from each of the professional groups
contributing to the PICU interprofessional team from the
outset of their project (38).

In their QI project, Herbsman ez 4/. [2020] mobilized
family/patient-centered care team to improve a number
of process measures related to EM, with interventions
to increase rehabilitation referrals and activity orders;
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remove barriers to mobilization; educating and training
multiple stakeholders on the benefits and methods to safely
mobilize patients; develop an algorithm to identify patients
appropriate for mobilization and ultimately change the
culture of EM within the PICU (73). The interprofessional
team of “champions” in the “PICU-Up!” program
developed guidelines for EM using feedback from their
initial focus groups as well as existing literature. Educational
resources were also developed for all PICU staff (38).

An example of a specific process that could be targeted
for change is the requirement, in many PICUs, for
a physician referral or order before physical therapy
(and hence early mobilization) can be initiated (14,32).
This could result in unacceptable delays before patient
assessment and implementing mobility activities. It has been
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suggested that making EM standard of care for all patients
unless specifically ordered otherwise, could address this
concern (46,75). One of the outcomes of interest related
to this process change could be the time from admission to
first physical activity.

Establishing measurement and benchmarking processes
and systems is essential early on in the QI process, in order
to determine if the practice change is being successfully
implemented; if implementation is sustained; and whether the
interventions actually translate to improved patient, family
and staff satisfaction and/or patient outcomes (71). Without
baseline data, any improvements will not be detectable.
Measures should ideally consider structural, process and
clinical outcomes (71). For example, measurements could
include reporting the number of patients mobilized/patient
bed days over a set time period, or “missed opportunities”
for EM (process measures of adherence); availability of
equipment or appropriate rehabilitation staff (structural
measure); and appropriate, feasible, valid and reliable
measures of clinical outcome (71) (e.g., incidence of deliriumy;
duration of mechanical ventilation and PICU stay; patient/
family satisfaction; functional outcomes). Data collection
methods should ideally be integrated into the daily workflows
of clinical staff, to ensure sustainability and accuracy (71).

Herbsmann ez a/. [2020], for example, documented
their primary QI outcome as the percentage of patients
mobilized early, according to their stated definition, whilst
process measures included the percentage of patients with
therapy and activity orders as well as perceived barriers to
EM. Secondary outcome measures included any adverse
events, PICU and hospital length of stay and discharge
disposition (73). The “PICU-Up!” program initiated a
process of setting activity levels and activity goals for each
patient during the bedside round, which was documented
in the daily records (38). Primary outcomes were the
proportion of physical and/or occupational therapy referrals
by day 3 of PICU admission and the number and type
of mobilization activity performed by day 3). Secondary
outcomes were the number of activities that were stopped
(with reasons), barriers to activity, and mobilization-related
adverse events. These measures were collected every day of
PICU admission for all patients, but for reporting purposes
averages and counts over a pre- and post-intervention
periods were compared (38).

It would be ideal to measure muscle strength and function
as clinically relevant outcomes of an EM QI program.
Objective assessment of muscle strength is however
challenging in the pediatric population, with both the

© Translational Pediatrics. All rights reserved.

2853

MRC grade score and dynamometry tools being volitional
measures requiring patient cooperation, understanding and
motivation. They are therefore not reliable or feasible in
young children or infants, or for patients receiving high
levels of sedative or analgesic infusions (14). For clinical
practice, a gross indication of strength can be made by
observing spontaneous, assisted and/or resisted movement
efforts, however this would not be an appropriate outcome
measure for clinical or QI research reporting. The
following validated scores of function have been suggested
for use as PICU outcome measures: the Functional Status
Scale (FSS), the Pediatric Cerebral Performance Category
(PCPC) and the Pediatric Overall Performance Category
(POPC). The FSS has been shown to be reliable, rapid,
is applicable to a broad age spectrum, and is sufficiently
sensitive to demonstrate changed functional ability from
pre- to post hospital admission (76). Furthermore, the FSS
is more objective, precise and granular than the POPC/
PCPC methods (77), and may therefore be preferable for
use in PICU. A pediatric version of the adult validated
Chelsea Critical Care Physical Assessment Tool (CPAx) (78)
has been developed through a modified Delphi process (79),
but clinical validation of this tool in the PICU context is
still pending.

Particularly in resource-constrained settings, staff
shortages may be perceived to limit the ability to mobilize
patients effectively, as a coordinated team approach is
optimal. However, implementing “mobility teams” has
not been associated with increased costs in other settings;
and if PICU length of stay is shortened as a result of
the intervention, it is likely that there will be associated
cost savings (80-82). A cost-effectiveness analysis might
therefore be an important indicator to feed back to hospital
managers to encourage the long-term sustaining of EM
quality improvement projects.

Quality improvement measurements need to be
audited regularly, fed back to stakeholders, and analyzed
to identify further modifiable factors to fine-tune and
continually improve the program (71). This process could
be implemented using a “Plan, Do, Study, Act” (PDSA)
model of practice improvement (73), which ensures the EM
program is feasible, acceptable to staff and families, effective,
and appropriately responsive to the specific and changing
dynamic within different PICUs. Herbsman ez 4/. [2020] used
a process control chart to track and report the proportion of
patients mobilized over time (marking intervention points),
with weekly reporting periods; whilst perceived barriers
(process measures) and secondary outcome measures were
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reported pre- and post-intervention (73).

Conclusions

“We are what we repeatedly do. Excellence, then, is not an act,
but a habit.” —Aristotle

Early mobilization should be considered as part of
the standard PICU “package of care” for all critically
ill and injured children. Most perceived barriers to EM
are surmountable and can be overcome through an
engaged process of practice change by all members of the
interprofessional clinical team.

By offering graded rehabilitation, appropriate to the
child’s condition and acuity of illness, we can be responsive
to the needs of the critically ill child, and ultimately
improve their functional status at and after PICU discharge.
Through the combined efforts of the interprofessional
team, it is possible to build a PICU culture that supports
EM and other best care practices, thus ensuring that more
children are able to return to their homes, families and
communities after PICU admission, alive and able to live
their lives to the fullest.
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