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Background: Delirium, bed immobilization, and heavy sedation are among the major
contributors of pediatric post-intensive care syndrome. Recently, the Society of Critical
Care Medicine has proposed the implementation of daily interventions to minimize the
incidence of these morbidities and optimize children functional outcomes and quality of
life. Unfortunately, these interventions require important clinical and economical efforts
which prevent their use in many pediatric intensive care units (PICU).

Aim: First, to evaluate the feasibility and safety of a PICU bundle implementation
prioritizing deliium screening and treatment, early mobilization (<72h from PICU
admission) and benzodiazepine-limited sedation in a human resource-limited PICU.
Second, to evaluate the incidence of deliium and describe the early mobilization
practices and sedative drugs used during the pre- and post-implementation periods.
Third, to describe the barriers and adverse events encountered during early mobilization.

Methods: This observational study was structured in a pre- (15th November 2019-30th
June 2020) and post-implementation period (1st July 2020-31st December 2020). All
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patients admitted in PICU for more than 72 h during the pre and post-implementation
period were included in the study. Patients were excluded if early mobilization was
contraindicated. During the pre-implementation period, a rehabilitation program including
delirium screening and treatment, early mobilization and benzodiazepine-sparing
sedation guidelines was developed and all PICU staff trained. During the
post-implementation period, deliium screening with the Connell Assessment of
Pediatric Delirium scale was implemented at bedside. Early mobilization was performed
using a structured tiered protocol and a new sedation protocol, limiting the use of
benzodiazepine, was adopted.

Results: Two hundred and twenty-five children were enrolled in the study, 137 in the
pre-implementation period and 88 in the post-implementation period. Adherence to
delirium screening, benzodiazepine-limited sedation and early mobilization was 90.9,
81.1, and 70.4%, respectively. Incidence of delirium was 23% in the post-implementation
period. The median cumulative dose of benzodiazepines corrected for the total number of
sedation days (mg/kg/sedation days) was significantly lower in the post-implementation
period compared with the pre-implementation period: [0.83 (IQR: 0.53-1.31) vs. 0.74
(IQR: 0.55-1.16), p = 0.0001]. The median cumulative doses of fentanyl, remifentanil,
and morphine corrected for the total number of sedation days were lower in the
post-implementation period, but these differences were not significant. The median
number of mobilizations per patient and the duration of each mobilization significantly
increased in the post-implementation period [3.00 (IQR: 2.0-4.0) vs. 7.00 (IQR: 3.0-12.0);
p = 0.004 and 4min (IQR: 3.50-4.50) vs. 5.50min (IQR: 5.25-6.5); p < 0.0001,
respectively]. Barriers to early mobilization were: disease severity and bed rest orders
(55%), lack of physicians’ order (20%), lack of human resources (20%), and lack of
adequate devices for patient mobilization (5%). No adverse events related to early
mobilization were reported in both periods. Duration of mechanical ventilation and PICU
length of stay was significantly lower in the post-implementation period as well as the
occurrence of iatrogenic withdrawal syndrome.

Conclusion: This study showed that the implementation of a PICU liberation bundle
prioritizing delirium screening and treatment, benzodiazepine-limited sedation and
early mobilization was feasible and safe even in a human resource-limited PICU.
Further pediatric studies are needed to evaluate the clinical impact of delirium,
benzodiazepine-limited sedation and early mobilization protocols on patients’ long-term
functional outcomes and on hospital finances.

Keywords: delirium, bundle, pediatric intensive care, benzodiazepine (BDZ), early mobilization, sedation

INTRODUCTION

Advancements in the management of critically ill children
have led to a considerable improvement in patient survival
(1-3), however, this has been accompanied by an increase
of physical, cognitive, and psychosocial morbidities leading to
delayed recovery, functional impairments, and reduced quality
of life. These comorbidities, which constitute the base for the
development of the pediatric post-intensive care syndrome (p-
PICS) (4, 5), are often caused by the use of high levels of sedation
and prolonged bed immobilization to grant comfort and patient

safety to critically ill children during their pediatric intensive care
unit (PICU) stay (6-8).

A complementary bundle of practices known as the
“ABCDEF” or “A-F” bundle, have been recommended as
standard of care in adults by the Society of Critical Care Medicine
(9, 10). This bundle -has been also referred to as ICU-based
rehabilitation (11), as that rationale for this intervention is to
prevent ICU-acquired morbidities, improve functional recovery
and reduce p-PICS. Pediatric specific data are emerging (12, 13)
on the feasibility and safety of PICU-based rehabilitation (12, 14,
15) and several PICUs are currently starting to implement the
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“A-F” bundle, adopting assessment screening tools for delirium,
optimizing daily sedation and assessing patient readiness for
mobilization (15-21). However, pragmatic data on how to
implement this bundle, especially in limited resource PICU
are scarce; further, since this bundle requires the adoption
of several interventions, including environmental changes and
investments, prioritization of clinical interventions is crucial for
success where both human and physical resources are limited.
The main objective of this quality improvement project
was to evaluate the feasibility of the implementation of a
structured and interdisciplinary liberation protocol (LiberAction
project), prioritizing three key domains: delirium screening and
treatment, early mobilization and sedation in a human resource-
limited PICU of a tertiary Italian children’s hospital. As secondary
objectives, we aimed to describe the type, timing and duration
of delirium, the barriers encountered to implement early
mobilization and the adverse events attributable to mobilization.

MATERIALS AND METHODS

LiberAction Project Development

The objective of the LiberAction project was to implement
a change in clinical care practices in a medical PICU (Area
Rossa, Bambino Gesu, Children Hospital, Rome, Italy). This
practice change consisted of: (a) the introduction of a delirium
screening and treatment protocol, (b) the adoption of a new
sedation protocol to limit the use of benzodiazepines, and (c) the
implementation of an early (<72h from PICU admission) and
tiered mobilization protocol.

This project began in October 2019 with the creation
of a core inter-professional working group consisting of a
PICU physician, two nurses and a physiotherapist (LiberAction
Working group). This core group was trained for 1 week at
the PICU in McMaster Children’s Hospital, Hamilton, Ontario,
Canada, a site experienced in developing and implementing
early rehabilitation specifically in critically ill children (6,
22). During the training period, this working group focused
on obtaining hands-on experience on delirium prevention,
screening and management, benzodiazepine-limited sedation
strategies and early mobilization. This period was also focused in:
(a) understanding how the institutional evidence-based practices
were developed, (b) reviewing the educational resources, (c)
observing how the bedside team communicated and applied
these into practice and, (d) engaging with administrative
leadership as well as with front line staff (nursing, allied health,
and physician trainees) and patients’ families, on the challenges
and successes of PICU-based rehabilitation practices. At the end
of this training period, a meeting with the McMaster PICU staff
was instituted to evaluate how their rehabilitation program could
have been applied to the PICU setting in Bambino Gest, Italy.

Upon return to Italy, the LiberAction working group met
weekly over the following 8 months (15th November 2019-
30th June 2020) to develop a rehabilitation program tailored
for a human resource-limited PICU. Three inter-professional
subgroups were created, consisting of key stakeholders of
pediatric critical care medicine, pediatric critical care nurses, and
pediatric critical care rehabilitation therapists. Each subgroup

was assigned a bundle (i.e, delirilum screening/treatment,
early mobilization and, sedation) and a team leader. The
major challenges of each team were: (a) prepare specific
guidelines on delirium screening and management, sedation
and early mobilization (3, 23) tailored for the local needs, (b)
educate physicians, nurses and physiotherapists with weekly
meeting before the morning medical rounds during the pre-
implementation period and, (c) discuss about the potential
barriers and solving strategies to implement the LiberAction
project. To achieve these goals, each subgroup conducted a
comprehensive review of the published evidence in pediatrics.

Educational resources and on-line videos were developed
and made available for all the PICU staff during the pre-
implementation period. Finally, the core working group
determined valid and feasible outcome measures, based on
previously published pediatric data (12, 15, 24), to evaluate the
LiberAction project during the implementation period (Ist July
2020-31st December 2020).

The LiberAction project was implemented without any
additional personnel or equipment, further, it was developed
during the unplanned SARS-CoV-2 pandemic which spread in
Italy at the end of February 2020.

LiberAction Project Design

Setting

The LiberAction project was implemented in a 6-bed medical
PICU of the Children’s Hospital Bambino Gesu, a tertiary
care pediatric hospital that cares children aged 18 years and
under. The PICU is staffed by 28 full time staft consisting eight
attending physicians, 16 registered nurses who provide care with
a nurse-to-patient ratio of 1:2. Four physiotherapists and three
psychologists who are not dedicated to the PICU, cross cover the
unit, in addition to the other medical and surgical units. Both
physiotherapists and psychologists consult and treat only when
ordered by a PICU physician. As for internal policy, parents are
allowed to stay with their child all day, except during the morning
rounds due to space limitation.

During the pandemic, the PICU served as a “non-COVID-
19 PICU” and was left opened to parents without symptoms
suggestive of SARS-CoV-2 infection or not in obligatory home-
isolation (25). From May 2020, parents required a negative rapid
polymerase chain reaction test to have access to PICU. The test
was performed directly in our hospital before entry.

Study Design

The LiberAction project was an observational pre-post
implementation study, evaluated using a non-probability,
convenience sampling technique (12). The project was
reviewed and approved by our Medical Directorate as a
quality improvement project and exempted from further
review. Inclusion criteria were children aged between 1 day
and 18 years who required PICU admission for more than 72 h.
Patients were excluded if early mobilization was contraindicated
[e.g., trauma patients with unstable fractures, brain injury at
risk of intracranial hypertension or with elevated intracranial
pressure (>15cm H,O during sedation), patients with refractory
hypotension or respiratory failure requiring escalating therapies,
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patients receiving neuromuscular blocking agent, patients with
uncontrolled bleeding or because of medical orders]. Patients
admitted to the PICU from November 15th 2019 to June 30th
2020 served as control group in the pre-implementation period.
Patients admitted in PICU from July 1st to December 31st 2020
served as intervention group in the implementation period.

The manuscript was prepared following Standards for
Quality Improvement Reporting Excellence (SQUIRE) 2.0
guidelines (26).

The Intervention
The LiberAction project prioritized the implementation of
the following three bundles of care: (a) a delirium screening
and treatment protocol, (b) a benzodiazepine-limited sedation
protocol, and (c) early mobilization (within the first 72 h of PICU
admission) protocol.

Pre-intervention Practices (15th November 2019-30th
June 2020)

Delirium was never screened in our PICU and its recognition
was based only on clinical suspicion and psychiatric evaluation.
The sedation protocol, driven by both physicians and nurses,
consisted in the use of midazolam as first-line sedation drug
in all children receiving mechanical ventilation (MV) for more
than 24h. Second-line sedation drug was dexmedetomidine.
Opioids (morphine, fentanyl and remifentanil) were used for
analgesia and were rotated every 48-72 h to avoid tachyphylaxis.
A weaning protocol was used to reduce the risk of iatrogenic
withdrawal syndrome (IWS) in patients receiving more than
5 days of sedation. IWS was assessed using the Withdrawal
Assessment Tool version 1 (WAT-1) (3). Early mobilization was
rarely performed and not protocolized (Figure 1).

Post-intervention Practices (1st July 2020-31st
December 2020)

Delirium Assessment and Treatment

During the implementation period, delirium was screened twice
daily (9.30 a.m. and 9.30 p.m. during the rounds; Figure 1) by the
nurse in charge of the patient using the Cornell Assessment of
Pediatric Delirium (CAPD) scale and its developmental anchor
points for patients below 2 years (Supplementary Figure 1) (23).
A CAPD score of 9 or higher represented a positive screen,
however delirium positive screening was further confirmed by
the physician in charge. In case of disagreement, consensus was
obtained by discussion. Developmentally delayed child screened
positive for delirium, prior to be classified as delirious, had to
receive a confirmation by a psychiatrist. A child was considered
developmentally delayed according to the past medical history
provided by the parents or, if the Pediatric Cerebral Performance
Category scale was 4 at PICU admission (24).

Patients were evaluated for delirium only when the sedation
scale score of the COMFORT B (3, 27) was >14. Patients with
a COMFORT B score < 14 were classified as unarousable to
verbal stimuli (“pharmacologic coma”) and thus, not evaluated
for delirium (Supplementary Figure 1).

Patients with a COMFORT B score > 18 and CAPD > 9 were
considered not adequately sedated and thus, re-evaluated for
sedation, pain, or IWS before being considered as delirious (3).

Delirium subtypes were determined combining the level of
sedation and the psychomotor activity. Positive screening for
hypoactive delirium was considered when the CAPD score was
>9 and the COMFORT B score between 14 and 16. Positive
screening for hyperactive delirium was considered when the
CAPD score was >9 and the COMFORT B score was >18
after having excluded pain, inadequate sedation and IWS (3).
Positive screening for mixed delirium was considered when the
patient, during 24 h of PICU stay, presented both hypoactive and
hyperactive delirium.

Delirium treatment was performed using with non-
pharmacologic  interventions  (Supplementary Figure 1).
Pharmacologic interventions were used only when the first
interventions failed (15, 24, 28).

Sedation and Analgesia

A benzodiazepine-sparing protocol and guidelines to wean
patients sedated for more than 5 days were developed and
adopted in the post-implementation period (Supplementary
Figures 2, 3). Dexmedetomidine was introduced as first sedative
agent in order to reduce the daily dose of benzodiazepines
(21, 29). Sedation goals were arbitrarily set according to the
COMEFORT B scale for sedation and to the Nurse Reported Scale
Visual Analogic Pain Scale (NRVAS) for pain (3, 27) during
the morning round according to the patient’s needs. Patients
with a COMFORT B score between 13 and 17 were considered
adequately sedated. Due to logistics (a low nurse-to-patient ratio
of 1:2) and safety concerns (risk of extubation, loss of invasive
devices and falls), our protocol did not include a daily sedation
interruption (3).

In order to maximize patient comfort and further reduce
pharmacologic interventions, several environmental PICU
changes and clinical interventions were adopted during the
post-implementation period: reduction of noises, liberation from
physical restraints, sleep promotion and, family engagement in
the PICU activities despite the SARS-CoV-2 pandemic hospital
restrictions (18, 30). Median cumulative doses of sedatives
(midazolam and dexmedetomidine) and opioids (fentanyl,
remifentanil, and morphine) drugs corrected for the total
number of sedation days in the pre- and post-implementation
period were evaluated.

Early Mobilization

Early mobilization consisted of a range of graduated activities
that were developmentally appropriate and individualized for
each patient daily according to the clinical condition, strength
and endurance. To provide a safe mobilization, we developed a
tiered activity plan of mobilization according to three level of
assistance (Supplementary Figures 4, 5). This tier plan ranged
from a minimum of passive mobilization activities to prevent
muscle wasting and optimize circulation, to a maximum of active
mobilization activities to enhance muscle strength and prevent
deconditioning. Criteria for interrupting, altering, or, aborting
any form of mobilization therapy were also developed.
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Pre-LiberAction

Outcomes

r No Delirium screening protocol
» 0ld Sedation protocol
- Benzodiazepine

sedation for all =
ventilated patients.

Second-line sedation drug: Dexmedetomidine.

mechanically

Post-LiberAction

»  Primary outcomes:
a) Feasibility of three PICU bundles’ simultaneous implementation;
b)  Description of the type of EM practices and sedative drugs used (pre- and post-
implementation periods).

~ Seconda!y outcomes:

Analgesic agents: Opioids (Fentanyl and Remifentanil)

associatedtob i or

- Drug rotation every 48-72 hours.
- No EM guidelines
Early Mobilization performed as for physician’schoice.

Delirium screening
2 Delirium evaluation > COMFORT B sedation scale214.

a)  Delirium Incidence, Type, Timingand Duration (post-implementation period)

b)  Incidence of iatrogenic withdrawal syndrome (1AS) (pre- and post-implementation
periods)

c) Barriersand adverse events rate during EM.

- Delirium Screening - twice daily (H9.30 AM - 9.30 PM), using CAPD scale.
- Positive Screening for Delirium: CAPD 2 9.
s Hypoactive Delirium: CAPD 2 9 AND COMFORT B 14-16.
r Hyperactive Delirium: CAPD 2 9 AND COMFORT B 2 18
(if Adequate Sedation + exclude IWS)
- Mixed Delirium: of both h
during PICU stay.

iveand ive Delirium

New Sedation protocol

- Light sedation (no MV) -> ivMorphine 0,01 - 0,02 mg/Kg/h OR iv Dexmedetomidine 0,7-1
meg/Kg/h -> Target Comfort B 14-16 - NRVAS < 4

Moderate sedation Need for MV** - iv Dexmedetomidine 0,7-1,2 mcg/Kg/h + iv Fentanyl 2-3

mecg/Kg/h OR iv Remifentanil 0,15-0,3 mcg/Kg/h

> Target Comfort B: 13-14 - NRVAS < 4
d opioids drug i y72h

**Expected MV <24 h: iv propofol 2-4mg/Kg/h

- If Discomfort/Agitation AND NO IWS -> consider Pain control:
- Ifpain control OK, but persists ADD iv

0,05-0,1 mg/Kg every 2-4 hours

- 1 ASSESS RISK CATEGORY

- 2 ASSIGN LEVELS OF CARE

- 3 DEFINE DAILY GOALS

EM Guidelines

- Low risk = Safe mobilization;
- Moderate risk > Mobilization possible, with caution
- High risk > Mobilization possible, with extreme caution

- Level1 > need for FULL caregiver’s support (75-100%). NO active partecipation.
Precautions present.

- Level 2 > MODERATE caregiver’s support (25-75%).
Precautions present.

- Level 3 > patient active participation. Minimal assistance (<25%) and supervision

- Activity goals LEVEL 1 > PROM, passive in bed cycling, passive transfers to chair
- Activity goals LEVELS 2-3 > AROM/AAROM, bed mobility, transfers lying to/from sitting
EOB, developmental play.

If agif
- Providea comfortable

ists despite - start Mi 0,05-0,2 mg/Kg/h

motion; iv, intravenous; PICU, pediatric intensive care unit.

FIGURE 1 | PICU practices in the pre/post-implementation period and study outcomes. EM, Early mobilization; IWS, latrogenic withdrawal syndrome; MV, mechanical
ventilation; NRVAS, nurse reported visual analogic pain scale; PROM, passive range of motion; AROM, active range of motion; AAROM, assisted/active range of

The mobilization plan (level 1-3) was daily discussed during
the morning rounds. The approved plan was then recorded in the
electronic chart and communicated to the physiotherapists. At
the end of the day the nurse in charge of the patient reported in
the electronic chart: (a) the number and the type of mobilizations
per patient, (b) the duration of each session of mobilization, (c)
if the parents actively participate to mobilization, (d) the barriers
encountered to mobilization, (e) the adverse events attributable
to mobilization (tube dislodgement, central catheter accidental
removal, falls, etc.).

Outcome Measures

The primary PICU outcomes of interest were as follows: (a)
feasibility of the simultaneous implementation of the three
bundles (PICU staff adherence); (b) description of the early
mobilization practices and of the cumulative doses of analgo-
sedative drugs used during the pre- and post-implementation
periods. Secondary outcomes were the followings: (a) description
of incidence, type, timing, and duration of delirium in
the post-implementation period, (b) duration of MV, PICU
length of stay and incidence of IWS during the pre- and
post-implementation period; (c) description of the barriers
encountered to mobilization and adverse events rate attributable
to mobilization. Time to onset of delirium was defined as the
number of days from PICU admission to the first positive
screening for delirium. Duration of delirium was defined as the
number of days in which the screening of delirium was positive.

At the end of the study (January 2021), PICU staft perceptions
about the LiberAction project were evaluated using a self-
administered survey.

Statistical Analysis

Demographic and clinical data were reported as n (%)
median and interquartile range [IQR] for categorical
continuous variables, respectively. Comparisons before and
after the implementation of the LiberAction project was
performed using Fisher’s exact test or Wilcoxon rank-sum test, as
appropriate. A two-side p < 0.05 was considered as statistically
significant. All the analysis was performed with GraphPad Prism
9 (San Diego, CA, USA).

and
and

RESULTS

Two hundred and twenty-five patients met the inclusion criteria.
One hundred and thirty-seven in the pre-implementation
period and 88 in the post-implementation period. SAR-CoV-
2 pandemic did not limit the development of the LiberAction
project, however, it caused an important reduction (50%)
of PICU admissions compared with previous years. Patient
characteristics in the pre- and post-implementation period are
summarized in Table 1. Eighty children (58.4%) required MV
in the pre-implementation period, while 53 (60.2%) in the post-
implementation period.
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TABLE 1 | Patient characteristics.

Pre-implementation period Post-implementation period P
n =137 n =288
(15th November 2019-30th June 2020) 1st July 2020-31st December 2020
Age in years 4.20 (2.20-6.00) 3.30 (2.20-5.20) 0.04
Weight in Kg 16.5 (12.30-18.50) 15.50 (12.30-17.50) 0.09
Gender n (%)
Male 65 (47.4) 40 (45.5) 0.78
Female 72 (52.6) 48 (54.6)
Admitting diagnosis category Respiratory failure: 60 (43.8) Respiratory failure: 32 (36.4) 0.06
Septic shock: 42 (30.7) Septic shock: 26 (29.6)
Renal/metabolic disorders: 20 (14.6) Renal/metabolic disorders: 18 (20.5)
Cardiogenic shock: 5 (3.7) Cardiogenic shock: 10 (11.4)
Trauma: 10 (7.3) Trauma: 2 (2.3)
Patients with developmental delay n (%) 20 (14.6) 12 (13.6) 0.99
PIM 2 score 3.35 (2.18-26.10) 3.70 (2.19-25.00) 0.72
Patients requiring MV 80 (58.4) 53 (60.2) 0.88
n (%)
Patients requiring vasoactive medications 56 (40.9) 33 (37.1) 0.67
n (%)
Patients requiring neuromuscular blocking agents 18 (13.1) 10(11.4) 0.84
n (%)
MV duration (days) 5.20 (5.30-7.00) 4.30 (1.50-6.20) 0.0001
PICU LOS (days) 7.50 (5.00-9.00) 6.20 (4.50-8.50) 0.0003
PICU mortality n (%) 7(5.1) 6 (6.8) 0.57

Continuous data are reported as median and interquartile range [IQR], categorical variables are reported as n (%).
PICU, pediatric intensive care unit; PIM2, pediatric index of mortality 2; MV, mechanical ventilation; LOS, length of stay.

Primary Outcomes

Sedation Practice

Adherence to the new sedation protocol was reported in 43
of the 53 sedated children (81.1%). Ten (18.9%) children
received continuous benzodiazepine infusion for >48 h since the
beginning of MV as for physician’s in charge choice.

Median cumulative dose (mg/kg/sedative days) of
benzodiazepines (midazolam and lorazepam) were significantly
lower in the post-implementation period compared with the
pre-implementation period: [0.83 (IQR: 0.53-1.31) vs. 0.74 (IQR:
0.55-1.16), p = 0.0001] (Table 2), while the opposite was for
dexmedetomidine (mcg/kg/sedative days): [0.53 (IQR: 0.40-
0.70) vs. 2.64 (IQR: 1.96-3.47), p = 0.0001]. Median cumulative
doses of fentanyl, remifentanil and morphine (mcg/kg/sedative
days) were lower in the post-implementation period, but these
differences were not significant.

Early Mobilization

Sixty-two (70.5%) children received early mobilization in the
post-implementation period compared with thirty-five (25.6%)
in the pre-implementation period (Table 2).

The median number per patient and the duration of each
mobilization significantly increased between the two study
periods [3.00 (IQR: 2.00-4.00) vs. 7.00 (IQR: 3.00-12.00); p =
0.004 and 4 min (IQR: 3.50-4.50) vs. 5.50 min (IQR: 5.25-6.50); p
< 0.0001, respectively]. In-bed passive mobilizations represented
the majority of the mobilizations in both periods, however,

both passive and active mobilization significantly increased
when comparing the two study periods (Table 2). Ambulation
(with or without intubation) was not feasible since the limited
spaces of the unit. Family engagement in early mobilization
practices significantly increased in the post-implementation
period compared with the pre-implementation period (7.3 vs.
37.5%; p < 0.0001).

Delirium Screening and Treatment

Adherence to delirium screening was 90.9% (80 of 88 patients
received at least one delirium evaluation every day during the
PICU stay).

Secondary Outcomes

Twenty children (23%) screened positive for delirium; all of
whom were invasively MV. Nine (45%) children were aged <2
years and 7 (35%) were developmentally delayed. Time to onset
of delirium was on the third day after PICU admission (IQR:
2.00-4.00) and lasted 2 days (IQR: 1.00-3.00). When assessed
by phenotype, 15 (75%) positive screened children reported
a hypoactive delirium, 3 (15%) a hyperactive delirium and 2
(10%) a mixed delirium. None reported recurrent episodes of
delirium. In the 20 children screened positive for delirium, non-
pharmacologic interventions for delirium were applied, only two
(10%) required pharmacologic treatments with antipsychotics
(one patient with hypoactive delirium received risperidone and
the other one with hyperactive delirium received haloperidol).
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TABLE 2 | Descriptive analysis of sedation/analgesia and early mobilization practices between the pre-post implementation period.

Pre-implementation period

(15th November 2019-30th June 2020)

Post-implementation period P
n =288

1st July 2020-31st December 2020

n =137

Sedation/analgesic drugs

Benzodiazepine*
(mg/kg/sedation days)

Dexmedetomidine®
(mcg/kg/sedation days)

Fentanyl*
(mcg/kg/sedation days)

Remifentanil*

(mcg/kg/sedation days)

Morphine*

(mcg/kg/sedation days)

Patients with iatrogenic withdrawal syndrome (WAT-1>3)
n (%)

Early mobilization

Adherence n (%)

Number of mobilizations per patient in the first 72 h
Duration of mobilization per patient (minutes)

Number of passive mobilizations per patient in the first 72 h
Number of active mobilizations per patient in the first 72 h
Number of patients mobilized out of bed n (%)

Number of patients mobilized with the support of the family n (%)

0.83 (0.53-1.31) 0.74 (0.55-1.16) 0.0001

0.53 (0.40-0.70) 2.64 (1.96-3.47) 0.0001
26.34 (17.49-34.68) 20.16 (17.39-27.36) 0.07
83.70 (56.92-119.52) 67.50 (49.50-102.15) 0.24
14.61 (10.16-22.69) 12.67 (9.50-15.84) 0.06
33 (41.3) 11 (20.8) 0.015

35 (25.6) 62 (70.5) 0.0001

3.00 (2.00-4.00) 7.00 (3.00-12.00) 0.004
4.00 (3.50-4.50) 5.50 (5.25-6.50) 0.0001
3.00 (2.00-3.75) 10.00 (9.00-12.00) 0.0001

1.50 (1.00-2.00) 3.00 (2.00-3.00) 0.0007
8(5.8) 10 (11.4) 0.20

10 (7.3) 33 (37.5) 0.0001

Continuous data are reported as median and interquartile range [IQR], categorical variables are reported as n (%).
*Medlian cumulative dose of sedative/analgesic drugs corrected for the total number of sedation days used during PICU stay; WAT-1, Withdrawal Assessment Toll version 1.

Median duration of MV (days) and of PICU stay (days) were
significantly lower in the post-implementation period compared
with the pre-implementation period (Table 1). Occurrence of
IWS was significantly higher in the pre-implementation period
compared with the post-implementation period (Table 2).

Barriers to early mobilization were: disease severity and
bed rest orders (55%), lack of physicians’ order (20%), lack
of human resources (20%), and lack of adequate devices for
patient mobilization (5%). Adverse events related to early
mobilization were not reported in both periods, however,
early mobilization was aborted in 6 (11.32%) children due to
a sudden hemodynamic/respiratory impairment in the post-
implementation period.

PICU Staff Perceptions of the LiberAction

Project

Twenty-eight questionnaires were sent to all PICU staff. Of these,
26 (92.9 %) were completed and used for the evaluation. Main
results are reported in Figure 2.

Twenty (76.9%) respondents evaluated the LiberAction
project as a “very helpful initiative,” the remaining six
respondents (23.1%) as “helpful” to improve patients’ outcomes.
Twenty-one (80.8%) were satisfied with bundle implementation
and 23 (88.5%) agreed that the three bundle components should
be considered standard of care in the PICU. Seventeen (65.4%)
perceived that the introduction of the bundle in PICU improved

inter-professional team collaboration, interactions with families
and families’ satisfaction.

Key facilitators included the followings: 17 (65.4%)
respondents considered physiotherapists as an essential figure
“to start” an early mobilization program; 22 (84.6%) respondents
considered the nurse staff as an essential figure “to sustain” a
mobilization program. Family engagement during mobilization
was considered helpful by 20 (76.9%) respondents, while six
(23.1%) remained uncertain. All respondents (100%) agreed that
the number of mobilizations increased since the introduction
of a dedicated mobilization protocol. All respondents (100%)
considered as “very useful” the screening of delirium and
the introduction of a new sedation protocol, however, twenty
(80.8%) retained that the use of benzodiazepine sedation was
still essential to manage more complex patients. Thirteen (50%)
respondents reported that delirium screening was more difficult
in patients below 2 years old and developmentally delayed.

Perceived barriers were as follows: 19 (73.1%) respondents
considered the LiberAction project as “very demanding” in terms
of requiring human and physical resources. Lack of resources
was the commonest barrier to mobilization (100% respondents).
All respondents (100%) retained that our PICU was logistically
inadequate to develop the LiberAction project (e.g., limited
spaces for mobilization, inadequate spaces for parents stay
inside the PICU). Further, eight (30.8%) respondents reported
reluctancy to mobilize patients viewing mobilization not as a
priority of the therapeutic plan.
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DISCUSSION

To the best of our knowledge, this is the first study to report
on the “contemporary” implementation of the three major
components of the ICU Liberation Bundle (delirium screening
and treatment, early mobilization and sedation management)
in a human resource-limited PICU. Clinical implementation of
these three practices was feasible and safe regardless barriers
related to the shortage of human and physical resources and
SARS-CoV-2 restrictions. One week of on-site training at the
McMaster PICU, was helpful to develop protocols tailored to
our local setting and resources, speed up the educational process
(8 months) among PICU staff, reduce benzodiazepine use for
sedation and, increase the early mobilization practices and
family engagement.

In the last decade, advances in pediatric critical care
significantly decreased mortality rates, however, this paralleled
with an increase of children surviving with important functional
morbidities (13, 28). Delirium is a common complication of
pediatric critical illness and favors the development of p-PICS (5),
thus, strategies to reduce delirium risk factors, such as prolonged
immobilization and benzodiazepine use (10, 28, 31, 32), are now
recommended by the Society of Critical Care Medicine ICU
Liberation Campaign (10) to ensure optimal functional recovery
in children after PICU stay.

In our unit, before the implementation of the LiberAction,
delirium screening was never performed, early mobilization
was not protocolized and sedation was mainly based on
benzodiazepine, therefore, an extensive educational process of

all PICU staff was needed to address important knowledge gaps
(15). Compared with other similar quality improvement projects
(12, 15, 21, 33), our educational process was relatively short
(8 months), however, this time was sufficient to implement
simultaneously all the three components of the PICU liberation
bundle and achieve good results in terms of bundle adherence
and patients’ safety. These good achievements were possible
mainly for two reasons: (a) the “in situ training” performed at
the McMaster PICU in 2019 and (b) the limited number of PICU
staff to be educated and trained. With the “in situ training,
the LiberAction core group learned: (a) how to proportionately
apply the PICU bundle into our clinical practice [e.g., use of
the COMFORT B scale instead of the RASS scale (34), focus
on in-bed mobilization practices instead of ambulation because
of our limited spaces, etc.] (b) which component of the PICU
bundle prioritize and, (c) how to speed up PICU staft education.
This educational process was also facilitated by the limited
number of our PICU staff. Organizational and cultural changes,
in fact, are more difficult to be accepted in large PICU units
(35). Thus, the inconvenience of working in a human resource-
limited PICU became a practical advantage in terms of education
and training.

In the post-implementation period, adherence to delirium
screening was high (90.9%) and this was consistent with
previous findings of Simone et al. (15) and Valdivia et al.
(36) showing that delirium screening could be easily and
reliably performed with CAPD by PICU nurses. Delirium
incidence in our unit was 23%, with hypoactive delirium as
the most common phenotype (75%). Delirium incidence was
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similar with the one reported by other medical PICUs (15,
28, 36). In the majority of the cases, delirium was treated
with non-pharmacologic interventions. Antipsychotics, which
are off-label in pediatrics, were rarely used in our cohort
(10%). These drugs were only used when non-pharmacologic
interventions failed and when their chances of success where
high. Notably, the lower incidence of the hyperactive phenotype
in our cohort may be probably explained by considering our
sedation protocol, which includes both sedative and opioid drugs
for all children receiving MV > 24h. This sedation practice
was arbitrarily chosen to safely work with a nurse-to-patient
ratio of 1:2.

Benzodiazepines have been the mainstay of pediatric sedation
for many decades, however, in recent years a causal and temporal
relationship was demonstrated between benzodiazepine
exposure and delirium development (21, 29). The LiberAction
project successfully implemented a benzodiazepine sparing
sedation protocol. This was reflected in the decreased
benzodiazepine use, and an accompanying increased use of
dexmedetomidine post. Adherence to these sedation guidelines
was high (81.2%). Deviations from this practice were reported in
18.9% of the sedated patients in the post-implementation period.
Deviations were likely due to preference of benzodiazepine
use in more complex cases or in children considered “a priori”
difficult to sedate (e.g., developmentally delayed children or
with a medical history of epilepsy where benzodiazepine are
preferred more for therapeutic purposes than for sedation). In
the post-implementation period there was a significant reduction
of not only benzodiazepine use, but also opiates compared with
pre-implementation period (3). This is likely the explanation for
the reduced incidence of IWS, MV duration and PICU length of
stay observed in the post-implementation period, however, we
caution the interpretation of these results as this study design
does not allow us to determine if this is directly related to the
reduced sedation use.

The LiberAction project resulted in significant improvements
in early mobilization in the post-implementation period.
Mobilization was rarely performed before the implementation
of the LiberAction project (25.6%) and consisted in the
consultations of multiple rehabilitation services (physiotherapists
dedicated to physical or respiratory therapy) without a dedicated
protocol. The raised awareness of the risks associated with
immobility and the introduction of a safe mobilization protocol
increased early mobilization practices in our PICU with an
adherence of 70.5%. Consistent with Wieczoreck et al. (12), the
median number of mobilizations (both passive and active) per
patient significantly increased during the post-implementation
period without adverse events. Unfortunately, ambulation was
unfeasible in our PICU due to the limited spaces, the lack
of an adequate number of dedicated physiotherapists and, a
nurse-to-patient ratio of 1:2. However, despite these barriers,
in-bed activities (transfer from lying to sitting position, in-bed
cycling, use of Wii, etc.) significantly increased in the post-
implementation period. Of note, due to a proper SARS-CoV-2
surveillance (30, 37), family’s access to our PICU was granted
and this favored family engagement in all mobilization activities,
especially when the nurses and physiotherapists’ work load was

high and some sessions risked to be missed. Based on these
findings, we speculate that allowing parents to stay in PICU
during SARS-CoV-2 pandemic kept the incidence of delirium in
line with previous reports (16). An adult study performed in this
period showed that pandemic restrictions may have increased
delirium incidence in ICU (38).

The staff perceptions regarding the LiberAction project were
overall positive. Consistent with other studies (12, 13), all
the respondents to our questionnaire recognized the clinical
importance of all the three components of the LiberAction
project. However, this cultural change was challenging and very
demanding for the majority of respondents. Lack of human
and physical resources may in part explain this finding. In
our country, respiratory therapists managing MV, occupational
therapists and social workers are not present, and the majority of
the rehabilitation workload is upon the physiotherapists and the
nursing staff (12). Despite these barriers, several factors may have
contributed to the implementation success: (a) the awareness
of creating a healing environment without using drugs, (b)
the inter-professional collaboration among physicians, nurses,
physiotherapists and families and, (c) the improvement of the
therapeutic alliance between the PICU staff and the family (39).
All these aspects helped to overcome the barriers related to the
lack of human and physical resources and created a momentum
for change.

This study presents several important limitations. First, it
is a single-center study where data are collected from a small
convenience sample size. Thus, further research is needed to
establish the generalizability of our findings. Second, our study
was not intended to evaluate any association between the
implementation of the ICU bundle and outcomes (reduction of
IWS, duration of MV, PICU length of stay and mortality). There
is an intricate relationship among benzodiazepine use, opiate use,
MYV and delirium which requires a different study design to be
elucidated. Thus, it is possible that the reduction of duration
of MV and of PICU stay observed in the post-implementation
period could be due to other factors that were not captured by the
patient characteristics and PIM 2 score. Third, we included in the
study only children who stayed in PICU for more than 3 days, this
limited the generalizability of our results for children requiring
short PICU stay. Fourth, this study did not evaluate the workload
(human resources used, extra-time dedicated to this project, etc.)
and related costs requested to implement the LiberAction, the
strategies used to overcome the lack of resources, the perceived
barriers and the impact of this project on the post-intensive care
syndrome. These aspects are relevant considering that hospital
administrators require efficacy data before increasing resources
(19, 40).

In conclusion, this study showed that the implementation of
a multicomponent and interdisciplinary quality improvement
project including delirium screening and treatment, limited-
benzodiazepine sedation and early mobilization was feasible
and safe in a resource-limited PICU and in time of pandemic.
Further pediatric studies are needed to identify interventions
designed to decrease delirium rates, evaluate the impact of both
benzodiazepine-free sedation and early mobilization protocols
on long-term functional outcomes.
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