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Abstract

Stress induced by pain and anxiety is common in pediatric intensive care unit (PICU)
patients and can impede the delivery of critical care to children as well as their recovery.
Sedation and analgesia in PICU is usually achieved through the use of various analgesics and
sedatives, often narcotics and benzodiazepines. Excessive use of these drugs can put patients at
risk for hemodynamic and respiratory instability, prolonged mechanical ventilation, withdrawal
symptoms, nosocomial infection, delirium and critical illness polyneuromyopathy. These
negative consequences lead to prolonged PICU stay and increase health care costs. Non-
pharmacologic measures for analgesia and anxiolysis are those interventions that do not involve
drugs, and thus may reduce the total medication requirement and their side effects. The use of
non-pharmacologic interventions has been recommended by sedation guidelines for critically ill
patients. Despite this, there is little evidence on which interventions should be implemented or
how. The use of non-pharmacologic measures in PICU, including music, has been inadequately
studied.

Available evidence has demonstrated an association between the use of music and
reduced need for analgesics and anesthetics as well as lower anxiety in patients. Studies
conducted in critically ill adults suggest that music reduces anxiety, sedation requirements, and
may help to promote sleep in the ICU. In pediatrics, music has been studied mainly in awake
children undergoing invasive or surgical procedures and has shown beneficial effects by

reducing pain, stress and anxiety. However, information about the use of music in the pediatric
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critical care setting is scarce. Several neonatal studies have investigated the effects of music on
vital signs, pain, growth and sleep, but the majority of these studies involve stable premature
infants who are not sedated or mechanically ventilated.

The use of music in critically ill children has only been explored in the recent years. Only
a few small studies have used music in the PICU environment, but these studies have not clearly
addressed the relationship between the use of music and sedation and analgesia requirements.
Several questions about the feasibility and effectiveness of a music intervention that attempts to
reduce the use of sedation and analgesia drugs in critically ill children during the acute phase of
their illness remain unanswered. To answer some of these questions, this thesis includes four
research studies that contribute to the current knowledge about the use of music in PICU. The
study in Chapter 2 sets the stage and addresses current practice around sedation/analgesia in
Canadian PICUs. Moreover, it establishes that pediatric intensivists are interested to formally
investigate the use of music in PICU and suggest the most appropriate outcome for research on
this topic. Chapter 3 presents evidence for the association between sound levels and sedation
requirements in critically ill children. This information was needed in order to plan a study
involving music and headphones, as noise is a potential confounder. In order to synthesize the
available evidence on the efficacy of music on sedation, analgesia and delirium in critically ill
patients, we conducted a systematic review that is presented in Chapter 4. This review revealed
limited evidence to support or refute the use of music to reduce sedation/analgesia requirements,
or to prevent delirium in critically ill adults, and no evidence in pediatric and neonatal critically

ill patients. Hence, the first 3 studies of this thesis demonstrate: interest from the pediatric critical
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care community to address the issue of whether music can be used to reduce sedation/analgesia
requirements in PICU; that noise is associated with sedation/analgesia requirements and needs to
be treated as a confounder; and that there is no available evidence to support or refute the use of
music to reduce sedation/analgesia requirements, or to prevent delirium, in in pediatric critically
ill patients. This information led to the pilot study presented in Chapter 5. In this pilot
randomized controlled trial we demonstrate that a music intervention in critically ill children is
feasible, and we collected the necessary information to plan a larger trial.

In summary, the four research projects presented in this thesis address important
knowledge gaps around the use of music as a non-pharmacologic intervention to reduce the use

of sedation/analgesia drugs in critically ill children.
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Chapter 1: Introduction

1.1 Background and rationale

Stress induced by pain and anxiety is common in pediatric intensive care unit (PICU)
patients and can impede the delivery of critical care to children as well as their recovery. [1]
Children in PICUs experience pain and anxiety for a wide variety of reasons including current
illness, separation from parents, intubation and mechanical ventilation, tubes and vascular
access, post-operative pain, and invasive procedures. [2] In PICU, sedation and analgesia are not
important just for comfort but also for safety. Children with inadequate sedation/analgesia are at
risk for loss of vascular access, unplanned extubation, self-injury, post-traumatic stress and
impaired neurodevelopment. [3] Sedation and analgesia in PICU are usually achieved through
the use of various parenteral analgesics and sedatives, often narcotics and benzodiazepines.
Excessive use of these drugs can put patients at risk for hemodynamic and respiratory instability,
prolonged mechanical ventilation, withdrawal symptoms, nosocomial infection, delirium and
critical illness polyneuromyopathy. [3] [4]These negative consequences lead to prolonged PICU
stay and increase health care costs. [2] [3] [4] [5] Non-pharmacologic measures for analgesia and
anxiolysis are those interventions that do not involve drugs, and thus may reduce the total
medication requirement and their side effects. [5] The use of non-pharmacologic interventions
has been recommended in sedation guidelines for critically ill patients. [6] [7] Despite this, there
are no directions on which measures should be implemented and how. The use of non-
pharmacologic measures in PICU, including music, has been inadequately studied. [5] [8] [9]

1.1.2 Music and medicine, mechanism of action

The concept of music as an intervention that can promote healing has been present in

many cultures for hundreds of years. However, music has only been assessed by science in the



last century. [10] Music has been used to relieve pain and distress for patients with different
illnesses. In general, music interventions in the health care setting are delivered in two main
ways. [11] The use of pre-recorded music, sometimes referred to as “music medicine”, and the
use of live music delivered by a specialized music therapist. The latter involves a relationship
between the patient and a trained music therapist and is referred as “music therapy”. Music
therapy, in turn, can be “passive” with no direct patient involvement or “active” when the patient
joins the music therapist playing music. Several studies have shown that music can help to
reduce pain and distress in different clinical settings. [11] Also, available evidence has
demonstrated an association between the use of music and reduced need for analgesics,
anesthetics, and lower vital signs (heart rate, blood pressure and respiratory rate) suggesting a
relaxing effect. [11] In Lee’s meta-analysis, including 97 studies and 9,184 adult and pediatric
patients in heterogeneous situations, there were no significant differences between the use of
music therapy vs. music medicine. [11]

Although music has been used for many years in the healthcare setting, the exact
mechanisms by which it can reduce pain and anxiety are not well understood. Part of the effects
of music in the human brain can be explained by the simple process of sound. However, the
perception of music is more than just the sum of its basic acoustic characteristics and involves
cognitive, motor and emotional areas of the brain. [12] It is well known that music can modify
emotional status. [9] According to the gate control theory of pain, activated pain receptors send
signals to the brain; distracters such as music can block certain neural pathways and diminish the
amount of perceived pain. [13] [14] It seems that by capturing the brain’s attention with pleasant
auditory stimuli, music can block the input of noxious stimuli. [15] [16] [17] Available evidence

suggests that music also alleviates pain and anxiety by releasing anti-stress hormones and by



activating the limbic system of the brain. [9] The latter mechanism is similar to other pleasant
stimuli (e.g., food, sex, psychoactive drugs) and involves increased transmission in the
dopaminergic system, a pathway related to reward, reinforcement and motivation. [18] [19]
Other studies suggest morphine as one of the molecules involved in the process of how music
induces relaxation and pain relief. Music may stimulate its release from the limbic system that
then produces its effect centrally and peripherally. [20] In recent years, decreased activity from
the parasympathetic system and an abnormal prolonged stress response have been proposed as
among the causes for ICU delirium and systemic inflammation. [21] In this context, pain may be
associated with incremental feedback causing more stress and inflammation. Stimulation of the
parasympathetic system with non-pharmacologic interventions like music has the potential to not
only reduce pain and anxiety but also to reduce the incidence of ICU delirium.

1.1.3 Music in Adult Intensive Care Units

A systematic review studied the available evidence for the use of music in 805
mechanically ventilated adult patients. [22] The use of music was associated with lower levels of
anxiety, lower sedation requirements, and lower heart rate and respiratory rate suggesting
relaxation. [23] A more recent randomized controlled trial (RCT) on patient-directed music
demonstrated that music was associated with a reduction in anxiety, and in sedation requirements
in critically ill adults. [23] A secondary analysis of this study showed that this intervention was
not only clinically useful but also cost-effective with an estimated saving of > $2,000 /day. [24]
This saving was based mainly in fewer days in mechanical ventilation. The authors suggest that
impact on ICU related cost could be even larger if the music intervention is applied earlier in the
ICU admission. In terms of the effects of music on pain in critically ill adults, a systematic

review conducted by Richard-Lalonde et al., found that music was efficacious to reduce pain in



critically ill patients but that interventions needed to be at least 20-30 minutes long. [25] A recent
study showed that music can also improve sleep in the ICU. [22] In summary, available evidence
suggests that music reduces anxiety, sedation requirements, and may help to promote sleep in the
adult ICU.

1.1.4 Music in the Pediatric setting

In children, music has been studied mainly in awake children undergoing invasive
procedures. [14] A systematic review conducted by Klassen et al. demonstrated that music can
reduce procedural pain in a variety of clinical settings. [15] A recent systematic review evaluated
the effect of music on pain, stress and anxiety in children going for surgery. [9] This review, with
196 patients, showed lower pain scores and reductions in stress and anxiety with the use of
music. Other studies have shown similar results. [16] [26] [27]

1.1.5 Music in Neonatal Intensive Care Units

Several studies have explored the effect of music in neonates, especially in premature infants.
These studies have signifiant methodological differences and differ in terms of age range, type of
intervention, duration of the intervention, and outcomes. [28] [29] [30] [31] [9]In term and
premature infants, music has been shown to be effective in reducing pain and stress behaviours
after invasive procedures. Some studies have also shown an association between music exposure
and better sleep quality in premature infants admitted to neonatal intensive care units (NICU).
[32] [33] [34]Music is also associated with more stable vital signs, increased weight gain, shorter
length of stay and increased parental satisfaction. [35] [29] Several systematic reviews have
shown similar results. [28] [35] [36] [37] One of the reviews suggested that studies using
multiple music sessions may have a greater efficacy when compared with those using single

interventions. [28] Whether this is due to multiple interventions or to their cumulative effect is



not clear. A large RCT including more than 200 neonates confirmed that music is associated with
better vital signs, improved feeding behaviour and prolonged quiet time. [38] Moreover, the
structured auditory stimuli of music may have a beneficial effect in the neurodevelopment of
high risk infants exposed to the adverse environment of the NICU. [28] In summary, neonatal
studies suggest that music is safe and beneficial even in this fragile population.

1.1.6 Music in Pediatric Intensive Care Units

The use of music in critically ill children has only been formally explored in the last few
years. One of the first reports was an observational study in which two siblings with severe
traumatic brain injury were exposed to familiar songs played by a music therapist. [39] A few
years later, a group of researchers in Madrid conducted a series of studies exploring the use of
live music played by a music therapist in the PICU environment. [40] [41] First they conducted a
pilot trial involving 14 patients aged 3-6 years old. The interventions lasted 10 minutes and were
performed as group or individual sessions at the time of family visits. [40] In this study, the
authors excluded patients under sedation and they focused on vital signs changes before, during
and after the intervention. Although they reported vital signs variability with the music
intervention, these changes reflected an increase or decrease based on the intention of the
interventions. In the second study conducted by this group, 87 infants < 6 months of age were
subjected to an infant-adult interaction with and without music. [41] Heart rate, respiratory rate
and oxygen saturations were assessed before, during and after each intervention. The music
intervention consisted of live music performed by a music therapist with an electric keyboard
and a Spanish classical guitar. The tempo used was 80 or 90 beats per minute depending on
whether the rthythm was binary or ternary. The use of major and minor keys and the dynamics of

the intervention were modified based on the infant’s reaction and the environmental noise. Each



intervention lasted only 10 minutes. Although not mandatory, singing by the adult caregiver was
encouraged. This study found lower heart rate and respiratory rate during and after the adult
interaction with music, while oxygen saturations were higher suggesting a benefit of adding
music to the infant-adult interaction. However, with the exception of the decrease in heart rate,
these differences were very small and unlikely to be clinically relevant. Also, the decrease in
heart rate was more pronounced with a binary rhythm compared to a ternary one. This study
collected only vital signs information that, although historically used, are well known to not be
an adequate surrogate of sedation and comfort in critically ill patients. Hatem et al. conducted the
only RCT on music in critically ill children, who received either 30 minutes of music or placebo.
They evaluated the effects of music on vital signs and pain scores. Results showed significantly
lower vital signs (heart rate, respiratory rate) and pain scores in the music group. [27] However,
this trial used music only once in the first 24 hours after surgery and did not investigate effects
on sedation requirements. This study showed a possible benefit of music in the PICU, and made
a call for further research. Whether these benefits will be observed with frequent use over several
days in PICU is not clear. Three more studies have recently used music in the PICU setting. [42]
[43] [44] Yurkovich et al. conducted a pilot study exposing five infants with congenital heart
disease to a live music intervention conducted by a music therapist. [42] The intention of this
intervention was to synchronize the music with the patient’s heart rate and then decrease the
tempo in order to stabilize the patient’s heart rate, a process called “entrainment”. Outcomes of
this study were heart rate, blood pressure and oxygen saturations measured before, during and
after the intervention. Music therapy entrainment was applied for 20 minutes, 3-5 times a week
for a maximum of 3 weeks. The authors observed a trend towards more stable heart rates, lower

blood pressure and higher oxygen saturations. In Rennick et al.’s study, music was used at the



end of a soothing (touch and reading) intervention. [43] Music was well accepted by parents and
thought to calm their children (n=10). However, details on the type music and the effects on
sedation requirements were not reported. On the other hand, Liu investigated the effect of music
on sedation scores, vital signs and midazolam utilization (n=50). [44] They found a significant
difference between groups, with improved vital signs and sedation scores suggestion a relaxing
or sedative effect produced by the music intervention. However, these differences were small
and may not be clinically relevant. Data on analgesia and other sedatives was not reported.
Overall, these two pilot studies add to the evidence that a music intervention in PICU is well

accepted by parents and the health care team and needs to be further investigated.

1.2 Potential Concerns in Critically Il Children

Although music can have a positive effect, the contrary is also possible. [45] There is
evidence that pleasant music can alleviate pain perception, but unpleasant music may have no
significant effect. [46] [47] Moreover, there is a close correlation between music and
physiologic responses. So, although the response to music can be subjective, the physiological
reaction to this response is objective and can be monitored. [9] Music can pose a challenge for
patient communication. [16] Our proposed patient population is already unable to freely
communicate and is highly monitored with one nurse assigned to each patient. As recommended
by the American Academy of Pediatrics, we will keep the volume < 45 dB. [48] Although music
can reduce pain and anxiety, patients should not receive music as the sole source of sedation.
[49] Our study aims to investigate the benefits of music as an adjunct intervention and not to

completely replace the need for sedation and analgesia drugs.



1.3 Significant knowledge gaps in the use of music for critically ill children

a) The effects of music in critically ill children.

b) The optimal administration (type, mode, dose and frequency) of music in PICU.

To address these gaps, I aim to conduct a RCT to demonstrate the effects of music in critically ill

children.

1.4 Magnitude of the problem and importance of this research

While children constitute only 9% of the Canadian acute care inpatient population, they
are amongst the highest users of acute care services. In Edmonton alone, > 1,000 children require
admission to PICU every year, with 50% of these children requiring mechanical ventilation and
almost all of them needing sedation and analgesia.
I believe we have the obligation not only to help these children survive their acute illness, but

also to do it while providing adequate comfort and with fewer complications.

1.5 Conceptual Framework Please refer to Appendix 1.



Chapter 2: Methods

2.1 Rationale for the Thesis

In order to provide comfort while avoiding the common complications of sedatives and
narcotics in critically ill patients there has been a call for the use of non-pharmacologic
interventions including music. [6] [7] Despite these recommendations, there is limited evidence
on which non-pharmacologic interventions can be effectively used for sedation and analgesia in
critically ill patients and on which is the best way to deliver them. The lack of evidence on this
topic is even more pronounced in pediatric critical care. Almost every child admitted to a critical
care unit receives, at one point of his/her admission, some kind of sedative and/or a narcotic. The
administration of sedation/analgesia is one of the most common interventions provided to
critically ill children, but there is limited evidence about what is the best approach to do this
safely. However, it seems intuitive that non-pharmacologic interventions such as the provision of
a calm, comfortable and quiet environment would help to reduce pain, anxiety and the need for
excessive amounts of sedative/analgesia drugs. Why would interventions that we use to calm a
healthy child not be effective in the critical care setting? On the other hand, why should we expect
critically ill children to be calm and settled in an environment in which they are constantly
exposed to invasive procedures, noise, light, and lack of adequate sleep, together with separation
from their parents and disruption of their normal routine? The lack of available evidence in this
field led me to develop a research program that would ultimately help to answer the question on
whether music, as a non-pharmacologic intervention, could be used as an adjunct to provide
sedation and analgesia in critically ill children. The use of music in the critical care setting by no
means would pretend to be the sole treatment for anxiety and pain but could potentially provide

comfort and reduce the need for sedatives and narcotics and their well-known side effects. Since



there is extremely limited available evidence on the use of music in the pediatric critical care
setting, the question of whether or not music could be used to provide sedation/analgesia in
critically ill children cannot be answered with a single trial. This question needs the development
of a research program that would gather the necessary information to fill the knowledge gaps
around the use of non-pharmacologic interventions, specifically music, in pediatric critical care.
The development of this program aimed to establish: First, common practice on
sedation/analgesia, including non-pharmacologic interventions, in critically ill children. Second,
to determine if sound levels are associated with sedation/analgesia requirements in these children.
Third, to summarize the available evidence on the use of music for sedation and analgesia in
critical care. Last, to establish the feasibility of a music intervention in critically ill children and to
obtain necessary information to plan a larger and definitive trial investigation on the efficacy of
music for sedation/analgesia in pediatric critical care.
2.2 Research Question
Does music reduce sedation requirements and delirium in critically ill children?
2.3 Purpose statement

To conduct a research program that will lead to the development of a pilot RCT to
determine the feasibility of a pediatric music medicine trial, and to study the effects of music on

sedation requirements in children admitted to PICU.

2.4 Objectives

2.4.1 Describe the use of sedation, analgesia and comfort measures in Canadian

PICUs.
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Knowing current practice in Canadian PICUs is a necessary first step to inform the
current state of practice around sedation and analgesia in critically ill children as this is the
main outcome of our future clinical trial. Also, conducting the survey will give us the
opportunity to evaluate if non-pharmacologic measures are being used and if there are
existing protocols to guide their use. Furthermore, the survey will be able to assess
pediatric intensivist interest in a clinical trial looking at the effect of music on sedation and
analgesia requirements in PICU and what are clinically meaningful outcomes.

2.4.2 Determine the sound levels at one of the Stollery PICUs, the determinants of
higher sound levels and the association of high levels with the need for extra-
sedation.

Noise could potentially be a significant confounder for the music intervention.
How much sound levels impact sedation and analgesia requirements is unknown.
Therefore, to better inform the future development of a music intervention trial we will
investigate noise levels in PICU and their impact on sedative and analgesic drugs

administration.

2.4.3 Summarize the evidence for the use of music for sedation/analgesia in
critically ill patients.

A systematic review looking at the effects of music on sedation and analgesia
requirements in critical care is the next step before the design and conduct of a randomized
trial on music for sedation and analgesia in critically ill children. This review will inform
regarding current evidence and previous studies that have implemented a similar

intervention in a critical care environment.
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2.4.4 Determine the effect of music on sedation and analgesia requirements in
critically ill children.

The fourth and final step is the conduct of a pilot randomized controlled trial to
demonstrate feasibility of a clinical trial investigating the use of music for sedation and
analgesia in critically ill children, the MUSICC trial: Music Use for Sedation in Critically
ill Children. This pilot study will also allow the collection of meaningful and accurate

information for the planning and conduct of a larger clinical trial.

2.5 Hypotheses
The hypotheses for each of the studies are as follows:
a) There is significant variation in the use of sedation and analgesia in Canadian PICUs.

Sedation protocols are uncommon. Comfort measures, especially music, are not commonly used.

b) Sound levels are above the recommendations in our PICU. Sound levels remain high at
night. There is an association between isolation rooms and lower sound levels. Sign-over, rounds,
admissions and emergency procedures are associated with higher sound levels. High sound levels

are associated with the need for extra doses of sedation (PRN).

c) There is little evidence for the use of music for sedation in critically ill patients.
d) A randomized controlled trial on the use of music for sedation and analgesia in

critically ill children is feasible.

2.6  Methodology for each of the studies within the research program
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a) To describe the use of sedation, analgesia and comfort measures in Canadian PICUs
we will conduct a physician survey.

Since there was no information on usual practice around sedation and analgesia in
Canadian PICUs we decided to conduct a physician survey as the first step of this research
program. The survey will allow us to establish common practices on sedation, analgesia and non-
pharmacological interventions used to provide comfort in Canadian PICUs. The survey also will
help us to establish if there is interest in the conduct of clinical trials to demonstrate the efficacy
of non-pharmacologic interventions, including music, on sedation and analgesia of critically ill
children. Moreover, we will be able to determine what Canadian pediatric intensivists consider a
meaningful outcome for these trials and what would be the minimum clinically important
difference (MCID) in such a trial. In order to develop the survey, a literature review will be
conducted to identify the most commonly used drugs, sedation scores, and non-pharmacologic
comfort measures. After identifying potential items from the literature search, focus group
meetings with the Sedation Withdrawal and Analgesia Team (SWAT) will be conducted to
identify other relevant items to be included in the questionnaire. SWAT is a multidisciplinary
group that involves major stakeholders involved in the management of sedation and analgesia in
our PICU/PCICU at the Stollery Children’s Hospital. This team includes: pediatric intensivists,
nurses, anesthesiologists and pharmacists. The survey will be pilot tested and validated by 5
pediatric intensivists using a clinical sensibility tool. [50] The survey will be distributed to
Canadian pediatric intensivists by email using the Research Electronic Data Capture [REDCap]
system. [51] Descriptive methods with mean, standard deviation (SD), and proportions will be

used to describe the responses.
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b) To determine the sound levels at the Stollery PICU, determinants of higher sound
levels and the association of high sound levels with the need for sedation we will conduct a
prospective cohort study in which sound levels will be measured continuously (24
hours/day) at the Stollery Children’s Hospital PCICU.

This study is needed to determine the association of sound levels and sedation
requirements. If the association is significant, this information will determine methods to deliver
the music intervention in the last study of this research program and also the need for a third arm
in the MUSICC pilot RCT. In this study sound pressure levels will be recorded with a sound level
meter SoundEarPro® (Sound Noise meters Inc., Berkley, MI, USA). The study will be conducted
at the Stollery Children’s Hospital PCICU, a unit with a large open area and two single rooms.
Two noise meters will be used to measure sound in the open area and in a single room
simultaneously. The study will include all children admitted to the PCICU during the study
period. The following information will be recorded: unit and patient demographics, unit events
and sedation use. The main outcome of this study will be sound levels. Sound levels will be
recorded in slow A weighted decibels dB(A). Sound levels will be analyzed as average sound
level (LAeq) and the hourly maximum sound level (LAmax). To explore the association between
sedation drug use and sound levels, we will record drug use as intermittent (PRNs) doses. For the
analysis sound levels will be presented as the hourly average (LAeq) and the hourly maximum
(LAmax). Comparisons between day/night, week-day/weekends, and open area/single room will
be performed with time series analysis using auto regressive integrated moving average (ARIMA)
models. The association between unit events and sound levels will be analyzed using mixed effect

models with autoregressive moving average (ARMA) covariance structure. The association
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between PRN doses of sedatives and noise levels will be explored using the Granger test for

causality. [52]

c) To summarize the evidence for the use of music for sedation in critically ill patients,
we will conduct a systematic review on the efficacy of music on sedation and analgesia
requirements, and delirium in critically ill patients.

In order to not duplicate work previously conducted by other researchers and to explore
the available information on how to conduct a music intervention in the ICU setting, we
conducted a systematic review (SR) on the efficacy of music on sedation and analgesia
requirements, and delirium in critically ill patients. The review process will follow
methodological standards for conducting and reporting systematic reviews. [53] [54] The review
will include all RCTs evaluating the use of music in critically ill patients receiving sedative and
analgesic drugs. The outcomes of this systematic review will be to assess the efficacy of music to
provide sedation in critically ill patients, and the efficacy of music to reduce the incidence of
delirium. [55] The methods for the literature search will involve a research librarian who will
develop a comprehensive search strategy. Also, hand searches will be conducted of the reference
lists of each included study. The selection of relevant articles will be conducted at two levels of
screening by two independent researchers. For data extraction and management a data collection
tool will be developed prior to the literature search and agreed upon by all authors. Data
collection will follow the recommendations from the Cochrane Systematic Reviews Handbook.
[54] The assessment of risk of bias of included studies will be conducted using the Cochrane
Collaboration’s tool for assessing risk of bias. [54] For the analysis of the results we will perform

a descriptive analysis of the results reported in the included studies. We will report treatment
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effects observed in the individual trials and we will attempt to perform a meta-analysis using
random-effects models, as we expect heterogeneity; a subgroup analysis based on three age

groups is also planned: neonatal, pediatric and adult patients.

d) To demonstrate the feasibility of a music RCT in pediatric critical care and to
obtain accurate information needed to design a future larger randomized controlled trial,
we will conduct a pilot 3 arm RCT.

A total of 60 patients will be randomly assigned in a 1:1:1 ratio to receive music,
noise cancellation or control. The study will be conducted at the Pediatric Intensive Care Units
(Pediatric Cardiac Intensive Care Unit and Pediatric General Intensive Care Unit) at the Stollery
Children’s Hospital. The study population included children admitted to the ICU, on sedation and
receiving mechanical ventilation for > 24 hours. The interventions will consist of music and noise
cancellation and will be delivered for 30 minutes, 3 times a day. The control group will receive
usual care. Music will be delivered through noise cancellation headphones and an iPod touch
(Apple, California). Classical music will be selected by a pediatric music therapist based on its
observed properties to settle and calm children. In the noise cancellation group, the same
headphones will be connected to an iPod with a silent recording. Sedation status will be assessed
with the State Behavioral Scale (SBS) and withdrawal will be assessed with the Withdrawal
Assessment Tool-1 (WAT-1) score; both are well validated tools. [56] [57] [58] Patients will
remain on protocol for a maximum of 7 days, as long as they are on invasive mechanical
ventilation and receiving sedatives. Data will be prospectively collected and variables will be
recorded in an anonymized database using REDCap, Research Electronic Data Capture. [51]

Primary outcome variables of this trial will be feasibility and sedation requirements. In order to
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determine feasibility, we will collect information on: number of eligible patients, number of
patients enrolled, rate of enrollment, time to complete participation, protocol adherence and
reasons for protocol deviation. Protocol adherence will be defined as receiving the allocated
intervention (30 minutes 3 times/day) at least 80% of the time that the patient remains in the
study. Feasibility will be defined as a consent rate of 70% with enrolment of an average of 6
patients per month and protocol adherence of at least 80%. Secondary outcomes will include:
sedation requirements captured as a daily intensity score and intermittent dose (PRN) frequency,
and delirium. [23] [55] The sample size for this pilot trial was calculated based on protocol
adherence as the primary outcome. Assuming a protocol acceptance/completion of 80%, 60
patients will be needed to estimate the rate within 10% with 95% confidence. [59] For the
analysis, descriptive methods and binomial exact method will be used to calculate the proportion
of patients who did not adhere to the protocol. Mixed-effects models will be used to analyze the

primary effect of the music on sedation requirements.
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Chapter 3: Survey of Sedation and Analgesia Practice Among

Canadian Pediatric Critical Care Physicians

3.1 Abstract

Background: Despite the fact that almost all critically ill children experience some degree of
pain or anxiety, there is a lack of high quality evidence to inform preferred approaches to
sedation, analgesia, and comfort measures in this environment. We conducted this survey to
better understand current comfort and sedation practices among Canadian pediatric intensivists.
Methods: The survey was conducted after a literature review and initial focus groups. The
survey was then pretested and validated. The final survey was distributed by email to 134
intensivists from 17 PICUs across Canada using the Research Electronic Data Capture system.
Results: The response rate was 73% (98/134). The most commonly used sedation scores are
Face, Legs, Activity, Cry, and Consolability (42%) and COMFORT (41%). Withdrawal scores
are commonly used (65%). In contrast, delirium scores are used by only 16% of the respondents.
Only 36% of respondents have routinely used sedation protocols. The majority (66%) do not use
noise reduction methods, whereas only 23% of respondents have a protocol to promote day/night
cycles. Comfort measures including music, swaddling, soother, television, and sucrose solutions
are frequently used. The drugs most commonly used to provide analgesia are morphine and
acetaminophen. Midazolam and chloral hydrate were the most frequent sedatives.

Conclusion: Our survey demonstrates great variation in practice in the management of pain and
anxiety in Canadian PICUs. Standardized strategies for sedation, delirium and withdrawal, and
sleep promotion are lacking. There is a need for research in this field and the development of

evidence-based, pediatric sedation and analgesia guidelines.
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3.2 INTRODUCTION

Stress secondary to pain and anxiety is common in patients in PICUs and can impede
recovery and delivery of care. [60] Children admitted to PICUs experience pain and anxiety for a
variety of reasons including underlying illness, invasive procedures, mechanical ventilation,
monitoring, separation from parents, and loss of self-control. [2] Children with inadequate
sedation and/or analgesia are at risk of loss of vascular access, unplanned extubation, self-injury,
post-traumatic stress disorder, and impaired neurodevelopment. [3] Treating patients to avoid
these complications is challenging. In children, the distinction between pain, anxiety, and
delirium can be challenging, in part, due to developmental communication limitations and
critical illness. Also, the most commonly used drugs (narcotics and benzodiazepines) can put
patients at risk for hemodynamic and respiratory instability, prolonged mechanical ventilation,
withdrawal symptoms, delirium, nosocomial infection, and critical illness neuromyopathy; all of
which increase length of stay and healthcare costs . [60] [61] [S]Although less harmful,
nonpharmacological interventions may decrease the need for these medications, they have not
been adequately evaluated in PICU. [5] Finally, there is a lack of high-quality studies providing
evidence for preferred approaches to sedation/analgesia and comfort measures in this
environment. Previous surveys in other countries and systematic reviews on the topic have
shown large variations in practice between pediatric intensive care physicians and within
countries . [62] [63] [64] [65] [66] [67] [68] [69] [70] [71]However, none of these studies have
shown superior outcomes with one treatment regimen versus another. The purpose of this survey
was to gain a better understanding of the use of drugs and comfort measures for

sedation/analgesia in Canadian PICUs in order to inform future interventional trials.
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3.3 METHODS

3.3.1 Survey Development

A MEDLINE and EMBASE literature review was conducted to identify the most
commonly used drugs, sedation scores, sedation-analgesia algorithms/protocols, pharmacy
support, clinical practice guidelines, nonpharmacological comfort measures, and previous
surveys in critically ill children. After identifying potential items from the literature search, focus
group meetings with the Sedation Withdrawal and Analgesia Team (SWAT) at the Stollery
Children’s Hospital were conducted to identify other relevant items to be included in the
questionnaire. The SWAT is a multidisciplinary team that includes pediatric intensivists, nurses,
and pharmacists from the general and cardiovascular PICUs at the Stollery Children’s Hospital
in Edmonton, Alberta, Canada. After the main domains and items were identified, a draft
questionnaire was developed. The draft questionnaire was then reviewed by four intensivists
with experience in survey methodology to determine clarity of the instrument, and a final
revision was agreed upon. Survey Pretesting and Validation The survey was pilot tested and
validated among five pediatric intensivist members of the Canadian Critical Care Trials Group
(CCCTG) using a clinical sensibility tool. [50] This was followed by semi-structured feedback
on each question in the survey regarding its comprehensiveness and wording, presence of any
redundant or inappropriate items, and whether the questionnaire addressed the objectives of the

survey. The pilot-test responses were not included in the main reported survey results.

3.3.2 Survey Characteristics
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The survey consisted of 23 questions and four clinical scenarios that varied depending
upon the work setting (i.e., cardiac and/ or general PICU). The questions were primarily close
ended, consisting of binary (yes/no), nominal, and ordinal response formats. Of the 27 questions,
14 also contained open-ended components. The survey had four main sections. The first section
included general questions about the respondents and their units including the use of
sedation/analgesia protocols, assessment scores, and comfort measures. The second section
included questions on their use of drugs to provide sedation and analgesia to mechanically
ventilated critically ill children. The third section asked about the minimal clinically important
difference (MCID) that intensivists thought would be relevant in sedation/analgesia trials, and
the need for future studies on nonpharmacological comfort measures. Finally, the fourth section
included clinical scenarios of mechanically ventilated critically ill children with either chest

tubes (as a clear source of pain) or poor heart function (Appendix II).

3.3.3 Survey Distribution

An email notification was sent 1 week prior to distribution of the survey to all potential
participants. A week later, an invitation email was sent with an introductory letter and the link
for the survey. The survey was distributed by email using an electronic, secure, survey
distribution and collection system (Research Electronic Data Capture [REDCap]) hosted by the
University of Alberta. [S1] REDCap is a secure, web-based application that anonymizes data,
aggregates results, and ensures that individual responses are not identified. The survey was
initially emailed to all 146 pediatric intensive care physicians and subspecialty critical care

residents/fellows from all 17 PICUs across Canada. Intensivists in training have an active role in
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the prescription of sedation and analgesia, especially during night hours. Hence, they were
included in this survey. The participants’ email contact list was generated by the investigators
and expanded upon by contacting intensivists, administrative assistants, and program directors in
each PICU. The first invitation was emailed in March 2015, and up to three reminders were sent
weekly to those who did not respond. As an incentive for completion of the survey, a donation to
the Canadian Intensive Care Foundation was advertised if the response rate was higher than
70%. The survey was closed on April 2015. Completion and submission of the survey indicated
consent to participate. Ethical approval for this study was obtained from the University of

Alberta Health Research Ethics Board.

3.3.4 Statistical Analysis

Data were analyzed using the statistical data analysis package, STATA (Stata Statistical
Software: Release 10, 2007; StataCorp LP, College Station, TX). Descriptive methods with
mean, sds, and proportions were used to describe the responses. Pre-specified categories were
created for operational beds and proportion of mechanically ventilated patients in the
respondent’s units to identify large- and/or high-acuity PICUs. Large-acuity PICUs were defined
as having more than 10 beds. High-acuity PICUs were defined as having more than 50% of the
patients on mechanical ventilation. Incomplete surveys were included as the information
provided for the answered questions contribute to the evidence around a specific topic within the

survey. For each particular question, the denominator is based on the number of respondents.

34  RESULTS

3.4.1 Demographics of the Respondents
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After the initial email notification, we identified 11 physicians no longer working in
PICU and one on leave who was not available to answer emails during the study period (Fig.
3.1). The overall survey response rate was 73% (98/134) (Table 3.1). At least one clinician from
each of the 17 PICUs across Canada responded. Ten surveys were returned incomplete and were
included in final statistical analysis. Demographics and characteristics of the respondents are

shown in Table 3.1.

3.4.2 Sedation/Analgesia Assessment and Protocols

Eighty-three (84%) intensivists responded that sedation and analgesia scores are
commonly used in their units. Among those who reported the use of scores, COMFORT (n = 38;
41%) and COMFORT B (n = 14; 15%) were the most common sedation scores, whereas Face,
Legs, Activity, Cry, and Consolability (FLACC) (n = 42; 45%) and the Visual Analog Scale (n =
20; 22%) were the most common scores to assess pain (Figure 3.1). Withdrawal scores were
commonly used with the majority of the respondents using Withdrawal Assessment Tool-1 (n =
61; 65%) followed by the Neonatal Abstinence Scoring System (Finnegan Tool; n = 33; 35%);
11% (n = 10) only use clinical suspicion, whereas 4% (n = 4) do not screen for withdrawal (Fig.
3.2). When asked about the use of a delirium score, 84% (n = 78) responded that they do not use
any delirium score, whereas 12% (n = 11) did not know whether they were being used in their
unit. The remainder indicated the use of a delirium score reported using either the Pediatric
Confusion Assessment Method for the Intensive Care Unit or the Cornell Assessment of
Pediatric Delirium (Fig. 3.3) Daily interruption of continuous sedation and analgesia is practiced
by only 5% (n = 5) of respondents.

Most respondents (n = 60; 64%) indicated that they do not have routinely used

sedation/analgesia protocols. When used, 82% of protocols (n = 28) are physician led, followed
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by those led by nurses and pharmacists. Seventy-seven percent of the respondents (n = 75)
reported having a pharmacist present during rounds 3—5 days a week, 14% (n = 14) have one

present 6—7 days a week, and 7% (n = 7) never have pharmacists present during rounds.

3.4.3 PICU Environment, Noise, and Sleep Promotion

Most intensivists reported working in a PICU with a combination of single and shared
rooms (69%), whereas 31% reported having only single rooms. The median (interquartile range
[IQR]) proportion of patient’s rooms with access to natural light is 80% (50-97%) (Table 3.1).
The majority of respondents (n = 66; 70%) have no protocols in place to reduce light exposure or
protocols to promote day/night cycles. Those who do use dimming of lights at night/sleep time
(n=22; 100%), mask/eye covers (n = 7; 32%), and other interventions (n = 3; 14%). When
intensivists were asked about noise reduction strategies in their PICU, the majority responded
that they do not use any (n = 59; 60%), 20% (n = 19) reported using earplugs, 14% (n = 13) use
headphones, 12% (n = 11) have noise detectors with visual alarms, and 2% (n = 2) use other

methods.

3.4.4 Sedation and Analgesia Agents

Pediatric intensivists were asked to report the frequency of continuous infusions for
sedation and analgesia in critically ill intubated children, and the use of adjunct medications in
the same patients. Midazolam and morphine are the agents most commonly used to provide
continuous sedation in the PICU. Propofol is used as continuous infusion by at least 60% of the
respondents. Chloral hydrate, diphenhydramine, and clonidine are the most common adjunct

sedatives (Fig. 3.4). Morphine is the most common agent for continuous analgesia in intubated
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critically ill children. Acetaminophen and ibuprofen are by farther most common adjunct
analgesics (Fig. 3.5).

In order to further determine which sedative/analgesic agents are more frequently
administered as a continuous infusion and how they are combined, intensivists were presented
with two clinical scenarios according to their scope of practice (i.e., cardiac vs general PICU).
They were asked their preference for sedation/analgesia regarding continuous infusion versus
intermittent dosing and their first, second, and third medication choices for the initial and
subsequent sedative/analgesic agents (in case the first choices were not adequate). Most (89%)
general PICU intensivists presented with the case of a 6-monthold infant on mechanical
ventilation with a chest tube, chose a continuous infusion. Morphine was the first choice for 65%
of the responders, with midazolam (71%) as a second choice and dexmedetomidine (64%) as a
third choice. Presented with a 10-year-old hemodynamically unstable mechanically ventilated
patient with severe sepsis, almost all of the general PICU intensivists (90%) decided to start a
continuous infusion for sedation. In this case, fentanyl was the first choice (40%) followed by
midazolam (32%) as a second choice and ketamine (32%) as a third choice.

Cardiac PICU physicians were presented with the case of a hemodynamically stable,
intubated neonate post-arterial switch repair with a mediastinal chest tube. Among cardiac
intensivists, 96% decided to start a continuous infusion, with most of the respondents (63%)
selecting morphine as their first choice. Midazolam (54%) and dexmedetomidine (46%) were the
most common second and third choices, respectively. Presented with a case of a 7-year-old
intubated patient with cardiomyopathy and very poor heart function, cardiac intensivists (87%)
also chose to use a continuous infusion. Fentanyl was the first choice for 43% of the respondents,

followed by dexmedetomidine (39%) and midazolam (38%).
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3.4.5 Nonpharmacological Comfort Measures

Physicians were asked about nonpharmacological comfort measures for their intubated
mechanically ventilated patients. The most common interventions, each used by approximately
75% of respondents, were soother/pacifier, television and videos, music, and swaddling. Sucrose
solutions, holding by nurse/caregiver, rocking, noise reduction, and reading were each reported
by 30-50% of respondents (Fig. 3.6). For those respondents who use music for their intubated
patients, 94% use music played at the head of the bed, 43% use music played by a music
therapist, and 41% use music played with headsets. The type of music is usually
selected by parents/family members (91%) and nurses (73%), followed by music therapists

(31%).

3.4.6 Future Steps

Pediatric intensivists were asked their opinion on whether nonpharmacological
interventions or therapies to promote comfort in pediatric critical care (e.g., music therapy)
should be studied in a randomized controlled trial. Eighty-five percent of the respondents
answered positively. In order to inform the sample size of future studies, physicians were also
asked about the MCID for sedation/analgesia in critical care whether a new safe and effective
pharmacological or nonpharmacological intervention was made available to them. Intensivist
reported a median (IQR) reduction in use of sedating or analgesic medications by 20% (20—

25%).

3.5 DISCUSSION
This study shows that pain/sedation and withdrawal symptoms are routinely assessed in

Canadian PICUs. On the other hand, sedation guidelines and protocols to safely minimize
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sedation, to prevent delirium and withdrawal symptoms, and to promote sleep are lacking.
Despite great variation in practice, morphine and midazolam are the most common drugs
administered to provide sedation, whereas morphine and fentanyl are the most common choices
for analgesia. Nonpharmacological comfort measures are commonly used in Canadian PICUs.
Although the majority of children admitted to PICUs require some degree of sedation/analgesia,
there are currently no clear guidelines on how this should be provided and which interventions
are more effective. The last similar attempt was done almost 10 years ago when the U.K.
Pediatric Intensive Care Society proposed clinical guidelines. [7]

Although informative, these guidelines have not been updated to reflect current
knowledge and new therapies. During the same time period, adult guidelines have been
published highlighting the importance of pain assessment, light levels of sedation, use of
nonpharmacological interventions, sleep promotion, and prevention of delirium. [72] The use of
guidelines, especially in combination with bundles that include spontaneous breathing trials and
early mobilization, has shown to safely reduce sedation requirements, days on mechanical
ventilation, ICU length of stay, and delirium. [73] [74] [75] Even more, this approach has also
reduced cost related to ICU care.

One of the key points of developing sedation guidelines and protocols is the objective
assessment of pain and agitation using validated, pediatric specific tools. The majority of
Canadian pediatric intensivists reported the use of sedation/pain scores for the daily assessment
of their patients, most commonly using COMFORT and FLACC. This proportion is similar to
that reported by Twite et al. [68] in their survey of program directors in the United States. In a
more recent survey, Kudchadkar et al. [65] found that although 70% of the respondents have

sedation scores in place in their units, only 42% use them routinely to determine patient-care
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goals. Other studies have reported the use of sedation/pain scores by only 20—50% of the units
surveyed. [62] [66] [67] [69] [70]Whether these scores are actually used in the daily
management of patients is not clear. The majority of previous surveys also report the
COMFORT scale as most commonly used. [65] [68] [70] Although more accurate and easy to
use, COMFORT B is not commonly used. [76] FLACC is frequently used to assess pain in a
wide range of ages and circumstances; however, its validity outside the original population has
recently been challenged. [77] Surprisingly, tools that have never been validated for children,
like the Richmond Agitation-Sedation Scale, are being used. [78]

Despite existing, validated tools for the screening of opioid and benzodiazepine
withdrawal symptoms, previous surveys have not explored the use of these instruments in the
usual care of critically ill children. [62] [65] [66] [67] [68] [69] [70] [71] [58] [79] According to
our results, among Canadian pediatric intensivists, withdrawal scores are frequently used in
Canadian PICUs. The routine use of tools to detect and treat withdrawal symptoms might help to
understand its risk factors, prevent its occurrence, and adequately treat those who develop
symptoms.

Delirium has been increasingly recognized as a frequent complication of critical care and
has been clearly associated with negative outcomes including mortality; adult sedation guidelines
recommend its routine monitoring. [7] [80] However, there is a lack of high-quality pediatric
studies, and current prevalence estimates range from 13% to 28%. [81] Furthermore, the best
approach for prevention, detection, and management of pediatric delirium is unclear. Any
treatment strategy, however, depends on recognition and routine monitoring as the necessary first
step. Our study shows that delirium screening is not routinely done in Canadian PICUs, calling

for the need for quality improvement initiatives to address this issue.
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Although recommended by adult and pediatric sedation guidelines, sedation protocols
have failed to demonstrate a clear benefit in terms of concrete outcomes (14, 30-35). [70] A
systematic review conducted by Poh et al [82]highlighted the lack of evidence to support the use
of sedation protocols and algorithms in pediatric critical care. Since then, three pre- and post-
protocol implementation pediatric studies, and a recent large cluster randomized controlled trial
found no clear benefits in the use of sedation protocols. [83] [84] [85] [86] [87]As one of the
authors mentioned, a complex relationship between wakefulness, sedation, pain, and agitation
may exist. [84] In our survey, sedation protocols are used only by 36% of the respondents. In
contrast to most recent studies, the majority of responding physicians in our survey are using
physician as opposed to nurse-driven protocols. [65] [83] [84]

It seems intuitive that a quiet environment with exposure to natural light during the day
and reduced exposure to artificial light during the night will help to promote normal day/night
cycles. There is evidence that suggests that single rooms improve quality of sleep and reduce the
prevalence of delirium in ICU settings. [88] [89] Most Canadian PICUs still have a combination
of single (mainly for isolation purposes) and shared rooms. Access to natural light is common,
but protocols to reduce exposure to noise and light at nighttime are lacking. Simple interventions
like eye masks, earplugs, and other noise reduction strategies have been recommended by
pediatric and adult guidelines but were infrequently reported in our survey. [7] [72]

In order to provide sedation for intubated children, Canadian intensivists prefer to use
drugs as a continuous infusion, with midazolam and morphine as the most common agents.
These results are similar to previous surveys that report midazolam as the first choice for
sedation. [62] [65] [66] [67] [70] Despite recommendations not to use propofol in critically ill

children, especially as a continuous infusion, our survey shows that propofol is still being used
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(although we did not determine the dose or duration being used) [7]. We also explored the use of
adjunct intermittent drugs used in combination with continuous infusions. Chloral hydrate,
diphenhydramine, and clonidine are common choices, something that has not been shown in
previous surveys. When the intention is to provide analgesia to intubated children, respondents
also prefer to use continuous infusions with morphine as their first choice. Acetaminophen is by
far the most common option to provide adjunct pain relief. Interestingly, when general and
cardiac pediatric intensivists were presented with a case in which the patient was
hemodynamically unstable, fentanyl became their first choice to provide sedation/analgesia. This
may be due to the lower prevalence of hypotension with synthetic opioids. [7] As a second
choice, general intensivists were more likely to use midazolam whereas cardiac intensivists
preferred dexmedetomidine.

Compared to previous surveys, dexmedetomidine has become a frequent choice for
second- or third-line therapy. Our survey shows that dexmedetomidine and clonidine use are
increasing. [62] [66] [68] [69] [70] [71] Interestingly, dexmedetomidine is being used for pain
management when it actually has very limited analgesic effect. [72]

Nonpharmacological comfort measures have been recommended by pediatric and adult
sedation guidelines. [7] [72] Comfort measure are commonly used in PICUs despite the lack of
evidence of efficacy or guidelines on implementation, possibly based on data in other pediatric
populations, ease of use and relatively low cost.

In our survey, soother/pacifier, television/videos, music, and swaddling were the most
common interventions. Self-initiated, patient directed music has been shown to reduce the
frequency and the intensity of sedation in critically ill adults. [23] Neonatal studies have also

demonstrated some physiologic and behavioral benefits of music to provide comfort. [29] A high
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proportion (75%) of our respondents are using music in their units. However, the majority
provides this intervention with music played at the head of the bed as chosen by parents/family
with little intervention from a music therapist. Whether this is an effective way to provide music
to critically ill children remains unknown. Previous studies have shown that the use of noise
cancellation with headphones by itself may provide some benefit. [29] In order to inform future
studies, we asked the respondents whether nonpharmacological interventions to promote comfort
in pediatric critical care (e.g., music therapy) should be further studied and what would be a
meaningful outcome. Canadian pediatric intensivists expressed interest in formal study of
nonpharmacological interventions in the PICU and provided an estimation of what intensivists
would consider a meaningful and significant outcome for these studies.

This study has several strengths. This is the first Canadian survey on sedation and
analgesia in critically ill children. The survey was developed and validated using strict
methodology with the support of a multidisciplinary team (SWAT) and a group with extensive
experience in clinical research (CCCTG). Unlike some of the previous surveys that used the
PICUs as the unit of analysis, we have conducted our study at a physician level. We have
achieved a response rate higher than 70% with answers from every PICU in Canada, making our
results representative of common practice among Canadian pediatric intensivists. In keeping with
the adult recommendations, we have explored the use of not only sedation/analgesia drugs but
also sedation, withdrawal and delirium assessment, ICU environment, sleep promotion, and
nonpharmacological interventions. Nonpharmacological comfort measures have
not been well studied in previous surveys. We have also been able to obtain information not only

on those drugs used as a continuous infusion but also about agents used as adjuncts
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by intermittent doses. Using clinical scenarios, we were able to establish the intensivists’
preference when faced with hemodynamically stable and unstable patients. Our study also has
limitations. It was conducted in one country, representing only Canadian practice. Response bias,
although unlikely based on the high response rate, cannot be excluded. Stated responses may not
reflect what is actually taking place at the patients’ bedside, and we cannot determine whether
scores and protocols are actually used to direct goals of care. Although actively involved in the
administration of sedation and analgesia, and especially in the use of nonpharmacological
comfort measures, PICU nurses were not surveyed. This is because physicians are responsible
for prescribing sedation and analgesia in Canadian PICUs, and nurse-driven protocols for this in
Canada are rare. It is possible that physicians were not aware of some nursing practices in this
area, particularly regarding nonpharmacological measures. It is important that future work
considers both physician and nursing perspectives. Due to the length of the survey, we were not
able to obtain details on dosing and frequency of the different pharmacological and

nonpharmacological interventions.

3.6 CONCLUSION

Almost every critically ill child will receive sedation and analgesia at one point or
another during his/her PICU stay. We believe that the administration of sedation and analgesia
has a great impact on the outcome of critically ill children, and that the use of
nonpharmacological interventions has the potential to improve outcomes. However, our survey
demonstrates that there is great variation in practice and that implementation of strategies to
safely minimize sedation, to prevent delirium and withdrawal symptoms, and to promote sleep

are lacking. The results of this survey highlight the need for research in this field, including
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pharmacokinetic/pharmacodynamic dosing, and the development of evidence-based pediatric

sedation and analgesia guidelines.
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Table 3.1 Demographics of survey respondents.

Demographics n (%)
Physicians

Staff 80 (83)
Subspecialty Critical Care Fellows or Residents 12 (12)
Clinical Assistants or Associates 5(5)
PICU type

General only 36 (37)
Cardiac only 909
Mixed general/cardiac 45 (46)
Separate general /cardiac 9(7)
Years of experience in PICU

<1 year 2(2)

1 to 5 years 25 (26)
6 to 10 years 23 (24)
> 10 years 47 (49)
Size of PICU

< 10 beds 23 (24)
11 to 20 beds 52 (52)
> 20 beds 23 (24)
Proportion of intubated mechanically ventilated

patients in the PICU

<25% 12 (13)
25t0 50 % 38 (40)
51to 75% 40 (42)
>T75% 6 (6)
Subspecialty Training Program in the PICU

Yes 71 (73)
No 26 (27)
PICU layout

Single rooms 30 (31)
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Shared rooms

Combination single and shared rooms
Proportion of rooms with access to
natural light (%) — Median (IQR)
Pharmacist present during rounds
Never

1-2 days/week

3-5 days/week

6-7 days/week

0 (0)
67 (69)
80 (50-97)

7(7)
1 (1)
75 (77)
14 (14)

Clinical Assistants or Associates: Physicians with pediatric critical care training but without

a staff attending position in the PICU.PICU: Pediatric Intensive Care Unit.
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Pain scores

FLACC

Visual Analog Scale
Numeric Rating Scale
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Sedation Scores
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Figure 3.1 Sedation/Analgesia scores commonly used for daily assessment of critically ill children. FLACC, Face,

legs, activity, cry, consolability scale; NRS, Numeric rating scale; RAAS, Richmond agitation and sedation scale;
VAS, visual analog scale.
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Figure 3.2 Withdrawal scores commonly used for daily assessment of critically ill children. OBWS, Opioid and
Benzodiazepine Withdrawal Score; SOS, Sophia Observation Withdrawal Symptoms Scale; WAT-1, Withdrawal
Assessment Tool.
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Figure 3.3 Delirium scores commonly used for daily assessment of critically ill children. CAP-D, Cornell

Assessment of Pediatric Delirium; PAED, Pediatric Anesthesia Emergence Delirium Scale; p-CAM, Pediatric
Confusion Assessment Method for the Intensive care unit.
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Figure 3.4 Frequency of use by respondents of various sedative agents in mechanically ventilated children in
PICU. NSAIDs = nonsteroidal anti-inflammatory drugs.
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Figure 3.5 Frequency of use by respondents of various analgesic agents in mechanically ventilated children in

PICU.
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Figure 3.6 Nonpharmacological comfort measures commonly used in intubated patients.
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Chapter 4: Prospective cohort study on noise levels in a pediatric cardiac intensive
care unit

4.1 Abstract
Purpose
To describe noise levels in a pediatric cardiac intensive care unit, and to determine the
relationship between sound levels and patient sedation requirements.
Materials and Methods
Prospective observational study at a pediatric cardiac intensive care unit (PCICU). Sound levels
were measured continuously in slow A weighted decibels dB(A) with a sound level meter
SoundEarPro® during a 4-week period. Sedation requirement was assessed using the number of
intermittent (PRNs) doses given per hour. Analysis was conducted with autoregressive moving
average models and the Granger test for causality.
Results
39 children were included in the study. The average (SD) sound level in the open area was 59.4
(2.5) dB(A) with a statistically significant but clinically unimportant difference between
day/night hours (60.1 vs. 58.6; p-value < 0.001). There was no significant difference between
sound levels in the open area/single room (59.4 vs. 60.8, p-value = 0.108). Peak noise levels
were > 90 dB. There was a significant association between average (p-value = 0.030) and peak
sound levels (p-value = 0.006), and number of sedation PRNs.
Conclusion
Sound levels were above the recommended values with no differences between day/night or
open area/single room. High sound levels were significantly associated with sedation

requirements.
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4.2 Introduction

Sound is described as a vibration in a medium. [90] On the other hand, noise is an
unpleasant sound that is disruptive and stressful. [91] [92] The World Health Organization and
Environmental Protection Agency recommend that hospital sound levels not exceed 40—45
dB(A) during the day and 35 dB(A) at night. [93] [94] The American Academy of Pediatrics has
recommended keeping sound levels b45 dB (A) in hospitals. [91] Sound levels above 50 dB(A)
are sufficient to cause sleep disturbance, and sustained levels above 85 dB(A) can damage
hearing. [95] In recent years, there has been increased concern about noise in hospitals,
especially in intensive care units (ICUs). [96] [97]

High sound levels in hospitals have been associated with patient discomfort, stress,
abnormal sleep, increased length of stay, sensitivity to pain, and delirium. [98] [99] [100] [101]
[102] [103] [104] [105]ICUs are busy environments in which equipment, alarms, staff
communication, and frequent transit contribute as sources of noise. [106] [107]Studies conducted
in pediatric intensive care units (PICUs) have all found that sound levels exceed the
recommendations. [95] [106] [108] [109] [110] [111] [112] [113] High sound levels in the
PCICU environment can lead to discomfort, sleep disturbance, delirium and hemodynamic
instability related to agitation or the use of sedation to control it. [114] These effects may be
particularly important in young children in the PCICU who are recovering from complex cardiac
surgery, often with single ventricle physiology, being very sensitive to changes in systemic and
pulmonary vascular resistances and heart rate, and already at significant risk of hearing

impairment. [115]
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The primary objective of this study was to describe sound levels in the pediatric cardiac
intensive care unit (PCICU), and to test whether these levels were above recommended
standards. Our secondary objectives were to a) identify pre-specified major events that may
contribute to high sound levels, b) compare sound levels between different areas of the unit, and
c) explore the association between sound levels and patient sedation/analgesia requirements. We
hypothesized that our PCICU has higher than recommended sound levels, that open areas are
louder than single rooms, and that high sound levels are associated with patient discomfort as

measured by increased requirements for sedation/analgesia drugs.

4.3 Methods

We conducted a prospective cohort study in which sound levels were measured
continuously (24 h/day) at the Stollery Children's Hospital PCICU from mid-September 2015 to
mid-October 2015. Recording over a one month provided sound level measurements that were
representative of our unit and independent of specific staff or circumstances any particular day.
Sound pressure levels were recorded with a sound level meter SoundEarPro® (Sound Noise
meters Inc., Berkley, MI, USA). SoundEarPro® provides one-second noise levels in slow A
weighted decibels dB(A), within a frequency of 20 Hz to 16 kHz, a range of 40 to 135 dB and a
standard deviation of +3 dB.

The Stollery Children's Hospital PCICU is a 10 bed unit with a large open area (8 beds)
and 2 single rooms. Two noise meters were used to measure sound in the open area and in one of
the single room simultaneously. In the single room, the device was placed 60 cm from the head
of the patient; in the open area, the device was placed at a bedside in the center of the unit. To

prevent the Hawthorne effect, the devices were installed in the unit one week prior to study
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initiation. Staff outside the research team were unaware of the exact date of study initiation (i.e.
onset of recording). Daytime was defined as between 7 am and 7 pm, and nighttime as between 7
pm and 7 am. [95] Weekdays was between Monday 7 am and Friday at 4 pm (based on our call
system), and weekends between Friday at 4 pm and Monday at 7 am.

We included all children admitted to the PCICU during the study period, and only
excluded those patients admitted to the single room in which there was not a noise meter in
place.

During the study period the following information was recorded: unit and patient
demographics, major events potentially associated with higher sound levels, and
sedation/analgesia use. The following events were identified a priori by the Sedation Withdrawal
and Analgesia Team (SWAT) as potentially significant noise events in PCICU: nursing sign
over, patient rounds (physician rounds), admissions, discharges, intubations, code blues, and
extracorporeal life support (ECLS) cannulations. SWAT is a multi-disciplinary research team
within the Stollery Children's Hospital ICUs and includes nurses, pharmacists, anesthetists and
critical care physicians.

To explore the association between sedation drug use and sound levels, we recorded drug
use as intermittent (PRNs) doses. PRN doses were considered since they represent the response
of nurses to acute agitation/discomfort. Continuous infusions of sedatives were not taken into
account since they may change based on clinical progression (titration up when patient is
admitted and titration down during recovery and weaning) and also may be adjusted based on
sedation requirements that occur hours or even days before. These characteristics make it
impossible to correlate changes in continuous infusions with the temporary acute event of

changes in sound levels. The following PRN drugs were included: opioids, benzodiazepines,
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chloral hydrate, and ketamine. Those PRN doses given for pain and/or anxiety related to invasive
procedures were not included in the analysis.

There were no other study related interventions, and the clinical care of the patients was
according to usual practice and directed by the attending physician and the bedside nurse. The
study was funded by the Women and Children's Health Research Institute, and was approved by

the University of Alberta Health Research Ethics Board (Pro 00055313).

4.4 Statistical analysis

Categorical variables are described as frequencies and percentage (%), and continuous
variables are described as means and standard deviation (SD) or median and interquartile range
(IQR) as appropriate. Sound levels are presented as the hourly average sound level (LAeq) and
the hourly maximum sound level (LAmax). Comparisons between day/night, week-
day/weekends, and open area/single room were performed with time series analysis using auto
regressive integrated moving average (ARIMA) models to account for the serial correlation of
sound levels over time. The association between unit events and sound levels was analyzed using
mixed effect models with autoregressive moving average (ARMA) covariance structure. Results
are presented as regression coefficients along with 95%CI and two-sided p values. The
association between sedation PRNs and noise levels was explored using the Granger test for
causality. [52] The Granger test can be used to evaluate if a time series of X values (sound
levels) can provide statistically significant information about future values of Y (sedation PRN5s)
more than the previous values of Y alone. This is accomplished by taking different lags of one

series (sound levels) and using that to model the change in the second series (sedation PRNs).
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We considered statistically significant those variables that have a p value of < 0.05. Statistical

analyses were performed using SAS 9.1 (SAS Institute, Cary, NC).

4.5  Results

During the study 39 children were admitted to the PCICU and met eligibility criteria.
Demographics and clinical characteristics of the patients are shown in Table 4.1. In the open area
of the PCICU the LAeq (SD) level was 59.4 (2.56) dB. There was a statistically significant
difference between the LAeq (SD) levels during day-time 60.1 (2.03) dB and night-time hours
58.6 (2.7) dB (Coef. 1.12; 95%CI 0.76, 1.49; p-value b 0.001). However, there were no
significant differences between average (SD) sound levels during the weekends 59.2 (1.62) dB
and weekdays 59.4 (2.85) dB (Coef. 0.20; 95%CI —0.69, 1.10; p-value = 0.657). Similarly, in the
single room, there was a statistically significant difference between LAeq (SD) day-time 62.1
(2.89) dB and night-time 59.5 (3.59) dB sound levels (Coef. 1.06; 95%CI 0.49, 1.64; p-value b
0.001); while there was no significant difference between weekdays 60.5 (3.68) and weekends
61.5 (2.86) dB (Coef. —0.37; 95%CI 1.83, —1.08; p-value = 0.614). There was no significant
difference between LAeq levels in the open area and the isolation room (Coef. 2.05; 95%CI
—0.45, 4.56; p-value = 0.108). In both areas, LAeq levels were always above the
recommendation of 45 dB during the day and 35 dB during the night (Fig. 4.1). [91] [93]

LAmax levels were at times >90 dB but only for a few seconds at a time and in <10% of
the study days. However, in the open area, the hourly LAmax level during the day 75.1 (5.56) dB
was statistically significantly higher than during the night 72.9 (6.83) dB (Coef. 1.52; 95%CI
0.65, 2.38; p-value b 0.001); there was no significant difference between weekdays and

weekends (data not shown). There was also no significant difference between the LAmax levels
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in the open area and the single room (Coef. —1.63; 95%CI —6.48, 3.21; p-value = 0.508). More
importantly, the LAmax values were N90% above the recommended 65 dB (Fig. 4.2). [115]
[116]

The analysis of events found a positive association between morning patient rounds and
LAeq levels (Coef. 0.87; 95%CI 0.46, 1.19; p-value < 0.001), and LAmax (Coef. 2.32; 95%CI
1.46, 3.19; p-value < 0.001) (Table 4.2). However, there was no association between other unit
events and sound levels (Table 4.3). This analysis was limited due to the low number of some of
the events during the study time period (Table 4.4).

The Granger analysis showed a significant correlation between the two-time series
(sedation PRNs and sound levels). The LAeq level at each time (t) point was highly correlated
with the number of sedation PRNs given within the following 5 h (p value = 0.030). Meaning
that higher sound levels have a statistically significant correlation with the number of PRNs
administered in the following 2, 3, 4 and 5 h. Moreover, higher sound levels better predicted the
number of subsequent PRNs administered than did the previous requirement for PRN
medication. Between 4 and 6% of the variation in PRN administration was explained by the
LAeq levels. This correlation was positive and it showed that higher sound levels were correlated
with a higher number of sedation PRNs. Similarly, higher LAmax levels were correlated with
more sedation PRN doses (p value = 0.006); but in this case the LAmax level at each time (t)
point was highly correlated with sedation PRNs given within 2 h. 3—4% of the variation in PRN

administration was explained by the LAmax levels.

4.6 Discussion

48



This prospective cohort study on sound levels in a tertiary PCICU showed that sound
levels were consistently higher than recommended values, not only during day time but also
during night hours. Although there was a statistically significant difference between day and
night levels, this difference was b2 dB, barely perceptible to the human ear, and not clinically
relevant. [117] We did not find any differences between the open area and the single room.
Morning patient rounds were the only event significantly associated with high LAeq and LAmax
levels. More importantly, we found an association between sound levels and sedation
requirements suggesting that elevated sound levels likely represent noise (affecting patient
comfort).

The full definition of noise is complex because noise involves both volume and
subjective components such as social and cultural factors, appropriateness, and the ability to
control the sound. [90] Recommended sound levels for hospital and, especially, intensive care
settings are < 45 dB. [110] Moreover, lower levels are recommended at night since sleep is
affected by levels above 40 dB. [106] [108] [109] Keeping sound levels within the recommended
values is important: high levels have been associated with increased patient discomfort,
abnormal sleep, increased length of stay, increased sensitivity to pain, and delirium. [98] [99]
[100] [101][102][103] [104] [105] [109] [114] In newborns, high sound levels can be even
more detrimental, as levels continuously above 45 dB can affect their capacity to discriminate
meaningful sounds and the human voice, both important for neurodevelopment. [113] These
findings suggest that sound levels are clinically relevant and we should create a less noisy
environment for critically ill children.

Previous studies on sound levels in PICU have also found that sound levels are higher

than recommended, with values of 40—-60 dB and no significant day/night variation. [95] [106]
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[108] [109] [110] [111] [112] [113] Our study showed similar values, with LAeq levels around
60 dB and LAmax levels of 75 dB but differs from previous investigations in important respects.
Our sound levels were measured continuously throughout a 4-week period, accommodating for
variations between day and night, and also from different personnel and levels of activity in the
unit that can vary from one day to another. Despite these efforts, sound levels were found to be
quite consistent, with no significant differences from one day to another. Evidence provided by
this and previous studies confirm that sound levels in our PCICU and other PICU settings are
above recommended values and, even more concerning, that there is no clinically relevant
day/night variation, important issues that can adversely affect sleep, behavior, and circadian
rhythms. The lack of a normal circadian rhythm and sleep disturbances are known to have a
negative effect in different organs homeostasis, immunity, catabolism and neurocognitive
development. [118]

The implications of high sound levels in PICU have not been investigated in detail. Al-
Samsam et al. explored the association between sound levels and sleep in PICU and found that
LAmax levels > 75 dB were associated with more awake states. [109] Previous studies have
suggested the need to investigate the effect of noise on sedation requirements. [112] Our study
demonstrates that high LAeq levels were associated with increased sedation requirements within
5 h while LAmax levels were associated with the need for extra doses of sedation within 2 h.
These data suggest that elevated sound levels in PICU represent “noise” and have negative
impacts on patients' sleep and comfort. The use of sedatives and narcotics has been shown to be a
risk factor for pediatric delirium. [119] [65] In an era where it is recognized that over sedation
can lead to hemodynamic instability, prolonged mechanical ventilation, delirium, and withdrawal

symptoms, interventions to decrease noise may reduce sedation requirements and improve
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patients' outcomes [120], including neurodevelopment in small infants. [113] [121] Moreover,
the administration of unnecessary doses of sedatives can lead to substantial hemodynamic
instability in children with cardiac disease who may already have decrease heart function and
receiving vasoactive drugs. [122]

In order to reduce noise in the PICU, it is important to determine its cause. Our study
found an association between morning patient rounds and high LAeq and LAmax levels. This
aligns with 2 previous studies in which higher activity in the unit was associated with high sound
levels. [95] [108] But while morning bedside rounds are a busy time, activity and communication
may not be the main issue. Recent studies have identified equipment, including alarms, as the
primary source of high and annoying sound levels [111] [112] [113], presenting a significant
challenge to the goal of reducing sound levels, especially from essential equipment such as
monitors and ventilators. Noise reduction from medical equipment may not be easy to achieve.

Strategies to reduce sound levels in hospitals and especially in critical care areas range
from education, designated quiet time, quick assessment of alarms, central monitoring, visual
signs, single rooms, changes in the architectural design of units, earplugs, etc. However, not all
of these interventions have been demonstrated to be effective. Sound in a single room in the
PICU has been studied, demonstrating similar levels compared to open areas in our study and
others. [95] [112] [113] [123]Further, closing the doors of single rooms has been associated with
higher sound levels [123], possibly because smaller environments do not allow dispersion of
sound waves that come from within the room.

Although it could be argued that in a busy ICU LAeq levels will always be above 45 dB,
there is no doubt that LAmax levels N65 dB cause distress and affect the sleep of critically ill

patients. The publication of these recommended noise levels in the Guidelines for Construction
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and Design of Health Care Facilities suggests that these limits are feasible and realistic. [117] It
is up to the health care team and the experts on equipment and unit design to take the challenge
and work towards a safer and less noisy environment.

This study has several strengths. First, noise levels were measured continuously over a
four-week period allowing an observation period that was likely less sensitive to variation in
PICU activity and/or staff. Second, measurements in an open area and a single room allowed the
comparison of sound levels in 2 different environments. Third, a prolonged observation period
and PICU staff who were unaware of the exact time of recording makes bias secondary to
Hawthorne effect less likely. Finally, our study not only investigated sound levels in the PICU
setting but also the association of these levels with the sedation requirements of critically ill
children. The study also has some limitations. The device used to record sound levels has a lower
limit of 40 dB; however, during the study this lower limit was never reached. Sound levels in the
open area were measured from the center of the unit, but other areas could have been subjected
to different sound levels. In critically ill children, sedation PRNs are given for various reasons
and the association found between sound levels and sedation requirements is not necessarily a
causal relationship. This study did not investigate the association between sound levels and
delirium or other clinical outcomes. Finally, our results reflect sound levels of a single center

PCICU and may not apply to other units.

4.7  Conclusion
Our prospective study showed that sound levels in PICU are consistently above the
recommended standards with no significant variation between day and night. Morning patient

rounds, which reflect periods of high activity, were associated with higher sound levels. More
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importantly, we found a positive association between sound levels and sedation requirements,
suggesting a negative impact of high sound levels, or “noise”, on patient comfort. Noise
reduction strategies may help reduce sedation requirements and its negative consequences. There
is a need for more research to determine which interventions can help create a less noisy and

safer environment for critically ill children.
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Table 4.1 Demographic and patients’ characteristics

Variable Median (IQR)
Age (months) 5.5 (3.0-55.0)
Sex Male n (%) 25 (64)
Diagnosis n (%)

Aortic Stenosis 6 (15)
Atrial Septal Defect/Ventricular Septal Defect 4 (10)
Atrioventricular Septal Defect 6 (15)
Cardiomyopathy 1(3)
Coarctation of the Aorta 1(3)
Endocarditis 1(3)
Hypoplastic Left Heart Syndrome and variants 12 (30)
Mitral Valve Insufficiency 1(3)
Pulmonary Stenosis 2(5)
Supraventricular Tachycardia 13)
Total Anomalous Pulmonary Venous Return 1(3)
Transposition of the Great Arteries 2(5)
Ventricular Septal Defect 1(3)
PRISM score 8.5 (6.0-12.5)
PRNs (number/day) 2.8 (1.0-7.5)
Mechanical Ventilation (days) 2.0 (0-4.0)
PCICU Length of Stay (days) 3.5(2.0-9.0)
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Table 4.2 Association between unit events and LAeq and LAmax sound levels.

LAeq

Admission

Discharges

Nursing sign-over, morning
Nursing sign-over evening
Patient rounds, morning
Patient rounds, evening

LAmax.

Admission (n=45)
Discharges (n=39)

Nursing sign-over, morning
Nursing sign-over evening
Patient rounds, morning
Patient rounds, evening

Reg. coef. (95%CI)

0.34 (-0.04, 0.74)
-0.18 (-0.59, 0.22)
-0.04 (-0.50, 0.42
-0.14 (-0.66, 0.36)
0.95 (0.45, 1.29)

-0.37 (-0.55, 0.27)

0.21 (-0.80, 1.23)
-0.09 (-1.14, 0.95)
0.002 (-1.27, 1.28)
-0.22 (-1.36, 0.92)
2.32(1.46, 3.19)
0.05 (-0.78, 0.88)

P value

0.082
0.370
0.860
0.569

<0.0001

0.499

0.675
0.858
0.996
0.703

<0.0001

0.898

LAeq, hourly average sound level; LAmax, hourly maximum sound level

Table 4.3 Association between unit events and LAeq and LAmax. sound levels.

LAeq

Admission (n=45)

Discharges (n=39)

Nursing sign-over, morning (n=26)
Nursing sign-over evening (n=26)
Patient rounds, morning (n=26)
Patient rounds, evening (n=26)

LAmax.

Admission (n=45)

Discharges (n=39)

Nursing sign-over, morning (n=26)
Nursing sign-over evening (n=26)
Patient rounds, morning (n=26)
Patient rounds, evening (n=26)

Reg. coef. (95%CI)

0.34 (-0.04, 0.74)
-0.18 (-0.59, 0.22)
-0.04 (-0.50, 0.42
-0.14 (-0.66, 0.36)
0.95 (0.45, 1.29)
-0.37 (-0.55, 0.27)

0.21 (-0.80, 1.23)
-0.09 (-1.14, 0.95)
0.002 (-1.27, 1.28)
-0.22 (-1.36, 0.92)
2.32 (1.46, 3.19)
0.05 (-0.78, 0.88)

P value

0.082
0.370
0.860
0.569
<0.0001
0.499

0.675
0.858
0.996
0.703
<0.0001
0.898
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Table 4.4 Unit events during the study period

Unit events n
Admissions 45
Discharges 39
Intubations 3
CPR 1
Chest closure 3
Chest tube 1
Bronchoscopy 1
Line insertion 3
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Figure 4.1 LAeq. hourly average sound level in dB. A: recommended sound level during
night-time hours. B: recommended sound levels during day-time hours.
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Figure 4.2 LAmax. hourly maximum sound level in dB. C: recommended limit for LAmax
sound levels.
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CHAPTER 5: Efficacy of music on sedation, analgesia and delirium in critically ill patients.

A systematic review of randomized controlled trials.

5.1 Abstract

Purpose

To systematically synthesize randomized controlled trial data on the efficacy of music to provide
sedation and analgesia, and reduce incidence of delirium, in critically ill patients.

Material and methods

Relevant databases (Medline, PubMed, Embase, CINAHL, Cochrane, Alt Healthwatch,
LILACS, PsycINFO, CAIRSS, RILM) were searched from inception to April 26, 2018. We also
searched the reference lists of included publications and for ongoing trials. The selection of
relevant articles was conducted by two researchers at two levels of screening.

Data collection followed the recommendations from the Cochrane Systematic Reviews
Handbook. We used the Cochrane Collaboration’s tool for assessing risk of bias. Quality of the
evidence was rated according to GRADE.

Results

The review identified six adult studies and no neonatal or pediatric studies. A descriptive
analysis of study results was performed. Meta-analysis was not feasible due to heterogeneity.
One study reported a reduction in sedation requirements with the use of music while the other
five did not find any significant differences across groups.

Conclusions

This systematic review revealed limited evidence to support or refute the use of music to reduce
sedation/analgesia requirements, or to reduce delirium in critically ill adults, and no evidence in

pediatric and neonatal critically ill patients.
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5.2 Background

Stress induced by pain and anxiety is common in patients in Intensive Care Units (ICUs)
and can impede delivery of care and recovery. [1] [2] [3]Pharmacologic sedation and analgesia
in ICUs is usually achieved with narcotics and sedatives. These drugs have significant side
effects, putting patients at risk for hemodynamic and respiratory instability, prolonged
mechanical ventilation, nosocomial infections, critical illness neuromyopathy, delirium,
tolerance, and withdrawal symptoms. [4] These negative consequences can lead to prolonged
hospital length of stay and increased health care costs. [5]

Non-pharmacologic comfort measures, such as music, can be used to provide anxiolysis
and relaxation. [4] [6] [7] [124]Music is believed to provided sedation/analgesia by distraction,
sympathetic nervous system suppression, limbic system stimulation and the release of
endogenous endorphins. [14] [22] However, the use of music for critically ill patients has not
been well studied. A few studies have shown lower levels of anxiety, improved vital signs and
lower sedatives/analgesics requirements with the use of music. [23] [26]Studies in neonatal ICUs
have shown that music helps stabilize vital signs and improves feeding tolerance, suggesting a
relaxing effect. [125] However, evidence supporting the use of music to reduce need for sedation
and/or analgesia medications in critically ill patients, including children, has not been recently
synthesized. [22]

We conducted a systematic review (SR) to synthesize the evidence available from
randomized controlled trials (RCT) on the efficacy of music to provide sedation and analgesia,

and reduce the incidence of delirium, in critically ill patients.

5.3 Methods
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We conducted a SR to obtain a comprehensive and objective summary of the best
available evidence on the effects of music for sedation and analgesia in ICU. The review process
followed methodological standards for conducting and reporting SRs, and was registered with
the PROSPERO International Register of Systematic Reviews (CRD42017082749). [53] [126]
[127] [128] The review included all RCTs evaluating the use of music vs. routine care or placebo
in critically ill patients receiving sedative and analgesic drugs. Critically ill was defined as
admitted to an ICU (neonatal, pediatric or adult) and included specialized ICUs. Studies
conducted in simulated environments or outside the ICU, and those in which all patients received
a co-intervention were excluded. A music intervention was defined as the administration of live
or recorded music in the ICU setting, regardless of how the music was selected and delivered.
All types of music were included. We considered control to be those patients who received
routine care (no music) or a placebo (sham) intervention such as headphones without music.
Outcomes of this SR were the efficacy of music to provide sedation and analgesia in critically ill
patients, and the efficacy of music to reduce the incidence of delirium. Since sedatives and
narcotics are usually titrated to achieve specific sedation and/or analgesia scores, we did not

include studies that did not report drug requirements.

5.4  Outcomes measures

The primary outcome of this SR was the efficacy of music to provide sedation and
analgesia in critically ill patients. Sedation was defined as the administration of opioids,
benzodiazepines, hypnotics or any other drug with the intention to reduce the level of
consciousness and/or anxiety. Analgesia was defined as the administration of opioids, anesthetics

or any other drug with the intention to reduce pain. The efficacy of music was assessed by the
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sedation and analgesia drug requirements. These requirements were assessed by 3 pre-specified
measures of exposure: number of drugs used, frequency of intermittent doses (PRNs), and
intensity (mg/kg and/or sedation intensity scores). Our secondary outcome was the efficacy of
music to reduce the incidence of ICU delirium. [129] [130] Delirium presence or absence was
determined by clinical examination or validated scores/tools. Possible adverse effects related to

the music intervention, as reported in the included trials, was also included.

5.5  Literature search

The full search strategy is outlined in Appendix III. Comprehensive search strategies
were developed using subject headings and keywords with the assistance of a research librarian.
The search was conducted in the following sources from the date of the database inception until
April 26, 2018: Medline, PubMed, Embase, CINAHL, Cochrane Central Register of Controlled
Trials, Cochrane Database of Systematic Reviews, Alt Healthwatch, LILACS (Latin-American
& Caribbean Health Sciences Literature), and PsycINFO. Hand searches were conducted for
Google Scholar, CAIRSS (Computer-Assisted Information Retrieval Service System for Music),
RILM (Repertoire International de Litterature Musicale) Abstracts of Music Literature, and from
the references list of each included study. We searched for ongoing trials in Current Controlled
Trials, ClinicalTrials.Gov, and the National Research Register. No language or publication-type

restrictions were applied.

5.6 Selection of relevant articles and data extraction
The selection of relevant articles was conducted at two levels of screening. Level 1
included titles and abstracts and Level 2 included full text articles. The review for relevant

articles was performed independently by two researchers (LA and GGG). Those articles in which
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there was a disagreement were discussed between both researchers. If no consensus was reached,
a third reviewer (SV) was involved. The inclusion of articles was determined using a Relevance
Assessment Form (Appendix IV). The final list of included publications was agreed upon by all
authors. A data collection tool (Appendix V) was developed prior to the literature search and
agreed by all authors. Data collection followed the recommendations from the Cochrane

Systematic Reviews Handbook. [126]

5.7  Analysis

We used the Cochrane Collaboration’s tool for assessing risk of bias. [126] Two reviewers
independently assessed risk of bias for each included study and the overall biases were graphed
using Review Manager 5.3 (Copenhagen, Denmark). The quality of the evidence was rated
according to Grading of Recommendations Assessment, Development and Evaluation
(GRADE). [131]

We performed a descriptive analysis of the results reported in the included studies. We
originally planned to perform a meta-analysis, and subgroup analysis based on three age groups.
The limited number of studies and their heterogeneity (i.e., variability in design and outcomes

measured) precluded this approach.

5.8 Results

The search identified 588 titles and abstracts, of which 66 were potentially relevant. The
full texts of these articles were reviewed and the inclusion and exclusion criteria were applied, 45
publications were selected for possible inclusion (Figure 1). Only 6 adult studies included

sedation and/or analgesia requirements as an outcome [11, 21-25] [23] [132] [133] [134] [135]
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[136], of which one also assessed ICU delirium. [135] Studies characteristics can be seen in
Tables 1 and 2. Four studies included patients in a stable weaning phase of mechanical
ventilation [23] [132] [134] [135], and one study did not specify this condition [133]. The music
intervention differed across studies. Only Chlan et al used patient-selected music [23]; the other
studies used music selected by the researchers. All used headphones to deliver the music. While
Chlan et al and Ames et al used relaxing music [23] [136], the other studies used classical music
[132] [133][134] [135]. No music intervention included vocals. Timing, duration, and
frequency of the music intervention differed among studies. While Chlan et al and Ames et al
allowed patients to decide when and for how long they used the intervention, others used a fixed
time. [23] [136] Outcomes were also different across studies. Hence, we provide a narrative

description of the results of the different studies.

5.8.1 Risk of bias in included studies

The summary risk of bias is presented in Figure 2 while the risk of bias for each
individual trial is shown in Figure 3. Half the studies clearly described their randomization
technique and used allocation concealment. [23] [132] [136] Due to the nature of the
intervention, patients could not be blinded; however, personnel and outcome assessment were
blinded to group allocation in only two studies. [132] [133] No study specifically reported
deviations from the intended intervention. While other treatments between study groups seemed
balanced in all of the studies, few details were available except in the Chlan et al study, which
was also the only study to specify that analysis was conducted as intention to treat. [23] Half of
the studies (n=3) were at high risk for attrition bias since they excluded enrolled patients from

final analysis post-hoc. Blankfield et al excluded 5/100 (5%) patients who died in the ICU or
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stayed more than 14 days. [134] Chlan et al excluded 98/373 (26%) patients who remained in the
study for <48 hours. [23] In Iblher et al’s study, 34/160 (21%) patients dropped out, 10 because
of post-operative complications and 24 due to organizational problems. [135] Three studies were
at high risk for selective reporting. Beaulieu-Boire et al only reported a p-value for the statistical
analysis of fentanyl requirements but not for benzodiazepine and hypnotic use; 95%CI for
differences were not reported. [132] Iblher et al did not report propofol use although it was part
of their sedation protocol, nor did they report the evaluation of ICU delirium despite being a pre-
planned outcome. [135] Similarly, Ames et al did not report the use of benzodiazepines, and 95%
CI and p-values were not reported for any outcomes. [136] To et al reported the success rate of
sedation vacations but did not provide any statistical analysis. [133] The risk of bias for each
individual study is shown in Figure 3. We were unsuccessful in contacting four authors and there
was no further data available from the study by To. [132] [133] [134] [135] [136] Overall the

quality of the evidence is low according to the GRADE method. (Table 3)

5.8.2 Sedation and analgesia requirements

The main results of the included studies are presented in Table 3. Blankfield et al
compared the use of music, therapeutic suggestions, and standard of care, and reported no
significant difference in opioid requirements between the music and control groups. [134] Iblher
et al reported analgesia requirements by use of pethidine and piritramide separately but did not
report sedation data. [135] Results of this study involved a complex 5 group comparison in
which the authors did not find any statistically significant differences between groups. To et al
described the success rate of sedation holidays in patients sedated with midazolam and/or

propofol. [133] Despite a higher rate of success in the music group, the difference was not
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statistically significant. In Chlan et al’s study, sedation exposure was reported as sedation
intensity score (SIS) and sedation frequency. Only in an adjusted analysis, patients who received
the music intervention had lower SIS than the control group and lower sedation frequency. [23]
Beaulieu-Boire et al evaluated daily requirements for narcotics and sedatives in a two day
crossover design [132] and found no statistically significant differences in the pre/post music
intervention analysis. In Ames et al’s trial of post-operative patients, no statistically significant
difference was found in intravenous opioid use nor in epidural fentanyl requirements when they

compared the use of music vs. standard of care. [136] (Supplemental Content IV)

5.8.3 Delirium

Only one adult study investigated the effect of music on ICU delirium. Iblher et al assessed
delirium using the Confusion Assessment Method pre-operatively and on day 3 after
cardiovascular surgery. [135] The authors found no statistically significant difference between
music and control groups but they did not report the p-values. Since the majority of their patients

stayed in ICU for only one day, both assessments were conducted outside the ICU.

5.8.4 Adverse effects

No study specifically reported adverse effects of the music intervention. However, in
Blankfield et al’s study, 12% (n==8) of the participants received the intervention (music or
therapeutic suggestions) only once and refused to continue for undocumented reasons. [134] On
the other hand, Iblher et al noted that pain at the surgical site was more common in patients who
received music vs no music (effect size for immediate post-operative pain -0.42; P < 0.05). [135]

Nevertheless, when they compared patients who received music early in their admission with
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those who received it late (once sedation was discontinued), early music was associated with less
pain at the surgical site and less discomfort (effect size 0.55; P < 0.01). Ames et al conducted
interviews at the end of the study and reported that patients generally had positive responses
about music although they would modify the type of music and timing. Of note, 5 out of 41
patients in this study asked for music to be discontinued as it affected communication or induced

them to sleep and therefore to miss analgesics.

5.9  Discussion

Our SR of the use of music in critically ill patients found limited evidence of its efficacy.
Only six studies, all involving adult ICU patients, reported the effects of music on sedation
and/or analgesia requirements, and only one of these included delirium as an outcome. We did
not find any neonatal or pediatric studies meeting our inclusion criteria.
The included studies do not provide adequate evidence on the efficacy of music to provide
sedation and analgesia in ICU patients, nor on the use of music to reduce the incidence of
delirium. The quality of this evidence is low due to inconsistency and imprecision. Only one
study demonstrated that music was statistically associated with less sedation requirements. [23]
Some studies had significant methodological issues and were at risk of different types of bias.
Four of six trials were either underpowered or no power calculation was provided. [132] [133]

[134] [136]

While we were not able to perform a meta-analysis, this SR provides important
information to inform future trials. The included studies had several characteristics in common.

First, half used classical music [132] [133] [135] while the rest used “relaxing” music. [23] [134]
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[136] Although music has been used for years in healthcare, the exact mechanisms by which it
may reduce pain and anxiety are not well understood. It is known that music can modify
emotional status by releasing anti-stress hormones and by activating the limbic system of the
brain. [15] According to the gate control theory of pain, music can block certain neural pathways
and diminish the amount of perceived pain. [14] [23] [15] [137] [17]Stress-reducing music
usually has a slow tempo (60-80 beats per minute) without significant variations in intensity.
[138] [139] [140] Second, none of the included studies used vocals and all of them used
headphones to deliver the music. Although there is very limited evidence that a recognizable
voice can be beneficial, the logistics of applying such intervention in a large RCT would be
complex. [45] The use of headphones may allow blinding of the intervention and prevent
confounding by noise, which is common in the ICU setting. [141] Third, timing and length of the
intervention was variable in the included studies. The majority of the included studies delivered
the music intervention 1 to 2 times/day for a total of 1 to 2 days. In Chlan et al’s study, frequency
and duration were determined by patients, but long interventions in patients who are unable to
control duration, may be potentially detrimental. [23] [15] [142]Since the “optimal dose” of
music is unknown, it is possible that patients were “undertreated” and hence no effect was noted.
[124][23][132][133][134] [135] [136] Fourth, it is important to note that patients in the
included studies were relatively stable and the majority were in a weaning phase from their
mechanical ventilation. This has two significant implications. None of the studies evaluated
heavily sedated patients in the acute phase of their illness; and the included patients would have
been on narcotics and sedatives for some time, with variability in the ICU length of stay at the

time of study entry.
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This SR has the following strengths. First, we did not limit studies by age or language.
Second, only RCTs were included, in order to provide the highest level of evidence. Third,
different from previous reviews, our is focus on sedation/analgesia requirements as current

guidelines have suggested the use of music to reduce excessive use of these drugs. [22]

The SR also has limitations. It is possible that we missed studies that were presented in
conferences but not published. Sedatives and narcotics are usually titrated to achieve specific
sedation/analgesia scores. [6] Hence, we did not include studies reporting sedation and/or
analgesia scores unless they also report drug requirements. An association between music and
better sedation/analgesia scores cannot be assumed to be beneficial unless it is also demonstrated
that sedation/analgesia drug requirements are similar or lower in those who received music. We
are aware of three ongoing studies (one adult, two pediatric) investigating the effect of music on
sedation, and an adult pilot trial exploring the effects on delirium, but none of these are yet

completed/published for potential inclusion in our review.

5.10 Conclusion

This SR of the efficacy of music in critically ill patients revealed limited evidence in adult
critical care to support or refute the use of music to reduce sedation and analgesia requirements,
or to reduce delirium. We found no evidence on the effects of music on sedation, analgesia
and/or delirium in pediatric and neonatal critically ill patients. Further research is needed to

determine the role of music in the ICU setting.
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Figure 5.1 Study flow diagram.

69



Table S.1 Study design characteristics of included studies.

Publication RCT  Control 3" Arm Total Blinding Allocation Intention Outcomes
design n Concealment to treat
analysis
Chlan et al, Parallel ~ Standard of  Noise 373 No Yes Yes VAS-A, Sedation Intensity Sco
2013 [9] care cancellation Sedation frequency, Urine
headphones cortisol levels
Beaulieu- Cross- Headphones - 49 Yes Yes Not HR, RR, BP, Sedation as daily
Boire et al, over with no- specified  requirements, IL-6, prolactin,
2013 [20] music cortisol, ACTH, leptin, MET-
enkephalin
To et al, 2013 Parallel = Headphones - 50 Yes Yes Not HR, RR, SBP, Ramsay Score,
[21] with no specified  Success of sedation vacation
music (not
noise
cancellation)
Blankfield et Parallel  Standard of  Taped 95 No Not specified  Not Sedation and analgesia used,
al, 1995 [22] care therapeutic specified  Anxiety, ICU length of stay
suggestions
Iblher et al, Parallel  Standard of Late music 126 Not Not specified  Not HR, SBP, O,Sat, inotropes,
2011 [23] care (after specified specified  sedation, AMT, ANP, BSKE,
stopping CAM
sedation)
Ames et al, Parallel  Standard of - 41 No Yes Not NRS, Pain VAS, ET-A, ER-D
2017 [24] care specified

AMT, Abbreviated Mental Test; ANP, Anesthesiological Questionnaire for patients after anesthesia; BSKE, Condition-scaling using classes and adjectives; ET-
A, Emotional Thermometer Anxiety; ET-D, Emotional Thermometer Distress; HR, Heart rate; ICU LOS, Intensive care unit length of stay; NRS, Numerical
Rating Scale; O,Sat, Oxygen saturation; RR, Respiratory rate; SBP, Systolic blood pressure; VAS, Visual Analogue Scale; VAS-A, Visual Analogue Scale for
Anxiety.
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Table 5.2 Music intervention characteristics.

Publication

Chlan et al,

2013[9]

Beaulieu-Boire et
al, 2013 [20]
To et al, 2013

[21]

Blankfield et al,

1995 [22]

Iblher et al, 2011

[23]

Ames et al, 2017

[24]

Population

Adult mixed
ICU, awake and

stable

Adults mixed

ICU, stable

Adult mixed

ICU

Adult cardiac

ICU post

CABG/valvular

surgery

Adult cardiac

ICU

Adult mixed

ICU

Post-surgery

Mechanical Music Intervention

ventilation

Yes

Yes

Yes

Not
specified

Yes

No

Type of
music
Relaxing

Classical

Classical

New Age
Relaxing

Classical
Baroque
Relaxing

Selection

Patient

Music
therapist
Researcher

Researcher

Researcher

Researcher

Time

Day and night

Day
Day

Day

Day

Day and night

Duration

As per patient

60 minutes

240 minutes

30 minutes

60 minutes

50 minutes

Frequency

As per patient

2/day

1/day

2/day

1/day

3-6/day

Days

Max.30 da

2 days

1 day
During wh
admission
1 day

2 days

CABG, coronary artery bypass grafting; ICU, Intensive care unit.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0%

25% 50%

75%

100%

[ Low risk of bias [ Junclear risk of bias

[l High risk of bias

Figure 5.2 Risk of bias graph (n = 6 studies).
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Table 5.3
Summary of findings:

Music compared to standard of care for sedation and/or analgesia in critically ill patients

Patient or population: sedation and/or analgesia in critically ill patients
Setting: Critically ill patients receiving sedation and/or analgesia drugs
Intervention: Music

Comparison: standard of care

Outcomes Impact No of Certainty
participants  of the
(studies) evidence

(GRADE)

Sedation and Analgesia Studies showed inconsistent results with the largest study reporting a 623 dpOO

requirements reduction in Sedation Intensity and Sedation frequency with the use of (6 RCTs) LOW 2b¢

follow up: range 1 days to 30  music. However, the other studies showed no benefit.

days

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% CI).

CI: Confidence interval

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of
the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from
the estimate of effect
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Explanations

a. Only two studies clearly described the randomization technique and use concealment of allocation. Personnel and outcome
assessment were only blinded in two studies. Three studies were at high risk for attrition bias and for selective reporting.

b. Timing and length of the intervention was variable, and the majority only delivered a few music interventions. It is possible that
patients were “undertreated”. None of the studies evaluated sedated patients in the acute phase of their illness; and the included
patients were on narcotics and sedatives for some time, with variability in the ICU length of stay at the time of study entry.

c. Only one study reported 95%CI and they are not very wide. The other studies did not report 95%CI and the sample size for the

majority of the studies was relatively small. The overall number of participants across the 6 studies is only 623, which does not meet
criteria for optimal information size.
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Table 5.4 Description of study results

Publication

Chlan et al,
2013 [9]

Beaulieu-Boire
et al, 2013 [20]

To et al, 2013
[21]

Sedation intensity

Music vs. Standard of care:

Sedation frequency

Music vs. Standard of care:

- Sedation Intensity
B(95%CI) -0.18 (-0.36 to -
0.004), P =0.05)

Pre-Music vs. Music mean
(SD):

- Fentanyl daily dose (mcg):
1597 (1418) vs 1343 (1342),
P=0.06

- Benzodiazepine daily dose
(mg): 42 (88) vs. 36 (94), P =
0.06

- Hypnotics-propofol daily
dose (mg): 291 (732) vs. 284
(730) mg, P = Not significant
(P value not provided)

- Sedation Frequency
B(95%CI) -0.21

(-0.37 to -0.05, P =0.01)
Music vs Noise
cancellation

- Sedation Frequency
B(95%CI) -0.18

(-0.36 to -0.004)
P=0.04

Music vs. control

- Sedation vacation success
rate: 64% vs. 52%, P =
0.39
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Delirium

Others

Music vs Standard of care

- VAS-A: -19.5 points (95%CI) -32.2 to -
6.8)

(P=0.003)

No difference in urine cortisol levels

Pre-Music vs. Music mean (SD)

- HR and RR: no difference (Data not
provided)

- SBP (mmHg): 123(27) vs. 120.5(24), P =
Not significant (P value not provided)

- ACTH/cortisol ratio 0.04 (0.016)

- Blood Cortisol (nmol/L): 815 (126) vs.
727 (98), P =0.02

- Leptin (ng/ml): 19(4) vs. 19.6(4), P =
Not significant (P value not provided)

- Met-enkephalin (pg/ml): 251(63) vs.
252(68), P = Not significant (P value not
provided)

- Prolactin pg/L: 29.3 (3.5) vs. 27.4 (3.4),
P=10.038

Overall change in mean(SD)

- HR -5.46(16.8), P=0.27

- RR 0.05(6.14), P=0.98

- SBP 5.50(23.8), P=0.42

- Ramsay scores 0(0), P=0.86.




Blankfield et
al, 1995 [22]

Iblher et al,
2011 [23]

Music vs. control mean (SD):
- Morphine (mg): 15.6 (11.2)
vs. 20.2 (15.7)

- Meperidine (mg): 46.6
(96.7) vs. 61.9 (234)

- Opioids equivalent (mg): 2
0.3 (16.6) vs. 26.4 (34.5)
Differences were not
significant (P value not
provided)

Early music vs. late music vs.

control mean (SD):

- Pethidine (mg): 45,5 (22,8)
vs. 54.7(38.5) vs. 47.0 (28.3),
P=0.670

- Piritramid (mg): 17.6 (9.2)

vs. 15.4 (7.8) vs. 13.9 (9.1), P

=0.287
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No
difference
in
Confusion
Assessment
Method
(CAM)
score 3 days
after ICU
discharge.
(Data not
provided)

Music vs. control mean (SD)

- ICU LOS (days): 1.5(0.7) vs. 1.4 (0.9), P
= Not significant (P value not provided)

- Depression scale: 3.0 (2.6) vs. 2.8 (3.0),
P = Not significant (P value not provided)
- Daily leaving activity scale: 3.7 (4.8) vs.
4.0(4.5)

- Cardiac Symptoms scale: 2.1(1.4) vs. 2.3

(1.8)

Early music vs. late music vs. control
mean (SD):

-HR: 94 (9) vs. 93 (7) vs. 93 (7), P =
0.860

- SBP (mmHg): 124 (16) vs. 123 (16) vs.
123 (15), P=0.583

- DBP (mmHg): 59 (11) vs. 58 (6) vs. 59
(8), P=0.943

- O2Sat (%): 98 (2) vs. 98 (3) vs. 99 (1), P
=0.442

- Dobutamine (mg): 0.7 (3) vs. 1.5 (4) vs.
0.4 (2),P=0.458

Music vs. control Effect size:

- ANP:

Remembrance post-op period: 0.48, P <
0.05

Pain operated area: -0.42, P <0.05
Xerostomia: -0.43, P < 0.05
Nausea/vomiting: -0.43, P < 0.05

Early vs late music Effect size:
- ANP:




Ames et al,
2017 [24]

Music vs. control mean (SD):

Total IV Morphine
equivalent (mg): 73.6 (29.5)
vs. 61.0 (51.0), P=0.471
Day 1 IV Morphine
equivalent (mg): 54.6 (26.8)
vs. 45.6 (29.7), P =0.451
Day 2 IV Morphine
equivalent (mg): 37.9 (37.2)
vs. 28.2 (31.7), P =0.639
Total Epidural Fentanyl
equivalent (mcg): 1532.3
(1036.2) vs. 1259.9 (1031.8),
P=0.577

Day 1 Epidural Fentanyl
equivalent (mcg): 1257.9
(766.3) vs. 803.5 (511.1), P =
0.119

Day 2 Epidural Fentanyl
equivalent (mcg): 352.8
(618.3) vs. 547.7 (691.7), P =
0.560
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Contentment with daily routine day of
surgery: 0.51, P <0.05

Malaise: 0.40, P <0.05

Pain operated area: 0.55, P <0.01

- BSKE

Malaise: 0.68, P <0.01

- No difference between groups in other
items from the ANP or BSKE (Data not
provided)

- AMT: No difference between groups
(Data not provided)

Pre/Post-intervention difference music vs.
control in mean (SE) at each intervention
- NRS:

1** Intervention -1.50(0.36) vs. -0.40(0.33)
2" Intervention 0.15(0.35) vs. -0.31(0.33)
3 Intervention -0.03(0.39) vs. 0.35(0.35)
4™ Intervention -0.18(0.43) vs. -0.80(0.37)
- Pain VAS

1*" Intervention -13.0(3.8) vs. -7.82(3.60)
2" Intervention 0.29(3.60) vs. -2.95(3.51)
3" Intervention 0.92(4.05) vs. 3.93(3.70)
4™ Intervention -1.89(4.53) vs. -8.83(4.05)
-ET-A

1*" Intervention -0.85(0.53) vs. 0.07(0.50)
2" Intervention -0.46(0.41) vs. -0.18(0.39)
3" Intervention -0.08(0.25) vs. -0.07(0.23)
4™ Intervention -0.69(0.53) vs. 0.46(0.47)
- ER-D

1** Intervention -1.35(0.54) vs. -0.12(0.51)
2" Intervention -0.71(0.25) vs.
0.004(0.23)

3 Intervention -0.30(0.28) vs. -0.28(0.25)



4™ Intervention -0.37(0.34) vs. -0.19(0.29)
(P values not provided)

AMT, Abbreviated Mental Test; ANP, Anesthesiological Questionnaire for patients after anesthesia; BSKE, Condition-scaling using classes and adjectives; DBP,
Diastolic blood pressure; ET-A, Emotional Thermometer Anxiety; ET-D, Emotional Thermometer Distress; HR, Heart rate; ICU LOS, Intensive care unit length of stay;

NRS, Numerical Rating Scale; O,Sat, Oxygen saturation; RR, Respiratory rate; SBP, Systolic blood pressure; VAS, Visual Analogue Scale; VAS-A, Visual Analogue
Scale for Anxiety.
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Chapter 6: Music Use for Sedation in Critically ill Children (MUSICC trial): a pilot
randomized controlled trial

6.1  Abstract
Objective: To demonstrate feasibility of a music trial in pediatric intensive care and to obtain the
necessary information to plan a larger trial.
Design: Pilot, double blind, three arm parallel randomized controlled trial (RCT).
Setting: Stollery Children’s Hospital tertiary care pediatric general intensive care and cardiac
intensive care units (PICU/PCICU).
Patients: All children 1 month to 16 years of age admitted to the PICU/PCICU on invasive
mechanical ventilation and receiving sedation and/or analgesia drugs.
Interventions: Enrolled patients were randomized in a 1:1:1 ratio to music, noise cancellation or
control. The music group received classical music three times a day for 30 minutes using noise
cancellation headphones. The noise cancellation group received the same intervention but with
no music. The control group received usual care. Children remained in the study until extubation
or a maximum of 7 days.
Measurements and Main results: The primary outcomes of the study were feasibility and
sedation/analgesia requirements. Secondary outcomes included change in vital signs before and
during the intervention, ICU delirium, and adverse effects related to the intervention. A total of
60 patients (20 per group) were included in the study between March 2018 and April 2019. The
average enrollment rate was 4.8 patients/month, with 69% of the approached patients giving
consent to participate. Protocol adherence was achieved with patients receiving > 80% of the
protocolized interventions. The main reasons for missing an intervention were: use of paralytic

agents, parental request, and unknown cause.
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Conclusions
This pilot RCT has demonstrated the feasibility of a music trial in critically ill children. The
study has also provided the necessary information to plan a larger trial to evaluate the efficacy of

music to reduce sedation/analgesia requirements in PICU.
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6.2  Introduction

Stress induced by pain and anxiety is common in pediatric intensive care unit (PICU)
patients and can impede the care to children as well as their recovery. [1] Children in PICUs
experience pain and anxiety for a wide variety of reasons. [2] In PICU sedation/analgesia are
important not only for comfort, but also for safety. Children with inadequate sedation/analgesia
are at risk for loss of vascular access, extubation, self-injury, and post-traumatic stress. [3]
Sedation/analgesia in PICU is usually achieved through various analgesics and sedatives.
However, excessive use of these drugs can put patients at risk for hemodynamic/respiratory
instability, prolonged ventilation, withdrawal, delirium, and critical illness polyneuromyopathy.
[3] [4] These negative consequences can lead to prolonged PICU stay and increase health care
costs. [2] [4] [5]
Non-pharmacologic measures for analgesia/anxiolysis are interventions that do not involve
drugs, and thus may reduce the total medication requirement and associated side effects. [5] The
use of non-pharmacologic interventions has been recommended by published international
sedation guidelines. [72] [7] However, none of these guidelines state how these interventions
should be provided. Non-pharmacologic measures in PICU, including music, have been
inadequately studied and the need for research around this topic been recently identified. [143]
[125] In our survey, 85% of the respondents stated that non-pharmacologic interventions in
PICU should be formally studied. A systematic review (SR) also conducted by our group has
shown limited evidence to support or refute the use of music to reduce sedation/analgesia
requirements in critically ill adults, and no evidence in pediatric and neonatal critically ill
patients. [8] The aim of the MUSICC pilot trial was to determine the feasibility of a pediatric

music trial, to study the effects of music on sedation/analgesia requirements and the incidence of
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delirium in children admitted to PICU. We hypothesized that an RCT of music in critically ill
children will be feasible. Further, we aimed to collect pediatric data on sedation/analgesia

requirements, which will be necessary to calculate the sample size for a future, larger, trial.

6.3 Materials and Methods

The MUSICC trial was an investigator-initiated, three arm parallel RCT examining the
use of music for sedation in PICU. A parallel three-group design including a music, a noise
cancellation and a control group was based on adult data showing that noise cancellation alone
can reduce sedation requirements as well as pediatric evidence that noise levels are associated
with sedation requirements. [23] [141] The study included all children admitted to the Stollery
Children’s Hospital PICU or PCICU, aged 1 month to 16 years, receiving invasive mechanical
ventilation for > 24 hours. Exclusion criteria included: known hearing deficit, infants < 1 month
old and/or < 3 kilograms, major cranial-facial abnormalities, traumatic brain injury, not receiving
sedation and/or analgesia drugs, receiving continuous infusion of paralytic agents, extracorporeal
Membrane Oxygenation (ECMO) with neck cannulation, expected to die in the next 48 hours,
and/or enrolled in another sedation intervention study. The study protocol and procedures are
shown in detail in Appendix VI.

At baseline the following variables were recorded: demographic variables (sex, weight,
age, diagnosis), unit of admission, operative status, pediatric risk of mortality score (PRISM) and
whether the patient was on sedation and/or analgesia drugs prior to ICU admission. [144] [145]
At the time of enrollment we also collected information on the following variables: Pediatric

Logistic Organ Dysfunction score (PELOD?2), inotrope score, need for invasive procedures, and
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presence of invasive lines and tubes. [146] Variables were recorded in an anonymized database

using REDCap, Research Electronic Data Capture. [51]

6.4  Randomization procedure and treatment allocation

Randomization was done by a computer-based program to ensure allocation concealment
and was performed by the Epidemiology Coordinating and Research Centre (EPICORE), a
clinical trials unit at the University of Alberta. A total of 60 patients were consecutively
randomly assigned in a 1:1:1 ratio to receive music, noise cancellation or control (Figure 1).

In order to blind the intervention, the research nurse provided a portable music player
(Apple iPod™ touch, California, US) with music or silent recording based on group allocation
and did not disclose this information to the healthcare team or the family. The iPods assigned to
the noise cancellation group had a sham playlist with a silent recording that displayed in the iPod
screen as if music was being played. Each 30 minutes playlist (music and sham) started with 1
minute of silent recording in an attempt to maintain blinding of the intervention. The volume in
the iPods was set at approximately 45 to 55 dB. Based on the nature of the intervention, it was
impossible to blind the use of headphones vs. control. However, collection of outcome data was
blinded to group allocation.

After randomization, patients were started on the assigned intervention (music/noise
cancellation/control) 24-48 hours after admission to the PICU. In the music and noise
cancellation groups, the intervention was delivered three times a day for 30 minutes at a time.
The bedside nurse determined the exact time of each intervention so that it didn’t interfere with
care, within the following time windows: 7am-12 pm (morning intervention), 12-4pm (afternoon

intervention), and 4pm-8pm (evening intervention). The control group received usual care.
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Music was delivered with the use of noise cancellation headphones (PURO® Sound Labs Kids
BT2200 and BT5200, California, US) and an iPod touch. Puro Sound Labs headphones have an
intrinsic volume restrictor of 85dB and 82% ambient noise cancellation. Music selection was
performed by our music therapist (KH) and consisted of short pieces of classical music with a
tempo of around 60 beats/minute with preference for major keys and avoiding dramatic
moments, unsettling chords, and minor keys, as they can be associated with sadness. We created
four different music playlists of 30 minutes each to add variation to the intervention. In the
noise cancellation group, the intervention was provided with the same headphones connected to
an iPod with a sham playlist with silent recording as described above. Children were assessed
with the Sedation Behavior Scale (SBS) before and during the intervention. [56] Signs of
agitation and/or an increase in the SBS by two points indicate failure of the intervention.
Patients were to remain on protocol as long as they were receiving invasive mechanical
ventilation or for a maximum of 7 days, whichever came first.

Other than the music/noise cancellation interventions, clinical care was not protocolized
and was according to usual management. Sedation/analgesia management was not directed by
the study protocol; it was up to the attending PICU physician. Assessment of the patients’
sedation status and withdrawal symptoms was conducted every 6 hours as part of the routine care

using the SBS and WAT-1 scores. [56] [57] [58]

6.5  Outcome measures
The primary outcomes of this trial were feasibility and sedation/analgesia requirements.
In order to determine feasibility, we collected information on: number of eligible patients,

number of patients enrolled, rate of enrollment, time to complete participation, protocol
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adherence and reasons for protocol deviation. Feasibility was defined as a protocol adherence of
80%, and consent rate of 70%, with an average enrolment rate of 5 patients per month. Protocol
adherence was defined as receiving the allocated intervention for 30 minutes 3 times/day during
the time patient remained in the study.

Information on sedation/analgesia requirements will allow the appropriate sample size
calculations for a larger trial. A survey conducted by our group found that reduction in sedation
requirements is a meaningful and clinically relevant outcome for a trial on non-pharmacologic
interventions in PICU. [143] Sedation/analgesia requirements was captured as a daily intensity
score and intermittent dose (PRN) frequency. [23] [147] The Sedation Intensity Score aggregates
the amount of sedation/analgesia from different drug classes using a weight-adjusted dose of
each sedative administered during 4 hour-time blocks. [23] [147] Every sedation amount, for
each drug is then placed in quartiles created by using the patients’ data during the time the
patients are involved in the study. The values are then summed over the six 4-hours blocks to
obtain the daily score. Sedation Frequency was captured by the daily administration of a PRN
dose of any of the sedative/analgesia drugs. [23] [147]

This study also explored the effects of music on ICU delirium. Delirium was assessed
twice a day (per usual care) with the Cornell Assessment of Pediatric Delirium (CAPD)
instrument. [55] Those patients with a score > 9 in two consecutive measurements were
considered to have PICU delirium. Vital signs including heart rate, systolic blood pressure,
diastolic blood pressure, respiratory rate and oxygen saturation were collected prior to the
intervention, at 15 minutes during the intervention, at the end of the intervention and 30 minutes
after the intervention. Other adverse events such as intolerance to the intervention and skin

and/or ear problems (e.g., pressure injuries) thought to be associated with the use of headphones
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were monitored. Duration of invasive mechanical ventilation, PICU stay and PICU mortality
were also recorded.

As part of our family centered care approach, we included parents’ perspective on the use
of music for sedation in critically ill children. Parents’ opinions on the intervention (music or
nose cancellation) were explored with a survey conducted prior to the patient’s discharge from
the ICU.

The study was approved by the University of Alberta Health Research Ethics Board
(Pro00073775). Informed consent was given in writing by the parents/legal guardians. The study

was registered at ClinicalTrials.gov (NCT03497559).

6.6 Statistical analysis

Assuming a protocol acceptance/completion of 80% we calculated a sample size of 60
patients was needed to estimate the rate within 10% of the true rate with 95% confidence. Also,
this number of participants per group followed the recommended rules for pilot trials’ sample
size when the standardized effect size is unknown but expected to be small. [59] Baseline
characteristics are presented by descriptive statistics, comparison of these characteristics among
groups was done using Kruskal-Wallis test for continuous variables and Fisher exact test for
categorical variables. Analysis was conducted by intention to treat. Linear regression and mixed-
effects models was used to analyze the primary effect of the music on sedation requirements and
treatment effect differences between groups. Mixed-effects models was implemented to
accommodate the correlation and inconstant variance between sedation requirements

measurements among various time points. Data was analyzed with R software version 3.6.1

87



(Foundation for Statistical Computing, Vienna, Austria). We considered significant at a p-value

of less or equal to 0.05.

6.7 Results

A total of 60 patients (20 per group) were included in the study between March 2018 and
April 2019. The average enrollment rate was 4.8 patients/month, with 69% of the approached
parents/guardians giving consent to participate. Demographic and baseline characteristics of
study participants are displayed in Table 1. The mean (SD) age of participant was 2.0 (3.4) years,
with a mean (SD) weight of 10.6 (11.1) kilograms. Recruitment was slightly higher in the
PCICU 37 (62%). Hence, 35 (58%) of the participants had a cardiac diagnosis and 36 (60%)
were admitted after a surgical intervention. Only 16 (26%) of the children were receiving
sedation/analgesia drugs prior to their PICU admission. The presence of central venous lines 54
(90%), arterial lines 52 (87%), mediastinal 24 (40%) and chest tubes 32 (53%) were common.
Mean (SD) PRISM III score on admission was 8.1 (6.0), while the PELOD 2 and inotrope scores
upon enrollment were 6.7 (2.5) and 7.0 (8.7) respectively. There were no statistically significant
differences among baseline characteristics between groups (Table 1). However, children in the

music group were a slightly younger and had higher PRISM scores on admission.

6.7.1 Feasibility

Protocol adherence was achieved with patients receiving a total of 358 interventions,
which represented 83% (95%CI: 79 — 86%) of the protocolized interventions. The main reasons
for missing an intervention were: use of paralytic agents n=28 (38%), parental request n=9 (12%)

and unknown cause n=12 (16%). Only 19 (4%) interventions lasted < 30 minutes, with the
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reasons for a shorter intervention being an increase of > 2 points in the SBS n=7 (33%),
hemodynamic instability n=5 (24%), need for an intervention unrelated to the study n=4 (20%),
receiving a paralytic agent n=1 (5%), nurse thought time was over n=1 (5%), and unknown n=1

(5%).

6.7.2 Sedation and analgesia requirements

The overall mean (SD) daily Sedation Intensity Score for the study population was 52.4
(30.3) with a mean (SD) Sedation frequency of 9.75 (7.21) PRN doses per day. There was no
significant difference in mean Sedation Intensity Score (SD) and Sedation frequency (SD)
between groups (Table 2). The control group had a mean Sedation Intensity Score (SD) 47.6
(26.0) vs. music group 53.7 (36.9) and noise cancellation group 55.6 (26.1), p-value = 0.561. The
Sedation frequency was also similar across groups with the control group receiving a mean (SD)
PRNs/day of 8.58 (6.11), vs. music group 9.75 (7.1) and noise cancellation group 10.9(8.14), p-
value = 0.511. A graphic display of the Sedation Intensity Score and Sedation frequency by
group can be found in Figure 2 and 3. Mean (SD) sedation, analgesia, withdrawal and delirium

score were also not different across groups for the length of the trial (Table 3).

6.7.3 Vital signs before, during and after the music and noise cancellation interventions
There was a statistically significant decrease in heart rate at the beginning of the music
intervention as well as at the beginning of the noise cancellation (Table 4). After noise
cancellation, the respiratory rate also decreased. However, these changes were very small and
probably clinically irrelevant. There were no significant differences in systolic, diastolic blood

pressure and arterial oxygen saturations before, during and after the interventions (Table 4). The

&9



changes in vital signs across different time points related to the interventions are graphically

display in Figure 4.

6.7.4 Parent survey

Parents of those patients allocated to an intervention (music/noise cancellation) were
given the option to receive the survey, either by email or in paper. Twenty-six (65%) of the
parents answered the survey, being the hard copy the most effective way to obtain their opinion
with 88% of the respondents choosing this modality. Eighteen (70%) of the respondent parents
thought the intervention was useful during their child’s ICU admission. Sixteen (62%) thought
the intervention reduced their child’s anxiety, while 9 (35%) thought it helped to reduce pain.
However, only 11 (42%) perceived that the intervention helped to reduce the need for sedatives
and analgesics. The majority of the parents, 23 (88%), thought the headphones were comfortable
while only 2 (8%) believed they were uncomfortable for their child. The majority, 19 (73%)
described their child’s reaction during the intervention as “more settled and asleep”’; however, 3
(11%) of the parents thought their child became more agitated during the intervention. A full

description of the questions and their answers can be found in Appendix VII)

Discussion

While music appears to be a promising intervention, there is presently no evidence that it
decreases use of pharmacologic therapies for sedation/analgesia in critically ill children. [8] A
pilot RCT was a necessary first step toward the conduct of a future definitive music trial in
critically ill children. Our MUSICC trial has demonstrated the feasibility of a music and a noise

cancellation intervention in the pediatric intensive care environment. The study was conducted
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with a consent rate of about 70%, and with an enrollment rate, as predicted, of almost 5
patients/month. Patients received > 80% of the protocolized interventions. Missed interventions
were mainly due to the intermittent use of paralytic agents around the times of interventions.
Only 9 (2%) of the interventions were not conducted based on parental request. These requests
were based on the concern of their children being too sick rather than the belief that the
intervention was harmful or causing distress. Of the received interventions, only 7 out of 358
(2%) were stopped due to patient agitation. The most common impression from those parents
who answered the survey after the study was that their children were more settled and asleep
during the interventions.

A pilot study was also needed to allow formal sample size calculation for a future larger
trial. This is the first study to use Chlan’s Sedation Intensity Score in the PICU environment.
[23] [147] The Sedation Intensity Score allows to aggregate all the different sedation/analgesia
drugs given to critically ill patients despite the inability to calculate equivalent doses for drugs of
different classes. In recent years, it has been recognized that over-sedation not only puts patients
at risk for hemodynamic/respiratory instability, but also for prolonged ventilation, withdrawal,
delirium, and the inalbility to mobilize critically ill patients leading to weakness and longer times
for recovery. [3] [148] In this context, a goal directed pain and sedation strategy establishing and
reassessing daily goals of sedation/analgesia has been implemented across ICUs and is known as
the “ICU liberation” strategy. [ 148] Hence, sedation and analgesia scores are utilized not only to
assess the patients’ level of pain and sedation, but also to establish goals as part of the daily care
plan. Because of this, pain and sedation scores cannot be the primary outcome of trials looking at
the effect of non-pharmacologic interventions as sedation/analgesia drugs are titrated to target a

specific score appropriate to the patient’s condition. A reduction on sedation/analgesia drugs
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requirements was identified in our previous survey as a meaningful clinical outcome that should
be used in clinical trials investigating new sedation/analgesia strategies including non-
pharmacologic interventions. [143] In this survey, a reduction of sedation/analgesia drugs
requirements of 20% was established as the minimal clinically important difference. [143]

Although music has been used for years in healthcare, the exact mechanisms by which it
can reduce pain/anxiety are not well understood. It is known that music can modify emotional
status by releasing anti-stress hormones and by activating the limbic system of the brain. [14]
According to the gate control theory of pain, distractions such as music can block certain neural
pathways and diminish the amount of perceived pain. [14] [140]

A SR on the use of music in mechanically ventilated adults found that music was
associated with lower levels of anxiety, lower sedation requirements, and better vital signs
suggesting relaxation. [22] A large RCT on patient-directed music demonstrated reductions in
anxiety and in sedation requirements in critically ill adults. [23]

In pediatrics, music has been shown to reduce procedural pain in a variety of clinical settings.
[15] Several studies have demonstrated that music is associated with lower pain scores and
anxiety in children going for surgery. [125] [17] [35] Although these studies proved that music
can be used in pediatrics, they had the objective of causing distraction in the context of a painful
procedure or surgical intervention and did not include critically ill children. The evidence for the
use of music in the pediatric critical care setting is very limited and doesn’t include studies
assessing the impact of music on sedation and analgesia requirements. [8] In newborns, music
has been shown to be effective in reducing pain and stress behaviours during procedures; and has
also been associated with more stable vital signs, better weight gain, shorter length of stay and

increased parental satisfaction in this population. [35] [29] [36] [37] [38] [45]
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To our knowledge, there has been only one RCT evaluating the effects of music on vital
signs and pain scores in critically ill children. [27] While results were positive, this trial only
used music once in the first 24 hours after cardiovascular surgery and did not assess sedation
requirements. Two recently published pilot trials used music interventions in PICU. [43] [44]
Rennick et al. used music at the end of a soothing (touch and reading) intervention. [43] Music
was well accepted by parents and thought to calm their children. However, details on the type
music and effects on sedation requirements were not reported. On the other hand, Liu et al
investigated the effect of music on sedation scores, vital signs and midazolam utilization. [44]
Although they found significant difference between groups, these were small and may not be
clinically relevant. Data on analgesia and other sedatives was not reported. However, these two
pilot studies add to the evidence that a music intervention in PICU is well accepted by parents
and the health care team.

Our trial differs from previous studies looking at the use of music in ICU in several
important aspects. Studies in critically ill children have most often been limited to premature
newborns who were not on mechanical ventilation nor on sedatives. [35] [29] [36] [37] [38] [45]
[27] Patients included in critically ill adult trials were relatively stable and the majority were in a
weaning phase from their mechanical ventilation. [23] [132] [133] [134] [135] [136] None of the
studies evaluated heavily sedated patients in the acute phase of their illness; the included patients
were on narcotics and sedatives for some time, with variability in the ICU length of stay at the
time of study entry. Ideally, if non-pharmacologic interventions aim to reduce the use
sedation/analgesia drugs and their side effects, they should be implemented early in the patient’s
admission. This approach has significant challenges since in PICU most patients will not be able

to select their own music or decide when they would like the intervention to take place.
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This pilot RCT has the following strengths. First, this is the first RCT exploring the use
of music for sedation in mechanically ventilated critically ill children in the acute phase of their
illness. Second, this pilot trial was built upon a previous survey, cohort study and SR that
provided the information necessary to determine the appropriate design and outcomes. [143]
[141] [8] Third, a sample size was pre-determined to be able to prove feasibility and to obtain
adequate data for sample size calculations in future larger trials. [59] Fourth, this is the first study
to use the Sedation Intensity Score in the PICU environment. [23] [147] Last, the protocol for
this pilot RCT was registered and published prior to study completion and data analysis.

This pilot RCT also has limitations. First, the goal of this pilot RCT was not to determine
a difference in sedation/analgesia requirements between groups nor a difference in other
secondary outcomes like vital signs and ICU delirium. Second, the frequency and length of the
music intervention was chosen based on limited available evidence on the use of music in
critically ill patients. [8] Third, the type of music was also selected with limited evidence that
classical music with a tempo of around 60 beats per minute and a preference for major keys can
provide sedation and is appropriate for all ages. [140] Whether other types of music or different
dosing of the music intervention could be more effective for critically ill children is unknown.
Fourth, music therapy is defined as the clinical and evidence-based use of music by a qualified
music therapist to obtain individualized goals for a certain patient or group of patients. [15]
Ideally, each intervention should be conducted by a music therapist who can adjust the
intervention based on the patient’s response. However, the conduct of a clinical trial with the
implementation of such an intervention in mechanically ventilated and critically ill children

would not be feasible.

Conclusion
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This pilot RCT has demonstrated the feasibility of a music clinical trial in critically ill
children. The study has also provided the necessary information to plan a larger trial to determine
the efficacy of music to reduce sedation/analgesia requirements in PICU. Whether music can be
used to decrease use of pharmacologic therapies for sedation and analgesia in critically ill

children remains to be determined.

Table 6.1 Baseline characteristics

Characteristic Control Music Noise
Cancellation
Age — Years® 2.02 (3.5) 1.16 (3.5) 2.02 (3.5)
Weight - Kilograms® 12.05(14.54)  7.22(14.54) 12.05(14.54)
Sex — Male” 9(45%) 13(65%) 9(45%)
PRISM Score” 6.65(4.94) 8.45(4.94) 6.65(4.94)
Inotrope Score on admission” 4.08(3.83) 10.2(3.83) 4.08(3.83)
PELOD Score on enrollment® 6.45(1.79) 7(1.79) 6.45(1.79)
Type of ICU
PCICU® 10(50%) 15(75%) 12(60%)
PICUP 10(50%) 5(25%) 8(40%)
Sedation prior to ICU - Yes 7(35%) 4(20%) 5(25%)
Post-operative - Yes® 13(65%) 12(60%) 11(55%)
Cardiac Diagnosis - Yes® 10(50%) 13(65%) 12(60%)
Diagnosis”
Cardiac arrest 1(5%) 0(0%) 0(0%)
Gastrointestinal 2(10%) 0(0%) 1(5%)
Post-operative 10(50%) 12(60%) 10(50%)
Respiratory 3(15%) 7(35%) 4(20%)
Shock 2(10%) 1(5%) 1(5%)
Trauma 1(5%) 0(0%) 1(5%)
Other 1(5%) 0(0%) 3(15%)
Arterial Line - Yes® 17(85%) 18(90%) 17(85%)
Central line - Yes® 18(90%) 18(90%) 18(90%)
Chest tube - Yes” 11(55%) 11(55%) 10(50%)
Mediastinal tube - Yes” 9(45%) 9(45%) 6(30%)
*Mean (SD)
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°n (%)

Table 6.2 Descriptive results for sedation variables

Variables Control Music Noise P-value
cancellation

Sedation Intensity Score/day* 47.6(26.0) 53.7(36.9)  55.6(26.1) 0.561

Sedation Frequency/day* 8.58(6.11)  9.75(7.10) 10.9(8.14) 0.511

*Mean (SD)

Table 6.3 Mean (SD) sedation, pain, withdrawal and delirium scores by group.

Variables Control Music Noise P-value
cancellation

SBS -0.76(0.87) -0.74(0.95) -0.53(0.96) 0.866

FLACC 1.30(1.36) 1.17(1.26) 1.62(1.72) 0.847

WAT 1.12(1.17) 1.85(1.54) 1.65(1.14) 0.064

CAPD 12.47(4.56) 13.09(5.54) 13.86(4.66) 0.420

SBS, State Behavioral Scale; FLACC, Face Legs Activity Cry Consolability scale; WAT, Withdrawal Assessment Tool;
CAPD, Cornell Assessment of Pediatric Delirium

Table 6.4 Mean (SD) vital signs before, during and after the intervention by group.

Prior to the 15 minutes The end of 30 minutes P-value
Variables . . of the the after the
intervention intervention intervention intervention
Music
HR/minute 122 (23.3) 119 (25.2)% 120 (24.7) 121 (25.6) 0.004
RR/minute 27.2 (7.7) 27.0 (7.65) 27.2(9.29) 27.9 (8.74) 0.631
SBP - mmHg 88.3(13.1) 88.6(12.91) 87.4(13.4) 87.8 (13.8) 0.438
DBP - mmHg 49.9 (9.62) 49.6 (9.41) 48.9 (9.75) 49.4 (9.69) 0.306
Oxygen saturation - % 92.9 (7.92) 92.7 (8.24) 91.7 (11.1) 92.8 (8.39) 0.378
Noise cancellation
HR/minute 126 (23.3) 124 (21.6)+ 124 (21.5) 125 (22.1) 0.021
RR/minute 27.2(6.58) 25.5(6.03)x 26.6(6.76) 27 (8.22) 0.001
SBP - mmHg 85.6 (13.7) 82.9(11.6) 83.9 (13.1) 84.6 (11.6) 0.112
DBP - mmHg 48.3 (9.72) 47.2 (8.12) 47.5 (9.04) 47.8 (9.64) 0.265
Oxygen saturation - % 93.6 (7.84) 93.7 (7.39) 93.8 (7.16) 93.7 (7.47) 0.481

HR, Heart Rate; RR, Respiratory Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure.
* P-value = 0.008 compare to the “Prior to the intervention value”
+P-value = 0.008 compare to the “Prior to the intervention value”
tP-value = 0.008 compare to the “Prior to the intervention value”

96



Table 6.5 Outcome variables by group

Variables Control Music Noise P-value
cancellation
Mechanical ventilation — Days* 7.3(5.49) 8.2(5.49) 7.3 (5.49) 0.723
ICU LOS - Days* 11.1(8.33) 16.0(8.33) 11.1(8.33) 0.145
Hospital LOS — Days* 39.6 (47.0) 59.2(47.0) 39.6(47.0) 0.585

Survival to hospital discharge n (%) -

Yes 18 (90%) 17 (94.5%) 19.0 (95%) 0.999

"Mean (SD)
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Screened
n= 1382

Eligible
n=108

Randomized
n==62

No staff availablen= 16
No parent availablen =2
No consentn = 28

Included
n==60

Met exclusion criteria
before mtervention n =2

Music
n=20

Noise Cancellation
n=20

Control
n=20

Figure 6.1 Flow chart
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Figure 6.2 Sedation Intensity Score scatterplots by group
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Chapter 7: Conclusion

This PhD thesis investigates the topic of sedation/analgesia in critically ill children.
Specifically, it explores the use non-pharmacologic interventions, in particular music, to provide
sedation/analgesia in the PICU environment. Hence, this thesis provides valuable information on
a sedation/analgesia strategy that has been recommended but poorly studied. [72] [7] [8] The use
of music and other non-pharmacologic interventions have the potential to reduce the use of
narcotics and sedatives in PICU and their well described adverse effects. [2] [3] [4] [5]
7.1 Summary of findings

The four studies presented in this thesis follow a research program aimed at gathering the
necessary information to conduct a large randomized controlled trial to investigate the
effectiveness of music for sedation/analgesia in critically ill children.

The first study shows that pain/sedation and withdrawal symptoms are routinely
assessed in Canadian PICUs. On the other hand, sedation guidelines and protocols to safely
minimize sedation, to prevent delirium and withdrawal symptoms, and to promote sleep are
lacking. Access to natural light is common, but protocols to reduce exposure to noise and light at
nighttime are lacking. Simple interventions like eye masks, earplugs, and other noise reduction
strategies are infrequently used. Non-pharmacologic comfort measures are commonly used in
PICUs despite the lack of evidence of efficacy or guidelines for their implementation. In this
context, a high proportion (75%) of our respondents are using music in their units. However, the
majority use music played at the head of the bed as chosen by parents/family with little
intervention or guidance from a music therapist. Whether this is an effective way to provide
music to critically ill children remains unknown. Through this survey, we found that Canadian

intensivists believe that non-pharmacologic interventions to promote comfort in pediatric critical
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care (e.g., music) should be further studied. They expressed interest in the formal study of non-
pharmacologic interventions in the PICU and that sedation/analgesia requirements would be a
meaningful and significant outcome for these studies.

The second study of this thesis explored sound levels in the pediatric critical care
environment and their association with sedation/analgesia requirements. The study showed that
sound levels were consistently higher than recommended values, not only during daytime but
also during night hours. Morning patient rounds were significantly associated with high LAeq
and LAmax levels and can be the target for an intervention to decrease sound levels in PICU.
More importantly, we found an association between sound levels and sedation requirements
suggesting that elevated sound levels likely represent noise (affecting patient comfort). These
findings suggest that sound levels are clinically relevant and we should create a less noisy
environment for critically ill children. Also, this information together with the available adult
data suggests that noise can be a significant confounder in a music trial involving the use of
headphones to deliver the intervention. [23]

The third study had the aim to systematically synthesize randomized controlled trial data
on the efficacy of music to provide sedation and analgesia, and reduce incidence of delirium, in
critically ill patients. This review found only six studies, all involving adult ICU patients,
reporting the effects of music on sedation and/or analgesia requirements, and only one of these
included delirium as an outcome. We did not find any neonatal or pediatric studies investigating
the use of music for sedation/analgesia in PICU. The included studies do not provide adequate
evidence on the efficacy of music to provide sedation and analgesia in ICU patients, nor on the
use of music to reduce the incidence of delirium. The quality of this evidence was low due to

inconsistency and imprecision. Only one study demonstrated that music was statistically
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associated with less sedation requirements. [23] Also, it is important to note that patients in the
included studies were relatively stable and the majority was in a weaning phase from their
mechanical ventilation. This has two important implications: none of the studies evaluated
heavily sedated patients in the acute phase of their illness; and the included patients would
already have been on narcotics and sedatives for some time, with variability in the ICU length of
stay at the time of study entry. Overall, our SR of the efficacy of music in critically ill patients
revealed limited evidence in adult critical care to support or refute the use of music to reduce
sedation and analgesia requirements, or to reduce delirium. We found no evidence on the effects
of music on sedation, analgesia and/or delirium in pediatric and neonatal critically ill patients.
This information confirmed that further research is needed to determine the role of music in the
ICU setting, especially in pediatrics, which lead to our fourth project.

The fourth study of this thesis consisted of a parallel three-group double blind
randomized controlled trial consisting of a music, a noise cancellation and a control group: the
MUSICC trial. A pilot RCT is a necessary first step toward the conduct of a future definitive
music trial in critically ill children. Our MUSICC trial has demonstrated the feasibility of a music
and a noise cancellation intervention in the pediatric intensive care environment. The study
showed adequate consent rate, rate of enrollment, and protocol adherence. Missed interventions
were mainly due to the intermittent use of paralytic agents around the times of interventions. The
most common impression from the parents was that their children were often more settled and
asleep during the interventions. We did not find any adverse events related to the music
intervention. The MUSICC pilot trial was the first study to use Chlan’s Sedation Intensity Score
in the PICU environment, and provided the needed data to allow formal sample size calculation

for a future larger trial. [23] [147]
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7.2 Implications for clinical practice

Stress secondary to pain and anxiety is common in critically ill children. Inadequate
treatment of pain and anxiety can lead to loss of vascular access, unplanned extubation, self-
injury, post-traumatic stress and impaired neurodevelopment. [3] Treating pain and agitation in
critically ill children is challenging as the most commonly used drugs (narcotics and
benzodiazepines) can have significant side effects. [2] [61] [5] Based on current
recommendations suggesting the use of non-pharmacologic interventions to reduce the use of
sedative/analgesia drugs, I developed my thesis in order to provide useful information on
sedation and analgesia in PICU, and to establish whether music can be used to mitigate the use of
excessive sedation in this fragile population. In my thesis, I have gained important knowledge
that I believe is important for clinical practice.
a) There is significant variability in sedation/analgesia practices in PICU

Strategies to sedate and provide pain relief for critically ill children have significant
variability among Canadian pediatric intensivists. This highlights the lack of high quality
evidence available to guide the best approach for sedation and analgesia management in PICU.
Due to this gap, and despite the theoretical benefit in reducing drug requirements,
sedation/analgesia protocols are not commonly used. The use of Dexmedetomidine in PICU is
increasing. This drug has the benefit of maintaining the respiratory drive and may be associated
with shorter times on mechanical ventilation and lower incidence of ICU delirium. [149] [150]

Despite the suggested association between benzodiazepine use and ICU delirium and the
potential negative effects benzodiazepines may have in the neurodevelopmental outcomes of
critically ill children exposed at a young age, these sedatives are still commonly used in PICU.

[7]1[72] [121]The use of other sedatives and other strategies, including, non-pharmacologic
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interventions, may help to reduce the use of benzodiazepines and their side effects in this
population.
b) Non-pharmacologic interventions are being used but are not yet standardized

Non-pharmacologic interventions are being used in Canadian PICUs but their
implementation is not protocolized and vary considerably from unit to unit. A systematic
approach to using non-pharmacologic interventions that includes measures that normally provide
comfort to children together with a quiet and calm environment may help to reduce over-sedation
in critically ill children.
¢) Sound levels in PICU are too high and are associated with increased sedation
requirements

The prospective study of sound levels in PCICU presented in this thesis demonstrates that
PICUs are busy environments with noise levels above recommendations and with little day/night
variation. High sound levels are associated with poor sleep in PICU. [109] The study presented
in chapter 4 of this thesis shows that high noise levels are also associated with increased
sedation/analgesia requirements, and could be the target of interventions to reduce the use of
these drugs in critically ill children.
d) There is not enough evidence to support or refute the use of music to reduce sedation
and analgesia requirements, or to reduce delirium

Although music appears to be a promising intervention, our systematic review
demonstrates there is presently not enough evidence that it decreases use of pharmacologic
therapies for sedation/analgesia in critically ill children.

e) Music interventions are well tolerated by critically ill children
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Our pilot RCT and a few other, similar, studies demonstrate that music is safe and well
tolerated by children. Also, parents indicate that music is useful and their children are more
settled and comfortable while music is being played. Although music is not yet ready to be
formally implemented as a recommended strategy to reduce sedation/analgesia requirements in

critically ill children, this intervention looks promising.

7.3 Implications for research
a) Research on non-pharmacologic interventions is welcomed by pediatric intensivists

The survey presented in this thesis shows that Canadian intensivists are interested in the
formal investigation of non-pharmacologic interventions in PICU. Despite being used in many
Canadian PICUs, intensivists recognize that this is a field that has not been formally studied and
in which further research is needed to demonstrate which interventions are useful to provide
comfort in critically ill children, and what is the best way to apply these interventions.
b) Sedation/analgesia requirements are a meaningful clinical outcome when studying non-
pharmacologic interventions in PICU

Our survey has shown that pediatric intensivists believe that, in an era in which sedation
and analgesia scores have become target goals as part of the daily health care plan for critically
ill patients, sedation/analgesia requirements are a meaningful outcome for future research in this
field. Non-pharmacologic interventions may provide comfort and analgesia while reducing the
overall need for sedatives and narcotics and their side effects.
¢) The MCID in reduction of sedation/analgesia requirements is 20%

The survey presented in this thesis established the MCID for sedation/analgesia in critical

care in the event that a new safe and effective pharmacologic or non-pharmacologic intervention
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was available. Canadian intensivists believe that a 20% reduction in sedation/analgesia
requirements would be a meaningful reduction that would prompt them to implement the new
intervention.
d) Noise is a significant confounder

The study on sound levels presented in this thesis suggests that noise is a potential
confounder in studies using headphones (with some degree of noise cancellation) to explore the
effect of music on sedation/analgesia in critically ill patients. Noise is not only associated with
sedation/analgesia requirements but its reduction can also help to minimize the use of narcotics
and sedatives. [23] Future studies using headphones to provide music in ICU should seriously
consider a three-arm design that includes music-noise cancellation-control in order to distinguish
the effects of music from those purely related to a quieter environment.
e) A music intervention in PICU is feasible

The final project of this thesis demonstrated that a study on music for sedation/analgesia
in pediatric critical care is feasible. The novel approach of our pilot RCT included sedated and
mechanically ventilated children in the acute phase of their illness. The study was well tolerated
by children and was well accepted by parents. In this study, we did not identify any significant

side effects or concerns regarding the use of a music intervention.

f) There is need for further research on music

The content of this thesis brings new information about the use of music in pediatric
critical care but there are still many questions that need to be answered before it can be
implemented as usual practice. First, the efficacy of music to provide comfort and reduce

sedation/analgesia requirements in critically ill children still needs to be demonstrated. Second,
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while our pilot study has proved the feasibility of the intervention, it was not powered to show a
significant difference in sedation/analgesia requirements between groups. Importantly, the
MUSICC pilot trial is the first pediatric study to use the SIS and has collected valuable
information that will allow a sample size calculation for future larger trials on music or other
interventions aimed at reducing the use of sedation/analgesia drugs in PICU. Third, the optimal
type of music and its dosing needs to be determined. The frequency and length of our music
intervention was chosen based on limited available evidence on the use of music in critically ill
patients. [8] Also, the type of music was selected with limited evidence that classical music can
provide sedation and is appropriate for all ages. [140] Whether other types of music or different
dosing of the music intervention could be more effective for critically ill children is unknown.
Our MUSICC trial intervention was administered in a fixed duration and frequency of 30
minutes, three times/day, which may fall short of demonstrating an effect in reducing daily
sedation/analgesia requirements in critically ill patients who are receiving sedation 24 hours/day.
A more flexible and pragmatic approach that allows the bedside nurse to titrate the intervention
to effect may be more appropriate. Lastly, the effect of a music intervention for agitation (similar
to a sedative PRN) is currently unknown and could be beneficial.

The MUSICC trial forms the basis for future investigations on music interventions for
comfort in the pediatric critical care environment and has provided information for an adequate
sample size calculation. A future trial with the aim to demonstrate a significant difference of at
least a 20% reduction in sedation/analgesia requirements with an alpha of 0.05 and a power of
80% will require 170 subjects per group. However, a more conservative estimate of sample size
is based on an alpha of 0.005. Assuming the pre-study odds of music being effective 9:1, an

alpha of 0.005 will reduce the false positive rate to 5%. [151] This approach yields a sample size
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of 292 subjects per group. To obtain such a sample size will require a multicenter RCT design.
The conduct of a multicenter pilot RCT is a reasonable next step to establish its feasibility across
different institutions.
7.4 Next steps

In summary, based on the information provided in this thesis I believe the necessary next
steps to advance the knowledge on music as an intervention to provide comfort and reduce
sedation/analgesia requirements in critically ill children are:

e To investigate the optimal “dose”, including duration and frequency, of music in critical
care. A pragmatic approach could involve a fixed number of interventions plus extra
music interventions as PRNs,

e To establish which type of music is more effective in the critical care setting. This may
require RCTs comparing different types of music,

e To explore the underlying mechanisms by which music may produce sedation and
analgesia in this population,

e To demonstrate the feasibility of a music intervention in critically ill children across
nstitutions,

e To determine the efficacy of music to reduce sedation/analgesia requirements in critically
ill children, and

e To investigate the effect of music on PICU delirium.
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Appendix I: Conceptual framework
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Appendix II

Survey of Sedation and Analgesia Practice among Canadian Pediatric Critical Care
Physicians

Demographics and PICU characteristics:
1. What type of pediatric intensive care unit (PICU) do you work in?
[]  General PICU only
Cardiac PICU only

Mixed unit (both cardiac and general patients)

O O

I work in both a separate general and cardiac ICU.

2. Which job title best fits your current position?
[] Staff Intensivist
[] Subspecialty pediatric critical care resident or fellow

[] Clinical Assistant

3. How many years of experience do you have working in a PICU (including your years of

PICU training)?
[] <I1year
[] 1-5 years
[]  6-10years
[] > 10 years

135



. What is the number of operational (staffed) beds in your PICU?
[] <10 beds
[] 11-20 beds

[] > 20 beds

. On a typical day what is the proportion of intubated mechanically ventilated patients in

your PICU?
[] <25%
[l 25-50%
1 51-75%
[] > 75%

. Do you have a Pediatric Critical Care Subspecialty Training Program in your PICU?

[] Yes

[] No

. Which kind of rooms do patients have in your PICU?
[] Single rooms

[] Shared rooms

[] A combination of shared and single rooms

. What is the proportion of beds in your PICU with a window that has access to natural
light?

%
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[

No windows

9. In an average week in your PICU, how often do you have a pharmacist present during

patient rounds?

[]
[]

O O

Never

1-2 days/week
3-5 days/week
6-7 days/week

Unknown

10. In your PICU, which of the following SEDATION and/or PAIN scores are commonly

used for daily assessment of your patients? (Indicate ALL that are applicable):

[]
[]
[]

[]
[]

[

Don’t use scores
Bieri Faces Scale
COMFORT Sedation
agitation score
COMFORT B

Face, legs, activity, cry,

consolability scale (FLACC)

Numeric Rating Scale (NRS)
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[]
[]
[]

1 O

Oucher Scale

Ramsay score

Richmond Agitation and Sedation
Scale (RAAS)

Visual Analog Scale (VAS)

Other (please

Unknown



11. In your PICU, which of the following DELIRIUM scores are commonly used for daily

12.

assessment of your patients? (Indicate ALL that are applicable):

O 0O odd b

Don’t use scores
Cornell Assessment of Pediatric Delirium (CAP-D)
Pediatric Anesthesia Emergence Delirium scale (PAED)

Pediatric Confusion Assessment Method for the Intensive care unit (p-CAM)

Unknown

In your PICU, which of the following withdrawal scores is commonly used for daily

assessment of your patients (Indicate ALL that are applicable):

I 0 O A

Don’t use scores

Clinical suspicion

Neonatal Abstinence Scoring System (Finnegan Tool)
Neonatal Drug Withdrawal Scoring System (Lisitz Tool)
Opioid and Benzodiazepine Withdrawal Score (OBWS)
Sophia Observation Withdrawal Symptoms-scale (SOS)

Withdrawal Assessment Tool-1 (WAT-1)

Unknown

13. In your PICU, do you have formal sedation/analgesia protocols that are routinely use?

[] Yes [] No []  Unknown
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If yes, are these protocols led by
[ ] Physicians []  Nurses [] Pharmacist

[ ] Other

14. In your PICU, do you routinely practice daily interruption of continuous

sedation/analgesia?

[] Yes [] No []  Unknown

15. In your PICU, do you have a protocol to reduce light exposure and promote day/night
cycles?
[] Yes [] No []  Unknown
If yes, which of the following measures are used (Indicate ALL that are applicable)?
[] Dimming lights at nighttime and during sleep

Mask/eye covers

OO O
o

Unknown

16. In your PICU, which of the following methods is used to reduce noise exposure (Indicate
ALL that are applicable)?
[] Don’t use any methods for noise reduction

Headphones

Earplugs

Noise detectors with visual alarm

OO O O
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[] Unknown

17. In your PICU, which of the following comfort measures are commonly used in intubated

patients (Indicate ALL that are applicable):

[] Don’t use comfort measures [] Sucrose solutions

[] Holding by nurse/caregiver (For example: Tootsweet)
[]  Music [] Swaddling

[]  Noise reduction []  TV/Video

[] Reading [] Other (please
specify)i.cooiiiiiinn..n.

[] Rocking [ ]  Unknown

[] Soother/Pacifier

If music is commonly used in your PICU, how is the music usually provided to your
intubated patients (Indicate ALL that are applicable):

[] Live music played by a music therapist

[] Recorded music played near the bed

[] Recorded music played using headsets

[] Other (please specify):..................

The type of music is usually selected by [Indicate ALL that are applicable]:

[[]  Music therapist

Nurses

Parents/family members

O O

Physicians
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[] Other (please specify):..................
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Analgesia
18. For intubated and mechanically ventilated patients requiring continuous infusion of
analgesic agents, in what proportion of patients do you use the following drugs as
continuous infusion?

0-5% 6t025% 26t050% S1to75% 76 to 100%

Dexmedetomidine [] [] L] ] []
Fentanyl [] [] L] [] []
Hydromorphone [] [] [] ] []
Ketamine 0 u ] ] (]
Morphine

[]
[
[]
[]
[]

Remifentanil ] ] ] [] ]

Other:.....oovvvvvvnnn.. ] o [ ] []

Other:..ooovvviniin. ] o [ ] []

Other:...........c.eee. ] o ] ] ]
[] Unknown

19. For intubated and mechanically ventilated patients requiring continuous infusions of
analgesia drug(s), in what proportion of patients do you intermittently (PRNs) use the

following adjunct drugs?
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0-5% 6 to 25% 26t050% S1to75% 76 to 100%

Acetaminophen
Codeine [] [] [ L] -
Ibuprofen
Ketamine
Ketorolac ] u ] [] []
Other:.........coceennie. ] ] [] ] ]
Other:...................
u [ O O -
Other:................... ] ] [ ] ]
[] Unknown
Sedation

20. For intubated mechanically ventilated patients requiring continuous infusion of
sedative agents, in what proportion of patients do you use the following drugs as

continuous infusion?

0-5% 6 to 25% 26 to 50% 51to75% 76 to 100%

Dexmedetomidine

Fentanyl [] ] [] [] ]
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Hydromorphone
Ketamine
Lorazepam
Morphine
Midazolam

Propofol

Remifentanil

[] Unknown

I I I O

[

O O d oo

[

I I B N

[

I I B N

[

O O ddogd

[

21. For intubated mechanically ventilated patients requiring continuous infusion of sedation

drug(s), in what proportion of patients do you use the following adjunct drugs?

Chloral Hydrate

0-5%

6 to 25%
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51 to 75%

76 to 100%



Clonidine O] ] L] = -

Diphenhydramine

Haloperidol

Olanzapine ] [ ] [] L]

Phenobarbital o ] ] [] L]

Risperidone ] ] [ ] L]

Other:.................... ] ] u ] L]

Other:................... ] ] [ ] L]
[] Unknown

22. Imagine that a randomized controlled trial (RCT) shows that a new sedation/analgesia
intervention (pharmacological or non-pharmacological) can effectively and safely reduce
the cumulative dose of continuous sedation/analgesia drugs required in mechanically
ventilated patients in PICU without the adverse side effects of other drugs (e.g.,
withdrawal, prolonged ventilation). What is the minimal percentage in drug use reduction
(minimal clinically important difference, MCID) that would lead you to change your
practice?

%
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23. Do you think that non-pharmacological adjunct therapies to promote comfort in pediatric
critical care (e.g., music therapy) should be studied in a randomized controlled trial
(RCT)?

[]  Yes [] No []  Unknown

We now present you with scenarios of a patient you are treating in the PICU.

24. You have admitted to your PICU a 6 month old boy with the diagnosis of bronchiolitis.
He is intubated, mechanically ventilated, has a central venous line and an arterial line,
and a right side chest tube to drain a pneumothorax. He is hemodynamically stable, and
ventilator settings are PIP 27 cmH,0O, PEEP 7 cmH»O, RR 25 per minute and FiO, 50%.
Would you start a continuous infusion of drug/s to provide sedation and/or analgesia
during his first day of admission?

[] Yes [] No, I would only use intermittent doses.

Assume you decide to start a continuous infusion. Which drug would you choose as your
1* choice to provide sedation/analgesia as a continuous infusion?

a. (Drop down menu with options)
If the patient requires more sedation/analgesia, which drug would you add as a
continuous infusion?

b. (Drop down menu with options including other)
If the patient still requires more sedation/analgesia, which drug would you add as a

continuous infusion?
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c. (Drop down menu with options including other)

Which of the following adjunct therapies would you add to provide comfort to this

patient in your usual practice (check all that apply)?

[] Holding by nurse/caregiver [] Sucrose solution

[] Music (For example: Tootsweet)
[]  Noise reduction []  Swaddling

[] Reading [] TV/Video

[]  Rocking [] Otheri...oevvnnnn.o,

[] Soother/Pacifier [[] None of the above

25. You have admitted to your PICU a 10 year old girl with a diagnosis of septic shock. She

is intubated and mechanically ventilated, and has a central venous line and arterial line.
She is on epinephrine 0.1 mecg/kg/min and norepinephrine 0.1 mecg/kg/min infusions, and
her blood pressure is labile. Would you start a continuous infusion of drug(s) to provide
sedation and/or analgesia during her first day of admission?

[] Yes [] No, I would only use intermittent doses.

Assume you decide to start a continuous infusion. Which drug would you choose as your
1* choice to provide sedation/analgesia as a continuous infusion?

a. (Drop down menu with options)
If the patient requires more sedation/analgesia, which drug would you add as a

continuous infusion?
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b. (Drop down menu with options including other)
If the patient still requires more sedation/analgesia, which drug would you add as a
continuous infusion?
c. (Drop down menu with options including other)
e Which of the following adjunct therapies would you add to provide comfort to this

patient in your usual practice (check all that apply)?

[] Holding by nurse/caregiver [] Sucrose solution

[] Music (For example: Tootsweet)
[]  Noise reduction []  Swaddling

[] Reading [] TV/Video

[]  Rocking [] Otheri...oevvnnnn..,

[] Soother/Pacifier [[] None of the above

26. You have admitted to your Cardiovascular PICU a 4 day old girl after an arterial switch
repair for transposition of the great arteries. She is intubated and mechanically ventilated,
has a central venous and arterial line, and a mediastinal chest tube. She is on milrinone
0.5mcg/kg/minute and epinephrine 0.05 mcg/kg/minute as infusions, and with this is
hemodynamically stable. Would you start a continuous infusion of drug/s to provide
sedation and/or analgesia during her first day of admission?

[] Yes [] No, I would only use intermittent doses.

Assuming you decide to start a continuous infusion. Which drug would you choose as

t . . . . .
your 1% choice to provide sedation/analgesia as a continuous?

148



a. (Drop down menu with options)
If the patient requires more sedation/analgesia, which drug would you add as a
continuous infusion?
b. (Drop down menu with options including other)
If the patient still requires more sedation/analgesia, which drug would you add as a
continuous infusion?
c. (Drop down menu with options including other)
e Which of the following adjunct therapies would you add to provide comfort to this

patient in your usual practice (check all that apply)?

[] Holding by nurse/caregiver [] Sucrose solution

[] Music (For example: Tootsweet)
[]  Noise reduction []  Swaddling

[] Reading [] TV/Video

[]  Rocking [] Otheri...oevvnnnn..,

[] Soother/Pacifier [[] None of the above

27. You have admitted to your Cardiovascular PICU a 7 year old boy with the diagnosis of
cardiomyopathy. He is intubated and mechanically ventilated, and has a central venous
line and arterial line. He is on milrinone 0.5mcg/kg/min and epinephrine at 0.1
mcg/kg/min as infusions. His ejection fraction (EF) is less than 10%. Would you start a
continuous infusion of drug(s) to provide sedation and/or analgesia during his first day of

admission?
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[] Yes [] No, I would only use intermittent doses.

Assume you decide to start a continuous infusion. Which drug would you choose as your
1* choice to provide sedation/analgesia as a continuous infusion?

a. (Drop down menu with options)
If the patient requires more sedation/analgesia, which drug would you add as a
continuous infusion?

b. (Drop down menu with options including other)
If the patient still requires more sedation/analgesia, which drug would you add as a
continuous infusion?

c. (Drop down menu with options including other)

e Which of the following adjunct therapies would you add to provide comfort to this

patient in your usual practice (check all that apply)?

[] Holding by nurse/caregiver [] Sucrose solution

[] Music (For example: Tootsweet)
[]  Noise reduction []  Swaddling

[] Reading [] TV/Video

[]  Rocking [] Otheri...oevvnnnn..,

[] Soother/Pacifier [[] None of the above

Thank you for taking the time to complete this survey.
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Appendix III: Search Strategy

Medline search strategy (search date: 2018 April 26)
1. exp Music/

2. exp Music Therapy/

3. exp Audioanalgesia/

4. Lullab$.mp.

5. song$.ti,ab.

6. (melodic$ or melody or melodies).ti,ab,kw.
7. music$.ti,ab,kw.

8. Medical resonance therapy music$.mp.
9. Headphones.ti,ab,kw.

10. Singing/

11. pink noise.ti,ab,kw.

12. white noise.ti,ab,kw.

13. Critical Illness/

14. exp Critical Care/

15. exp Intensive Care Units/

16. critically ill.ti,ab,kw.

17. critical care.ti,ab,kw.

18. intensive care.ti,ab,kw.

19. Intensive Care, Neonatal/

20. Intensive Care Units, Pediatric/

21. neonatal intensive care.ti,ab,kw.
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22. pediatric intensive care.ti,ab,kw.

23. or/1-12

24. or/13-22

25.23 and 24

26. limit 25 to humans
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Appendix IV: Relevance Assessment Form

Relevance Assessment for Inclusion

Efficacy of music on sedation/analgesia and delirium in critically ill patients

Reviewer: Paper Reference # Date | | | | | |

DDMMYY
Instructions: Please complete the form on each study. If you reach a “NO” response, exclude the
study.

A. Criteria Yes No Unclear
1. Study Design
a. Randomized Controlled Trial [ ] [ ] [ 1]
2. Population
a. Critically ill patients [ ] [ ] [ ]
3. Intervention

a. Did at least one patient group receive/use
music? [ ] [ ] [ ]

b. Did all the patients in the
intervention group receive/use a
co-intervention? [ ] [ ] [ ]

Potential study interventions

Live Music
Recorded music

B. Decision of Reviewer
Include [ ] Exclude [ ] Unsure [ ]
C. Final Decision

Include [ ] Exclude [ ] Unsure [ ]
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Appendix V: Data Collection Form

DATA EXTRACTION FORM: Efficacy of music on sedation, analgesia and delirium in
critically ill patients. A systematic review of randomized controlled trials.

First author Journal/Protocol, etc Year

Additional Reference to single trial

Choose 1 publication as the main reference (the one with the earliest publication date) and the
rest will be additional references to the main one and should be listed below. All references to a
trial should be linked under one Study ID in RevMan.

Code each Author(s) Journal/Conference Year
publication Proceeding/Protocol, etc

A

B

C

Trial and participant characteristics
(when necessary indicate “not reported” or not applicable”, please do not leave blanks)

Trial characteristics
Details

Country/Countries

Multicenter
Trial registry ID
Trial registration
document/protocol available? (If yes , append to study)
Intervention arms studies
Number of participants
randomized to music arm
Number of participants
randomized control arm
Number of participants
randomized third arm

( )

Number of participants
randomized to a co-
intervention arm
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Control group

[ ] Standard ofcare [ ] Quite time
[ ]Transitions | Headphones with no music
[ ] Other

Type of music (check all that | [ ] Classic
apply) [ ] Lullaby
[ ] Instrumental
[ ] Natural sounds
[ ] Other:
Did the music included [ Tyes [ ]no
human voice?
Other details on the music
played
How was the music played [ ] Live
(check all that apply) [ ] Recorded played in the room
[ 1 Recorded played with headphones
[ ] Other:
Who selected the music? [ 1 Music Therapist
(check all that apply) [ ] Family member
[ ] Nurse
[ ] Patient
[ ] Patient from a list
[ ] Physician
[ ]Child Life specialist
[ ] Other:
Duration of each intervention
(minutes)
How many times per day?
Wash out time between
interventions? (for cross-over
designs)
How many days?
Night time [ Jyes [ ]Ino[ ]notreported
Day time [ Jyes [ ]Ino[ ]notreported

Was the intervention before
or around a procedure?

[ ] No [ ] Yes, which?

Number of drop-outs and
reasons in intervention arm

Number of drop-outs and
reasons in control arm
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Analysis type

[ TITT [ ]Perprotocol [ ] Other

Study Funding [ ]Industry [ ]Government [ ] Other
Participant characteristics
Details
Age (years) Mean (SD): days

Range:

Age group (Neonate: < 30
days of age, Children: 31
days -17 years of age, Adults
>18 years of age) (check all
that apply)

[ ]Neonates [ ]Children [ ] Adults

Preterm infants: weight 800 to 2430 Gram, GA 29-36
weeks. APGAR range: 5-10

Sex of participants Male:
N(%)
Female:
Type of ICU [ INICU [ ]PICU [ ]PCICU

[ JAdult ICU [ ]Adult CICU [ ] Other
[ ] Premature

Mechanically ventilated Yes
N (%)

Sedated N (%)

[ Ino [ ]Jyes.Ifyes,[ ]only PRNsor[ ]
continuous

Days in ICU between
admission and enrollment.
Mean (SD) or Median (IQR)
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Appendix VI: Music Use for Sedation in Critically ill Children (MUSICC trial): study

protocol for a pilot randomized controlled trial

Abstract

Background

Stress induced by pain and anxiety is common in pediatric intensive care unit (PICU) patients.
Sedation/analgesia in PICU is usually achieved through various analgesics and sedatives.
Excessive use of these drugs can put patients at risk for hemodynamic/respiratory instability,
prolonged ventilation, withdrawal, delirium, and critical illness polyneuromyopathy.

The use of non-pharmacologic interventions has been recommended by sedation guidelines.
However, non-pharmacologic measures in PICU, including music and noise reduction, have been
inadequately studied.

Methods

The Music Use for Sedation in Critically ill Children (MUSICC trial) pilot study is an
investigator-initiated, three arm, randomized controlled trial (RCT) on the use of music for
sedation in PICU. The main goal of the study is to demonstrate feasibility of a music trial in
PICU and to obtain the necessary information to plan a larger trial. The study compares music
versus noise cancellation versus control in sedated and mechanically ventilated children admitted
to PICU. In the music group, children receive the music (modified classical music) three times a
day for 30 minutes at a time. Music is delivered with noise cancellation headphones. The noise
cancellation group receives the same intervention but with a no music (sham playlist). The
control group receives usual care with no specific intervention. Children remain in the study until

extubation or a maximum of 7 days. The primary outcomes of the study are feasibility and
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sedation/analgesia requirements. Secondary outcomes include change in vital signs before and
during the intervention, ICU delirium and adverse effects related to the intervention. The
estimated sample size is 20 subjects per group for a total 60 children.

Discussion

Despite being recommended by current guidelines, evidence to support the use of music in PICU
is lacking. Music has the potential to reduce sedation requirements and their negative side
effects. This pilot RCT will demonstrate feasibility and provide the necessary information to plan
a larger trial focusing on the effectiveness of the intervention.

Trial Registration

The study was registered at ClinicalTrials.gov (NCT03497559) on April 13", 2018,

Key words: sedation, analgesia, intensive care, pediatric, music.
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Background

Stress induced by pain and anxiety is common in pediatric intensive care unit (PICU)
patients and can impede the care to children as well as their recovery. [1] Children in PICUs
experience pain and anxiety for a wide variety of reasons. [2] In PICU sedation/analgesia are not
important just for comfort, but also for safety. Children with inadequate sedation/analgesia are at
risk for loss of vascular access, extubation, self-injury, post-traumatic stress, etc.
Sedation/analgesia in PICU is usually achieved through various analgesics and sedatives.
However, excessive use of these drugs can put patients at risk for hemodynamic/respiratory
instability, prolonged ventilation, withdrawal, delirium, and critical illness polyneuromyopathy.
These negative consequences can lead to prolonged PICU stay and increase health care costs. [2]
[3114] [5]

Non-pharmacologic measures for analgesia/anxiolysis are interventions that do not
involve drugs, and thus may reduce the total medication requirement and their side effects.” The
use of non-pharmacologic interventions has been recommended by published international
sedation guidelines. [72] [7] However, none of these guidelines state how these interventions
should be provided. A survey conducted by our group showed that Canadian PICUs do not use
them routinely. [143] Non-pharmacologic measures in PICU, including music and noise
reduction, have been inadequately studied. [9] Even more, the need for research around non-
pharmacologic interventions in PICU has been recently identified. [143] In our survey, 85% of
the respondents stated that non-pharmacologic interventions in PICU should be formally studied.
Music and medicine, mechanism of action

Although music has been used for years in healthcare, the exact mechanisms by which it

can reduce pain/anxiety are not well understood. It is known that music can modify emotional
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state by releasing anti-stress hormones and by activating the limbic system of the brain. [14]
According to the gate control theory of pain, distracters such as music can block certain neural
pathways and diminish the amount of perceived pain. [14] [15] [137] [17] [23]
Music in Adult Intensive Care Units

A systematic review on the use of music in mechanically ventilated adults found that
music was associated with lower levels of anxiety, lower sedation requirements, and improved
vital signs suggesting relaxation. [22] A randomized controlled trial (RCT) on patient-directed
music demonstrated that music was associated with a reduction in anxiety, and in sedation
requirements in critically ill adults. [23] A recent study showed that music can also improve
sleep in adult ICU patients. [26]
Music in the Pediatric setting

A systematic review demonstrated that music can reduce procedural pain in a variety of
clinical settings. [15] Another review showed that music was associated with lower pain scores
and anxiety in children going for surgery. [9] Other studies have found similar results showing
that music can be used to treat pain in pediatric clinical settings. [17] [27] [35]However, none of
these studies explored the use of music for sedation/analgesia in the intensive care unit setting
other than during a single painful procedure.
Music in Pediatric Intensive Care

In newborns, music has been shown to be effective in reducing pain and stress behavior
during procedures. Music is also associated with more stable vital signs, increased weight gain,
shorter length of stay, and increased parental satisfaction with neonatal intensive care. [35] [29]
[36] [37] [38] A large RCT confirmed that music is associated with better vital signs, improved

feeding behaviour, and prolonged time remaining settled. [45] Except for studies conducted in
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neonatal intensive care units, there is only one RCT on music in critically ill children that
evaluated the effects of music on vital signs and pain scores, which demonstrated that music
improved these clinical signs. [27] However, this trial used music only once for 30 minutes in
the first 24 hours after surgery and did not investigate effects on sedation requirements. Whether
these benefits would be observed with repeated use over several days in PICU is not known.
Potential Concerns in Critically Ill Children

Although music can have positive effects, the contrary is also possible. [46] There is
evidence that pleasant music can alleviate pain perception, but unpleasant music had no
significant effect. [47] [48] Music, especially with the use of headphones, can pose a challenge
for patient communication. [17] As communication is already limited in PICU patients, close
monitoring while applying this type of interventions may be required. As recommended by the
American Academy of Pediatrics, volume should be kept <45 dB. [49] Music may reduce pain
and anxiety, but patients should not receive music as the sole source of sedation as it is not likely
to be adequate in isolation. [152]
Rationale for the study and study hypothesis

Despite the recommendations from current guidelines on the use of music in critical care,
a recent systematic review conducted by the authors (unpublished data) demonstrated that there
are no published or ongoing RCTs investigating the effect of music on sedation and analgesia
requirements in critically ill children. [72] [7] Hence the effect of music in sedated and
mechanically ventilated children and the optimal administration of such an intervention is
unknown. Previous studies, especially in adult ICU, have led the way on the use of music to
provide sedation/analgesia in the critical care setting. However, the optimal administration of

music (type, mode, and frequency) and its effectiveness in PICU needs to be established. The
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aim of the MUSICC pilot trial is to determine the feasibility of a pediatric music trial, to study
the effects of music on sedation/analgesia requirements and in the incidence of delirium in
children admitted to PICU. We hypothesize that an RCT of music in critically ill children will
be feasible. Further, the pilot study will allow us to collect pediatric data on sedation and
analgesia requirements, which will be necessary to calculate the sample size for a future, larger,
trial. A survey conducted by this research group found that reduction in sedation requirements is
a meaningful and clinically relevant outcome for a trial on non-pharmacologic interventions in
PICU. [143] The study is currently being conducted in the PICU and Pediatric Cardiac Intensive

Care Unit (PCICU) of the Stollery Children’s Hospital (Edmonton, AB, Canada).

Methods
Study Design

The MUSICC trial pilot study is an investigator-initiated, three arm RCT examining the
use of music for sedation in PICU. A parallel three-group design including a noise cancellation
group was included based on adult data showing that noise cancellation can reduce sedation
requirements as well as pediatric evidence that noise levels are associated with sedation
requirements in PCICU. [23] [141]
Patient eligibility — Inclusion Criteria

Upon admission to the PICU or PCICU, all critically ill children are screened for
eligibility and inclusion in the MUSICC pilot trial by research nurses. All non-eligible patients,
identified by the investigators, are logged. All children admitted to the Stollery Children’s

Hospital PICU or PCICU, with an age of 1 month to 16 years of age, receiving invasive
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mechanical ventilation for > 24 hours, are eligible and approach for consent by our research
nurses.
Exclusion criteria
Patients meeting one or more of the following criteria are excluded:
e Known hearing deficit
e Infants < 1 month old and/or < 3 kilograms (as the headphones will not fit)
e Major Cranial-facial abnormalities (as the headphones will not fit)
e Traumatic Brain Injury (could cause pain in cranial fractures and risk of displacing
intracranial catheters)
e Not receiving any sedation and/or analgesia drugs
e Receiving paralytic agents
e Expected to die in the next 48 hours
¢ On Extracorporeal Membrane Oxygenation (ECMO) with neck cannulation (difficulty fitting
the headphones and risk of cannula displacement)
e Enrolled in another sedation intervention study
Data collection at study entry
At baseline the following variables are being recorded: demographic variables (sex,
weight, age, diagnosis), unit of admission, operative status, pediatric risk of mortality score
(PRISM) and whether the patient was on sedation and/or analgesia drugs prior to ICU admission.
At the time of enrollment we are also collecting information on the following variables: Pediatric
Logistic Organ Dysfunction score (PELOD?2), inotrope score, need for invasive procedures,

presence of invasive lines and tubes. [144] Variables are recorded in an anonymized database
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using REDCap, Research Electronic Data Capture. [51] The data collection case report form is

attached as Appendix VIIIL

Randomized treatment allocation
Randomization procedure and treatment allocation

Randomization is done by a computer-based program to ensure allocation concealment
and is being performed by the Epidemiology Coordinating and Research Centre (EPICORE), a
clinical trials unit at the University of Alberta. A total of 60 patients are being consecutively
randomly assigned in a 1:1:1 ratio to receive music, noise cancellation or control.
Blinding

In order to blind the intervention, the research nurse provides the portable music player
(Apple iPod™ touch, California, US).) with music or silent recording based on group allocation
and does not disclose this information to the healthcare team or the family. The iPods assigned to
the noise cancellation group have a sham playlist with a silent recording that displays in the iPod
screen as if music were being played. Each 30 minutes playlist (music and sham) start with 1
minute of silent recording in an attempt to maintain blinding of the intervention. The volume in
the iPods is set at approximately 45 to 55 dB. Based on the nature of the intervention, it is
impossible to blind the use of headphones vs. control. However, collection of outcome data is
blinded to group allocation. The statistician analyzing the data will also be blinded to the group

allocation.

Randomized interventions
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After consent and randomization, patients are started on the assigned intervention
(music/noise cancellation/control) 24-48 hours after admission to the PICU. In the music and
noise cancellation groups, the intervention is delivered three times a day for 30 minutes at a
time. The bedside nurse determines the exact time of each intervention so that it doesn’t
interfere with care, e.g., avoiding times when clinical interventions are taking place. However,
the bedside nurse is asked to deliver each intervention within the following time windows: 7am-
12 pm (morning intervention), 12-4pm (afternoon intervention), and 4pm-8pm (evening
intervention). The control group receives usual care. Music is delivered with the use of noise
cancellation headphones (PURO® Sound Labs Kids BT2200 and BT5200, California, US) and
an iPod touch. Puro Sound Labs headphones have an intrinsic volume restrictor of 85dB and
82% ambient noise cancellation and have two different sizes that allow to deliver the
intervention across a wide range of ages. Music selection was performed by our music therapist
(KH) and consists of short pieces of classical music with a tempo of around 60 beats per minute
with preference for major keys and with attention to avoid dramatic moments, unsettling chords,
and minor keys, as they can be associated with sadness. We created four different music
playlists of 30 minutes each to add variation to the intervention. In the noise cancellation group,
the intervention is provided with the same headphones connected to an iPod with a sham playlist
with silent recording as described above. Children are assessed with the Sedation Behavior Scale
(SBS) before and during the intervention. [56] Signs of agitation or an increase in the SBS by
two points indicate failure of the intervention. Patients are to remain on protocol as long as they
are receiving invasive mechanical ventilation or for a maximum of 7 days, whichever comes

first.
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Concomitant interventions

Other than the music/noise cancellation interventions, clinical care is not protocolized
and is according to usual management. Sedation and analgesia management is not directed by the
study protocol; it is up to the attending PICU physician to decide the drugs, dose and intervals to
provide comfort and analgesia to enrolled patients. Assessment of the patients’ sedation status
and withdrawal symptoms is conducted every 6 hours by the bedside nurse as part of the routine
care. Sedation status is assessed with the use of the SBS and withdrawal is assessed with the

Withdrawal Assessment Tool (WAT-1) score; both are well validated tools . [56] [57] [58]

Handling of re-admissions to the PICU

Patients re-admitted to the PICU are considered eligible for enrollment as long as they
required invasive mechanical ventilation and the use of sedation and/or analgesia upon their re-
admission. Patients and families are re-approached for consent and randomization, and started on
the new assigned intervention (music/noise cancellation/control) within 24-48 hours of their new

admission.

Outcome measures
Primary endpoints

The primary outcomes of this trial are feasibility and sedation requirements. In order to
determine feasibility of a music trial in critically ill children we are collecting information on:
number of eligible patients, number of patients enrolled, rate of enrollment, time to complete
participation, protocol adherence and reasons for protocol deviation. Feasibility is defined as a

protocol adherence of 80%, and consent rate of 70%, with an average enrolment rate of 5
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patients per month. Protocol adherence is defined as receiving the allocated intervention for 30
minutes 3 times/day during the time patient remains in the study.

Information on sedation and analgesia requirements will allow the appropriate sample
size calculations for a larger trial if this study demonstrates that a music intervention in critically
ill children is feasible. A survey conducted by this research group found that reduction in
sedation requirements is a meaningful and clinically relevant outcome for a trial on non-
pharmacologic interventions in PICU. [143] Sedation requirements will be captured as a daily
intensity score and intermittent dose (PRN) frequency. [23] The sedative drug intensity score
aggregates the amount of sedation/analgesia from different drug classes using a weight-adjusted
dose of each sedative administered during 4 hour-time blocks. [23] Every sedation amount, for
each drug is then placed in quartiles created by using the patients’ data during the time the
patients are involved in the study. The values are then summed over the six 4-hours blocks to
obtain the daily score. Dose frequency will be captured by the administration of a (PRN) dose of
any of the sedatives drugs. This way of capturing sedation requirements allows to account for the
administration of different and non-equivalent types of drugs. [23] This will be expressed as the
average number of PRN doses/4 hours.

Secondary endpoints

This study will also explore the effects of music on ICU delirium. Delirium is assessed
twice a day (per usual care) with the Cornell Assessment of Pediatric Delirium (CAPD)
instrument. [55] Those patients with a score > 9 in two consecutive measurements will be
considered to have PICU delirium. Vital signs including heart rate, systolic blood pressure,
diastolic blood pressure, respiratory rate and oxygen saturation are being collected prior to the

intervention, at 15 minutes during the intervention, at the end of the intervention and 30 minutes
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after the intervention. This information is being obtained to assess physiologic effects of music
in critically ill children and also to monitor adverse effects of this intervention. Other adverse
events such as intolerance to the intervention and skin and/or ear problems (e.g., pressure
injuries) thought to be associated with the use of headphones are being monitored. Tolerance is
being assessed with the use of the SBS as described above.

We are also collecting daily information of possible sources for discomfort or pain
including the following: insertion, removal and/or presence of intravenous lines, arterial line,
central venous line, chest tubes, urinary catheter, nasogastric tube, endotracheal tube; dressing
changes, sternotomy closure and/or wound vacuum changes. Duration of invasive mechanical
ventilation, PICU stay and PICU mortality are also being recorded.

Parents survey

As part of our family centered care approach, we are including parents’ perspective on
the use of music for sedation in critically ill children. Parents’ opinions on the intervention are
being explored with a survey conducted at the end of the intervention and prior to the patient’s
discharge from the ICU (Appendix VII). Parents interested in the study results will be contacted

and informed of the study outcomes by email.

Data handling

Data are being collected using an electronic case report (¢CRF) form using REDCap,
Research Electronic Data Capture. [51] Monitoring on data collection and consistency checks are
being performed by the research coordinator. Original records, including consent, eCRF, parent’s
surveys will be archived as per local regulations. See Figure 1 for the schedule of data collection

and interventions.
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Sample size justification

Our primary outcome is protocol adherence. Assuming a protocol acceptance/completion
of 80%, 60 patients will be needed to estimate the rate within 10% of the true rate with 95%
confidence. Also, this number of participants per group follows the recommended rules for pilot
trials” sample size when the standardized effect size is unknown but expected to be small. [59]
With 20 patients in each group, we will obtain pediatric-specific information to calculate a

sample size for a future definitive trial.

Analysis

Baseline characteristics will be presented by descriptive statistics and graphs to show the
distribution of the variables. Feasibility outcomes will be presented as percentage and 95%
confidence intervals. Analysis of outcomes will be conducted using both intention to treat and
per protocol. Linear regression and mixed-effects models will be used to analyze the primary
effect of the music on sedation requirements and treatment effect differences between groups.
Mixed-effects models will be implemented to accommodate the correlation and inconstant
variance between sedation requirements measurements among various time points. Additionally,
using mixed-effects models for repeated measurement data analysis will improve the statistical
power and decrease biases due to missing data in compare to using any imputation method which
could under- over estimate treatment effects and standard errors. When feasible all analysis will
be presented with 95% CI to inform the precision of the results. Since the analysis of preliminary
pilot data is not usually recommended, this will be preliminary and should be treated with

caution. We will use R version 5.3.0 statistical software for the analysis. [153]
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Research Ethics Approval

Research ethics approval for this study was obtained from the University of Alberta
Health Research Ethics Board (Pro00073775). Informed consent is given in writing by the
parents or legal guardians after providing study information orally and in writing after admission
to the PICU or PCICU (Appendix VIII). The study has been registered at ClinicalTrials.gov

(NCT03497559).

Discussion

While music appears to be a promising intervention, there is presently no evidence that it
decreases use of pharmacologic therapies for sedation and analgesia in critically ill children. This
pilot study is a necessary first step toward the conduct of a future definitive music trial in
critically ill children. In order to design and conduct a larger trial, we need to demonstrate the
tolerability and feasibility of a music intervention. This pilot study will also allow formal sample
size calculation for a larger trial and will allow us to obtain feedback from major stakeholders,

including families.

Trial status
The study was initiated on March 27th, 2018 and finished enrollment on April 1 lth, 2019.
We are currently finalizing data collection and we expect to complete the study by June 1st,

2019.

List of abbreviations
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CAPD, Cornell assessment of pediatric delirium; ECMO, extracorporeal membrane oxygenation;
eCREF, electronic case report; EPICORE, epidemiology coordinating and research centre; ICU,
intensive care unit; PCICU, pediatric cardiac intensive care unit; PELOD, pediatric logistic organ
dysfunction score; PICU, pediatric intensive care unit; PRN, intermittent dose; REDCap,
research electronic data capture; RCT, randomized controlled trial; SBS, sedation behavior

scale; WAT-1, withdrawal assessment tool 1.
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Appendix VII: Parent’s Survey

1) In your opinion, how helpful was the use of the intervention while your child was in the
intensive care unit:

2)

3)

4)

5)

a.

Mo po o

Very helpful
Somewhat helpful
Neutral

Not helpful

Not helpful at all
I don’t know

To what extent do you agree with the following statement: “The use of the intervention
reduced my child’s anxiety while he/she was in the intensive care unit.”

mo oo o

Strongly agree
Agree

Neutral

Disagree
Strongly disagree
Don’t know

To what extent do you agree with the following statement: “The use of the intervention
reduced my child’s pain while he/she was in the intensive care unit.”

a. Strongly agree

b. Agree

c. Neutral

d. Disagree

e. Strongly disagree
f. Don’t know

g. Strongly disagree
h. Don’t know

To what extent do you agree with the following statement: “The use of the intervention
reduced my child’s need for sedatives while he/she was in the intensive care unit.”

mo a0 os

Strongly agree
Agree

Neutral

Disagree
Strongly disagree
Don’t know

To what extent do you agree with the following statement: “The use of the intervention
reduced my child’s need for pain medications while he/she was in the intensive care

unit.”
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6)

7)

8)

a. Strongly agree
b. Agree

c. Neutral

d. Disagree

How comfortable do you think the headphones used were for your child:
a. Very uncomfortable
b. Uncomfortable

c. Neutral

d. Comfortable

e. Very comfortable
f. Don’t know

How would you describe your child’s most common reaction when the intervention was
used?
a. Was more settled and remained awake
. Was more settled and slept
Was more agitated
Was more agitated with more crying
No difference
Don’t know

™o s o

Would you like to leave some comments about the use of the intervention in intensive
care?

174



Appendix VIII
Pilot randomized controlled trial on Music Use for Sedation In Critically ill Children.

MUSICC

\

Music Use for Sedation In Critically 1ll Children

CASE REPORT FORM
Patient Information
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Please complete and return to:

MUSICC Project Manager
Stollery Children’s Hospital University of Alberta
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Case Report Forms: Procedure Manual Notes
General Instructions

At the top of each page, enter the patient study Number

Enter dates in the format dd / mm / yyyy (i.e. October 22, 1998 is 22 / Oct / 1998)

Enter times according to the 24 hour clock in the format HH:MM (i.e. 4 pm is entered 16:00)
Do not write in shaded areas

If data is not applicable, not known, illegible, or incorrect, enter N/A. There should be no blank
spaces. If data is missing use the letter M.

Use only black ink

Source Document

Complete the information on this page and file it separately in the Patient Source Document Binder.
The document is to be used as reference for patient follow-up. It may also be necessary to access the

patient’s medical record in the future for auditing purposes. This information will allow for accurate
case identification.
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SOURCE DOCUMENT

Once this page is completed it has to be detached from the CRF and has to be kept in a separate
binder with all the rest of the Source Document forms.

Patient initials:

Patient study number:

Age in years: |
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FORM 1: INCLUSION/EXCLUSION CRITERIA:

1.1 Inclusion Criteria:

Check “yes” for each inclusion criteria present.
NOTE: all inclusion criteria must be checked “yes” in order for the patient to be eligible for the study.
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FORM 1. INCLUSION/EXCLUSION CRITERIA

1.1 INCLUSION CRITERIA: (all inclusion criteria must be answered “YES” to include patient)

YES NO
O O 1. Admitted to PICU or PCICU

O O 2. Age > 1 months and < 17 years old
O O 3. Mechanically ventilated for > 24 hours but not more than 48 hours
O O 4. Parental or legal guardian consent
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FORM 1: INCLUSION/EXCLUSION CRITERIA :

1.2 Exclusion Criteria: Check “no” for each exclusion criteria NOT present. NOTE: all exclusion
criteria must be checked “no” in order for the patient to be eligible for the study.
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FORM 1 cont. INCLUSION/EXCLUSION CRITERIA

1.2 EXCLUSION CRITERIA (all exclusion criteria must be answered “NO” to include patient)

YES NO

O O 1. Known hearing deficit

O O 2. Major Cranial-facial abnormalities

O O 3. Traumatic Brain Injury with suspected high intracranial pressure or GCS <10
O O 4. Patients receiving paralytic agents

m m 5. Patients not expected to survive the next 48 hours

O O 6. Non-invasive mechanical ventilation

m m 7. Infants < 1 months of age and/or unable to fit the headphones

i i 8. Patients not receiving sedation and/or analgesia drugs

O o 9. Patients enrolled in another sedation intervention study.

Form 2 — ADMISSION AND DEMOGRAPHICS:

2-1 Sex: Check either male or female

2-2 Weight on admission: This is the weight at admission in Kg with one decimal.

2-3 Age on admission: Age in years (If less than 1 year, divide the number of months by 12).
2-4 Pediatric Risk of Mortality Score (PRISM)

2-5 Admission to PCICU or PICU: Record if the patient was admitted under PCICU or PICU team.
Please note that this may not exactly coincide with physical unit location: for example, a PICU team
patient may be cared for by the PICU team in the PCICU location.

2-6 Sedation and/or analgesia drugs pre-admission to ICU: State if the patient was receiving
sedation/analgesia drugs prior to the admission to PICU or PCICU. This does not include anesthetics for
a surgical procedure just prior to the admission. If the answer is “Yes” specify the number of days the
patient was on sedation or analgesia medications.

2-7 Admission post-operatively: Please record if the patient was admitted to ICU after a surgical
procedure.

2-8 Cardiac diagnosis: Please check “Yes” if the patient has a congenital and/or acquired heart disease.
Check “No” otherwise.
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2-9 Diagnosis: Please report the patient diagnosis on admission. Use the following categories for
diagnosis:

1. Post-operative Patient recovering from surgical procedure (non-cardiac):
la. general surgery, 1b. neurosurgery, or 1c. ENT
2. Shock: 2a. Septic shock, 2b. hypovolemic shock (dehydration,

bleeding), 2¢. vasodilatory shock (anaphylaxis, overdose,
spinal trauma)

3. Respiratory: Respiratory distress/failure (3a. pneumonia, 3b.
bronchiolitis, 3c. aspiration, 3d. acute respiratory distress
syndrome, 3e. other, e.g., croup)

4. Gastrointestinal: Gastrointestinal 4a. bleed, or 4b. liver failure, or 4c. liver
transplant

5. Neurologic: Coma, seizures, encephalitis, meningitis, encephalopathy,
Guillain-Barre syndrome, Asphyxia (e.g., hanging)

6. Trauma: 6a. Multitrauma [e.g., liver or spleen injury, bowel injury,
fractures], 6b. Traumatic brain injury, 6¢. Burn

7. Cardiac arrest Admitted after a cardiac arrest

8. Renal failure Admitted for primary kidney disease needing dialysis

9. Other If not captured in above

2-10 Admission to Stollery Children’s PICU/PCICU date and time: This is the date and time the
patient arrives at the Stollery PICU/PCICU.

2-11 Date and time of enrolment: Date and time when the patient was included in the study.

2-12 Arterial line: Please check “Yes” if the patient has an arterial line at the time of enrollment

2-13 Central line: Please check “Yes” if the patient has a central line (including PICC lines) at the time
of enrollment

2-14 Chest tube: Please check “Yes” if the patient has a chest tube at the time of enrollment

2-15 Mediastinal tube: Please check “Yes” if the patient has a mediastinal tube at the time of
enrollment

2-16 Inotrope score: record the highest inotrope score for the day of enrolment. Inotrope Score is
calculated as follows: Dopamine dose (pg/kg/min) + Dobutamine dose (png/kg/min) +100 X epinephrine
dose (pg/kg/min) + 100 X norepinephrine dose (ug/kg/min) + 10 X Milrinone dose (pg/kg/min) +10,000
x Vasopressin dose (U/kg/min).

2-17 PELOD?2 score: record the Pelod score for the day of enrollment. For PELOD scoring consider the
following (PELOD scoring tool at the end of the CRF):

a. GCS is that expected without sedation. Only can be abnormal in patients with known or suspected
central nervous system disease.
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-If a GCS lower than 11 is not due to a brain injury [e.g., not admitted for cardiac arrest, meningitis,
head trauma, neurosurgery, seizures, stroke, intracranial bleeding, hydrocephalus] or not due to a
chronic brain dysfunction [e.g., not severe developmental delay], then record GCS as normal.

-In intubated patients, sometimes the GCS is scored out of 10 because the patient cannot verbally make
sounds with the ETT in. Thus, a GCS of 10/10 is normal.

-check the MD Notes: if when giving CNS note, there is no mention of a concern about level of
consciousness, response to stimulus, or seizures, then the GCS is considered normal.

b. Pupils: nonreactive pupils must be >3mm in size to record as nonreactive on PELOD.

c. Pa02 is only on arterial blood gas [not from venous or capillary blood gases].

-if there is no arterial blood gas, then Pa02 is assumed normal.

-PaC02 can be from arterial, venous, or capillary blood gas.

d. Can use worst values for creatinine, WBC, and platelets from 24hr pre- to 4hr post- calorimetry.
-if not measured, then assume these values are normal.
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FORM 2. BASELINE AND DEMOGRAPHICS

2-1. Sex: | | Male | | Female

2-2. Weight on admission: | | | _IKg

2-3. Age on admission: | | |years

2-4. PRISM: ]

2-5. Intensivist team caring for the patient: PCICU | | PICU |_|

2-6. Sedation and/or analgesia drugs pre-admission to PICU/PCICU: Yes| | No| | Ifyes,

how many days | | |

2-7. Admission post-operatively: Yes| | No| |
2-8. Cardiac diagnosis: Yes |_| No|_|
2-9. Diagnosis on admission: |||

2-10. Admission to Stollery Children’s Hospital PICU/PCICU date:| | || | | | | | | | |
D D/MMM/Y E A R

Admission to Stollery Children’s Hospital PICU/PCICU time: | | [|HH:| | |MIN

2-11 Enrolmentdate:| | || | | || | | | |
D D/ MMM/Y E A R

Enrolment time: | | |HH:| | | MIN
2-12 Arterial line: Yes|_| No|_|
2-13 Central line: Yes|_| No |_|
2-14 Chest tube: Yes|_| No |_|
2-15 Mediastinal tube: Yes|_| No |_|

2-16 Inotrope score at enrolment: |||

2-17 PELOD 2 at enrolment: |



FORM 3: Sedation and analgesia daily information.

This should be recorded for every day the patient was ventilated in the ICU and while the study is being
conducted (maximum of 7 days, enrollment date is day 1; any part of a day is recorded as one day, and
days are according to our charting from 0700 to 0659 hrs [e.g., if admitted at 2300 on May 1, then May
1 is day 1, May 2 is day 2 starting at 0700hrs).

3-0. Date: This is the date of the patient stay (i.e. If we are collecting information of the sedation the
patient received on March 12", we should enter 12/Mar/2017)

3-1. Continuous sedation and analgesia drugs: Enter the name and dose per kilogram of all the
sedation and analgesia drugs the patient received as a continuous infusion in each 4 hour block for that
day. For example: if the patient is receiving at 7:00h a morphine infusion at 30 mcg/kg/hour and at
9:00h the dose is changed to 40 mcg/kg/hour, the dose enter for the 7am -11am block is =30 x 2 + 40 x
2 =140 mcg/kg.

3-2. Sedation and analgesia intermittent and PRNs doses given: Enter the drug, dose per kilogram
and the time when these doses were given, and if they were given for a particular procedure (intubation,
IV start, CVL, arterial line, dressing change, chest closure, chest tube removal, etc).

3-3. Sedation/pain scores: Enter the type of score performed, the number scored and the time of the
scoring. State Behavior Scale: +2 to -3. Goal is usually 0 to -1. FLACC: 0 to 10. Score >3 needs
treatment. In non-ventilated children can use Faces or Numeric score instead; if so, record the value in
the FLACC entry space. If a score is not recorded, check: “not done”.

3-4. Withdrawal scores: Enter the type of score performed, the number scored and the time of the
scoring. WAT-1: 0 to 12. Score >3 indicates possible withdrawal. If a score is not recorded, check: “not
done”.

3-5. Delirium scores: Enter the type of score performed, the number scored and the time of the scoring.
CAP-D: 0to 32. Score >9 indicates delirium. If a score is not recorded, check: “not done”.

FORM 3. Sedation and analgesia daily information

Day | |

3-0. Date: || ||| [ [ | _|_[_[_|
DD /MMM/Y E AR

3-1. Continuous sedation and analgesia drugs:

Dose of Morphine: 07:00 to 11:00 | | || | mcg/kg
11:00 to 15:00 | | mcg/kg
15:00 to 19:00 | | mcg/kg

L
|
19:00 to 23:00 | | || |mcg/kg
-
]

23:00 to 03:00 | | mcg/kg
03:00 to 07:00 | | mcg/kg
Dose of Midazolam: 07:00 to 11:00 | | || | mcg/kg
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Dose of Hydromorphone:

11:00 to 15:00
15:00 to 19:00
19:00 to 23:00
23:00 to 03:00
03:00 to 07:00

07:00 to 11:00
11:00 to 15:00
15:00 to 19:00
19:00 to 23:00
23:00 to 03:00
03:00 to 07:00

Dose of Dexmedetomidine: 07:00 to 11:00

Dose of Propofol:

Dose of Fentanyl:

11:00 to 15:00
15:00 to 19:00
19:00 to 23:00
23:00 to 03:00
03:00 to 07:00

07:00 to 11:00
11:00 to 15:00
15:00 to 19:00
19:00 to 23:00
23:00 to 03:00
03:00 to 07:00

07:00 to 11:00
11:00 to 15:00
15:00 to 19:00
19:00 to 23:00
23:00 to 03:00
03:00 to 07:00
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|
[

| [ meg/kg
-
R

-
-
| [ meg/kg
-
I

| | mcg/kg

| mcg/kg

| mcg/kg

| | mcg/kg

][ meg/kg

_|_| mcg/kg

-
-
-
|| [mcg/ke
A -

R

] [ mgrkg

] [ mgkg
] [ mgrkg
] [ mgrkg
] [ mgrkg
O N B -4

][ meg/kg

_||_|_|mcg/kg
__|__| meg/kg

|
|
|
| ||| | mcg/kg
L[ |mcg/kg



Study day | |
Date: ||| [_ [ | [ _[_[_|

DD / MMM/)Y E AR
Dose of ketamine:

07:00 to 11:00
11:00 to 15:00
15:00 to 19:00

19:00 to 23:00 |_|_ -
23:00 to 03:00 I M

03:00 to 07:00

07:00 to 11:00
11:00 to 15:00

kg

15:00 to 19:00

23:00 to 03:00

|
|
19:00 to 23:00 |
|
|

03:00 to 07:00

%
aQ

3-2. Sedation and analgesia intermittent (PRNs) doses given:

Morphine:

07:00 to 11:00 Number doses: | | |
11:00 to 15:00Number doses: | | |
15:00 to 19:00Number doses: | | |
19:00 to 23:00Number doses: | | |
23:00 to 03:00Number doses: | | |
03:00 to 07:00Number doses: | | |

Lorazepam:

07:00 to 11:00
11:00 to 15:00Number doses:
15:00 to 19:00Number doses: | | |
19:00 to 23:00Number doses: | | |
23:00 to 03:00Number doses: | | |
03:00 to 07:00Number doses: | | |

Chloral hydrate:

07:00 to 11:00
11:00 to 15:00Number doses: | | |
15:00 to 19:00Number doses: | | |
19:00 to 23:00Number doses: | | |
23:00 to 03:00Number doses: | | |
03:00 to 07:00Number doses: | | |

Number doses: | |

Number doses: | |

Cumulative dose| |

Cumulative dose|

Cumulative dose|_|
Cumulative dose| |

Cumulative dose|
Cumulative dose|

Cumulative dose|
Cumulative dose|
Cumulative dose|

Cumulative dose|_|

Cumulative dose|

Cumulative dose| |

Cumulative dose|
Cumulative dose|
Cumulative dose|
Cumulative dose|
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| Cumulative dose|

| Cumulative dose|

]
_ | |mg/kg
| |mg/kg
_ | |mg/kg
1

| mg/kg

__| mg/kg
__| mg/kg

]
_ | |mg/kg
_ | |mg/kg
_ | |mg/kg
1

| mg/kg

__| mg/kg
__| mg/kg



Study day | |

Date: | | [| [ [ ||| _[_[_|

DD /MMM/Y E AR
Clonidine:
07:00 to 11:00 Number doses: | | | Cumulative dose| | || | |mg/kg
11:00 to 15:00Number doses: | | | Cumulative dose| | || | |mg/kg
15:00 to 19:00Number doses: | | | Cumulative dose| | || | |mg/kg
19:00 to 23:00Number doses: | | | Cumulative dose| | || | |mg/kg
23:00 to 03:00Number doses: | | | Cumulative dose| | || | |mg/kg
03:00 to 07:00Number doses: | | | Cumulative dose| | || | |mg/kg
Propofol:
07:00 to 11:00 Number doses: | | | Cumulative dose| | || | |mgkg
11:00 to 15:00Number doses: | | | Cumulative dose| | || | |mg/kg
15:00 to 19:00Number doses: | | | Cumulative dose| | || | |mg/kg
19:00 to 23:00Number doses: | | | Cumulative dose| | || | |mg/kg
23:00 to 03:00Number doses: | | | Cumulative dose| | || | |mg/kg
03:00 to 07:00Number doses: | | | Cumulative dose| | || | |mgkg
Fentanyl:
07:00 to 11:00 Number doses: | | | Cumulative dose| | || | |mgkg
11:00 to 15:00Number doses: | | | Cumulative dose| | || | |mg/kg
15:00 to 19:00Number doses: | | | Cumulative dose| | || | |mg/kg
19:00 to 23:00Number doses: | | | Cumulative dose| | || | |mg/kg
23:00 to 03:00Number doses: | | | Cumulative dose| | || | |mgkg
03:00 to 07:00Number doses: | | | Cumulative dose| | || | |mgkg
Ketamine:
07:00 to 11:00 Number doses: | | | Cumulative dose| | || | |mg/kg
11:00 to 15:00Number doses: | | | Cumulative dose| | || | |mg/kg
15:00 to 19:00Number doses: | | | Cumulative dose| | || | |mg/kg
19:00 to 23:00Number doses: | | | Cumulative dose| | || | |mg/kg
23:00 to 03:00Number doses: | | | Cumulative dose| | || | |mg/kg
03:00 to 07:00Number doses: | | | Cumulative dose| | || | |mgkg
Other:.....................

Name

07:00 to 11:00 Number doses: | | | Cumulative dose| | || | |mgkg
11:00 to 15:00Number doses: | | | Cumulative dose| | || | |mg/kg
15:00 to 19:00Number doses: | | | Cumulative dose| | || | |mg/kg
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19:00 to 23:00Number doses: | | | Cumulative dose| | || | |mgkg
23:00 to 03:00Number doses: | | | Cumulative dose| | || | |mgkg
03:00 to 07:00Number doses: | | | Cumulative dose| | || | |mgkg

3-3. Sedation scores:

|__| SBS: | | |score Time scored:| | || | |Hs.
| | |score Time scored:| | || | |Hs.
|__|_|score Time scored:|_ | || | |Hs.
|__|_|score Time scored:|_ | || | |Hs.
Not done | |

|| FLACC: | | |score Time scored:| | |.| | |Hs.
|__|_|score Time scored:| | || | |Hs.
| | _|score Time scored:| | || | |Hs.
|__|_|score Time scored:| | || | |Hs.
Not done | |

3-4. Withdrawal scores:

| | WAT-1: | | |score Time scored:| | || | |H
| | |score Time scored:| | || | |H
| | |score Time scored:| | || | |H
| | |score Time scored:| | || | |H
Not done |_|

3-5. Delirium scores:

| |CAPD: | | |score Time scored:| | || | |H
| | |score Time scored:| | || | |H
| | |score Time scored:| | || | |H
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| | |score Time scored:| | || | |H

Not done |_|
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FORM 4: Intervention daily information:

This should be recorded for every day the patient stays ventilated in the ICU and while the study was
being conducted (maximum of 7 days since enrollment).

4-0. Date: This is the date of the patient stay (i.e. If we are collecting information of the sedation the
patient received on March 12", we should enter 12/Mar/2017)

4.1 Time of intervention: The corresponding intervention should be performed for 30 minutes 3 times a
day: morning (M) between 07:00h and 12:00h, afternoon (A) between 12:00h and 16:00h, and evening
(E) between 16:00h and 20:00h. The bedside nurse will decide the exact time of the intervention based
on the patient status and procedures. Each intervention will take place for a minimum 30 minutes. For
each intervention please record:

a) Time: Record the time when the intervention was started and discontinued during that day. Write
N/A if patient was in the control arm.

b) Duration (in minutes)

c) Discontinuation: If the intervention was stopped prior to 30 minutes, please record the reason.

4.2 Heart rate: Record the HR

a) Prior to the intervention

b) 15 minutes after the start of the intervention

¢) At the end of the intervention

d) 30 minutes after the completion of the intervention

4.3 Respiratory rate: Record the RR

a) Prior to the intervention

b) 15 minutes after the start of the intervention

¢) At the end of the intervention

d) 30 minutes after the completion of the intervention

4.4 Systolic Blood pressure: Record SBP only if patient has an arterial line

a) Prior to the intervention

b) 15 minutes after the start of the intervention

¢) At the end of the intervention

d) 30 minutes after the completion of the intervention

4.5 Diastolic Blood pressure: Record DBP only if patient has an arterial line

a) Prior to the intervention

b) 15 minutes after the start of the intervention

¢) At the end of the intervention

d) 30 minutes after the completion of the intervention
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4.6 Oxygen Saturation: Record O2Sats

a) Prior to the intervention

b) 15 minutes after the start of the intervention

¢) At the end of the intervention

d) 30 minutes after the completion of the intervention
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FORM 4: Daily Information:

Study Day | |

4.0 Date: || || | [ [ || _[_[_|
DD /MMM/Y E AR

4.1M Intervention

Morning (M): Done? Yes | | No | | If no, why
a) Timestarted:| | || | |H Time stopped:| | || | |H
b) Duration| | |minutes
¢) Discontinuation prior to 30 minutes
No | | Yes | |Ifyes, why:| | Patient in OR | | Patient too unstable
| | Procedure being done to the patient | | Family asked not to do it

| | Patient gone for CT or other diagnostic test/intervention

Other

4.2.M Heart Rate:

a) Prior to the intervention I
b) At 15 minutes of the intervention [ T
¢) At the end of the intervention -
d) 30 minutes after the intervention [ T

4.3.M Respiratory rate:

a) Prior to the intervention |
b) At 15 minutes of the intervention |
c) At the end of the intervention |
d) 30 minutes after the intervention ||

4.4.M Systolic Blood pressure:

a) Prior to the intervention I
b) At 15 minutes of the intervention [ T
¢) At the end of the intervention -
d) 30 minutes after the intervention [ T
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4.5.M Diastolic Blood pressure

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.6.M Oxygen Saturation

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention
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FORM 4: Daily Information:

Study Day | |

4.0 Date: || || | [ [ || [ _[_|
DD /MMM/Y E AR

4.1A Intervention

Afternoon (A): Done? Yes | |

a) Timestarted:| | || | |H
b) Duration| | |minutes
¢) Discontinuation prior to 30 minutes No | |
why ?
4.2.A Heart Rate:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.3.A Respiratory rate:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.4.A Systolic Blood pressure:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.5.A Diastolic Blood pressure

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

No | | If no, why

Time stopped:| | || | |H
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4.6.A Oxygen Saturation

a) Prior to the intervention I
b) At 15 minutes of the intervention [ T
¢) At the end of the intervention -
d) 30 minutes after the intervention [ T
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FORM 4: Daily Information:

Study Day 1

4.0 Date: || || | [ [ || _[_[_|
DD/MMM/Y E AR

4.1E Intervention

Evening (E): Done? Yes | |

a) Timestarted:| | || | |H
b) Duration| | |minutes
¢) Discontinuation prior to 30 minutes No | |
why ?
4.2.E Heart Rate:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.3.E Respiratory rate:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.4.E Systolic Blood pressure:

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

4.5.E Diastolic Blood pressure

a) Prior to the intervention

b) At 15 minutes of the intervention
¢) At the end of the intervention

d) 30 minutes after the intervention

No |__| If no, why

Time stopped:| | || | |H
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4.6.E Oxygen Saturation

a) Prior to the intervention I
b) At 15 minutes of the intervention [ T
¢) At the end of the intervention -
d) 30 minutes after the intervention [ T
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FORM 5: Other daily Information:

5.1 Procedures: record which procedures and at what time were conducted that day. Procedures
include: intubation, central venous line insertion, arterial line insertion, chest tube insertion (including
mediastinal tubes), chest tube removal (including mediastinal tubes), nasogastric(NG) or naso-
jejunal(NJ) tubes, foley catheter, dressing changes, wound vacuum changes, intubation, IV insertion or
other major procedures that required sedation within the unit.

5.2 Major sources of discomfort: check if the patient has already any of the following in place: central
venous line, arterial line, chest tube (including mediastinal tubes), Foley catheter.
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FORM 5: Other daily Information:

5.1 Procedures: Central venous line | | Arterial line| |
Intubation| |
Chest tube insertion| | Chest tube removal| | NG/NJ
insertion|_ |
Foley catheter| | Dressing change| | Wound vacuum| |
Intubation | | IV Insertion| |
Other:.............. ||
5.2 Major source discomfort: Central venous line || Arterial line| |
Endotracheal tube| |

Chest tube| | NG/NJ insertion| | Foley catheter| |
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FORM 6: MORBIDITY AND MORTALITY:

6-1 MORBIDITY:

6-1.1

6-1.2

6-1.3

6-1.4

Date invasive mechanical ventilation discontinued: Record the date according to the date
format listed. This is defined as the date the patient is able to breathe spontaneously with no
mechanical ventilation or endotracheal tube (with or without tracheostomy). The patient must
remain spontaneously breathing for at least 24 hours without reintubation to satisfy this
endpoint.

Length of mechanical ventilation: Record total number of days of mechanical ventilation
during PICU stay after surgery. Note: Any portion of a day is considered a full day. For
example, a patient is intubated at 2200h on Jan 10" (day 1) and extubated on January 17" (day
8). The length of mechanical ventilation is § days.

Date of discharge from PICU: Record the date according to the date format listed above.
Transfer to NICU or another hospital would be considered discharge from PICU/PCICU.

Length of PICU/PCICU stay: Record total number of days in PICU after admission. Note:

Any portion of a day is considered a full day. One day extends from 0700 until 0659 the
following day.
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FORM 6: MORBIDITY, MORTALITY:

6-1 MORBIDITY

6-1.1 Date invasive mechanical ventilation discontinued:| | || | | || | | | |
DD /MMM/Y YYY

6-1.2 Total duration of mechanical ventilation during PICU/PCICU stay: | | | _|days

6-1.3 Date of discharge from PICU/PCICU: ]
DD/ MMM/Y YYY

6-1.4 Total length of PICU/PCICU stay since admission: | | days
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6-2 MORBIDITY, MORTALITY CONT

6-2.1 PICU/PCICU Survival Status: Check yes or no to indicate if the patient survived to
PICU/PCICU discharge

6-2.2 Date of death: Record this in the date format specified.

6-2.3 Number of days from inclusion to death: record number of days from inclusion to death.

6-2.4 Cause of Death: Select the primary cause of death. Please discuss the most probable cause of
death with the attending physician. You may select more than one cause.

Established MODS = MODS occurring and persisting after 48 hours of presentation of shock.
Refractory shock = Hypotension not responding to maximum medical therapy.

Dysrhythmia = Heart rhythm other than sinus that because it is too fast or too low leads to death
Neurologic sequelae = severe brain injury.
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FORM 6: MORBIDITY, MORTALITY (cont.)
6-2 MORTALITY:
6-2.1 Survival to discharge from PICU | | Yes | | No

6-2.2 Date of death 1 T T T T O
DD /MM/YYYY

6-2.3 Number of days from inclusion to death | | days

6-2.4 Cause of death

Refractory Shock | | ves | | no
Established MODS | | ves | | no
Severe myocardial dysfunction | | ves | | no
Dysrhythmia | | ves | | no

Withdrawal of life sustaining therapy | | yes | | no
Other(s): || ves | | no
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FORM 7: WITHDRAWAL FROM THE STUDY:

WITHDRAWAL FROM THE STUDY: Check "yes" if the patient has been withdrawn from the
study within 7 days after the randomization, and check the appropriate reason.
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FORM 7: WITHDRAWL FROM THE STUDY

Withdrawal from study |__lyes|__|no

If yes, check the appropriate reason

7-1 Parents asked to withdraw the child from the trial: | |yes| |no
(Justification: )

7-2 Physician asked to withdraw the child from the trial: | |yes| |no
(Justification: )

7-3 Other cause of withdrawal: | |yes| |no
(Specify: )

7-4 Date of withdrawal 1 Y I I I O N
DD MMM YYYY
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FORM 8: SUSPENSION OF COMPLIANCE WITH PROTOCOL.:

8.1 WAS THERE SUSPENSION OF COMPLIANCE WITH THE STUDY PROTOCOL?

If there was a suspension with compliance with the study protocol, check yes.

Suspension of compliance is defined as not receiving the allocated intervention 2 times or more
per day.

8.2 Suspected intervention related adverse event

If compliance with the study protocol is suspended because of a suspected adverse event, mark
“yes” and specify reason in form 8.
8.3 Other

If the suspension was not suspected to be because of an intervention related adverse event,
specify the reason.

8.4 Date of suspension of compliance to study protocol.

Record the date according to the date format listed above
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FORM 8: SUSPENSION OF COMPLIANCE WITH PROTOCOL:

Was there a suspension of compliance with study protocol? | | yes | |no
If yes, check the appropriate reason(s)
8-1 Suspected study intervention related adverse event (see form | | yes | |no
on page 46):
8-2 Other — specify: | | yes | |no
8-3 Date of suspension of compliance to study protocol: [ T A O
DD MMM YY Y'Y
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FORM 9: SERIOUS ADVERSE EVENTS:

Serious Adverse Event Information:

Record all serious adverse events that occurred to the patient from the date of admission, until the
first of the following events: death, PICU discharge, 7 days after enrolment or successful
extubation.

Date and Time: Using the most applicable units (i.e. minutes, hours, days) indicate the time that
the adverse event began.

Duration: Using the most applicable units (i.e. minutes, hours, days) indicate the duration of the
adverse event.

Intervention Relationship: Indicate with the appropriate number the degree of relationship of the
intervention to the adverse event according to the scale provided. Please review with the Site
Investigator/attending intensivist.

Treatment Required: Indicate with the appropriate number the treatment required for the adverse
event according to the scale provided, more than one option may be selected.

Patient Outcome: Indicate with the appropriate number, the outcome of the adverse event
according to the scale provided.

Date of resolution: Record the date that the adverse event stopped, or was resolved. If the patient
died, enter the date of death. Please review with the site investigator or the attending
intensivist.

Definition of a Serious Adverse Event (SAE)

An event is considered “serious” if any of the following situations occur:
y

= Death

= Life-threatening: refers to an event in which the patient was, in the view of the investigator, at
risk of death from the event if medical intervention had not occurred.

= Prolonged Patient In-hospitalization: if a complication prolongs a patient’s hospitalization, the
event is considered “serious”.

= Resulting in Persistent or Significant Disability/Incapacity: a substantial disruption of a
person’s ability to conduct normal life functions.

= Other medically important condition (specify)
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FORM 9: SERIOUS ADVERSE EVENTS:

Serious Adverse Event Information

Description of
event

Date
(dd/mmm/

YYyyy)

Time
(H H)

Durati
on
(mins,
hours)

Study
intervention
relationship

1 =none
2 = possible
3 = probable
4 = definite
5 =
msufficient
data

Treatment
required
(enter all

that apply)

1 =none
9=
medication
3 = surgery
4 = other
therapy
5 = Stop
Protocol

Patient
outcome

1 =no
sequelae
2 = sequelae
2 =death
3 =
ongoing

Date of
Resolution

(dd/mmm/y
yyy)
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FORM 7: SIGN OFF SHEET:

Sign Off Sheet

This sheet must be completed. By signing this page the parties state that the forms have
been reviewed and are deemed complete and accurate
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FORM 8: SIGN OFF SHEET

Case Report Form to be signed off when the data has been checked as accurate and complete.

Research Assistant:

Date:

Site Investigator:

Date:
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Appendix IX: Consent Form
DEPARTMENT OF PEDIATRICS
FACULTY OF MEDICINE AND DENTISTRY

Title of Research Study MUSICC: Pilot randomized controlled trial on Music Use for
Sedation In Critically ill Children.

Principal Investigator(s): Gonzalo Garcia Guerra MD MSc

Co-Investigator(s): Ari Joffe, Allan de Caen MD, Lisa Hartling PhD, Hsing Jou MD, Sunita
Vohra MD.

Background: Your child has been admitted to the intensive care unit (PICU) because of the
severity of his/her illness and/or to recover after surgery. Very sick (“critically ill”) children
admitted to the PICU commonly suffer from discomfort, pain and stress, related to their illness or
to the interventions that will help them to recover (catheters, chest tubes, and breathing tubes for
mechanical ventilation). Management of pain and stress is extremely important in PICU as it
provides comfort and prevents children from accidentally removing equipment that is necessary
for their recovery. Pain and agitation are usually treated with narcotics and/or sedatives. However,
these drugs can have significant side effects, including low blood pressure, weakness, confusion,
breathing problems, and withdrawal symptoms upon discontinuation. Interventions that don’t
involve medications, decreasing noise/lights and listening to music, can provide comfort without
the side effects of narcotics and sedatives. Music has been successfully used as a sedative in
children undergoing surgical procedures and in critically ill adults. We have also found that noise
in the PICU is associated with discomfort and the need for extra doses of sedation. Whether music
and noise cancellation can also provide comfort to critically ill children is unknown. We want to
find out if music can provide comfort and reduce (not avoid) the use of sedatives and narcotics,
and reduce these medication’s side effects. In our proposed study, children will be assigned to one
of three groups: standard care (no music), music provided with headphones, and headphones with
no music (noise cancellation). The music provided will be chosen by a pediatric music therapist.
The music or noise cancellation will be provided 3 times a day. The amount of sedatives and
narcotics used in each group will be recorded and compared. The need for these medications will
be up to the doctors and nurses treating these children and will not depend on the study.

Purpose: We are asking you to allow your child to participate in a research study to find out if
music and noise cancellation can provide comfort, help to reduce the need for sedatives and

narcotics, and reduce medication side effects in critically ill children.

Procedures: Participating in this study will involve:
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b)

d)

g)
h)

Your child will be randomized to the one of the “intervention groups” or the “control
group” of the study. Randomization is like flipping a coin; this means that your child has
an equal chance of being in one of the “intervention groups” or the “control group”. One
of the intervention groups will receive music with the use of headphones, while the
second intervention group will receive noise cancellation headphones but without music;
the “control group” will not receive headphones (standard of care). Neither you nor your
physician can choose or know which group your child is randomized to. This "blinding"
is necessary to fairly test the intervention. In an emergency, your physician can
immediately find out which of the study groups your child has been assigned to.

24-48 hours after admission to the PICU your child will be started on the assigned
intervention (music/noise cancellation/control).

In the music and noise cancellation groups the intervention will be delivered during 30
minutes three times a day.. The control group will receive usual care. Children will be
assessed with the Sedation Behavior Scale (SBS) before and during the intervention.
Signs of agitation or an increase in the SBS will indicate failure of the intervention.
Patients will remain on protocol for a maximum of 7 days as long as they are on invasive
mechanical ventilation. A parent survey will be conducted at the end of the study.

Music will be delivered with the use of noise cancellation headphones and an iPod
Touch. Music selection will consist on classic music chosen by a music therapist based
on the patient’s age. The music volume will be limited to 45-65 dB. The headphones used
in the study also have a maximum volume limit of 85dB to provide extra safety.
Noise cancellation will be provided with the same headphones connected to an iPod with
a silent recording.

The iPods provided will contain music (music group) and a sham music list (noise
cancellation group) so you and the medical team do not know which group your child is
in. This “blinding” is done to make sure that the results of the study are not being affected
by knowing who gets the intervention. Only the research nurse will know which group
your baby is in.

If your child appears upset or uncomfortable during the intervention (music or noise
cancellation) the bedside nurse will remove the headphones.

The study will last 7 days or until your child is discharged from the PICU. During this
time we will record some clinical information from your child’s hospital chart. This
information is on the hospital chart, and will not need any extra interventions or blood
work. This study will not affect any of the care your child receives in the PICU.

At the end of the study we will provide you with a short survey (5 minutes) so we can
obtain your opinion about the intervention.

Possible Benefits: There may not be any direct benefit to your child for taking part in this study.

New information about the use of music and noise cancellation in PICU will be obtained from
your child’s participation in this study. This new information may benefit other children in the

future.

Possible Risks: Your child may have some discomfort during the intervention, and if so, the

intervention will be discontinued by the bedside nurse. Regardless of which group your child is
assigned to, he/she will receive the standard of care for his/her illness and we do not expect any
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side-effects due to the study. This study will not affect any of the treatments or care given by the
doctors and nurses to your child during the PICU stay.

Confidentiality: Personal health records relating to this study will be kept confidential. Any
research data collected about your child during this study will identify your child only by his/her
initials and a coded number. Your child’s name will not be disclosed outside the research clinic.
Any report published as a result of this study will not identify your child’s name.

For this study, the study doctor may need to access your child’s personal health records for
health information such as past medical history and test results. He/she may also need to contact
your child’s pediatrician and your child’s other health care providers to obtain additional medical
information. The health information collected as part of this study will be kept confidential
unless release is required by law, and will be used only for the purpose of the research study. By
signing the consent form you give permission to the study staff to access any personally
identifiable health information which is under the custody of other health care professionals as
deemed necessary for the conduct of the research. In addition to the investigators(s), people
from the Health Research Ethics Board or University of Alberta may have access to your child’s
personal health records to monitor the research and verify the accuracy of study data.

By signing the consent form you give permission for the collection, use and disclosure of your
child’s medical records. At the University of Alberta, study information is required to be kept
for 5 years. Even if you withdraw your child from the study, the medical information which is
obtained from your child for study purposes will not be destroyed. You have a right to check
your child’s health records and request changes if your child’s personal information is incorrect.

Voluntary Participation: If you agree to participate, you are free to withdraw your child from the
research study at any time, and your child’s continuing medical care will not be affected in any
way. If the study is not undertaken or if it is discontinued at any time, the quality of your child’s
medical care will not be affected. If any knowledge gained from this or any other study becomes
available which could influence your decision to continue your child in the study, you will be
promptly informed.

Compensation for Injury: If your child becomes ill or injured as a result of being in this study,
he/she will receive necessary medical treatment, at no additional cost to you. By signing this
consent form you are not releasing the investigator(s), institution(s) and/or sponsor(s) from their
legal and professional responsibilities.

Contact Names and Telephone Numbers:
If you have concerns about your or your child’s rights as a study participant, you may contact the
University of Alberta Research Ethics Office, at 780 492-2615. This office has no affiliation with

the study investigators.

Please contact any of the individuals identified below if you have any questions or concerns:
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DEPARTMENT OF PEDIATRICS
FACULTY OF MEDICINE AND DENTISTRY

Title of Research Study MUSICC: Pilot randomized controlled trial on Music Use for

Sedation In Critically ill Children.

Principal Investigator(s): Gonzalo Garcia Guerra MD, 780-407-1673, 780-445-5963 (pager)
Co-Investigator(s): Ari Joffe, Allan de Caen MD, Lisa Hartling PhD, Hsing Jou MD, Sunita

Vohra MD.

Do you understand that you have been asked to have your child in a research
study?
Have you read and received a copy of the attached Information Sheet?

Do you understand the benefits and risks involved in your child taking part in
this research study?

Have you had an opportunity to ask questions and discuss this study?

Do you understand that you are free to withdraw from the study at any time,
without having to give a reason and leaving the study will not affect your
child’s future medical care?

Has the issue of confidentiality been explained to you?

Do you understand who will have access to your child records, including
personally identifiable health information?

Do you wish to be contacted at the end of the study so we can provide you with
information regarding the study results as well as letting you know which

intervention group your child was randomized to?

If so, please provide your email or postal address:

Who explained this study to you?

Yes
O

I agree for (child’s name) to take part in this study.

No
O

Parent/Guardian name Parent/Guardian signature Date

1 believe that the person signing this form understands what is involved in the study and

voluntarily agrees to participate.
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Signature of the person who obtained consent Date

THE INFORMATION SHEET MUST BE ATTACHED TO THIS CONSENT FORM
AND A COPY GIVEN TO THE RESEARCH PARTICIPANT.
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